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Chapter 1  

INTRODUCTION 
__________________________________________________________________________ 

 

Flemingia semialata Roxb. is a perennial woody shrub species and one of the 41 available 

species of the genera Flemingia reported world wide having natural distribution in India,China, 

Nepal, Bhutan and Pakistan (Lewis et al., 2005). In India it is distributed in north-eastern states, 

central and southern parts and Andaman islands.Although the species is not reported in Odisha 

and Mizoram forests it is grown popularlyin Jharkhand, Chhatisgarh, Bihar, West Bengal as lac 

host for commercial plantations..The species is also reported to have multiple uses. providing both 

productive and protective services to the end-users. It has edible root tuber, which is juicy, sweet 

and having nut-like flavor and medicinal properties such as anthelmintic, vermifuge and vermicide 

(Das et al., 2004); as a folk medicine as a hepato-protective and anti-obesity drug 

(https://en.wikipedia.org/wiki/Lac). It is also used as nutritive fodder for livestockhaving deep 

rootingnitrogen fixing ability and can withstand long drought, and submergence (ICRISAT, 2009). 

When it burns generates heat with good caloriefic value and releases less ash. Due to strong 

coppicing ability, faster decomposition and tendency of soil and water conservation F. semialata 

is used as hedgerow species for improved fallow in jhum and alley cropping (Songachan and 

Kayang, 2012). It also responses well to fertilizer, mycorrhizal and rhizobial inoculations,.and is 

being used as non-poisonous and attractive feed of lac insects (Kerria lacca), F semialata is known 

to be the best kusumilac host  shrub species. Although there are many uses of Flemingia semialata, 

it was of late commercially exploited by farmers due to its less gestation age, high coppicing and 

ease to access for employment, income generation and value addition (ICAR, 2008). Of the15 

Flemingia sp. that have shown success in lac cultivation namely 1. F. semialata Roxb., F. 

macroplylla (Willd) Merr., Flemingia chapper Benth, F.  numinalis C.B. Clarke ex Prain, F.  

strobilifera (L.) W. T. Aiton, F.  paniculata Benth., F.  lineata (L.) Roxburgh ex W. T. Aiton., F. 
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stricta Roxburgh ex W. T. Aiton., F. latifolia Benth, F.mengpengens is Y. T. Wei & S. K. Lee., 

F. wallichii, F. grahamiana Wight & Arn., F. prostrate Roxb, F.procumbens Roxb. and F. 

involucrate Benth. The first two have been popularized among farmers and commercialized by 

Indian Institute of Natural Resin and Gum, Ranchi in Jharkhand, Chhatisgarh, Madhya Pradesh, 

Maharashtra and West Bengal.. 

Lac is a scarlet natural resin secreted by lac insects (Kerria lacca Kerr) after encrustation 

on branches of host species..Its cultivation apart from India practiced in Bangladesh, Myanmar, 

Thailand, Laos, Vietnam, parts of China and Mexico though India maintains her position over 

quantum and quality of production. Lac has very high commercial value, India gets export value 

1358.44 million USD  per year from lac. Gradually due to apathy towards natural resin and host 

destruction its annual production decreased from 42329 tons to 16978 tons from 1950 to 2015 but 

still maintains her position to produce more than half of the world. Export of shellac during 2014-

15 was Germany 12.1 tonne (107.73 lakh i.e., 92.65%), Italy 3.0 tonne (0.78 lakh i.e., 0.67 %) 

(IINRG, 2015). K. yunnanensis is most widely used species for lac in China (Chen et al., 2014). 

About 85 per cent of the country's lac production is exported to other countries among which the 

USA, Germany, Egyp, etc.lead. In Vietnam many industries with lac provide economic resources 

that filter down to rural tribes besides its cultivation has brought for economic recovery to 

impoverished mountain villages and has helped to revegetate deforested hillsides (World Services, 

2013 and UNDP, 2014). This may be a lesson to revitalize hill state of Mizoram and wastelands 

and degraded forest lands of Odisha towards economy of tribals and improving land. 

Lac insects thrive on the sap of certain plants called lac hosts, So far, over four hundred 

species of plants have been recorded as hosts of lac insect of which major tree hosts recorded as 

Palas (Butea monosperma), kusum (Schleichera oleosa) and.ber (Zizyphus mauritiana) and minor 

hosts are: khair (Acacia catechu), ber (Zizyphus zylopyra), banyan (Ficus bengalensis), peepal 

(Ficus religiosa), galwang (Albizia lucida). Recently tri-voltine insects (produce lac thrice per 
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year) namely Kerria sharada has been located in rain tree (Samania saman). Among the shrub 

host species Flemingia sp. as discussed earlier apart from arhar (Cajanus cajan) are important.  

This is high time to develop production technology for rapid development of host trees or shrubs, 

as exploitation of tree hosts for lac poses threat to natural forests, Flemingia semialata lately 

discovered to be having sap is voracious feed  of  lac insects (Kumar et al., 2017), strong responder 

to coppicing, once established can provide lac for many years without affecting viability of crop, 

can well perform in agroforestry system either with trees or crops and can thrive well in marginal 

or difficult sites under rain-fed conditions. During the course of lac cultivation it enriches soil, 

conserve site, give nutritious fodder for animals and can be used as firewood as well.   

The process of lac cultivation involves steps such as pruning of trees, emerging sprouts 

ready to accept lac by 6 months, use of new stocks and breeds of lac insects,  infestation of host 

tree/ inoculation, Coupe system of lac cultivation, management of enemies of lac insect,  

harvesting, processing or value additionand. Marketing in crude, refined or processed form. There 

are 2 strains (Kusumi and Rangeeni) of lac insects (Kerria lacca) which are cultivated in specific 

host treesfavourably (1st one favourskusum, F.semialata, etc. and2nd one palas, khair, etc.). Ber 

favoured by both of strains. Sometimes interchanging of host experimentally tried but not 

commercially viable. Each strain further has 2 crops per year In India. Crops have been named 

after the hindiname of the month to which harvesting coincides, viz.; (i) Aghani (Jan. / Feb) and 

(ii) Jethwi (July / August) for Kusumi and (i) Katwki (Oct. / Nov.) and (ii) Baisakhi (June / July) 

for Rangeeni strain. Duration is of 6 months for both the crops of Kusumi strain and 4 and 8 

months respectively for the crops of Rangeeni strain.Most viable are Aghani and Baisakhi which 

together contribute about 90 per cent of lac production, remaining 10 per cent is contributed by 

Jethwi and Katwki.Kusumi lac harvested from kusumis considered of most superior resin, because 

of the lighter colour thusfetches better price to which that of F. semialata lies comparable. 

Important categories of lac are ari-lac (immature lac harvested little before the larval emergence), 
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brood lac (the stick with lac embedded and live insects inside ready for inoculation),  phunki lac 

(empty lac i.e., lac stick left after release of lac insects from brood lac), scrape lac (lac removed 

from the stick used for processing), seed lac (ground and refined lac) and shellac (seed lac made 

in the form of sheet for use), button lac (seed lac melt to give shape of button), bleached lac 

(decolorized lac for industrial use), etc. Shellac has been categorized as : 1. lemon one shellac. 2. 

lemon two shellac, 3. standard one shellac, 4. superior shellac, 5. Superior kusumi lemon. 6. 

kusumi button lac, 7. Superior kusumi button lac, 8. light pure button lac and 9. pure one button 

lac. Shellac is marketed for multifarious industrial products due to its characteristic features 

namely, 1. dissolving in a wide variety of alkaline or rapidly drying solvents, 2. forms film 

showing excellent adhesion to a wide variety of surfaces, 3.possesses high gloss, hardness and 

strength, 4. becomes powerful bonding material with low thermal conductivity and a low co-

efficient to expansion, 5. shows resistance to the action of ultra violet rays and finally 5. wide 

acceptability in lieu of non-poisonous nature.  Lac has dominant world market for following 

industrial uses apart from household uses, these are : 1. lac dye: which has been traditionally used 

for coloring garments  made up of cotton, wool and silk, for dyeing of carbonated drinks, wines, 

juices, sauce, candy and soft drink formulation, pill coating confectionary and chocolate coating. 

2. Lac wax:which has been used for polishes applied on shoes, floor, automobiles(for car head 

lights, reflectors and wax for finishing cars), etc., and for preparation of food and confectionary, 

drug, tablet finishing, lipsticks, bangles,crayons, etc.In 18th century it was used in finishing of 

fowling guns in United States. 3. shellac: which has been used for preparation of gramophone 

records, filling material in the hollows of ornaments injewelers and goldsmiths, as binder for 

flexographic printing inks for non-toxic printing of food packaging, as primers, polishes of matt 

and wood, as stiffeners in textiles, as insulator, coating of spark plugs, cement of sockets of 

electrical lamp, anti tracking insulator in electrical industry, capping and lamination, for seasoning 

of leather and formulating care products. Other uses are making glazed paper, water proofing inks 
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for printing, mounting tissue paper, dental plates and optical frames,  as coat for metal ware to 

prevent tarnishing and for finishing various products such as playing  cards, oil cloth and linoleum 

and for preserving archeological and zoological specimen, for manufacturing tailor’s chalk, 

crayons (for writing in glass), Bleached shellac has wider uses in food and pharmaceutical 

industries because of non-toxic and physiologically harmless behavior it becomes used as coatings 

of fruits, vegetables, tablets, capsules, micro-encapsulation of vitamins and coating of medicines, 

confectionaries, aluminium foils and papers. Aleuritic acid or α-aleuritic acid, the saponification 

product of bleached shellac isolated about 35% by weight has broad spectrum uses because of its 

characteristic features which makes it excellent starting material for the synthesis of civetone, 

ambrettolide, and isoambrettolide which have the musk like odour that makes suitably 

manufacturing of perfumes and thereby  demanded worldwide by manufacturing 

companies.(Gibson, 1942, Perveen, et al., 2013). 

Main bottle necks in case of lac growing sector may be lack of knowledge about lac and 

scientific lac cultivation and lack of interest to replace easily available synthetic resin by natural 

one. This is high time when the UN had slogan “Beat Plastic Pollution” in last “World 

Environment Day “celebrated on 5th June 2018. On one hand cultivators have suffered with 

increased insect mortality thereby with dropped benefit cost ratio and on the other hand remoteness 

between host and brood source and poor economy of farmers is causing reduction in  popularity 

of lac farming. This could be addressed by standardizing both host and insect management 

practices with sustainable natural resource base. Forest must not be victim of policy to safeguard 

its sanctity. Orthodox policy to weaken bondage between forests and tribals may be reformed to 

bring uniformity nationwide. Nation-wide uniformity in policy and minimum procurement price 

of lac becomes paramount important for which crop economics may be constantly monitored. 

Separate directorate must be formulated state-wise to promote scientific host husbandry, insect 
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rearing, procure quality brood to maintain repository and maintain finance and market linkage 

besides capacity building among rural youths to promote this enterprise.  

 Mizoram means land of the hill people. 32% of the cultivated area in the state is covered 

by jhum land which is major threat causing deterioration of site. Mizoram Forest Act 1955 and 

Mizoram Forest Amendment 1990 remain silent regarding non-timber forest products 

procurement, transaction and marketing since mostly produce are locally marketed. Since no 

restriction over transit there is good scope as a lucrative vocation of farmers for lac cultivation in 

Flemingia semialata along with rehabilitation of difficult sites including jhum areas since 

Mizoram favours Flemingia sp by virtue of origin, Long efforts ofIndian Institute of Natural Resin 

and Gum (ICAR) made spectacular achievement in lac introduction in some of the north eastern 

states i.e.,in Assam and Nagaland to which can be potentially extended to  Mizoram too.  

 Odisha too being a home for many tribal communities is known for various forest 

dependence livelihood activities. The State of Forest Report 2017 shows that total forest cover 

in the State stands at 51,345 sq. km. which is 32.98% Odisha’s total geographical area. Eastern 

coastal to western highlands are harbouringrich diversity of flora and fauna. Out of  main 120 

species of NTFPs that have been commercialized most lucrative are kendu leaf, sal leaf, mahua 

flower, siali, char, broom grass, rubber, medicinal plants, bamboo, cane, fire wood, fodder, sal 

seed, etc.which constitute20-40% vocation of tribal people distributed all over the state with 

maximum concentration in 13 out of 30 districts. Orissa Forest Act 1972 and Orissa Forest 

Produce (Control of trade) Act of 1981 emphasized on NTFPs. Aseparate non-timber forest 

product (NTFP) policyenacted in 31st March, 2000 as per resolution No.5503/ F&E which 

authorizedgram panchayatsfor transaction of 68 items (resolution covers 60 NTFPs in annexure – 

A,   additional items including seeds of various NTFPs in annexure – B), besides 9 restricted items 

in para 4 (B) under government controlfor purchase, procurement and trade of NTFPs. It speaks 

that traders have to register in Gram panchayat for purchasing 68 NTFPs for which no transit 
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permit is required, and for 9 items under 4 (B) transit permit is needed. As per resolution no 

16467/F&E dated 12.10.2001 and resolution no 20665/SSD dated 9th July 2001 District Collector 

fixes the minimum procurement prices of all NTFPs including 68 Minor Forest Products (MFPs) 

with active participation of DFO (Territorial), District Panchayat Officer, District Welfare Officer, 

Local representative of Tribal Cooperative Marketing Development Federation of India Limited 

(TRIFED) the local representative of the Odisha Forest Development Corporation Ltd. and the 

local representative of the Women and Child Development Department. On 02.03.06 resolution 

no.3965 dated denationalized sal seed. At present 85 items are enlisted in Non Timber Forest 

Products (NTFPs) of which 69 are kept under GPs called MFPs and rest are kept under NTFPs. 

Bamboo and kendu leaves remained as nationalized NTFPs kept in 1st category whereas sal leaves, 

gums, resins and barks of different trees, climbers and roots of various species which have 

medicinal or other uses come under lease-barred items as 2nd category which are neither put to 

free trade nor are kept under control of GPs as collection of these items on commercial scale will 

have adverse impact on the sustainability of particular species and forest 

(http://www.banajata.org/pdf/state-level/orissa.pdf). Although there is no mention of the term 

‘lac’ in this policy document, since the commercial leasing of gums & resins was restricted, hence 

lac was also affected. No more leases for lac collection have been granted thereafter. However, 

this policy restriction has totally ignored the fact that a lot of production of lac comes from trees 

on private lands and hence, private growers are not free to sell their produce though in 

neighbouring states of Jharkhand a major factor responsible for the booming lac business is the 

withdrawal of restriction on lac. On the other hand, the Orissa Timber & Other Forest Produce 

Transit Rules, 1980 clearly restricted transit of lac without permit (vide section 5-i) and Forest 

Right Act 2006 has allowed lac cultivation, especially on kusum trees in forest areas.  Since the 

Orissa Timber & Other Forest Produce Transit Rules, 1980 provided a scope for the government 

for specifying a limit upto which no permit would be required for transit of lac, hence the 
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government is in the way to reconsider this case as it is an insect originated resin unlike other plant 

originated resins (RCDC, 2010). Under this context lac cultivation in field with shrub hosts like 

F.semialata will not impose any pressure on forests. At present lac production in Odisha is 350 

tonnes mostly concentrated in Mayrbhanj, Balasore, Sudergarh, Koraput and Nawarangpur 

districts covering 10,000 cultivators and 400 artisans (RCDC, 2010). In this sector radical reformis 

neededby adding part of farming and land use systems through 3P linkages with government and 

non-government collaboration.Measures such as scientific package and practices, capacity 

building, crop contingent planning, adequate infrastructure, micro-credit facility, scaling up  of 

economy, trade support, price uniformity and value chain systemcan boost this rare natural 

resource resource. 

In order to exploit its socio-economic and environmental benefits efforts should be made 

to popularize F. semialata among farmers and policy makers in various land use systems. For this 

purpose it becomes necessary to standardise techniques for producing quality planting materials. 

The application of less expensive bio-inoculants increases the productivity without harming the 

environment. The species being an atmospheric nitrogen fixer it needs favorable environment and 

sufficient inoculums for its roots to be infected with rhizobia. In this regard artificial inoculation 

of rhizobia can boost nodulation potential inthe initial growth at the seedling stage as well as after 

planting out. This further will improve growth and productivity of the species. Rhizobium is a kind 

of bacteria lives in root nodules of nitrogen fixing plants symbiotically. They derive energy from 

the plant roots and fix nitrogen for the tree/ shrubs. They derive energy from the plant roots and 

fix nitrogen for the trees. These bacteria live in root nodules and synthesize organic nitrogenous 

compounds from carbohydrates of the symbiont and nitrogen from air, a major portion of the fixed 

nitrogen is absorbed by the host plant directly from the nodules and some portion diffuses out into 

the soil and is available to other plants. This mechanism of nitrogen fixation has been very 

advantageously utilized in agroforestry practices in the form of green manuring in which 50 kgha-
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1yr-1 of nitrogen by Acacia sp to 268.92 kgha-1yr-1 year of nitrogen by Alnus nepalensis (Singh and 

Pokhriyal, 1998). Those might be added to the soil every year.  

 Mycorrhizal inoculation nowadays has become vital for hosts as it provides better growth 

of hosts and helps uptake, accumulation and translocation of ions. Further, the fungus through 

highly extension of the host root system absorbs minerals like N, P, K, Ca, S, Zn, Cu and Sr from 

soils which are translocated to the host plant (Bowen, 1973); it produces enzymes, vitamins, 

cytokinins, and other compounds that increase rootlet size and longevity, helps in absorbing and 

translocating water to host (Bakshi, 1974) and also play a vital role in nutrient cycling, productivity 

and plant succession in the ecosystem. Since, 90% of tropical plants are prevalent with 

endomycorrhizae also called Arbuscular Mycorrhizal (AM) which is maintained in soil cultured 

media, there is urgency to inoculate this fungi which through astrometrical mycelium originating 

from initial infection spread rapidly to infect other roots (Dwibedi, 1995). The sound management 

of fertilization must attempt to ensure both an enhanced and safeguarded environment; therefore, 

a balanced fertilization strategy that combines the use of chemical, organic or biofertilizers must 

be developed and evaluated. Thus the advantages of chemical fertilizers, organic manure and 

biofertilizers need to be integrated in order to make optimum use of each type of amendments and 

achieve balanced nutrient management for crop growth (Chen, 2006). 

 Since, F. semialata as a viable lac shrub host potentially exploited for wasteland 

afforestation and agroforestry plantation, there is urgent need to standardize its nutrient 

management practices under nursery and field conditions as literature in this aspect is meager. 

Keeping these in view, the general aim of the investigation is to study and compare growth, 

nodulation pattern, nutrient dynamics and lac production potential of F. semialata as affected by 

various levels of soil amendments, bio-inoculumand fertilization. The hypothesis of the study was 

to use of bio-inoculants and soil amendments would harbour faster growth and development of F. 

semialata plants with viably replacing fertilizer consumption through faster nodulation and 
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nitrogen fixation in order to add soil based nitrogen pool and produce massive inoculation site for 

profitable lac production.  

Objectives: 

1. To study the effect of bio-inoculants and fertilizers on rooting pattern and initial plant 

growth of Flemingia semialata. 

2. To evaluate the effect of bio-inoculants and soil amendments on nodulation behaviour of 

F. semialata. 

3. To study the effect of various bio-inoculants and soil amendments on nutrient uptake of F. 

semialata. 

4.  To study lac production potential of F. semialata under field condition. 

 

 

 

 

 

 

 

 

 

 

Chapter 2 

REVIEW OF LITERATURE 

____________________________________________________________________________ 
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The colossal need of the contemporary world is rapid development of plants with faster 

growth of their biomass to sustain the increasing human population for which role of inorganic 

fertilizers has been well proved from staple food production in green revolution to rapid biomass 

production in forest nursery and plantation. Fertilizers apart from their role in soil pollution if not 

judiciously used, have also been observed to be costly and cumbersome for vast plantations 

(Prasad et al. 1988).  Woody legumes with selected rhizobial strains grown for diversity of 

purposes give increased survival percentage and high biomass production rate for which high 

quality planting materials became a base. Both quality planting materials and productive plantation 

necessitate the integrated management of nutrients using bio-inoculants and various sources of 

amendments to sustain the soil health.  

Bio-inoculants improve the quality of tree seedlings which are better adopted to withstand 

the adverse conditions and show tremendous potential to provide plant nutrients by boosting the 

microbial population present in soil which in turn make the insoluble nutrients available for growth 

of the plants. Rhizobium inoculation of woody legumes at seedling stage helps in producing 

healthy stocks in nursery which grow successfully when planted in field and maintaining health 

of soil as well as plant stock. However, Becker et al. 1991 reported for maximum plant growth 

response and enhance its sturdiness it becomes vital to apply N in soil along with bio-inoculants. 

Streeter (1988) warned to limit it upto threshold level since high level of soil nitrates may inhibit 

nitrogen fixation in legumes. Thus, the best combination of nitrogenous fertilizer (Prasad et al., 

1998) is needed to be standardised for optimum performance of planting and growing stocks in 

forests. Rhizobium while relying on carbohydrates, in return supplies nitrogenous compounds to 

the hosts i.e., leguminous plant.  

F. semialata belongs to family Fabaceae, one of the leguminous families, is a cross 

pollinating one, bears nitrogen fixing, drought tolerance and high potential for massive lac 
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production (Ghosh et al., 2006). Lac production being connected with mobility of nutrients from 

soil to host plants, then to insects which is finally released as encrustations on host branches. It 

provides a scope to assess efficiency of nutrient mobility at every step besides enumerating various 

sources of soil nutrients supplementation. Further, symbiotic nitrogen fixation and mycorrhizal 

association apart from response to fertilisation add new scope for this community for further 

investigations. Systematic attempt has been made hereby to scan the literature on previous 

researches pertaining to bio-inoculants, extraneous nutrients interaction and acquisition by plant 

apart from attaining biometric growth with lac encrustation in host plant which have been 

presented as below: 

 

2.1 Effects of Bio- inoculants and soil amendments on growth Pattern  

 Researchers had both positive and negative findings as effects of fertilizers on nursery 

grown seedlings’ growth and survival parameters. In case of big trees the finding demonstrated 

that N supplementation increased growth parameters to a certain extent but had a negative effect 

at higher levels. (Nielsen, 1982). Nielsen, 1982 also revealed that the dynamic forces required to 

pull over a tree to be dependent on its root architecture. He studied the root system of Pinus 

contorta had penetrated deeper but lateral roots spread was lesser in comparison to other species 

however the number and length of roots were not affected by spacing. Further, a positive 

correlation between root thickness and stem numbers was established by him. The findings of 

Zapata and Zaharah, 2002 that P fertilizer application to be necessary in order to ensure optimum 

plant production and quality looks very important in the present context. 

Seedling quality specification has traditionally been based on certain morphological 

character such as sturdiness (height/Diameter ratio), root/shoot ratio and some other root features. 

Schulze (1983) recorded the diversity of root/ shoot dry matter ratio for forest plants based on the 

type to which they belong  
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Fitter (1991) reported that the nature of bond between individual roots and soil to be 

dependent on surface area, root hair density, extent of mucigel production, nature of rhizosphere 

and mechanical characters of roots. Trial on lettuce plants showed that shoot growth rate remained 

directly proportional to total N concentration, and linearly related to K and P concentration (Burns, 

1992). Mekonnen, et al., 2009 enlisted many shrubs of Africa which were of socio-economical 

and ecological importance for introduction in agroforestry.  

Dugaya et al (1996) observed arbuscular mycorrhizal (different genera) inoculation on plant 

roots of nine nitrogen fixing tree genera: Acacia, Albizia, Dalbergia, Pongamia and 

Pithecellobium and observed higher plant growth due to inoculation with AM fungi. Sumana and 

Bhagyaraj (1998) inoculated Dalbergia sissoo with twelve different species of AM fungi obtained 

from various sources of the world and observed that inoculated plants had greater plant height, 

leaf number, stem girth, biomass, phosphorus and zinc contents. Gurumurthy et al (1999) observed 

increased plant height, diameter, leaf area, root length, shoot and root dry weight and concentration 

of P, Zn, Cu, Mn and Fe in Dalbergia sissoo shoot with AM fungi inoculation. Inoculation of 

Glomus sp. enhanced the survival rate of Dalbergia sissoo and other tree species in alkali soil 

(Raghuwanshi and Upadhyay 2006). Reena and Bhagyaraj, 2009 inoculated with 13 different AM 

fungi on root systems of Acacia nilotica and Calliandra calothyrsus Meissn. They found 

inoculated plants had greater plant height, leaf number, stem girth, biomass, and P and Zn content 

than un-inoculated.  

Michelsen and Rosendahl (1990) inoculated AM fungi on root systems of Acacia nilotica 

and Leucaena leucocephala seedlings. AM fungi inoculation increased the growth in Acacia 

nilotica and L. leucocephala as compared to uninoculated control. Jamaluddin et al (1995) studied 

the effect of Rhizobium inoculation on four woody legumes seedlings viz., Dalbergia sissoo, 

Leucaena leucocephala, Pongamia pinnata and Albizia lebbeck on the growth. A lebbeck 

seedlings were observed with grater shoot dry weight, nitrogen content and number of nodules in 
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inoculated seedlings than uninoculated seedlings. Rhizobium inoculation enhanced plant growth, 

nodulation and biomass production in all the species. Rhizobium inoculated seedlings also showed 

significantly higher growth for seedling height, collar diameter, root length, number of branches, 

number of nodules, biomass production and N and P uptake as compared to control in Acacia 

catechu and Acacia mollissima (Banyal and Bhardwaj 2003). 

Prasad and Meghvani (2005) conducted experiment to determine the efficiency of AM 

fungi and Rhizobium in terms of growth, biomass, nutrient status and nodulation of Acacia 

nilotica. There was significant increase in plant height, dry weight, number of nodules with dual 

inoculation as compared to control. The nitrogen, phosphorus and potassium concentration were 

higher in plants with dual inoculation of AM fungi and Rhizobium as against control. 

Kumar and Siddiqui (2004) studied the effect of urea, single super phosphate and muriate 

of potash on Albizia lebbek under nursery conditions. There was significant increase in dry weight, 

number of nodules, root-shoot ratio, collar diameter, seedling height number of leaves per plant 

and root length with the use of inorganic fertilizers. Inoculation of Rhizobium, phosphobacteria 

and Arbuscular Mycorrhizal fungi alone and in combination enhanced seed germination, height, 

collar diameter and biomass of Acacia nilotica seedlings (Kumudha 2005).  

Dixit et al (1999) studied the effect of different levels of P application along with N and K 

fertilization on Acacia sp. Seedlings and found that seedling growth was increased for diameter, 

height and dry matter with P application. Significant increase in shoot growth, collar diameter, 

foliar P concentration was observed with P application (Garg 2000). Bheemaiah, 2004 recorded 

positive response towards Acacia nilotica by phosphorus in waterlogged soils. 75g P plant-1 was 

found to be optimum to increase the height and biomass production (Singh and Bhatnagar 2002). 

Application of 300 g urea/tree resulted increase in height and diameter in Tectona grandis as 

compared to other levels of urea and control (Bheemaiah 2004). 
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Verma et al., (1996) reported the combined application of biofertilizers and phosphorus @ 

75 g plant-1 significantly increased growth and total dry weight in Dalbergia sissoo when all the 

combinations ofinoculations along with different levels of N dosages of fertilizer ware studied.  

 There was significant increase in growth, nodulation and biomass production with 20 kg 

N ha-1 and Rhizobium (Bora et al., 2006). Increased root length had been reported due to single 

inoculation of AM fungi (Parkash et al., 2005) and Rhizobium (Kumar et al., 2013) in Dalbergia 

sissoo. Kumar et al. (2013) also noticed maximum increase in nodule number in Dalbergia sissoo 

at 50 kg N ha-1 treatment which was significantly higher as compared to control and higher doses 

of nitrogen. Phosphorus application @ 75 kg ha-1 significantly improved number of nodules 

(26.28) over control i.e. with no P application (20.42). However, increasing level of 150 kg P2O5 

ha-1 decreased the plant number of nodules (24.08). The data indicated significant differences 

among different doses of bio-inoculants levels for number of nodules per plant. Inoculation of 

both Rhizobium and AM fungi recorded maximum number of nodules (33.33) followed by single 

inoculation of Rhizobiurn (27.86) and AM fungi (18.34). 

Seedlings grown for two months showed significant increase in plant height, diameter and 

dry biomass of shoot and root by bio-inoculants over control (Klivetong, 1996). Kang and Li 

(1998) studied growth response of Acacia seedlings to rhizobial inoculation. Height, total biomass 

and nodule biomass in inoculated seedlings increased as compared to control. The effect of 

rhizobial inoculation on plant growth and nodulation in Albizia procera, A. Lebbeck and Leucaena 

leucocephala in sterilized and non-sterilized soil was studied by Aryal et al (1999) who found 

Rhizobium inoculation enhanced plant growth, nodulation and biomass production in all the 

species. Rhizobium inoculated seedlings showed significantly higher growth for seedling height, 

collar diameter, root length, number of branches, number of nodules, biomass production and N 

and P uptake as compared to control in Acacia catechu  and Acacia mollissima (Banyal and 

Bhardwaj, 2003).  
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The tripartite symbiotic association (Rhizobium–AMF–legume) resulted in improved rates 

of P uptake, N2-fixation and crop biomass production under conditions of reduced N and P 

fertilizer (Azcón et al., 1991). Plants with the Rhizobium and AMF symbiotic associations had 

higher photosynthetic rates per unit leaf area. The synergistic or additive interactions among the 

components of the tripartite symbiotic association (Rhizobium–AMF–broad bean) increased plant 

productivity.  

Under low soil P concentrations, most plant species were dependent on a symbiotic 

association with arbuscular mycorrhizal fungi (AMF) for the acquisition of P (Smith and Read, 

1997). Under low N fertilizer inputs, soil P availability remained as the major factor limiting the 

rate of N2-fixation in legume crops, in the absence of AMF infection, supplementary P fertilization 

remained generally necessary for the maintenance of N2-fixation rates by Rhizobium at the levels 

required for economically viable crop production. 

Kumudha (2006) made a study with the seeds of Pongamia pinnata to elucidate the effects 

of Rhizobium, phosphobacteriaand VAM fungi individually and in conjunction with germination, 

seedling growth, physiological and biochemical parameters. The results indicated that P. pinnata 

seeds inoculated with all the employed biofertilizers showed better performance compared to 

control and individual bio-inoculants.  

Verma et al. (2008) studied response of Arbuscula mycorhiza(AM) fungi, Azospirillum, 

phosphate-solubilizing bacteria(PSB) and a companion fungus (CF) (Aspergillus fumigatus) on 

growth of aonla (Emlica officinalis) in nursery. .Application of AM fungi and PSB in combination 

produced maximum plant height followed by combination of all the four treatments. Maximun 

diameter of seedling was obtained in Azospirillum treatments followed by Azospirillum along with 

the companion fungus, followed by combination of AM fungi. Chuohan and Pokhriyal (2002) in 

their study with Albizia lebbek seedlings reported that inoculation (Rhizobium) with fertilisation 
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to be better than any individual application. Their combination gave increased plant heath, collar 

diameter and root length, etc. 

Nitrogen fertilization in Quercus ilex (Andivia et al., 2011), Aleppo pine (Pinus halepensis 

Mill.) and holm oak (Quercus ilex L.) (Cuesta, 2010) and phosphorus fertilization in Dalbergia 

sissoo (Hudaiet al., 2007). Rhizobium inoculation in Acacia catechu and Acacia mollissimia 

(Banyal and Bhardwaj, 2003) and combined bio-fertilization in Acacia nilotica (Kumudha, 2005) 

and combination of bio-inoculation and fertilization in Albizia procera (Jamaluddin and 

Gosewami, 2004) had increased collar diameter  Shibru and Mitiku (2002) found higher yield by 

inoculation with mixed granular rhizobial inoculant and a starter nitrogen dose. 

Ecologically, plant roots constitute a major source of organic material for soil and thus 

affect structure, aeration and biological activities. Fitter (1991) reported that the diversity of root 

systems are dependent on these functions to a greater extent. Their distribution through space and 

time is influenced by genetic characters of the plant and localized soil conditions (Huck, 1983). 

The root length is proportional to the forging ability and higher doses of fertilisers reduce this 

ability which also confirms the observation of Costa et al, (2002). 

 Root spread is positive to bio-inoculants but sensitive to fertilisation which is supported 

by finding of Taylor (1972) that the rate of expansion of root systems has often been ascribed to 

be increasing due to insufficient water and nutrients flow to them. On the other hand fertilisers 

had positive effect on root development as reported by Song et al. (2010) who found the combined 

application of N and P to have increased root surface area, root length, and root-shoot mass. 

The root branch angles are key components of root system architecture in which lateral 

roots diverge from parent root at wider angles which increase the chances of their entry to 

unexploited horizons (Henderson et al., 1983; Fitter, 1991). In general the primary roots tend to 

be positively geotropic, secondary diageotropics and further branches to be ageotropic (Fitter, 

1987). Usually, angle between secondary and tertiary roots were greater than that of primary and 
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secondary roots as reported in Acacia mangium, Leucaena leucocephala and Leucaena 

diversifolia and reverse trend with Gliricidia sepium, Albizia lebbek (Kar et al, 2007) and Albizia 

chinensis and Alnus nitida (Kar, 1999). The variation in root angles observed in nature may be 

attributed to genetic factors and internal anatomy (Charlton, 1983). 

Singh and Puri (2006) reported the enhanced plant height due to AM fungi and Rhizobium 

inoculation singly and in combination in Dalbergia sissoo (Lopez et al., 2003). Reena and Agyaraj 

(2009) worked on twelve different species of AM fungi on Dalbergia sissoo and obtained plant 

height and leaf number were increased than control. Rhizobium inoculation showed significantly 

higher number of branches in Acacia catechu and Acacia mollissima as observed by Banyal and 

Bhardwaj (2003). Inadequate root development at early stage becomes unable to acquire nutrients 

to support plant growth as revealed by Morgan and Connolly (2013). They observed low 

concentration of nitrogen caused significant increase in nitrogen fixation by rhizobia and high 

concentration of nitrogen caused significant decrease in nitrogen fixation. The presence of 

mycorrhizal association had a positive impact on nutrient uptake and biomass production. 

Unlike Rhizobium effects on AMF colonization, AMF infection did not have a significant effect 

on nodule mass. However, high N supply was associated with a large reduction in nodule dry mass 

relative to low N plants, it indicates that high concentrations of nitrate inhibited nodule growth. In 

the case of low N treatments, P concentration was significantly higher. The level of P supply had 

a significant effect on plant biomass, root nodulation, N accumulation rate, leaf area, net 

photosynthetic rate and tissue N concentration. Increase in P supply as a consequence of AMF 

colonization was consistently associated with a significant increase in N accumulation and 

biomass production. AMF contributed to an increase in N productivity in terms of biomass 

production by increasing the supply of P.  In low N treatments AMF colonization had a significant 

positive impact on the rate of nitrate-N accumulation.  
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Jamaluddin et al. (1995) made study of pot culture with soil/manure/sand (2:1:1). 

experiment with Dalbergia sissoo, Leucaena leucocephala, Pongamia pinnata and Albizia lebbek 

and found that shoot length and girth, fresh and dry weight and nitrogen content of seedlings and 

number of nodules were all greater in inoculated seedlings than in non-inoculated of Rhizobium.  

Purohit et al. (1997) observed seedling of NFT growing in western Himalayan region and 

were assessed for their nodulation. Inoculation increased nodule number and nodule weight per 

treatments. On the basis of nodule nitrogen, although A. stioulata had the highest nitrogen fixed 

per plant, the rhizobial strain associated with D. serica seems to be highly efficient than other 

species. 

Sanz et al, (2007) revealed fertiliser with bio-inoculants increased nutritional status and 

biomass production of plants. Razaq, et al., 2017 observed from treatments of bio-fertilisers root 

biomass, shoot biomass and total biomass increased, seedling biomass increased by biomass by 

29.7% to 107.27% depending on type of bio-inoculants. 

Srivastava and Srivastava (2006) also observed increase in plant root weight through AM 

fungi inoculation in Tecomela undilata. Saia et al., (2014) found mycorrhizae increased biomass 

accumulation when added with Rhizobium.Liangbo et al. (2015) observed yield increase in 

soyabean by 28-93% more than only Rhizobium by addition of mycorrhizae (Glomus mosseae) 

along with Rhizobium. 

Mahamooth et al. (2016) revealed that high soil phosphorus levels and prolonged nitrogen 

fertilization are hampering effects of bio-inoculants over sites which have been extensively studied 

earlier in agriculture crops in order to standardise location specific package of practices (Rao, 

2016). Kumar, et al. (2017) however emphasized location specific varietal development of 

Flemingia semialata for lac production to which specificity of inoculums and fertiliser is very 

important to cater need. 
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Bown et al. (2010) expressed that combined application of N and P increases root surface 

area, root length, and root-shoot mass. At the same time AM fungi tap a variety of nutrients from 

the soil and Rhizobium fix nitrogen from the atmosphere (Mehrotra, 1995). The combined 

inoculation of Rhizobium and AM fungi increased the biomass to the tune of 40.49 percent over 

control. Bhatt et al (1993) studied the response of AM fungi inoculation on six forest tree species 

and reported significant increase in root, shoot and total biomass.  

Bhatt et al (1993) studied the response of AM fungi inoculation on six forest tree species 

and reported significant increase in root, shoot, and total biomass. Further, the extensive network 

of roots with its high surface area, root hair density and mucigel secretions also influence the 

structure, porosity and moisture retention capacity of soil (Nair, 1990) and bind it against erosion. 

Thus, study of root systems is equally vital for the purposes of wasteland management; 

afforestation of degraded forests, soil conservation, establishment of shelterbelts, energy 

plantations, etc. (Kar et al. 2007). 

The distribution of root system might have been influenced by genetic character (Huck, 

1983) and localized soil conditions (Kar et al., 2007).  Further, the root architecture of a given tree 

species also could be influenced by the availability of water and nutrients (Taylor, et al., 1972). 

Variations in primary, secondary and tertiaty roots are due to be due to various functional attributes 

and genetic behaviour (Kostler et al., 1968) or physical conditions of soil (Pomerleau and Lotie, 

1962). 

Prasad (1988) studied the effect of G. fasciculatum and Rhizobium on biomass yield and 

nutrient uptake of Dalbergia sissoo. Maximum shoot length (116.2cm), root length (26.2cm), 

shoot dry weight (80.72g), number of leaves/plant (99.1), N(3.98 %), P (0.196 %) and K (1.96 %) 

were recorded in double inoculated plants. 

Srivastava et al. (2001) in his study found increased shoot height, root height, biomass in 

Cordia myxa, Artocarpus integer, Dalbergia sissoo, Pongamia pinnata, Mangifera indica and 
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Alestronia sp. with inoculation of VAM inoculation. The shoot height increase was maximum 

(32.2%) in A. integer and minimum (11.2%) in Mangifera indica compared to control. 

2.2 Effects of Bio- inoculants and soil amendments on nodulation behaviour  

The family Leguminosae comprises approximately 20,000 species that mostly form 

symbioses with arbuscular mycorrhizal fungi (AMF) and nitrogen-fixing bacteria (NFB) (Júnior 

et al., 2017). The family Leguminosae is the third largest angiosperm family, with approximately 

20,000 species and 700 genera (1) only and surpassed by Orchidaceae and Asteraceae (2 ). Most 

species are associated with nitrogen-fixing microorganisms and arbuscular mycorrhizal fungi 

(AMF) which are the two main symbiotic microorganisms in terrestrial plants. New microbial 

species and rhizobia plant infection mechanisms were discovered through studying this bacterial 

diversity. Certain native legume species in the family Mimosaceae exhibit a typical characteristics 

with a high exploitation potential for the two symbioses. Synergy between the symbionts has also 

been reported; mycorrhizal fungi can aid in increasing biological nitrogen fixation, and nitrogen-

fixing bacteria influence mycorrhizal colonization. Júnior et al. (2017) from their experiments 

with fully randomized with six replicates and a factorial scheme with  two AMF species and three 

NFB strains were combined to nodulate  P. gonoacantha  in addition to the control treatments. 

The results indicate this species has capacity for nodulation without the AMF; however, the 

AMF + NFB combinations yielded a considerable gain in P. gonoacantha shoot weight compared 

with the treatments that only included inoculating with bacteria or AMF. The results also confirm 

that the treatment effects among the AMF + NFB combinations produced different shoot dry 

weight/root dry weight ratios.  

 Srivastava (1999) from polybag experiment found increase in nodule number by 

inoculation in 1 year old seedlings among species which was maximum with Albizia lebbeck 

(17.78) followed by Pongamia pinnata (8.67), Prosopis cineraria (8.0), Dalbergia sissoo (2.89) 
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and Acacia nilotica (2.11). .Biomass also increased with inoculation and the number of nodules 

was positively correlated with biomass.  

  Workers (Graham, 1981, Westermann et al., 1981) have suggested that use of starter 

nitrogen fertilizer (modest nitrogen fertilizer rate) to have a remarkable effect on yield and 

nodulation.  Inoculation with R. phaseoli was reported to be significantly increased nodulation and 

yield (Tylar et al., 1983). The pink–red colour in nodule was described to be due to the presence of 

leg-haemoglobin and it was told to be a good indicator of active nitrogen fixation (Ceccatto, et al., 

1998). Several researchers have used nodule number as an estimate of biological nitrogen fixation. 

(De Oliveria, et al., 1998). Shibru and Mitiku (2002) found inoculation with mixed granular 

rhizobial inoculant and use of starter nitrogen fertilizer significantly improved both yield and 

nodulation of common bean varieties in most of the cases. Yield and nodulation were found to have 

significant positive correlation for both crop reasons. For the bean–sorghum intercropped 

conditions, the use of mixed granular rhizobial inoculant and starter nitrogen fertilizer remained 

indispensable to realize the benefits of biological nitrogen fixation on highly degraded regosols. 

Significant difference with respect to nodule number which was with inoculation 96-231 / 3 plant, 

with control 16 - 55/ 3 plant and with starter nitrogen dose 80.6 – 231.7 g/ 3 plant.  

  Several studies also indicated that inoculating both AMF and Rhizobium could promote 

the growth of crops and improve the yield and nutrient uptake of crops (Antunes et al., 

2006; Varennesa and Goss, 2007). The mycelium could extend to the area outside the rhizosphere, 

connected roots with the surrounding soil microhabitats and enlarge the area that roots had to absorb 

nutrients.  

It has been observed that inoculation with an effective and persistent Rhizobium strain had 

numerous advantages, which included non-repeated application of nitrogen fertilizers and 

higher pod yield due to increased nodulation (Sanginga et al., 1994). The study found that 

N fertilizer application significantly reduced number of nodules and nodule dry weight per 
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plant. Inhibitory effects of added nitrogen fertilizer to nodulation and nitrogen fixation was 

reported by Cheminingwa et al. (2004), Gentili and Huss-Danell (2003), Gentili et al. 

(2006), Laws and Graves (2005),  Pons et al. (2007) and Taylor et al. (2005). 

Chui (1985) observed that the application of peat inoculum caused on dry matter 

production in wasteland on Phaseolus vulgaris. Gentili et al. (2006) reported that high N 

levels inhibited early cell divisions in the cortex of Alnus incana thereby inhibiting 

nodulation. However, a recent study by Hristozkova et al. (2007) established that foliar 

application of nutrients on pea reduced the inhibitory effect on the root nodulation and 

nitrogen assimilator enzyme activities due to the molybdenum shortage when the plants 

were inoculated with Rhizobium leguminosarum Bv. Vicue. Phosphorous and farmyard 

manure have been reported to improve both the total and active nodules and nodule dry 

weight (Floor, 1985; Ganeshamurthy and Sammi-Reddy, 2000). However, Huang and 

Erickson (2007) and Zaman-Allah et al. (2007) reported increased root nodule mass and 

root biomass on pea, lentil and bean after inoculation with different strains of Rhizobium. 

However, a strong variation was observed among the quantum of increase over control 

which was based on rhizobial strains and their origin. Rhizobial strains of different origins 

vary in their symbiotic efficiency (Zaman-Allah et al., 2007). 

Jamaluddin et al, 1992 observed more number of nodules in Dalbergia sissoo, Leucaena 

leucocephala, Pongamia pinnata and Albizia lebbeck after inoculation of Rhizobium. Inoculation 

of Rhizobium in Acacia catechu gave more number and biomass of nodules(Banyal and Bhardwaj, 

2003). Role of phosphorus in root branching has been described by Lopez et al., 2003. They also 

revealed that N availability had significant effects on root elongation and root branching (Lopez 

et al., 2003). 
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Nodulation is the dominating mechanism of biological nitrogen fixation which utilizes the 

renewable source of elemental nitrogen without disturbing the fossil fuel, checks contamination 

of ground water, nitrogen loss through leaching and denitrification (Hiechel, 1987) and serves as 

a fixed source of nitrogen for both plant and soil (Vance, 1991). Role of nodulating plants in 

improving soil fertility has been documented by various researchers (Cruz and Valdes, 1990; 

Galciana, et al., 1996). 

Kar et al., 2007 compared nodulation of 5 species Gliricidia sepium, Leucaena 

diversifolia, Leucaena leucocephala, Albizia lebbek and Acacia mangium and found nodulation in 

all primary, secondary and tertiary roots, primary root was observed having  maximum nodules in 

Albizia lebbek (10.6) and minimum in Acacia mangium (3.4), Gliricidia sepium exhibited 

maximum number of nodules on both the secondary roots (44.6) and tertiary roots (69.0) and also 

on the complete root system (117.6). Biomass of nodules on dry weight basis was had higher value 

was in Albizia lebbek (0.36 g) and lowest in Leucaena leucocephala (0.03 g). Nodules on parent 

roots grew earlier and larger than branches, nodulation per rootlet found maximum in the primary 

followed by lateral roots (Kar, 1999) in Acacia catechu, Albizia chinensis and Alnus nitida. Lesser 

nodulation per rootlet than its parent root they described to be due to its less surface area, infection 

sites and enzymatic activities and the greater rate of turnover of finer root than coarse one (Fahey 

et al., 1988). 

Kar et al., 2007 also observed that number and size of nodules were directly related to 

atmospheric nitrogen fixation, hence, estimation of nodules at different growing stages of a species 

or seasons would be helpful in scheduling fertilizer applications particularly nitrogen. The nodule 

biomass was observed to be directly proportional to number and size of nodules present on the 

primary, secondary and tertiary roots. Maximum nodule biomass was observed in secondary roots 

followed by primary and tertiary roots. Plant spread they found to be relatively more in case of 

Leucaena diversifolia (15.4 cm) and minimum in Acacia mangium (10.98 cm). Pokhriyal et al., 
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1996 reported that variation in nodulation pattern might have been attributed to conjoint 

contribution of genetic behaviour and environment.  

2.3 Effects of Bio- inoculants and soil amendments on nitrogen fixation and soil 

Hungate et al. (2003) cautioned that Intergovernmental Panel on Climate Change-based 

carbon (C) storage scenarios for terrestrial ecosystems in 2100 would require an additional 2.3–

37.5 Pg of N, whereas reactive N supply would only increase by 1.2–6.1 Pg of N. Therefore, N 

supply will likely be insufficient to support predicted levels of biological C sequestration unless 

increasing atmospheric CO2 drives a substantial increase in BNF. More recent research has 

demonstrated that a dizzying array of microbes are capable of BNF, including archaea as well as 

many previously undiscovered bacteria (Reed et al., 2011) Even the best-known system, the 

nodulated legume/rhizobial symbiosis, has been found to be much more diverse than previously 

understood—with new discoveries ranging from additional microbial partners (e.g. Burkholderia) 

that nodulate legumes and fix N2 effectively (Gyaneshwar et al., 2011) to a diversity of pathways 

by which nodules themselves are initiated and infected (Sprent, 2007). With this approach, 

Cleveland et al. (1999) calculated an intermediate (and preferred) estimate for total terrestrial BNF 

of 195 Tg N yr−1; a later publication (Galloway et al., 2007) that Clevel and co-authored reduced 

that estimate to 128 Tg N yr−1, largely because any higher estimate suggested too large a 

contribution of BNF relative to the quantity of N cycling within ecosystems annually. The Amazon 

River alone accounts for less than 15 per cent of global discharge, and contributes 3.3 Tg N yr−1 

to the ocean (Howarth et al., 1996) denitrification loss by adding HLF = 20 Tg N yr−1and HL is 35 

Tg N yr−1(Perakis and Hedin, 2002). Relative global stocks of plant (3.5 Pg N) and soil (95–140 

Pg N) N. About BNF pre-industrial terrestrial BNF is 58 Tg N yr−1, BNF in cropping systems, 

which Herridge et al. (2008) calculated to be 40–55 Tg N yr−1. Cech et al., 2010 measured rates 

of BNF ranging from approximately 0.3 to 7.5 kg N ha−1 yr−1. Previous researchers made clear 

that late-successional temperate forests and grasslands in which plant production is proximately 
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limited by N supply (Elser, et al. 2007; Vitousek and Howarth, 1991) often despite enhanced 

deposition of anthropogenic reactive N, many of these ecosystems are relatively productive and 

reasonably rich in energy, water and nutrients other than N. Rates of BNF could be low to meet 

earth’s need. 

 In the world (Ishizuka, 1992) each year 17.2×107 tons of N are biologically fixed. 

Biological nitrogen fixation (BNF) contributes to plant production in arable lands and in natural 

ecosystems. According to nature and properties of soils, 2002 and Cornell University, 2008 

biological N2 fixation is the most common N fixation process. Globally, an estimated 193 x 106 

tons of N is fixed through biological N fixation each year of which land (153 x 106 tons per year), 

legume (39  x 106 tons per year), non-legume (10 x 106 tons per year) others (104 x 106 tons per 

year), sea (40 x 106 tons per year) and from non-biological sources it is 94 x 106 tons per year. 

Nitrogen-fixing species, owing to their ability to fix N2 through microbial symbiosis, can 

increase soil C and N and have been widely used as pioneer plants in the recovery of degraded 

land in the tropics and subtropics. Rhoades et al. (1998) found that nitrification rates were five 

fold faster and NO3 pools four fold greater under N-fixing trees than under pasture grasses.  In the 

restoration of degraded areas, C input and an increase in soil N content are of great importance 

because they can enhance the capacity of the system to support a more complex community 

(Macedo et al., 2008).  

Mulongoy, 2018 described Biological nitrogen fixation (BNF) is the process whereby 

atmospheric nitrogen (N=N) is reduced to ammonia in the presence of nitrogenase enzyme. 

nitrogenase is a biological catalyst found naturally only in certain microorganisms such as the 

symbiotic Rhizobium and Frankia, or the free-living Azospirillum and Azotobacter. He further 

noted that in case of legume-Rhizobium symbiosis rhizobia infect root hairs of the leguminous 

plants and produce the nodules. The nodules become the home for bacteria where they obtain 
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energy from the host plant and take free nitrogen from the soil air and process it into combined 

nitrogen. In return, the plant receives the fixed N from nodules and produces food and forage 

protein. The equation of biological nitrogen fixation given as  

 

He also revealed that nitrogen fixation is not only source of protein but also serves as N 

source for soil fertility. ATP coming from oxidative degradation of sugars and related molecules 

contributed by host to nodules which serve cleavage and reduction of N2 into ammonia. For each 

gram of N2 fixed by Rhizobium, the plant fixes 1-20 grams carbon (C) through photosynthesis. 

Thus symbiotic nitrogen fixation needs additional photosynthates provided by hosts. Apart from 

photosynthates it also consumes more phosphorus (P) than non-N2-fixing systems in order to fulfil 

plant growth, nodule formation and development and ATP synthesis each process being vital for 

nitrogen fixation. Further nitrogen fixation being chemical reduction of N2 to NH3 or NH4, it 

requires a source of electrons. The sources of electrons are small proteins and highly reductive 

molecules such as flavodoxin, ferredoxin, nicotinamide or ademine dinucleotide (phosphate). 

Nitrogenase is an oxygen sensitive enzyme. Low oxygen situation is encountered by 

compartmentation of cyanobacteria e.g., heterokysts in Anabaena azollnde, active respiration of 

Azotobacter and synthesis of leg-haemoglobin in Rhizobium whichsynthesized by both Rhizobium 

and host both and at the same time Rhizobium synthesizes the heme and plant the globine. Like 

human haemoglobin, leg-haemoglobin fixes O2. It is responsible for the red or brown color of 

active nodules. Non-N2-fixing nodules have a white nodule content, or a green content when the 

globine has degenerated. Mulongoy (2018) also reported that some plants of Flemingia genus 

likeFlemingia congesta could fix nitrogen in shade. We have observed F. Semialata produces lac 
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in shade as well, so needed to study its nitrogen fixation under shade of this species under 

investigation. 

Nitrogen-fixing species have been used as source of N in the recovering of tropical and 

sub- tropical systems, including degraded mining land (Franco and De Faria, 1997) and 

agroforestry (Handayanto et al. 1995). In these studies, not only soil N, but also soil organic matter 

(SOM) were increased by N-fixing species (Deans et al. 1999; Franco and De Faria, 1997; Macedo 

et al., 2008). The SOM and total nitrogen showed that the two N-fixing species (A. mangium and 

A. auriculiformis ) were able to restore C and N cycling better than the non-N-fixers in China. 

These results are consistent with observations from other tropical and subtropical regions (Macedo 

et al., 2008). The higher SOM and TN concentration in the 0–5 cm may result from higher litter 

production and lower litter decomposition of N-fixing species. It is known that litter production 

and the rate of litter decomposition are the most important factors by which tree species regulate 

the size and distribution of soil carbon and nitrogen pool. Faming et al., (2010) estimated that net 

N mineralization rates in the   rainy season ranged from 7.41 to11.3 kg N ha. In the Dinghu-shan 

climax evergreen broad-leaved forest of China mineralization of nitrogen found to be 6.7 kg ha/ 

month as reported by Li et al. (2006). 

Zahran (1999) revealed the element nitrogen, or “azote,” meaning “without life,” as 

Antonie Lavoisier called it about 200 years ago, has proved to be anything but lifeless without it, 

since it is a component of food, poisons, fertilizers, and explosives (Schoot, 1990). The atmosphere 

contains about 1015 tonnes of N2 gas, and the nitrogen cycle involves the transformation of some 

3 x 109 tonnes of N2 per year on a global basis (Postgate, 1982). However, transformations (e.g., 

N2 fixation) are not exclusively biological. Lightning probably accounts for about 10% of the 

world’s supply of fixed nitrogen (Sprent and Sprent 1990). 

World production of fixed nitrogen from dinitrogen for chemical fertilizer accounts for 

about 25% of the Earth’s newly fixed N2, and biological processes account for about 60%. 



29 
 

Globally the consumption of fertilizer N increased from 8 to 17 kg ha- 1of agricultural land in the 

15-year period from 1973 to 1988 (FAO, 1990). Currently, the subject of BNF is of great practical 

importance because the use of nitrogenous fertilizers has resulted in unacceptable levels of water 

pollution (increasing concentrations of toxic nitrates in drinking water supplies) and the 

eutrophication of lakes and rivers (Dixon and Wheeler, 1986; Sprent and Sprent, 1990). About 87 

species in 2 genera of archaea, 38 genera of bacteria, and 20 genera of cyanobacteria have been 

identified as diazotrophs or organisms that can fix nitrogen (Dixon and Wheeler, 1986; Sprent and 

Sprent 1990, Zahran  et al., 1995). The total annual terrestrial inputs of N from BNF as given by 

Burns and Hardy (Burns and Hardy, 1975) and Paul (Paul, 1988) range from 139 million to 175 

million tonnes of N, with symbiotic associations growing in arable land accounting for 25 to 30% 

(35 million to 44 million tons of N) and permanent pasture accounting for another 30% (45 million 

tons of N). While the accuracy of these figures may be open to question (Sprent and Sprent 1990). 

BNF is to be improved to replace a proportion of the 80 to 90 million tonnes of fertilizer-N 

expected to be applied annually to agricultural land by the end of the decade (Peoples et al., 1995). 

Legume symbioses contribute at least 70 million tones of N per year, approximately half deriving 

from the cool and warm temperature zones and the remainder deriving from the tropics. Values 

estimated for various legume crops and pasture species are often impressive, commonly falling in 

the range of 200 to 300 kg of N ha-1/year (Peoples et al., 1995). Yield increases of crops planted 

after harvesting of legumes are often equivalent to those expected from application of 30 to 80 kg 

of fertilizer-N ha-1 Inputs of fixed N for alfalfa, red clover, pea, soybean, cowpea, and vetch were 

estimated to be about 65 to 335 kg of N ha-1/ year or 23 to 300 kg of N ha/yr (Wani et al, 1995). 

However, the measured amounts of N fixed by symbiotic systems may differ according to the 

method used to study N2 fixation. Large contributions (between 75 and 97 kg of N hayr-1 in 97 

days of growth) by Stylosanthes guianensis were found (Viera-Vargas et al., 1995). N data 

suggested that over 30% of the N accumulated by the grass in mixed swards could be derived from 
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nitrogen fixed by the associated legume (Viera-Vargas et al., 1995). Typical contributions by 

Alnus associations are and those by Hippophae associations are 27 to 179 kg of N ha. Invariably, 

N2-fixing activity is confined to areas with low NO3 availability (Becana and Sprent, 1987). NO3 

may allow the plant to conserve its energy, since in overall terms more energy is required to fix 

N2 than to utilize NO3.  

It is necessary that the plant able to detect the presence and level of NO3 in the rooting 

medium and to adjust its N2 fixation accordingly. Symbiotic N2 fixation in field legumes takes 

place against a changing back-ground of mineral N availability as a consequence of 

mineralization, leaching, and, often, fertilizer application (Davidson and Robson, 1986). Uptake 

of fertilizer N by plants depends on soil moisture and is higher in normal than in wet soils (with 

uptakes of 32 and 27%, respectively) as a result of different N-leaching losses (Nannipieri  et al., 

1990). 

Experiments have demonstrated that NO3 inhibits nodule formation on legumes primarily 

as a root-localized effect rather than as a function of whole-plant N nutrition (Abdel-Wahab et al., 

1998, Eaglesham, 1989). When NO3 levels were sufficiently high to completely suppress 

nodulation on the original root (primary root), there were profuse nodulation and significant 

nitrogenase activity (C2H2 reduction) on the adventitious roots of soybean (Eaglesham, 1989) and 

nodules were formed on the lateral roots of V. faba and P. sativum.  Application of urea (90 kg of 

N /ha/year) to soybean plants suppressed nodulation by curtailing the enrichment of 

Bradyrhizobium sp. on the host plant (Thies et al., 1995).  

Unfortunately, commercial nitrogen fertilizers are expensive and out of reach of 

most small-scale farmers so cheaper sources of nitrogen need to be sought if yields are to 

be sustained to attain food security (Otieno et al, 2009). Biological materials may offer a 

solution in alleviating soil fertility problems and hence increased crop production. . Animal 
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manure and compost are beneficial in soil because they can increase the water holding 

capacity. Biological Nitrogen Fixation (BNF) has been used in farming systems to cut down 

on fertilizer expenses (Shamseldin and Werner, 2004; Shamseldin, 2007; Vinuesa et al., 

2003). Inoculation with an effective and persistent Rhizobium strain has numerous 

advantages, which include non-repeated application of nitrogen fertilizers and higher pod 

yield due to increased nodulation (Sanginga et al., 1994). Niranjan et al (2002) also reported 

increased number of nodules in Prosopis cineraria with dual inoculation of Rhizobium and AM 

fungi. Chauhan and Pokhrial (2002) also noticed significant effect of Rhizobium inoculation in 

enhancing the number of nodules in Albizia lebbek. 

Colonna et al (1991) studied the effect of dual inoculation of Glomus mosseae and Rhizobium 

in combination with P fertilizers on Acacia senegal. The combined application of phosphorus and 

AM fungi increased the plant growth and nutrient uptake as compared to control. Kaushal (1996) 

reported significant increase in biomass production nodule number, nodule biomass, total N 

uptake and amount of N fixed in Albizia lebbeck due to rhizobialinoculations over uninoculated 

seedlings (control). 

The role of nodulating plants in improving the soil fertility has been described by various 

researchers (Cruz and Valdes, 1990; Galciana et al., 1996). Nitrogen fixation rates to the tune of 

268 and 350 kg/ ha/ year of Alnus nepalensis and A. rubra.respectively have been reported by 

Singh and Pokhriyal (1998) and Newton et al. (1968), respectively. Nodulation of tree species are 

significantly influenced kg ha-1yr-1 by climatic conditions (Gibson and Jordan, 1983) and the 

environmental stress which restrict the diffusion of oxygen through the nodule cortex (Pankhurst 

and Sprent, 1975). The rise in the latter leads to decline in nodule efficiency (Armenta et al., 1989) 

while, its fall results in an increase of nodule size despite the delay in nodulation. Nodule formation 

is, however, much more temperature tolerant than nodule function (Armenta et al., 1989).  
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           Martensson and Carlgren (1994) worked with VAM and found the number of diaspores 

decreased rapidly over time with increasing annual additions of an easily soluble phosphorus 

fertilizer, 45 kg P ha−1 year−1. Moderate additions of easily soluble phosphorus fertilizers, 5 and 

15 kg P ha−1 year−1 did not affect spore frequencies, which fluctuated between 0.48 and 1.96 

diaspores g−1 of soil. When excluded phosphorus fertilization, spore frequencies doubled within 

5–14 years.  

Marschner and Dell (1994) expressed that there were three types of mycorrhiza as  

ectomycorrhizas (ECM), the ericoid mycorrhizas (EM), and the vesicular-arbuscular mycorrhizas 

(VAM). Mycorrhizal infection may affect the mineral nutrition of the host plant directly by 

enhancing plant growth through nutrient acquisition by the fungus or indirectly by modifying 

transpiration rates and the composition of rhizosphere microflora. A capacity for the external 

hyphae to take up and deliver nutrients to the plant has been demonstrated for the following 

nutrients and mycorrhizas; P (VAM, EM, ECM), NH4+ (VAM, EM, ECM), N03 (ECM), K (VAM, 

ECM), Ca (VAM, EM), S042- (VAM), Cu (VAM), Zn (VAM) and Fe (EM). In experimental 

chambers, the external hyphae of VAM could deliver up to 80% of plant P, 25% of plant N, 10% 

of plant K and 25% of plant Zn. ECM and EM fungi produced ectoenzymes which provided host 

plants with the potential to access organic N and P forms that were normally unavailable to VAM 

fungi.  Mycorrhizal infection might have also protects roots from soil pathogens and thereby 

increase root growth and nutrient acquisition of the host root. Competition between the fungus and 

the roots for photosynthates is the main factor responsible for the typical larger shoot:root dry 

weight ratio in favour of the shoots in mycorrhizal plants (Berta et al, 1990). 

Tong et al., 2009 recorded the N transfer in intercropping systems was assumed to be 

enhanced if N fixation by legumes could be improved by inoculation with arbuscular mycorrhizal 

fungi (AMF) and Rhizobium, which had the potential to enhance plant productivity. They observed 

nitrogen %ge and N uptake in both root and shoot with mycorrhizae + Rhizobium treatment i.e., 
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shoot (22.63 mg/g and 150.83 mg/ plant respectively) and root (22.78 mg/ g and 57.59 mg/ plant 

respectively). mycorrhizae + Rhizobium treatment also gave non-significantly higher number of 

root nodules than other treatments. Mycorrhizal fungi (MF) and Rhizobium colonization became 

independently increased the total biomass of soybean.  Earlier research found that biomass of 

soybean supplied with different phosphorus sources was improved significantly when inoculated 

with AMF and Rhizobium (Tong et al., 2009). 

Several studies also indicated that inoculating both AMF and Rhizobium can promote the 

nutrient uptake of crops (Lekberg and Koide, 2005; Antunes et al., 2006; Varennesa and Goss, 

2007). The root nodulation activities of tree species are influenced by both their genetic behaviour 

as well as environmental conditions (Hardy et al., 1968; Gibson, 1976; Waughman, 1977; Gibson 

and Jordan, 1983; Pokhriyal et al., 1991). Pankhurst and Gibson (1973) had found better growth 

and size of nodules during early-winter which had also been reported by previous researchers. 

However, better nodulation observed during post-monsoon recorded by Kashyap et al. (2012) has 

been explained due to increased photosynthetic activity and proliferation of roots after onset of 

monsoon that could have a positive effect on nodulation (Gordon and Wheeler, 1978). large 

numbers of finer roots than coarser ones support the present findings (Fahey et al., 1988). Kashyap 

et al., 2012 compared nodulation and nitrogen content of 3 nitrogen fixing tree species in Y.S. 

Parnar University of Horticulture and Forestry, Solan and found minimum nitrogen percent in 

Alnus nitida roots (1.32%) and maximum in Acacia catechu (2.11%) while Albizia chinensis 

showed 1.66 % of nitrogen. The total nitrogen content of shoots also differed significantly among 

the species. Maximum nitrogen content in shoot was also observed in Alnus nitida (2.87%) 

followed by Albizia chinensis (2.75%) and Acacia catechu (2.51%). Total nitrogen contents in 

nodules were statistically different among the species. Acacia catechu registered the maximum 

value (3.54%) followed by Albizia chinensis (3.37%) and Alnus nitida (3.25%). More nitrogen 

content both in root and shoot as observed after 18 months than earlier stages they explained to be 
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due to better nitrogen dynamics in plants through higher nodulation at that stage (Heilman and 

Ekuan, 1982; Beniwal et al., 1995). Dalbergia sericea where nodules showed maximum nitrogen 

percentage but minimum fresh biomass as compared to those of Dalbergia sissoo and Albizia 

chinensis (Purohit et al., 1997). Acacia catechu recorded maximum nodule nitrogen content 

although, it had registered the minimum nodule biomass than Alnus nitida and Albizia chinensis. 

The maximum uptake of nitrogen was, however, observed in Alnus nitida (5122.00 mg) followed 

by Albizia chinensis (1185.45 mg) and Acacia catechu (730.90 mg) at 1.5 years stage (Kashyap, 

et al., 2012). 

Meng et al.,2011conducted pot experiment with different root separations like solid 

barrier, mesh (30 µm) barrier and no barrier using15N isotopic tracing method to calculate how 

much N transferred from soybean to maize inoculated with arbuscular mycorrhizal fungi (AMF) 

and Rhizobium and concluded that the  N fixation efficiency of soybean increased which 

consequently promoted N transfer from soybean to maize, resulting in the improvement of yield 

advantages of legume/ non-legume intercropping. 

Legume and non-legume intercropping cultivation had been widely encouraged in 

sustainable agriculture because it had the potential to improve the yield significantly and allowed 

plants to use soil N more efficiently (Li et al., 2001, 2011; Hauggaard-Nielsen et al., 2009; Gao 

et al., 2014) which became beneficial for reducing the amount of chemical fertilizer supply and 

had positive consequences on the environment (Lekberg and Koide, 2005). N could be used 

efficiently in the intercropping system because the N fixed by legumes could be transferred to 

companion species and this part of N became a crucial source for the non-nodulated crop’s growth 

and development. 
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Mazzarino et al. (1991) calculated the annual N mineralization rate under Prosopis and 

Larrea to be 150 kg/ha and 95 kg/ha, respectively. Nitrogen produced in wet seasons (Spring-

summer months) represented 90% of the nitrogen accumulated per year. Nitrogen mineralisation 

was positively correlated with soil moisture and temperature. They also found higher levels of 

nitrogen and organic carbon in surface and carbon and phosphorus in subsoil of Prosopis 

plantation than that of Larrea. pH neutralization and further improvement in soil physical 

condition could be achieved by supplementing part of the inorganic fertilizers with organic 

manures and bio-fertilizers and that it could also be possible to defer the onset of deficiency of 

some of the essential elements (Bhalerao et al., 2009). 

Tarai and Ghosh (2006) obtained highest plant height, basal girth, canopy volume and 

yield in sweet orange cv. Mosambi with the treatment 200 g N, 75g P2O5 and 150 g K2O + 2 kg 

neem cake per plant as compared inorganic fertilizer alone or combination of inorganic fertilizer 

and organic manure or biofertilizer.  

Nitrogen uptake of the plant observed to be a function of growth rate as well as the active-

passive mechanism of the root surface and became influenced by the available nitrogen content as 

well as physico-chemical properties of soil besides, the prevailing climatic conditions (Jain et al., 

1986), high nitrogen content on the root-soil interface, maximum number of finer roots for 

absorption of nutrient (Gillespie, 1989). As quantified by Kashyap et al., 2012 Alnus nitida fixed 

the maximum quantity of nitrogen (14.10 kg ha-1yr-1) followed by Albizia chinensis (8.84 kg ha-

1yr-1) and Acacia catechu (7.41 kg ha-1yr-1) if the spacing would had been 3 m x 3 m spacing. The 

higher nitrogen fixation rate by alder (by Frankia sp.) earlier reported to be i.e., Alnus rubra 350 

kg ha-1yr-1 and Alnus nepalensis 268.92 kg ha-1yr-1 has also been reported by earlier researchers 

(Newton et al., 1968; Singh and Pokhriyal, 1998). Lesser nitrogen fixation by Acacia communities 

also observed by previous workers (Seizko, 1987; Sanginga et al., 1990). Danso et al. (1992) 

observed the nitrogen fixation at the rate of 50 kgha-1yr-1 in Acacia species whereas; Singh and 
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Pokhriyal, (1998) recorded the nitrogen fixation rate of Albizia chinensis as 201.69 kgha-1yr-1. 

They could notice high correlation between number of nodules and Nitrogen fixed by different 

Nitrogen Fixing Tree species; highest correlation coefficient was obtained for Albizia chinensis 

(0.99) followed by Alnus nitida (0.96) and Acacia catechu (0.95). 

Otieno et al., 2009 found nitrogen fertilizer application significantly reduced the 

number of nodules in most of the legume species. Rhizobium inoculation increased number 

of nodules and nodule dry matter in most species but not increased plant growth or grain 

yield. Application of manure had improved nodulation and grain yield but only in the short 

run. Fertilizer application significantly increased dry matter in both seasons and total grain 

yield during short run. The study indicated that the effect of Rhizobium inoculation, 

farmyard manure and nitrogen fertilizer on grain legumes is variable depending on species, 

parameter being measured and other environmental factors. 

2.4 Effects of Bio- inoculants and soil amendments on lac insects and lac production 

The forest area in the world covers 4,02,04,180 Km2 (World Bank Report published in 

2012) i.e., approximately 31.10 % of the total geographical area (World Bank Database, 2012). 

India is a diverse tropical (dry and wet) country covering 21.34% (Forests Survey of India, 2015) 

or 21.05% (6,92,027 Km2 area)  as per India state of forest report, 2011. Forests which play pivotal 

role in order to sustain her 1,252 million population besides contributing to 1.2% of India’s Gross 

Domestic Product (Economic Survey, Ministry of Finance, 2011) through Forest industries. Forest 

rent was 0.64 % of GDP in 2010 (World Bank, 2011). For 80% of developing world for primary 

health and nutritional needs needed nitrogen. India houses 30% of the global poor, 24% of global 

population without access to electricity, and 92 million people without access to safe drinking 

water. As per RIO+20 United Nations Conference on Sustainable Development on June 2012, 

Sustainable Development Goals (SDGs) in 29September 2015, Millennium Development Goals 

(MDGs) the sustainable development goals (SDGs) became effective since January 2016 and will 
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end in 2030. The non-wood forest plant species of commercial importance worldwide have been 

estimated to be 4000 to 6000 which have been covered to be one of the priority areas as 

emphasized by FAO to which lac belongs (Yogi et al., 2017) 

In general, NTFPs accounted major as well as minor products like tamarind, tendu leaves, 

medicinal plants, honey, mushrooms, lac and various other forest products which had helped to 

earn an additional income to the people of the tribal and village areas. Lac gives immense scopes 

from income generation to commercialisation. The word “lac” has been derived from the Sanskrit 

word “Lakhsa” which means hundreds thousands in Hindi. It is a nature’s gift to mankind, a 

commercial resin produced by the insects. It is a natural, bio-degradable, nontoxic, odourless, 

tasteless, hard resin and non-injurious to health. Though basic cultivation of lac in F. semialata 

has been given by Yadav et al. (2005) nutrient application on lac insects behaviour and economic 

lac yield have been worked by many workers. Sometimes comparative studies have been made 

between F. Semialata and F. Microphyllaare compared. The Palas tree (Butea  monosperma syn. 

frondosa) has been referred to as 'Lakshataru' in subsequent Sanskrit literature as it was known to 

be the most common lac host that sustained the lac insects. Lac being a product of insect (Kerria 

lacca) the usual soil plant nutrient dynamics affecting insect pests becomes useful for lac insects 

performance and encrustation.  

Ebert (1996) reported that nitrogen taken up by plants in two different forms, nitrate or 

ammonium. He also told the amino acid composition became different among plants with 

depending on different nitrogen treatments and amino acid contents and carbohydrate to amino 

acid ratios are linked to changes in aphid development. Kumar (2017) showed that N, P and K soil 

nutrient combination in treatment 2 (T2=N15:P5:K5) to be most suitable for lac production and 

least insect pest infestation. The soil nutrient supplied to plants positively influenced the F. 

semialata plant growth. It shows that soil nutrient must be applied for lac cultivation on F. 

semialata for their sustainable development, better lac production and less predator infestation. 
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Kumar also noted additional soil nutrient supply to the lac host plant is major factor for plant 

health and additionally for lac insect growth and development. It has been proved by Fennah 

(1959) that N, K and P, caused positive, negative and indifferent effects, respectively on mealy 

bug population. Subsequently, safety of lac insects while supply of nutrition to the host plant has 

become most challenging for scientific lac cultivation. Nutrients supply to the plant influences 

simultaneously the growth of pest i.e., mealy bug (Fennah, 1959) and lac insects (Thakur, 1932).  

Kumar (2017) observed plant height of 1-1 to 1.81 m, brood lac 101 to 263 g, stick lac 43 

to 104 g, scrape lac 9.6 to 43.76 g from 1.5 year plantation by inoculation of 20 g brood lac per 

plant. He also noted minimum level of phosphorus and potash fertilizer to apply to the lac host 

plant for their sustainable growth. At the same time it was found by Venugopal (1987) lac growth 

and development was supported with N nutrient application. Kumar et al. (2017) recorded stick 

lac production was 302.01 g in F. macrophylla and 105.42 g in F. semialata. Scrap lac was 

recovered 26.36g in F. macrophylla and 30.77 g in F. macrophylla. The shell weight was recorded 

0.0451 g in F. macrophylla and 0.0442 g in F. semialata. The similar annual plant growth of F. 

semialata and lac the recovery pattern was also recorded by Kumar (2017). 

It has been observed that application of fertilization could influence susceptibility of plant 

to insect pests by altering plant tissue nutrient levels (Altieri and Nicholls, 2003). At the same time 

it was found by Venugopal (1987) lac growth and development were supported when nutrient 

application like N applied. Kumar et al. (2017) found that plant growth of F. macrophylla was 

228.67 cm and of F. semialata was 138.22 cm after one year of transplanting.  

Kumar et al. (2017) found a total 90.50 insect were settled per sq. cm of shoot area, among 

these 56.50 insects were found live and only 62.84% insects were found to survive after two 

months of inoculation in F. macrophylla. While, in F. semialata 109.16 insects were found settled 

per cm of shoot area, out of these 100.70 insects were found live after two months of inoculation 
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and total 92.51% survival was recorded. This result is with conformity of the findings of some 

workers (Jaipuriar, et al., 2001, Diwakara, et al., 2010) in which they argued that lac insect 

survival and lac recovery in F. semialata were more as compared to F. macrophylla. 

Lac production also provides livelihood to 3 - 4 million Lac growers in India especially 

forest dependent and rainfed farmers. It is a subsidiary source of income for rainfed farmers mainly 

in parts of Jharkhand, West Bengal, Madhya Pradesh, Chhattisgarh, Maharashtra and Andhra 

Pradesh (Jaiswal et al., 2004). 

Growth and health of host plant is essential not only for its growth but also for survival of 

its insect pest. Nutrients played an important role for the plant growth (Harman, 2010). K. lacca 

being a sap feeder (Singh et al., 2009), hence the insect’s growth and production of lac is 

dependent on the plant sap of its host. Fitness of phloem 2 feeder depends on its host. At the same 

time sap feeders are known to deplete plant nutrients and poor host plant nutrient status had an 

adverse effect on lac insect (Singh et al., 2009). There were three worldwide known beneficial 

insects of commercial importance, viz., silkworm (Lepidoptera), honey bee (Hymenoptera), and 

lac insect (Hemiptera). 

Phloem sap is an important source for the insects of the order Hemiptera. Sap flow within 

the phloem. Phloem feeders adversely affect both growth and amino- nitrogen profile of their host 

plants (Cook and Denno, 1994). Sap consists of macro proteins, RNA and micro sugar, hormones, 

minerals and amino acid. Amino acid affects the growth, survival, fecundity and density of lac 

insects. Insect-plant relationship is affected by the application of micro or macro nutrients to crop 

plants. Nutrient management of host plants promotes insect growth and population (Bi et al., 

2001).  

Lac insects possesses piercing and sucking type of mouth parts which sucks plant sap, in 

the process the insect secrets resinous substance from its three pairs of highly specialized lac 



40 
 

glands. Lac insects are plant sap feeders (Sharma et al., 2006; Singh et al., 2009) therefore, thrive 

well only on certain plant species known as lac hosts. More than 400 lac hosts have been observed 

to carry lac insects throughout the world (Sharma et al., 1997). 

Marschner (1995) reported that mineral nutrition status was known to influence factors 

such as growth and yield of crop plants by affecting changes in growth pattern, plant morphology 

and anatomy, and particularly chemical composition. Marschner (1995) reported that mineral 

nutrition status was known to influence degree of lignifications, sugar concentrations, amino acid 

content in phloem sap, and levels of defensive compounds were all influenced by nutritional status 

of the plant, and in turn either affected or are presumed to affect resistance to insects. Bungard et 

al. (1999) reported that nitrogen comprised seven percent of total dry matter of plants and was a 

constituent of many fundamental cell components such as nucleic acids, amino acids, enzymes, 

and photosynthetic pigments. 

 Ragothama (1999) reported that phosphorus the second most important macronutrient next 

to nitrogen to be required for plant growth. It had been widely accepted that nutrients played an 

important role in the plant growth (Oskarsson et al., 2006). Vance et al. (2003) reported that 

potasium has an important role in photosynthesis, respiration, energy generation, nucleic acid 

biosynthesis and as an integral component of several plant structures such as phospholipids. 

Embden (1973) revealed phloem sap contains two macronutrients, amino acids and sugars 

(usually sucrose). Although concentrations of these chemicals in phloem sap have been measured 

in many plants (Becker, 1973).  

Welling and Dixon (1987) reported that phloem feeders adversely affected both growth 

and amino- nitrogen profile of their host plants. Cook and Denno (1994) observed that poor plant 

nutrition had adverse effects on the performance and fitness of sap feeders.  By affecting the 

growth pattern, the anatomy and morphology and particularly the chemical composition, the 
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nutrition of plants might had contributed either to an increase or decrease of the resistance and/or 

tolerance to pests and diseases. Phloem sugars were the principal carbon source and respiratory 

fuel for these insects.  Increasing evidence suggested that mineral nutrients played to be critical 

role in plant stress resistance (Cakmak, 2005; Amtmann et al., 2008)  

The plant nutrient status had positive effects on population dynamics, which contributed to 

higher survival rates, longer adult longevity and reproductive periods (Bi et al., 2001), shorter pre-

oviposition period (Metcalfe, 1970), greater rate of eggs laid per day and fecundity (Metcalfe, 

1970) of herbivores.  

Abro et al. (2004) reported that the insect-plant relationship may be affected by the 

application of micro/ macro nutrients to crop plants.  Sogawa (1982) reported that nitrogen 

increased phloem amino acid such as aspartic and glutamic acids which are feeding stimulants. 

Campbell (1989) reported that high nitrogen fertilizers stimulate outbreaks of homopteran insects 

such as leafhoppers and aphids.  

Barbour et al. (1991) observed that nutritional conditions for herbivores playing a key role 

in modifying and reducing host resistance to herbivores. Bhinde (1993) observed that low nitrogen 

contents in the plants enhanced the resistance of plants against pests but high nitrogen contents 

caused vigorous growth along with consequent decrease in resistance against pests. Marschner 

(1995) reported that mineral nutrition status influenced by factors such as growth and yield of crop 

plants by affecting changes in growth pattern, plant morphology, anatomy and chemical 

composition.  For example, thickness of epidermal cells, degree of lignifications, sugar 

concentrations, amino acid content in phloem sap and levels of defensive compounds were all 

influenced by nutritional status of the plant and in turn either affected or were presumed to affect 

resistance to insects.  
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Phelan et al. (1996) noted that high nitrogen levels in plant tissues could decrease resistance 

and increased susceptibility to pest attack. Li et al. (1996) observed that plant hopper nymphal 

survival rates were positively related to nitrogen content, whereas nymphal duration decreased 

with an increase in nitrogen content, populations of plant hopper were known to have high 

fecundity of more than 1,000 eggs per female.  

Phelan et al. (1996) reported of changing the preference of insects by optimal plant 

nutritional requirement via altering the fertilizer level of a soil.  

 Bi et al. (2001) observed that increased nitrogen fertilizer application could positively 

correlated the population of both adults and nymphs of B. argentifolia. Ge et al. (2003) reported 

that the more fertilizer application, especially nitrogenous fertilizer, the more became insects and 

more reducing plant resistance.  

Lac crop found vulnerable to both biotic and abiotic stress as observed by previous 

researchers (Sharma et al., 1997; Bhagat and Mishra, 2002). Patel et al. (1997) reported that high 

rainfall during July influenced lac insect settlement and suppression of aphid 

population..Meteorological factors played an important role in the population fluctuation of 

sucking insect pests (Murugan and Uthamasamy, 2001)  

Li et al. (1992) reported that the different weather factors like temperature, relative 

humidity were found to have positive association with thrips population on cotton.  

Major operation of lac production is inoculation, and timely availability of pest free and 

quality broodlac is the most important requirement for lac culture (Singh, 2009), especially in July 

for rainy season (Kumar and Das, 2012). Approximately 4 kg kusmi broodlac remained required 

for inoculation of an average kusum tree, 1.5 kg for Z. mauritiana tree and 750 g to 1.00 kg 

broodlac for B. monosperma tree (Srivastava, 2011), while (Kumar and Das, 2012) reported that 
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20g-30g broodlac was required per metre succulent branch. Depending upon the type and size of 

the lac host trees the brood lac quantity differed as recorded by Patel (2013). They too reported 

that the quantity of brood lac used for Z. mauritiana and B. monosperma too varied. 

According to Patel (2013) the mean fresh weight (g) of 100 mature lac cells was 4.88g in 

kusmi lac and 3.38 g in case of rangeeni lac, Patel (2013) further recorded that the mean dry weight 

of 100 cells was 4.66g in case of kusmi lac and 2.63g in case of rangeeni lac. Lac was highly 

remunerative crop with high potential of employment generation in remote area of Madhya 

Pradesh. The net return of palas and ber tree host were Rs. 97,943 and Rs. 2,79,551, respectively. 

The benefit cost ratio at palas and ber tree host 1.52 and 1.97, respectively. Ber tree had 

comparatively higher income in comparison to palas tree. Lac found to be a profitable enterprise 

in Madhya Pradesh. In terms of yield and price fluctuation, lac had very low risk. Therefore, it had 

been suggested to extend programme of lac cultivation for lac growing areas of Madhya Pradesh. 

Combined inorganic and organic sources were reported to be better utilized than inorganic nutrient 

alone besides reducing cost of production and maintaining soil health . 

 

 

CHAPTER 3         

MATERIALS AND METHODS 
                           ___________________________________________________ 

 

The present investigations entitled “Impact of bio-inoculants and soil amendments on 

growth pattern, nodulation behaviour and lac production potential of Flemingia semialata 

Roxb.” was carried out both at seedling and field/ plantation in Mizoram and Odisha using the 

species Flemingia semialata Roxb. a nitrogen fixing shrub of family fabaceae. The species so far 

been studied to be the best shrub host of lac insects (Kerria lacca) and extensively planted by 
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farmers of many states in Indiafor lac production. The details of the experiments conducted and 

methodology followed have been mentioned under following headings: 

3.1 Study site  

 The study had been carried out with 2 parts, namely i. nursery and ii. plantation. Nursery 

work had been carried out in 2 locations, namely Department of Forestry, Mizoram University, 

Tanhril. Aizawl, Mizoram from August, 2013 upto February, 2014 and instructional nursery of 

College of Forestry, Siripur, Orissa University of Agriculture and Technology, Bhubaneswar from 

August, 2014 upto February, 2015. Observations in nursery study were recorded at 1, 2, 4 and 6 

months for both the locations and separately compared among the treatments at individual timing 

and location.   Plantation study had been carried out at 2 locations, namely Department of Forestry, 

Mizoram University, Tanhril. Aizawl, Mizoram from December 2013 to June/ July 2015 and 

village Kushadiha, block Baliapal and district Balasore of state Odisha from December 2014 to 

June/ July 2016. For lac production data recorded in December 2016- January 2017. It covers 

geographical area 21,081 sqkm with latitude 21056´N to 24031´N and longitude 92016´E to 93026´ 

E with rainfall 2500 mm. Tropic of cancer passes through it. It has forest area is 18,748 sqkm. i.e. 

88.93 % (State Forest Report, 2015) with open forest more than 2/3rd area. It has SGDP 2.5 billion 

USD and 31stin India.Agriculture practiced by more than 60% households and contributes to 

26.28%%GSDP. Common NTFPs in Mizoram are balha (banana), lakhuih, tumbu, thingthupui , 

mautuai (bamboo shoots), bil, vuakdup, theikawrak, vawnva, theipui, sunhlu (amla), pangkai, 

pelh, pa (Mushroom), telhawng, khanghu, kawhtebel, chakai (crab), chengkawl, broom grass, 

mushroom, chakawk, zawngtah, etc. which are collected mostly by women by spending 4-8hrs 

per day morning to noon. 1st four of the list procured year round, 5th in rainy season and last one 

in summer (MART, 2011).  

3.2 Land use System 
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A total of 32% of the cultivated area in the state of Mizoram is covered by jhum land which 

is major threat causing deterioration of site. Mizoram Forest Act 1955 and Mizoram Forest 

Amendment 1990 remain silent regarding non-timber forest products procurement, transaction 

and marketing since mostly produce are locally marketed. Since no restriction over transit there is 

good scope as a lucrative vocation of farmers for lac cultivation in Flemingia semialata along with 

rehabilitation of difficult sites including jhum areas since Mizoram favours Flemingia sp. by virtue 

of origin, Long efforts of Indian Institute of Natural Resin and Gum (ICAR) made spectacular 

achievement in lac introduction in some of the north eastern states i.e.,  
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Bar 

 

in Assam and Nagaland to which can be potentially extended to Mizoram too. Long efforts 

of Indian Institute of Natural Resin and Gum (ICAR) made spectacular achievement in lac 

introduction in some of the north eastern states i.e., in Assam and Nagaland to which can be 

potentially extended to Mizoram too. 

Photo Plate 3.1: A 1.5 years old Flemingia semialata plant in the study site Kushadiha 
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   The plantation sites as described above were arable uplands but remained as current fallow and 

pre-occupied with grasses and broad leaved weeds. In order to plant saplings weedicides had been 

applied for killing weeds and subsequently hand weeding were also carried out after planting.. 

According to the Geological Survey of India Tanhril site consists of an immature topography with 

physiographic expression consisting of small and flat hummocks, mostly anticlinal hillock narrow 

adjoining synclinal valleys with the topographic highs. Siripur, OUAT is located at a small 

streaming valley with salubrious and moderately humid tropical Climate where south west 

monsoon which contributes about 75% of the annual rainfall. Maximum temperature 38°C. 

December and January are the coolest with average minimum temperature of 16°C. Relative 

humidity in rainy season varies between 75% and 85% during pre-monsoon month it is between 

50% to 60%. Kushadiha, Baliapal, district Balasore, Odisha consists of deltaic alluvial plains 

covered with vast patches of fertile lands formed by yearly overflow of Subarnarekha river. 

3.3 Species description 

3.3.1 Host species Studied: F. semialata Roxb. 

 Flemingia semialata is the species to be studied that has got different names i.e., most 

common winged-stalk flemingia, in Garo: Achakkimi-chong, in Hindi: Bara Solpan and Ban 

Chola, in Nepali :Bhatte and in Oriya: Marotonoya. It has identifying phonotypical characters like: 

erect perennial habit 2.5-3.5 m height, densely hairy branches, broadly lance shaped trifoliolate 

leaves, long-pointed and minutely gland dotted below the lateral leaflets and 5 mm long stalks of 

the leaflets, 1.2 cm long stipules and stem are clasping. Its flowering starts during August-

September, flowers emerge at the end of branches on leaf axils, borne in often branched racemes, 

bracts are ovate, falling off, sepal cup is 6-6.5 mm long, flower purple, 6-6.5 mm long. It has 

densely silky teeth those much longer than the tube, fruit is 1.2-1.3 cm long, velvety, 2-seeded and 

seed weight 27-30,000 /kg of seed.  



48 
 

3.3.2 Description about lac insect 

Insect name: Kerria laccaKerr, 1782 

 Lac insect is a minute, crawling, scaly ovoviviparous bug with suctorial proboscis (to suck 

phloem sap) belongsto kingdom animalia, phyumarthropoda, class insecta, order hemiptera, sub order 

sternorrhyncha, subfamily coccoidea, family kerridae (earlier Laccifer), genus Kerria (earlier Laccifer 

or Tachardia) and species lacca (given in 1782). It bears synonym Coccus lacca Kerr (1782), Coccus 

ficus Fabricius (1787), Chermeslacca Roxburgh (1791), Carteria lacca Signoret (1874), Lakshadia 

indica (Mahdihassan, 1923) and Tachardia lacca (Chamberlin, 1923). 1st scientific anme given by J. 

Kerr in 1782 as Tachardia lacca after the name of French Missionary Father Tachardia (published in 

Philosophical Transaction of Royal Society of London, vol. 71, pp.374-382)) later it was Kerria lacca. 

K..chinensis in north East and K. sharada identified from coastal Odisha by the author.  The first instar 

of the larvais called "crawlers” which crawls along the branches of host plants and feed on the phloem. 

While piercing the branches to reach the phloem they cover holes with their wax secretions (Mohanta 

et al., 2014). The dye originates in the hemolymph of the insect; the fluid analogous to blood (Sharma 

et al., 2006). Insect has sedentary life. female lac insect is larger in size, male with wings. 4-5 mm in 

length. It has a bag-like body with indistinct head, thorax and abdomen. A small reduced antenna and 

a proboscis are present on the head. They lack eyes, legs and wings. The loss of eyes, wings, and legs 

are due to the fact that the female larvae after once settling down never move again. Abdomen bears a 

pair of caudal setae. It is the female lac insect which secretes the bulk of lac for commerce from glands 

present in their abdomen. Out of 9 genera 99 species of lac insects reported in the world 2 genous and 

26 species are found in India (Sharma et al., 2014). 

3.4 Preparation of nursery and plantation 

 For establishment of nursery trial seeds were procured from Indian Institute of Natural 

Resin and Gum (IINRG), Ranchi which were grown in polybags (21 cm X 30 cm) filled with well 

sieved soil potting mixture (ratio 1:1:1 of sand, soil and FYM) with usual liming dose 2.84 mg/ 
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kg of soil as recommend by Forest Productivity Institute. Ranchi. Rhizobium broth culture was 

prepared from root nodules of Flemingia semialata which was inoculated during the time of seed 

sowing based on treatment schedule. For plantation study winter planting at both the locations had 

been carried out with 4 months old seedlings in order to cope with the situations of rising man 

power crisis during agriculture operations and growing trend of year round planting of woody 

perennials by farmers or planting at the time of available wages and diverting extra care at the 

sites with assured irrigation for better income or minimising gestation age. However, in our case 

plantation and nursery were subjected to only life saving irrigation during in lean season and dry 

spell period of rainy season in order to induce natural performance of plant when supplied with 

amendments and bio-inoculation. Observations were recorded at the age of 3 and 18 months of 

plantations. Lac insect and yield parameters were recorded at latter location only for which 

inoculation of insects made on June/ July 2016 and lac harvesting made in between December 

2016 and January 2017. Map showing study areas has been presented in Fig. 3.1meteorological 

data of 3 study locations have been presented in fig. 3.2 to 3.4 and soil physico-chemical properties 

of the study site has been presented in Table 3.1. At the time of plantation the roots of 4 months 

old bare rooted seedlings were dipped for 15 minutes in broth culture of Rhizobium, at the same 

time endomycorrizal (Glomus fasciculatum) culture brought from Microbiology Division, Indian 

Agricultural Research Institute (IARI), New Delhi was applied in soil @ 2g / polybag in nursery 

and 10 g/ pit in plantation. The procedure of inoculation has been mentioned in next paragraph. 

Fertilisers were applied in nursery of different doses as mentioned in table 3.2. In order to study 

and compare treatments under plantation planting of seedlings were made at the age of 4 months 

in the field during December when spacing maintained was 1 x 2 m, pit size 1 x 1 x 1 ft3. At the 

time of planting 2 kg FYM was added per pit, the fertiliser doses applied in plantation have been 

mentioned in table 3.2. For raising plantation seedlings were raised in polybags with same potting 

mixture and lime formulation as those of nursery investigations but difference was that seedlings 
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for plantation were raised without fertilisation or bio-inoculation. Control polybags for nursery 

study were grown using clod of undisturbed soil of polybag dimension which inserted inside 

polybag and without any treatment of bio-inoculant or amendment seeds of F. semialata were 

sown and allowed to grow to become plants. The time to time observations were recorded out of 

the control which were called as control data for nursery. Similarly, when seedlings out of control 

polybags were planted in undisturbed soils of field without any application of FYM, bio-inoculants 

or soil amendments these were called as control plants of plantation. Observations from control 

and individual treatments were recorded at individual timings for all locations and compared 

among treatments. Lac inoculation (Aghani i.e., rainy season crop) was done in July, 2016 and 

harvesting of lac was made after 6 months of inoculation in January, 2017 in Kushadiha village. 

However, for Tanhril lac was tried despite all constraints of prohibition of live insect journey by 

aircraft, surface road too time consuming with number of break journey and lack of safety for live 

insects in journey which could not ensure sizeable population of viable lac insects to make 

encrustation over host branches despite long efforts paid to maintain their population. Hence, lac 

insects and lac parameters were studied at Kushadiha village only. 

Rooting behaviour, nodulation, shoot developments were recorded at 1, 2, 4 and 6 months, 

nitrogen fixation and soil properties were recorded for nursery experiments at 6 months. Shoot 

development were recorded at 3 months and 1.5 years after planting whereas nitrogen fixation 

recorded after 1.5 years of planting and lac parameters was recorded from plantation experiments 

at 2 years after plantation. All the parameters were studied to compare among treatments at 

individual timing and location to draw a valid conclusion of most profitable combination of bio-

inoculants and soil amendments which could be economically viable and ecologically sustainable 

i.e., maximum income could be earned restoring soil fertility.  
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   Fig. 3.1: Geo-referenced map of experimental sites 
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                             Fig. 3.2: Mean monthly meteorological data of study location Department of Forestry, MZU, Tanhril, Aizawl 

                (Source: Department of Agriculture (Research and Education), Government of Mizoram) 
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Fig. 3.3 : Mean weekly meteorological data of study location College of Forestry, OUAT, Siripur,     

Bhubaneswar  (Source: Meteorological observatory, O.U.A.T., Bhubaneswar) 
 
 

 
   Fig. 3.4: Mean weekly meteorological data of study location Kushadiha, block Baliapal, 

Balasore, Odisha  (Source: Indian Meteorological Department and World Weather Online) 
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Table 3.1: Study Location and soil Properties of potting mixtures of nursery and plantation sites 

 

Parameter 

Mizoram Condition Odisha Condition 
Nursery study Plantation study Nursery study Plantation study 
Department of 
Forestry, Mizoram 
University, Tanhril, 
Aizawl, Mizoram 

Department of 
Forestry, 
Mizoram 
University, 
Tanhril, Aizawl, 
Mizoram 

College of 
Forestry, OUAT, 
Bhubaneswar, 
Odisha 

Kushadiha, block 
Baliapal, District 
Balasore, Odisha 

Altitude  795 m           795 m      25m            45m  

Latitude  23
0
44’N    23

0
44’N  21° 03'N  20° 15'N  

Longitude  92
0
40’E    92

0
40’E  86° 16' E  85° 52' E  

Temperature 13
0 

C to 36
0 

C  13
0 

C to 36
0 

C   14.3
0
C to 14.3

0
C to 37.1°C  

Rainfall  2422 mm  2422 mm   1550 mm  1550 mm  

Soil Properties Potting mixture Plantation site Potting mixture Plantation site 

Sand% - 31.3 - 78.6 

Silt% - 32.2 - 10.2 

Clay% - 36.5 - 11.2 

Textural Class Potting mixture Clay Loam Potting mixture Loam 

BD 1.42 g/m3 1.52 g/m3 1.67 g/m3 1.80 g/m3 

PD 2.32 g/m3 2.43 g/m3 2.51 g/ m3 2.65 g/m3 

Porosity  38.7% 37.5 % 33.4% 31.9%. 
pH  6.2 5.6 7.2 6.7 
EC 0.32 ds/m 0.31ds/m 0.30ds/m 0.27 ds/m 
Organic 1.58% 1.29 % 1.46% 1.19% 

Available N 428.7 kg/ha 407.20 kg/ha 405.22 kg/ha 391.30 kg/ha 
Available P 40.7 kg/ha 39.73 kg/ ha 37.28 kg/ ha 29.57 kg/ha 

Available K 324.9 kg/ha 311.29 kg/ ha 318.00 kg /ha 301.23 kg/ha 
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3.5 Inoculation of Rhizobium and VAM 

 Nodules of the same species were collected from nursery by excavating roots thoroughly 

without damaging (Somasegaran and Hoben, 1985) to select pink and healthy nodules. Nodules 

were surface sterilised by immersing in 70% ethanol for 1-3 min, rinsed the nodules in sterile water 

then surface sterilised the nodules with 0.3% (W/V) H2O2 for 2-3 minutes, further rinsed the 

nodules 3 times in sterile water, prepared nodule suspension by crushing the nodule in a small 

quantity of sterile water using a glass rod, then transfered 1 ml nodule suspension to sterile 

petriplate containing 15-20 ml of Congo Red Yeast Extract Mannitol Medium and petriplate was 

incubated at room temperature for 3-5 days. There appeared white translucent colonies which 

indicated Rhizobium. Red coloured, small colonies very few in number, these were of 

Agrobacterium. A loopful of Rhizobium colony was taken in the inoculation needle and streaked 

on fresh yeast extract mannitol agar plates for purification.  The purified cultures of Rhizobia were 

maintained on Yeast extract Mannitol medium inside conical flask which was incubated in shaker 

incubator upto 4 days and after 4 days it was ready for inoculation of seeds or roots of seedlings. 

For one polypot 2g VAM culture was mixed with surface soil prior seed inoculation and for 1 pit 

during plantation 10g VAM culture was applied with soil. 

3.6 Observations Recorded 

A. Nursery study 

The biometric observations were recorded at periodic intervals for nursery study. The 

parameters was studied were: rooting depth, maximum lateral root spread, root angle between 

primary- secondary roots and secondary-tertiary roots, length and no of primary, secondary and 

tertiary roots, collar diameter of roots, no. of root lets under various  root diameter classes, fresh 

and dry biomass of root and shoot. Number and biomass (both fresh and dry) of nodules  
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Table 3.2: Treatment details for nursery and plantation study 

Treat.  

Name 

Details of the treatments for nursery Details of the treatments for plantation 

T1 Control virgin soil  Control virgin soil  

T2 Potting mixture FYM 

T3 Potting mixture + N1P1K1 FYM + N1P1K1 

T4 Potting mixture + N2P2K2  FYM + N2P2K2  

T5 Potting mixture + N3P3K3  FYM + N3P3K3  

T6 Potting mixture + Rhizobium  FYM + Rhizobium  

T7 Potting mixture + N1P1K1+ Rhizobium FYM + N1P1K1 + Rhizobium 

T8 Potting mixture + N2P2K2 + Rhizobium FYM + N2P2K2 + Rhizobium  

T9 Potting mixture + N3P3K3 + Rhizobium FYM + N3P3K3 + Rhizobium 

T10 Potting mixture + Mycorrhizae  FYM + Mycorrhizae  

T11 Potting mixture + N1P1K1+ Mycorrhizae  FYM + N1P1K1 + Mycorrhizae  

T12 Potting mixture + N2P2K2 + Mycorrhizae  FYM + N2P2K2 + Mycorrhizae  

T13 Potting mixture + N3P3K3 + Mycorrhizae  FYM + N3P3K3 + Mycorrhizae  

T14 Potting mixture + Mycorrhizae + Rhizobium  FYM + Mycorrhizae + Rhizobium  

T15 Potting mixture + N1P1K1 + Mycorrhizae + 
Rhizobium  

FYM + N1P1K1 + Mycorrhizae + 
Rhizobium 

T16 Potting mixture + N2P2K2 + Mycorrhizae + 
Rhizobium 

FYM + N2P2K2 + Mycorrhizae + 
Rhizobium 

T17 Potting mixture + N3P3K3 + Mycorrhizae + 
Rhizobium 

FYM + N3P3K3 + Mycorrhizae + 
Rhizobium 
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Table 3.3: Fertilizer schedule and abbreviation for nursery and plantation (field) study 

Type of experiment N1P1K1 N2P2K2 N3P3K3 

Nursery (doses in potting 
mixture per polybag) 

125 mg N2, 125mg 

P2O5, 125 mg K2O 

250 mg N2, 250 mg P2 

O5, 125mg K2O 

375 mg N2, 250 mg P2 

O5, 250 mg K2 O 

Doses for seedlings in 
Plantation (2 split, 1/3 
after 1 month 2/3 after 1 

year at onset of rain) 

10 g N2, 10 g P2O5, 

25 g K2O 

20 g N2,20 g P2O5, 50 

g K2O 

30 g N2,30 g P2O5, 75 g 

K2O 

 

observed on primary, secondary and tertiary roots were studied. Above ground (shoot) parameters 

was studied like plant height, shoot spread, angle of emergence of braches, number of branches, 

no. of branches in various diameter classes, no. of leaves per plant, length and breadth of leaf, leaf 

area. Various root shoot ratio in respect of length, spread, fresh biomass and dry biomass was 

calculated for 1, 2, 4 and 6 months under nursery condition. 

  The nutrient content of plant and soil was studied at the end of experiment for which 

parameters was studied are: total nitrogen content of root, shoot and nodules and their nitrogen 

uptake. For physico-chemical properties the parameters porosity, moisture content, water holding 

capacity, EC, pH, Organic Carbon, available nitrogen, phosphorus and potassium were studied at 

6 months stage of nursery seedlings.  

Plantation study 

 Observations were recorded at periodic intervals of plantation. The observations recorded 

were: plant height, branch spread, no. of branches, branch angle, no. of leaves, petiole length, 

length and width of leaf, leaf area, collar diameter, No and % of  branches falling under different 

diameter classes at 3 months and 1.5 years age of plantation. 
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Fig. 3.5:  Plan and Layout of the experimental site of plantation 

T10 T6 T1 T17 

T3 T16 T5 T13 

T12 T2 T6 T7 

T6 T10 T13 T16 

T13 T15 T12 T3 

T2 T12 T8 T2 

T1 T17 T7 T6 

T16 T3 T2 T14 

T11 T5 T10 T8 

T17 T1 T3 T10 

T7 T13 T7 T12 

T5 T7 T11 T9 

T14 T9 T16 T4 

T4 T4 T15 T1 

T9 T8 T4 T15 

T15 T11 T9 T5 

T8 T14 T14 T11 

E 

S 

W 

N 



59 
 

Root and nutrient observations were made after end of the experiment i.e., at 1.5 years age 

of plantation. The parameters recorded were: root spread, collar diameter, fresh and dry biomass 

of shoot, root spread: shoot spread ratio. At the same time nutrient parameters of plant and soil 

like total nitrogen content of root and shoot and uptake and physico-chemical properties of soil 

like porosity, moisture content, water holding capacity, EC, pH, Organic Carbon, available 

nitrogen, phosphorus and potassium were studied. Lac Parameters like encrustation length, 

encrustation width, insect count (male, female and their ratio), yield  of brood, eri and scrape lac 

and lastly gross cost, net Income and benefit: Cost Ratio were recorded at Kushadiha site at January 

2017 after 2 years of experiment.                                                                                                                                                                                    

3.7 Methodology followed 

3.7.1 Preparation of sample plants 

 The root systems of sample plants were carefully exposed prior studying their rooting 

behaviour. For this purpose, the polythene bags was cut slowly and plants with ball of earths was 

removed from it and transferred to a large tub in which constant water was allowed to flow. 

However, roots having penetrated in the earth through the polythene bags were excavated carefully 

ensuring minimum breakage. In this way all soil particles were washed away and the root system 

of sample plant were completely exposed without disturbing their dimensional structure as well as 

finer roots and nodule present on them. Each root system so obtained after washing was spread on 

a blotting paper to get their original morphology. The collar diameter of each sample plant was 

measured with the help of an electronic digital calliper and then was separated into root and shoot 

portion. Each portion was separately studied for different parameters. 

 

3.7.2 Experimental Design 
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 Both nursery and plantation study was made each with 17 treatments. However, the design 

for nursery was Completely Randomised Design (CRD) and that for field study was Randomised 

Block Design (RBD). Each treatment was replicated 4 times and for each replication the data was 

representative of 5 samples. The statistical analysis was made using Excel software as per the 

standard procedure given by Gomez and Gomez (1972). 
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Te 2 

Photo plate 3.2: Inoculation of brood lac Photo plate 3: 3 View o0f plantation at Tanhril site 

Photo Plate 3.4: Plantation well managed at Kushadiha site Photo plate 3.5: Researcher with farmer at Kushadiha Plantation  
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Photo Plate 3.5: Nodule ready for isolation of Rhizobium 

Photo Plate 3.7: Colony of Rhizobium ready for subculturing 

Photo Plate 3.6: Broth culture inside oscillator incubator 

Photo Plate 3.8: Potting mixture preparing for bio-inoculation 
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Photo Plate 3.9: Potting mixture inside polybag for seed sowing Photo Plate 3.10: View of nursery at Tanhril site 

Photo Plate 3.11: View of nursery at Siripur site Photo Plate 3.12: A six month seedling  
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Photo Plate 3.13: Lac Encrustation in plantation 

Photo Plate 3.15: View of initial lac encrustation at Kushadi site 

Photo Plate 3.14: Courtesy IINRG (ICAR), Ranchi 
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Chapter 4  

Rooting pattern and growth 
____________________________________________________ 

 

4.1 Introduction 

Flemingia semialata is a fast growing perennial woody shrub of family fabaceae having 

short height and tender shoots which has shown grater promise for lac cultivation (Yadav et al., 

2005) and safeguarded the conventional lac hosts of natural forests against human interference. 

Besides, it has many potential ecological and economic role for which its root distribution must be 

more anchoring and rapidly growing in order to utilise its services more productive for wide ranges 

of ecosystems. The use of bio-inoculation has been preferred over chemical fertilisers to augment 

plant growth for economic and ecological reasons (Saeed et al.,.2015). Nitrogen being very vital 

for plant is required for synthesis of enzymes, proteins, chlorophyll, DNA and RNA and is required 

for growth.; The inadequacy in  availability of N results depressed protein levels, slow and poor 

growth and yield and inefficient water use of plants (Hayat et al., 2010). Supplementing available 

nitrogen from chemical fertilizers had slowly shown side effect on human and environment 

(Zakaria, 2009). Bio-inoculants are effective strains of microorganisms in sufficient number e.g., 

each gram contains more than  10 million viable cells of a specific strain (Anandaraj and 

Delapierre, 2010) avail positive effects like inexpensive in nature, utilize renewable resources, free 

solar energy, atmospheric nitrogen and water. Plants with bio-inoculation has gained all growth 

parameters higher than the un inoculated counterparts and bio-inoculation has made plant growth 

faster (Saeed et al.,.2015). However, lack of potassium and phosphorus supplementation in this 

process may make plant growth slower than that with chemical fertilizers (Khan et al., 2009). Bio-
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inoculants provide atmospheric nitrogen fixation and phosphorous accumulation/ solubilisation, 

readily and safely convert complex organic material to simple compounds to be easily utilized by 

plants with better nutrient uptake, develop increased  tolerance towards drought and moisture 

stress, synthesise of growth promoting substances, reduce use of fertilisers (25 % of nitrogen and 

phosphorus) and pesticides, checks soil borne pathogens, restore the soil’s natural nutrient cycle 

and increase fertility, maintains natural habitats of the soil, build soil organic matter and finally 

increase plant growth and yield (up to 20-30 %). Arbuscular mycorrhizal fungal (AMF) 

inoculation has been found to increase growth like plant height, leaf area, leaf number, root and 

shoot dry weight, and phosphorus acquisition in roots and shoots, and tuber yield in Flemingia 

vestita  but no such study has been reported on Flemingia semialata. The purpose of this study, 

therefore was to compare different levels of fertilisers and bio-inoculants on growth and root 

development of Flemingia semialata. The hypothesis was that the bio-inoculants would be able to 

reduce the load on fertilisers to enable well developed root system and dynamic plant growth of 

the species for the ecosystem.  

4.2  Materials and methods 

4.2.1 Plant growth and rooting pattern 

Under nursery condition 

The biometric observations were recorded at periodic intervals at the locations of 

investigations of both nursery study and plantations. Nursery studies were conducted in nursery of 

Department of Forestry, Mizoram University, village Tanhril, Aizawl, Mizoram and in nursery of 

College of Forestry, OUAT, village Siripur, Bhubaneswa, Odisha. The parameters studied under 

nursery conditions were: rooting depth, maximum lateral root spread, root angle between primary- 

secondary roots and secondary-tertiary roots, length and number of primary, secondary and tertiary 
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roots, collar diameter of roots, number of root-lets under various root diameter classes, fresh and 

dry biomass of root and shoot. Above ground (shoot) growth parameters were studied like plant 

height, shoot spread, angle of emergence of braches, number of branches, number. of branches in 

various diameter classes, number. of leaves per plant, length and breadth of leaf. Various root 

shoot ratio in respect of fresh biomass and dry biomass were calculated. The observations were 

recorded at 1, 2, 4 and 6 months under nursery conditions for both the locations. 

Under Plantation  

 Observations were recorded at 2 timings namely, 1. At the beginning of plantation when 

plant comes out of transplanting shock and gets adjusted at the plantation site i.e., after 3 months 

age of planting and 2. At the termination of experiment i.e., 1.5years after plantation. The 

observations recorded were:  plant height, branch spread, number. of branches, branch angle, 

number. of leaves, petiole length, length and width of leaf, leaf area, collar diameter, number and 

%ge of  branches falling under different diameter classes. Root observations in the plantation 

however were recorded once at end of the experiment i.e., at 1.5years of the age of plantation. The 

parameters recorded were: root spread, collar diameter, fresh and dry biomass of shoot. 

The methodology followed for recording the observations under both nursery and root and 

growth parameters and plantation growth parameter have been presented as below.                                                                                              

4.2.2 Preparation of sample plants 

 The root systems of sample plants were fully exposed prior to the study of their rooting 

behaviour. For this purpose in case of nursery, the polythene bags were cut carefully by blade and 

plants with ball of earths were transferred to a large tub in which constant water were allowed to 

flow. However, roots having penetrated in the earth through the polythene bags were excavated 
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carefully ensuring minimum breakage. In this way all soil particles were washed away and the root 

system of sample plant were completely exposed without disturbing their dimensional structure as 

well as finer roots present on them. Each root system so obtained after washing was spread on a 

blotting paper to get their original morphology.  

 Root spread parameter was recorded at 1.5 years of age of plantation. For this purpose a 

circular trench at 50 cm radius at the periphery of the plant was made with the help of spade. One 

day in advance irrigation given to make the soil soft. Further if required waater was spread in the 

trench line to get the entire root system to become wet that made detachment of root system easier. 

If any root found beyond trench line it was carefully removed from soil by khurupi or crow bar if 

required. Gradually with the help of spade or trench hoe progressed the excavation from periphery 

of the circle towards centre and soil was removed ensuring integrity of root. Adequate care was 

taken to remove minute rootlets also. The circle of the trench depth penetrated normally upto 0.5m 

then width of trench was increased by gradually progressing excavation from periphery towards 

root axis. Whenever needful, trench hoe or crow bar used if spade felt risky to damage root system. 

When reached at plant axis and marked tap root or lateral root beyond 0.5m carefully excavated 

those rootlets using khurupi or chisel. The entire root system in this way completely removed from 

soil and put in drum full of water in order to make soil detached out of root system by washing 

away and root became completely devoid of soil. Spread was recorded at the field with the 

maximum diameter covered in perpendicular direction and averaged both. Then root system 

became detached from soil and from shoot too at collar margin and removed soil/ mud attached by 

putting root system in a big tub filled with water. The root system so obtained having water at 

surface so put preferably on blotting paper or old news paper where water was removed. Then dry 
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biomass recorded and passed for total nitrogen content calculation as per standard procedure 

mentioned later. 

4.2.3 Collar diameter 

Collar diameter of each sample plant was measured with the help of an electronic digital 

calliper and then were separated into root and shoot portion. Each portion were separately studied 

for different parameters. 

4.2.4 Root and shoot length and length of primary root 

 Root length was measured from the collar to the tip of the root using a scale. In order to 

find out primary, secondary and tertiary roots, the developmental classification given by Dutta, 

1980 and Rose, 1983 were followed. The tap root developed through direct elongation of the 

radicle was considered as primary root. In some cases, when tap root appeared was forked, the root 

showing minimum angle of deviation from the main root axis, maximum root diameter at the point 

of emergence or maximum penetration length were considered as primary root. The shoot length 

was also measured similarly from the region to the collar region to the tip of the shoot with the 

help of measuring tape. 

4.2.5 Maximum lateral root spread and maximum lateral branch spread 

 Maximum lateral root spread is the maximum horizontal length of the root system with 

respect to root axis. Maximum lateral branch spread was recorded as a maximum horizontal spread 

of shoot with respect to plant axis. 

4.2.6 Angle of emergence of secondary and tertiary roots 

 The root system of each sample plant was arranged on the plane of paper in such a manner 

that it will retain its original identity. The points where roots (s) emerged and had better resistance 
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against mechanical shock or water spray to maintain their configuration were chosen for 

measurement of angle. 

 The root angle was measured with the help of protractor. The angle at which a secondary 

root emerged from primary root were designated as angle between primary-secondary roots. 

Similarly, the angle at which a tertiary root emerges from the secondary root were considered as 

angle between secondary-tertiary roots. All root angles between primary-secondary or between 

secondary-tertiary roots observed from the proximal, middle and distal part of the root system were 

pooled and averaged to calculate the emergence of root under each treatment. 

4.2.7 Diameter, length and number of lateral roots 

 The primary, secondary and tertiary roots of each plant were measured separately for their 

basal diameter and length; and subsequently were classified into the diameter classes viz., 0-0.5 

mm, >0.5-1 mm, > 1-2 mm and >2-5mm. The number of roots was separately classified for each 

class. Further, they were also grouped into primary, secondary and tertiary roots and pooled to 

obtain total number of roots per plant. 

4.2.8 Root and shoot biomass 

 The roots which were grouped as primary, secondary or tertiary were weighed separately 

for fresh biomass with the help of Electronic digital balance. The fresh biomass of individual roots 

was pooled to obtain total fresh root biomass. Similarly, the shoot portion of each plant was 

assessed for fresh biomass. 

 The plant samples used for recording the fresh biomass were ovendried in a hot air oven at 

65+50C to constant weight and used to determine the dry biomass of primary, secondary and 
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tertiary roots of each sample plant. The root biomass of each class was grouped for total root 

biomass. The dry biomass of each plant was also recorded. 

  Various root-shoot ratios were calculated based on fresh biomass and dry biomass for each 

treatment by dividing fresh biomass of root with respective fresh biomass of shoot . 

4.2.9 Root architecture under plantation 

 The root architecture diagram was developed after excavating carefully one healthy 

representative plant of each treatment after 1.5 years. For this purpose trench was developed at 50 

cm radius at the periphery of the plant with the help of spade one day in advance by making the 

circle wet. Water was spread in the trench to get over flown to ensure that the soil at the vicinity 

of the entire root system became wet which could make the detaching of root system from the 

parent soil bit easier which was done with the help of spade and trench hoe from periphery of the 

circle towards centre gradually soil was removed allowing minimum disturbance and breakage of 

root. Where ever hard pan was observed water was poured water to make soil loose. All the minute 

rootlets could not be removed but coarse roots were tried to detach. The root axis vertically 

penetrated carefully observed which in order to completely remove whole at its periphery made 

by crow bar. The entire root system in this way was completely removed from soil and put in drum 

full of water in order to make soil detached out of root system by washing. Root system was 

separated from shoot at collar margin and former was put on blotting paper in order to blot water 

adhered at surface of the root system. The root system so obtained was arranged on a big graph 

paper. Each root (let) was pressed on the plane of paper using the thumb and forefinger of left 

hand, the border was marked with the help of pencil. This same procedure was repeated for the 

entire root system of the species to prepare a complete rough outline. However, to trace all the 

rootlets was not possible but coarse roots were tried to accommodate ensuring less breakage. The 
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original sketch was reduced to standard size of a paper (A4) after continuous reduction though a 

photocopier machine, which was finally traced on a transparent paper and then scanned by 

computer to obtain a architectural diagram of the root system taking a suitable scale.  

4.3 Results 

4.3.1 Number of primary and lateral roots 

  Figure 4.1 represents number of primary roots and lateral roots under nursery conditions.  

There was variation in response of treatments to number of roots with respect to age of seedlings 

and study sites. Primary root number was similar irrespective of age of observation and study site. 

However significant differences were observed with secondary and tertiary roots among the 

treatments. No tertiary root was observed at the age of 1 month for both the locations. 

Secondary roots 

 One month old seedlings under site 1 showed highest number of secondary roots in T11 

i.e., potting mixture + N1P1K1 + mycorrhizae and T14 i.e., potting mixture + mycorrhizae + 

Rhizobium. On the other hand at 2 months secondary roots were highest with T15 and least with 

T17 i.e., potting mixture + N3P3K3 + Rhizobium + mycorrhizae. Secondary root production in F. 

semialata was magical with different treatments and age of seedlings. At 4 months seedlings 

responded in terms of secondary root emergence in soil medium with medium dose of fertilisation 

and rhizobial inoculation (T8). On the other hand seedlings produced the highest number of 

secondary roots (83 nos) when grown in soil with potting mixture amended with mild dose of 

fertilisation and mycorrhizal and Rhizobial inoculation. Seedlings grown in potting mixture  +  

highest  fertilisation  dose  (N3P3K3)  (T5)  showed  the  least  number  of  secondary  
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Table 4.1: Effect of bio-inoculants and soil amendments on category-wise lateral roots production in F. semialata 6 months seedlings  
Primary Secondary Tertiary Total Primary Secondary Tertiary Total 

Tanhril, Mizoram Siripur, Odisha 
T1 1 47 50 98cdegh 1 47 53 101bc 
T2 1 50 53  104bcdegh 1 53 58 112abc 
T3 1 55 60  116bcdegh 1 58 62 121abc 
T4 1 41 44          86gh 1 56 60 117abc 
T5 1 36 39          76h 1 49 55 105bc 
T6 1 42 45          88egh 1 52 56 109abc 
T7 1 73 80          154ab 1 60 64 125ab 
T8 1 60 65     126abcdegh 1 55 60 116abc 
T9 1 46 49 96cdegh 1 48 54 103bc 
T10 1 63 68 132abcdeg 1 55 59 115abc 
T11 1 81 88        170a 1 53 57 111abc 
T12 1 56 61 118bcdegh 1 48 53 102bc 
T13 1 66 71 138abcde 1 55 60 116abc 

T14 1 83 90        174a 1 62 68 131a 

T15 1 69 74        144abc 1 52 56 109abc 

T16 1 50 55        106bcdegh 1 46 52 99c 

T17 1 51 54 106bcdegh 1 47 51 99c 

SEm (±) - 3.87 7.21        17.23 - 4.23 8.12 12.82 

CD 0.05 - NS NS        34.21 - NS NS 25.61 
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rootlets. At 4 months signlings well responded when grown in soil with potting mixture + N1P1K1 

(T15) whereas the poorest response was foind with secondary roots emergence of T16.  On 

contrary, application of the highest dose of fertilisation alongwith either Rhizobium or mycorrhizae 

(T9 or T13) had detrimental effect on tertiary roots emergence at initial stage of seedling growth. 

 At the age of 6 months secondary roots in seedlings were highest with T15 (83) which was 

followed by T12 (81), then T7 (73), T16 (69), T14 (66), T11 (63), T8 (60), T13 (56), T3 (55), T17 

(50), T2 (49), T10 (48), T1 (47), T9 (46), T6 (42), T4 (41) and T5 (36).  

At site 2 Siripur, Odisha in 1 month old seedlings number of secondary roots was recorded 

the highest with T3 potting mixture with N1P1K1 (9) which was followed by T2, T7, T11 and T14 

(each 8), T1, T6 and T12 (each 7), T4, T8, T15 and T16 (each 6), T5, T9, T10 and T13 (each 5) 

and the least with T17. At the age of 2 months after sowing maximum number of secondary roots 

was observed with T7, T14 and T16 (20 each). Similarly at the age of 6 months secondary roots 

were maximum number of roots i.e., 62 number with T15 which was followed by T7, T3, T4, T8, 

T11, and T14, T2 and T12, T6 and T16, T5, T9, T1, T10 and T13 and minimum with T17  

Tertiary roots 

 The observation made in Tanhril, Mizoram had shown maximum tertiary roots under both 

T14 with bio-inoculants only. After 6 months age of sowing tertiary roots with T15 was recorded 

highest and the lowest with T5. At Siripur, Odisha after 2 months number of tertiary roots were 

maximum with T15. However, medium dose of fertilisation along with Rhizobium in  
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     Fig.4.1: Effect of soil amendments and bio-inoculants on category wise root distribution of F. semialata seedlings 
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Fig 4.2 Root length (cm) of seedlings of Flemingia semialata affected by bio-inoculants and soil amendments
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Fig 4.3 Primary Root Length (cm) affected by bio-inoculants and soil amendments during nursery condition of F.semialata 
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soil potting mixture fertility favoured tertiary root production in 4 months old seedlings. The 

highest number of tertiary roots were obtained in T8 (39). 

Similar trend was observed in case of 4 months seedlings. At the age of 6 months tertiary 

roots were highest with T15 (68) which was followed by T7 (64), T3 (62), T4, T8 and T14 (each 

60), T11 (59), T2 (58), T12 (57), T6 and T16 (each 56), T10 (55), T5 (54), T9 and T13 (each 53), 

T1 (52), minimum with T17 (51). 

Total number of rootlets 

 Since there was no any tertiary rootlet at 1 month sage total number of rootlets at 1 

month followed similar trend as that of number of secondary roots for both the locations. From the 

study made in Tanhril, Aizawl, Mizoram at the age of 1 month total number of rootlets were 

highest with both T11 and T14 (12 each) and least with T17 (7). For this location at 2 months total 

number of rootlets was highest with T15 (48) and least with T1 (35). At the age of 6 months total 

number of rootlets was highest with T15 (174) and least with T8 (126). 6 months old seedlings 

exhibited the best response in terms of total number of rootlets (174), each grown with T15 (potting 

mixture + N1P1K1 + mycorrhizae + Rhizobium). On the other hand seedling raised in potting 

mixture supported with maximum feertilisation (T5) produced least number of rootlets (76 nos).  

At Siripur, Odisha in 1 month old seedlings maximum number of rootlets was recorded 

with T3 and whereas T17 (potting mixture + Rhizobium + mycorrhizae + N3P3K3) exhibited 

minimum influence on total root emergence. After 2 months total number of rootlets found to be 

highest with T14 and lowest with T1. Both 4 and 6 months seedlings responded significantly with 

highest number of root lets with potting mixture + low dose of N1P1K1 + Rhizobium + Mycorrhizae. 

However seedlings grown with virgin soil (T1) showed significantly low root production. During 
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6 months significantly low root production was observed with T17 (potting mixture + low dose of 

N3P3K3 + Rhizobium + Mycorrhizae). 

4.3.2 Root length 

Under nursery condition 

Root length under nursery condition was recorded and compared for the 4 stages  of 

seedling growth at 2 locations (Fig. 4.2), For each timing at every location treatments were 

compared and presented as below: 

Among the treatments there was no significant difference at the age of 1 month for both 

the locations with respect to root length. However, as the seedlings grew root length varied 

significantly with the treatments. 

Root length after 2 months at Tanhril was recorded maximum with T17 (8.3 cmand 

minimum with T11 (3.1 cm). Root length at this stage at this stage in Siripur site was recorded the 

highest with T8 and lowest in T9. In Tanhril, Root length of 4 months old seedlings was recorded 

with highest T17 i.e., Potting mixture + mycorrhizae + Rhizobium + N3P3K3 whereas T8 i.e., 

Potting mixture + Rhizobium + Mycorrhizae + N2P2K2 showed minimum influence on root length 

of F. semialata seedlings at this stage. In Siripur, at this timing highest was with T7 and lowest 

with T15 

 Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to root length. In Tanhril, Mizoram at 6 months old seedlings exhibited  
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Fig. 4.4: Secondary root length Effected by bio-inoculants and soil amendments on Secondary root length (cm) of F. Semialata 
seedlings 
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Fig.: 4.5 Effect of soil amendments and bio-inoculants on tertiary root length of F. semialata seedlings 
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maximum root growth (17.8 cm) when treated with mild dose of fertiliser (N1P1K1) and bio-

inoculants (T15). On the otherhand significantly low root growth was (14.8 cm) was observed with 

T9 (potting mixture + N3P3K3 + Rhizobium). In Siripur after 6 months growth highest root length 

was observed in control virgin soil (T1) to be 23.4 cm whereas lowest value was observed with T4 

(Potting mixture + N2P2K2). 

4.3.3  Length of primary and lateral roots 

Length of primary and lateral roots have been mentioned from fig. 4.3 to 4.5 and described 

as below. 

Length of primary roots 

1 month stage 

Among the treatments there was no significant difference at the age of 1 month for both 

the locations with respect to length of primary root, highest  length of primary root at 1 month 

stage at Tanhril site was recorded with T1 (3.1) cm and  least with T13 (2.4 cm). The length of 

primary root at this stage at Siripur site was recorded highest with T15 (3.2 cm) and least with T9 

and T17 (each 2.2 cm). 

2 months stage 

 Among the treatments there was significant difference at the age of 2 months for both the 

locations with respect to shoot spread.  length of primary root at this stage at Tanhril was recorded 

maximum with T15 (11.4 cm) and least with T1 (5.8 cm). The length of primary root at this stage 

at Siripur site was recorded maximum with T15 (11.1 cmand least with T1 (5.7 cm). 
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4 months stage 

 Among the treatments there was significant difference at the age of 4 months for both the 

locations with respect to length of primary root.  Length of primary root at this stage at Tanhril  

was recorded maximum with T15 (15.7 cm)  and least with T9 (11.6 cm). The length of primary 

root at this stage at Siripur site was recorded with highest with T9 (18.3 cm), and lowest with T4 

(11.4 cm). 

6 months stage 

 Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to  length of primary root.  Length of primary root at 6 months at Tanhril  

was recorded with highest with T8 and T15 (21 cm each) and minimum with T1 (16 cm. The 

length of primary root at this stage at Siripur was recorded with T15 (21.9 cm) least with T3 (18.2 

cm).  

Secondary root length 

1 month stage 

Among the treatments there was no significant difference at the age of 1 month for both 

the locations with respect to secondary root length. Secondary root length at this stage at Tanhril 

site was recorded with T11 and T16 (1.2 cm each) and minimum with T1 and T17 (1.1 cm).  

Secondary root length at this stage at Siripur site was recorded with T10 and T15 (1.6 cm each) 

and minimum with T1 (0.9 cm). 
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2 months stage 

 Among the treatments there was significant difference at the age of 2 months for both the 

locations with respect to shoot spread. Secondary root length at this stage at Tanhril was recorded 

maximum with T1, T2, T4, T7 and T11 (each 3.1 cm) and minimum with T17 (2.2 cm).  Secondary 

root length at this stage at Siripur site was recorded maximum with T1 (3.3 cm) and minimum 

with T17 (2.1 cm). 

4 months stage 

 Among the treatments there was non-significant difference at the age of 4 months for both 

the locations with respect to secondary root length. Secondary root lengthat this stage at Tanhril 

was recorded with T14 (6.8 cm) minimum with T3 (2.8 cm). Secondary root length at this stage at 

Siripur site was recorded with T6 (8.7 cm) and minimum with T15 (2.3 cm). 

6 months stage 

 Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to secondary root length. Secondary root length at this stage at Tanhril was 

recorded maximum with T15 (15.1 cm) and minimum with T17 (9.1 cm). Maximum secondary 

root length at this stage at Siripur was recorded with T15 (14.6 cm) and minimum with T17 (8.6 

cm).  

Tertiary root length 

2 months stage  

There was no tertiary root at 1 month for both the locations. For 2 months at Tanhril tertiary 

root length was maximum to be observed with T2 (1.1 cm) and minimum with T8, T9, T11, T13, 
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T15, T17 and T16 (0.6 cm each). Tertiary root length at this stage at Siripur site was recorded 

maximum with T3 (1.1 cm) and minimum with T5, T12 and T14 and T17 (0.6 cm). 

4 months stage 

 Among the treatments there was non-significant difference at the age of 4 months for both 

the locations with respect to tertiary root length. Tertiary root length at this stage at Tanhril was 

recorded maximum with T6 (4.1 cm) and least with T9 (1.4 cm). Tertiary root length at this stage 

at Siripur site was recorded with T12 and T15 (2.4 cm each)  and least with T1 (1.1 cm). 

6 months stage 

 Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to tertiary root length. Tertiary root length at this stage at Tanhril  was 

recorded maximum with T11 (5.4 cm) and least with T17 (3.6 cm). Tertiary root length at this 

stage at Siripur was recorded maximum with T11 (5.1 cm)  and minimum with T17 (3.4 cm).  

4.3.4 Root spread 

 Root spread has been presented in table 4.2 under nursery and fig. 4.6 for field condition.  

Under nursery 

The horizontal spread of root has been recorded with all the 4 timings under nursery 

condition for both the locations. At every timing comparison of treatments have been mentioned 

as below. 
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Fig.: 4.6:  Root Spread (cm) of seedlings of Flemingia semialata affected by bio-inoculants and soil amendments 
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  Table. 4.2: Effect of bio-inoculants and soil amendments on plant spread of F. semialata in plantation 

Treatments 
Tanhril, Mizoram Kushadiha, Odisha 

at 3 months at 1.5 years at 3 months at 1.5 years 
T1 0.14 1.31f 0.13 1.13e 
T2 0.2 1.4ef 0.18 1.21de 
T3 0.24 1.52de 0.21 1.31cd 
T4 0.17 1.63cd 0.16 1.4bc 
T5 0.18 1.36ef 0.17 1.17de 
T6 0.21 1.42ef 0.21 1.22de 
T7 0.18 1.36ef 0.17 1.17de 
T8 0.2 1.52de 0.18 1.31cd 
T9 0.14 1.38ef 0.13 1.19de 
T10 0.14 1.78c 0.13 1.53b 
T11 0.17 2.15ab 0.15 1.85a 
T12 0.19 1.67cd 0.17 1.44bc 
T13 0.13 1.68cd 0.12 1.45bc 
T14 0.13 1.38ef 0.12 1.19de 
T15 0.16 2.21a 0.15 1.9a 
T16 0.17 2.1ab 0.15 1.83a 
T17 0.23 1.78c 0.21 1.57b 

SE (m) 0.01 0.11 0.01 0.09 
CD (0.05) NS 0.021 NS 0.18 
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1 month stage 

Among the treatments there was no significant difference at the age of 1 month for both the sites 

with respect to root spread. Root spread at this stage at Tanhril site was recorded maximum with 

T8 (2.1 cmand minimum with T1 (1.3 cm). Root spread at this stage at Siripur site was recorded 

highest with T8 (2.3 cm) and least with T1 and T2  (1.2 cm), 

2 months stage 

 Among the treatments there was significant difference at the age of 2 months for both the 

locations with respect to shoot spread. Root spread at this stage at Tanhril was recorded maximum 

with T15 (3.2 cm) and minimum with T10 (2 cm), Root spread at this stage at Siripur site was 

recorded maximum with T12 (3.1 cm) and lowest with  T2 (2 cm) 

4 months stage 

 Among the treatments there was significant difference at the age of 4 months for both the 

locations with respect to root spread. Root spread at this stage at Tanhril  at 4 months was recorded 

maximum with  T14 (7.5 cm) and minimum with T1 (4.2 cm). Root spread at this stage at Siripur 

site was recorded maximum with T13 (7 cm) and minimum with T1 (4.3 cm). 

6 months stage 

 Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to root spread. Root spread at this stage at Tanhril  was recorded highest 

with T10 (10.4 cm) and minimum with T4 (7 cm). Root spread at this stage at Siripur was recorded 

highest with T15 (10.1 minimum with T4 (6 cm).  
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At plantation  

 Treatments were varying among them as per spread of root significantly as observed at 1.5 

years of plantation. Under Tanhril, Mizoram study root spread was maximum with T11 (1.11 m) 

and minimum with T7 (0.61 m). At this same duration Kushadiha recorded maximum root spread 

with T11 (0.92 m) and minimum with T7 (0.53 m).  

4.3.5 Collar diameter 

Under nursery condition 

  The response of seedlings collar diameter to magnitude of soil amendments and bio-

inoculants were dependent of stages of observation and dynamics of soil moistness and prevailing 

nutrients (Table 4.3 and fig.4.7). At Siripur, Odisha collar diameter responded well to substantial 

amendment addition irrespective of time of observation, Mizoram response dependent of quantum 

of amendment addition, initial response better at substantial dose and gradually better response to 

higher doses. At the age of 1 month for Tanhril, Aizawl maximum collar diameter was observed 

with T15 (0.91 mm) with lowest T5 and T17 (each 0.70 mm). At the same age for Siripur, Odisha 

maximum collar diameter was observed with T15 (0.87 mm) minimum with T3, and T5 (0.61 mm 

each). At the age of 2 months for Tanhril, Aizawl maximum collar diameter was observed with 

T16 (1.81 mm) minimum was observed with T1 (1.27 mm). At the age of 2 months for Siripur, 

Odisha maximum collar diameter was observed with T15 (1.98 mm) and minimum with T1 (1.24 

mm). At the age of 4 months  at Siripur, Odisha maximum collar diameter was observed with T15 

(6.7 mm) and minimum with T1 and T7 (each 3.7 mm). At the age of 4 months for Tanhril, Aizawl 

maximum collar diameter was observed with T17 (3.8 mm) and minimum with T5 (1.6 mm). At 

the age of 4 months at Siripur,  
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          Fig.: 4.7 Collar diameter affected by bio-inoculants and soil amendments of F. semialata under nursery condition 
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Table. 4.3:  Effect of bio-inoculants and soil amendments on collar diameter  (cm) of Flemingia semialata in plantation 

Treatments Collar diameter at 3 months of plantation Collar diameter at 1.5 years of plantation 

    
T1 0.54de 0.36jkl 2.72f 2.45f 
T2 0.63abc 0.44efgh 2.84e 2.56ef 
T3 0.67a 0.5ab 3.02cde 2.72cdef 
T4 0.58cd 0.42fghi 3.13bcde 2.82bcde 
T5 0.52e 0.4hij 3.34abc 3.01abc 
T6 0.61bc 0.45defg 3.29abcd 2.96abcd 
T7 0.49efgh 0.43fgh 3.53ab 3.18ab 
T8 0.49efgh 0.35kl 3.04cde 2.74cdef 
T9 0.66ab 0.49abcd 2.93de 2.64def 
T10 0.51ef 0.38ijk 2.84e 2.56ef 
T11 0.50efg 0.36jkl 3.01cde 2.71cdef 
T12 0.44hij 0.48abcde 3.08cdef 2.77cdef 
T13 0.41j 0.33l 3.26bcd 2.94bcd 
T14 0.43ij 0.43fgh 3.41abc 3.07abc 
T15 0.46fghij 0.46bcdef 3.68a 3.31a 
T16 0.48fghi 0.51a 3.32abcd 2.99abcd 
T17 0.45ghij 0.37jkl 3.12cdef 2.81cdef 

SE (m) 0.51 0.38 6.62 6.34 
CD (0.05) 0.96 NS 13.12 12.39 
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Odisha maximum collar diameter was observed with T15 (3.59 mm) and minimum with T1 (2.15 

mm). At the age of 6 months at Tanhril, Aizawl maximum collar diameter was observed with T8 

(5.65 mm) and minimum with T1 (3.82 mm).  At the age of 6 months at Siripur, Odisha maximum 

collar diameter was observed with T15 (5.57 mm) and minimum with T4 (4.42 mm). 

Under plantation 

 Collar diameter found to be varying significantly among the treatments both at 3 months 

and 1.5years of plantation for both the locations. At 3 months of plantation at Tanhril collar 

diameter was maximum with T3 (0.67 cm) and minimum with T13 (0.41 cm). At 3 months collar 

diameter at Kushadiha was maximum with T16 (0.51 cm) and minimum with T13 (0.33 cm). For 

1.5years of plantation under Tanhril collar diameter was maximum with  T15 (3.68 cm) and least 

with T1 (2.72 cm) At this same duration Kushadiha recorded maximum collar diameter with T15 

(3.31 cm) and least with T10 (2.56 cm).  

4.3.6 Diameter-wise classification of rootlets 

 Root system of Flemingia semialata being a dicot consists of primary, secondary and 

tertiary rootlets (Table 4.4 and fig. 4.8). When all the rootlets separated the figure provides total 

number of rootlets. How much number of total rootlets is important; it becomes more important 

thickness which not only ecologically important to utilise unexplored horizon but also can better 

support rhizosphere micro-organisms. Rootlets diameter-wise (< 0.5 mm, 0.5 – 1.0 mm, 1.0 – 2.0 

mm and > 2.0 mm) classified and treatment-wise compared at various stages i.e., 1 month, 2 

months, 4 months and 6 months separately as per locations and presented as below. At 1 month no 

rootlet found beyond 1 mm diameter and at 2 months no rootlet found beyond 2.0 mm diameter 

but at 4 and 6 months rootlets observed beyond 2 mm diameter.  
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Fig.4.8: Effect of soil amendment and bio-inoculants on root diameter classification of F. semialata seedlings 
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               Table 4.4: Effected of bio-inoculants and soil amendments on number of rootlets produced in F. ssemialataunder nursery  

 1 month 2 month 4 month 6 month 1 month 2 month 4 month 
 Tanhril, Mizoram Siripur, Odisha

T1 11 35 60 98 8 26 78 
T2 10 38 71 104 9 33 62 
T3 11 39 68 116 10 31 68 
T4 9 41 70 86 7 34 74 
T5 8 37 61 76 6 37 65 
T6 9 44 67 88 8 38 69 
T7 11 47 73 154 9 41 64 
T8 10 44 76 126 7 37 63 
T9 9 42 54 96 6 32 69 
T10 9 43 61 102 6 37 71 
T11 12 45 66 132 9 36 66 
T12 10 43 60 170 8 36 80 
T13 7 39 52 118 6 41 66 
T14 12 44 58 138 9 43 79 
T15 9 48 69 174 7 42 87 
T16 10 42 64 144 7 42 52 
T17 7 38 59 106 5 38 63 
SEm 0.78 3.17 10.33 16.91 0.62 2.79 10.55 

CD0.05 NS NS NS 34.2 NS NS NS 
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Table 4.5: Effect of bio-inoculants and soil amendments on angle of secondary and tertiary roots and branch emergence in F. semialata 

 Secondary roots (deg) in  
seedling Tertiary roots (deg) in seedling Branch (deg) in seedling Branch (deg.) in plantation 

       Tanhril       Siripur    Tanhril      Siripur    Tanhril Siripur     Tanhril Kushadiha 

T1 63 67 62 65 73 68 81 80 
T2 64 66 61 63 75 72 74 72 
T3 65 62 62 62 81 84 83 83 
T4 64 60 66 71 75 73 81 82 
T5 69 61 67 62 73 75 75 76 
T6 66 60 69 62 74 75 82 80 
T7 66 62 68 70 71 76 78 75 
T8 65 65 67 69 69 66 78 77 
T9 62 63 63 71 62 64 71 72 

T10 68 62 63 68 61 56 75 73 
T11 65 60 68 69 65 64 81 80 
T12 61 61 61 70 69 64 68 67 
T13 65 63 64 68 58 53 73 71 
T14 64 66 68 67 83 74 69 67 
T15 68 62 66 72 78 63 75 73 
T16 65 61 68 66 65 73 81 79 
T17 63 60 67 67 63 64 68 66 
SEm 4.93 4.80 4.92 5.22 5.53 5.36 4.84 4.79 

 CD0.05 NS NS NS NS NS NS NS NS 
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Root diameter classification at 1 month stage 

 Since at 1 month no rootlet beyond 1.0 mm diameter, sum of number of rootlets between 

0 – 0.5 mm diameter and number of rootlets between 0.5 – 1.0 mm diameter is the total number of 

rootlets observed during that period which is for individual location. For Tanhril, Mizoram 

maximum number of rootlets < 0.5 mm diameter at 1 month was observed with T11 (11) and 

minimum with T13 and T17 (each 6). Maximum number of rootlets 0.5 – 1.0 mm diameter was 

associated with T14 (number of rootlets 2) and minimum with T17 (each having rootlet 1). At the 

same location and same time total number of rootlets were observed with T11 and T14 (each had 

12) and minimum with T13 and T17 (each with 7). For Siripur Odisha maximum number of 

rootlets < 0.5 mm diameter at 1 months was  observed with T3 (9) and minimum with T17 (4). For 

the same location and timing maximum number of rootlets of  0.5 – 1.0 mm diameter was 

associated with T15 (rootlets 2) and minimum with T17 (each with rootlet 1).   

Root diameter classification at 2 months stage 

 Since at 2 month no rootlet beyond 2.0 mm diameter, sum of number of rootlets between 

0 – 0.5 mm diameter, number of rootlets between 0.5 – 1.0 mm diameter and number of rootlets 

between 1.0 – 2.0 mm diameter was the total number of rootlets observed during that period which 

was for individual location. For Tanhril, Mizoram maximum number of rootlets < 0.5 mm diameter 

at 2 months was observed with T7 and T15 (each with 42) and minimum with T1, T9 and T17 

(each 32). Maximum number of rootlets 0.5 – 1.0 mm diameter was associated with T16 (number 

of rootlets 6) and minimum with T1 and T2 (each had 2).  At the same location and same time 1 

number of rootlet of diameter range 1.0 – 2.0 mm was observed with every treatment. For Siripur, 

Odisha maximum number of rootlets < 0.5 mm diameter at 2 months was observed with T13, T14 
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and T16 (each had rootlets 38) and minimum with T3 (27). For the same location and timing 

maximum number of rootlets of 0.5 – 1.0 mm diameter was associated with T15 (rootlets 6) which 

was followed by T7 (5) and minimum with T2, T2, T4 and T13 (each had rootlets 2).  Maximum 

number of rootlets of  1.0 – 2.0 mm diameter was associated with T15 (rootlets 2) which was 

followed by rest of the treatments namely T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12, 

T123, T14, T16 and T17 (each had 1).  

Root diameter classification at 4 months stage 

 Since at 4 month rootlets were beyond 2.0 mm diameter, sum of number of rootlets between 

0 – 0.5 mm diameter, number of rootlets between 0.5 – 1.0 mm diameter, number of rootlets 

between 1.0 – 2.0 mm diameter and number of rootlets above 2.0 mm diameter was the total 

number of rootlets observed during that period which was for individual location. For Tanhril, 

Mizoram maximum number of rootlets < 0.5 mm diameter at 4 months was observed with T8 (63) 

and minimum with T17 (28). At the same time and location maximum number of rootlets 0.5 – 

1.0 mm diameter was associated with T12, T15 and T16 (number of rootlets 8) and minimum with 

T10 (each had 4).  At the same location and same time  number of rootlet of diameter range 1.0 – 

2.0 mm was observed to be maximum with treatment T8  and minimum with T1, T9, T12, T13, 

T16 and T17 (each had 2). For diameter class beyond 2 mm number of rootlets were maximum 

with T7 (3) and minimum with h T1 (which had no rootlet of this class). For Siripur, Odisha 

maximum number of rootlets < 0.5 mm diameter at 4 months was  observed with T7 (79) and 

minimum with T17 (37). For the same location and timing maximum number of rootlets of 0.5 – 

1.0 mm diameter was associated with T7, T10 and T15 (each with rootlets 9) which was followed 

by T12 and T14 (8), T6, T11 and T13 (each 7), T13 and T16 (each with rootlet 6), T2, T4, T8 and 

T17 (each with rootlets 5) and minimum with T1, T5 and T9 (each had rootlets 4).  Maximum 
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number of rootlets of  1.0 – 2.0 mm diameter was associated with T8 and T9 (rootlets 2) minimum 

with T1, T3, T4, T6, T11, T12, T16 and T17 which have no rootlet of that range of diameter. Each 

1 number of rootlet beyond 2.0 mm diameter was associated with T1, T3, T4, T6, T7, T8, T9, T11, 

T12, T16 and T17 and minimum with T2, T5, T10, T13, T14 and T15 which have no rootlet of 

that range of diameter. 

Root diameter classification at 6 months stage 

 Since at 6 months rootlets were beyond 2.0 mm diameter, in the same way total calculated 

in 4 months as sum of number of rootlets between 0 – 0.5 mm diameter, number of rootlets between 

0.5 – 1.0 mm diameter, number of rootlets between 1.0 – 2.0 mm diameter and number of rootlets 

above 2.0 mm diameter was the total number of rootlets were calculated in 6 months also which 

was for individual location. For Tanhril, Mizoram maximum number of rootlets < 0.5 mm diameter 

at 6 months was observed with T12 (139) and minimum with T4 and T5 (54). At the same time 

and location maximum number of rootlets 0.5 – 1.0 mm diameter was associated with T15 (22) 

and lowest with T5 (11). Number of rootlet of diameter range 1.0 – 2.0 mm was observed to be 

maximum with treatment T15 (11) and minimum with T9 and T14 (each had 6). For diameter class 

beyond 2 mm number of rootlets were maximum with T8 (5) and minimum was associated with 

T16 and T17 (which had 2 number of rootlets of this class). For Siripur, Odisha maximum number 

of rootlets < 0.5 mm diameter at 4 months was  observed with T15 (92) and minimum with T17 

(70). For the same location and timing maximum number of rootlets of 0.5 – 1.0 mm diameter was 

associated with T15 (rootlets 24) and minimum with T5 (rootlets 15). Maximum number of rootlets 

of  1.0 – 2.0 mm diameter was associated with T8 (11) minimum with T9 (5). Maximum number 

of rootlets beyond 2.0 mm diameter at this timing and same location was associated with T11 (7) 

and minimum with T1 and T2 (each with 2).  
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4.3.7 Angle of root emergence 

 It was clearly pointed out that the angle at which the rootlets emerged out of the parent root 

became independent of time of sampling but dependent of location (Table 4.5). Further angle was 

less affected by extraneous factors and clear expression of genetic character of a plant species. 

Thus, no significant relation was observed among the treatments with respect to the angle of 

emergence of the plant roots.  

Angle between Primary and secondary roots 

 The angle at which secondary roots emerge from primary root was varying with respect to 

location. At Tanhril, Mizoram angle between primary and secondary roots was maximum with T5 

(690) and minimum withT12 (610). The angle between primary and secondary roots in Siripur, 

Odisha was maximum with T1 (670) and minimum with T4, T6, T17 and T11 (600),  

Angle between secondary and tertiary roots 

 The angle at which tertiary roots emerge from secondary root was varying with respect to 

location. At Tanhril, Mizoram angle between secondary and tertiary roots was maximum with T6 

(690) and minimum with T2 and T12 (610). The angle secondary and tertiary roots in Siripur, 

Odisha was maximum with T15 (720) and minimum with T3, T5, and T6 (620).  

4.3.8 Angle of branch emergence 

 The angle at which the branches emerged out of the main stem of the plant became 

independent of time of sampling but dependent of location (Table 4.5). Further like the angle of 

root emergence angle of branch emergence was less affected by extraneous factors like plant 

inoculation and amendment addition and was dependent of genetic character of a plant species. 
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Thus, like root no significant relation was observed among the treatments with respect to the angle 

of emergence of the plant branches. However, angle in case of nursery and plantation was varying. 

Angle of branch emergence in nursery 

 At Tanhril, Mizoram angle Angle branch emergence in nursery was maximum with T14 

(830 and least with T13 (580). The branch angle under seedling condition in Siripur, Odisha was 

maximum with T3 (840) and minimum with T13 (530). 

Angle of branch emergence under plantation 

 At Tanhril, Mizoram angle Angle branch emergence in under plantation was maximum 

with T3 (830 and minimum with T12 and T17 (each 680). The branch angle under plantation 

condition in Kushadiha, Odisha was maximum with T3 (830) and minimum with T17 (660). 

4.3.9 Leaf Area 

 Flemingia semialata is having trifoliate leaf so leaves were calculated taking sum of area 

of all the 3 leaf lets taken individually. Leaf area measured at 6 months ( nursery) and at 18 months 

(plantation) and found to be significantly varying with  type and quantity of amendments and bio-

inoculants (Table 4.6). Again this trend of response towards treatments were dependent of age and 

location of the experiment. 

Leaf area at 6 months age of nursery  

 At the location Tanhril, Mizoram leaf area at 6 months age of nursery condition was 

significant among the treatments with highest with T15 (159.5 cm2) and lowest with T5 (113.8 

cm2). At the location Siripur, Odisha leaf area at 6 months age of nursery condition leaf area  
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Table 4.6: Effect of soil amendment and bio-inoculants on leaf area of  F. Semialata under  nursery and plantation  

 Leaf Area  (cm2) per plant 
(6 months Nursery) 

Leaf Area (cm2) per plant 
(1.5 yr Plantation) 

 Tanhril Siripur Tanhril Kushadiha 
T1 116.8 112.3 231.5 225.4 
T2 121.3 116.6 252.5 242.9 
T3 139.3 133.9 263.2 256.2 
T4 122.8 122.4 272.3 261.1 
T5 113.8 111.6 234.5 219.8 
T6 130.3 125.3 267.0 256.9 
T7 136.3 131.0 298.8 292.6 
T8 122.1 118.1 256.1 246.4 
T9 118.3 113.8 241.6 232.4 
T10 134.1 132.5 256.1 246.4 
11 148.3 144.7 296.1 284.9 
12 122.1 126.0 259.0 249.2 

T13 118.3 113.8 236.5 227.5 
T14 136.3 131.8 278.7 268.1 
T15 159.5 153.4 302.5 299.6 
T16 122.1 117.4 248.8 239.4 
T17 115.3 110.9 228.5 219.8 
SEm 9.92 9.79 16.92 16.33 

CD0.05 20.06 19.79 34.19 33.01 
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significant among treatments with highest with T15 (153.4 cm2) and lowest with T17 (110.9 cm2).  

Leaf area at 1.5 years age of plantation  

 At the location Tanhril, Mizoram leaf area at 1.5years of plantation was maximum with 

T15 (302.5 cm2 and minimum with T17 (228.5 cm2). At the location Kushadiha, Odisha leaf area 

at 1.5 years age of plantation was highest with T15 (299.6 cm2and lowest with T17 (219.8 cm2).  

4.3.10 Average branch diameter 

 Average branch diameter studied under 1.5 years of plantation condition affected by bio- 

inoculants and soil amendments (Table 4.7) showing similar trends for both the locations. High 

level of fertilisation with inoculation of both Rhizobium and mycorrhizae (Treatment T17) 

responded the best the branch diameter growth least growth observed without any treatment for 

both the locations. Maximum average branch diameter was observed for Tanhril, Mizoram to be 

with T17 (2.36 cm) and minimum with T1 (1.12 cm). Maximum average branch diameter was 

observed for Kushadiha, Odisha to be with T17 (2.17 cm) and minimum with T1 (1.03 cm).  

4.3.11 Petiole Length 

 Petiole length study made on 1.5 years age of plantation made it clear to be varying 

significantly among the treatments but the trend of response of the treatments not same for both 

the locations (Table 4.7 and table 4.8). More petiole length was observed with Tanhril compared 

to Kushadiha. Maximum petiole length was observed for Tanhril, Mizoram to be with T15 (9.0 

cm) and lowest with T5 (7.1  cm). Petiole length was observed for Kushadiha, Odisha to be highest 

with T14 (7.7 cm) and lowest with T13 (6.1 cm).  

4.3.12 Leaf width 



103 
 

Leaf width under plantation was found to be varying non-significantly among the 

treatments at 3 months and significantly at 1.5 years of plantation for both the locations (Fig. 4.9). 

At 3 months of plantation at Tanhril leaf  width  was maximum with T3 (5.1 cm) and least with 

T17 (2.4  cm).  At the same duration leaf width  at Kushadiha was maximum with T3 (3.4 cm) and 

least with T17 (1.6). For 1.5years of plantation under Tanhril leaf width was maximum with  T16 

(7.56 cm) and minimum with T5 (5.16 cm). At this same duration Kushadiha recorded maximum 

to be with T15 (7.44 cm) and least with T1 (4.8 cm).  

4.3.13 Leaf length  

Leaf length has been presented in table 4.9 for nursery and table  4.10 for plantation. 

Under nursery conditions  

At 6 months 

Among the treatments there was significant difference at the age of 6 months for both the locations 

with respect to leaf length. Leaf  length at this stage at Tanhril  was recorded with  T15 (14.6) and 

minimum with T17 (11.7 cm).  Leaf length at this stage at Siripur was recorded maximum with 

with T4 (13.4 cm and least with T17 (11.6 cm).  

Under plantation 

Leaf length found to be varying non-significantly among the treatments both at 3 months 

but at 1.5 years of plantation their relations were significant for both the locations. At 3 months of 

plantation at Tanhril leaf  length  was maximum with T15 (16.06 cm) and least with T17 (12.87 

cm). At the same duration leaf length at Kushadiha was maximum with T4 (14.74 cm) and least 

with T17 (12.76  cm). For 1.5 years of plantation under Tanhril leaf length was maximum with  
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T15 (24.7 cm) and minimum with T1 (19.7 cm). At this same duration Kushadiha recorded 

maximum with T15 (23.8 cm) and minimum with T10 (20.5 cm),  

4.3.14 Number of leaves   

At Plantation 

Number of leaves found to be varying significantly among the treatments at 1.5 years of 

plantation for both the locations (Table 4.11 and table 4.12). The trends among the treatments were 

same for both the locations. At Tanhril number of leaves was maximum with  T15 (158) and 

minimum with T1 (94).  At 1.5years number of leaves  at Kushadiha was maximum with T15 

(144) and  minimum with T1 (86).  

4.3.15  Plant height 

Plant height has been presented in fig. 4.10 and fig. 4.11. 

Under nursery condition 

 Plant height had been recorded at all the stages namely 1, 2, 4 and 6 months for both the 

locations namely Tanhril, Mizoram and Siripur, Odisha. Treatments have been compared time-

wise based on individual location and presented as below. 

1 month stage 

Among the treatments there was no remarkable difference at the age of 1 month for both 

the locations. Maximum plant height at this stage at Tanhril site was recorded with T11 (4 cm)  

and minimum with T8 (3.2 cm). Maximum plant height at this stage at Siripur site was recorded 

with T10 and T11 (3.7 cm each) and minimum with T1, T16 and T17 (each 3.1 cm). 
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2 months stage 

Among the treatments there was no remarkable difference at the age of 2 month for both 

the locations was observed. Maximum plant height at 2 months stage at Tanhril site was recorded 

with T15 (8.1 cm) and minimum with T1 (6.1 cm).  Maximum plant height at 2 months stage at 

Siripur site was recorded with T15 (7.8 cm)  and least with T1 (5.7 cm). 

4 months stage 

Significant difference among the treatments at the age of 4 months was observed for both 

the locations. Maximum plant height at 4 months stage at Tanhril was recorded with T14 (15.8 

cm) and least with T9 (11.2 cm), Maximum plant height at 4 months stage at Siripur was recorded 

maximum with T3 (15.8 cm) and least with T14 (9.9 cm).  

6 months stage 

 There was significant difference among the treatments at the age of 6 months as observed 

for both the locations. Maximum plant height at 6 months stage for Tanhril was recorded with T7 

(26.6 cm) and least with T1 (18.4 cm). Maximum plant height at 6 months stage for Siripur was 

recorded with T7 (26.1 cm) and least with T1 (17.0 cm).  

At plantation 

Plant height found to be varying significantly among the treatments both at 3 months and 

1.5 years of plantation for both the locations. Both the locations have similar trends with respect 

to response of treatments. At 3 months of plantation at Tanhril plant height was maximum with T4 

(0.26 cm) and minimum with T14 (0.14 cm).  At 3 months plant height at Kushadiha was maximum 

with T4 (0.24 cm) and minimum with T14 (0.13 cm).  For 1.5 years of plantation under Tanhril 
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plant height was maximum with T16 (2.38 cm) and minimum with T1 (1.54 cm). At this same 

duration Kushadiha recorded maximum plant height with T16 (2.12 cm) and minimum with T1 

(1.37 cm).  

4.3.16 Plant Spread 

Under nursery condition 

 Shoot spread had been recorded at all the stages namely 1, 2, 4 and 6 months for both the 

locations under nursery condition. Treatments have been compared time-wise based on individual 

location for shoot spread and presented as below (Table 4.12 and table 4.13). 

1 month 

Among the treatments there was no significant difference at the age of 1 month for both 

the locations with respect to shoot spread. Maximum shoot spread at this stage at Tanhril site was 

recorded with T11 (1.8 cm)  and minimum with T17 (1.2 cm). Maximum shoot spread at this stage 

at Siripur site was recorded with T4 (1.6 cm) minimum with T17 (1.1 cm). 

2 months 

 Among the treatments there was significant difference at the age of 2 months for both the 

locations with respect to shoot spread. Maximum shoot spread at this stage at Tanhril  was recorded 

with T16 (10.8 cmand minimum with  T17 (9.5 cm), Maximum shoot spread at this stage at Siripur  

was recorded with T16 (10.6 cm) and minimum with  T2 (6.6 cm), 

4 months 
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 Among the treatments there was significant difference at the age of 4 months for both the 

locations with respect to shoot spread. Maximum shoot spread at this stage at Tanhril  was recorded 

with T10 (22.6 cm) minimum with T5 (10.5 cm), Maximum shoot spread at 4 months stage at 

Siripur was recorded with T3 (19.8 cm) and minimum with T14 (6.2 cm). 

6 months 

 Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to shoot spread. Maximum shoot spread at this stage at Tanhril  was recorded 

with T11 (25.7 cm) and minimuim with T13 (22.4 cm). Maximum shoot spread at this stage at 

Siripur was recorded with T11 (25.4 cm) and minimum was observed with T13 (21.9).  

At plantation 

The parameter plant spread found to be non-significant among the treatments at 3 months 

and significant at 1.5years of plantation for both the locations. At 3 months of plantation at Tanhril 

plant spread was maximum with T3 (0.24 m) and minimum with T13 and T14 (each 0.13 m). At 

3 months plant spread at Kushadiha was maximum with T3 (0.21 m)  and minimum with T13, T16 

and T14 m (0.12 m each). For 1.5years of plantation under Tanhril  plant spread was maximum 

with T15 (2.21 m) and least with T1 (1.31 m). At this same duration Kushadiha recorded maximum 

plant spread with T15 (1.9 m) and least with T1(1.13 m).  

4.3.17 Number and diameter-wise classification of branches 

 Table 4.15 and table 4.16 and fig. 4.12 and 4.13 represent number and diameter-wise 

classification of branches. 
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Table 4.7: Effect of soil amendment and bio-inoculants on average branch diameter (cm) and petiole length  of F. semialata plantation   
Average Branch Diameter (cm) Petiole length (cm) 

Tanhril Kushadiha       Tanhril Kushadiha 
T1 1.12 1.03                   7.2ef                6.2de 
T2 1.18 1.08 7.6cdef 6.5bcde 
T3 1.24 1.14 7.9bcdef 6.8bcde 
T4 1.32 1.21 8.4abcd                7.2ab 
T5 1.14 1.05                   7.1f                6.1e 
T6 1.21 1.11                   7.4def 6.4bcde 
T7 1.25 1.15 8.2abcde 6.4bcde 
T8 1.40 1.29                  8.8ab                7.0abcd 
T9 1.24 1.14 7.9bcdef 6.6bcde 
T10 1.26 1.16                  7.6cdef 6.5bcde 
T11 1.52 1.40 8.1abcdef 6.3cde 
T12 1.61 1.48                   8.6abc 6.5bcde 
T13 1.31 1.20 8.3abcd 6.1e 
T14 1.18 1.08 7.9bcdef 7.7a 
T15 1.26 1.16                   9.0a 7.1abc 
T16 1.76 1.62 8.4abcd 7.2ab 
T17 2.36 2.17 8.3abcd  6.8bcde 
SEm 0.09 0.09            0.51          0.43 

CD0.05 0.19 0.17            1.08          0.87 
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Table 4.8: Effect of soil amendment and bioinoculant on petiole length (cm) of F. semialata under seedling condition 
Treatment 1 month 2 months 4 months 6 months 1 month 2 months 4 months 6 months 

Tanhril, Mizoram Siripur, Odisha 
T1 2.4 4.7 9.2 15.4abc 2 5.1 15.2 23.4a 
T2 2.5 3.8 9.5 16.4abc 2.3 5.6 14 17.4b 
T3 2.7 3.9 10.8 16.9abc 2.5 6 14.1 17.8b 
T4 3 5.1 11.3 17.3abc 2.6 6.2 9.2 17.1b 
T5 2.3 4.8 9.5 16.8abc 2.4 5.9 7.8 17.6b 
T6 2.7 4.6 10.7 16.3abc 3 5.3 12.3 19.5b 
T7 3.1 5.8 12.9 17.6ab 2.8 6.4 19.1 22.6a 
T8 2.8 4.3 7.6 15.2bc 3 6.5 12.2 18.6b 
T9 2.2 4.2 8.0 14.8c 2.1 4.2 9.2 18.3b 
T10 2.5 4.1 10.9 15.2bc 2.4 4.6 10.5 22.9a 
T11 2.7 3.1 10.4 16abc 2.5 5.8 11.2 23.3a 
T12 2.6 7.6 11.2 16.8abc 2.4 5.6 11.9 19.0b 
T13 2.3 5.9 9.3 17.5ab 2.5 5.5 16.1 18.6b 
T14 2.8 4.3 11 16.7abc 2.6 5.4 9.2 18.9b 
T15 3.2 5.6 8.6 17.8a 3.1 6.2 7.2 22.8a 
T16 2.5 5.9 11.8 16.2abc 2.2 5.3 13.2 19b 
T17 2.2 8.3 20.7 15.7abc 2.1 5.2 17.3 17.9b 

SEm (±) 0.12 0.27 0.63 1.29 0.10 0.25 0.59 1.53 
CD0.05 NS NS NS 2.58 NS NS NS 3.05 
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At nursery 

 Branch diameter is an important parameter in order to accommodate lac insects by 

producing more inoculation sites besides giving better environment for establishment of plants (). 

The rate at which new branches are coming have been categorised as per diameter class and time-

wise compared the treatments.  Of course there was no significant difference with respect to 

number of branches among the treatments it gives mode of response of bio-inoculants and 

amendments over emergence of new branches time-wise. There were 4 diameter  classes on which 

branches were divided, namely: 0 - 0.5 mm, 0.5 – 1.0 mm, 1.0 mm- 2.0 mm and 2.0 mm - 5.0 mm. 

During 1 month stage there was no branching and during 2 months stage no branch beyond 0 - 0.5 

mm and 4 months had no branch beyond 2.0 mm – 5.0 mm. 

Branching at 2 months stage 

 Since at 2 months no branching beyond 0.5 mm diameter number of branches between 0 – 

0,5 mm diameter is the total number of branches observed during that period which is for both the 

locations. For Tanhril, Mizoram maximum number of branches at 2 months were observed with 

T15, T16 and T17 (each with 5 branches) and minimum with T1, T2, T4, T5, T8 and T9 (each had 

branches 2). For Siripur. Odisha maximum number of branches at 2 months were observed with 

T11 and T15 (each with 5 branches) and minimum with T1 and T5 (each had branches 1). 

Branching at 4 months stage 

 Since at 4 months no branching beyond 2.0 mm diameter, number of branches between 0 

– 0.5 mm diameter, between 0.5 – 1.0 mm diameter and between 1.0 – 2.0 mm diameter were 

added together to get total number of branches observed during that period which is for both the 

locations. For Tanhril, Mizoram maximum number of branches 0 – 0.5 mm at 4 months were 
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observed with T1, T5 and T8 (each with 3 branches) which was followed by T2, T3, T4, T6, T7, 

T9, T10, T11, T12, T13, T14, T15, T16 and T17 (each had branches 2). Maximum number of 

branches of 0.5 – 1.0 mm at same time and location was observed with T3, T6, T7, T10, T11, T13, 

T14 and T15 (each with 2 branches) which was followed by T2, T4, T5, T8, T9, T12, T16, T17 

and T1 (each had branches 1).  Maximum number of branches of 1.0 – 2.0 mm at same time and 

location was observed with T11 and T15 (each with 2 branches) minimum with T2, T5, T8, T9, 

T13, T17 and T1 (which have no branch of 1.0 – 2.0 mm diameter). Maximum number of total 

branches (sum of all diameter) at same time and location was observed with T11 and T15 (each 

with 6 branches) minimum with T2, T9 and T17 (each with 3 branches). For Siripur, Odisha 

maximum number of branches 0 – 0.5 mm at 4 months was observed with T1 (each with 4 

branches) and minimum with T2, T4, T5, T6, T7, T8, T9, T10, T11, T12, T13, T14, T16 and T17 

(each had branches 2). Maximum number of branches of 0.5 – 1.0 mm at the same time and 

location was observed with T5, T7, T10, T11, T12, T14 and T15 (each with 2 branches) and 

minimum with T1 which has no root of this diameter.  Maximum number of branches of 1.0 – 2.0 

mm at same time and location was observed with T11 and T15 (each with 2 branches) and 

minimum with T2, T5, T8, T9, T13, T17 and T1 (which have no branch of 1.0 – 2.0 mm diameter). 

The trend of treatments for diameter 1.0 – 2.0 mm was similar for both the locations at this timing 

4 months. Maximum number of total branches at same time 4 months and location Siripur was 

observed with T15 (7 branches) and minimum with T2, T8, T9, T13 and T17 (each with 3 

branches).  
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    Fig. 4.9: Effect of Soil amendments and bio-inoculants on leaf width (cm) of F. semialata under 1.5 years  plantation 

 

 

 
Table 4. 9:  Leaf length (cm) affected by bio-inoculants and soil amendments at different  study locations of F. semialata seedlings 
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 Tanhril, Mizoram Siripur, Odisha 
 1 month 2 month 4 months 6 months 1 month 2 month 4 months

T1 2.2 3.9 11.1 13 2.0 3.5 10.5
T2 2.5 4.1 11.3 13.1 2.3 3.6 10.8
T3 2.7 4.3 12.0 13.4 2.6 3.8 11.2
T4 2.6 4.2 11.1 13.4 2.4 4.1 11
T5 1.8 4.2 13 13.6 1.5 4.2 9.8
T6 1.9 4.3 13.6 14.1 1.5 4.2 9.4
T7 2.6 4.3 11.4 12.6 2.2 4.3 9.0
T8 2.7 4.2 10.5 12.6 2.4 3.8 8.4
T9 2.7 4.3 8.9 13.0 2.5 4.2 8.6

T10 2.3 4.5 9.7 12.7 2.6 4.3 9.0
T11 2.6 4.2 12.2 14 2.6 4.5 9.8
T12 2.7 4.3 8.6 12.6 2.7 4.2 9.3
T13 1.7 4.5 9.3 12.6 2.0 4.3 9.4
T14 1.9 4.7 11.4 12.8 1.7 4.5 10.1
T15 2.7 4.2 14 14.6 2.3 4.0 10.2
T16 2.4 3.7 11.2 12.2 2.2 4.2 9.0
T17 2.7 3.5 10.9 11.7 2.3 4.0 9.4
SEm 0.20 0.33 0.82 1.01 0.19 0.32 0.76

CD0.05 0.40 0.66 1.67 2.04 0.38 0.64 1.53
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        Table 4.10:  Effect of Soil amendment and bio inoculants on Leaf length (cm) of F. semialata plantation 
 3 months 1.5 years 
 Tanhril, Mizoram Kushadiha, Odisha Tanhril, Mizoaram Kushadiha, Odisha 

T1 14.3 13.86 22.5bcde 22.6bcd 

T2 14.41 14.3 22.5bcde 22.7bc 
T3 14.74 14.52 22.9bcd 22.8ab 
T4 14.74 14.74 22.7bcd 23.8a 
T5 14.96 13.31 23.2abc 20.8efg 
T6 15.51 13.42 23.8ab 21.7cde 

T7 13.86 13.86 21.6cdefg 22.4bcd 

T8 13.86 13.09 21.4defg 20.6fg 
T9 14.3 13.42 22.4bcdef 21.6def 
T10 13.97 13.86 21.7cdefg 22.3bcd 
T11 15.4 14.19 23.6ab 22.6bcd 
T12 13.86 13.42 20.9efgh 21.6def 
T13 13.86 13.53 20.7fgh 21.8bcde 

T14 14.08 13.86 21.8cdefg 22.2bcd 
T15 16.06 13.75 24.7a 22.0bcd 
T16 13.42 12.98 20.5gh 20.5g 
T17 12.87 12.76 19.7h 20.5g 

SEm (±) 1.02 0.96 0.86 0.55 
CD0.05 NS NS 1.75 1.11 
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 Table.: 4 .11: Number of leaves affected by soil amendments and bio-inoculants in Flemingia  semialata under nursery conditions 

Treatments 
1 month 2 months 4 months 6 months 1 month 2 months 4 months 6 months 

Tanhril, Mizoram Siripur, Odisha 
T1 5 8 11 18 4 6 9 16 
T2 6 8 17 20 5 7 10 16 
T3 6 9 18 21 5 8 11 17 
T4 7 7 12 23 6 6 11 18 
T5 5 7 15 22 4 6 12 17 
T6 6 10 19 19 5 8 12 16 
T7 6 9 17 17 6 7 12 18 
T8 4 10 16 20 4 9 11 17 
T9 5 7 16 18 4 6 10 16 
T10 6 6 19 19 5 5 9 16 
T11 6 7 21 21 3 6 11 17 
T12 7 7 17 18 4 6 9 14 
T13 6 8 14 17 5 7 10 15 
T14 7 10 19 19 5 8 11 16 
T15 6 11 17 22 5 9 11 19 
T16 7 10 15 20 6 9 10 16 
T17 4 9 13 17 4 8 9 17 

SEm (±) 0.48 0.63 1.30 1.50 0.35 0.54 0.79 1.23 
CD 0.05 NS NS NS 3.02 NS NS NS 2.49 
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Table. 4.12: Effect of bio-inoculants and soil amendments on number of leaves  ofFlemingia semialata in plantation 
Treatments No of leaves at 3 months of plantation No of leaves at 1.5 years of plantation     

T1 24bc 20bcd 94h 86j 
T2 24bc 20bcd 97gh 88ij 
T3 22cd 18de 101fgh 92hij 
T4 23cd 19cde 107efgh 97ghij 
T5 24bc 20bcd 95h 87ij 
T6 21d 17ef 112efg 102fghi 
T7 26ab 21abc 119e 108efg 
T8 24bc 20bcd 125de 114def 
T9 27a 22ab 117ef 107efgh 

T10 18e 15fg 132cde 120cde 
T11 28a 23a 117ef 107efgh 
T12 18e 15fg 138bcd 126bcd 
T13 21d 17ef 141bcd 128bcd 
T14 15f 12h 149ab 136ab 
T15 22cd 18de 158a 144a 
T16 17ef 14gh 151ab 138ab 
T17 15f 12h 143abc 130abc 

SE (m) 1.3 1.18 7.62 7.34 
CD (0.05) 2.8 2,3 16.54 15,83 
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Fig. 4.10: Effect of bio-inoculants and soil amendments on plant height (cm) of seedlings of F. semialata in Mizoram and Odisha  
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Branching at 6 months stage 

 During 6 months observation it was found that branching have been categorised into 

diameter classes 0 – 0.5 mm, 0.5 – 1.0 mm, 1.0 – 2.0 mm and 2.0 – 5.0 mm diameter, number of 

branches of all the categories were added together to get total number of branches observed during 

that period which is used for both the locations. For Tanhril, Mizoram maximum number of 

branches 0 – 0.5 mm at 6 months were observed with T1, T2, T4, T5, T6, T7, T8, T9, T12, T13, 

T14, T16 and T17 (each with 3 branches) and minimum with T3, T10, T11 and T15 (each had 

branches 2). Maximum number of branches of 0.5 – 1.0 mm at same time and location was 

observed with T5 and T8 (each with branches with diameter 0.5 – 1.0 mm to be 3) which was 

followed by T2, T3, T4, T6, T7, T9, T10, T11, T12, T13, T14, T15, T16, T17 and T1 (each had 

branches of diameter 0.5 – 1.0 mm  to be 2).  Maximum number of branches of 1.0 – 2.0 mm at 

same time and location was observed with T11 (3) and minimum was with T5, T9, T13, T16 and 

T1 (each has 1 no branch of 2.0 – 5.0 mm diameter). Maximum number of total branches (sum of 

branches belonging to individual diameter classes) at same time and location was observed with 

T7, T8, T11, T14 and T15 (each with 9 branches) and minimum with T1, T9, T13, T16, T17 (each 

with 7 branches). For Siripur, Odisha maximum number of branches 0 – 0.5 mm at 6 months was 

observed with T1, T4, T5 and T7 (each with 4 branches) and minimum branches of 0 – 0.5 mm 

diameter was observed with T10, T13, T15 and T17 treatments (each had branches 2). Maximum 

number of branches of 0.5 – 1.0 mm at the same time and location was observed with T2, T5 and 

T8 (each with 3 branches) and minimum with T15 which has 1 root of this diameter.  Maximum 

number of branches of 1.0 – 2.0 mm at same time and location was observed with T15 (number of 

branches 3) and least number of branches of 1.0 – 2.0 mm diameter available with T1, T2, T4, T5, 

T6 T8, T9, T12, T13, T16 and T17 (each had 1 number of branch of 1.0 – 2.0 mm diameter). 
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Maximum number of branches at same time 6 months and location Siripur of diameter classes 2.0 

– 5.0 mm was observed with T15 (3 branches) which was followed by T7, T10, T11 and T14, T12 

and T14 (each had 2 branches belonging diameter class 2.0 – 5.0 mm), 1 number of branches under 

this diameter category At Siripur, Odisha at 6 months highest was observed with T1, T2, T4, T5, 

T6, T8, T9, T12, T13, T16 and T17 and minimum i.e., no branch under this diameter category at 

same location and 6 months was seen with T1, T5, T9  and T17. Maximum number of branches at 

same time 6 months and location Siripur of diameter classes 2.0 – 5.0 mm was observed with T15 

(3 branches) which was followed by T7, T10, T11 and T14, T12 and T14 (each had 2 branches 

belonging diameter class 2.0 – 5.0 mm), 1 number of branches under this diameter category at 

Siripur, Odisha at 6 months was observed with T1, T2, T4, T5, T6, T8, T9, T12, T13, T16 and T17 

and minimum i.e., no branch under this diameter category at same location and 6 months was seen 

with T1, T5, T9  and T17. The total number of branches as sum of branches obtained of all the 4 

categories for the present location and time was maximum with T7 (10 branches) and minimum 

with T17 (number of branches 5). 

At plantation 

Number of branches found to be non-significant among the treatments at 3 months and 

significant at 1.5years of plantation for both the locations. At 3 months of plantation at Tanhril 

number of branches was maximum with T2, T9 and T11 (each 9) and least with T17 (5).  At 3 

months number of branches at Kushadiha was maximum with T2, T11, T16 and T9 (each 7) least 

with T14 and T17 (each 4). For 1.5years of plantation under Tanhril number of branches was 

maximum with T15 (31) and least with T1 (20). At this same duration Kushadiha recorded 

maximum number of branches with T15 (28) and least with T1 (18). Branches at plantation were 

classified as per the diameter classes namely: < 0.5 cm, 0.5 - 1.0 cm and 1.0 – 2.0 cm. It was found 
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that at the age of 3 months of plantation branch diameter was confined to 0.5 cm for both the 

locations. However, branches were occupied to all the diameter classes mentioned above during 

1.5 years of plantation. The treatment comparisons based on number of branches per diameter 

category for both the locations have been described as below: 

Diameter class < 0.5 cm 

Number of branches belonging to diameter class < 0.5 cm was found to be non-significant 

among the treatments at 1.5 years of plantation for both the locations. For 1.5years of plantation 

under Tanhril number of branches of this category was maximum with T15 and T16 (each 8) and 

lowest with T1, T3, T6 and T7 (each 5). For this duration Kushadiha recorded maximum branches 

under this class with T12 (9) and lowest with T6 (4).   

Diameter class 0.5 – 1.0 cm 

 Number of branches belonging to diameter class 0.5 – 1.0 cm was found to be non-

significant among the treatments at 1.5years of plantation for both the locations. For 1.5years of 

plantation under Tanhril number of branches of 0.5 – 1.0 cm diameter class was maximum with 

T7 (9) which was followed by T3, T10and T15 (each 8), T2, T4, T6, T8, T9, T11, T14 and T17 

(each had 7) and the minimum observed with T1, T5, T12, T13 and T16 (each had 6). For this 

duration Kushadiha recorded maximum branches under this class with T10 (9) which was followed 

by T9, T11 and T15 (each 8), then T3, T4, T7, T8, T12, T14 and T17 (each 7) and least with T1, 

T2, T5, T6, T13 and T16 (each had 6). 

Diameter class 1.0 – 2.0 cm 



122 
 

Number of branches belonging to diameter class 1.0 – 2.0 cm was found to be non-significant 

among the treatments at 1.5years of plantation for both the locations. For 1.5years of plantation 

under Tanhril number of branches of 1.0 – 2.0 cm diameter class was maximum with T15 (15) 

which was followed by t11 (14), T4, T7, T12 and T16  (each had 12), T3 and T13 (each had 11), 

T6, t10, T14 and T17 (each had 10,  T1, T5, T12 and T13 (each had 9) and lowest was with T16 

(8). For this duration Kushadiha recorded maximum branches under this class with T15 (14) which 

was followed by T11 (12), then T16 (11), T3, T7, T10, T12 and T14 (each had 10), T4, T6, T9, 

T13 and T17 (each had 9), T2, T5  and T8 (each had 8) and lowest was with T16 (6). 

4.3.18 Branch Length 

Branch length has been presented in table 4.17 and table 4.18 described as below. 

 Brach length was dependent of nature of bio-inoculants and soil amendments with the 

prevailing environmental conditions of the locations. Significant relations were observed among 

the treatments at 4 months and 6 months for both the locations whereas the relation among 

treatments with respect to branch length was non-significant at 1 month and 2 months. At the age 

of 1 month for Tanhril, Aizawl maximum branch length was observed with T2 (2.3 cm) which was 

followed by t10  and T15 (each 1.7 cm), T16 (1.6 cm), T14 (1.5 cm), T6 and T13 (each 1.4 cm), 

T2, T3, T7, T9 and T11 (each 1.2 cm), T1, T5, T8 and T17 (each 1.1 cm) minimum was observed 

with T4 (1.0 cm). At the same time for Siripur, Odisha maximum branch length was observed with 

T16(2.0 cm) which was followed by T15 (1.7 cm), T6 (each 1.5 cm), T4, T7 and T14  (each 1.4 

cm), T5, T10 and T17 (each 1.3 cm), T2, T3, T8 and T13 (each 1.2 cm), T1, T11 and T12 (each 

1.1 cm) minimum was observed with T9 (1.0 cm). At the age of 2 months for Tanhril, Aizawl 

maximum branch length was observed with T14 (3.4 cm) which was followed  
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Table 4.13 : Effect of bio-inoculants and soil amendments on stage-wise variations in plant spread (cm) of F. semialata 
seedlings 

 1 month 2 months 4 months 6 months 
 Tanhril Siripur Tanhril Siripur Tanhril Siripur Tanhril Siripur 

T1 1.4 1.2 9.6 9.3 12.6 11.2 23.9abc 23.6 
T2 1.5 1.4 10 6.6 13.6 17.0 24.8abc 24.5 
T3 1.5 1.4 10.4 10.1 11.8 19.8 25.1abc 24.7 
T4 1.7 1.6 10.2 9.7 12.8 12.0 24.7abc 24.3 
T5 1.3 1.2 9.8 9.5 10.5 10.8 23.1abc 22.7 
T6 1.4 1.3 10.2 9.8 17.0 12.8 23.9abc 23.6 
T7 1.5 1.3 10.4 10.1 12.7 13.1 25.1abc 24.6 
T8 1.6 1.4 10.5 10.1 12.8 12.6 23.8abc 23.4 
T9 1.4 1.3 9.7 9.5 13.2 7.8 22.9bc 22.5 

T10 1.7 1.5 10.1 9.6 11.2 11.6 25.5ab 25.1 
T11 1.8 1.6 10.2 9.8 13.7 12.2 25.7a 25.4 
T12 1.5 1.4 10.3 9.7 16.3 15.6 23.2abc 22.7 
T13 1.3 1.2 9.5 9.1 12.9 12.7 22.4c 21.9 
T14 1.5 1.3 10 9.6 18.8 6.2 25.3ab 24.7 
T15 1.6 1.4 10.2 9.8 12.3 8.3 25.6ab 25.3 
T16 1.3 1.1 10.8 10.6 12.9 12.2 24.6abc 24.3 
T17 1.2 1.1 9.5 9.2 12.6 13.2 23.2abc 22.7 

SEm (±) 0.11 0.097 0.78 0,68 0.99 021. 1.38 1.51 
CD0.05 NS NS NS NS NS NS 2.76 NS 
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Table. 4.14:  Effect of bio-inoculants and soil amendments on plant spread of Flemingia semialata in plantation 

     Treatments 
            Plant Spread (m) at 3 months of plantation          Plant Spread (m) at 1.5 years of plantation 

Tanhril Kushadiha Tanhril Kushadiha 
T1 0.14 0.13 1.31f 1.13e 
T2 0.2 0.18 1.4ef 1.21de 
T3 0.24 0.21 1.52de 1.31cd 
T4 0.17 0.16 1.63cd 1.4bc 
T5 0.18 0.17 1.36ef 1.17de 
T6 0.21 0.21 1.42ef 1.22de 
T7 0.18 0.17 1.36ef 1.17de 
T8 0.2 0.18 1.52de 1.31cd 
T9 0.14 0.13 1.38ef 1.19de 
T10 0.14 0.13 1.78c 1.53b 
T11 0.17 0.15 2.15ab 1.85a 
T12 0.19 0.17 1.67cd 1.44bc 
T13 0.13 0.12 1.68cd 1.45bc 
T14 0.13 0.12 1.38ef 1.19de 
T15 0.16 0.15 2.21a 1.9a 
T16 0.17 0.15 2.1ab 1.83a 
T17 0.23 0.21 1.78c 1.57b 

SE (m) 0.04 0.02 0.11 0.087 
CD (0.05) NS NS            0.21 0.18 
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       Table 4. 15: Effect of bio-inoculants and soil amendments on number of branches produced by F. semialata seedlings 

 1  month 2 months 4 months 6 months 1  month 2 months 4 months
Tanhril, Mizoram Siripur, Odisha 

T1 0 2 5 8 0 1 5 
T2 0 3 4 9 0 2 7 
T3 0 2 5 11 0 3 8 
T4 0 3 6 10 0 2 7 
T5 0 4 7 8 0 3 5 
T6 0 5 8 7 0 5 4 
T7 0 4 6 11 0 4 5 
T8 0 3 5 10 0 2 5 
T9 0 5 8 9 0 5 5 
T10 0 4 9 11 0 3 5 
T11 0 2 5 10 0 2 5 
T12 0 3 6 9 0 2 6 
T13 0 2 5 9 0 2 7 
T14 0 5 8 11 0 4 5 
T15 0 6 6 12 0 4 4 
T16 0 3 5 8 0 2 4 
T17 0 2 7 10 0 2 5 
SEm - 0.26 0.47 0.81 - 0.22 0.46

CD0.05 - NS NS NS - NS NS 
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        Table. 4.16: Effect of bio-inoculants and soil amendments on number of branches  ofF. semialata in plantation 

Treatments No of branches at 3 months of plantation No of branches at 2 years of plantation      

    
T1 8ab 6b 20d 18f 
T2 9a 7a 22cd 19ef 
T3 8ab 6b 24bc 21cde 
T4 8ab 6b 27b 24b 
T5 8ab 6b 21cd 19ef 
T6 8ab 6b 22cd 20def 
T7 8ab 6b 24bc 22bcd 
T8 8ab 6b 22cd 20def 
T9 9a 7a 26b 23bc 
T10 8ab 6b 26b 23bc 
T11 9a 7a 26b 23bc 
T12 7bc 5c 27b 24b 
T13 7bc 5c 26b 23bc 
T14 6cd 4d 24bc 22bcd 
T15 8ab 6b 26b 23bc 
T16 6cd 7a 31a 28a 
T17 5d 4d 27b 24b 

SE (m) 0.51 0.38 6.62 6.34 
CD(0.05) 0.96 0.79 13.12 12.39 
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    Fig. 4.12:Effect of soil amendments and bio-inoculants on diameter class wise number of branches in F. semialata seedlings 
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Fig.4.13: Inducing more lac inoculation branches production by soil amendments and bioinoculants in 1.5  years F. semialata plantation 
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Table 4.17: Effects of soil amendments and bio-inoculants on branch length of F. semialata under nursery condition 

 
1 month 2 months 4 months 6 months 

Tanhril Siripur Tanhril Siripur Tanhril Siripur Tanhril Siripur 
T1 1.1 1.1 2.1 2 4.5 3.7 16.3a 14.8bbcd 
T2 1.2 1.2 2.5 2.3 5.7 4.8 14.7bc 15.6abcd 
T3 1.2 1.2 2.3 2.1 5.3 4.9 15.2abc 16.2a 
T4 1 1.4 2.1 1.9 4.3 5.2 16.1a 15.7abc 
T5 1.1 1.3 2.1 1.9 4.2 4.6 15.7ac 15.3abcd 
T6 1.4 1.5 2.8 2.6 5.8 4.7 14.7bc 14.4cd 
T7 1.2 1.4 2.9 2.7 5.8 3.7 14.6c 14.4cd 
T8 1.1 1.2 2.1 2.4 4.1 4.6 15.3abc 15.2abcd 
T9 1.2 1 1.9 1.9 3.8 4.6 15.4abc 15.2abcd 

T10 1.7 1.3 3 2.6 6.2 4.5 14.5c 16.1ab 
T11 1.2 1.1 2.2 2.4 4.2 4.4 15.7abc 15.5abccd 
T12 2.3 1.1 2.5 2.2 4.9 3.9 14.7bc 14.3d 
T13 1.4 1.2 2.9 2.5 6 4.4 15.7abc 15.4abccd 
T14 1.5 1.4 3.4 2.7 6.9 5.3 16.2a 15.7abc 
T15 1.7 1.7 2.9 3.1 5.7 6.1 15.2abc 14.8bcd 
T16 1.6 2 2.7 3.5 5.1 6.7 16ab 15.7abc 
T17 1.1 1.3 2.2 2.7 4.6 4.6 15.8abc 15.6abcd 

SEm (±) 0.13 0.10 0.19 0.18 0.38 0.36 0.67 0.65 
CD0.05 NS NS NS NS NS NS 1.36 1.34 
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     Table. 4.18:  Effect of bio-inoculants and soil amendments on branch length (cm) of Flemingia semialata in plantation 

Treatments Branch length (cm) at 3 months of plantation Branch length (cm) at 1.5 years of plantation 
Tanhril Kushadiha Tanhril Kushadiha 

T1 4.80efg 3.6 61.4e 57.99e 
T2 5.32cde 4.2 63.8de 60.26de 
T3 7.2a 5.4 64.8de 61.2de 
T4 6.8ab 5.1 65.2cde 61.58cde 
T5 5.20def 3.9 61.5e                58.08e 
T6 6.13bcd 4.6 66.8cde 63.09cde 
T7 6.27abc 4.7 67.9bcde 64.13bcde 
T8 4.27fg 3.2 72.5abcde 68.47abcde 
T9 4.27fg 3.2 73.6abcde 69.51abcde 

T10 4.13g 3.1 78.2abc 73.86abc 
T11 6.13bcd 4.6 75.9abcd 71.68abcd 
T12 4.40efg 3.3 80.6ab 76.12ab 
T13 4.00g 3 81.6a 77.07a 
T14 5.20def 3.9 83.2a 78.58a 
T15 6.8ab 5.1 85.3a 80.56a 
T16 7.07ab 5.3 82.6a 78.01a 
T17 4.00g 3.0 81.2a 76.69a 

SE (m) 0.51 0.38 6.62 6.34 
CD (0.05) 0.96 NS 13.12 12.39 
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by T10 (3.0 cm), T7, T13 and T15 (each 2.9 cm), T6 (2.8cm), T16 (2.7 cm), T2 and T12 (each 2.5 

cm), T3 (2.3 cm), T11 and T17 (each 2.2 cm), T1, T4, T5 and (each 2.1 cm) minimum was 

observed with T9 (1.9 cm). At the same time for Siripur, Odisha maximum branch length was 

observed with T16 (3.5 cm) which was followed by T15 (3.1 cm), T7, T14 and T17 (each 2.7 cm), 

T6 and T10 (each 2.6 cm), T13 (2.5 cm), T8 and T11 (each 2.4 cm), T2 (2.3 cm), T12 (2.2 cm), 

T3 (2.1 cm), T1 (2.0 cm), T1 (2.0 cm) and minimum was observed with T4, T5 and T9 as 1.9 cm. 

At the age of 4 months for Tanhril, Aizawl maximum branch length was observed with T14 and 

T10 (each 6.9 cm) which was followed by T13 (6.0 cm), T6 and T7 (each 5.8 cm), T2 and T15 

(each 5.7 cm), T3 (5.3 cm), T16 (5.1 cm), T12, T1 and T17 (each 4.6 cm), T4 (4.3 cm), T5 and 

T11 (each 4.2 cm), T8 (4.1 cm) and minimum with T9 (3.8 cm). At the age of 4 months  at Siripur, 

Odisha maximum branch length was observed with T15 (6.7 cm) which was followed by T16 (6.1 

cm), T14 (5.3 cm), T4 (5.2 cm), T3 (4.9 cm), T2 (4.8 cm), T6 (4.7 cm), T5, T8, T9 and T17 (each 

4.6 cm), T11 and T13 (each 4.4 cm), T12 (3.9 cm) and minimum with T1 and T7 (each 3.7 cm). 

At the age of 6 months for Tanhril, Aizawl maximum branch length was observed with T10 (16.3 

cm) which was followed by T14 (16.2 cm), T4 (16.1 cm), T16 (16.0 cm) which was followed by 

T17 (15.8 cm), T5, T13 and T11 (each 15.7 cm), T9 (15.4 cm), T8 ( 15.3 cm), T3 and T15 (each 

15.2 cm), T2, T6 and T12 (each 14.7 cm), T7 (14.6 cm) and minimum with T1 (14.5 cm). At the 

age of 6 months  at Siripur, Odisha maximum branch length was observed with T3 (16.2 cm) which 

was followed by T10 (16.1 cm), T4, T14 and T16 (each 15.7 cm), T2 and T17 (each 15.6 cm), T11 

(15.5 cm), T13 (15.4 cm), T5 (15.3 cm), T8 and T9 (each 15.2 cm), T1 and T15 (each 14.8cm), 

T6 and T7 (each 14.4 cm) and minimum with T12 (14.3 cm). The at par groups among the 

treatments for branch length at 6 months ob observation of study at Tanhril, Aizawl are: among 

T10, T14, T4, T16, T17, T5, T13, T11, T9, T8 and T15, among T16, T17, T5, T13, T11, T9, T8, 
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T15, T2, T6 and T12 and among T17, T5, T13, T11, T9, T8, T15, T2, T6, T12, T7 and T1. The at 

par groups among treatments at 6 months are: among T3, T10, T4, T14, T16, T2, T17, T11, T13, 

T5, T8 and T9, among T10, T4, T14, T16, T2, T17, T11, T13, T5, T8, T9, T1 and T15, among T4, 

T14, T16, T2, T17, T11, T13, T5, T8, T9, T1, T15, T6 and T7 and among  T2, T17, T11, T13, T5, 

T8, T9, T1, T15, T6, T7 and T12. 

Under plantation 

The relations among the treatments for branch length found to be varying significantly at 

1.5 years for both locations and at 3 months of plantation for Tanhril only, at 3 months treatments 

were non-significant at Kushadiha. At 3 months of plantation at Tanhril branch length was 

maximum with T3 (7.2 cm) which was followed by T16 (7.07 cm), T4 (6.8 cm), T15 (6.8 cm), T7 

(6.27 cm), T6 (6.13 cm), T11 (6.13 cm), T2 (5.32 cm), T5 (5.2 cm), T14 (5.2 cm), T1 (4.8 cm), 

T12 (4.4 cm), T8 and T9 (each 4.27 cm), T10 (4.13) and minimum withT13 and T17 (each 4 cm).  

For this position and location the at par relations were existing among the treatments were: among 

T3, T16, T4, T15 and T7, among T16, T4, T15, T7, T6 and T11, among T7, T6, T11 and T2, 

among T6, T11, T2, T5 and T14, among T2, T5, T14, T1 and T12, among T15, T7, T6, T11, T2, 

T5, T14, T1, T12, T8 and T9 and among T1, T12, T8, T9, T10, T13 and T17. At 3 months leaf 

length at Kushadiha was maximum with T3 (5.4 cm) which was followed by T16 (5.3 cm), T4 and 

T15 (each 5.1 cm), T7 (4.7 cm), T6 and T11 (each 4.6 cm), T2 (4.2 cm), T5 and T14 (each 3.9 

cm), T1 (3.6 cm), T12 (3.3 cm), T8 and T9 (each 3.2 cm), T10 (3.1 cm) minimum with T13 and 

T17 (each 3.0 cm). For 1.5years of plantation under Tanhril leaf length was maximum with T15 

(85.3 cm) which was followed by T14 (83.2 cm), T16 (82.6 cm), T13 (81.6 cm), T17 (81.2 cm), 

T12 (80.6 cm), T10 (78.2 cm), T11 (75.9 cm), T9 (73.6 cm), T8 (72.5 cm), T7 (67.9 cm), T6 (66.8 

cm), T4 (65.2 cm), T3 (64.8 cm), T2 (63.8 cm), T5 (61.5 cm) and least with T1 (61.4 cm). The 
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non-significant groups of treatments were observed for this location were: among  T15, T14, T16, 

T13, T17, T12, T10, T11, T9 and T8, among T12, T10, T11, T9, T8 and T7, among T10, T11, T9, 

T8, T7, T6 and T4,  among , T11, T9, T8, T7, T6, T4, T3 and T2 and among T9, T8, T7, T6, T4, 

T3, T2, T5 and T1. At 1.5years of plantation in Kushadiha maximum was observed with T15 

(80.56 cm) which was followed by T14 (78.58 cm), T16 (78.01 cm), T13 (77.07 cm), T17 (76.69 

cm), T12 (76.12 cm), T10 (73.86 cm), T11 (71.68 cm), T9 (69.51 cm), T8 (68.47 cm), T7 (64.13 

cm), T6 (63.09 cm), T4 (61.58 cm), T3 (61.2 cm), T2 (60.26 cm), T5 (58.08 cm) and least with T1 

(57.99 cm). For this position and location the at par relations were existing among the treatments 

were: Among T15, T14, T16, T13, T17, T12, T10, T11, T9 and T8, between T6 and T4, between 

T3 and T2 and between T5 and T1. 

4.3.19 Fresh Biomass of Shoot and root  

Fresh biomass of shoot 

 Fresh biomass accumulation of shoot and root (Table 4.19 and table 4.20 ) have been 

observed to be varying with age and location studied did not follow and specific trend. Significant 

relations were existing among the treatments with respect to fresh biomass of shoot and root for 

both the locations at 4 months and 6 months stages. At 1 and 2 months treatments observed to be 

related non-significantly for both the locations. Stage-wise treatments were compared for both the 

locations for fresh biomass accumulations in shoot and root and these were described stage-wise 

separately. 

Shoot fresh biomass at 1 month stage 

 During the beginning of growth (1 month) plants could not respond to higher treatments 

doses hence the biomass accumulation was better at substantial dose of amendment addition with  
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T able 4.19: Effect of bio-inoculants and soil amendments on biomass accumulation (g) of F. semialata under seedlings (6 months)  
Fresh biomass of root (g) Fresh biomass of shoot (g) Dry biomass of root (g) Dry biomass shoot (g) 

 Tanhril Siripur Tanhril Siripur Tanhril Siripur Tanhril Siripur 
T1 4.300 4.000 15.90 10.82 2.21 0.71 6.07 6.2 
T2 4.800 4.200 16.40 13.84 2.38 0.81 6.25 6.4 
T3 5.100 4.800 17.20 15.62 2.76 0.89 7.12 6.71 
T4 4.900 4.700 18.60 16.26 2.54 0.82 6.68 6.47 
T5 5.200 5.000 20.30 19.32 2.76 0.89 6.68 6.36 
T6 5.700 5.300 21.40 20.14 3.04 0.95 7.42 7.18 
T7 5.900 5.000 20.30 19.72 3.18 1.01 8.14 7.92 
T8 6.100 5.700 23.20 23.43 3.34 0.97 7.27 7.1 
T9 5.600 5.200 24.80 23.71 3.12 1.02 6.72 6.55 

T10 5.300 4.900 25.80 23.53 2.96 1.00 7.85 7.72 
T11 5.700 5.200 26.40 24.82 3.08 1.10 8.15 7.96 
T12 5.800 5.300 28.70 24.63 3.18 1.00 7.42 7.29 
T13 5.500 5.200 29.10 25.55 3.07 0.89 7.85 6.67 
T14 6.800 6.200 27.40 26.42 3.76 1.08 8.12 7.96 
T15 6.400 6.000 27.60 24.56 3.48 1.04 7.96 7.8 
T16 5.200 4.900 24.78 23.75 2.67 1.06 7.35 7.29 
T17 4.900 4.500 20.72 22.42 2.58 0.85 6.65 6.51 
SEm 0.250 0.282 5.462 1.472 0.233 0.254 0.565 0.549 

  CD0.05 NS NS NS 1.001 NS NS NS 1.110 
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bio-inoculation (T15) at both the locations minimum was with control without any treatment 

addition (T1). The order of biomass accumulation at Tanhril, Mizoram was T15 (0.19 g) followed 

by T16 and T11 (each 0.18 g), T10 (0.17 g), T9 and T13 (each 0.16 g), T5, T112 and T17 (each 

0.15 g), T6, T8 and t14 (each 0.13 g), T4 and T7 (each 0.12 g), T2 and T3 (each 0.11 g) and T17 

(0.10g). Order of treatment response at Siripur, Odisha was T15 (0.18 g) which was followed by 

T14 and T16 (each 0.15 g), T10 and T13 (each 0.14 g), T9, T11, T12 and T17 (each 0.13 g), T8 

(0.12 g), T7 (0.1 g), T5 and T6 (each 0.08 g), T4 (0.07 g), T2 and T3 (0.06 g) and minimum with 

T1 (0.05 g). 

Shoot fresh biomass at 2 months stage 

 During the 2 months observation of seedlings it could observe that seedlings responded to 

more treatments doses hence the biomass accumulation was better at moderate dose of amendment 

addition with bio-inoculation (T16) minimum was however not common for both the locations. 

The order of biomass accumulation at Tanhril, Mizoram was T16 (0.432 g) followed by T11 (0.39 

g), T4 and T11 (each 0.37 g), T3 and T7 (each 0.34 g), T6, T12 and T15 (each 0.32 g), T113 (0.28 

g), T2 (0.27 g), T1 (0.26g), T5 and T17 (each 0.25 g), T8 and T14 (0.24g) and minimum with T9 

(0.23 g). Order of treatment response at Siripur, Odisha was T16 (0.41 g) which was followed by 

T12 (0.38 g), T8, T11 and T15 (each 0.37 g), T4 (0.36 g), T3 and  T7 (each 0.35 g), T6, T10 and 

T14 (each 0.31 g), T2 (0.27 g), T9 and T13 (each 0.26 g), T17 (0.24 g), T5 (0.23 g) and minimum 

with T1 (0.21 g). 

Shoot fresh biomass at 4 months stage 

 During the stage of 4 months could not respond to higher treatments doses in case of 

Siripur, Odisha however higher doses responded well like that of 2 months for Tanhril, Mizoram  
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Table 4.20: Effect of bio-inoculants and soil amendments on fresh and dry biomass of root and shoot of F. semialata plantation (1.5 years)  
Treatment

s 
Fresh Biomass of root (g) Fresh Biomass of shoot (g) Dry Biomass of root (g) Dry Biomass of shoot (g) 
Tanhril Kushadiha Tanhril Kushadiha Tanhril Kushadiha Tanhril Kushadiha 

T1 246.21 219.69 615.23 545.82 125.46 112.72 270.6 246.57 
T2 272.58 243.22 638.37 566.35 138.72 124.63 280.72 255.79 
T3 286.14 255.32 704.71 625.21 145.86 131.05 309.76 282.25 
T4 302.23 269.68 726.54 644.58 154.02 138.38 319.44 291.07 
T5 258.24 230.43 624.21 553.79 131.58 118.22 274.56 250.18 
T6 302.11 269.57 698.08 619.33 154.02 138.38 307.12 279.84 
T7 256.65 229.01 728.24 646.09 130.56 117.30 320.32 291.87 
T8 281.32 251.02 786.18 697.49 143.31 128.76 345.84 315.13 
T9 263.12 234.78 638.24 566.24 134.13 120.51 280.72 255.79 
T10 286.45 255.60 738.27 654.98 145.86 131.05 324.72 295.88 
T11 342.13 305.28 806.02 715.09 174.42 156.71 354.64 323.14 
T12 364.24 325.01 842.30 747.28 185.64 166.79 370.48 337.58 
T13 286.14 255.32 718.27 637.24 145.86 131.05 315.92 287.86 
T14 351.27 313.43 796.62 706.75 179.01 160.83 350.24 319.13 
T15 380.12 339.18 883.43 783.77 193.8 174.12 388.52 354.02 
T16 344.23 307.15 920.21 816.40 175.44 157.63 404.8 368.85 
T17 318.31 284.02 738.32 655.03 162.18 145.71 324.72 295.88 

SEm (±) 20.980 18.720 50.204 44.541 10.692 9.606 21.570 20.119 

CD0.05 42.400 37.833 101.463 90.017 21.608 19.414 43.593 40.661 
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site hence shoot biomass accumulation was better at substantial dose of amendment addition 

with bio-inoculation (T15) at former one and latter has highest at T16. Minimum was with 

control without any treatment addition (T1) for both the locations. The order of biomass 

accumulation at Tanhril, Mizoram was T16 (7.47 g) followed by T17 (each 7.02 g), T11 (6.76 

g), T12 (6.66 g), T15 (6.61 g), T10 (6.51 g), T15 (6.33 g), T13 (6.02 g), T8 (5.11 g), T9 (5.04 

g), T7 (4.37 g), T6 (3.75 g), T5 (3.54 g), T3 (3.36 g), T2 (3.2 g), T4 (3.16 g) and minimum 

with T1 (2.76 g). Order of treatment response at Siripur, Odisha was T15 (8.83 g) which was 

followed by T14 (7.88 g), T13 (7.12 g), T16 (6.92 g), T10 (6.48 g), T11 (6.32g), T12 (6.24 g), 

T8 (5.68 g), T17 (5.64 g), T7 (5.36 g), T9 (5.24 g), T6 (4.48 g), T3 (3.83 g), T5 (3.68 g), T4 

(3.12 g), T2 (2.72 g)and minimum with T1 (2.32 g). 

Shoot fresh biomass at 6 months stage 

 During the 6 months stage of growth plants it was observed that seedlings did not 

respond to soil amendments when given bio-inoculation of Rhizobium in caseof Tanhril, 

Mizoram and  Rhizobium + Mycorrhizae in Siripur, Odisha. Thus shoot biomass accumulation 

was highest at T13 at former and T14 at both latter location minimum was with control without 

any treatment addition (T1) for both the locations. The order of biomass accumulation at 

Tanhril, Mizoram was T13 (29.1 g) followed by T12 (28.7 g), T15 (27.6 g), T14 (27.4 g), T11 

(26.4 g), T10 (25.8 g), T9 (24.8 g), T16 (24.7 g), T8 (24.2 g), T6 (21.4 g), T17 (20.7 g), T5 and 

T7 (both 20.3 g), T4 (18.6 g), T3 (17.2 g),  T2 (16.4 g) and minimum with T1 (15.9 g). Order 

of treatment response at Siripur, Odisha was T14 (26.42 g) which was followed by T13 (25.55 

g), T11 (24.82 g), T12 (24.63 g), T15 (24.56 g), T16 (23.75 g), T9 (23.71 g), T10  (23.53 g), 

T8 (23.43 g), T17 (22.42 g), T6 (20.14 g), T7 (19.72 g) and T5 (19.32 g), T4 (16.26 g), T3 

(15.62, T2 (13.84 g) and minimum with T1 (12.8 g). At par groups for 6 months at Tanhril 

were relations among  T13, T12, T15, T14, T11 and T10, among T15, T14, T11, T10, T9 and 

T16, among T11, T10, T9, T16 and T8, among  T9, T16, T8, T6, T17, T5, and T7, among T6, 
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T17, T5, T7 and T4, among T17, T5, T7, T4 and T3, among T4, T3, T2 and T1. At par groups 

for 6 months at Siripur were relations among T14, T13, T11, T12, T15, T16, T9, T10 and T8, 

among T11, T12, T15, T16, T9, T10, T8 and T17, among  T10, T8, T17 and T6, among T17, 

T6, T7 and T5, between T5 and T4, among T4, T3 and T2, among T3, T2 and T1. 

Fresh biomass of root  

 1 month stage 

 During the beginning of growth (1 month) plant roots could not respond to any dose of  

amendment addition nor bio-inoculation except manure addition for both the locations hence 

maximum was with T2 for both the locations addition of these led to less root biomass 

accumulation at the beginning with minimum T16 at former location and T17 for latter 

location. The order of fresh root biomass accumulation at Tanhril, Mizoram was T2 (0.068 g) 

followed by T14 (each 0.034 g), T12 (0.033 g), T7 and T4 (0.031 g), T6, T8 and T14 (each 

0.03 g), T3 (0.028 g), T9 and T11 and T13 (each 0.027 g), T10 (0.026 g) and least with T1, T5, 

T16 and T17 (0.024 g). Order of treatment response at Siripur, Odisha was T2 (0.081 g) 

followed by T1 (0.077 g), T4 (0.035 g), T7 (0.034 g), T11 (0.033 g), T3, T8 and T12 (each 

0.032 g), T15 (0.031 g), T14 (0.029 g), T16 (0.028 g), T10 (0.027 g), T13 (0.026 g), T5, T9 

and T6 (each 0.024 g) and least with T17 (0.023 g). 

2 months stage 

 During the 2 months observation of seedlings it could observe that seedlings responded 

to more treatments doses hence the biomass accumulation was better at moderate dose of 

amendment addition with bio-inoculation like the effect on fresh shoot biomass (T16) 

minimum was with control (T1) for both the locations. The order of biomass accumulation at 

Tanhril, Mizoram was T16 (0.128 g) followed by T4 (0.107 g), T6 and T7 (each 0.0.10 g), T3 
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(0.098 g), T15 (0.093 g), T13 (0.092 g), T11 and T14 (each 0.085 g), T5 (0.08 g), T8, T10 and 

T12 (each 0.078 g), T2 and T9 (0.073 g), T17 (0.07 g) and minimum with T1 (0.065 g). Order 

of treatment response at Siripur, Odisha was T16 (0.03 g) which was followed by T15 (0.273 

g), T7 (0.11 g), T11 (0.10 g), T13 (0.099 g), T6 (0.098 g), T3 (0.095 g), T12 (0.092 g), T4 

(0.085 g), T5 and T10 (each 0.08 g), T8, T9 and T17 (each 0.07 g), T2 (0.0.068 g), T14 (0.063 

g) and minimum with T1 (0.06 g). 

4 months stage 

 During the stage of 4 months treatments responded to higher treatment doses for both 

the locations for parameter fresh root biomass which made maximum to be with T17 whereas 

treatments harmful interaction was dependent of locations which thereby made minimum to be 

different for both the locations. The order of root biomass accumulation at Tanhril, Mizoram 

at 4 months was T17 (2.57 g) followed by T16 (2.478 g), T7 (2.343 g), T11 (2.318 g), T15 

(2.008 g), T10 (1.975 g), T9 (1.843 g), T13 (1.598 g), T14 (1.258 g), T3 (1.08 g), T2 (0.985 

g), T6 (0.823 g), T1 and T4 (0.725 g), T8 (0.51 g), and minimum with T12 and T5 (each 2.76 

g). Order of treatment response at Siripur, Odisha was T17 (2.205 g) which was followed by 

T16 (2.09 g), T11 (1.995 g), T7 (1.943 g), T15 (1.715 g), T10 (1.643 g), T9  (1.448 g), T13 

(1.418 g), T2 (1.275 g), T3 (1.175 g), T14 (1.03 g), T8 (0.838 g), T5 (0.81 g), T4 (0.8 g), T6 

(0.685 g), T1 (0.60 g) and minimum with T12 (0.59 g). 

6 months stage 

 During the 6 months stage of growth plants it was observed that seedlings root fresh 

biomass accumulation did not respond to soil amendments when it had availed combined bio-

inoculation of Rhizobium and mycorrhizaefor both the locations. Thus, root biomass 

accumulation was highest with T14 at both the locations. The minimum was dependent of 

locations. The order of biomass accumulation at Tanhril, Mizoram was T14 (6.80 g) followed 
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by T15 (6.30 g), T8 (6.08 g), T7 (5.93 g), T11 (5.78 g), T12 (5.73 g), T13 (5.63 g), T6 (5.53 

g), T9 (5.45 g), T5 and T16 (each 5.15 g), T3 (5.13 g), T17 (4.93 g), T4 (4.88 g), T2 (4.85 g),  

T1 (4.23 g) and minimum with T10 (3.98 g). Order of treatment response at Siripur, Odisha 

was T14 (6.1 g) which was followed by T15 (6.0 g), T8 (5.65 g), T6 (5.23 g), T9, T12 and T13 

(5.15 g), T5 (5.1 g), T16 (5.05 g), T11 (5.03 g), T7 (5.0 g), T10 (4.80 g), T17 (4.63 g), T3 (4.60 

g), T4 (4.53 g), T2 (4.15 g) and minimum with T1 (3.75 g). Among the treatments at par 

treatment groups for Tanhril , Aizawl are: among T15, T8 and T7, among T8, T7, T11 and 

T12, among T7, T11, T12, T13 and T16, among T11, T12, T13, T16 and T9, among T6, T9, 

T5, T16 and T3, among T5, T16, T3, T17, T4 and T2, among T1 and T10. Among the 

treatments at par treatment groups for Siripur, Odisha are: among T14, T15 and T8, between 

T8 and T6, among T6, T9, T12, T13, T5, T16, T11, T7 and T10, among T5, T16, T11, T7, 

T10, T17, T3 and T4, among T3, T4 and T2 and between T2 and T1. 

4.3.20 Dry biomass of Shoot and Root 

 The treatments compared oven dry biomass of shoot and root (Table 4.19 and table 

4.20) for both the locations Tanhril, Aizawl and Siripur, Odisha were observed to be non-

significant for all the stages of observation (Table   ). Shoot dry biomass of course maximum 

at T11, dry biomass of root was maximum with T15 showing that bio-inoculants and 

amendments make biomass accumulation to be less dense than un-inoculated counterparts. Dry 

biomass of shoot at Tanhril, Aizawl at 6 months was maximum with T1 (15.07 g) which was 

followed by T13 (14.62 g), T14 (14.50 g), T15 (14.27 g), T12 (12.78 g), T16 (12.12 g), T11 

(10.87 g), T10 (9.85 g), T17 (9.75 g), T9 (9.27 g), T8 (8.12 g), T6 (7.84 g), T7 (7.68 g), T5 

(7.12 g), T3 (6.68 g), T4 (6.25 g) and minimum with T2 (6.07 g). Dry biomass of shoot at 

Siripur,  Odisha at 6 months was maximum with T14 (13.91 g) which was followed by T13 

(13.72 g), T15 (12.98 g), T12 (12.33 g), T16 (12.31 g), T11 (11.24 g), T17 (10.78 g), T10 (9.91 

g), T9 (9.26 g), T7 (7.58 g), T6 (7.52 g), T4 (7.27 g), T5 (7.24 g), T8 (7.23 g), T3 (6.71 g), T2 
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(5.52 g) and minimum with T1 (4.64 g). Dry biomass of shoot at Tanhril, Aizawl at 6 months 

was maximum with T15 (3.76 g) which was followed by T8 (3.48 g), T7 (3.34 g), T12 and T9 

(each 3.18g), T11 (3.12 g), T13 (3.08 g), T6 (3.07 g), T10 (3.04 g), T3 (2.96 g), T5 and T16 

(each 2.76 g), T17 (2.67 g), T4 (2.58 g), T2 (2.54 g), T1 (2.38 g) and minimum with T14 (2.21 

g). Dry biomass of shoot at Siripur,  Odisha at 6 months was maximum with T14 (3.52 g) which 

was followed by T10 (3.45 g), T15 (3.41 g), T9 (3.29 g), T8 (3.18 g), T6 (3.12 g), T12 (2.89 

g), T5 (2.83 g), T7 (2.82 g), T11 (2.73 g), T13 (2.72 g), T16 (2.69 g), T4 (2.61 g), T17 (2.48 

g), T3 (2.43 g), T2 (2.12 g) and minimum with T1 (2.02 g). 

4.3.21 Root shoot ratio 

Nursery condition 6 months 

Significant relation was observed among the treatments for both the locations with respect to 

dry root to shoot biomass ratio (Table 4.21) whereas fresh root to shoot fresh biomass ratio was 

significant for Tanhril where as for Siripur the treatment comparison found to be non-

significant. The maximum value for fresh root to shoot biomass ratio at Tanhril as maximum 

for T3 (0.3) and followed by T2 (0.29), T7 (0.29), T1 (0.27), T6 (0.27), T4 (0.26), T5 (0.26), 

T8 (0.26), T14 
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4. 21: Effect of bio-inoculants and soil amendments on root:  shoot ratio of Flemingia semialata under nursery conditions and plantations. 

 Root to shoot fresh 
biomass 

Root to shoot dry biomass Root length to shoot length Root spread to shoot spread 

 6 month nursery 6 month nursery 6 month nursery 6 month nursery 1.5 years old plantation 
 Tanhril Siripur Tanhril Siripur Tanhril Siripur Tanhril    Siripur Tanhril Kushadiha 

T1 0.27 0.37 0.62 0.41 0.84 1.02 0.34 0.33 0.56 0.60 
T2 0.29 0.30 0.51 0.44 0.86 0.86 0.34 0.25 0.56 0.45 
T3 0.30 0.31 0.55 0.45 0.82 0.84 0.34 0.29 0.47 0.47 
T4 0.26 0.29 0.56 0.45 0.84 0.78 0.28 0.25 0.45 0.45 
T5 0.26 0.26 0.56 0.48 0.9 0.83 0.32 0.41 0.48 0.49 
T6 0.27 0.26 0.55 0.47 0.77 0.89 0.33 0.4 0.45 0.45 
T7 0.29 0.25 0.52 0.44 0.66 1.05 0.31 0.38 0.45 0.45 
T8 0.26 0.24 0.56 0.51 0.63 0.90 0.36 0.42 0.45 0.47 
T9 0.23 0.22 0.62 0.5 0.65 0.75 0.4 0.41 0.45 0.45 

T10 0.21 0.21 0.52 0.41 0.59 0.80 0.41 0.37 0.46 0.47 
T11 0.22 0.21 0.86 0.42 0.6 0.80 0.4 0.37 0.52 0.50 
T12 0.20 0.22 0.56 0.47 0.67 0.77 0.41 0.41 0.49 0.47 
T13 0.19 0.20 0.47 0.49 0.74 0.88 0.44 0.4 0.45 0.45 
T14 0.25 0.23 0.61 0.5 0.68 0.82 0.4 0.38 0.47 0.49 
T15 0.23 0.24 0.58 0.48 0.69 0.83 0.38 0.4 0.46 0.48 
T16 0.21 0.21 0.84 0.42 0.65 0.82 0.34 0.4 0.45 0.46 
T17 0.24 0.20 0.56 0.44 0.64 0.89 0.39 0.4 0.44 0.48 
SEm 0.02 0.02 0.03 0.04 0.72 0.85 0.03 0.03         0.031 0.031 
CD0.05 0.04 0.04 0.06 0.07 0.11 0.14 0.06 0.06         0.063          0.062 
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(0.25), T17 (0.24), T9 (0.23), T15 (0.23), T11 (0.22), T10 (0.21), T16 (0.21), T12 (0.2), the least 

was observed by T13 (0.19). The non-significant groups observed to be among T3, T2, T7, T1T6 

and T4. The maximum value for fresh root to shoot biomass ratio at Siripur as maximum for T16 

(0.35), T3 (0.31), T2 (0.3), T4 (0.29), T5 (0.26), T6 (0.26), T1 (0.25), T7 (0.25), T8 (0.24), T15 

(0.24), T14 (0.23), T9 (0.22), T12 (0.22), T10 (0.21), T11 (0.21), T13 (0.2), T17 (0.2). 

 The maximum value for dry root to shoot biomass ratio at Tanhril as maximum with T11 

(0.86) which was followed by T16 (0.84), T1 (0.62), T9 (0.62), T14 (0.61), T15 (0.58), T4 (0.56), 

T5 (0.56), T8 (0.56), T12 (0.56), T17 (0.56), T3 (0.55), T6 (0.55), T7 (0.52), T10 (0.52), T2 (0.51) 

and least with T13 (0.47). The non-significant groups observed to be among 

T8, T9, T14, T13, T5, T15, T6, T12 T3 and T4, among T9, T14, T13, T5, T15, T6, T12 T3, T4, 

T2, T7and  T17, among T5, T15, T6, T12 T3, T4, T2, T7 and T17, among T15, T6, T12 T3, T4, 

T2, T7, T17, T11 and T16, and T12 T3, T4, T2, T7, T17, T11,  T16, T1 and T10. The maximum 

value for dry root to shoot biomass ratio at Siripur as maximum for T8 (0.51) which was followed 

by T9 (0.5), T14 (0.5), T13 (0.49), T5 (0.48), T15 (0.48), T6 (0.47), T12 (0.47), T3 (0.45), T4 

(0.45), T2 (0.44), T7 (0.44), T17 (0.44), T11 (0.42), T16 (0.42), T1 (0.41) and least with T10 

(0.41).. The non-significant groups observed for this location to be among  T8, T9, T14, T13, T5, 

T15, T6, T12 T3 and T4, among T9, T14, T13, T5, T15, T6, T12 T3, T4, T2, T7and  T17, among 

T5, T15, T6, T12 T3, T4, T2, T7 and T17, among T15, T6, T12 T3, T4, T2, T7, T17, T11 and T16, 

and among T12 T3, T4, T2, T7, T17, T11,  T16, T1 and T10. 
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Fig. 3.14 Root architectural pattern of F. semialata 
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4.3.22 Root architecture 

 Fig. 4.14 represents root architectural diagram of Flemingia semialata plant under field 

condition which has been drawn as per the procedure mentioned in methodology. It is to mention 

here that the texture or architecture of the root system was found to be  independent of location 

and treatments of course very negligible and non-significant variation marked over angle of root 

emergence, the variation marked over number of fine rootlets which was beyond the objective of 

the diagram since it was to acquaint with architecture and to find out whether any variation marked 

between locations or among treatments with respect to texture of the root system, but not to 

quantify number of fine rootlets which has been presented in table.separately. Hence, the figure 

represents general architectural diagram for Flemingia semialata plant as observed under the 

present investigations.    

4.4 Discussion 

4.4.1 Number of primary and lateral roots 

 During initial stage of observation i.e., 1 month, T11 in Tanhril, Mizoram and T3 at Siripur, 

Odisha produced maximum number of rootlets. The reason may be needful to operate the system. 

Both the cases reported no role of Rhizobium at that position. However indigenous mycorrizae 

population might be more in Mizoram soil due to rich forest area compared to that of Odisha which 

made inoculated mycorrizae to function faster in former soil thereby made maximum in T11, but 

latter fertilisers only which made highest with T3 (FYM + N1P1K1) but high fertilisation harmful 

for rootlets emergence. Slow performance of induced bio-inoculants was very much clear and 

initial root emergence was due to fertilisation only. Further, slow performance of Rhizobium in 

both the study locations, prior to its performance good mycorrhizaal population along with high 
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fertilisation dose performed better to induce lateral root formation when Rhizobium performance 

was not effective found to be very clear. Further, no tertiary root observed at initial period. It shows 

that initial starter doses needed for nodulation before Rhizobium proved its role for minute rootlets 

production. High dose of fertilisation more harmful for Rhizobium than mycorrhizae and harmful 

for fine roots than coarse roots emergence it was too got clear. It also made very clear that 

Rhizobium performance was following mycorrhizal performance. Gradually their compatibility 

made new root emergence faster with substantial or intermediate dose of fertilisation which 

thereby made T15 or substantial dose of fertilisation along with both the bio-inoculants application 

produced maximum number of rootlets production. Further low temperature during 4 months 

observation in Mizoram made less mycorrhizal performance, thus Rhizobium along with 

fertilisation or T8 gave maximum number of  rootlets production in Tanhril at 4 months sampling. 

In all the cases either no dose (T1) or over dose of fertilisation with bio-inoculants (T17) performed 

minimum number of rootlets emergence. Chen et al., 2014 observed decreased performance of 

mycorrhizal colonisation and host performance with low temparture compared to ambient 

temperature in Zea mays L. Bunn et al. (2009) studied a growth benefit of AMF under elevated 

temperature, he concluded it is more useful to thermophilic plant species. Further, study made by 

previous researchers on effect of different mycorrhizal species and isolates may also respond 

differently to temperature and precipitation variation (Davies et al., 2002; Ortiz et al., 2015) is 

very important to corroborate the present findings. Costa et al., 2002 has revealed that root length 

and root surface area were increased under intermediate N levels and that root growth was reduced 

under both higher and lower fertilization levels. 

Role of phosphorus in root branching has been described by Lopez et al., 2003. They also 

revealed N availability has significant effects on root elongation (Lopez et al., 2003) and root 
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branching. Seedlings generally produce main root from seed, which then give rise to laterals and 

subsequent laterals (Rose, 1983). Dutta, 1980; Rose, 1983 and Klepper, 1991 revealed single 

primary root or dominant tap-rooting system as key feature of dicotyledonous angiosperms. 

Kostler et al. (1968) reported it with Silver fir (Abies alba) and Scots pine (Pinus sylvestris). Better 

root penetration during summer and comparatively lesser growth of laterals during late monsoon 

months due to sufficient moisture in surface soil contributing to near anaerobic soil conditions 

thereby making the tap root indistinguishable (Drew and Lynch, 1980) dying of main axis and 

better development of laterals to take over its function which changes its direction and (Rose, 1983; 

Fitter, 1991). Klepper (1991) who reported that development of roots during early winter when 

shoot growth remains stunted, 

 The varied number of roots with season be explained to be due to genetic behaviour and 

age of plants (Kostler et al., 1968) as well as due to changes of physical conditions of soil with 

time of observation (Pomerleau and Lotie, 1962). 

 

 

4.4.2 Root length 

Root length has been measured cumulatively under nursery conditions for both the site. Of 

course there was not any remarkable difference marked over 1st three samplings the 6 months 

sampling marked the difference for both the locations. The behaviour of extraneous nutrient 

addition either from chemical or biological sources has different response on Flemingia semialata 

plant on root length compared to number of new roots emergence as discussed earlier. For both 

the locations at 3 months and for Tanhril at 6 months root length was found to be maximum with 
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T15 i.e., both the bio-inoculants along with substantial doses of fertilisers. For both 2 and 4 months 

at Tanhril maximum root length recorded at T17 i.e., FYM + both bio-inoculation along with 

maximum dose of fertilisation and for both the timings at Siripur maximum was respectively 

recorded with T8 (FYM + Rhizobium and maximum fertilisation) and T7 (FYM + Rhizobium and 

moderate fertilisation). It seems mycorrhizeae might was more active in case of Tanhril, Mizoram 

compared to Siripur, Odisha. The possible reason as discussed earlier to be high indigenous 

mycorrhizal population in Mizoram soil than that of Odisha due to rich forest area and less 

anthropogenic interference in former than latter which made maximum root length with my 

corrhizal treatment throughout the experimentation. In case of Siripur the quantum of mycorrhizal 

inoculation might have become able to support the initial (1 month) root development but could 

not be functional enough to support root development in successive stages thus maximum root 

length during successive samplings became associated with Rhizobial inoculation with mild/ high 

fertilisation. Wilcox, 1962 has observed similar difference in growth rate of root of and root 

systems with the time of observations in incense cedar. The rate of expansion of root systems to 

be increasing due to insufficient water and nutrients flow to them. However, Song, et al., 2010 has 

found the combined application of N and P had increased root surface area, root length, and root-

shoot mass. Treatments of biofertilisers (Mykovam + Biocore), Mykovam is soil inoculant 

containing spores and mycorrhizal propagules applied enhanced better seedlings growth and vigor 

along with increased root length than control in case of mahogany (Swietenia macrophylla King.) 

cuttings in Philippines (Castañeto, 2003). Gurumurthy et al., 1999 observed increased root length 

and concentration of P, Zn, Cu, Mn and Fe in Dalbergia sissoo shoot with AM fungi inoculation. 

In our study site the variation of root length among the treatments may be due to dynamics of 

interactive effect of bio-inoculants and fertilisation along with the prevailing soil moistness.  
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4.4.3 Length of primary and lateral roots 

 Individual rootlets have behaviour different than the root system of a plant. Because, the 

response to extraneous factors in case of higher order finer rootlets may be different from that of 

coarser parent roots. Among the treatments there was no significant difference for length of all 

primary, secondary and tertiary rootlets at 1st, 2nd and 3rd stages however significant difference was 

observed at 4th stage i.e., 6 months only for both the locations. Except at 1 month with T1, 6 months 

with T8 (Rhizobium + moderate fertilisation) in Tanhril and at 4 months with T9 (Rhizobium + 

highest fertilisation) all the observations (locations and timings) have shown maximum primary 

root length with. In case of secondary rootlet length much varying for both the location similarity 

at 2 months i.e., maximum with T1 and 6 months i.e., maximum with T15 at this sampling the 

trend among treatments for both the locations was similar. At 1 month T11 (Mycorrhizae with 

substantial fertilisation) had maximum for Tanhril when T10 (Mycorrhizae alone) recorded at 

Siripur maximum root length of secondary rootlets. At 4 months maximum was with T14 

(Mycorrhizae + Rhizobium) for former and for latter with T6 (Rhizobium alone) for longest 

secondary root production. Tertiary root was not produced at 1 month; whereas at 2 months very 

small which may not bring meaningful comparison, at 4 months their difference was not much 

distinct. At 6 months however tertiary root length may be comparable to impart significant 

difference with maximum with T11 (Mycorrhizae with substantial fertilisation) and minimum with 

T17 (Mycorrhizae + Rhizobium with highest fertilisation) for both the locations. It was very clear 

that the longitudinal growth of rootlets more contributed by the combined effects of mycorrhizae 

and fertilisers to interact with Rhizobium.  More massive mycorrhizal fungal mass provide more 

protection of host roots against imbalance possessed by over doses of fertilisation. They make the 

biotic and chemical conjoint contribution of nutrients to be more dynamic and optima of root 
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length to reach late. Further, this biological optima reaches early for finer roots which barely 

contributed by mycorrizae and for coarser roots reaches late for which additional role paid by 

Rhizobium and fertilisation (gradually from lower to higher doses. In Arabidopsis plant species, 

different nutrient levels have been shown to influence both root length and branching plasticity 

(Gruber et al., 2013). Costa et al., 2002 reported that root length and root surface area were 

increased under intermediate N levels and that root growth was reduced under both higher and 

lower fertilization levels. However, high N availability and its concomitant affect root and shoot 

biomass production. The growth-promoting role of P application has been reported previously 

(Pandey et al., 2006) on had a favourable impact on root growth and  root elongation  (Lopez et 

al., 2003) and higher root-order development and branching (Bucio et al. 2003). N fertilization has 

been shown to enhance root length and diameter (Costa, et al., 2002 whereas higher and lower N 

levels have been shown to reduce root growth and biomass (De Giorgio and Fornaro, 2012; Fageria 

and Moreira 2010). Bio-inoculants have been ascribed to provide phyto-hormones viz., Indole 

acetic acid (IAA), gibberellins (GA) and cytokinins (CK) (El Fattah et al., 2013)and found to be 

advancing the root architecture of host plants (Gholami et al., 2010).  

4.4.4 Root spread 

Application of potting mixture, mycorrhizae, Rhizobium and N1P1K1 produced the highest 

root spread.. Further application of fertilisers in this combination reduced the root length 

Maximum root length was observed in T15. It shows that length increases with bioinoculants and 

fertilisers, further dose beyond N1P1K1 was harmful. The root spread is proportional to the forging 

ability and higher doses of fertilisers reduce this ability. It confirms the observation of Costa et al., 

2002. root spread was maximum with T14 and minimum with T16. This indicates spread is 

positive to bioinoculants but sensitive to fertilisation. This is in line with the report of Taylor, 1972 
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who reported that the rate of expansion of root systems has often been ascribed to be increasing 

due to insufficient water and nutrients flow to them. fertiliser doses became more harmful in length 

of primary root compared to that of root spread. tertiary root length was more encouraged by 

Rhizobium than mycorrhizae and much suffered by fertilisation.                                                                               

4.4.5 Collar diameter and root diameter classification 

 Maximum collar diameter, were observed with the combination of potting mixture, 

mycorrhizae and Rhizobium application. Baylis, 1975 revealed root diameter is the length that a 

plant could produced for unit input of resources, further it became increased through secondary 

cambial growth and radial movement of water from soil into xylem. The finer roots impose larger 

cost on plant due to their higher turnover whereas coarse roots exert greater forces on soil (Goss, 

1977; Piersson, 1982). Better growth of root diameter means better adaptability to prevailing 

situation. Kar, 1999 found collar diameter growth of Acacia catechu in summer because of its 

adjustment with high temperature. He found proportionately more finer rootlets in summer than 

other seasons. Balldwin, 1975 and Robinson and Rorison, 1983 defined root diameter growth 

through ion mobility and volume of soil exploited. 

4.4.6 Angle of root emergence 

The root branch angles are key components of root system architecture in which lateral 

roots diverge from parent root at wider angles which increase the chances of their entry to 

unexploited horizons (Henderson et al., 1983; Fitter, 1991). In general the primary roots tend to 

be positively geotropic, secondary diageotropics and further branches to be ageotropic (Fitter, 

1987). Angle is expression of internal anatomies of plants (Charlton, 1975, 1983).Angle of 

secondary root emergence from primary and tertiary root emergence from secondary roots have 
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shown different behaviour. Potting mixture with N3P3K3 give maximum secondary root angle 

while potting mixture with Rhizobium gives maximum tertiary root angle while least angle of 

secondary and tertiary roots with treatment potting mixture, mycorrhizae and N2P2K2. It seems 

that high inorganic fertilisation led lateral roots to emerge horizontally while Rhizobium led tertiary 

roots to emerge vertical. Usually, angle between secondary and tertiary roots were greater than 

that of primary and secondary roots. Similar trend was observed with Acacia mangium, Leucaena 

leucocephala and Leucaena diversifolia and reverse trend with Gliricidia sepium, Albizia lebbek 

(Kar et al, 2007), Albizia chinensis and Alnus nitida (Kar, 1999).  

4.4.7 Angle of branch emergence 

Maximum angle of branch emergence from the stem with was observed with T3 i.e., 

potting mixture with 125 mg N, 125 P2O5 and 125 mg K2O and minimum with potting mixture, 

Mycorrhizae and 375 mg N, 250 P2O5 and 250 mg K2O. However, more nutrition (bio-inoculants 

and fertilisation) decreased angle in both shoot and secondary root. This may be proved by future 

researches. 

4.4.8 Leaf Area 

The total leaf area is an indicator for its nutrient and photosynthetic efficiency of any plant 

(Yadav, et al., 2007). Leaf area study in the present investigations for both the cases i.e., either 

nursery at 6 months or plantation recorded maximum value with T15 i.e., mycorrhizae, Rhizobium 

with substantial dose of fertilisation for both the location. More or less uniform trend among the 

treatments were maintained for both the locations though it was slightly varying between nursery 

and plantation. For both nursery and plantation among the treatments were significant differences 

with maximum with T15 (both bio-inoculants with low fertiliser dose) and  minimum with T17  

(both bio-inoculants with high fertiliser dose). It seems that the biological maxima in case of leaf 
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area is independent of age but dependent availability of nutrients. Bhardwaj et al (1996) from their 

experiment found that application of 80 kg N/ha increased plant height, collar diameter, number 

of leaves and leaf area in pot experiment of Acer oblongum seedlings. Gurumurthy et al (1999) 

observed increased leaf area and concentration of P, Zn, Cu, Mn and Fe in Dalbergia sissoo shoot 

with application of AM fungi inoculation. 

4.4.9 Average branch diameter and root diameter classification 

Combined application of all the applications namely, farm yard manure, Mycorrhizae, 

Rhizobium and N3P3K3 gave maximum branch diameter whereas control gave the minimum. 

Fertilization has better response than bioinoculation. Collar diameter was maximum with farm 

yard manure, Rhizobium, mycorrhizae with N1P1K1 resulted maximum and control resulted 

minimum. Bioinoculants with minute fertilizer doses responded best to collar diameter which 

became sensitive to further NPK doses. Nitrogen fertilization in Quercus ilex sp. ballota (Desf.). 

Samp (Andivia et al,, 2011) and Aleppo pine (Pinus halepensis Mill.) and holm oak (Quercus ilex 

L.) (Cuesta et al., 2010) and phosphorus fertilization in Dalbergia sissoo (Hudai et al., 2007). 

Rhizobium inoculation Acacia catechu and Acacia mollissimia (Banyal, and Bhardwaj, 2003) and 

combined bio-fertilization in Acacia nilotica (Kumudha, 2005) and combination of bio-inoculation 

and fertilization in Albizia procera (Jamaluddin and Gosewami, 2004) have increased collar 

diameter as observed by previous workers. 

4.4.10 Branch length and Petiole Length 

It makes it clear that branch length was best compatible with FYM, bio-inoculation and 

minute dise of fertilization, which became highly sensitive to further increase in doses of 



155 
 

fertilization. On the other hand, petiole length was best compatible with FYM, Mycorrhizae and 

Rhizobium and higher doses of fertilization for which lower doses became unresponsive. 

4.4.11 Number of branches, number of leaves and leaf length 

Maximum number of branches, number of leaves and leaf length were observed with T14 

(combination of potting mixture, Rhizobium and Mycorrhizae), T11 (combination of potting 

mixture + Mycorrhizae + 125 mg N, 125 P2O5 and 125 mg K2O) and T15 (combination of potting 

mixture, Rhizobium and mycorrhizae +125 mg N, 125 P2O5 and 125 mg K2O). Reena and Agyaraj 

(2009) worked on effect of with twelve different species of AM fungi on Dalbergia sissoo and 

obtained plant height and leaf number were increased than control. Rhizobium inoculation showed 

significantly higher number of branches in Acacia catechu and Acacia mollissima as observed by 

previous workers (Banyal and Bhardwaj, 2003).  

Number of branches was maximum with FYM, Mycorrhizae and Rhizobium and N3P3K3 and 

minimum with control. In contrary to it, number of leaves was maximum with FYM, mycorrhizae 

and Rhizobium and N1P1K1 and minimum with control. It indicates that number of branches well 

responded to bio-inoculation along with increasing levels of fertilization. Number of leaves well 

responded to bio-inoculation and lower level of fertilization and became sensitive to higher level 

of fertilization. Rhizobial inoculation has been observed to have increased number of branches in 

Acacia catechu and Acacia mollissimia (Banyal and Bhardwaj, 2003). Previous workers found 

increase in number of leaves by combined application of phosphorus and mycorrhizal inoculation 

in Prosopis juliflora (Khadije et al., 2012) and by combined application of PSB and AMF in young 

oil plam. (Samanta et al., 2003). 

4.4.12 Leaf width 
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Maximum leaf width was observed with FYM, mycorrhizae and Rhizobium and N3P3K3 

and minimum with control. It indicates that the combined effect of bioinoculation along with 

highest dose of fertilization became best compatible to develop maximum leaf width. Previous 

workers also observed positive effect of biofertilizers on leaf width of Spathiphyllum illusion 

(Khadije et al., 2012) In almond (Prunus amygdalus), biofertilizer application could bring leaf 

width higher in lettuce (Wei Liu et al., 2014) 

4.4.13 Plant height, plant spread  and branch length 

Maximum collar plant height shoot spread and branch length was observed with the 

combination of potting mixture, mycorrhizae and Rhizobium application. Bio-inoculation has 

positive effect over horizontal and vertical development of aerial parts to which fertilisation has 

no adequate response. Prasad and Meghvani (2005).combination AM fungi and Rhizobium gave 

maximum number of nodules and maximum plant height than their counterparts. Singh and Puri 

(2006) also reported the enhanced plant height due to AM fungi and Rhizobium inoculation singly 

and in combination in Dalbergia sissoo (Lopez et al., 2003).  

The variation in lateral spread may be explained on the basis of genetic behaviour with 

respect to environment, space, food, light, etc. as reported by various workers (Brouwer and 

DeWit, 1968; Nimbakar et al., 1986; Mohatkar and Relwani, 1987; Relwani et al., 1987; Kar et 

al., 2007). 

4.4.14 Root and shoot biomass 

The variation in root and shoot biomass accumulation has been generally reported to be 

due to variations in their hormonal regulation (Huck, 1983) which is dependent on changing 

environmental conditions (water, nutrients, light, CO2 and O2 concentration) of the soil (Brouwer, 

1983) as well as the root architecture (Fitter, 1991). Maximum root fresh biomass was with T2 
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(only potting  mixture) and T (high fertiliser dose with Rhizobium and mycorrhizae). Neither soil 

amendment nor bio-inoculant could add any root growth at this earlier stage. The reason may be 

inadequate root development initially to support, which became unable to acquire nutrients 

(Morgan and Connolly 2013). The addition of Mycorrizae with Rhiobium was more viable and 

sustainable. Location specific field crop trial on bio-inoculants (Rao, 2016) has been emphasized 

by Kumar et al (2017) on Flemingia. At the age of 6 months significant relations were observed 

among the treatments (Table 1). Except T2 (potting mixture) and T10 (Mycorrhizae) which did 

not show significant difference with T1 (control), rest of the treatments showed significant increase 

in root fresh biomass over control. Highest fresh biomass of root was with T15. Supplementation 

from fertilisation along with bio-inoculants increased nutritional status of seedlings which 

increased growth upto fertiliser bioinoculant compatibility level. Sanz et al. (2007) revealed 

fertiliser with bio-inoculants increased nutritional status and biomass production. Razaq et al. 

(2017) observed that treatments of bio-fertilisers increased the root and shoot biomass. Addition 

of more fertilisation proved harmful for biomass accumulation. This also observed by Mahamooth 

et al. (2016). Mycorrhizae may be the reason for more root biomass in T15 (Mycorrhizae + 

Rhizobium + substantial dose of fertiliser). Bown et al., 2010 expressed that combined application 

of N and P increases root surface area, root length, and root-shoot mass. At the same time AM 

fungi tap a variety of nutrients from the soil and Rhizobium fix nitrogen from the atmosphere 

(Mehrotra, 1995). Combined inoculation of Rhizobium and mycorrhizae added biomass (Bhatt et 

al., 1993; Khan and Uniyal, 1999).  

4.4.15 Root shoot ratio 

Considerable difference was observed among the treatments with respect to their root-shoot 

ratio comprising the length and lateral spread as well as of fresh and dry biomass during each stage 
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of observation at both the locations. Genotype has more influence than environment to maintain 

the root-shoot length ratio (Kar, 1999). In general, maximum root-shoot ratio in respect of length 

was observed during early winter where lower values observed during post monsoon samplimg 

through high shoot and less root growth. The cessation of shoot growth but maintenance of root 

growth is of common occurrence in tree species during winter months. Drew and Lynch, (1980) 

reported that with temporary saturation of soil by excess water, dissolved oxygen is depleted from 

the bulk soil solution which promotes lesser root growth. Similar, small root-shoot ratio has also 

been reported by Schuurman, 1980. 

 The ratio between root and branch spread studied. Several workers have reported that 

various annual crops such as some grass species show higher root-shoot ratio during germination 

and plant establishment (Simanton and Jordan, 1986; Klepper, 1991) which lends support to the 

present findings of more root shoot ratio at early sampling. Besides, Huck et al. (1983) observed 

that root growth increased during moisture stress which also supports the present findings of higher 

root –shoot root ratio during pre-monsoon months. 

 The significant variations in root-shoot fresh and dry weight ratios among the species at 

pre and post monsoon samplings suggest their considerable dependence on moisture rather than 

temperature (Kar, 1999). Winter root shoot ratio maximum which may be due to its inverse 

relationship with the starch of leaves which is minimum in winter (Huber, 1983). Minimum ratio 

of biomass after radicle emergence when shoot biomass accumulation became more (Brouwer, 

1983). Penka, 1965 reported root shoot ratio to be more or less constant for a particular species. 

The observed variations among time of sampling may be attributed to the age which is in 

accordance with findings of earlier researchers (Bray, 1963; Cannell and Willet, 1976). 
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CHAPTER 5:   

ROOT NODULATION STATUS 

 

5.1 Introduction 
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Unsustainable practices in every farming system has become one of the root causes of 

poverty over the world. To address this situation, it needs to achieve sustainable development over 

the biological production system in order to tackle the problems of declining soil fertility, soil 

erosion and poor farm income, etc. Importance of nitrogen as discussed earlier is vital for the 

ecosystem but its availability yet remains deficient which limits the plant growth and yield 

throughout the world. Nitrogen in agricultural soils needs to be replenished periodically to 

maintain at an adequate level for crop production. For this world wide  consumption of fertiliser 

for nitrogen has increased from 3.5 million metric tonnes in 1950 to 80 million metric tonnes in 

1989 and 82 million metric tonnes in 2001/02. Nitrogen input from biological sources is 139 and 

170 million tonnes (Burns and Hardy 1975; Paul, 1988; Ishizuka 1992) which provides 65% of 

nitrogen requirement in agriculture. Biological source of nitrogen scientifically less exploited.  

Symbiotic biological nitrogen fixation involves nitrogen-fixing plants obtaining gaseous 

nitrogen through the action of symbiotic nitrogen-fixing microorganisms that most commonly live 

within a specialised nodule on the roots of the plants. These microorganisms too protect 

environment besides increasing nitrogen use efficiency twice of the hosts and thus making nitrogen 

requirement almost halved, The legume host family (or Fabaceae) contains about 650-750 genera 

with 18,000-19,000 species in three subfamilies: c a e s a lp ino id e a e  ( 2 , 8 0 0  sp e c i e s ) ,  

mimosoideae (2,900), papilionoideae (14,000) and swartzioideae (80) (Ahmed and Hassan, 2014). 

Allen and Allen (1981) reported nodules in 98% of the Papilionoideae, 90% of the Mimosoideae, 

and about 30% of the Caesalpinioideae. Quantum of nodules speak how active host is to fix 

nitrogen since nodule bacteria fixes nitrogen in plant root  that adds nitrogen in three ways: 

nitrogen used by host plants, directly by excretion or sloughing off of roots or nodules or host 

residues decay that becomes available to the succeeding crops. The whole processes depend on 
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conditions of the soil, aeration, drainage, moisture, pH, the amount of active calcium, etc. Further, 

its activity for a species varies with conditions. Large amounts of nitrogenous fertiliser might have 

reduced the efficiency of nitroen-fixing plants as they mentioned and invited field study to find 

out the amount of fetlisation which could be used without impairing nodulation and nitrogen 

fixation capacity of host plants.  

Effect of bio-inoculants on nodulation of Flemingia congesta has been studied by Skorpil 

et al. (2005) but no study has yet been made on effect of bio-inoculants on nodulation of Flemingia 

semialata.  Keeping this in view under the present investigations efforts have been made to study 

the effect of bio-inoculants and soil amendments on nodulation status of F. semialata under 

nursery condition in both Mizoran and Odisha under different stages of its growth. The hypothesis 

established was that substantial fertiliser addition to be encouraging for conjoint contribution of 

rhizobial and mycorrhizal inoculation in legume root nodulation process of Flemingia semialata 

to which over dose of fertilisation can be detrimental to nodule formation. 

5.2 Materials and Methods 

5.2.1 Number of root nodules  

 Nodules observed on primary, secondary and tertiary roots were counted separately for 

each treatment for individual location. Their pooled figure was represented as total number of 

nodules produced. Before counting the nodules oplants the polythene of polybags were cut and to 

remove the soil from the root system the plants with ball of earth were put inside a tub full of 

water. The soil at the periphery of root system was detached after sometime and settled at the 

bottom of water tub leaving the plant roots. The roots were then separated, taken out and shoots 

by cutting at the base of collar using a secateur. Rootlets were further separated category-wise viz., 

primary, secondary and tertiary and were kept on separate blotting paper to blot water. Nodules 
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under each category of roots were again separated with blade and counted to get number of nodules 

for that particular category. This operation was repeated for individual category of roots and then 

number of nodules under all the category was noted. When number nodules of each individual 

category were pooled we got total number of nodules for that particular plant and then for a 

treatment.  

5.2.2 Fresh Biomass of nodules 

Nodules separated category wise as discussed in the previous paragraph was weighed with 

the help of electronic digital balance and then fresh biomass was recorded. Their fresh biomass 

was recorded for individual root categories i.e. primary, secondary or tertiary roots for each 

treatment which were subsequently pooled together to obtain the total biomass of nodules for that 

particular treatment.  

 

5.2.3 Dry Biomass of nodules 

After fresh biomass noted category wise nodules along with root system were oven dried 

at 65 ± 50 C While recording oven dried biomass nodules were removed out of news paper to get 

dry weight. The dry biomass was recorded for nodules under individual root categories i.e. 

primary, secondary and tertiary for each location and four different stages of seedling growth after 

taking their oven dried biomass. Which were then subsequently pooled together to obtain the total 

nodule dry biomass of individual treatment for each stage of growth and for individual location. 

5.2.4 Width of nodules 
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 The structure of nodules for the species was recorded from the bunch of nodulation in the 

respective root systems. Nodule width was measured with the help of electronic digital calliper of 

fresh nodules collected from root system. It is then represented by averaging the width of 

representative nodules taken from proximal, middle and distal parts of the root system.  

5.3 Results 

5.3.1 Number of root nodules 

 Root nodules were absent in 1 month old seedlings in both the sites.  

Nodule formation 

 During 2 months stage of seedlings growth in primary roots in both the locations was less 

and with regard to number of nodules 1 to 4 in all the treatments. Similar trend was observed in 

secondary roots for both the sites. There was no nodulation in tertiary roots in 2 months old 

seedlings. However, total number of nodules in root system was different for both the locations. 

For Tanhril total number of nodules at 2 months was maximum with T15 (8) minimum with T3  
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Fig: 5.1: Effect of soil amendments and bio-inoculants on category wise root nodule numbers of F. semialata seedlings 
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  Table 5.1: Effect of bio-inoculants and soil amendments on number of root nodules produced by F. semialata seedlings. 

 2 month 4 months 6 months 2 month 4 months 6 months 

 Tanhril, Mizoram Siripur, Odisha 
T1 4 12 22 3 23 17 
T2 4 13 22 4 15 16 
T3 3 9 21 5 14 15 
T4 3 11 20 4 14 14 
T5 5 12 26 3 12 23 
T6 6 16 28 6 11 25 
T7 6 23 34 7 12 30 
T8 5 12 35 4 20 26 
T9 5 15 28 5 10 21 
T10 5 18 31 6 31 22 
T11 6 15 32 7 10 26 
T12 5 10 28 5 12 24 
T13 4 10 22 3 8 22 
T14 7 17 32 5 19 26 
T15 8 14 34 7 26 27 
T16 7 14 27 6 17 23 
T17 6 12 24 5 16 20 
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and T4 (3 each). In Siripur, total number of nodules was maximum with T7, T11 and T15 (each 7) 

which was followed by T2, T10 and T16 (6 each) and least was recorded with T1, T5 and T13 

(each with 3 nodules). 

Nodulation after 2 months 

After 4 months stage in Tanhril, Aizawl nodule number recorded in primary root was 

maximum with T7 and  minimum with T5, T12, T15 and T16 (3 each). Number of nodules in 

Siripur, Odisha had range 5 to 9, slightly higher than the nodules recorded in Tanhril. Number of 

nodules attached to the secondary roots of 4 months old seedlings in both the locations did not 

increase significantly and ranged between 3 – 9 and 3 – 6 in Tanhril and Siripur, respectively.  

Nodulation observed in tertiary roots at 4 months in both the locations. In Tanhril the 

highest number of nodules between T7 to T3. In Siripur the maximum number of nodules in 4 

months old seedlings in tertiary roots recorded be highest at T10 and T15 (3) . No nodulation was 

found with tertiary root of seedlings. Total number of nodules in root system was different for both 

the locations. For Tanhril, Aizawl total number of nodules at 4 months was maximum with T7 (23) 

and minimum was with minimum with T1 and T4 (9 each). For Siripur total number of nodules 

was highest with T15 (18 numbers) and the lowest was with T2, T3, T7 and T6 (each with 10 

numbers of nodules). 

Nodulation after 6 months old seedlings 

In 6 months old seedlings in Tanhril nodule number recorded in primary root was 

maximum with T15 (19 nos) and minimum with T4 (10 nos). At this stage in Siripur the highest 

number of nodules found with T7 and T15 (each of them 18) and followed by T6 and T14 (each 
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had 17), T5 and T8 (each had 16), T9, T11 and T16 (15 nodules each) T1and lowest recorded with 

T4 (10 nos.). 

In Tanhril nodules in secondary roots was the highest with T8 (11)  and the lowest with T4 

(6. nos). Number of nodules in secondary roots at Siripur, was highest with T7 and T11 (each with 

8), minimum was with T1, T2, T3, T4, T9, T13, T14, T15 and T16 (each of them to be 4). Number 

of nodules in the tertiary roots of seedlings at Tanhril, to be ranged from 3 (T1 and T2) to T7 

(8).that time of visit 7 (T8) and 3 (T1 and T2). At Siripur it ranged from 0 (T9) to 4 (T7 and T8). 

Total number of nodules in root system as sum of all the nodules in primary, secondary and tertiary 

roots in 6 months old seedlings for both the locations. In Tanhril, 6 months old seedlings were 

found to produce the heighest number of nodules by T8 (Potting mixture + N2P2K2 + Rhizobium) 

whereas the lowest number of nodules was recorded with T2 (soil potting mixture alone). For 

Siripur, treatment with mild dose of fertiliser and Rhizobium (T7) induced maximum number of 

nodule production (30 nos.). On the other hand, the minimum total number of nodules (14 nos.) 

was recorded with T4 (soil potting mixture + N2P2K2). 

5.3.2 Fresh biomass of root nodules 

 The effect of bio-inoculants and soil amendments on fresh biomass of root nodules was 

observed to be dependent of both season and locations (Table 5.2 and fig. 5.2 and 5.3 ). Nodule 

biomass accumulation was initially slow and then faster which became attribute that found in 

present investigations. No nodulation was observed in 1 month old seedlings. Nodule started 

appearing 2 months onwards after sowing seeds. Treatments were compared with respect to fresh 

biomass of nodules present in primary root, secondary roots and tertiary roots for 2, 4 and 6 months 

old seedlings. Treatments compared to be non-significant with respect to fresh biomass  
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Fig. 5.2: Effect of soil amendments and bio-inoculants on category wise nodule fresh biomass (mg) accumulation of F. semialata seedlings 
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Table 5.2: Effect of bio-inoculants and soil amendments on fresh biomass of nodules (mg) produced by F. semialata seedlings. 

 

2 month 4 months 6 months 2 month 4 months 6 months 

Tanhril, Mizoram Siripur, Odisha 

T1 8.5 17.2 264.8 5.6 20.2 248.4 

T2 9.4 34.2 315 7 50.5 286.4 

T3 7.7 62.5 386.6 7.3 70.7 314 

T4 8.5 16.5 346.1 6.2 18.2 286.4 

T5 7.7 15.3 313.8 5.3 16.2 258.8 

T6 6.8 18.6 318.4 7.6 47.5 320.9 

T7 7.7 59.7 386.7 7.8 50.5 262.2 

T8 8.5 46.5 358.6 6.4 20.2 293.3 

T9 7.7 38.9 343.4 5.6 10.1 286.4 

T10 8.5 73.5 390 7.0 12.1 310.5 

T11 9.4 84.3 397.4 8.1 20.2 320.9 

T12 7.7 54.6 373.7 5.9 13.1 351.9 

T13 8.5 46.2 351.1 5.6 10.1 327.8 

T14 9.4 68.5 387.8 5.9 5.1 262.2 

T15 10.2 98.1 410.2 6.7 5.1 293.3 

T16 7.7 59.5 343.4 5.6 20.2 279.5 

T17 6.8 34.8 286.6 5.3 30.3 248.4 



170 
 

of nodules observed in primary, secondary and tertiary roots at 2 months for both the locations. 

However, though their total at 2 months and primary, secondary, tertiary and total nodule biomass 

were found to be comparable at 4 months and 6 months for both the sites 

Nodule fresh biomass at 2 months stage 

At 2 months stage study made in Tanhril, Aizawl, Mizoram revealed that fresh biomass of 

primary root nodules was highest with T4 (8.5 mg) which was followed by T14 (5.4 mg), T8, T10 

and T15 (each 5.1 mg), T2 and T11 (each 4.7 mg), T5 (4.6 mg), T1 and T13 (each 4.3 mg), and 

T7 (3.9 mg), T6 and T17 (each 3.4 mg), T16 (3.3 mg), T9 and T12 (3.1 mg),  and lowest with T3 

(2.6 mg). At the same time fresh biomass of nodules of secondary roots was highest with T3 and 

T15 (each 5.1 mg) which was followed by T2 and T11 (each 4.7 mg), T12 (4.6 mg), T16 (4.4 mg), 

T1 and T13 (each 4.3 mg), T14 (each 4.0 mg), T7 (3.9 mg), then T6, T8, T10 and T17 (each 3.4 

mg), T5 and T9 (each 3.1 mg) and lowest with T4 (2.8 mg). Total root nodule biomass for this site 

and same stage was highest with T15 (10.2 mg) which was followed by T2, T11 and T14 (9.4 mg), 

T1, T4, T8, T10 and T13 (each 8.5 mg), T3, T5, T7, T9, T12 and T16 (each 7.7 mg) and lowest 

with T6 and T17 (6.8 mg). Study made in Siripur, Odisha has shown that at the age of 2 months 

fresh biomass of primary root nodules was highest with T4 and T10 (each 4.7 mg) which was 

followed by T11 (4.6 mg), T7 (4.5 mg), T3 (4.4 mg), T6 and T15 (each 3.8 mg), T1, T13 and T16 

(each 3.7 mg), T2, T5, T12 and T14 (each 3.5 mg), T9 (3.4 mg) and lowest with T8 and T17 (each 

3.2 mg). At the same time fresh biomass of nodules of secondary roots was highest with T6 (3.8 

mg) which was followed by T2 and T11 (each 3.5 mg), T7 (3.3 mg), T8 (3.2 mg), T3 and T15 

(each 2.9 mg), T12 and T14 (each 2.4 mg), T10 (2.3 mg), T9 (2.2 mg), T17 (2.1 mg), T1, T13 and 

T16 (each 1.9 mg), T5 (1.8 mg) and lowest with T4 (1.6 mg). Total fresh biomass of nodules for 

this site and same stage was highest with T11 (41.6 mg) which was  
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     Fig. 5.3 : Effect of soil amendments and bio-inoculants on total fresh root nodules biomass (mg) of F. semialata seedlings  
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   Fig. 5.4: Effect of soil amendments and bio-inoculants on category wise nodules dry nodule biomass (mg) of F. semialata seedlings 
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followed by T3 (35.4 mg), T7 (35.4 mg), T2 (23.0 mg), T17 (21.4 mg), T11 (15.9 mg), T8 (14.1 

mg), T16 (14.1 mg), T5 (14.0 mg), T4 (13.0 mg), T1 (11.8 mg), T9 (9.3 mg) and T13 (9.0 mg), 

T12 (8.9 mg), T10 (4.2 mg), T14 (3.8mg) and lowest with T15 (3.3 mg). 

Nodule fresh biomass at 4 months stage 

From the study made at Tanhril, Aizawl, Mizoram it has been found that at the age of 4 

months fresh biomass of primary root nodules was highest with T6  (71.72 mg) which was 

followed by T7 (47.08 mg), T11 (45.54 mg), T5 (36.0 mg), T9 (35.2 mg), T12 (31.46 mg), T14 

(29.82 mg), T13 (28.29 mg), T8 (25.42 mg), T4 (25.08 mg), T10 (21.6 mg),  T15 (17.9 mg), T3 

(17.46 mg), T2 (15.9 mg), T16 (15.31 mg), T17 (12.39 mg) and lowest with T1 (8.74 mg). At the 

same time fresh biomass of nodules of secondary roots was highest with T6 (125.4 mg) which was 

followed by T11 (87.12 mg), T12 (64.86 mg), T7 (60.25 mg), T8 (51.48 mg), T5 (50.4 mg), T10 

(48.4 mg), T14 (45.77 mg), T13 (41.62 mg), T9 (40.09 mg), T16 (34.03 mg), T4 (33.0 mg), T15 

(29.16 mg), T3 (26.38 mg), T17 (19.94 mg), T2 (12.39 mg) and lowest with T1 (6.50 mg). Fresh 

biomass of nodules of tertiary roots was highest with T6 (71.72 mg) which was followed by T11 

(43.56 mg), T7 (37.03 mg), T14 (35.5 mg), T9 (29.61 mg), T5 (28.8 mg), T10 (25.46 mg), T15 

(24.84 mg), T16 (22.88 mg), T8 (19.12 mg), T12 (16.20 mg), T13 (13.70 mg), T4 (11.88 mg), T17 

(10.21 mg), T2 (9.59 mg), T3 (5.04 mg) and lowest with T1 (4.48 mg). Fresh biomass of total root 

nodules for this site and same stage was highest with T6 (268.84 mg) which was followed by T11 

(176.22 mg), T7 (144.36 mg), T5 (115.2 mg), T14 (111.09 mg), T9 (104.9 mg), T12 (96.97 mg), 

T8 (96.03 mg), T10 (95.46 mg), T13 (83.62 mg), T16 (72.23 mg), T15 (71.90 mg), T4 (69.96 mg), 

T3 (48.88 mg), T17 (39.53 mg), T2 (37.90 mg) and lowest with T1 (19.71 mg). Study made in 

Siripur, Odisha has shown that at the age of 4 months fresh biomass of primary root nodules was 

highest with T14 (37.18 mg) which was followed by T15 (36.57 mg), T7 (33.00 mg), T7 (13.2 
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mg), T9 (28.89 mg), T11 (28.58 mg), T6 (each 28.40 mg), T4 (24.31 mg), T8 (23.84 mg), T13 

(21.73 mg), T3 (21.28 mg), T12 (21.17 mg), T5 (20.71 mg), T16 (19.71 mg), T17 (18.34 mg), T2 

(14.56 mg), T1 (10.05 mg) and lowest with T10 (9.46 mg). At the same time fresh biomass of 

nodules of secondary roots was highest with T3 (16.72 mg) which was followed by T2 (14.95 mg), 

T15 (11.20 mg), T12 (10.50 mg), T10 (8.91 mg), T7 (8.55 mg), T11 (7.81 mg), T1 (6.37 mg), T4 

(6.27 mg), T14 (5.74 mg), T16 (5.40 mg), T17 (4.70 mg), T6 (4.48 mg), T5 (3.76 mg), T13 (2.91 

mg), T8 (2.45 mg) and lowest with T9 (2.15 mg). fresh biomass of nodules of tertiary roots was 

highest with T10 (10.78 mg) which was followed by T14 (6.44 mg), T8 (5.75 mg), T15 (5.60 mg), 

T3 (4.28 mg), T7 (4.24 mg), T17 (3.78 mg), T1 (3.42mg), T16 (3.07 mg), T2 (2.67 mg), T4 (2.38 

mg), T12 (1.12 mg), and lowest with T5, T6, T9, T11 and T13 (0,0 mg). Fresh biomass total 

nodules at same site at 4 months for this site was highest with T15 (53.32 mg) which was followed 

by T14 (49.89 mg), T7 (42.04 mg), T3 (41.71 mg), T4 (38.58 mg), T6 (37.48 mg), T11 (37.13 

mg), T12 (37.29 mg), T2 (32.58 mg), T8 (29.33 mg), T5 (28.06 mg), T16 (27.78 mg), T10 

(26.61mg), T17 (26.47 mg), T9 (25.99 mg), T13 (24.64 mg) and lowest with T1 (23.57 mg). 

Nodule fresh biomass at 6 months stage 

Study made at Tanhril, Aizawl, Mizoram had shown that at the age of 6 months fresh 

biomass of primary root nodules was highest with T15 (276.1 mg) which was followed by T3 

(229.2 mg), T14 (206.0 mg), T7 (204.7 mg), T10 (201.3 mg), T12 (200.2 mg), T11 (198.7 mg), 

T9 (184.0 mg),  T13 (175.6 mg), T8 (174.2 mg), T4 (173.1 mg), T2 (171.8 mg), T5 (169.0 mg), 

T16 (165.3 mg), T6 (147.8 mg), T1 (144.4 mg) and lowest with T17 (143.3 mg). At the same time 

fresh biomass of nodules of secondary roots was highest with T15 (147.3 mg) which was followed 

by T11 (124.2 mg), T3 (120.6 mg), T2 (114.5 mg), T7 (113.7 mg), T10 (113.2 mg), T8  
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Table 5.3: Effect of bio-inoculants and soil amendments on dry biomass of nodules (mg) produced by F. semialata seedlings. 

 

2 month 4 months 6 months 2 month 4 months 6 months 

Tanhril, Mizoram Siripur, Odisha 

T1 3.1 8.8 139.5 2.0 10.8 130.5 

T2 3.6 17.6 150.8 2.5 14.4 148.5 

T3 3.2 24.2 161.1 2.6 18.9 157.5 

T4 3.3 39.6 144.2 2.2 15.3 144.7 

T5 3.1 52.8 14.1 1.9 12.6 135.1 

T6 2.6 122.1 161.4 2.7 16.2 148.5 

T7 3.7 61.6 164.3 2.8 18.9 152.1 

T8 3.3 39.6 149.4 2.3 13.5 144 

T9 3.2 52.8 143.1 2 11.7 141.8 

T10 3.3 48.4 162.5 2.5 12.6 155.3 

T11 3.6 79.2 165.6 2.9 16.2 157.5 

T12 3.9 48.4 161.6 2.1 14.4 147.6 

T13 3.3 30.8 146.3 2.2 11.9 139.5 

T14 3.6 48.4 161.6 2.1 22.5 162.0 

T15 3.2 35.2 191.3 2.4 24.3 180.0 

T16 3.0 30.8 143.1 2.1 12.6 139.5 

T17 2.6 17.6 131.9 1.9 11.7 126.0 
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            Fig.5.5. :Effect of soil amendments and bio-inoculants on total dry root nodules biomass of F. semialata seedlings 
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(112.7 mg), T13 (111.7 mg), T14 (109.1 mg), T12 (106.8 mg), T4 (103.8 mg), T6 (102.3 mg), T16 

(101.7 mg), T9 (98.1 mg), T5 (96.6 mg), T1 (84.3 mg) and lowest with T17 (83.6 mg). The fresh 

biomass of nodules of tertiary roots for same site and time was highest with T3 (92.0 mg) which 

was followed by T16 (76.3 mg), T10 (75.5 mg), T11 (74.5 mg), T14 (72.7 mg), T8 (71.7 mg), T4 

(69.2 mg), T6 and T7 (each 68.2 mg), T12 (66.7 mg), T13 (63.8 mg), T9 (61.3 mg), T15 (60.3 

mg), T17 (59.7 mg), T5 (48.3 mg), T1 (36.1 mg) and lowest with T2 (28.6 mg). Total root number 

for Tanhril, Mizoram and the stage of 6 months was highest with T15 (410.2 mg) which was 

followed by T11 (397.4 mg), T10 (390.0 mg), T14 (387.8 mg), T7 (386.7 mg), T3 (each 386.6 

mg), T12 (373.7 mg), T8 (358.6 mg), T13 (351.1 mg), T4 (346.1 mg), T9 (343.4 mg), T16 (343.4 

mg), T6 (318.4 mg), T2 (315.0 mg), T5 (313.8 mg), T17 (286.6 mg) and lowest with T1 (264.8 

mg). At 6 months study made in Siripur, Odisha has shown that at the age of 6 months fresh 

biomass of primary root nodules was highest with T3 (each 251.2 mg) which was followed by T6 

(218.2 mg), T2 (214.8 mg), T12 (205.3 mg), T1, T4 and T9 (each 204.6 mg), T10 (197.6 mg), T15 

(195.5 mg), T13 (193.7 mg), T11 (185.1 mg), T16 (182.3 mg), T8 (180.5 mg), T5 (180.0 mg), T17 

(173.9 mg), T14 (171.4 mg) and minimum with  T7 (157.3 mg). At the same time fresh biomass 

of nodules of secondary roots was highest with T12 (102.6 mg) which was followed by T11 (98.7 

mg), T13 (89.4 mg), T10 (84.7 mg), T4 (81.8 mg), T6 (77.0 mg), T16 (72.9 mg), T7 (69.9 mg), 

T8 (67.7 mg), T15 (65.2 mg), T14 (60.5 mg), T5 (56.3 mg), T9 (54.6 mg), T2 (53.7 mg), T17 (49.7 

mg), T3 (41.9 mg) and lowest with T1 (29.2 mg). Fresh root nodule biomass of tertiary roots  for 

same site and stage was highest with T8 (45.1 mg) which was followed by T13 (44.7 mg), T12 

(44.0 mg), T11 (37.0 mg), T7 (35.0 mg), T15 (32.6 mg), T14 (30.3 mg), T10 (28.2 mg), T9 (27.3 

mg), T6 (24.3 mg), T17 (24.8 mg), T16 (24.3 mg), T5 (22.5 mg), T3 (20.9 mg), T2 (17.9 mg), T1 

(14.6 mg) and lowest with T4 (9.8 mg). The fresh biomass of nodules of total  roots for 6 months 



178 
 

and same site was highest with T12 (351.9 mg) which was followed by T13 (327.8 mg), T6  and 

T11 (each 320.9 mg), T3 (314.0 mg), T10 (310.5 mg), T4 (296.2 mg), T8 and T15 (293.3 mg), T2 

and T9 (each 286.4 mg), T16 (279.5 mg), T7 and T14 (each 262.2 mg), T5 (258.8 mg), T1 (248.4 

mg) and lowest with T17 (248.4 mg).  

5.3.3 Dry Biomass of root nodules 

 The effect of treatments on oven dry biomass of root nodules was observed to be dependent 

of season and locations (Table 5.3, fig. 5.4 and 5.5). Further, nodulation was initially slow and 

then faster. No nodulation at 1 month stage which was observed 2 months onwards and nodulation 

initiated and became maximum with primary root except at 4 months (when secondary root 

nodules have highest dry biomass) which was followed by secondary and tertiary rootlets. The 

trend of dry biomass of nodules was not same with  biomass of nodules. That means moisture 

content of nodule is dependent of nature of the treatment. Figure represents 3 vertical bars for each 

treatment smallest one at 2 months, medium at 4 months and largest one at 6 months, the of entire 

dry biomass of nodules at respective stage has been divided into 3 sections indicated by 3 colours. 

Stage-wise treatments were compared with respect to dry biomass of nodules present in primary 

root, secondary roots and tertiary roots. Treatments compared to be non-significant with respect to 

dry biomass of nodules observed in primary, secondary and tertiary and their total at stage 2 

months for both the locations which however observed to be significant for 4 months and 6 months 

for both the locations. 

 

 

Nodule dry biomass at 2 months stage 
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Study made in Tanhril, Aizawl, Mizoram revealed that at the age of 2 months dry biomass 

of primary root nodules was highest with T4 (3.3 mg) which was followed by T14 (2.1mg), T8 

and T10 (each 2.0mg), T5 and T7 (each 1.9 mg), T2 and T11 (each 1.8 mg), T13 and T16 (1.7 

mg), T1, T12 and T15 (each 1.6 mg), T6, T9, T16 and T17 (each 1.3 mg) and lowest with T3 (1.1 

mg). At the same time dry biomass of nodules of secondary roots was highest with T12 (2.3 mg) 

which was followed by T3 (2.1 mg), T7 (1.9 mg), T2 and T11 (each 1.8 mg), T13 and T16 (each 

1.7 mg), T1 and T15 (each 1.6 mg), T14 (1.5 mg), then T6, T8, T9, T10 and T17 (each 1.3 mg), 

T5 (1.2 mg) and lowest with T4 (1.1 mg). Total root number for this site and same stage was 

highest with T12 (3.9 mg) which was followed by T7 (3.7 mg), T2, T11 and T14 (each 3.6 mg), 

T4, T8, T10 and T13 (each 3.3 mg), T3, T9 and T15 (each 3.2 mg), T1 and T5 (3.1 mg), T16 (3.0 

mg) and lowest with T6 and T17 (2.6 mg). Study made in Siripur, Odisha has shown that at the 

age of 2 months dry biomass of primary root nodules was highest with T4, T10, and T11 (each 1.7 

mg) which was followed by T3 and T7 (each 1.6 mg), T13 (1.5 mg), T6 and T15 and T16 (each 

1.4 mg), T1, T2, T5, T5, T12 and T14 (each 1.3 mg), T8 and T9 (each 1.2 mg) and lowest with 

T17 (1.1 mg). At the same time dry biomass of nodules of secondary roots was highest with T6 

(1.4 mg) which was followed by T2 (1.3 mg), T7, T8 and T11 (1.2 mg), T3 and T15 (each 1.0 mg), 

T9, T10, T12, T14 and T17 (each 0.8 mg), T1, T13 and T16 (each 0.7 mg) and lowest with T4 and 

T5 (0.6 mg). Total dry biomass of nodules for this site and same stage was highest with T11 (2.9 

mg) which was followed by T7 (2.8 mg), T6 (2.7 mg), T3 (each 2.6 mg), T2 and T10 (each 2.5 

mg), T15 (2.4 mg), T8 (2.3 mg), T4 and T13 (each 2.2 mg), T12, T14 and T16 (each 2.1 mg), T1 

and T9 each 2.0 mg and lowest with T5 and T17 (each 1.9 mg). 

Nodule dry biomass at 4 months stage 
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Investigations at Tanhril, Aizawl, Mizoram had shown that at the age of 4 months dry 

biomass of primary root nodules was highest with T6 (32.6 mg) which was followed by T7 (21.4 

mg), T11 (19.8 mg), T9 (17.6 mg), T5 and T14 (each 14.4 mg), T4 (14.2 mg), T13 (12.3 mg), T12 

(12.1 mg),  T8 (11.3 mg), T10 (10.8 mg), T3 (9.7 mg), T15 (8.1 mg), T2 (7.3 mg), T16 (6.6 mg), 

T17 (5.9 mg) and lowest with T1 (3.9 mg). At the same time dry biomass of nodules of secondary 

roots was highest with T16 (57 mg) which was followed by T11 (39.6 mg), T12 (28.2 mg), T10 

(24.2 mg), T7 (24.1 mg), T5 (24.0 mg) and T9 (21.1 mg), T14 (19.9 mg), T8 (19.8 mg), T13 (18.5 

mg), T14 (16.5 mg), T15 (16.2 mg), T16 (each 15.4 mg), T3 (12.1 mg), T17 (7.3 mg), T2 (5.9 mg) 

and lowest with T1 (2.9 mg). Total root number for this site and same stage was highest with T6 

(122.1 mg) which was followed by T11 (79.2 mg), T7 (61.6 mg), T5 and T9 (each 52.8 mg), T10, 

T12 and T14 (each 48.4 mg), T4 and T8 (each 39.6 mg), T15 (35.2 mg), T13 and T16 (each 30.8 

mg), T3 (24.2 mg), T2 and T17 (each 17.6 mg) and lowest with T1 (8.8 mg). Study made in Siripur, 

Odisha has shown that at the age of 4 months dry biomass of primary root nodules was highest 

with T14 (each 16.9 mg) which was followed by T15 (15.9 mg), T6 (14.2 mg), T7 (13.2 mg), T11 

(12.7 mg), T4 and T5 (each 10.9 mg), T9 (each 10.7 mg), T13 (10.6 mg), T8 (10.1 mg), T12 (9.8 

mg), T3 (9.5 mg), T16 (8.8 mg), T17 (8.3 mg), T2 (6.5 mg), T1 (6.3 mg) and lowest with T10 (4.4 

mg). At the same time dry biomass of nodules of secondary roots was highest with T3 (7.6 mg) 

which was followed by T2 (6.5 mg), T15 (5.6 mg), T12 (4.2 mg), T7 (each 3.8 mg), T11 (3.5 mg), 

T4 and T10 (each 3.3 mg), T14 (2.8 mg), T1 (2.7 mg), T16 (2.5 mg), T17 (2.1 mg), T6 (2.0 mg), 

T5 (1.7 mg), T13 (1.3 mg), T8 (1.1 mg) and lowest with T9 (1.0 mg). Dry biomass total nodules 

at same site at 4 months for this site was highest with T15 (24.3 mg) which was followed by T14 

(22.5 mg), T3 (18.9 mg), T6 and T11 (each 16.2 mg), T4 (15.3 mg), T2 and T12 (14.4 mg), T8 
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(13.5 mg), T5, T10 and T16 (each 12.6 mg), T13 (11.9 mg), T9 and T17 (each 11.7 mg) and lowest 

with T1 (10.8 mg). 

Nodule dry biomass at 6 months stage 

Study made at Tanhril, Aizawl, Mizoram had shown that at the age of 6 months dry biomass 

of primary root nodules was highest with T3 (115.1 mg) which was followed by T15 (106.9 mg), 

T7 (87.0 mg), T12 (86.6 mg), T14 (85.9 mg), T10 (83.9 mg), T11 (82.8 mg), T2 (82.3 mg),  T9 

(76.7 mg), T1 (76.1 mg), T6 (74.9 mg), T13 (73.2 mg), T8 (72.6 mg), T4 (72.1 mg), T16 (68.9 

mg), T17 (66.0 mg) and lowest with T5 (7.6 mg). At the same time dry biomass of nodules of 

secondary roots was highest with T3 (61.4 mg) which was followed by T15 (56.3 mg), T2 (54.8 

mg), T6 (51.9 mg), T11 (51.8 mg), T7 (48.3 mg), T10 (47.2 mg), T8 (47.0 mg), T13 (46.6 mg), 

T12 (46.2 mg), T14 (45.5 mg), T1 (44.4 mg), T4 (43.3 mg), T16 (42.4 mg), T9 (40.9 mg), T17 

(38.5 mg) and lowest with T5 (4.3 mg). The dry biomass of nodules of tertiary roots for same site 

and time was highest with T3 (38.4 mg) which was followed by T6 (34.6 mg), T16 (31.8 mg), T10 

(31.5 mg), T11 (31.1 mg), T14 (30.3 mg), T8 (29.9 mg), T7 (29.0 mg), T12 (28.9 mg), T4 (28.8 

mg), T15 (28.1 mg), T17 (27.5 mg), T13 (26.6 mg), T9 (25.6 mg), T1 (19.0 mg), T2 (13.7 mg) 

and lowest with T5 (2.2 mg). Total root number for Tanhril, Mizoram and same stage 6 months 

was highest with T15 (191.3 mg) which was followed by T11 (165.6 mg), T7 (164.3 mg), T10 

(162.5 mg), T12 and T14 (each 161.6 mg), T6 (161.4 mg), T3 (161.1 mg), T2 (150.8 mg), T8 

(149.4 mg), T13 (146.3 mg), T4 (144.2 mg), T9 (143.1 mg), T1 (139.9 mg) and lowest with T5 

(14.1 mg). At 6 months study made in Siripur, Odisha has shown that at the age of 6 months dry 

biomass of primary root nodules was highest with T3 (each 126.0 mg) which was followed by T15 

(120.0 mg), T2 (111.4 mg), T1 (107.5 mg), T14 (105.9 mg), T9 (101.3 mg), T6 (101.0 mg), T10 

(98.8 mg), T5 (94.0 mg), T16 (91.0 mg), T11 (90.0 mg), T8 (88.6 mg), T17 (88.2 mg), T12 (86.1 
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mg) and minimum with  T13 (82.4 mg). At the same time dry biomass of nodules of secondary 

roots was highest with T11 (48.5 mg) which was followed by T12 (43.1 mg), T10 (42.4 mg), T4 

(41.3 mg), T7 (40.6 mg), T15 (40.6 mg), T13 (38.0 mg), T14 (37.4 mg), T16 (36.4 mg), T6 (35.6 

mg), T8 (33.2 mg), T5 (29.4 mg), T2 (27.8 mg), T9 (27.0 mg), T17 (25.2mg)T3 (21.0 mg) and 

lowest with T1 (15.4 mg). Dry root nodule biomass of tertiary roots  for same site and stage was 

highest with T8 (22.2 mg) which was followed by T7 (20.3 mg), T15 (20.0 mg), T13 (19.0 mg), 

T14 (18,7 mg), T12 (18.5 mg), T11 (18.2 mg), T10 (14.1 mg), T9 (13.5 mg), T17 (12.6 mg), T16 

(12.1 mg), T6 (11.9 mg), T5 (11.7 mg), T3 (10.5 mg), T2 (9.3 mg), T1 (7.7 mg) and lowest with 

T4 (4.5 mg). The dry biomass of nodules of total  roots for 6 months and same site was highest 

with T15 (180.0 mg) which was followed by T14 (162.0 mg), T13 (157.5 mg), T10 (155.3 mg), 

T7 (152.1 mg), T4 (149.2 mg), T2 and T6 (each 148.5 mg), T12 (147.6 mg), T8 (144.0 mg), T9 

(141.8 mg), T13 and T16 (each 139.5 mg), T5 (135.1 mg), T1 (130.5 mg) and lowest with T17 

(126.0 mg).  

5.3.4 Nodule width 

Nodule width has been age-wise and location-wise presented in fig. 5.6. Sizeable nodule 

was observed at 6 months which were significant among treatments at both the location and being 

described herewith. Among the treatments there was significant difference at the age of 6 months 

for both the locations with respect to nodule width. Nodule width at this stage at Tanhril  was 

recorded with T15 (3.5 mm), T14 (3.4 mm), T11 (3.3 mm), T7 and T10 (3.2 mm), T6 (3 mm), T3 

(2.8 mm), T8, T12 and T16 (each 2.8 mm), T2, T9 and  T17 (each 2.7 mm), T13 (2.4 mm), T1 and  

T4 (each 2.3 mm), T5 (2.2 mm). The groups of treatments showing at par relation for this timing 

and site were among T15, T14, T11 and T7, among T14, T11, T7 and T10, among T7, T10, T6, 

T3 and T8, T12 and T16, among T6, T3, T8, T12, T16, T2, T9 and T17, among T3,  
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        Fig. 5.6 : Effect of soil amendments and bio-inoculants on width of root nodule of F. semialata seedlings. 
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T8, T12, T16, T2, T9, T17 and T13 and among T13, T1, T4 and T5.Nodule width at this stage at 

Siripur was recorded with T15 (3.5 mm), T14 (3.4 mm), T11 (3.3 mm), T10 (3.2 mm), T3 and  T7 

(each 3 mm), T2 and  T16 (each 2.9 mm), T12 (2.8 mm), T6 and T9 (each 2.7 mm), T8 (2.6 mm), 

T4 and  T17 (each 2.5 mm), T1 and  T13 (each 2.4 mm), T5 (2 mm). The groups of treatments 

showing at par relation for this timing and site were among T15, T14, T11 and T10, among T14, 

T11, T10, T3 and T7, among T11, T10, T3, T7, T2 and T16, among T10, T3, T7, T2, T16 and T12 

and among T1, T13 and T5. 

5.4 Discussion 

Number of nodules recorded after counting nodules present on primary, secondary and 

tertiary rootlets. Highest nodulation has peculiarity. Least nodulation was observed with T4 during 

final sampling of 6 months for both locations. It was indicated that mcorrhizae contributed 

phosphorus, encouraged nitrogen fixation gave better nodulation at combination, mycorrhizal 

encouraged by better number of rooting and nutrition. Jamaluddin et al, 1992 observed more 

number of nodules in Dalbergia sissdules.oo, Leucaena leucocephala, Pongamia pinnata and 

Albizia lebbeck after bio-inoculation. Inoculation of Rhizobium in Acacia catechu gave more 

number and biomass of nodules (Banyal and Bhardwaj, 2003). Role of phosphorus in root 

branching has been described by Lopez et al., 2003.  

5.4.1 Number of nodules 

Number of nodules was independent of biomass of nodules (Fig. 5.1 and table 5.1). Effect 

of bio-inoculation and amendment application remained dependent of time of observation and 

location. It has been observed number of nodules was maximum in T15 (minimum fertilisation 

with Rhizobium and mycorrhizae) in Tanhril, Mizoram at 2 months which at 4 months with T7 and 
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at 6 months with T8 recorded maximum nodule number, The  study at Siripur, Odishs recorded 

maximum at 2 months with T7 and at 4 months with T12 and at 6 months with T7. Minimum 

numbers of nodules were recorded with T4 at 2 and 4 months with Tanhril, same location had 

minimum with T1 in 4 months. Siripur recorded minimum with T13 at 2 month, T6 at 4 months 

and T4 at 6 months. The reason being sufficient quantity of microorganism indigenously present 

prior inoculation which made maximum number of nodule using starter dose of NPK in case of 2 

months in Tanhril, Mizoram. Of course for immediate nodule observation was faster with 

availability of nutrition from fertiliser and mycorrhizae and sufficient Rhizobium from indigenous 

and inoculation, with progress of growth in plants and bio-inoculants, host carbohydrates shared 

all of them. Mycorrihizae indigenous population might be much more. Under this circumstance 

for 4 and 6 months sampling due to sufficient indigenous mycorrhizal population further 

inoculation made competing host carbohydrate making nodulation reduced. Thus maximum with 

T7 (Rhizobium + low or starter dose of fertilisation), further plant growth requiring more 

fertilisation T7 replaced by T8 for maximum nodulation. On the other hand, indigenous population 

of micro-organism earlier present might be less in Siripur which gradually multiplied with bio-

inoculants which initially even did not respond to fertilisation to develop nodules that made nodule 

building process sufferer. .Nodule making once started took starter dose of fertilisation  

simultaneously host plant demanded some fertiliser due to poor nutrient status, so moderate dose 

of fertilisation remained optimum. Further Rhizobium along with host root got protected by 

mycorrhizae against extreme low followed by high temperature of 4 months and 6 months and 

nutrient support. Since, indigenous mycorrhizal population might be very poor which could not 

support defend inoculated rhizobial population for nodulation. Thus, T12 having moderate 

fertilisation and mycorrhizae was best for nodulation in last 2 samplings. 
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 No nodulation during September i.e., at 1 month was observed which might be due to rain 

which made saturation of poor space and oxygen stress which restricted the diffusion of oxygen 

through the nodule cortex (Pankhurst and Sprent, 1975). Though the nodule activity and 

temperature were closely and positively coupled within a normal range (Streeter, 1994), the rise 

in the temperature more faster during February-March (6 months) in Odisha than Mizoram might 

had caused less nodulation in Odisha at 6 months made decline in nodule efficiency and nodule 

number as well (Armenta et al., 1989a) while, its fall results in an increase of nodule size despite 

the delay in nodulation in 4 months. Nodule formation is, however, much more temperature 

tolerant than nodule function (Armenta et al., 1989). 1st primary root nodulation which then 

proceeded to laterals which was also recorded by Kashyap et al., 2012 in Acacia catechu, Albizia 

chinensis and Alnus nitida. They have too reported that number and size of nodules were directly 

related to atmospheric nitrogen fixation. The root nodulation activities of tree species have been 

recorded by both their genetic behaviour as well as environmental conditions (Hardy et al., 1968; 

Gibson, 1976; Waughman, 1977; Gibson and Jordan, 1983). which may be explained through 

prevailing environmental conditions i.e. high root temperature (Kuo and Boersma, 1971; Sprent, 

1972; Engine and Sprent, 1973), low water potential that suppressed the root hair infection (Worral 

and Roughley, 1976) or degenerated the nodules (Roughley, 1970; Pankhurst and Gibson, 1973). 

 

 

5.4.2 Nodule Biomass 

The role of root nodulation by plants to improve the soil fertility has been described by 

various researchers (Cruz and Valdes, 1990; Galciana et al., 1996). Nodule biomass in our 
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investigation was found to be dependent on location and prevailing environmental condition; 

which was supported by the finding of Gibson and Jordan, 1983 who reported that nodulation in 

tree species were significantly influenced by climatic conditions. Nodule biomass is the dynamics 

of water and carbohydrate accumulation and activity of nitrogen fixation over the nodule. In our 

situation total nodule dry biomass in case of Tanhril was highest with T12, T6 and T15 and Siripur 

with T11, T15 and T15 for 2, 4 and 6 months, for fresh biomass it wasT15 for all the three stages 

in Tanhril and T6 for 1st two stages and T12 for final stage in Siripur. It shows that the biomass 

accumulation in nodule dependent on localised soil conditions and water content of nodule 

fluctuating with prevailing soil conditions and quantum of nutritional and bio-inoculant 

application. Kashyap et al., 2012 also recorded changes in nodule biomass accumulation and water 

content with soil condition and age of nitrogen fixing tree species of western Himalayas. The study 

revealed the nodule biomass was observed to be directly proportional to number and size of 

nodules present on the primary, secondary and tertiary roots. Maximum nodule biomass was 

observed in secondary roots followed by primary and tertiary roots. 

5.4.3 Nodule width 

 Nodule width was observed to be varying among the treatments at both the locations non-

significantly at 2 and 4 months but marked significant at 6 months age. The trend at both the 

locations among the treatments remained more or less similar with both recorded maximum value 

at T15 and minimum with T5. Stage-wise contrast variation could not mark in nodule width of 

course previous researchers have recorded less nodule number but more size in case of winter 

sampling (Kashyap et al., 2012). Better nodule size and nodulation observed in primary than 

laterals with diastance from tap root it decreased. Similar finding was also observed by Streeter, 
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1994 and Kashyap, et al., 2012. Nodule shape was spheroidal in F. semialata but size may be 

changing based on type of root where it was located. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPER 6:         

NUTRIENT UPTAKE 
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6.1 Introduction 

  Tropical forests are the most diverse and carbon-rich forests in the world; they are critical 

for biodiversity conservation, carbon (C) storage, and climate regulation (Ueda et al., 2017). The 

diversion of forests for agricultural purposes has become alarmingly high in tropical regions, 

especially in Asia and South America (FAO, 2010). Deforestation often severely reduces 

ecosystem services such as C sequestration, watershed protection, and biodiversity conservation. 

Forest diversion for non-forest purposes has changed soil properties such as soil bulk density, C 

storage, nitrogen (N), and other nutrients (Murty et al., 2002). Removal of biomass causes nutrient 

losses and changes in N dynamics (mineralization rate, nitrification rate) (Hornbeck et al., 1990; 

Steudler et al., 1991). Apart from nitrogen, phosphorus is generally considered the most common 

limiting nutrient for productivity of mature tropical forests, N loss during human land use which 

has caused stoichiometric balance of nutrient cycling and has resulted in N limiting conditions.  

  Presently potential of beneficial effects of N2-fixing tree legumes (NFTs) on the soil 

fertility of fragile and impoverished soils of the tropics has been exploited by many scientists 

(Sanginga, 1992;  Athar, 1993). Besides, AM fungi tap a variety of nutrients from the soil and 

Rhizobium fix nitrogen from the atmosphere (Mehrotra, 1995). Rhizobium, living in symbiotic 

association with leguminous plants was first isolated by Beijerinck (1888). Occurrence of nodules 

in different tree legumes was first reported by Allen and Allen (1981). Gurumurthy et al. (1999) 

observed increased plant height, diameter, leaf area, root length, shoot and root dry weight and 

concentration of P, Zn, Cu, Mn and Fe in Dalbergia sissoo shoot with AM fungi inoculation. 

Mycorrhizae providespositive effect on plant nutrition and, consequently provides plant fitness. In 
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particular, mycorrhizal roots play a pivotal role in helping the plant uptake phosphorus from the 

soil (Smith et al., 2011). They translocate water and other mineral nutrients (in particular nitrogen) 

from the soil to the plant. AM fungi helps in recovery of plant nutritional deficiency and therefore 

have attracted a great deal of interest. They provide antioxidants, the increment of osmolyte 

production or the improvement of abscisic acid regulation (Van der Putten, 2003; Ruiz-Lozano, 

2012) and the enhancement of plant tolerance to heavy metals (Leyval, 2002), give power of 

phytoremediation (Göhre, 2006), play a critical role in soil aggregation by glycoproteins (glomalin 

and glomalin related proteins) secreted by AMF into the soil (Rillig and Mummey, 2006; Bedini 

et al., 2009). Kaushik and Kaushik (1995) reported significant increase in total biomass and 

macronutrient contents (NPK) of Albizia lebbeck seedlings dually inoculated with Rhizobium and 

AM fungi over uninoculated seedlings (control). 

  Flemingia semialata being a lac shrub host been cultivated in massive scale by many of 

farmers of our country for variety of uses besides lac production (Kumar et al, 2013). Potentially 

high nodulation of course has been observed from this species whereas its quantum of nitrogen 

fixation, nutrient uptake and plant-soil nutrient interaction in fertiliser application alongwith dual 

bio-inoculation of mycorrhiza and Rhizobium has not been known yet. Keeping these in view the 

present study was under taken to assess the effect of dual inoculation of mycorrhiza and Rhizobium 

along with amendments such as addition of FYM and inorganic fertiliser on dynamics of 

availability and utilisation of nitrogen and its effect over physico-chemical behaviour of the 

rhizosphere soil. The hypothesis formulated was that nitrogen fixation responded well to 

mycorrhizal  inoculation and jointly contribute to reduce fertiliser consumption giving a positive 

effect on soil fertility restoration. 

6.2 Materials and methods 
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6.2.1 Preparation of soil and plant samples 

  The effect of treatments on physico-chemical properties of soil was assessed at theend of 

6 months in case of nurserhy and 1.5 years in case of plantation (after planting of nursery grown 

seedlings). Soil samples were collected from rhizosphere as per standard procedure of sampling 

from plant periphery inside the nursery and plantation both. In case of potted nursery prior 

removing the polybags for plant sampling, soil from 0 -15 cm from top of the polypotand from the 

periphery of the plant was collected with the help of khurupi.  

  In case of plantation, 5 cores of soils were collected from 0-30 cm depth near the root zone 

of the plants. Soil sample so collected either from nursery or plantation were sieved thorough 2 

mm mesh size and divided into two halves. One half of the soil was subjected for immediate 

analysis for moisture, pH, available nitrogen whereas the other half was subjected for air drying 

prior to analysis of rest of the soil properties. For estimation of bulk density, particle density and 

moisture content core was taken for minimum disturbance to soil structure at the time of sampling. 

  Plant analysis was carried out  at the same time in order to determine total nitrogen content 

in the plant and to calculate the uptake of nitrogen and nitrogen fixed by the plant. Plant samples 

for nutrient analysis were prepared as per the procedure mentioned in para 5.2.1 for collection of 

root and shoot samples done after  recording their fresh biomass and oven dried biomass at 65 ± 

50C for 48 hours.then as mentioned there root and shoot samples were diverted to hot air oven for 

oven dried biomass.  After recording oven dried biomass of root, shoot and nodules separately, 

these were ground for total nitrogen analysis. The procedure for analysis of soil and plant sample 

has been outlines as below. 

6.2.2 Soil Physico-chemical parameters 
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Physical properties 

6.2.2.1 Mechanical composition 

  The particle size distribution was observed by the Buycous Hydrometer method and texture 

of the soil was computed using textural diagram. 

6.2.2.2 Bulk density 

  Bulk density was determined by the core method using mass-volume relationship (Singh, 

1980), while the moisture content of the fresh soil was established by gravimetric method and 

expressed in g/cc 

6.2.2.3 Particle density 

  Particle density was determined by standard pycnometer using distributed soil samples 

(Richards, 1954) which was too expressed in g/cc 

6.2.2.4 Porosity 

  Percentage of pore space was calculated according to Richards (1954). 

 % Pore space  =   (1 – 	
	

) x 100 

6.2.2.5 Moisture content 

Moisture content in nursery and field soil the procedure given by Grace and Brookes, 

(2006)  after oven drying soil. 

 6.2.2.6 Water holding capacity 
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The stand and procedure of  water holding capacity of soil (Grace and Brookes, 2006) was 

followed both for nursery and field soil. 

Chemical properties 

 6.2.2.7 pH 

  The soil pH was determined in 1:2.5 soil water suspension by using  pH meter.  

6.2.2.8 Electrical conductivity 

  For recording the electrical conductivity of the supernatant liquid the method detailed by 

Jackson (1973) was used. 

6.2.2.9 Organic carbon 

  Organic carbon content of soil was determined by the Walkley and Black rapid titration 

method and expressed in terms of percentage (Jackson, 1958). 

 

 

 

 

6.2.2.10 Available nutrients (kg/ha) 

Nitrogen 
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  To ensure the available nitrogen (N) content of soil, alkaline potassium permanganate 

method was followed (Subbiah and Asija, 1956). 

Phosphorus 

  Available phosphorus was extracted using Olsen,et al. (1954) method and it was 

determined by stannous chloride reduced ammonium molybdate method in HCl system (Jackson, 

1973). 

Potassium 

  Available potassium was extracted using neutral normal ammonium acetate and 

determined on flame photometer (Merwin and Peech, 1951). 

6.2.3 Total nitrogen content of root, shoot and nodules 

  The dried samples of root, shoot and nodules was ground and a composite samples of each 

part was chemically analysed to get the total nitrogen content. Each sample was digested with 

concentrated H2SO4 by using digestion mixture and total nitrogen determined by kjeldahl method. 

6.2.4 Uptake of nitrogen in plant 

 The nitrogen uptake of plant was determined by using following common formula: 

          N uptake (mg/plant) =  

            {( 	 	 	 	 ) 	 	 % ( 	 	 	 	 ) 	 	 %} x 1000 

Uptake was studied upto the period then calculated per ha basis for estimation of uptake per ha per 

year for nitrogen fixation per ha per year described in next paragraph. 

6.2.5 Nitrogen fixed 
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  Nitrogen fixed by each plant was calculated by difference method (Kashyap et al., 1012) 

as the sum of the enrichment of available nitrogen in soil and utilization (uptake) of nitrogen by 

plant. The figure for each individual observation was expressed in terms of kg/ha/yr. The nitrogen 

uptake per hectare was calculated by considering plant to plant distances i.e. the diameter of 

polythene bag  under nursery condition and 1 x 2 m2 under field condition. The nitrogen utilization 

per year of a plant under the nursery condition was estimated over an area of cross section of a 

polythene bag, and then total nitrogen utilization over an area 1 hectare (10,000 m2) was worked 

out as follows: 

Nitrogen fixed (kg/ha/year) =  

{
	 	 	 	( )

	 	 	 		 	
+

	 	 	 	( )
	 	 	 	 	 		 	 	 	( )				

x , 	 	
	 	 	 		 	 	

}x 12 

Nitrogen enrichment in Soil (kg/ha) = Available nitrogen (kg/ ha) treatment – Available nitrogen 

of   barren soil (kg/ha) at sampling – Fertiliser added (kg/ ha)  

The similar method was followed for estimating the nitrogen fixed under field conditions. 

For the field condition nitrogen fixation was calculated using the formula 

 

Nitrogen fixed (Kg/ha/year) =  

{
	 	 	 	

	 	 	 		 	
+ 	 	 	 	 	 	 	( )

( 	 	 )	 	( 	 	 )	 	 	 	 		 	 				
}x 12 

6.3 Results 



196 
 

  Flemingia semialata being a nitrogen fixing shrub fixes nitrogen for which starter 

dose of nitrogen substantiated by nitrogen application and phosphorus supplied by mycorrhiza 

and/ or inorganic fertiliser application. Potassium requirement was made from potassium addition. 

It was not only expected to enrich nitrogen but supplied phosphorus through mycorrhizal 

inoculation. Plant being an autotroph reduces atmospheric CO2 to carbohydrate and breaks 

carbohydrate at rhizosphere by litter or root mucilage, mucigel secretion apart from 

decomposition. Further, Rhizobium and mycorrhizae being heterotrophs utilise host carbohydrate 

which is very much important to regulate both chemical, physical and biological processes to run 

dynamically and make the soil very stable to maintain its configuration against destructive forces 

and accommodate its nearby crops or trees (based on farmers choice) under agroforestry systems, 

All the nutrients along with accumulation of water by mycorhrizae provided host defence and 

nutrition under rainfed condition and too indirectly boosted adequate sap and nutrients supply for 

the lac insects (Kerria lacca insects). Thus, it is very important to study the physico-chemical 

properties of the soil rather than nitrogen and phosphorus alone. For this, individual parameters 

contributing to soil physico-hemical properties were studied and their combined effect was 

described under both the locations   



197 
 

 Table 6.1 : Effect of soil amendments and bio-inoculants on soil physico-chemical properties under F. semialata seedlings (6 months). 

 
Porosity (%) EC (dsm-1)      Moisture Content (%) WHC (%) 

  Tanhril Siripur   Tanhril Siripur   Tanhril Siripur    Tanhril Siripur 

T1 37.49b 30.41b 0.32 0.30 28.92 27.54 54.23 51.52 
T2 42.82a 34.73a 0.34 0.32 31.67 30.16 61.41 55.34 
T3 43.4a 35.2a 0.35 0.33 32.27 34.64 65.52 62.24 
T4 42.33a 34.34a 0.32 0.30 33,20 31.62 61.72 63.53 
T5 41.95a 34.02a 0.32 0.30 32.13 30.36 61.52 58.44 
T6 43.79a 35.51a 0.36 0.34 33.85 32.24 65.59 62.31 
T7 43.59a 35.36a 0.37 0.35 35.13 33.46 68.65 65.22 
T8 44.76a 36.3a 0.35 0.33 34.17 32.54 66.42 63.10 
T9 45.05a 36.54a 0.34 0.32 32.20 34.62 62.37 59.25 
T10 44.76a 36.3a 0.36 0.34 33.96 32.34 63.79 60.53 
T11 43.88a 35.59a 0.36 0.34 34.82 33.16 67.56 64.18 
T12 44.47a 36.06a 0.33 0.31 33.20 31.62 63.43 60.26 
T13 45.34a 36.77a 0.32 0.30 32.16 30.63 61.89 58.80 
T14 43.79a 35.51a 0.35 0.33 35.28 33.65 64.32 61.10 
T15 43.59a 35.36a 0.36 0.34 34.27 32.64 66.76 63.42 
T16 37.49b 30.41b 0.32 0.30 33.20 31.62 63.13 59.97 
T17 42.82a 34.73a 0.31 0.29 32.13 30.6 61.51 58.43 

    SEm (±)     3.50      2.97 0.03 0.02 2.55 2.49 4.93 4.69 
  CD0.05     7.07      6.00 NS NS NS NS NS NS 
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6.3.1 Physico-chemical properties of soil 

  Physical parameters of nursery (polybags) soil and plantation were recorded at the end of 

experiment i.e., at 6 months and 1.5 years, respectively at the same time parameters of control 

were recorded from the study locations under Mizoram and Odisha. The data have been presented 

in table 6.2  (for nursery study at end of 6 months) and table 6.3 (plantation study at 1.5 years. 

6.3.1.1 Under nursery condition (6 months) 

Porosity percentage 

  Among the treatments there was significant difference in porosity in Tanhril non-

significant whereas same found to be non-significant in Siripur. Nevertheless trend of effect of 

treatments on porosity percent was similar for both the locations. Porosity percentage at this stage 

at Tanhril was recorded to be maximum with T15 (45.34 %) and minimum with T1 (37.49 %). 

Similarly maximum porosity percentage at this stage at Siripur was recorded with T15 (36.77 %) 

and least with T1 (30.41 %). 

Moisture content 

  Moisture content in nursery  soil was the highest with T14 (35.28 %) in case of Tanhril 

whereas the least was recorded with with T1 (28.92 %). On the otherhand in Siripur maximum 

moisture content was observed with T3 (34.64 %) and minimum with T1 (27.54 %) (control virgin 

soil). 
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Water Holding Capacity 

  In Tanhril water holding capacity varied with treatments although non-significantly, 

although maximum value observed with T7 (60.68 %) and minimum with T1 (48.18%). In Siripur 

highest water holding capacity was recorded with T7 (55.12 %) and lowest was recorded with T1 

(46.24%). 

 Electrical Conductivity 

  For the nursery study of Tanhril EC was highest in case of T7 (0.37) which was followed 

by T6 (0.36), T10 (0.36), T11 (0.36), T15 (0.36), T3 (0.35), T8 (0.35), T14 (0.35), T2 (0.34), T9 

(0.34), T12 (0.33), T4 (0.32), T5 (0.32), T13(0.32), T16 (0.32), T1 (0.32)and least witj T17 (0.31). 

Similar trend was observed in case of Siripur for nursery study with maximum with highest with 

T7 and lowest with T17.  

pH 

  Among the treatments there was non-significant difference at the age of 6 months for both 

the locations with respect to pH. pH at this stage at Tanhril was recorded to be maximum with T10 

(5.8) and minimum with T1 (5.1). The pH at Siripur was recorded highest with T14 (7.3)  and 

lowest with T4, T9, T5 and T17 (6.7 each). 

Soil Organic carbon per cent 

  Soil organic carbon varied significantly among the treatments in the locations.  Organic 

carbon per cent at this stage at Tanhril was recorded to be maximum with T10 (1.83 %) which was 

followed by T14 (1.81 %) (potting mixture + mycorrhizae) and lowest with T1 (1.58 %)  
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 Table 6.3: Effect of bio-inoculants and soil amendments on physico-chemical properties of soil of 1.5 years old F. semialata plantation. 

 Porosity (%) EC (dsm-1) Moisture Content 
(%) 

Water Holding 
capacity (%) pH 

     Tanhril Kushadiha    Tanhril   ushadiha     Tanhril    ushadiha     Tanhril    Kushadiha    Tanhril Kushadiha 
T1 37.49 30.41 0.31 0.29 22.63 21.60 48.18 46.24 5.1 7.1 
T2 42.82 34.73 0.33 0.31 23.40 24.40 54.43 48.52 5.5 6.9 
T3 43.4 35.2 0.34 0.32 26.12 26.31 58.00 52.34 5.4 6.8 
T4 42.33 34.34 0.31 0.29 25.00 25.20 56.22 51.26 5.3 6.7 
T5 41.95 34.02 0.31 0.29 24.72 24.40 54.43 52.32 5.3 6.7 
T6 43.79 35.51 0.35 0.33 25.90 26.00 58.00 54.26 5.6 7.0 
T7 44.76 36.30 0.36 0.34 27.12 27.20 60.68 55.12 5.5 6.9 
T8 44.27 35.91 0.34 0.32 27.34 26.40 58.89 53.75 5.4 6.8 
T9 43.59 35.36 0.33 0.31 25.62 24.80 55.32 51.23 5.3 6.7 
T10 44.76 36.30 0.35 0.33 26.43 26.00 58.00 54.62 5.7 7.1 
T11 45.05 36.54 0.35 0.33 27.12 26.80 59.78 54.68 5.5 6.9 
T12 44.76 36.30 0.32 0.30 26.54 25.20 56.22 52.78 5.4 6.8 
T13 43.88 35.59 0.31 0.29 25.40 24.40 54.43 49.88 5.4 6.8 
T14 44.47 36.06 0.34 0.32 26.25 25.60 57.11 52.78 5.8 7.3 
T15 45.34 36.77 0.35 0.33 27.24 26.40 58.89 52.76 5.7 7.2 
T16 43.79 35.51 0.31 0.29 26.24 25.20 56.22 51.36 5.6 7.0 
T17 43.59 35.36 0.30 0.28 25.24 24.40 54.43 49.74 5.3 6.7 

                       SEm (±) 2.85 2.31 0.02 0.02 1.69 1.65 3.67 3.40 0.35 0.44 
CD0.01 7.71 6.25 NS NS 4.58 4.46 9.93 9.18 NS NS 
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 Table 6.4: Effect of bio-inoculants and soil amendments on physico-chemical properties of soil of 1.5 years old F. semialata plantation. 

      Organic Carbon  (%) Avail. N (kg/ha) Avail. P (kg/ha)        Avail. K (hg//ha) 
Tanhril Kushadiha Tanhril Kushadiha Tanhril Kushadiha Tanhril Kushadiha 

T1 1.29 1.09 372.50 359.40 39.73 21.86 311.29 222.86 
T2 1.33 1.13 375.60 362.51 40.22 22.13 312.43 223.01 
T3 1.35 1.14 421.30 410.40 40.61 22.34 311.48 222.8 
T4 1.33 1.12 462.60 449.43 39.92 22.50 312.53 223.35 
T5 1.31 1.11 515.20 500.97 41.20 22.66 312.82 223.76 
T6 1.41 1.19 381.30 362.76 40.71 22.39 312.34 223.42 
T7 1.42 1.20 434.90 419.67 41.00 22.55 312.73 223.69 
T8 1.37 1.16 468.60 454.75 41.49 22.82 313.11 223.97 
T9 1.33 1.13 510.30 496.11 41.88 23.04 313.40 224.17 
T10 1.41 1.19 374.70 356.40 41.29 22.72 312.82 223.76 
T11 1.42 1.20 419.60 406.15 41.78 22.98 314.45 224.92 
T12 1.37 1.16 456.20 442.45 42.17 23.20 314.83 225.20 
T13 1.33 1.13 494.20 480.14 42.46 23.36 315.22 225.47 
T14 1.47 1.23 382.10 366.76 41.10 22.61 313.49 224.24 
T15 1.50 1.26 428.70 415.18 41.68 22.93 313.97 224.58 
T16 1.43 1.21 457.40 443.64 41.78 22.98 314.74 225.13 
T17 1.34 1.13 508.60 496.23 42.17 23.20 316.27 226.23 

   SEm (±) 0.09 0.08 29.01 28.13 2.69 1.48 20.36 14.56 
    CD0.05 0.18 0.15 58.62 56.85 5.45 3.00 41.15 29.43 
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(control). On the other hand soil organic carbon per cent at Siripur was recorded highest with T15 

(1.69 %) and minimum with T1 (1.46 %).  

Available nitrogen content 

  Available nitrogen content of soil among the treatments there was significant difference at 

the age of 6 months for both the locations. Available nitrogen content at this stage at Tanhril was 

recorded to be maximum with T9 (530.7 kg/hand minimum with T10 (362.7 kg/ha). On the  

other hand at Siripur it was recorded highest with T17 (506.98 kg/ha), and lowest with T10 (332.83 

kg/ha),  

Available phosphorus  

  Available phosphorus content of soil among the treatments was non-significant at the age 

of 6 months for both the locations. At Tanhril it was recorded to be maximum with T13 and 

minimum with T1 (40.7 kg/ha). On the other hand Siripur was recorded highest with T13 (39.84 

kg/ha)  and lowest with T4 (26.37 kg/ha). 

Available potassium  

  Available potassium content of soil among the treatments was non-significant at the age of 

6 months for both the locations.Tanhril site recorded maximum soil available potassium with T17 

(330.1 kg/ha) and minimum with T1 (324.9 kg/ha). On the other hand at Siripur highest was 

recorded with T17 (323.09 kg/ha) and lowest with T1 (318 kg/ha), 
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6.3.1.2 Plantation site 

  The physico-chemical properties of soil under plantation were studied for various 

parameters compared to control at the time of observation and other treatments effects have been 

described as below: 

Porosity percentage 

  Among the treatments significant variations were observed with respect to porosity 

percentage after 1.5 years of plantation for both the sites. At Tanhril porosity percentage  was 

maximum with T15 (45.34%) and minimum with T1 (37.49 %) control condition. Both locations 

exhibited same trend about response of treatments. At the same time Porosity percentage per ha at 

1.5 years of plantation at Kushadiha was maximum with T15 (36.77 %), and minimum with T1 

(30.41 %). 

 Electrical Conductivity 

  Among the treatments non-significant relations were observed with respect to Electrical 

Conductivity for 1.5 years of plantation for both the sites. At Tanhril Electrical Conductivity was 

maximum with T7 (0.36) which was followed by T6 (0.35), T10 (0.35), T11 (0.35), T15 (0.35),T3 

(0.34), T8 (0.34), T14 (0.34), T2 (0.33), T9 (0.33), T12 (0.32), T1  (0.31),  T4  (0.31),  T5  (0.31),  

T13  (0.31), T16  (0.31) and  minimum with T17 (0.3). Electrical Conductivity at plantation of 

same age at Kushadiha was maximum with T7 (0.34), T6 (0.33), T10 (0.33), T11 (0.33), T15 

(0.33), T3 (0.32), T8 (0.32), T14 (0.32), T2 (0.31), T9 (0.31), T12 (0.3), T1 (0.29), T4 (0.29), T5 

(0.29), T13 (0.29), T16 (0.29) and minimum with T17 (0.28).  
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 Moisture Content 

  Among the treatments significant relations were observed with respect to Moisture Content 

for 1.5 years of plantation for both the sites. At Tanhril Moisture Content was maximum with T8 

(27.34 %), T15 (27.24 %), T7 (27.12 %), T11 (27.12 %), T12 (26.54 %), T10 (26.43 %), T14 

(26.25 %), T16 (26.24 %), T3 (26.12 %), T6 (25.9 %), T9 (25.62 %), T13 (25.4 %), T17 (25.24 

%), T4 (25 %), T5 (24.72 %), T2 (23.4) and least with T1 (22.63 %). The at par groups among the 

treatments for this site were observed with: among T8, T15, T7, T11, T12, T10, T14, T16, T3, T6, 

T9, T13, T17, T4 and T5, among T12, T10, T14, T16, T3, T6, T9, T13, T17, T4, T5 and T2 and 

among T6, T9, T13, T17, T4, T5, T2 and T1. The parametric value at the same age of  plantation 

at Kushadiha was maximum with T7 (27.2 %), T11 (26.8 %), T8 (26.4 %), T15 (26.4 %), T3 

(26.31 %), T6 (26 %), T10 (26 %), T14 (25.6 %), T4 (25.2 %), T12 (25.2 %), T16 (25.2 %0, T9 

(24.8 %), T2 (24.4 %), T5 (24.4 %), T13 (24.4 %), T17 (24.4 %), T1 (21.6 %). The at par groups 

among the treatments for this time at Kushadiha were observed with: among T7, T11, T8, T15, 

T3, T6, T10, T14, T4, T12, T16, T9, T2, T5, T13 and T17 and among T5, T13, T17 and T1. 

 Water holding capacity 

  The treatments were significantly related were observed with respect to Water holding 

capacity for 1.5 years of plantation for both the sites. At Tanhril Water holding capacity was 

maximum with T7 (60.68) which was followed by T11 (59.78), T8 (58.89), T15 (58.89), T3 (58), 

T6 (58), T10 (58), T14 (57.11), T4 (56.22), T12 (56.22, T16 (56.22), T9 (55.32), T2 (54.43), T5 

(54.43), T13 (54.43),T17 (54.43) and least with T1 (48.18).The non-significant groups among the 

treatments for this site were observed with: among T7, T11, T8, T15, T3, T6, T10, T14, T4, T12, 

T16, T9, T2, T5, T13 and T17 and among T9, T2, T5, T13, T17 and T1. Water holding capacity 
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at 1.5 years of plantation at Kushadiha was maximum with T7 (55.12) which was followed by T11 

(54.68), T10 (54.62), T6 (54.26), T8 (53.75), T12 (52.78), T14 (52.78), T15 (52.76), T3 (52.34), 

T5 (52.32), T16 (51.36), T4 (51.26), T9 (51.23), T13 (49.88), T17 (49.74),T2 (48.52) and least 

with T1 (46.24). The at par groups among the treatments for this site were observed were: among 

T7, T11, T10, T6, T8, T12, T14, T15, T3, T5, T16, T4, T9, T13, T17 and T2. 

pH 

  Non-significant relations among the treatments were observed with respect to soil pH for 

both the locations at 1.5 years of plantation. At Tanhril pH was maximum with T14 (5.8) which 

was followed by T10, T15 (5.7), T6 (5.6),  (5.6), T2, T11 and  T7 (each 5.5) then  T3, T8, T12, 

and T13 (each 5.4), then T8, T4, T5, T9 and T17 (each 5.3) and  least with T1 (5.1). Soil  pH at 

1.5 years of plantation at Kushadiha was maximum with  T14 (7.3), T15 (7.2), T1 (7.1), T10 (7.1), 

T6 and T16 ( each 7), T2, T7 and T11 (each 6.9), T13 (each 6.8) and minimum with T4, T5, T9 

and T17 (6.7).                  

 Org Carbon per cent 

  Among the treatments significant relations were observed with respect to organic Carbon 

per cent for 1.5 years of plantation for both the sites. At Tanhril organic Carbon per cent was 

maximum with T15 (1.5%) which was followed by T14 (1.47 %), T16 (1.43 %), T7 (1.42 %), T11 

(1.42 %), T6 (1.41 %), T10 (1.41 %), T8 (1.37%), T12 (1.37 %), T3 (1.35 %), T17 (1.34 %), T2 

(1.33 %), T4 (1.33 %), T9  (1.33 %), T9 (1.33 %), T17 (1.31 %) and least with T1 (1.29%). The 

at par groups among the treatments for this site were observed with: among T15, T14, T16, T7, 

T11, T6, T10, T8, T12, T3, T17, T2, T4, T9 and T13, among T14, T16, T7, T11, T6, T10, T8, 

T12, T3, T17, T2, T4, T9, T13 and T5 and among T16, T7, T11, T6, T10, T8, T12, T3, T17, T2, 
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T4, T9, T13, T5 and T1. Organic Carbon per cent at 1.5 years of plantation at Kushadiha was 

maximum with T14 (1.26 %) which was followed by T15 (1.23 %), T1 (1.21 %), T10 (1.2 %), T6 

(1.2 %), T16 (1.19 %), T2 (1.19 %), T7 (1.16 %), T11 (1.16 %), T3 (1.14 %), T8 (1.13 %), T12 

(1.13%), T13 (1.13%), T4 (1.13 %), T5 (1.12 %), T9 (1.11 %) and minimum with T17 (1.09). The 

at par groups among the treatments for this site were observed with among T15, T14, T16, T7, 

T11, T6, T10, T8, T12, T3, T2, T9, T13, T17 and T4 and among T14, T16, T7, T11, T6, T10, T8, 

T12, T3, T2, T9, T13, T17, T4, T5 and T1. 

 Available soil nitrogen 

  Treatments had significant relations with respect to available soil nitrogen for 1.5 years of 

plantation for both the sites. At Tanhril Available soil nitrogen was maximum with T5 (515.2 kg/ 

ha) which was followed by  T9 (510.3 kg/ ha), T17 (508.6 kg/ ha), T13 (494.2 kg/ ha), T8 (468.6 

kg/ ha), T4 (462.3 kg/ ha), T16 (457.4 kg/ ha), T12 (456.2 kg/ ha), T7 (434.9 kg/ ha), T15 (428.7 

kg/ ha), T3 (421.3 kg/ ha), T11 (419.6 kg/ ha), T14 (382.1 kg/ ha), T6 (381.3 kg/ ha), T2 (375.6 

kg/ ha), T10 (374.7 kg/ ha) and lowest with T1 (372.5 kg/ ha). The at par groups among the 

treatments for this site were observed were: among T5, T9, T17, T13, T8, T4 and T16, among T9, 

T17, T13, T8,  T4, T16 and T12, among T13, T8, T4, T16, T12 and T7, among T8,  T4, T16, T12, 

T7, T15, T3 andT11, among T7, T15, T3, T11, T14 and T6 and among T15, T3, T11, T14, T6, T2, 

T10 and T1. Available soil nitrogen at 1.5 years of plantation at Kushadiha was maximum with 

T5 (500.97 kg/ ha) which was followed by T17 (496.23 kg/ ha), T9 (496.11 kg/ ha), T13 (480.14 

kg/ ha), T8 (454.75 kg/ ha), T4 (449.43kg/ ha), T16 (443.64 kg/ ha), T12 (442.45 kg/ ha), T7 

(419.67 kg/ ha),), T15 (415.18 kg/ ha), T3 (410.4 kg/ ha), T11 (406.15 kg/ 
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Table 6.5: Effect of bio-inoculants and soil amendments on nitrogen content of F. semialata plants under nursery condition  (6 
months) 

Traetments Nitrogen content of root (%) Nitrogen content of shoot (%) Nitrogen content of nodules (%) 
Tanhril Siripur Tanhril Siripur Tanhril Siripur 

T1 0.91 0.87 1.80 1.76 2.52 2.56 
T2 0.93 0.98 1.82 1.78 2.63 2.67 
T3 0.98 0.94 1.85 1.81 2.67 2.71 
T4 0.96 0.92 1.83 1.79 2.61 2.65 
T5 0.95 0.91 1.81 1.77 2.58 2.62 
T6 0.93 0.89 1.87 1.83 2.71 2.75 
T7 0.97 0.93 1.86 1.85 2.73 2.77 
T8 0.95 0.91 1.84 1.80 2.64 2.68 
T9 0.94 0.90 1.82 1.78 2.61 2.65 
T10 0.95 0.91 1.86 1.82 2.63 2.67 
T11 0.98 0.94 1.87 1.83 2.65 2.69 
T12 0.97 0.93 1.85 1.81 2.62 2.66 
T13 0.95 0.91 1.84 1.80 2.61 2.65 
T14 0.95 0.91 1.86 1.82 2.74 2.78 
T15 0.98 0.98 1.88 1.84 2.79 2.83 
T16 0.96 0.92 1.89 1.85 2.64 2.68 
T17 0.95 0.91 1.83 1.79 2.61 2.65 

  SEm (±) 0.07 0.07 0.14 0.14 0.20 0.21 
CD0.05 0.15 0.14 0.29 0.28 0.41 0.42 
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    Table 6.6: Effect of bio-inoculants and soil amendments on nitrogen content of 1.5 years old F. semialata in plantation 
 Nitrogen content of root (%) Nitrogen content of shoot (%) 

Tanhril, Mizoram Kushadiha, Odisha Tanhril, Mizoram      Kushadiha, Odisha  
T1 1.23 1.18 2.56 2.47 
T2 1.25 1.21 2.59 2.50 
T3 1.32 1.27 2.63 2.54 
T4 1.29 1.24 2.60 2.51 
T5 1.28 1.23 2.57 2.49 
T6 1.25 1.21 2.66 2.57 
T7 1.31 1.26 2.69 2.57 
T8 1.28 1.23 2.62 2.53 
T9 1.27 1.22 2.59 2.50 
T10 1.28 1.23 2.64 2.55 
T11 1.32 1.27 2.66 2.57 
T12 1.31 1.26 2.63 2.54 
T13 1.28 1.23 2.62 2.53 
T14 1.28 1.23 2.64 2.55 
T15 1.32 1.27 2.67 2.58 
T16 1.29 1.24 2.63 2.54 
T17 1.28 1.23 2.60 2.51 
SEm 0.084 0.084 0.170 0.380 

CD0.05 0.170 0.170 0.344 0.768 
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ha), T14 (366.76 kg/ ha), T6 (362.76 kg/ ha), T2 (362.51 kg/ ha), T1 (359.44 kg/ ha) and minimum 

with T10 (356.4 kg/ ha), The at par groups among the treatments for this site were observed were: 

among T5, T17, T9, T13, T8 and T4, among T17, T9, T13, T8, T4, T16 and T12, among T8, T4, 

T16, T12, T7, T15, T3 and T11,  among T7, T15, T3, T11 and T14, among T15, T3, T11, T14, 

T6, T2 and T1 and among T3, T11, T14, T6, T2, T1 and T10. 

 Available soil phosphorus 

  Among the treatments non-significant relations were observed with respect to available 

soil phosphorus for 1.5 years of plantation for both the sites. At Tanhril available soil phosphorus  

was maximum with T13 (42.46 kg/ ha) which was followed by T12 (42.17 kg/ ha), T17 (42.17 kg/ 

ha), T9 (41.88 kg/ ha), T11 (41.78 kg/ ha), T16 (41.78 kg/ ha), T15 (41.68 kg/ ha), T8 (41.49 kg/ 

ha), T10 (41.29 kg/ ha), T5 (41.2 kg/ ha), T14 (41.1 kg/ ha), T7 (41 kg/ ha ), T4 (40.9 kg/ ha), T6 

(40.71 kg/ ha), T3 (40.61 kg/ ha), T2 (40.22 kg/ ha) and minimum with T1 (39.73 kg/ ha). 

Available soil phosphorus at 1.5 years of plantation at Kushadiha was maximum with T13 (23.36 

kg/ha) which was followed by T12 (23.2 kg/ha), T17 (23.2 kg/ha), T9 (23.04 kg/ha), T11 (22.98 

kg/ha), T16 (22.98 kg/ha), T15 (22.93 kg/ha), T8 (22.82 kg/ha), T10 (22.72 kg/ha), T5 (22.66 

kg/ha), T14 (22.61 kg/ha), T7 (22.55 kg/ha), T4 (22.5 kg/ha), T6 (22.39 kg/ha), T3 (22.34 kg/ha), 

T2 (22.13 kg/ha and minimum with T1 (21.86). 

Available soil potassium 

  The relations were observed among the treatments with respect to available available soil 

potassium for 1.5 years of plantation for both the sites were non-significant. At Tanhril available 

soil potassium was maximum with T17 (316.27 kg/ ha), T13 (315.22 kg/ ha), T12 (314.83 kg/ ha), 

T16 (314.74 kg/ ha), T11 (314.45 kg/ ha), T15 (313.97 kg/ ha), T14 (313.49 kg/ ha), T9 (313.4 kg/ 



210 
 

ha), T8 (313.11 kg/ ha), T5 (312.82 kg/ ha), T10 (312.82 kg/ ha), T7 (312.73 kg/ ha), T4 (312.53 

kg/ ha), T6 (312.34 kg/ ha), T2 (311.77 kg/ ha), T3 (311.48 kg/ ha) and T1 (311.29 kg/ ha). 

Available soil potassium at 1.5 years of plantation at Kushadiha was maximum with T17 (226.23 

kg/ ha), T13 (225.47 kg/ ha), T12 (225.2 kg/ ha), T16 (225.13 kg/ ha), T11 (224.92 kg/ ha), T15 

(224.58 kg/ ha), T14 (224.24 kg/ ha), T9 (224.17 kg/ ha), T8 (223.97 kg/ ha), T5 (223.76 kg/ ha), 

T10 (223.76 kg/ ha), T7 (223.69  kg/ ha), T4 (223.55 kg/ ha), T6 (223.42 kg/ ha), T2 ( 223.01 kg/ 

ha), T3 (222.8 kg/ ha) and T1 (222.66 kg/ ha). 

6.3.2 Total nitrogen content of root, shoot and nodules 

6.3.2.1 At 6 months under nursery condition 

Root nitrogen percent 

Among the treatments there was non-significant difference at the age of 6 months for both 

the locations with respect to root nitrogen percentage. Root nitrogen percentage at this stage at 

Tanhril  was recorded with T3, T11 and T15 (each 0.98 %), T7 and  T12 (each 0.97 %), T4 and 

T16 (each 0.96 %), T5, T10, T13, T17, T14 and T8 (each 0.94 %). T2 and T6 (each 0.93 %) and 

T1 (each 0.91 %).Maximum root nitrogen percentage at this stage at Siripur was recorded with T2 

(0.98 %). T3, T15 and T11 (each 0.94 %), T7 and T12 (each 0.93 %), T4 and T16 (each 0.92 %), 

T5, T17, T14, T13, T10 and T8 (each 0.91 %), T9 (0.9 %), T6 (0.89 %) and T1 (0.87 %). 

Shoot nitrogen percent 

Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to shoot nitrogen percentage. Shoot nitrogen percentage at this stage at 

Tanhril was recorded with T7 (1.89 %), T15 (1.88 %), T6 and T11 (each 1.87 %), T10 and T14 
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(each 1.86 %), T3, T12 and  T16 (each 1.85 %), T8 and T13 (each 1.84 %), T4 and  T17 (each 

1.83 %), T2 and  T9 (each 1.82 %), T5 (1.74 %), T1 (1.59 %). The at par groups for this location 

and this timing were among T7, T15, T6, T11, T10, T14, T3, T12, T16, T8, T13, T4, T17, T2 and 

T9 and between T5 and T. The trend in relation among the treatments for the effects on shoot 

nitrogen percentage are similar both the locations. Maximum shoot nitrogen percentage at this 

stage at Siripur was recorded with T7 (1.85 %), T15 (1.84 %), T6 and T11 (each 1.83 %), T10 and 

T14 (each 1.82 %), T3, T8, T13 and T12  (each 1.8 %), T4 and T17 (each 1.79 %), T2 and  T9 

(each 1.78 %), T5 (1.77 %), T1 (1.51 %). The at par groups for this location and this timing were 

among T7, T15, T6, T11, T10, T14, T3, T12, T16, T8, T13, T4, T17, T2, T9 and T5. 

Nodule nitrogen percent 

Among the treatments there was non-significant difference at the age of 6 months for both 

the locations with respect to nodule nitrogen percentage. Nodule nitrogen percentage at this stage 

at Tanhril was recorded with T15 (2.79 %), T14 (2.74 %), T7 (2.73 %), T6 (2.71 %), T3 (2.67 %), 

T11 (2.65 %), T8 and T16 (each (2.64 %), T2 and T10 (each 2.63 %), T12 (2.62 %), T4, T9, T13 

and T17 (each 2.61 %), T5 (2.58 %), T1 (2.52 %). Maximum nodule nitrogen percentage at this 

stage at Siripur was recorded with T15 (2.83 %), T14 (2.78 %), T7 (2.77 %), T6 (2.75 %), T3 (2.71 

%), T11 (2.69 %), T8 and T16 (each 2.68 %), T2 and T10 (each 2.67 %), T12 (2.66 %), T4, T17, 

T13 and  T9 (each 2.65 %), T5 (2.62 %) and least with T1 (2.56 %). 

6.3.2.2 At 1.5 years old plantation  

Nitrogen content of root 

Nitrogen content of root has been assessed under nursery condition and plantation of root 

under both the locations. At 1.5 years at Tanhril, Aizawl maximum root nitrogen content was 
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recorded with T3 (1.32%) which was followed by T11 (1.32%), T15 (1.32%), T7 (1.31 %), T12 

(1.31%), T4 (1.29 %), T16 (1.29 %), T5 (1.28 %), T8 (1.28 %), T10 (1.28 %), T13 (1.28 %), T14 

(1.28 %), T17 (1.28 %), T9 (1.27 %), T2 (1.25 %), T6 (1.22 %) and lowest with T1 (1.13 %). At 

1.5 years at Kushadiha, Odisha maximum root nitrogen content was recorded with T3 (1.27 %) 

which was followed by  T11 (1.27 %), T15 (1.27 %), T7 (1.26 %), T12 (1.26 %), T4 (1.24 %), 

T16 (1.24 %), T5 (1.23 %), T8 (1.23 %), T10 (1.23 %), T13 (1.23 %), T14 (1.23 %), T17 (1.23 

%), T9 (1.22 %), T2 (1.21 %), T6 (1.18 %) and T1 (1.09 %). Significant difference was marked 

among the treatments at each individual location except few non-significant or at par groups. The 

at par groups for Tanhril site were:  among T3, T11, T15, T7, T12, T4, T16, T5, T8, T10, T13, 

T14, T17, T9 and T2 and among T4, T16, T5, T8, T10, T13, T14, T17, T9, T2 and T6. The at par 

groups for Kushadia site were: among T3, T11,  T15,  T7, T12, T4, T16, T5, T8, T10, T13, T14, 

T17, T9 and T2 and among T4, T16, T5, T8, T10, T13, T14, T17, T9, T2 and T6. 

Nitrogen content of shoot 

  Nitrogen content of shoot has been assessed under nursery condition and plantation 

of shoot under both the locations as that done for root. At 1.5 years at Tananhril, Aizawl maximum 

shoot nitrogen content was recorded with T7 (2.69 %) which was followed by T15 (2.67 %), T6 

(2.66 %), T11 (2.66 %), T10 (2.64 %), T14 (2.64%), T3 (2.63 %), T12 (2.63 %), T16 (2.63 %), 

T8 (2.62 %), T13 (2.62 %), T4 (2.6 %), T17 (2.6 %), T2 (2.59 %), T9 (2.59 %), T5 (2.57 %) and 

minimum with T1 (2.56 %). At 1.5 years at Kushadiha, Odisha maximum shoot nitrogen content 

was recorded with T7 (2.59 %) which was followed byT15 2.58 %), T6 (2.57), T11 (2.57 %), T10 

(2.55 %), T14 (2.55 %), T3 (2.54 %), T12 (2.54 %), T16 (2.54 %), T8 (2.53 %), T13 (2.53 %), T4 

(2.51 %), T17 (2.51 %), T2 (2.5 %), T9 (2.5 %), T5 (2.49 %) and T1 (2.47 %). Significant 

difference was marked among the treatments at each individual location except few non-significant 



213 
 

or at par groups. The at par groups for Tanhril site were: among T7, T15, T6, T11, T10, T14, T3, 

T12, T16, T8, T13, T4, T17, T2 and T9 and among T15, T6, T11, T10, T14, T3, T12, T16, T8, 

T13, T4, T17, T2, T9, T5 and T1. The at par groups for Kushadia site were: among T7, T15, T6, 

T11, T10, T14, T3, T12, T16, T8, T13, T4, T17, T2 and T9, among T15, T6, T11, T10, T14, T3, 

T12, T16, T8, T13, T4, T17, T2, T9 and T5 and among T10, T14, T3, T12, T16, T8, T13, T4, T17, 

T2, T9, T5 and T1. 

6.3.3 Nitrogen uptake 

6.3.3.1 At 6 months under nursery condition 

Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to nitrogen uptake.  Nitrogen uptake at this stage at Tanhril was recorded to 

be maximum with T14 (0.187 mg), T7 (0.185 mg), T15 (0.184 mg), T11 (0.183 g), T10 and T13 

(each 0.174 mg), T12 (0.168 mg), T6 (0.167 mg), T8 (0.165 mg), T16 (0.162 mg), T3 (0.159 mg), 

T9 (0.152 mg), T4 and T5 (each 0.147 mg), T17 (0.146 mg), T2 (0.136 mg), T1 (0.129 mg). The 

non-significant treatment groups under this location at this timing were: among T14, T7, T15, T11, 

T10, T13, T12, T6, T8 and T16, among T7, T15, T11, T10, T13, T12, T6 among T8, T16, T3 and 

T9, among T15, T11, T10, T13, T12, T6, T8, T16, T3, T9, T5 and T17 and among T9, T5, T17, 

T2 and T1. Maximum nitrogen uptake at this stage at Siripur was recorded with T14 (0.181 mg), 

T7 and T15 (each 0.179 mg), T11 (0.177 mg), T10 (0.169 mg), T12 (0.164 mg), T6 and T8 (each 

0.161 mg), T16 (0.16 mg), T3 and  T13 (each 0.15 mg), T9 (0.146 mg), T17 (0.143 mg), T4 (0.142 

mg), T5 (0.141 mg), T2 (0.139 mg), T1 (0.131 mg). The non-significant treatment groups under 

this location at this timing were: among T14, T7, T15, T11, T10, T12, T6 and T8, among T7, T15, 

T11, T10, T12, T6, T8 and T16 and among T3, T9, T17, T4, T5, T2 and T1. 
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6.3.3.2 At 1.5 years old plantation 

 Nitrogen utilisation per plant sum of the nitrogen utilised both by root and shoot observed 

to be significantly varying among the treatments at individual locations. At the location Tanhril 

maximum nitrogen uptake was observed at 1.5 years with T15 (12.93 mg) which was followed by 

T16 (12.91 mg), T12 (12.18 mg), T11 (11.74 mg), T14 (11.54 mg), T8 (10.90 mg), T17 (10.52 

mg), T10 (10.44 mg), T7 (10.33 mg), T4 (10.29 mg), T13 (10.14 mg), T6 (10.09 mg), T3 (10.07 

mg), T2 (9.00 mg), T9 (8.97 mg), T5 (8.74 mg) and T1 (8.47 mg). At the location Kushadiha 

maximum nitrogen uptake at 1.5 years was observed with T15 (11.35 mg) which was followed by 

T16 (11.32 mg), T12 (10.68 mg), T11 (10.29 mg), T14 (10.12) mg, T8 (9.56 mg), T17 (9.22 mg), 

T10 (9.16 mg), T7 (9.04 mg), T4 (9.02 mg), T13 (8.89 mg), T6 (8.87 mg), T3 (8.83 mg). T2 (7.90 

mg), T9 (7.86 mg), T5 (7.68 mg) and T1 (7.42 mg). The trend of response is similar for both the 

locations. The at par groups for Tanhril site were: between T15, T16, among T17, T10 and T7, 

between T7 and T4 and between  T6 and T3 and between  T4 and T2. The at par groups for 

Kushadiha site were: between T11, T14, among T17, T10 and T7 and between T13 and T6. 
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      Table 6.7 : Effect of soil amendments and bio-inoculants on nitrogen uptake under nursery and plantation of F. semialata  

 
Nitrogen uptake (g) / plant 

(Plants source: 6 months old plants from nursery) 
Nitrogen uptake (g) / plant 

(Plants source: 1.5 years old plantation) 
Tanhril Siripur Tanhril Kushadiha 

T1 0.129 0.131 8.471 7.420 
T2 0.136 0.139 9.005 7.903 
T3 0.159 0.150 10.072 8.833 
T4 0.147 0.142 10.292 9.022 
T5 0.147 0.141 8.740 7.684 
T6 0.167 0.161 10.095 8.866 
T7 0.185 0.179 10.327 9.037 
T8 0.165 0.161 10.895 9.557 
T9 0.152 0.146 8.974 7.865 

T10 0.174 0.169 10.440 9.157 
T11 0.183 0.177 11.736 10.295 
T12 0.168 0.164 12.176 10.676 
T13 0.174 0.150 10.144 8.895 
T14 0.187 0.181 11.538 10.116 
T15 0.184 0.179 12.932 11.345 
T16 0.162 0.160 12.909 11.323 
T17 0.146 0.143 10.519 9.219 

SEm (±) 0.01 0.01 0.719 0.719 
CD00.05 0.03 0.02 1.453 1.453 
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Table 6.8 : Effect of bio-inoculants and soil amendments on nitrogen fixed (kg/ ha/ year) under nursery and plantation of F. 
semialata  Nitrogen Fixed (kgha-1 year-1)** in nursery 

(Nursery spacing =13.36 cm as diameter of polybag filled with 
soil) 

Nitrogen Fixed (kgha-1 year-1)* in field 
(Plantation spacing = 1m x 2 m)  

Tanhril, Mizoram Siripur, Odisha Tanhril, Mizoram Kushadiha, Odisha 
T1 19.192 13.142 7.65 5.24 
T2 34.118 28.222 13.42 10.73 
T3 39.968 34.976 14.46 13.27 
T4 5.757 5.904 6.56 3.24 
T5 -28.737 -36.160 1.70 -1.92 
T6 47.677 42.980 24.57 15.79 
T7 54.925 50.495 29.34 23.56 
T8 32.083 14.969 15.88 11.23 
T9 -23.075 -41.653 -2.03 -5.87 
T10 31.504 22.239 19.70 10.88 
T11 47.147 33.343 21.08 16.33 
T12 22.149 5.983 9.88 4.53 
T13 -38.872 -36.341 -12.28 -16.69 
T14 88.672 76.525 32.59 26.04 
T15 118.868 96.528 36.16 30.60 
T16 14.004 39.734 14.75 8.96 
T17 -34.214 -28.248 3.99 1.02 

SEm (±) 3.18 2.65 1.07 0.38 
CD0.05 6.43 5.35 2.157 0.768 

** Figure has been calculated with assumption pof square spacing in nursery with spacing = diameter of a soil filled polybags.  
*plantation was in rectangular spacing. In both cases nitrogen fixation was calcullated as sum of soil enrichment and plant uptake per ha. of land. 
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6.3.4 Nitrogen fixed per year 

6.3.4.1 At 6 months under nursery condition 

Data calculated from 6 months nursery condition and converted to per year basis. 

Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to nitrogen fixed.  Nitrogen fixed at this stage at Tanhril was recorded to 

be maximum with T15 (118.86 kg/ ha), T14 (88.67 kg/ ha), kg/ ha), T7 (54.925 kg/ ha), T6 

(47.677 kg/ ha), T11 (47.147 kg/ ha), T3 (39.968 kg/ ha), T2 (34.118 kg/ ha), T8 (32.083 kg/ 

ha), T10 (31.504 kg/ ha), T12 (22.149 kg/ ha), T1 (19.192 kg/ ha), T16 (14.004 kg/ ha), T4 

(5.757 kg/ ha), T9 (-23.075 kg/ ha), T5 (-28.737 kg/ ha), T17 (-34.214 kg/ ha), T13 (-38.872 

kg/ ha). The non-significant treatment groups under this location at this timing were: between 

T6 and T11, between T1 and T16, among T2, T8 and T10, among T9, T5, T17 and T13. 

Maximum nitrogen fixed at this stage at Siripur was recorded with T15 (96.528 kg/ ha),T14 

(76.525 kg/ ha), T7 T7 (50.495 kg/ ha), T6 (42.98 kg/ ha), T16 (39.734 kg/ ha), T3 (34.976 kg/ 

ha), T11 (33.343 kg/ ha), T2 (28.222 kg/ ha), T10 (22.239 kg/ ha), T8 (14.969 kg/ ha), T1 

(13.142 kg/ ha), T12 (5.983 kg/ ha), T4 (5.904 kg/ ha), T17 (-28.248 kg/ ha), T5 (- 6.16 kg/ha), 

T13 (-36.341 kg/ ha), T9 (-41.653 kg/ ha). The non-significant treatment groups under this 

location at this timing were: among between T6 and T16, Between T3 and T11, among T8, T1, 

T12 and T4, between T17 andT5 and T13 and T19. 

6.3.4.2 From 1.5 years old plantation 

 Significant relations were observed among the treatments with respect to nitrogen fixed 

per ha for 1.5 years of plantation for both the sites. At Tanhril nitrogen fixed per ha was 

maximum with T15 (36.158 kg/ ha) which was followed by T14 (32.588 kg/ ha), T7 (29.335  

kg/ ha), T6 (24.573  kg/ ha), T11 (21.079  kg/ ha), T10 (19.698  kg/ ha), T8 (15.877  kg/ ha), 

T16 (14.747  kg/ ha), T3 (14.46  kg/ ha), T2 (13.423  kg/ ha), T12 (9.878  kg/ ha), T1 (7.653 
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kg/ ha), T4 (6.561  kg/ ha), T17 (3.993  kg/ ha), T5 (1.702 kg/ ha), T9 (-2.03 kg/ ha) and 

minimum with T13 (36.158  kg/ ha). The at par groups among the treatments for this site were 

observed with: among T8, T16 and T3 and between T1 and T4. Nitrogen fixed per ha at 1.5 

years of plantation at Kushadiha was maximum with T15 (30.603 kg/ ha), T14 (26.04  kg/ ha), 

T7 (23.557  kg/ ha), T11 (16.327  kg/ ha), T6 (15.791  kg/ ha), T3 (13.267  kg/ ha), T8 (11.233  

kg/ ha), T10 (10.884 V), T2 (10.728  kg/ ha), T16 (8.959  kg/ ha), T1 (5.242  kg/ ha), T12 

(4.532  kg/ ha), T4 (3.239  kg/ ha), T17 (1.024  kg/ ha), T5 (-1.915  kg/ ha), T9 (-5.868  kg/ ha) 

and lowest T13 (-16.686  kg/ ha). The at par groups among the treatments for this site were 

observed with between T11 and T6 , among T8, T10 and T2 and between T1 and T12. 

6.4 Discussion  

6.4.1 Soil physico-chemical properties 

  Plant roots induce changes in rhizosphere which differ by physical and chemical 

constituents of the localised soil that affects root exudation (Graham 1994; Marschner,1986, 

1991). During the present investigations it was observed that the physic-chemical 

characteristics of soil were affected by presence of bio-inoculants and soil amendments as well 

as nodulation of the nitrogen fixing shrub species studied. 

6.3.1 Physical properties 

Moisture content and water holding capacity of soil 

 Water holding capacity is the plant available moisture storage capacity of a soil 

that provides a buffer which determines a plant’s capacity to withstand dry spells.  Water 

holding capacity (WHC) may be defined as the amount [g] of water per g dry soil retained 

against gravity when water is in excess (Blažka and Fischer, 2014). Before studying soil 

moisture contents and water holding capacity the dynamics of soil water affected and affecting 
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various factors may be discussed herewith. The basic facts as described in Department of 

Agriculture Bulletin, no. 462 of 1962 of Agriculture Bureau of South Australia there are  

different forms of water available in soil for plant which are:  1. chemical water to be integral 

part of the molecular structure of soil minerals which held tightly by electrostatic forces over 

clay crystals and minerals that remains unavailable for plants, 2. gravitational water which is 

held in large soil pores that drains under  gravity after moments of rain. Plants can only make 

use it for some period after end of rain, 3. capillary water is held in soil against gravity, plant 

roots absorb it thus it becomes main source of plant moisture. 4. field capacity the left over 

moisture after all gravitational water drains out when soil becomes saturated with water. Plants 

at this stage draw water out of the capillary pores; which becomes initially faster, then with 

greater difficulty, lastly water left is in the micro-pores. 5. wilting point is the left over water 

at this stage in micro-pores at which to draw becomes difficult by plant. At this stage without 

water addition plants die. 6. total available water storage is moisture held with capillary pores 

from highest field capacity to lowest permanent wilting point that becomes available to plant. 

This is called total available water storage. Of course it becomes available for plant, plant avails 

part easily and part difficulty. 7. readily available water: the portion of the total available 

moisture availed easily for plant without stress. The amount of soil water available to plants 

depends on depth of soil that plant roots can exploit and type of soil. Total and available 

moisture storage capacities are linked more on porosity, texture (particle distribution) and 

structure (arrangement of particles); also linked to organic matter, carbonate levels and stone 

content. For example, poor structure, low organic matter, low carbonate content and presence 

of stones all reduced the moisture storage capacity of soil irrespective of texture. Another key 

fact noted that if we compare clay and sandy soils former stores large amounts of water than 

latter because of its high wilting points, further former will need more rain than latter to supply 

water to plants. Sands have limited water storage capacity so plants can use of light showers in 
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sandy soil regardless of how dry the soil before shower was.  Plants in sand have more dense 

root system because water quickly drained to roots before sand dries out. Soil organic matter 

also increases soil water-holding capacity, stabilizes soil aggregates and decreases the toxicity 

of aluminum to plants. In the case of present study except Tanhril in plantation recording 

highest with T8 all moisture content assessment gave maximum with T7 and minimum with 

T17 in nursery and minimum with T1 in plantation. The maximum moisture content and water 

holding capacity is reflection of organic carbon and texture of soil. This is very clear from 

USDA-NRCS which speaks that the most conservative estimates suggest that every 1% 

increase in soil OM will help soils hold up to 20,000 gallons more water per acre (Bryant, 

2015).  

Porostity   

  Porosity was having significant contribution in our experiment i.e., treatments have 

significant effect over the control in both the locations and experimentation. Soil became 

porous with maximum contribution from T15 (substantial fertilisation with dual inoculation of 

mycorrhizae and Rhizobium.In all the cases minimum porosity with T1 (control). Porosity was 

reflection of organic matter  which could be encouraged by more photosynthesis by host to 

which nitrogen, phosphorus and other nutrients supported by the symbionts. So indirectly it 

could be induced by microbes. The organic matter came from host organic matter 

decomposition along with root exudates, secretions, mucilage, mucigel along with nicrobial 

secretions. Which remained highest under T15, increasing the dose might had harmful effect 

in carbohydrates production. The increase in porosity might have been attributed to 

accumulation of organic matter or aperature  of final roots which have been documented by the 

workers (Volobuey, 1964; Liyanage and Jayasundare, 1987; Hasur and Dasog, 1995; Kar, 

1999). 
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6.3.2 Chemical properties 

EC 

  There was contrast variation among the trends of treatments with respect location and 

type of experimentation whether nursery or plantation though among. In case of nursery study 

Tanhril had maximum with T8, Siripur had maximum with T7, both had minimum with T1. In 

case of plantation experiment maximum with T7 in and minimum with T17 irrespective of 

locations were observed. Since there was very negligible variation it as such EC cannot be 

considered for any generalised justification.  However, the prevailing micro-climate difference 

among nursery and study site might had different mode of interaction with extraneous 

fertilisation with the presence of bio- inoculation might had brought difference in electrical 

conductivity of our finding. Changes in electrical conductivity of soil by tree species has been 

recorded nby Mathew et al. (1997), which is   indicative of the total soluble salts in the soil. 

pH 

  Plants release base to neutralise prevailing soil pH. Nevertheless, the role of 

mycorrhizae towards acclimatisation of host plant described by many researchers. In our 

investigation there was not significant contribution of treatments to change pH of course there 

observed heterogeneous trend in pH over experimentation. In Tanhril maximum pH was with 

T10 in nursery and T4 with plantation though both had minimum with T1..At the same time 

nursery (Siripur) and plantation (Kushadiha) sites of Odisha had similar trend of maximum pH 

with T14 and minmum with T17. The difference in pH observed might be due different 

amendments interaction with indigenous ions in the soil which seems to be having very 

negligible contribution of microbe-host interaction.  The variation in pH in rhizosphere of 

various long living plantation have been recorded earlier having reason excretion of organic 
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acids, protons, and bicarbonates by plant root systems or due to cation-anion exchange between 

root and soil (Marschner et al., 1986; Marschner, 1991; Jungk, 1991). 

Organic Carbon 

  Except at Siripur nursery experiment where non-significant relation, rest had significant 

effect of treatments on soil organic carbon formulation. Tanhril  nursery experimentation had 

highest organic carbon with T10 of course this location had maximum with T15 in plantation 

and the same was recorded in Odisha in nursery and plantation experimentation. For all the 

studies T1 had minimum carbon   content in soil. T15 might had maximally contributed to 

photosynthate production which could increase maximum organic matter and porosity 

contribution. Organic. Carbon and nitrogen have vital importance. Change organic carbon by 

seedling has been observed by Kar, 1999. Reason of organic matter has been explained to be 

due to leaf litter, high rate of turn over of minute rootlets, death and decomposition of roots 

and exudation of organic chemicals from roots might have increased the organic carbon content 

of soil (Huck, 1983; Waisel et al., 1991). Whipps and Lynch (1986) reported that competition 

between roots and rhizosphere  micro-organisms induces a release of organic carbon (upto 30 

per cent of the total plant dry weight ) under conditions of Oxygen stress which may also 

explain the present findings. 

 

 

Available nitrogen  

  Available nitrogen was found significantly varying among the treatments in both 

nursery and plantation investigations. Since, fertiliser added with inoculation. made nitrogen 

available. Available nitrogen in soil has various implication over the ecosystem. Since 
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biological nitrogen fixation maintains closed nutrient cycling it without diverting to soil 

making it available and made it utilised immediately by host and themselves the efficiency 

doubled. More disposal of water soluble nitrogen could have caused nitrate pollution of ground 

water and denitrification since denitrification is a continuous process to maintain natures 

equilibrium of molecular nitrogen and save wastage of available nitrogen which remains 

reduced by biological nitrogen fixation. Thus it is expected available nitrogen in soil might be 

more with fertiliser addition rather than biological processes;  but regarding utilisation latter 

becomes faster and poses greater efficiency. In our case maximum available nitrogen in 

plantation was with T5 for both the locations, however for nursery study maximum with T9 at 

Tanhril and T17 with Siripur were observed. Minimum other than plantation study at Tanhril 

which had with at T1 rest have shown with T10 to be lowest. The varied nitrogen availability 

is a reflection of quantum of fertiliser added, rate of nitrogen fixation, prevailing fertility status 

of the site and rate of nitrogen utilisation and denitrification. Available nitrogen was non-

significant in plantation at Tanhril and rest had significant difference among treatments. It may 

be due to imbalanced utilisation of nitrogenous fertiliser added  by host species along with 

nitrogen fixation made by Rhizobium. However, proper utilisation at Tanhril site might have 

reduced the gap among treatments in availability of nitrogen. 

 

 

Available phosphous  

  Nitrogen fixation is an energy consuming process which needs surplus source of 

fertiliser and/ or mycorrhizae for phosphrus. The way nitrogen fixed supplied to hosts, 

phosphorus accumulated by mycorrhizae that used by host. Availability of phosphorus and its 

utilisation depends on pH of soil. The relationship between uptake or dynamic relation between 



224 
 

availability and utilisation and fixing (or locking by cations) depends on quantum of 

fertilisation to regulate, pH and effectiveness of these processes. Mycorrhizae checks fixing of 

phosphorus but promotes utilisation. Thus, relation between mycorrhizae and fertilisation 

within a host to study is very much vital. In our case T13 (mycorrhzae + highest fertlisaer 

addition) was best for both nursery and plantation for all the locations. This is maximum 

phosphorus availability with mycorrhizal inoculation and maximum fertilisation but it was 

reduced when Rhizobium addition because it could more use it by means of phosphorus 

utilisation and adding to biomass production. The marginal increase of phosphorus and 

potassium might be due to their mobilisation, phosphate activity of proteiod roots (Marschner, 

1991) or nutrient pump and scavenging mechanism of root systems (van Noordwijk et al., 

1996) apart from mycorrhizal accumulation of phosphate and phosphorus addition. Chung and 

Kim, 1965 reported higher utilization of this nutrient in the energy consuming process of 

nodulation and nitrogen fixation.  

Available potassium  

  Available potassium was non-significant in all the cases with maximum availability 

with T17 and minimum with T1 which was recorded for both nursery and plantation 

experimentations and all the study locations. This may be due to maximum fertiliser addition 

along with potassium accumulation alongwith maximum rhizospheric  interaction contributed 

by Rhizobium as well to support the availability from microbes and host parts resulting 

maximum availability with this treatment. 

Nitrogen content (%)  

Plant nitrogen content is an expression of how efficiently of available nitrogen 

becomes utilised by the host plants. Nitrogen fixing plants have more nitrogen percentage than 

their non-nitrogen fixing counterparts. In our investigation significant difference observed 



225 
 

among the treatments in the plantation investigations though no variation was marked among 

the treatments at nursery study in both the locations. Nodule nitrogen percent provided 

significant difference studied at 6 months nursery. Maximum per cent of shoot nitrogen was 

marked with T16 in case of nursery study in both the locations Tanhril and Siripur where as 

T15 recorded highest per cent of nitrogen in case of root for nursery and plantation study  and 

for shoot for plantation study for their study locations. More nitrogen content with T15 at this 

stage due to better nitrogen dynamics in plant through higher nodulation at that stage (Heilman 

and Akuan, 1982; Beniwal et al., 1995). Nodule assessment saw maximum per cent of nitrogen 

in nodules with T15. Purohit et al., 1997 observed in Dalbergia sericea and Kashyap et al., 

2012 compared among Acacia catechu, Albizia chinensis and Alnus nitida found the 

relationship between  dry biomass of nodules and nodule nitrogen to be negative. But, in our 

case contrast finding i.e., both dry biomass of nodule and nodule nitrogen became associated 

with T15. The efficacy of both the result may be tried further to assess the relationship between 

nodule dry matter and nitrogen partitioning.  Both nursery and plantation with their respective 

locations of study with root, shoot and nodule nitrogen recorded minimum per cent of nitrogen 

with T1. Since the quantum of nitrogen requirement for shoot is more that imparts chloroplast 

formation which needs more nitrogen than root nitrogen percentage. Ironically, the difference 

observed between root and shoot over their fertiliser requirement in nursery stage and nitrogen 

per cent might be the physiological set up of the plant life.  Generally bio-inoculants with 

minute requirement of fertiliser became the best for gaining nitrogen in plants, this requirement 

became of paramount importance during early stage of host development for aerial part and 

organ formulation in plants for which nitrogen after carbon has potential role. Beyond that 

stage since plant becomes well grown the nutrient demand reaches equilibrium. That 

established harmony in nutrient requirement between root and shoot during late stage. 

Nitrogen uptake  
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  Jain et al., 1986 has revealed nitrogen uptake by the plant to be equated by plant growth 

rate, active-passive mechanism of the root surface, available nitrogen, physico-chemical nature 

of the prevailing soil and climatic conditions. Nitrogen uptake was maximum with T14 in case 

of nursery for both the locations namely Tanhril and Siripur and T15 in case of plantation of 

both the locations namely Tanhril and Kushadiha. In both the cases T1 was possessing 

minimum number uptake of nitrogen. The variation is due to efficiency of nutrient uptake 

varying with many prevailing soil situations and efficiency of utilisation of nutrients. Since 

plant partwise utilisation varying which further dependent on microclimate of the location. This 

has changed nitrogen uptake among treatments and location. Better uptake of nutrients through 

extensive root system has been described many workers (Barley, 1970; Nye and Tinker, 1977) 

that increased good nitrogen content with profused rooting one. Gillespie, 1989 pointed out 

that high nitrogen content on the root-soil interface and maximum number of finer roots to 

absorb nutrients which may be valid reason of better uptake of nitrogen by T15.  

Nitrogen fixation 

 Fixing N biologically by legume was affected by various factors such as soil moisture, 

temperature, available soil nutrients, biotic and abiotic stresses and the indegemous Rhizobia 

strains, field and plant management practices (Thies et al., 1995; Kiers et al., 2003). Efforts to 

optimize nodulation and BNF in legumes are critical challenges because of widespread increase 

in soil degradation. Keepimg these factors into account legumes generally assimilate 50 to 70% 

of their nitrogen from symbiotic nitrogen fixation (Vance, 1997). Nitrogen fixed calculated to 

be sum of plant uptake and soil enrichment. Soil availability varied with the tripartite 

interaction between bio-inoculants, amendments and plants at prevailing environmental 

conditions. Some treatments proved enriching and some exhaustive of nitrogen since beyond 

certain level nitrogen became harmful for the system. It is paramount to locate this threshold 

for ecological sustainability and economic profitability. In our study T15 proved the best 
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nitrogen fixer whereas T13 the maximum nitrogen exhaustive for nursery and plantation 

irrespective of location. T15 proved best interaction between fertiliser, bio-inoculants and host 

plant to provide a safety net of nitrogen utilisation against leaching and de-nitrification 

alingwith mycorrhizal interaction. On the other hand fertiliser addition along with mycorrhizae 

did not serve any purpose making nutrient cycle open and fragile thereby making wastage of 

fertiliser beyond economic optima. Further lack of Rhizobium in T13 made system un 

sustainable and expensive. Nitrogen fixation has been reported among Alnus communities by 

Bollen and Liu. 1968. Kashyap et al., 2012 reported nitrogen fixation rate of Alnus nitida 

(14.10 kg ha-1yr-1), Albizia chinensis (8.84 kg ha-1yr-1) and Acacia catechu (7.41 kg ha-1yr-

1) when field calculation made on nursery grown plant when Danso et al. (1992) observed the 

nitrogen fixation in Acacia species  to be 50 kgha-1yr-1. Singh and Pokhriyal, (1998) recorded 

the nitrogen fixation rate of Albizia chinensis as 201.69 kgha-1yr-1. In our case less nitrogen 

fixation may be due to less age of plantation.   

 

Chapter 7:   

LAC PRODUCTION 

 

7.1 Introduction 

Lac is the insect originated  natural resin secreted by lac insect Kerria lacca (Kerr.), 

belongs to order  Hemiptera and family Coccidae. The insects feed on tender shoots of the plant 

and secrete resin from their body that condense when come in contact with water and called as 

lac (Kumar, 2017). Lac has been utilized for medicine, cosmetics, electronics, furniture and 

industries (Ansari, 2013). India has maintained her position as world’s largest lac producer 

since the last 30 years and provided approximately 60% of the total lac of the world and is 

followed by Thailand in global lac trade. The main host plants of lac are kusum 
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(Schleicheraoleosa), palas (Buteamonosperma) and ber (Ziziphusmauritiana). Presently lac 

production is getting sufferer due to reduction of host population as a result of intense 

deforestation, infection of pathogens and insect pests and thereby loosed potential of lac 

production (Kumar, 2017). Of late, the potential Flemingia semialata in kusumi lac production 

was discouraged and since then it has been used came to lac growing system and tried to unlock 

its potential (Yadav et al., 2005). Many farmers of Jharkhand, Chhatisgarh, Madhya Pradesh, 

West Bengal, etc. have introduced F.semialata as a host plant  for commercial lac production. 

The major bottle necks in lac production are the insect pest Eublemmaamabilis (Bhattacharya, 

2007) which causes about 40 % yield loss and poor nutrient contents of soil which has become 

one of the major limiting factors since it regulate both hosts and lac insects growth. The 

research findings indicates that additional soil nutrient supply can increased both lac insects  

(Thakur, 1932) and mealy bugs population (Fennah, 1959) which had thrown a light in the 

direction of nutrient management, but no work yet has been done about conjoint contribution 

of soil amendments and bio-inoculants on insect growth and lac production. Keeping these in 

view, present investigation had been designed with objective to study the effect of bio-

inoculants along with inorganic fertiliser application on lac insect growth and economics of lac 

production in Flemingia semialata. Hypothesis chosen was that the addition of bio-inoculants 

could reduce fertiliser consumption to sustain insect growth and lac production. 

7.2 Materials and Methods 

7.2.1 Cultivation practices  

Establishment of plantation of F. semialata (Yadav et al., 2005) for the study has been 

detailed in chapter 3 for 2 sites 1. Tanhril, Mizoram and 2. Kushadiha, Odisha. However,  lac 

production and its economics were studied in Kushadiha since lac production was not 

successful in Tanhril because of multiple reasons. For cultivation in this site brood lac was 
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collected from Pithartoli village of Gomla district of Jharkhand, a lac growing adopted village 

of Indian Institute of natural Resin and Gum (IINRG), Namkum, Jharkhand. Efforts were taken 

for carrying brood to Tahril by Air craft which could not be possible because of restrictions on 

live insects transportation. However, land route was used for transportation where inadequate 

care was taken to keep maximum insects alive during the course of journey. Nevertheless, 

frequent changing of conveyance, lack of safety and hygiene for insects in public transportation 

could not ensure insects mortality below safety level which thereby might have affected 

encrustation process after inoculation. Reason for failure may also be due to difference in micro 

climatic condition. The change between source and inoculation site that might have caused 

problem of adjustment and sock to the insects in Tanhril. Therefore, the experimental results 

on lac production has been presented for Kushadiha only.  

Procedure for lac insects inoculation 

After one and half year of transplanting, ‘Kusumi’ strain brood lac stick @ 40 gm /plant 

covered in the nylon net inoculated with the plants in the month of July, 2016. This brood lac 

was removed after 21 days of inoculation. Basic lac insect protection provided uniformly for 

each treatment (Bhattacharya, 2002).The experiment of plantation as detailed however insect, 

lac yield and economics were studied only in 2nd location in lieu of extreme remoteness of 1nd 

location, Department of Forestry belonging to Tanhril village, Mizoram from brood lac source 

of Patratoli village of Gomla district of Jharkhand, a lac growing adopted village of IINRG, 

Namkum, Jharkhand. In spite of this fact, effort was taken for carrying brood lac to 2nd location 

over air craft which could not be possible because of restrictions on live insects transportation. 

However, in order to reach at the destination right the point of brood lac source surface route 

was followed where adequate care was taken by the researcher to keep the maximum insects 

alive during the course of journey. Nevertheless, frequent changing of conveyance, lack of 

safety and hygiene for insects in public transportation process and scale of economy could not 
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ensure insects mortality below safety level which thereby affected encrustation process. 

Ironically, the prevailed situation of 1st location was not acute for 2nd location, the foresaid 

investigation under present chapter was carried out in 2nd location and data generated have been 

presented below for logical conclusion. 

7.2.2 Insect Count 

 Insect count was calculated with the help of magnifying glass. For this over the surface 

of the encrustation a square mark was given. At the age between 40-60 days of inoculationmale 

insects emerged. At this period one square cm mark was given on the encrustation and minutely 

observed through magnifying glass and the number of insects counted within the square area 

was recorded. 

  7.2.2 Male female Ratio 

 During the course of counting the number of insects per square cm. the larger and 

moving insects were recorded as male insects whereas the stationary and small size one was 

rendered female insects. Sex ratio was calculated by dividing the number of male insects with 

the number of female insects. 

7.2.3 Encrustation Length 

 Vertically how much of length of encrustation the insects are making is called as 

encrustation length. Encrustation length was expressed in cm.  

7.2.4 Encrustation Width 

 How much maximum horizontal encrustation was observed for a plant was called as 

Encrustation width. Encrustation width was also expressed in cm. 

7.2.5 Benefit Cost Calculation for lac production 
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Benefit cost analysis was consisting of step by step calculations. Involving estimation 

for costs, returns and final calculation for net return and benefit cost ratio. Lac production 

involved the series of operations namely, 1. Plantation of host species (Flemingia semialata) 

and maintenance, 2.Lac insect inoculation and care and 3. Final harvesting, the object of 1st 

step was to quantify all the overhead to working or contingent expenses together in order to 

grow and manage both hosts and insects to harvest lac. Here, expenses incurred in wages 

engagement from field preparation for plantation up to final harvesting of brood and scrape lac 

along with costs outlaid for purchasing of inputs namely saplings, pesticides, brood lac and as 

per treatment recommendations FYM, fertilizers and bio-inoculants were added together. 

Although, Rhizobium broth culture was prepared in laboratory its market price was used for 

calculation. In the 2nd step for return calculation all the cumulative harvestings namely phunki, 

ari, brood and scrape lac were valued as per market price. The final step of calculation was to 

get net return and benefit cost ratio. From the final gross return obtained from the 2nd step total 

cost was subtracted to get net return. On the other hand, when gross return was divided with 

total cost, benefit: cost ratio was obtained. All the calculations were made at every step relating 

to expenses, outcome and net return on per hectare basis. Benefit cost analysis was done 

separately for individual treatment in order to compare how efficient a treatment is to utilize 

the capital in order to generate profit and to find out the best treatment that gives maximum 

benefit cost ratio (B:C)  

The step by step procedure involved in calculation was 

1. Calculation for cost 

No of saplings per ha 

The spacing maintained in our plantation was having P to P distance = 1m and R to R 

distance = 2m, Number of of plants per ha  = 10000/ (1 x 2) = 5000 
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Expenses made in all the cost components have been described systematically as below. 

Fertiliser cost 

 Fertiliser applied to meet the NPK requirement was Urea for nitrogen, DAP both for 

nitrogen and phosphorus and MOP for potassium. Fertiliser requirement was calculated as per 

the procedure of Insight of International Plant Nutrition Institute. Accordingly, as per the 

formulation of prefixes used in the treatment schedule of present experiment fertiliser 

requirement for each treatment was calculated and applied (Table 7.4). The valid point for 

calculating nitrogenous fertiliser requirement was that since Urea being more prone to leaching 

and de-nitrification application of DAP was emphasized. Further, Urea being a simple or 

straight fertiliser and DAP being a composed or complex fertiliser fertility calculation was done 

for P2O5 requirement from DAP.  

The nitrogen supplied by the calculated amount of DAP is subtracted from the total 

nitrogen requirement for a particular treatment and subsequently the rest of the nitrogen 

required is adjusted with urea. Fertiliser dose as mentioned in the treatment plan was applied 

in split one third at the time of plantation and two third at 1st week of June 2016 as harvesting 

of lac was done on end of December 2016 to January 2017 in Kushadiha, Odisha. All the 

fertiliser requirement was calculated from one plant was calculated by per hectare basis 

multiplying with 5000, then quantity of individual fertiliser requirement multiplied with 

respective price to get individual fertiliser cost. When costs of individual fertilisers were added 

together we got total fertiliser cost. Using the procedure fertiliser requirement per pit was 

calculated (Table 7.4).  

Cost for bio-Inoculants:   

Rhizobium dose was 5 ml/ seedling and mycorrhizae was 5g/ pit. Both were soil 

inoculated at the time of planting where planting materials have been grown in soil potting 
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mixture in nursery without any application of bio-inoculant and fertiliser. Per ha requirement 

was derived afer multiplying with 5000 and cost was calculated on per ha basis taking market 

price of Rhizobium Rs. 300 per litre and mycorrhizae Rs. 300 per kg. 

Cost for FYM  

FYM applied in all the treatments except except T1 (control) @2kg per pit. Calculation 

made on per ha. basis multiplying with 5000 where  market price taken as Rs. 4 per kg of FYM. 

Cost for Brood lac  

Brood lac inoculation was made @ 40 g/ plant amounting total cost per ha= 40 x 5000 

x Rs.250 /1000 = Rs. 50000  

Cost for pesticide 

 Pesticide used per pit was low because of winter planting is @  5g chlorpyriphos (10% 

D)per pit which was applied during the course of lac cultivation as per the recommendation of 

Indian Institute of Natural Resins and Gums (Kumar et al., 2015), Namkum, Ranchi. In 1st 

spray Ethofenprox (10 EC) @ 2ml/litre of water, 2nd spray Indoxacarb 15.8 EC @ 0.7 ml/ liter 

of water and 3rd spray Ethofenprox (10 EC) @ 2ml/litre of water were applied at 28-30, 38-40 

and 62-65 days respectively after inoculation of brood lac. Sooty mould on lac encrustation 

was not common for which only the 3rd insecticide was mixed with Carbendazim 50% WP @ 

1.0 g/lit of water and applied.  

2. Calculation for Income from Lac 

Income from lac per ha was  calculated by formula: 
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퐴푟푖	ℎ푎푟푣푒푠푡푒푑
푃푙푎푛푡 푥	P푎 +

		푃ℎ푢푛푘푖	푟푒푚표푣푒푑
푝푙푎푛푡 푥	Pp +

		퐵푟표표푑	ℎ푎푟푣푒푠푡푒푑
푝푙푎푛푡 푥	P푏	

+
		푆푐푟푎푝푒	표푟	푆푡푖푐푘ℎ푎푟푣푒푠푡푒푑

푝푙푎푛푡 푥	Ps 푥
10000

(푃 − 푃	푖푛	푚)(푅 − 푅	푖푛	푚)  

Which was called as Gross Income.. 

Where	P푎 = Price per kg ari lac = Rs. 150 /- 

												Pp = Price per kg phunki lac = Rs. 150 /- 

												Pb = Price per kg brood lac = Rs. 250 /- 

Ps = Price per kg scrape or stick lac = Rs. 200 /- 

P-P is 1m and R-R is 2m 

3. Net Income and B/C Ratio 

Net income was calculated by subtracting Gross income from Gross Cost and Benefit 

Cost ratio was calculated by dividing Gross Income by Gross cost: 

B/C  ratio = Gross Income/ Total Cost 

7.2.6 Graphical Representation  

In order to draw these curves the treatments were arranged as per fertiliser costs in 

ascending order and individual treatments corresponding total cost was obtained by cost of lac 

growing per ha of F.semialata  plantation using the nutrient schedule of the particular 

treatment. Cost for the treatment was the total cost of fertiliser dose per hectare. In the same 

process as that of cost, revenue for each treatment was calculated per ha basis as per the market 

price.  In this way total revenue for all the treatment was obtained and net revenue was 

calculated for a treatment by subtracting total cost from total revenue per treatment. Marginal 

cost was obtained by subtracting cost of production per ha using a particular nutrient dose of 
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treatment to cost of production by previous treatment dose of nutrients. When treatments were 

arranged as per ascending order of cost of nutrients used. In the same way revenue earned after 

selling per ha with a particular nutrient dose in a treatment was subtracted by revenue earned 

by previous treatment dose of nutrients. For all the treatment we could obtain marginal revenue 

and marginal cost based on ascending order of treatment as per fertiliser cost. Net marginal 

revenue was obtained for a treatment by subtracting marginal cost from marginal revenue for 

individual treatment. In this way for all treatments net marginal revenue was calculated. Benefit 

cost ratio was obtained by dividing total revenue by total cost for a treatment. Then the value 

of all the individual parameter was plotted against cost of bio-inoculants and soil amendment 

cost per ha per treatment (X axis), thus we could obtain individual curves for 7 parameters 

where treatments were arranged as per the ascending order of cost of fertilisers.  

7.3 Results  
 
7.3.1 Study on lac insects 

Insect Count   

 Number of insects per square cm observed (Table 7.1) to be maximum with T15 (18.6 

cm) and minimum with T17 (12 cm). Whih were significantly different from each other. 

Encrustation Length 

 Encrustation length per plant was observed to be significantly varying among the 

treatments (Table 7.1) with the highest value at T15 (2.5 cm) which was followed by T3 (2.4 

cm), T6 and T14 (each 2.3 cm), T11 (2.2 cm), T7 and T10 (each 2.1 cm), T2, T12, T4, T5,  

T13, T16 and T8 (each 2.0 cm) minimum with T1, T9 and T17 (1.9 cm each). Male: Female 

Insect ratio 
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Male: female lac insects ratio in percentage was observed on square cm basis and found 

that maximum male: female ratio (Table 7.1) was associated with T1 (32.3%) and minimum 

male: female ration was observed with T15 (22.6%). 

Encrustation width 

 The lateral distance covered by lac insects to develop lac encrustation was maximum 

(Table 7.1) with treatment T15 (9.5 cm) and minimum with T1 (6.9 cm). 
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 Table 7.1: Effect of soil amendments and bio-inoculants on lac insect response (per plant) in a 2 years old F. semialata plantation  
Insect Count 
(per sq cm) 

Male: Female ratio 
(%) 

     Encrustation length of lac 
                       (m) 

Encrustation Width  of 
lac        (cm) 

T1 12.2f 32.3 1.9e                    6.9h 
T2 12.7ef 31.5 2.0de 7.2efgh 
T3 14.1de 30.4 2.4ab 7.7cdefgh 
T4 15.3bcd 29.8 2.0de 8.0cdef 
T5 13.5def 31.1 2.0de 7.1fgh 
T6 15.2cd 30.2 2.3abc 8.1bcde 
T7 17.1ab 29.5 2.1cde 9.0a 
T8 16.4bc 31.7 2.0de 7.8cdefgh 
T9 14.2de 32.1 1.9e 7.5defgh 
T10 15.3bcd 30.6 2.1cde 7.9cdefg 
T11 16.7bc 29.8 2.2bcd 8.5bc 
T12 13.3ef 31.2 2.0de 7.2efgh 
T13 12.6ef 31.7 2.0de 7.0gh 
T14 16.8abc 28.5 2.3abc 8.4bcd 
T15 18.6a 22.6 2.5a 9.5a 
T16 14.3de 30.2 2.0de 8.4bcd 
T17                 12.0f 31.7 1.9e 7.9cdefg 

SEm (±)            0.93 2.00                 0.14                 0.50 
CD0.05            1.88 NS                  0.28                 1.00 
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Table 7.2: Wages cost in host growing to lac harvesting in lac cultivation of 1 ha area using  F. semialata  host 

Sr.  No. Particulars Qty Rate (Rs) Amount (Rs) 

1. 
Cutting and burning  10 md 250 2500 

2. Land levelling  42 md 250 10500 

3. Pit making  72md 250 18000 

4. Planting  56 md 250 14000 

5. Weeding  28 md 250 7000 

6.  Pesticide application  10 md 250 2500 

7. Life saving irrigation  20 md 250 5000 

8. Lac inoculation and harvesting  32 md 250 8000 

 
 Total = 270 md 250 67500 

Total employment generation of 270 man days; of this more than 50% contributed by women. 
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Fig.7.1: Component wise percentage share of work force and their costs in lac production using F. semialata          Table 7.3: Cost of 
pesticides used stage-wise in the lac production of 1 ha of F. semialata plantation  

Sr. 
No. 

Stage at 
which 

pesticide used 

Targeted 
crop 

Protection 
Pesticide used Mode of 

application 

No of 
plants per 

ha. 

Per ha 
requirement 

Market 
Price Cost per ha Cost per 

plant 

1. 
Planting 
sapling 

Flemingia 
semialata 

Chlorpyriphos 
(10% D) 5g/pit* 5000 25 kg Rs. 80/kg Rs.2000 Rs. 0.40 

4%

17%

27%

21%

10%

3%

7%

11%

Chart Title

Cutting and burning

Land levelling

Pit making

Planting

Weeding

 Pesticide application

Life saving irrigation

Lac inoculation and harvesting
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2. 
28-30 days 

after 
inoculation 

Lac insects Ethofenprox 
(10 EC) 

@ 2 ml/liter of 
water 

and 10 bushes/ 
litre 

5000 1 litre Rs.1500/ 
litre Rs. 1500 Rs. 0.30 

3. 
38-40 days 

after 
inoculation 

Lac insects Indoxacarb 
(15.8 EC) 

@ 0.7 ml/liter 
of water and 

10 bushes/ litre 
5000 350 ml Rs. 530/ 

100 ml Rs.1855 Rs. 0.37 

4. 
62-65 days 

after 
inoculation 

Lac insects Ethofenprox 
(10 EC) 

@ 2 ml/liter of 
water 

and 10 bushes/ 
litre 

5000 1 litre Rs. 1500/ 
litre Rs. 1500 Rs. 0.30 

5. 
62-65 days 

after 
inoculation 

Lac Carbendazim 
(50% WP) 

@ 1.0 g/liter 
of water 

and 10 bushes/ 
litre 

5000 0.5 kg Rs. 640/ 
0.5 kg Rs. 640 Rs. 0.13 

                                                                                                                                                                      Total = Rs.7495 
= Rs.7500 

(say) 
Rs.1.50 

*Recommended proportion for Chloropyriphos : FYM is 1:200 and 1:100 for Chloropyriphos: Vermicompost to be maintained for planting in 
rainy season. In our case, dose kept at minimum   because of less prevalence of termite in winter when there was less moisture in soil.
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Table 7.4: Component wise estimating cost of lac production under 1 ha area of F. semialata 
plantation. 

Sr. No. Particular Dose/ individual unit Particular/ Qty per 
unit Qty/ ha 

A. Planting geometry of host specie used in lac production 

1. Plant  spacing  1 x 2 m  No of plants per ha  5000 no 

B. Cost varying as per treatment schedule for establishment of plantation 

2. Govt. approved price of fertiliser Calculation for quantity of fertlliser 
required 

 

Name of fertliser price per bag Name of plant nutrient Availability from 
fertiliser 

a. Urea  Rs. 284  1 g N  available from 2.2 g  Urea 

b. DAP  Rs. 1190  
1g  N  available from 5.56 g DAP 
1g  P2O5 available 
from 2.2 g  DAP 

c. MOP Rs. 550 1g K2O available from 1.67 g MOP 

3. Fertiliser use per pit and per hectare fertiliser calculation as per the prefix used in 
treatment  

 

Name of the prefix Nutrient dose as per 
treatment plan Fertiliser dose per pit Fertiliser dose per 

hectare 

a. N1P1K1  10 g N, 10 g P2O5, 25 g 
K2O 

21.7 g  of DAP, 13.2 g 
of urea and 41.6 g of 
MOP 

Quantity Per pit x 
5000  

b. N2P2K2  20 g N, 20 g P2O5, 50 g 
K2O 

43.4g of DAP, 26.4 g  of 
urea and 83.2 g of MOP 

Quantity Per pit x 
5000  

c. N3P3K3  30 g N, 30 g P2O5, 75 g 
K2O 

65.1 g of DAP, 39.6 g of 
urea and 124.8 g of 
MOP 

Quantity Per pit x 
5000  

4. Price of bio-inoculants, quantity as per treatment schedule used per pit and per hectare 
calculation 

 

Name of bio-
inoculant Market Price Quantity applied per 

seedling 
Quantity per 
hectare 

a. Rhizobium  Rs. 300  litre broth 5 g 5 g x 5000 

b. Mycorrhizae  Rs. 300 per kg culture 5 ml 5 ml x 5000 

5. Price of FYM, quantity used per pit as per treatment schedule and per hectare 
calculation 

 
Amendment name Market price Quantity applied per pit Quantity per 

hectare 
a.Farmyard manure  Rs. 4 per kg 2 kg 2 kg x 5000  

C Cost fixed for all treatments incurred for establishment of plantation and lac production 

 Component of cost Use per pit  Cost per plant Cost per hectare 
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6. Sapling Single  Rs. 5 Rs. 25000 

7. Pesticide Calculation made in table 7.1 and Fig.7.1  Rs. 7500 

8. Plantation to lac 
harvesting Calculation made in table 7.2 Rs 67500 

9. Brood lac  40 g per plant Rs. 10  Per bush x 5000  
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Table 7.5. : Effect of soil amendments and bio-inoculants on lac production cost per ha. ofFlemingia semialata plantation  
Head wise Cost of host growing, brood lac inoculation and total (Thousands INR)  

Sapling 
(   (@ Rs 5 per piece) 

   FYM Per pit 2kg 
(@ Per Rs 4 per Kg) 

    NPK and bio-inoculant 
   (dose as per treatment) 

Agrochemicals Plantation to lac 
harvesting cost 

Brood lac (per plant 40g 
(@ Rs 250 Per kg) Total 

T1 25 - -     7.5 67.5 50 150.0 
T2 25 40 - 7.5 67.5 50 190.0 
T3 25 40 4.5 7.5 67.5 50 194.5 
T4 25 40 9.0 7.5 67.5 50 199.0 
T5 25 40 13.5 7.5 67.5 50 203.5 
T6 25 40 7.5 7.5 67.5 50 197.5 
T7 25 40 12.0 7.5 67.5 50 202.0 
T6 25 40 16.5 7.5 67.5 50 206.5 
T9 25 40 21.0 7.5 67.5 50 211.0 

T10 25 40 7.5 7.5 67.5 50 197.5 
T11 25 40 12.0 7.5 67.5 50 202.0 
T12 25 40 16.5 7.5 67.5 50 206.5 
T13 25 40 21.0 7.5 67.5 50 211.0 
T14 25 40 15.0 7.5 67.5 50 205.0 
T15 25 40 19.5 7.5 67.5 50 209.5 
T16 25 40 24.0 7.5 67.5 50 214.0 
T17 25 40 28.5 7.5 67.5 50 218.5 
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7.3.2 Study on lac Production 

 After attaining stage of inoculation by the hosts plants lac insect brought from Indian 

Institute of Natural Resin and Gum, Ranchi were inoculated on both the locations. There was 

better success observed over Kushadiha, Odisha and the inoculation was not successful 

inTanhril, Mizoarm.  

7.3.3 Cost of lac Production  

 Cost of cultivation per hectare (Table 7.2 to 7.5 and Fig. 7.1)                          

have been calculated based on sum of all the cost components like sapling cost (Per  piece Rs 

5), maintenance cost covering input and wages cost, brood lac cost (40g per plant @ per kg 

Rs 250), FYM per pit 2kg @ Rs 4 per kg and cost of fertilisers (as per government current 

approved price) and cost of inoculums used as per doses of the treatment. It has been observed 

that the maximum cost for lac production in one hectare area including cost of the host species 

Flemingia semialata plantation was associated with treatment T17 (Rs. 2,18,500/ ha) and 

minimum with T1 (Rs. 1,50,000/ ha). 

7.3.4 Quantity of lac Production per plant  

 During the course of lac harvesting series of lac out puts were obtained, 1. Phunki which 

was collected after 21 days of inoculation which wad about 10 g common for all since brood 

lac inoculated was 40 g per individual bush irrespective of treatment 2. Ari-lac which was 

collected as pre-mature lac which was not in the position to maintain upto maturity, 3. Brood 

lac which became harvested at maturity having viable insects and 4. Scrape lac which was 

harvested at maturity but not having insects/ viable insects for inoculation (Table 7.6). The 

market rate for each category was different. Treatment-wise  
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Table 7.6. : Effect of soil amendments and bio-inoculants on lac harvested per individual host plant of F. semialata  

Category-wise lac harvested  per plant (For Per hectare conversion each multiplied with 5000)  
Ari (g) Phunki (g) Brood (g) Scrape (g) Total (g) 

T1 24  10  122  32  188  
T2 13  10  175  36  234  
T3 14  10  187  32  243  
T4 36  10  193  41  280  
T5 26  10  169  34  239  
T6 28  10  182  36  256  
T7 25  10  203  31  269  
T6 26  10  143  34  213  
T9 31  10  135  31  207  
T10 26  10  171  33  240  
T11 29  10  192  38  269  
T12 25  10  143  34  212  
T13 23  10  134  30  197  
T14 30  10  194  37  271  
T15 35  10  211  42  298  
T16 31  10  151  34  226  
T17 26  10  142  31  209  
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Table 7.7:Effect of soil amendments and bio-inoculants on income (per ha) from category-wise lac production and BCR from F. semialata 
 Income per hectare from lac (INR in thousands) Benefit  

Cost Ratio (BCR)  Ari Scrape Brood Scrape     Gross Income Net Income 
T1 18.0 7.5 152.5 24.0 202.00 52.00 1.35 
T2 9.75 7.5 218.75 27.0 263.00 73.00 1.38 
T3 10.5 7.5 233.75 24.0 275.75 81.25 1.42 
T4 27.0 7.5 241.25 30.75 306.50 107.50 1.54 
T5 19.5 7.5 211.25 25.5 263.75 60.25 1.30 
T6 21.0 7.5 227.5 27.0 283.00 85.50 1.43 
T7 18.75 7.5 253.75 23.25 303.25 101.25 1.50 
T6 19.5 7.5 178.75 25.5 231.25 24.75 1.12 
T9 23.25 7.5 168.75 23.25 222.75 11.75 1.06 
T10 19.5 7.5 213.75 24.75 265.50 68.00 1.34 
T11 21.75 7.5 240.00 28.5 297.75 95.75 1.47 
T12 18.75 7.5 178.75 25.5 230.50 24.00 1.12 
T13 17.25 7.5 167.5 22.5 214.75 3.75 1.02 
T14 22.5 7.5 242.5 27.75 300.25 95.25 1.46 
T15 26.25 7.5 263.75 31.5 329.00 119.5 1.57 
T16 23.25 7.5 188.75 25.5 245.00 31.00 1.14 
T17 19.5 7.5 177.5 23.25 227.75 9.25 1.04 
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and category wise per bush lac harvested was described harvesting total yield calculated and 

simultaneously treatment wise sell price per hectare estimated  

Production of lac per plant  

 Rom All the treatments provided 10 g of phunki from each bush (Table 7.6) Maximum 

scrape lac production per plant was obtained with T15 (42 g) and minimum with T13 (30 g). 

Ari lac produced per plant was maximum with T4 (36 g) and minimum with T2 (13 g). Brood 

lac was observed maximum with T15 (211 g) and minimum was observed with T1 (122 g). 

Total quantity of lac harvested as sum of the 4 categories above mentioned became maximum 

with T15 (298 g) and  least with T1 (188 g). 

7.3.5 Gross and net Income from lac cultivation  

 Income per hectare was calculated by multiplying quantity of lac produced per bush 

from each category in g with 5000 (number of plants per hectare) divided by 1000 (to convert 

g to kg) and rate of that particular category of lac (Table 7.7). The market rate per kg of lac 

has been taken for calculation as ari = phunki = Rs. 150, scrape = Rs.200 and brood = Rs. 

250. Per hectare calculation as per category and total based on treatment have been expressed 

as below. 

Income from ari lac per hectare 

 Maximum income from ari per hectare has been estimated (Table 7.7) with treatment 

T4 (Rs. 27,000) and lowest with T2 (Rs. 9,750). 

Income from brood lac per hectare 

 Maximum amount of income from brood lac was estimated on per hectare (Table 7.7) 

basis from T15 (Rs. 2,63,750) and least with T1 (Rs. 1,52,500). 
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Fig.7.2: Treatments at increasing order of Nutrient costs and their response on Cost and Revenue lines of lac produced ha-1 of F. 
semialata plantation.
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Income from scrape and phunki lac per hectare 

 Income from phunki on per hectare basis irrespective of treatment has been calculated to 

be Rs. 7,500. Income from scrape has been calculated (Table 7.7) to be maximum with T15 (Rs. 

31,500) and minimum withT13 (Rs. 22,500). 

Total Income from lac per hectare 

 Total income calculated as sum of income from all the four categories of lac was observed 

to be maximum (Table 7.7) with T15 (Rs. 3,29,000) and T1 (Rs. 2,02,000). 

7.3.6 Profit out of lac cultivation  

 Profit calculated by subtracting total cost per hectare for lac cultivation from total income 

per hectare out of sale value of lac and it was recorded that profit was (Table 7.7) maximum with 

T15 (Rs. 1,19,500) and  minimum with T13 (Rs. 3,750). 

7.3.7 Benefit Cost ratio 

  Benefit cost ratio was calculated for lac cultivation as gross income upon total cost 

for all the treatments in order to find gross income generated per Re. 1 cost. Benefit cost ratio 

was found to be the highest under the treatment T15 (1.57) and minimum with T13 (1.02). 

7.4 Discussion 

7.4.1 Study on lac insects 

 The life story of lac insect has been described by Mohanasundaram et al. (2016) which 

speaks that the voyage of life of lac insects begins with the completion of embryonic development 
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within the body of the mother when eggs change their position in the ovariole. Eggs then travel 

through oviducts and come out of the mother into the specially built “incubation chamber” formed 

by making sufficient gap between the body and resinous cell. Hatching of eggs mostly takes place 

after reaching the incubation chamber and is called as ovo-viviparity. Out of the nine genera and 

99 species of lac insects reported from the world, two genera and 26 species are found in our 

country. The family Tachardiidae is divided into two sub-families, i) Tachardiinae including true 

lac insects of resinous cell and ii) Tachardininae including pseudo-lac insects of non-resinous cells. 

K. chinensis in the north eastern India, Kerria sarada in coastal India and Kerria lacca (Kerr) in 

rest part of India have been reported by IINRG. Special type of mouth-parts, intended for sucking 

plant juices also been reported by Mohanasundaram et al. (2016). They further reported as per 

stage first instar larva a day or so after settling, the larva start secreting lac resin from almost all 

over the body except near the rostrum, and the brachial plates. The second and third instar  after 

the first moult, the male as well as the female larvae loose their legs, antennae and eyes. From this 

stage onwards, sexual dimorphism becomes pronounced. The lac cell of the male assumes a slipper 

like appearance at the final stage and has a loose operculum at the rear end. the larvae pass through 

the prepupal and pupal stages when appendages which eventually develop into legs, antennae, 

eyes, wings, (except in apterous males), penial stylus etc. are easily seen. Copulation of males with 

females  remain enclosed in the lac cell and by the time of the emergence of males, generally 

become pear-shaped. Males are elongated and femalesare roundish in shape to make their 

discrimination. The female larva also casts off antennae, eyes, legs etc after the first moult, but 

unlike the male, these do not develop these organs again except the rudimentary antennae instead 

of certain other organs, which are peculiar to the female become conspicuous. After the final (third) 

moult, the dorsal spine, which is born on an elongate tubercle appears in the center of the triangular, 
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lying between the two brachial and one anal tubercle. The female lac insects that live for relatively 

longer period after fertilization, are therefore, the chief sources of lac secretion. High male female 

ratio is unproductive. In our case T15 has lowest M: F ratio where as T1 has highest one which 

indicates that balanced nutrition has good response on sex ratio but it was found to be non-

significant. 

     The rate of secretion of waxy filaments, which protrude out of the anal and the brachial pores, 

and of the excretion of honey dew also increases during this period. Sooty mould appearance on 

the leaves of trees bearing lac is due to the growth of certain black fungi (Capnodium and Fumago 

species) on the honey-dew that falls on the leaves often observed been managed by fungicide 

application. Gradually wax secretion slowed down and appearance of a yellow spot observed 

which was indication of emergence of larvae from female insect and timing for harvest of crop, 

Duration of life cycle of lac insects as documented earlier to be dependent hosts species/strain of 

the lac insect, the season of development and climatic condition of the area. In Odisha harvesting 

became earlier than that documented by IINRG for Jharkhand. The problem encountered that 

unlike field crop where harvesting time becomes predicted from the pace of previous stages which 

become legible to farmers and he could well prepared market disposal, stages of lac insects except 

yellow spot could not be visible and all of sudden farmer observes disposal of insects which put 

him great risk of live insect disposal.  Farmer observes qualitative variations with regards to body 

colour of lac dye which has been reported in lac insects showing crimson, yellow, cream and albino 

(white) body colours to indicate maturity. Sex ratio we have taken in form of number of male per 

female in percentage but usually taken mal per total population. Male female ratio could directly 

speak their mating ratio and non viable insects (male) for lac production. However, all the 

parameters have implication on productivity as revealed by Mohanasundaram et al. (2016). 
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Broodlac output ratio and Broodlac and scrape lac ratio are very important parameters as brood 

lac output/input and output. Brood lac/scrapped lac ratio calculated in our case is satisfactory that 

reflected by crop integrated nutrient management as well. However, as recorded on integrated pest 

management of thirty five species of primary and 45 species of secondary parasitoids have been 

reported in lac insect ecosystem.   Identification of parasitoids and predators of lac insects with 

distinguished characters are very much important and much confusion still prevails in the name 

and identity of lac associated parasitoids. Thus, in the direction of nutrient management to prolong 

study with larger areas and integrated pest management of pests and parasitoides may be done to 

make lac production more lucrative and ecologically viable during future days among Indian 

farmers to retain her leading position over the world. 

7.4.2 Benefit Cost Analysis 

Fig. 7.8 reveals how the increasing cost of nutrients influenced the income generated from 

lac. Further, unlike an individual factor it is combining three factors together to target the yield of 

plant and thereby the yield of lac is of paramount importance in nutrient management studies. 

However, we obtained an irregular benefit and cost curves. Thus, instead of analysing simple net 

benefit or benefit cost ratio we have to assess many of economic parameters working together. 

Here, the curves depict total cost (TC), total revenue (TR), marginal cost (MC), marginal 

revenue(MR) ,  net revenue TR - MR, benefit cost ratio BCR)  = TR/TC, net marginal revenue 

(NMR) and nutrient cost.  

The graphs represent effect of increasing nutrient on cost imposed on lac growing process  

and revenue generated out of lac production in 1 ha area under plantation of F. semialata. It had 

been observed that marginal revenue and net marginal revenue were overlapping within each other 
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because with negligible marginal cost there was greater implication  on marginal revenue. With 

very negligible difference in cost greater response over revenue i.e., on lac production, has been 

observed. Total cost, nutrient cost and marginal costs were parallel to each other. It was also 

observed that the revenue curves such as total revenue, net revenue, marginal revenue and net 

marginal revenue were zig zag in nature. It seemed that slight change in nutrient price was found 

to make greater variation in income from lac. The change was not constant for each treatment i.e., 

quantum of bio-inoculants and quantum of soil amendments were found interacting together and 

cause part over lac growing system. The most zig zag were marginal revenue and net marginal 

revenue curves. All the graphs were progressing with ascending nutrient cost for the treatments T1 

< T2 < T3 < T10 < T6 < T4 < T11 < T7 < T5 < T14 < T12 < T8 < T15 < T13 < T9 < T16 < T17. 

However, response on revenue was not uniform. The zigzag nature speaks that different types of 

sources of nutrients some times prove functional and some interaction proves detrimental. Most 

vital treatments were T2, T6, T4, T14, T15 and T16 where we observed positive peak of net 

marginal revenue. That means with slight increase in cost of nutrients increasing response is much 

more. In the treatments T10, T11, T5, T12 and T13 with increasing cost revenue drops thereby 

marginal revenue and net marginal revenue drop abrupt negatively because this points imposing 

cost giving negative response to biological function. Net revenue is also looking zigzag. It has 

maxima at T4, T7, T14, T15 and T16 like that of marginal revenue. T12 and T8 had similarity 

because between T12 and T8 similarity of income of course nutrient cost increased. Benefit cost 

ratio is behaving zigzag curve at T1.  Among these peaks T15 attains highest total revenue, 

marginal revenue, net marginal revenue and BCR. Beyond this nutrient cost adding further nutrient 

cost reduces total revenue, marginal revenue, net marginal revenue and BCR also. Of course the 

next maxima obtained was with T16 beyond this at T17 both TR  and TC curve converge each 
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other thereby giving no net profit. T16 has cost more than T15 but comparing both the peak in 

revenue curve T15 has highest revenue. So, nutrient cost beyond T15 will have detrimental effect 

over profit. Thus, incurring nutrient cost beyond T15 will not economically inimical in this 

production system. Thus T15 is the best. In our present lac growing system nutrient management 

contributes as percentage share of total cost is 0% to 29.90 % in T1 and T17, respective. For T15 

share of nutrients to total cost is 27.36 %.  

Jaiswal, et al., 2015 revealed 10.079 lakh per ha cost of lac cultivation (recurring cost) and 

total net income over four years as 5.373 which was calculated for a large scale lac cultivation 

under agroforestry with BCR 1.53 which  in agreement with our case BCA finding that is varying 

from 1.04 (T17) to 1.57 (T15)  both inclusive of wages cost. At the same time 12 mandays for a 

total of 80 kg lac production from palas trees and 12 mandays per kusum tree and Kanker, 

Chhatisgarh expenses of 12751.41 per kusum tree in lac cultivation, operational cost which is 

Rs.5400, material cost Rs.7113,and depreciation of fixed capital which is Rs. 238.41 was observed 

by Das, 2016. She recorded lac production extremely affected on climatic changes, insect pest 

attacks, and quality of brood lac (seed) etc. Which was in line with our findings. 

Ecological sustainability 

 Any production system economically productive but ecologically unsustainable becomes 

intensive to exploit resource base within production system just to fulfil present need without 

formulating future resource base. Green revolution was a form of intensive use of resource base to 

fulfil growing demand of population to which whole world has condemned and expressed serious 

concern to introduce sustainability in every crop management practice in order to attain paradigm 

shift in agriculture which is too objective of our research to introduce sustainability in lac farming 
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along with profitability in outcome. T15 involves replacing inorganic fertiliser load on lac farming 

by introducing natural resource base of nutrient addition not only present need but also can provide 

a stable ecosystem for future and will minimise pressure on fossil fuel. Thus, T15 was ecologically 

sustainable and economically profitable by producing more quantity of lac which may be 

introduced in large scale lac production from Flemingia semialata host.  
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GENERAL DISCUSSION 
________________________________________________ 

 

Rhizobial inculation has increased nodule occupancy in nodule (Rumbaugh, et al.,1990) 

and rhizobia inoculation with modest amount of nitrogen (starter nitrogen) as a low input resource 

management practice made early establishment, increased yield and nodulation of common bean 

(Popescu, 1998; NSSP, 1989; Mitiku, 1990; Daba, and  Haile, 2000; Daba, and  Haile, 2002). At 

the same time mycorrhizal inoculation enhanced nutrient uptake of host plants mainly of 

phosphorus taking up phosphate from a greater surface area. Techniques enhanced crop production 

along with producing of high number of AMF propagules (Gaur and Adholeya, 2002). It had 

practical use of high association with Flemingia vestita Benth. ex Baker (Fabaceae), a plant of  

Meghalaya, Northeast India and proved to bear low-input technology for sustainable management 

of soil fertility and plant nutrition (Songachan and Kayang, 2018).Since legumes do not fix 

sufficient N  additiona of soil-N is required for enhancing the biomass, sturdiness and maximum 

growth response (Becker et al., 1991). Greater amount of N could contribute more N to soil at 

optimum range of N level (Streeter, 1988). On the other hand high level of soil nitrates could be a 

potent inhibitor for nitrogen fixation (Darpan, 2011). Many researchers have proved Rhizobium 

along with mycorrhizae enhanced plant growth and yield; however information on the effects of 

different Rhizobium along with mycorrhizae to interact and replace the effects of inorganic 

fertilisers on growth, yield, nodulation, nutrient enrichment and  lac insect proliferation and yield 

of Flemingia semialata are meagre. Therefore, in the present study the mycorrhizal isolates were 

inoculated with Rhizobium and various doses of fertilisation on Flemingia semialata plants to 

study their effect on growth, nodulation, nutrient enrichment at both seedlings and plantations and 



257 
 

lac production under plantations. for which investigations were conducted both at nursery and 

plantations.Siripur.      

 The Results obtained out of the investigations has been discussed below: 

8.1 Rooting Pattern and Plant Growth               

8.1.1 Rooting Pattern 

  The root growth parameters such as number of lateral roots (secondary and tertiary) didnot 

vary significantly among the treatments for 2 and 4 months old seedlings whereas significantly 

different (P<0.05) responses were observed for secondary, tertiary and total number of rootlets in 

6-month old seedlings. However the rooting pattern varied among treatments with respect to age 

of the seedlings and the location of study sites. After 6 months maximum lateral and total rootlets 

were produced at T15, with minimum fertilisation along  withRhizobium and mycorrhizal 

inoculation for both the locations under nursery condition. Davies et al. (2002); Ortiz et al. (2015)  

reported the response of mycorrhizae to the dynamics of moistness which might have brought age-

wise variation. Bunn et al. (2009) described growth benefit of mycorrhizae to which more benefit 

was attained by thermophilic hosts. Reduced performance of host-mycorrhizal interaction with 

low temperature was observed by Chen et al. (2014) and host-Rhizobium interaction with high 

temperature was recorded by Martinez, et al. (1988) and therefore may explain the reason  of the 

root growth pattern at comparatively low temperature of December – January sampling (4 months) 

at Aizawl and comparatively high temperature during  February  - March (6 months) in Odisha. 

The variation in  number of roots with season can be due to genetic behaviour and age of plants 

(Kostler et al., 1968). The difference in various physical conditions of soil might have caused 
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changes in new root emergence among treatments as observed by Pomerleau and Lotie (1962) who 

observed that symbiosis might be affected by prevailing soil physical conditions.    

  Song, et al. (2010)  reported that combined application of N and P had increased root surface 

area, root length, and root-shoot mass; but studies related to their further performance with bio-

inoculants have been rarely studied. In our study root length of seedlings was having no significant 

difference at the age of 1 month for both the locations. However at the age of 2, 4 and 6 months 

treatment response on root elongation  was significantly different (P<0.05). At 2 and 4 months 

maximum root length was recorded with T17 or combined bio-inoculation with higher fertiliser 

dose in Tanhril, Mizoram and the similar response was observed Siripurwith T8 andT7 or 

Rhizobium and substantial fertilisation in SiripurSiripur, Odisha. On the other hand in 6 months 

old seedlings root length was the highest with T15 or combined bio-fertilisation with substantial 

fertilisation at Tanhril when T1 or control had maximum effect on seedling root length at 

SiripurSiripur. Taylor et al. (1972) reported that the rate of expansion of root systems to be 

increasing due to insufficient water and nutrients n its layer. Castañeto (2003) observed that the 

bio-inoculants (Mykovam + Biocore) with mycorrhizae applied enhanced seedlings growth, 

vigour and increased root length compared to  control in case of mahogany (Swietenia macrophylla 

King.) cuttings in Philippines. Among the treatments there was no significant difference at the age 

of 1 month for both the locations with respect to root spread. On the other hand an opposite trend 

was recorded in 2, 4 and 6 months old seedlings for both the locations. At 6 months Tanhril had 

maximum root spread was recorded with T10 or only mycorrhizae inoculation when in Siripur the 

highest was found with T15 or combined bio-inoculation with substantial fertilisation. Gurumurthy 

et al. (1999) observed increased root length and concentrations of P, Zn, Cu, Mn and Fe in 

Dalbergia sissoo shoot with AM fungi inoculation. Our finding also is at par to that of Costa et al. 
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(2002) who recorded increased length and surface area of root under intermediate N levels and but 

reduced root growth under both higher and lower fertilization levels. Contrarily, in the present 

study the best response in terms of root growth was found when bio-inoculants were added with 

lower fertiliser dose. Gholami et al. (2010) revealed that bio-inoculants could improve the  root 

architecture which might be due to the effect of phyto-hormones viz., indole acetic acid (IAA), 

gibberellins (GA) and cytokinins (CK) released by bio-inoculants (El Fattah et al., 2013).  

In plantation, root spread was non-significant at 3 months whereas significant difference 

was observed among the treatments at 1.5 years old F. semialata plants for both the locations i.e. 

at Tanhril and at Kushadiha, Odisha. In both the study sites root spread was maximum withT11 or 

mycorrhizae with substantial fertilisation in 1.5 years old plants. Razaq et al. (2017) found that N 

fertilization had a favorable impact on root growth. Kern et al. (2004) revealed  that N availability 

affected root biomass, production, and mortality; nitrogen had effect on root elongation (Lopez et 

al., 2003), higher root-order development, branching  (Woolfolk and Friend, 2003),  root growth 

and distribution in the soil (Tian, et al., 2005). 

Goss (1977) and  Piersson (1982) revealed root diameter to be length that a plant could 

produced for unit input of resources which increased through secondary cambial growth and radial 

movement of water from soil into xylem. The finer roots have larger cost whereas coarse roots 

exert greater forces on soil. Better growth of root diameter means better adaptability to prevailing 

situation. Balldwin (1975) and Robinson and Rorison (1983) defined root diameter growth through 

ion mobility and volume of soil exploited. 

  When the entire rootlets of seedlings were arranged diameter-wise (< 0.5 mm, 0.5 – 1.0 

mm, 1.0 – 2.0 mm and > 2.0 mm) and for each diameter class treatments were compared at 
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various stages i.e., 1 month, 2 months, 4 months and 6 months separately as per locations. At 1 

month no rootlet found beyond 1 mm diameter and at 2 months no rootlet found beyond 2.0 mm 

diameter but at 4 and 6 months rootlets were observed beyond 2 mm diameter. Maximum rootlets 

in all the stages and locations were of less than 0.5 mm diameter. 

SiripurSiripurSiripurSiripurSiripurAt 6 months maximum number of rootlets of size < 0.5 mm 

diameter was recorded with T12 in Tanhril and with T15 for SiripurSiripur, maximum number 

of rootlets of 0.5 - 1.0  mm diameter was found in  T15 for both locations, maximum number of 

rootlets having 1.0 - 2.0 mm diameter was associated with T15 in Tanhril and T8 for 

SiripurSiripur and , the highest number of rootlets of > 2.0 mm diameter was measured with T8 

in Tanhril and T11 in Siripur. Fitter, 1987 has expressed that in general the primary roots tend to 

be positively geotropic, secondary roots are diageotropics and further branches to be ageotropic 

and lateral branches form wider angles which make chances of entry to unexploited horizons 

(Henderson et al., 1983; Fitter, 1991). Angle at which secondary roots emerged from primary 

root and tertiary from secondary roots in nursery was varying with respect to location but 

independent of time of sampling but varying non-significantly among treatments. 

SiripurSiripurAngle at which a root emerged became mostly higher than that of its parent root  

which was too observed by Kar et al. (2007) in Acacia mangium, Leucaena leucocephala and 

Leucaena diversifolia and reverse trend was observed with Gliricidia sepium, Albizia lebbek and 

by Kar (2009) in Albizia chinensis and Alnus nitida.  Root angle is very important criteria for 

species introduction to induce complementary relation between woody and herbaceous partners 

to avoid competition for water and nutrients.  

8.1.2 Plant growth 
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 At the age of 1 month and 2 months under nursery condition effect of treatments on collar 

diameter of F. semealata seedlings was non-significant for both the  study sites. At the age of 4 

months maximum collar diameter was recorded with T17 in Tanhril, Aizawl and in 

SiripurSiripur, Odisha the same was found the highest with T15. T15 or double inoculation with 

substantial fertilisation. At 6 months collar diameter varied significantly with the treatments 

wherein T8 or Rhizobium with moderate fertilisation could induce the maximum growth in 

Tanhril, Aizawl and SiripurSiripur, Odisha had the similar growth response with T15 T15 or 

double inoculation with substantial fertilisationAt 2 months stage for both the locations 

maximum plant height was with T15 and minimum with T1. Significant differences in plant 

height after 4 and 6 months of sowing under nursery condition were observed for both the 

locations. At 6 months the highest plant length was measured with T7 in Tanhril and with T1 in 

Siripur. Under plantation plant height was found to be significant (P<0.05) among the treatments 

both at 3 months and 1.5 years for both the locations. At 3 months plant height was maximum 

with T4 for 1.5 years plant height for both locations were recorded maximum with T16 and 

minimum with T1. Singh and Puri (2006) also reported the enhanced plant height due to AM 

fungi and Rhizobium inoculation singly and in combination in Dalbergia sissoo (Lopez et al., 

2003). N fertilization increased seedling height and root collar diameter (Andivia et al,, 2011 and 

Cuesta et al., 2010).  Application of P fertilisation increased plant height, root collar diameter 

(Hudai et al., 2007), as well as basal stem diameter (Cicek et al., 2010) and that Dalbergia sissoo 

(Hudai et al., 2007). 

 Collar diameter was found to be varying significantly among the treatments both in 3 

months and 1.5 years old plants under plantation at both the locations. In 3 months of plantation 

at Tanhril collar diameter was maximum with T3 when at Kushadiha, Odisha the highest collar 
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diameter was recorded with T16. On the other hand, maximum diameter growth in  1.5 years of 

plantations was observed with T15 irrespective of the sites Nitrogen fertilization has increased 

collar diameter in Quercus ilex sp. ballota (Desf.). Samp (Andivia et al,, 2011), Aleppo pine 

(Pinus halepensis Mill.) and holm oak (Quercus ilex L.) (Cuesta et al., 2010). Phosphorus 

fertilisation has positive effect on collar diameter in Dalbergia sissoo (Hudai et al., 2007). 

Banyal, and Bhardwaj (2003) reported increase in diameter in Acacia catechu and Acacia 

mollissimia with Rhizobium inoculation compared to control. Combined bio-fertilization was 

found to put on diameter increment of Acacia nilotica (Kumudha, 2005). Combination of bio-

inoculation and fertilization has also increased collar diameter in Albizia procera (Jamaluddin 

and Gosewami, 2004). 

 Angle of branch emergence from main stem in nursery and plantation was different with 

respect to location but independent of time of sampling but varying non-significantly among 

treatments. Charlton (1975, 1983) has expressed that angle is expression of internal anatomies of 

plants. We observed marginal but non-significant change in angle with location but it remained 

independent of extraneous nutrient application.  

Leaf area as revealed by Yadav, et al. (2007) is an indicator for its nutrients and 

photosynthetic efficiency of any plant. Since, Flemingia semialata was having trifoliate leaf, leaf 

area was enumerated by summing up area of individual leaflets. Significant difference in leaf 

area  was found among the treatments. In both the sites leaf area at 6 months age of seedlings 

under nursery condition was the highest with T15 or combined inoculation with substantiatial 

fertilisation SiripurTanhril and Kushadiha. Gurumurthy et al. (1999) also had observed increase 

in leaf area with mycorrhizae application in Dalbergia sissoo. 
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 Average branch diameter was observed to be significantly varying among treatments for 

both the locations. The maximum value of branch diameter was recorded with T17 and minimum 

with T1. In the present study high dose of fertilization with bio-inoculants helped in boosting 

lateral growth in branches.  

 Petiole length and leaf width at the age of 1.5 years of age of plantation varied significantly 

(P<0.05) among the treatments. However, in 3-months old plants differences among treatments 

were non-significant. In Tanhril, maximum petiole length was recorded with T15 and the 

minimum with T5, whereas similar trend in Kushidiha was found with T14 and and with T13, 

respectively. On the other hand in 1.5 years old plants maximum leaf width in both the locations 

was measured with T15. Sharma et al. (2008) found increased in leaf width and yield with 

application of Azotobacter with 75% NPK application in Broccoli. 

 Leaf length in nursery was observed Significant at 6 months among the treatments. The 

highest leaf length was measured with T15 andSiripur with T4 in Tanhril and Siripur, 

respectively. Under plantation leaf length was non-significant at 3 months but significant at 1.5 

years for both the locations. In 1.5 years old plants leaf length was found maximum with T15. 

El-Khateeb et al. (1997) investigated the impact of mycorrhiza fungi, algae Hemogreen and 

Nitrobacteria on   Chamaedorea  elegans and reported that biofertilizer caused to increase the 

length of leaf. 

 Number of leaves varied significantly under nursery condition of 6 months with maximum T4 

i.e., moderate fertilisation without inoculation. Significant variation also observed in 1.5 years 

old plantation of F. semialata wherein maximum value was recorded with T15 and minimum 

was observed with T1. 
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Banyal and Bhardwaj (2003) found that Rhizobium inoculation significantly resulted in 

higher number of branches in Acacia catechu and Acacia mollissima. Reena and Agyaraj (2009) 

also worked on effect of mycorrhizae fungi on Dalbergia sissoo and obtained plant height and 

leaf number were increased than control. Abbasniayzare (2012) worked on effects of 

biofertilizers and chemical fertilizers on growth indices of Spathiphyllum illusion and found 

number of leaves were increased by the treatments over control. Khadije et al. (2012) obtained 

increase in number of leaves by combined application of phosphorus and mycorrhizal inoculation 

in Prosopis juliflora; Samanta et al. (2003) found increased number of leaves by combined 

application of PSB and mycorrhizae combinedly  in young oil plam. 

 Non-significant difference was observed at the age of 1 month seedlings for both the 

locations with respect to shoot spread SiripurSignificant differences at the age of 2, 4 and 6 

months seedlings for both the locations with respect to shoot spread was noticed wherein  

maximum shoot spread at 2 months for both location was with T16. At 4 months maximum shoot 

spread for Tanhril was with T10 and for Siripur was with T3. For 6 months the highest shoot 

spread in both the locations was observed with T11. In plantation shoot spread was found to be 

non-significant among the treatments at 3 months and significant at 1.5 years for both the 

locations. The variation in lateral spread may be explained on the basis of genetic behaviour with 

respect to environment, space, food, light, etc. as reported by various workers (Brouwer and 

DeWit, 1968; Nimbakar et al., 1986; Mohatkar and Relwani, 1987; Relwani et al., 1987; Kar et 

al., 2007). The biochemicals namely 1-amino cyclo propane, 1-carboxylate-deaminase released 

by endophytic bacteria to divert to a keto butyrate and ammonia which promote growth of plant 

in the vicinity (Glick et al., 2007). In addition to the above 1-amino cyclo propane, 1-carboxylate 
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deaminase developed by endophytes which induce host systemic tolerance at stressful 

environment (Zhang et al., 2008). 

 After 1 month of sowing there was number of branching and at 2- months stage branches 

were beyond 0 -0.5 mm diameter and after 4 months no branches were beyond 2.0 mm – 5.0 mm 

under nursery. During plantation study number of branches found to be non-significant among the 

treatments at 3 months. ;on the other hand, significant differences were  observed in 1.5 years old 

plants for both the locations wherein number of branches was maximum with T15. Number of 

branches belonging to different diameter classes were found to be non-significant among the 

treatments at both 3 months and 1.5 years of plantation for both the locations. Prabhu et al. (2003) 

observed that N:P at 200:100 kg per ha produced the highest branch number per plant followed by 

N and P at 175:100 kg per ha in brinjal hybrid COBH-1. However, no such reports were found for 

tree species showing the effect of soil amendments on branch number. 

 Significant variations (P<0.05) were observed among the treatments at 4 months and 6 

months for both the locations whereas the relation among treatments with respect to branch length 

was non-significant at 1 month and 2 months of seedlings. At the age of 4 months in Tanhril, 

Aizawl maximum branch length was observed with T14 and T10, for SiripurSiripur it was with 

T14. Maximum branch length at 6 months was with T10 for Tanhril and T3 for SiripurSiripur. 

Under plantation of 1.5 years both the locations had maximum branch length with T15. 

According to the Extension Bulletin on Water Chestnut developed by College of Agriculture and 

Natural Resources (CANR), Michigan State University (MSU), USA the key feature of fertiliser 

recommendation had been formulated based on terminal branch length of previous year. For 5 

inches terminal branch growth of last year fertiliser recommendation this year would be nitrogen 

5 x 2.7 oz. = 13.5 oz per plant (https://www.canr.msu.edu/chestnuts/horticultural_care/nutrient-
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management). This principle may be used for our findings in order to formulate nutrient schedule 

for which the sources of bio-inoculants and soil amendments may be exploited restoring 

sustainability. Biomass under nursery condition of 1 and 2 months treatments differed non-

significantly but successive samplings had significant relations with respect to shoot and root 

biomass. Maximum fresh shoot biomass accumulation was with T15 and minimum with T1 for 

both the locations. The difference  in hormonal regulation might have made variations in root 

and shoot biomass accumulation (Huck, 1983). Further, Brouwer (1983) opined that biomass is 

dependent on the factors such as external environmental conditions (water, nutrients, light, CO2 

and O2 concentration) of the soil or variation in root architecture (Fitter, 1991). Considerable 

difference among treatments with respect to their root-shoot ratio comprising the length, lateral 

spread and fresh and dry biomass was observed in the present study. Kar (1999) reported that 

genotype has more influence than environment to maintain ratio with respect to length. Drew and 

Lynch (1980) reported temporary saturation of soil by excess water or dissolved oxygen leads to 

reduced root growth than shoot On the other hand, Huck et al. (1983) observed that root growth 

increased during moisture stress. Higher root shoot ratio during plant establishment than growing 

stage was recorded by Simanton and Jordan (1986) and Klepper (1991) which is in agreement 

with our findings. Huber (1983) reported root shoot ratio more in winter when less starch 

accumulation in shoot than root occurs. Variation with the progress of plant growth as observed 

in present experiment has earlier been noticed by previous researchers (Bray, 1963; Cannell and 

Willet, 1976).   

 8.2 Root Nodulation Status 

 Effect of bio-inoculation and amendment application on root nodulation was dependent of 

time of observation and location. Nodulation was absent in 1 month old seedlings under nursery 
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condition for both the locations. No nodulation observed at 1 month may be explained due to 

heavy rain which might have made saturation of poor space and oxygen stress that restricted the 

diffusion of oxygen (Pankhurst and Sprent, 1975). Significant variation in the response on the 

number of nodule formation was seen among the treatments. 6-months old seedings produced 

maximum number of nodules in primary root with T15 in Tanhril, Aizawl. In Odisha at 6 months 

e decline in nodule formation was recorded probably due to more temperature (Armenta et al., 

1989) while, reduction in number of nodules might have increased nodule size. Nodules in 

secondary roots at 6 months in case of Tanhril, Aizawl was the highest with T8 whereas for 

Siripur it was found with T7. Number of nodules in the tertiary roots of seedlings at Tanhril, 

Mizoram was the highest at the end of six months with T8, On the other hand at Siripur, Odisha 

the maximum number of nodules in tertiary root was with T7. Total biomass in the root system 

as sum of primary, secondary and tertiary root nodules was maximum with T8 in Tanhril, Aizawl. 

For Siripur, Odisha total number of nodules was found to be maximum with T7. Jamaluddin et 

al. (1992) observed more number of nodules in Dalbergia sisss.oo, Leucaena leucocephala, 

Pongamia pinnata and Albizia lebbeck after bio-inoculation. Inoculation of Rhizobiumin Acacia 

catechu gave more number and biomass of nodules (Banyal and Bhardwaj, 2003). The root 

nodulation activities of tree species have been recorded by both their genetic behaviour as well 

as environmental conditions (Hardy et al., 1968; Gibson, 1976; Waughman, 1977; Gibson and 

Jordan, 1983; Pokhriyal et al., 1991). That may be explained through prevailing environmental 

conditions i.e. high root temperature (Kuo and Boersma, 1971; Sprent, 1972) 

 Fresh biomass of root nodules was observed to be dependent of both season and locations. 

Nodule biomass accumulation was initially slow and then became faster. No nodulation was 

recorded at 1 month which was observed second month onwards when nodulation was initiated 
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and became maximum in primary roots during 2 and 6 months; at 4 months secondary root nodules 

had the highest fresh biomass. Nodulation was dependent on location and prevailing environmental 

condition; which was supported by the finding of Gibson and Jordan (1983) who reported that 

nodulation in tree species were significantly influenced by climatic conditions. Treatments 

compared to be non-significant with respect to fresh biomass of nodules observed in primary, 

secondary and tertiary roots at 2 months.  

  At the age of 6 months Tanhril, Mizoram had fresh biomass of primary root nodules was 

highest with T3 when fresh biomass of primary root nodules in Siripur, Odisha had highest with 

T3, for secondary root nodule fresh biomass at 6 months was with T15 in Tanhril, Mizoram 

where as maximum nodule associated with fresh biomass of primary root T12, fresh biomass of 

secondary root T8 and frsh biomass of tertiary toots T12 at the same time for Siripur. Kar et al. 

(2007) observed nodule biomass value in Albizia lebbek (0.36 g) and Leucaena leucocephala 

(0.03 g) which was at par with our findings. 

The effect of treatments on oven dry biomass of root nodules was observed to be dependent 

of season and locations. Nodulation initiated and became maximum with primary root except at 

4 months (when secondary root nodules had the highest dry biomass) which was followed by 

secondary and tertiary rootlets. Biomass of nodules observed in primary, secondary and tertiary 

roots was observed to be significant for 4 months and 6 months for both the locations.  

At the age of 6 months dry biomass of primary root nodules was the highest with T3 in 

Tanhril and Siripur. At 6 months dry biomass of nodules of secondary roots was maximum with 

T3 for Siripur it was with T11. Dry root nodule biomass of tertiary roots for Tanhril in 6-months 

old seedlings was at T3 and for Siripur it was the highest with T8. For Siripur total root nodule 
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dry biomass at 6 months was found to be maximum with T15. Site conditions seemed to have 

played crucial role in showing variation in total root nodule biomass in the present study which 

also conforms the findings of Gibson and Jordan (1983) who reported that nodulation in tree 

species were significantly influenced by climatic conditions.   

  8.3 Nutrient enrichment 

The potential symbiotic N fixation by a given legume is defined as the maximum activity 

of that legume when nodulated with the most effective rhizobium strain and grown under the 

most favourable environmental conditions (Gibson et al, 1982). Root nitrogen percent in our 

condition was non-significant at 6 months under nursery  when shoot nitrogen content was 

significantly different among treatments which was maximum with T15 minimum with T5 in 

both the locations. Root and shoot nitrogen content were significant for both the locations studied 

having maximum values with T3 for root and T7 for shoot and minimum for T1 at 1.5 years of 

plantation. Nodule nitrogen percentage was non-significant at 6 months under nursery  at both 

the locations with maximum value with T15 whereas T1 had minimum for both the Tanhril and 

Siripur. 

 Nitrogen uptake differs significantly  among the treatments in  6-months old seedlings 

under nursery  in both the locations with maximum uptake recorded with T14 whereas minimum 

uptake was estimated with T1  For 18 months plantation it was the highest with T15 and the lowest 

with T1. Nitrogen fixed (kg ha-1 year-1) too vary  significantly among the treatments at 6 months 

under nursery condition having maximum value with T15 (118.87 kg ha-1 year-1) in both the 

locations . On the other hand minimum nitrogen fixation was found with T13 and T9 for Tanhril, 

Mizoram and Siripur, Odisha, respectively. Nitrogen fixed (kg/ ha/ year) in 1.5 years old plantation 
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of F. semialata also showed significant variation with different soil amendments applied.  Siol 

potting mixture  amended with rhizobium, mycorrizae and mild dose of NPK (T15) was found to 

fix maximum atmospheric nitrogen (36.16 - 30.60 kg/ ha/ year) in both the study sites   whereas 

minimum value was recorded with T13 for both the locations. For Flemingia macrophylla 76 % 

of the N taken up had been quantified under biological nitrogen fixation i.e., of N in the aerial part 

after 360 days after planting. 80 % of the N accumulated by Gliricidia Sepiu, and  64.5 % of the 

N accumulated by Crotalaria juncea, (Paulino et al., 2009) through biological nitrogen fixation 

(BNF). BNF from various tropical field crops have been reported as below (Table 8.1)  

 

 

Table 8.1:  Nitrogen fixation rate of legumes as observed by various researchers 

Sl. No. Name of the 
species 

Annual nitrogen fixation 
rate 

Reference 

1. Groundnut 

(Arachis 

hypogaea 

22 to 124 kgha-1year-1 Nyemba and Dakora (2010) and 

Mhango (2011) 

2. Pigeon pea 

(Cajanus 

cajan) 

20 to 118 kgha-1year-1 Adu-Gyamfi et al. 2007 

3. Common bean 

(Phaseolus 

vulgaris) 

less than 31 kgha-1year-1 Hardarson et al., 1993 
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4. Kudzu 

(Pueraria 

phaseoloides), 

305.5 kg ha-1 year-1 (86.2 % 

of soil) 

(Espindola et al., 2006). 

5. Peanuts 

(Arachis pintoi) 

201.6 kg ha-1year-1 (66.9 % of 

soil) 

(Espindola et al., 2006). 

6. Siratro 

(Macroptilium 

atropurpureum) 

89.3 kg ha-1 year-1 (38.2 %) (Espindola et al., 2006). 

7. West 

Himalayan 

alder (Alnus 

nitida) 

14.10 kg ha-1year-1 (nursery) Kashyap et al., 2016 

8. Khair (Acacia 

catechu) 

8.84 kg ha-1year-1   (nursery) 
Kashyap et al., 2012 

9. Chinese albizia 

or silk 

tree(Akbizia 

chinensis) 

7.41 kg ha-1year-1   (nursery) 

Kashyap et al., 2012 

10. Large-Leaf 

Flemingia 

(Flemingia 

macrophylla) 

57 kg ha -1year-1 (76 % of the 

N) 
Salmi et al., 2013 
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11. Quickstick 

(Gliricidia 

Sepium) 

109 kg ha-1year-1 (64.5 % of 

the N) Salmi et al., 2013 

12. Indian hemp or 

sunn hemp 

(Crotalaria 

juncea), 

96.5 kg ha-1year-1 

Paulino et al., 2009 

 

8.4 Lac production 

 F. semialata being a fast growing, coppicing, bushy species and capable of producing best 

quality of lac resin, it has been promoted for intensive lac cultivation  (Singh et al.,2000, Singh; 

et al. 2004, Yadav  et  al., 2005).  Investigations on Insect and economics parameters of lac 

production in the present study were carried out at Kushadiha, Odisha and observed that number 

of insects per square cm and encrustation length of insects (Kerria lacca) over Flemingia semialata 

plant was maximum with T15 and minimum with T17 . It implies that substantial fertiliser dose 

with Rhizobium and mycorrhizae boosts maximum lac insect population growth and encrustation 

length over host. Contrarily with higher doses of fertilizer we obtaind minimum insect population 

density. The lac encrustation length/bush ranged between 0.41-0.93 m, 0.97-2.33 m and 1.87-4.17 

m which was at par  with the values obtained by  by Singh and Singh (2014). 

 The male and female insects could not be differentiated at the time of emergence but at 

later stage of growth male and female insects could be separated based on their shape (male are 

elongated whereas female are round) and other morphological differences. At this stage the 

female insects are sexually mature and fertilized by the male insects after the emergence of later 
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from the cell. The observations on the total number of the male and female cells per square cm 

were recorded. Marking of plant samples was done from lower, middle, upper portion of plant. 

Male: female lac insects ratio in percentage was calculated per square cm basis and found that 

maximum male: female ratio was associated with T1 i.e control whereas minimum with T17. or 

double inoculation with high fertilisation. 

 The lateral distance covered by lac insects to develop lac encrustation was maximum with 

treatment T15 and minimum with T1. Swamin (2017) found sex ratio of male insects in arhar 

plants wherein out of total it was 4.02 % in lower portion to 17.75 % in upper portion of the plant 

whereas maximum male per cent was 17.75%. Divakara (2013) had recorded highest per cent of 

male insect to be 26.86% in ber, 24.84% in F. semialata and 17.82% in Kusum. Kong et al. 

(1984) reported females per cent in Kerria lacca to be 75-80 per cent in first generation and 50-

78 per cent in second generation. 

It has been observed that the maximum cost for lac production in one hectare area including 

cost of the host species F. semialata plantation was associated with treatment T17 (Rs. 2,18,500) 

and minimum with T1 (Rs. 1,50,000).  All the treatments provided 10 g of phunki from each 

bush. Maximum scrape lac production per plant was obtained with T15 (42 g) and minimum with 

T13 (30 g). Ari lac produced per plant was maximum with T4 (36 g) and minimum with T2 (13 

g). Brood lac production was the highest with T15 (211 g) and the lowest was observed with T1 

(122 g). The general guideline of IINRG mentions 50 g broodlac  yield per bush, However, 

Kumar (2017) observed brood lac production as 359.06 g / plant from soil fertilized with 

N15:P5:K5 as compared to control (101.75g/plant), but the stick lac was maximum in N5:P5:K5 

(105.42 g/plant)  Similarly, Scrap yield was maximum produced in N15:P5:K5 (43.76 g/plant), 

significantly higher as compared to control (9.60 g/plant). Total quantity of lac harvested in our 
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study as sum of the above mentioned 4 categories was found maximum with T15 (298 g) and  

the least with T1 (188 g). As reported earlier nutrients supply to the plant influenced the growth 

of parasite mealy bug (Fennah, 1959) and also of lac insects  (Thakur, 1932). Therefore, to 

standardize the favourable dose of nutrients is very essential which may increase lac insect 

growth but not parasites growth. 

Maximum income from ari per hectare has been estimated (Table 7.7) with treatment T4 

(Rs. 27,000) and minimum with T2 (Rs. 9,750). of the highest income from brood lac was 

estimated on per hectare (Table 7.7) basis from T15 (Rs. 2,63,750) and minimum with T1 (Rs. 

1,52,500). Income from phunki on per hectare basis irrespective of treatment has been calculated 

to be Rs. 7,500. Income from scrape has been calculated (Table 7.7) to be maximum with T15 (Rs. 

31,500) and minimum with T13 (Rs. 22,500). Total income calculated as sum of income from all 

the four categories of lac was observed to vary significantly (P<0.05) among the treatments 

wherein the  the highest gross income was estimated with T15 (Rs. 3,29,000) and the lowest with 

T1 (Rs. 2,02,000). Profit was calculated by subtracting total cost per hectare for lac cultivation 

from total income per hectare out of sale value of lac and it was recorded maximum with T15 (Rs. 

1,19,500) and minimum with T13 (Rs. 3,750). Benefit cost ratio calculated for lac cultivation as 

gross income upon gross cost for all the treatments in order to provide a matching figure of gross 

income generated per Re. 1 cost. Benefit cost ratio was found to be the highest under the treatment 

T15 i.e., dual inoculation with substantial fertilisation (1.57) and the lowest with T13 i.e., 

Mycorrhizae with highest dose of fertilisation (1.02). Jaiswal, et al. (2015) had reported  Rs. 10.079 

lakhs per ha as cost of lac cultivation (recurring cost) and total net income over four years as Rs. 

5.373 lakhs and BCR as 1.53 which was calculated for a large scale lac cultivation under 

agroforestry which was at par with our estimated BCR  (1.02 to 1.57 .  Pal et al. (2009) carried out 
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benefit cost analysis of lac cultivation using host ber (Zizyphus mauritiana) and reported the cost 

which varied from Rs. 93.50 to Rs.195.40 per tree which generated net income ranging from Rs. 

159.20 to Rs.418.30 per tree. Using kusum (Schleichera oleosa) ashost tree they estimated cost of 

cultivation varying from Rs. 688.10 to Rs.1,628.40 and net return from Rs. 1,104.20 to Rs. 

3,312.90. Similarly for palas (Butea monosperma) as host plant cost of cultivation was found 

ranging from Rs. 51.30 to Rs. 97.70 and net return ranging from Rs.70. 70 to Rs.163.40 per tree. 

Dwivedi, 2013 studied adoption of lac growing by farmers of Bastar district of Chhatisgarh state 

suggested it must be friendly and cost effective. Present study emphasizes to develop easier and 

cheaper techniques for plant growth and higher production. 

Conclusions 

Flemingia semialata plant responded positively to rhizobial and mycorrhizal inoculations 

and further soil organic and inorganic amendments addition; the magnitude of the response was 

however dependent on locations, age, prevailing environmental and soil nutrient conditions and 

type of the parameter observed. Thus, it was of paramount importance to optimize the potential of 

their location specific conjoint effects of bio-inoculants and soil amendments on growth, root 

nodulation, nutrient enrichment and lac production of the said plant species. The outcome of the 

study became an aid to attain low input and sustainable farming that native as well as commercial 

bio-inoculants (rhizobia and mycorrhizae) could become the valid alternative to chemical 

fertilizers in order to attain scale of economy and ecological security. 

Finer roots became more efficient and competitive for nutrient acquisition and had better 

exploitation efficiency than their coarser counterparts. Longer roots provided plants to form larger 

root systems in order to attain lower carbon costs when thicker roots served anchoring plants and 
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attained stability. From the present study ongrowth, root morphology and nodulation, soil 

enrichment and lac production of F. semialata, it could be learnt that bio-inoculation of Rhizobium 

and mycorrhizae along with organic amendment and substantial (mild) dose of fertilisationbecame 

not only economically most profitable but also ecologically sound to successfully replace the load 

of inorganic fertilisation. Overall from the  present study it can be concluded that optimal levels 

of bio-inoculation and fertilisation for F. semialata to be:  1) Potting mixture with seed treatment 

by broth of Rhizobium culture + 2 g of mycorrhizae per polypot with 125 mg N2, 125 mg P2O5, 

125 mg K2O fertiliser per pot under nursery condition and 2) FYM 2 kg per pit with root dipping 

in broth of Rhizobium + 5 g of mycorrhizae per pit with 10 g N2, 10 g P2O5, 25 g K2O fertiliser 

in 2 splits Thus, it must be more ironical to assess the efficacy of the result through on-farm 

experiments in order to propagate the positive effects  

of inoculation and other soil amendments for attaining sustainability in lac growing systems using 

F. semialata as host species besides replacing the non-renewablesoil  nutrient inputs through 

renewable natural energy base for long term viability of ecosystem. 

 

 

 

 

Chapter 9 

SUMMARY AND CONCLUSION 
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The present study entitled “Impact of bio-inoculants and soil amendments on growth 

pattern, nodulation behaviour and lac production potential of Flemingia semialata Roxb.” 

was carried out under both nursery and field plantations to investigate the effects of combined 

inoculation of Rhizobium and mycorrhizae along with soil amendments (FYM and fertilisers) on 

root development, plant growth, nodulation and nutrient enrichment at seedlings as well as plant 

growth, nutrient enrichment and lac production under plantations of F. semialata. Under both 

nursery and field conditions experiments were laid to observe effects of treatments based on 

inoculations made of Rhizobium broth culture isolated from root nodules of F. macrophylla and 

mycorrhizal culture (Glomus fasciculatum). Amendments applied were of lime, potting mixture  

(1 : 1 : 1 as sand : soil : FYM ratio) and fertilisers in nursery and lime, Rhizobium, mycorrhizae, 

FYM and fertilisers in plantations formulated as per the treatments schedule. The treatment 

combinations under nursery were T1 = Control, T2 = Potting mixture, T3 = Potting mixture + 

N1P1K1, T4 = Potting mixture + N2P2K2, T5 = Potting mixture + N3P3K3, T6 = Potting mixture + 

Rhizobium, T7 = Potting mixture + N1P1K1+ Rhizobium, T8 = Potting mixture + N2P2K2 + 

Rhizobium, T9 = Potting mixture + N3P3K3 + Rhizobium, T10 = Potting mixture + Mycorrhizae, 

T11 = Potting mixture + N1P1K1+ Mycorrhizae, T12 = Potting mixture + N2P2K2 + Mycorrhizae, 

T13 = Potting mixture + N3P3K3 + Mycorrhizae, T14 = Potting mixture + Mycorrhizae + 

Rhizobium, T15 = Potting mixture + N1P1K1 + Mycorrhizae + Rhizobium, T16 = Potting mixture 

+ N2P2K2 + Mycorrhizae + Rhizobium, T17 = Potting mixture + N3P3K3 + Mycorrhizae + 

Rhizobium, Under plantations T1=Control, T2=FYM, T3 = T2 + N1P1K1, T4 = T2 + N2P2K2, 

T5 = T2 + N3P3K3, T6= FYM + Rhizobium, T7=FYM + N1P1K1 + Rhizobium, T8=FYM + 

N2P2K2 + Rhizobium, T9=FYM + N3P3K3 + Rhizobium, T10=FYM + Mycorrhizae, T11=FYM 

+ N1P1K1 + Mycorrhizae, T12= FYM + N2P2K2 + Mycorrhizao, T13= FYM + N3P3K3 + 
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Mycorrhizae, T14= FYM + Mycorrhizae + Rhizobium, T15=FYM + N1P1K1 + Rhizobium + 

Mycorrhizae, T16=FYM + N2P2K2 + Rhizobium + Mycorrhizae and T17= FYM + N3P3K3 + 

Rhizobium + Mycorrhizae. For nursery N1P1K1 represented 125 mg N2, 125mg P2O5, 125 mg 

K2O, N2P2K2 represented 250 mg N2, 250 mg P2 O5, 125mg K2O and N3P3K3 represented 375 

mg N2, 250 mg P2 O5, 250 mg K2 O. Similarly for plantations N1P1K1 represented 10 g N2, 10 

g P2O5, 25 g K2O,  N2P2K2 represented 20 g N2,20 g P2O5, 50 g K2O and N3P3K3 represented 

30 g N2,30 g P2O5, 75 g K2O. For plantation fertilisers were applied in 2 splits 1. At the time of 

plantation and 2.After 1 year age of seedlings i.e., at the time of 1st shower of 

monsoon.Observations were recorded for both root, growth, nodulation, soil enrichment 

parameters at 1, 2, 4 and 6 months under nursery conditions at Tanhril, Aizawl and Siripur, Odisha, 

growth and N2 fixation parameters after 3 and 18 months (1.5 years) of plantations studies at 

Tanhril, Aizawl and Kushadiha, Odisha and insect and lac production parameters were studied at 

Kushadiha, Odisha after lac insect inoculation made at 18 months plantations of F. semialata. The 

results obtained out of the investigations have been summarised and presented as below.  

1. For the growth parameters such as number of lateral roots (secondary and tertiary) rootlets 
emerged, response of treatments were non-significant for 2 and 4 months whereas number 
of total rootlets varied significantly. However, significant difference among the treatments 
were observed with respect to number of rootlets produced.,number of primary root was 

single irrespective of the age of seedlings and locations. At 6 months maximum lateral and 
total rootlets were produced T15 with mild fertiliser dose along with Rhizobium and 
mycorrhizal inoculation for both the locations under nursery.  
 

2. Root length was having no significant difference at the age of 1 month for both the 

locations. At the seedling age of 2, 4 and 6 months treatment response differed 
significantly. At 2 and 4 months in Tanhril maximum root length was recorded with T17 
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and Siripur had maximum with T8 and T7, respectively. In 6 months old seedlings root 
length was highest with T15 and T1 in Tanhril and Siripur respectively. 
 

3. Length of primary roots was non-significant among treatments at 1 month and successively 

it became significant with respect to treatment response. At the age of 2 months maximum  

length of primary roots was observed with T15 in both Tanhril and Siripur whereas 

minimum was recorded with T1. At 4 and 6 months for both the locations significant 

difference was found with respect to primary root length. At 6 months primary roots were 

found longest with T8 and T15 and shortest with T1 and T3, respectively for Tahril and 

Siripur.   

4. Non-significant difference at the age of 1 month for both the locations with respect to 

secondary root length were observed. Significant difference at the age of 2 months for both 

the locations was noticed with respect to shoot spread. Secondary root length at this stage 

in both the sites was recorded maximum with T1, However, age of 4 months for both the 

locations variations secondary root length was non-significant. Significant difference 

among the treatments at the age of 6 months for both the sites with respect to secondary 

root length was maximum value recorded as T15. 

5. There was no tertiary root in 1 month old seedlings and it was non-significant among the 

treatments for both the locations at 2 and 4 months. Significant variations however found 

in  6 months old seedlings for both the locations with respect to tertiary root length wherein  

maximum length was observed with T11. 

6. Among the treatments there was no significant difference at the age of 1 month for both 

the locations with respect to root spread, Contrarily significant difference was observed at 

the age of 2, 4 and 6 months for both the locations. Tanhril was recorded with maximum 
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with T15 and Siripur site had with T12 at 2 months. At 6 months at maximum was recorded 

with T10 and T15 in Tanhril and Siripur, respectively. 

7. In plantation root spread was non-significant at 3 months whereas significant variations 

among treatments were observed  at 1.5 years for both the locations when root spread was 

maximum with T11 for both the locations. 

8. At the age of 1 month and 2 months under nursery condition effect of treatments on collar 

diameter was non-significant. At the age of 4 months maximum collar diameter was 

recorded with T17 in Tanhril, Aizawl and Siripur, Odisha had maximum with T15. At 6 

months collar diameter was significant and maximum with T8 and T15 in Tanhril, Aizawl 

and Siripur, Odisha respectively. 

9. Collar diameter found to be varying significantly among the treatments both at 3 months 

and 1.5 years of plantation for both the study sites. At 3 months of plantation at Tanhril 

collar diameter was maximum with T3 when Kshadiha, Odisha recorded. On the otherhand 

the highest collar diameter was observed with T15 in 1.5 years old plants of F. semialata 

in both the locations. 

10. The entire rootlets of seedlings were arranged diameter-wise (< 0.5 mm, 0.5 – 1.0 mm, 1.0 

– 2.0 mm and > 2.0 mm) and for each diameter class treatments were compared at various 

stages i.e., 1 month, 2 months, 4 months and 6 months separately as per locations. At 1 

month no rootlet was found beyond 1 mm diameter and at 2 months no rootlet found 

beyond 2.0 mm diameter but at 4 and 6 months rootlets were observed beyond 2 mm 

diameter. Maximum rootlets in all the stages and locations were less than 0.5 mm.  In 6 

months old seedlings rootlets maximum number of rootlets < 0.5 mm diameter was 

associated with T12 in Tanhril and T15 for Siripur, maximum number of rootlets 0.5 -1.0  
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mm diameter was found with T15 for both locations, maximum number of rootlets 1.0 -2.0 

mm diameter was found with T15 in Tanhril and with T8 for Siripur and , the height number 

of rootlets > 2.0 mm diameter was associated with T8 in Tanhril and with T11 for Siripur 

angle at which secondary roots emerged from primary root and tertiary roots from 

secondary roots in nursery was varying with respect to location but independent of time of 

sampling but varying non-significantly (P < 0.05) among treatments. Similarly, angle at 

which branches emerged from main stem in nursery and plantation was also varying with 

respect to location but independent of time of sampling but varying non-significantly 

among treatments. 

11. Flemingia semialata was having trifoliate leaf area has enumerated by adding area of  

individual leaflets and found varying significant relation among the treatments. In Tanhril, 

Mizoram leaf area at 6 months age under nursery condition leaf area was the highest with 

T15 and the lowest with T5, for Siripur it was recorded with T15. Under plantation 

maximum leaf area was observed with T15 for both the study sites. 

12. Petiole length study made on 1.5 years age of plantation was varying significantly among 

the treatments, more with Tanhril than Kushadiha. Former had maximum with T15 

minimum with T5, latter had maximum with T14 and minimum with T13. 

13. Leaf width under plantation was non-significant among the treatments at 3 months and 

significantly varying among treatments at 1.5 years of plantation for both the locations. At 

3 months Tanhril and Kushadiha both had leaf width  maximum with T3 and minimum 

with T17, at 1.5 years maximum in Tanhril was with and at kushadiha it was with T15. 

14. Among the treatments there was significant difference at the age of 6 months for both the 

locations with respect to leaf length with maximum in Tanhril with T15 and in Siripur with 
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T4. Under plantation at 3 months non-significant relation among the treatments was with 

leaf length but at 1.5 years of plantation their relation was significant for both the locations. 

At 3 months of plantation at Tanhril leaf length was maximum with T15 at Kushadiha was 

maximum with T4. For 1.5 years Tanhril and Kushadiha leaf length was maximum with 

T15. 

15. Number of leaves was varying significantly at 1.5 years. Maximum with T15 for Tanhril 

and Kushadiha it for number of leaves and minimum with T1. 

16. There was no remarkable difference at the age of 1 month for both the locations for plant 

height. Maximum plant height at 1 month stage at Tanhril site was recorded with T11 and 

at Siripur it was with T10. Maximum plant height at 2 months stage at Tanhril site and 

Siripur it was with T15 and both have minimum T1. Significant differences at 4 and 6 

months were observed for both the locations, at 4 months with maximum plant height at 

Tanhril was with T14 and maximum for Siripur was with T3, for 6 months maximum was 

with T7 for Tanhril and Siripur with T1 as minimum. Plant height found to be varying 

significantly among the treatments both at 3 months and 1.5years of plantation for both the 

locations. At 3 months of plantation at Tanhril plant height was maximum with T4 and at 

Kushadiha it was maximum with T4. For 1.5 years of plantation under Tanhril and 

Kushadiha plant height was maximum with T16 and minimum with T1. 

17. No prominent difference was observed at the age of 1 month for both the locations with 

respect to shoot spread. On the other hand treatments had varied responde to root spread at 

2, 4 and 6 months under nursery conditions. At 6 months maximum shoot spread for both 

the locations were observed with T11 and minimum with T13. Plant spread found to be 
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non-significant among the treatments at 3 months and varied significantlyfor both the study 

sites.  

18. There was no significant difference with respect to number of branches. In 1 month old 

seedlings there was no branching and at 2 months stage no branch beyond 0 -0.5 mm and 

4 months had no branch beyond 2.0 mm – 5.0 mm under nursery. For plantation Number 

of branches found to be non-significant among the treatments at 3 months and significant 

at 1.5 years of plantation for both the locations. In 1.5 years of plantation number of 

branches was maximum with T15 in the two sites. Number of branches belonging to 

different diameter classes were found to be non-significant among the treatments at both 3 

months and 1.5 years of plantation for both the locations.  

19. Average branch diameter was observed to be significantly varying among treatments for 

both the locations. Tanhril, Mizoram and Kushadiha, Odisha both had maximum value 

with T17 and mnimum with T1. 

20. Significant relations were observed among the treatments at 4 months and 6 months for 

both the locations whereas the relation among treatments with respect to branch length was 

non-significant at 1 month and 2 months. At the age of 4 months for Tanhril, Aizawl 

maximum branch length was observed with T14 (each 6.9 cm) in both the locations namely 

Tanril and Siripur. for Siripur it was with T14. For former maximum at 6 months with T10 

and latter had maximum with T3. In 1,5 years plantation for Tanhril and Kushadiha had 

maximum with T15 with relation significant but at 3 months relation was non-significant. 

21. Under nursery condition of which at 1 and 2 months treatments differed non-significantly 

but successive samplings had significant variations with respect to shoot fresh biomass. 

Maximum fresh shoot biomass accumulation was with T15 and minimum with T1 for both 
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the locations. Dry biomass was of root was maximum with T15 and T11 respective at 6 

months under seedling condition.at Tanhril and Sirirpur respectively for dry biomass of 

shoot maximum with T11 for both the locations. 

22. Effect of bio-inoculation and soil amendment application on root nodulation was dependent 

of time of observation and location. Nodulation was absent at 1 month for both the 

locations. Maximum nodulation in Tanhril, Aizawl during 4 months and maximum at both 

2 and 6 months in Siripur, Odisha were observed with T7 i.e., with  FYM, Rhizobium along 

with N1P1K1. After 2 months in Tanhril, Aizawl nodule number recorded in primary root 

was maximum with T14 and minimum with T3 while in Siripur it was found minimum 

with T13. Nodules in secondary roots was highest in case of Tanhril, Aizawl with T15 and 

in case of Siripur it was with T6. There was no nodulation in tertiary roots at 2 months. 

Total number of nodules in root system was different for both the locations. For Tanhril, 

Aizawl total number of nodules at 2 months was maximum with T15 and maximum wih 

T7 in case of Siripur minimum for both the locations was with T13. At 4 months number 

of nodules in primary root was maximum with T12 minimums were associated with T16 

and T3 respectively. For secondary roots maximum number of root nodules was associated 

with T7 and T12 in  Tanhril, and Siripur, respectively.  During 6 months stage in Tanhril, 

Aizawl nodule number recorded in primary root was highest with T15. Nodules in 

secondary roots at 6 months in case of Tanhril, Aizawl was highest with T8 for Siripur it 

was with T7. Number of nodules in the tertiary roots of seedlings at Tanhril, Mizoram to 

be highest at that time with T8, for Siripur, Odisha the maximum number of nodules at 

tertiary root was with T7.   
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23. Fresh biomass of root nodules was observed to be dependent of both season and locations. 

Nodule biomass accumulation was initially slow and then faster. Treatments compared to 

be non-significant with respect to fresh biomass of nodules observed in primary, secondary 

and tertiary roots at 2 months. At 2 months stage in Tanhril, Aizawl, Mizoram fresh 

biomass of primary root nodules was highest with T4, Siripur, Odisha had fresh biomass 

of primary root nodules was highest with T4. For secondary root maximum fresh nodule 

biomass was with T3 and T6 for Tanhril, Mizoram and Siripur, Odisha respectively. Total 

root biomass for 2 months was highest with T15 and T11 for Tanhril, Mizpram and Siripur, 

Odisha respectively. At the age of 4 months Tanhril, Mizoram fresh biomass of primary 

root nodules was the highest with T6  whereas that for Siripur was with T14. For secondary 

root nodule fresh biomass for both the locations was maximum with T6 and T3. For tertiary 

root nodules the maximum fresh biomass of nodules was with T6 and T10 and the highest 

fresh biomass of total root nodules the maximum maximum was with T6 and T15 

respectively in Tanhril and Siripur.. 

24. At the age of 6 months Tanhril, Mizoram had fresh biomass of primary root nodules was 

highest with T3 when fresh biomass of primary root nodules in Siripur, Odisha had highest 

with T3, for secondary root nodule fresh biomass at 6 months at Tanhril was T15.in Tanhril, 

Mizoram where as maximum nodule associated with fresh biomass of primary root T12, 

fresh biomass of secondary root T8 and frsh biomass of tertiary toots T12 at the same time 

for.Siripur location. 

25. The effect of treatments on oven dry biomass of root nodules was observed to be dependent 

of season and locations. Nodulation initiated and became maximum with primary root 

except at 4 months (when secondary root nodules have highest dry biomass) which was 
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followed by secondary and tertiary rootlets. biomass of nodules observed in primary, 

secondary and tertiary and their total at stage 2 months for both the locations which 

however observed to be significant for 4 months and 6 months for both the locations. at the 

age of 2 months dry biomass of primary root nodules was highest with T4 for Tanhril and 

Siripur. Dry biomass of nodules of secondary roots was highest with T12 at Tanhril 

whereas Siripur had highest with T6 for dry biomass of secondary root nodule. Total root 

number for this site and same stage was highest with T12 which was for Siripur as T11.  

26. Tanhril, Aizawl, Mizoram had shown that at the age of 4 months dry biomass of primary 

root nodules was highest with T6 when primary root nodule had dry biomass as at Siripur 

Odisha as T14. At the same time dry biomass of nodules of secondary roots was highest 

with T16 which was for Siripur with T3. ). Total root number for this site and same stage 

was highest with T6 for Tanhril and for Siripur total root nodule dry biomass was with 

T15.  

27. At the age of 6 months dry biomass of primary root nodules was highest with T3 for Tanhril 

and with Siripur. At the time of 6 months dry biomass of nodules of secondary roots was 

highest with T3 for Siripur site it was with T11. Dry root nodule biomass of tertiary roots  

for Tanhril was at T3 for Siripur and 6 months was highest with T8. Total root number for 

Tanhril, Mizoram and Siripur Odisha both total root nodule dry biomass at stage 6 months 

was highest with T15.   

28. Root nitrogen percent was non-significant in 6 months old nursery unit. when shoot 

nitrogen content was significant which has maximum at T15 whereas T5 has minimum for 

both the locations. Root and shoot nitrogen content both were significant for both the 

locations studied with maximum values with T3 for root and T7 for shoot and minimum 
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for T1 for both the parameters for both the locations at 1.5 years of plantation. Nodule 

nitrogen percentage was non-significant at 6 months nursery  at both the locations with 

maximum value at T15 whereas T1 had minimum for both the locations.  

29. Nitrogen uptake was significant at both the locations with maximum value at T14 whereas 

T1 had minimum; for 18 months plantation it was highest with T15 and lowest with T1. 

Nitrogen fixed (kg/ ha/ year) was significant at 6 months nursery was having maximum 

value at T15 (118.87 kg/ha/year) and minimum wit T13 for Tanhril, Mizoram whereas 

Siripur, Odisha had highest T15 (96.53 kg/ha/year) and lowest T9. For nitrogen fixed (kg/ 

ha/ year); at plantation significant relations were observed   with maximum T15 for Tanhril, 

Mizoram (36.16 kg/ ha/ year) and Kushadiha, Odisha (30.60 kg/ ha/ year) and minimum 

with T13 for both the locations.  

30. pH and EC had no significant relation at that time of sampling for both the locations for 

both nursery and plantation study. pH had highest with T17 in both the locations. 

31. Water holding capacity was significantly varying with treatments for both the locations..

 Soil organic carbon percent was significantly varying for nursery and plantations 

Under nursery conditions maximum was with T10 for Tanhril and T15 for Siripur both had 

minimum with T1, for plantation maximum with T15 and minimum with T1 for both the 

locations.  

32. Available soil nitrogen was found significantly (P< 0.05) associated among treatments in 

both nursery and plantations. For nursery maximum value at Tanhril was with T9 and 

minimum with T10, in Siripur, Odisha maximum with T17 and minimum with T10. Under 

field condition available soil nitrogen was found maximum with T5 and minimum with T1 

in Tanhril whereas at Kushadiha maximum was with T5 and minimum with T10. 
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33. . Available P and available potassium were non-significant under nursery and plantation 

for both locations.  

34. Insect and economicsand lac productionparameters were observed at Kushadiha, Odisha 

and found that number of insects per square cm and encrustation length of insects (Kerria 

lacca) over Flemingia semialata plant was maximum with T15 and minimum with T17. It 

means substantial fertiliser dose with Rhizobium and mycorrhizae gains maximum lac 

insect population and encrustation length over host which by changing to excess 

fertilisation dose we obtain minimum population density. 

35. Male: female lac insects ratio in percentage was observed on square cm basis and found 

that maximum male: female ratio was associated with T1 whereas minimum with T17. 

36. The lateral distance covered by lac insects to develop lac encrustation was maximum with 

treatment T15 and minimum with T1. 

37. It has been observed that the maximum cost for lac production in one hectare area including 

cost of the host species Flemingia semialata plantation was enlisted with treatment T17 

(Rs. 2,18,500) and minimum with T1 (Rs. 1,50,000). 

38. All the treatments provided 10 g of phunki from each bush. Maximum scrape lac 

production per plant was obtained with T15 (42 g) and minimum with T13 (30 g). Ari lac 

produced per plant was maximum with T4 (36 g) and minimum with T2 (13 g). Brood lac 

was found to be highest with T15 (211 g) and minimum was observed with T1 (122 g). 

39. Total quantity of lac harvested as sum of the 4 categories above mentioned became the 

highest with T15 (298 g) and with T1 (188 g). 

40. Maximum income from ari per hectare has been estimated with treatment T4 (Rs. 27,000) 

and minimum with T2 (Rs. 9,750). 
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41. Maximum amount of income from brood lac was estimated on per hectare (Table 7.7) basis 

from T15 (Rs. 2,63,750) and minimum with T1 (Rs. 1,52,500). 

42. Income from phunki on per hectare basis irrespective of treatment has been calculated to 

be Rs. 7,500. Income from scrape has been calculated (Table 7.7) to be maximum with T15 

(Rs. 31,500) and minimum withT13 (Rs. 22,500). 

43. Total income calculated as sum of income from all the four categories of lac was observed 

to be the highest with T15 (Rs. 3,29,000) and minimum with T1 (Rs. 2,02,000). 

44. Net profit was calculated by subtracting total cost per hectare for lac cultivation from total 

income per hectare out of sale value of lac and it was recorded that profit was maximum 

with T15 (Rs. 1,19,500) and minimum with T13 (Rs. 3,750). 

45. Benefit cost ratio was worked out for lac cultivation as gross income upon gross cost for 

all the treatments in order to provide a matching figure gross income generated per Re. 1 

cost. Benefit cost ratio was found to be maximum under the treatment as T15 (1.57) and 

minimum with T13 (1.02).  

Based on the study made on growth, nodulation, nitrogen fixation and lac production 

following conclusions may be drawn: 

 Response of Plant growth promoting bacteria  to induce growth is dependent of 

extraneous factors  like soil amendments and nature of bio-inoculants and their 

combination. 

 Quantum of growth accumulation and nutrient enrichment by PGPB with respect to 

combination of amendments and bio-inoculants is respective of the parameter 

assessed. 
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 Shoot fresh and dry biomass were maximum at T16 i.e., at medium dose of 

fertilisation along with Rhizobium  and Mycorrhizae addition. 

 Root fresh and dry biomass, total nitrogen content of root  and root nodules and soil 

organic carbon and available soil nitrogen content were maximum at T15 i.e., at 

substantial dose of fertilisation along with Rhizobium  and Mycorrhizae addition. 

 It shows that root growth and nutrient content are more beneficial with slight 

fertilisation in presence of Mycorrhiza and Rhizobium beyond which it imparts 

harmful effect on root. 

 Shoot growth becomes responsive of more fertilisation in presence of Mycorrhiza and 

Rhizobium beyond this it imparts harmful effect.  

 Total nitrogen content of shoot  was maximum at higher dose of fertilisation with 

Rhizobial addition without Mycorrhizal inoculation. 

 Mild fertilization with FYM and inoculation of Rhizobium and mycorrhizae to be 

best for providing dropping male female ratio thereby more lac production and better 

benefit cost ratio and earning net revenue. 

 These findings may be tried beyond study period in Flemingia or other species 

including other sites. 
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Abstract 

The study entitled “Impact of bio-inoculants and soil amendments on growth pattern, 

nodulation behaviour and lac production potential of Flemingia semialata Roxb.” was 

conducted to assess the combined effect of Rhizobium, mycorrhizae, FYM and fertilisers on root 

(only in nursery) and plant growth, nodulation and nitrogen fixed under nursery upto 6 months 

and field condition/ plantation upto 1.5 years and lac production (at 2 years) of F. semialata. 

Nursery study was made at Siripur, Bhubaneswar Odisha and Department of Forestry, Mizoram 

University, Tanhril, Aizawl, Study of plantation was made at Kushadiha, Balasore Odisha and 

Department of Forestry, Mizoram University, Tanhril, Aizawl. Investigations to assess lac 

production potential of F. semialata was carried out in Kushadiha, Balasor, Odisha. sowing of 

seed under nursery was done in August and data recorded for 1, 2, 4 and 6 months. Plantation 

was established by planting out nursery grown seedlings in December and data recorded at 3 and 

18 months after planting. The treatment combinations under nursery were T1 = Control, T2 = 

Potting mixture, T3 = Potting mixture + N1P1K1, T4 = Potting mixture + N2P2K2, T5 = Potting 

mixture + N3P3K3, T6 = Potting mixture + Rhizobium, T7 = Potting mixture + N1P1K1+ 

Rhizobium, T8 = Potting mixture + N2P2K2 + Rhizobium, T9 = Potting mixture + N3P3K3 + 

Rhizobium, T10 = Potting mixture + Mycorrhizae, T11 = Potting mixture + N1P1K1+ 

Mycorrhizae, T12 = Potting mixture + N2P2K2 + Mycorrhizae, T13 = Potting mixture + 

N3P3K3 + Mycorrhizae, T14 = Potting mixture + Mycorrhizae + Rhizobium, T15 = Potting 

mixture + N1P1K1 + Mycorrhizae + Rhizobium, T16 = Potting mixture + N2P2K2 + 

Mycorrhizae + Rhizobium, T17 = Potting mixture + N3P3K3 + Mycorrhizae + Rhizobium, Under 

plantations T1 = Control, T2 = FYM, T3 = T2 + N1P1K1, T4 = T2 + N2P2K2, T5 = T2 + 



N3P3K3, T6= FYM + Rhizobium, T7 = FYM + N1P1K1 + Rhizobium, T8 = FYM + N2P2K2 + 

Rhizobium, T9=FYM + N3P3K3 + Rhizobium, T10=FYM + Mycorrhizae, T11 = FYM + 

N1P1K1 + Mycorrhizae, T12 = FYM + N2P2K2 + Mycorrhizao, T13 = FYM + N3P3K3 + 

Mycorrhizae, T14= FYM + Mycorrhizae + Rhizobium, T15 = FYM + N1P1K1 + Rhizobium + 

Mycorrhizae, T16 = FYM + N2P2K2 + Rhizobium + Mycorrhizae and T17 = FYM + N3P3K3 + 

Rhizobium + Mycorrhizae. For nursery N1P1K1 represented 125 mg N2, 125mg P2O5, 125 mg 

K2O, N2P2K2 represented 250 mg N2, 250 mg P2 O5, 125mg K2O and N3P3K3 represented 

375 mg N2, 250 mg P2 O5, 250 mg K2 O. Similarly for plantations N1P1K1 represented 10 g 

N2, 10 g P2O5, 25 g K2O,  N2P2K2 represented 20 g N2,20 g P2O5, 50 g K2O and N3P3K3 

represented 30 g N2,30 g P2O5, 75 g K2O. For plantation fertilisers applied in 2 splits, 1 - at the 

time of 1 month after plantation and 2 - after 1 year of plantation and at the time of 1st shower of 

monsoon. Data at different stages plant growth were recorded and results have been give as 

below. 

 The parameters number of lateral roots (secondary and tertiary) were non-significant for 

2 and 4 months when total rootlets were significant, of course  significant relation were at 6 

months; significant for individual lateral and total rootlets the orders of responses were varying 

with respect to age. Number of primary root was single irrespective of the cases. At 6 months, 

maximum lateral and total rootlets were produced at T15 and T3 in Siripur and Tanhril with 

respective value 144 and 121. Root length at 6 months was maximum with T15 in Tanhril (17.8 

cm) and T1 in Siripur (23.4 cm). Length of primary root, secondary and tertiary roots were non-

significant at 1 month and successively found significant. Primary root length was maximum 

with T8 (21 cm) in Tanhril and T15 (21.9 cm) in Siripur. Secondary root of maximum length at 

6 months stage was recorded with T15 (15.1 cm). However, tertiary root length was non-

significant at 2 and 4 months with maximum with T2 in 2 months in Tanhril and T3 in Siripur, 



at the age of 6 months and maximum observed with T11 (5.4 cm) in Tanhril and T11 (5.1 cm) 

in Siripur. 

  Root spread was recorded maximum with T10 (10.4 cm) at Tanhril and with T15 (10.1 

cm) at Siripur during 6 months. In the plantation experiment root spread was non-significant at 

3 months whereas significant relations were observed at 1.5 years for both the locations. At 1.5 

years in Tanhril, Mizoram maximum root spread was with T11 (1.11 m) and Kushadiha, 

Odisha study root spread was maximum with T11 (0.92 m). Collar diameter was non-

significant at 1 month under nursery condition, at 6 months it was significant and maximum 

with T8 (5.65 mm). At 1 month old seedling no rootlet found beyond 1 mm diameter and at 2 

months no rootlet found beyond 2.0 mm diameter but at 4 and 6 months rootlets observed 

beyond 2 mm diameter. Under plantation, collar diameter was non-significant at 3 months but 

significant at 1.5 years. Maximum root spread at Tanhril site was with T3 (0.67 cm) and that at 

Kushadiha with T16 (0.51 cm). Angle at which secondary roots emerge from primary root and 

tertiary from secondary roots in nursery was varying among treatments irrespective of stage but 

among treatments it was non-significant. Angle at which branches emerged from main stem in 

nursery and plantation were varying with respect to location but independent of time of 

sampling and varying non-significantly among treatments. Flemingia semialata was having 

trifoliate leaf, area enumerated by joining area of individual leaflet, significant relation was 

found among the treatments. Leaf area was highest with T15 (159.5 cm2) at 6 months in 

Tanhril, at same time in Siripur highest leaf area was recorded with T15 (153.4 cm2). Under 

plantation maximum leaf area was observed with T15 (302.5 cm2 and 299.6 cm2) for both 

locations i.e., Tanhril and Kushadiha. Petiole length observed in 1.5 years plantation was 

maximum with T15 (9.0 cm) in Tanhril and T14 (7.7 cm) in Kushadiha. The highest leaf width 

under plantation of 1.5 years was with T3 (5.1 cm) and T3 (3.4 cm) respectively for both the 



sites. In 6 months old seedlings under nursery leaf length was recorded maximum with T15 

(14.6 cm and 13.4 cm in Tanhril and Siripur, respectively). The impact of treatments on leaf 

length and leaf number in 3 months old plamnts under plantation was non-significant however, 

significantly different at 1.5 years of plantation for both the locations whereas maximum leaf 

was observed with T15. The minimum leaf emergence was recorded with T1 in the two sites.  

  At the age of 6 months seedling plant height was maximum with T7 (26.6 cm) in Tanhril 

and in Baramuda it was with T7 (26.1 cm). In plantation there was a significant difference 

among the treatments after  3 months and 1.5 years of planting out. At 3 months the tallest plant 

was observed with treatment T4 for both Tanhril and Kushadiha On the other hand in 1.5 years 

of plantation the highest plant height was recorded with T16 (2.38 m and 2.12 m respectively 

for Tanhril and Kushidiha) whereas minimum height growth was found with T1. Maximum 

shoot spread at 6 months stage was recorded with T11 (25.7 cm and 25.4 cm for Tanhril and 

Kushidiha, respectively). At 3 months maximum shoot spread for Tanhril was 0.24 m and in 

Kushadiha it was 0.21m,both.with T3. In 1.5 years of plantation The maximum shoot spread 

was observed with T15  for both locations. Average branch diameter was observed to be 

significantly varying among treatments for both the locations. Under plantation average branch 

diameter was recorded maximum with T17 (2.36 cm) in Tanhril and for Kushidiha it was with 

T17 (2.17 cm). and the minimum for both locations were found with T1 (1.12 cm in Tanhril 

and 1.03 cm in Siripur).  

 Branch length was significant at 4 and 6 months of nursery with maximum branch length 

recorded at 6 months seedlings was with T10 (16.3 cm) for Tanhril and with T3 (16.2 cm). In 

1.5 years of plantation the longest branch length for Tanhril and Kushadiha was recorded with 

T15 (85.3 cm and 80.56 cm respectively) . However, at 3 months of plantation branch length 



did not vary significantly among the treatments. Maximum fresh shoot biomass accumulated in 

Tanhril, Mizoram was with T13 (29.1 g) and for Siripur it was with T14 (26.42 g) during 6 

months of seedling growth under nursery condition. Biomass accumulation of root at Tanhril, 

Mizoram was the highest T14 (6.80 g) and at Siripur maximum was with T14 (6.1 g). Dry 

biomass of shoot at Tanhril, Aizawl at 6 months was the highest with T1 (15.07 g) and that at 

Siripur the highest dry shoot biomass was recorded with T14 (13.91 g). Dry biomass of shoot in 

Tanhril, Aizawl at 6 months was maximum with T15 (3.76 g) and that for Siripur it was with 

T14 (3.52 g). 

 Number of root nodules was independent of biomass of nodules. Nodulation was absent 

in 1-month old seedlings under nursery. Maximum nodulation during 4 months was observed 

with T7. Nodules in secondary roots was found to be the highest with T15, whereas there was 

no nodulation observed in tertiary roots at 2 months. At 4 months in Tanhril and at 2 and 6 

months in Siripur number of nodules in primary root was maximum with T7. At the end of  6 

months nodule number recorded in primary root was maximum with T15 (19 in Tanhril and 18 

in Siripur). At this stage the highest number of nodules in secondary root was found with T8 

(11) and T7 (8), respectively in Tanhril and Siripur. At 6 months of nursery number of nodules 

in tertiary root was maximum with T8 (7) in Tanhril for Siripur it was recorded with T7 and T8 

(4 only).  At 2 months  fresh biomass of primary root nodules was counted maximum with T4 

(8.5 mg) in Tanhril and maximum with both T4 and T10 (4.7 mg) in Siripur. At the age of 4 

months of seedlings fresh biomass of primary root nodules was the highest with T6  (71.72 mg) 

at Tanhril and with T14 (37.18 mg) in Siripur. In 6-months old seedlings under nursery fresh 

biomass of primary root nodule was with T15 (276.1 mg) for Tanhril and T3 (each 251.2 mg) 

for Siripur. At 4 months dry biomass of primary and total root nodules was the highest with T6 

(32.6 mg) in Tanhril and that of Siripur the highest dry biomass of nodules was found with T14 



(16.9 mg). After 6 months dry biomass of total root nodules in nursery seedlings was recorded 

with T15 (191.3 mg and 180.0 mg in Tanhril and in Siripur, respectively). Root nitrogen 

content was non-significant in 6 months old seedling under nursery .On the other hand  shoot 

nitrogen content varied significantly among the treatments which recorded maximum with T7 

(1.89 %) in Tanhril and with T7 (1.85 %) in Siripur. In 1.5years of plantation root nitrogen 

percent root nitrogen content was the highest with T3 (1.32%) at Tanhril and with T3 (1.27 %) 

at Kushadiha. Shoot nitrogen per cent for the same plants under plantation was found maximum 

with T7 (2.69 %) for Tanhril and with T7 (2.59 %) for Kushadiha. Nitrogen uptake was 

significant at 6 months nursery having maximum value with T14 (0.187 mg) in Tanhril and 

with T14 (0.181 mg) at Siripur. For plantation after 1.5 years nitrogen uptake was estimated 

tobe the highest with T15 (12.93 mg in Tanhril and 11.35 mg in Kushadiha, respectively).  

 Significantly different response for nitrogen fixed in 6-months old seedlings under 

nursery condition was found to be highest with T15 for both the locations (118.87 kg/ha/year in 

Tanhril and 96.528 kg/ ha/ year in Siripur, respectively), Similarly, under plantation after 1.5 

years nitrogen fixed in F. semialata was recorded the highest with T15 (36.158 kg/ ha and 

30.603 kg/ ha, respectively in Tanhril and Kushadiha). Nodule nitrogen percentage at 6 months 

under nursery was recorded the  highest with T15 in both the study sites.  

 Soil available nitrogen differed significantly among the treatments in 6-months old 

nursery seedlings having the maximum content with T9 (530.7 kg/ha) in Tanhril and with T17 

(506.98 kg/ha) in Siripur. At 1.5 years of plantation the highest soil available nitrogen was with 

T5 in both the locations (515.2 kg/ ha in Tanhril and 500.97 kg/ ha in Kushadiha, respectively. 

At this stage soil organic Carbon (per cent) was maximum with T15 (1.5%) in Tanhril at 



Kushadiha maximum organic Carbon content was found with T14 (1.26 %). Rest of the soil 

parameters did not showed significant differences under study period.  

 Number of insects per square cm and encrustation length of insects (Kerria lacca) on 

Flemingia semialata plant was maximum with T15 i.e., mild fertilization and dual inoculation 

and FYM (18.6 and 2.5 m respectively) and minimum with T17 i.e., high fertilization and dual 

inoculation and FYM and T1 (1.9 m), respectively. Male: female lac insects ratio in percentage 

was observed on square cm basis and found that maximum male: female ratio was recorded 

with T1 (32.3%)  where as minimum was found with T15 (22.6%). The lateral distance covered 

by lac insects to develop lac encrustation was maximum with treatment T15 (9.5 cm) and 

minimum with T1 (6.9 cm). It has been observed that the highest cost for lac production in one 

hectare area including cost of the host species F. semialata plantation was associated with 

treatment T17 (Rs. 2,18,500) and the lowest with T1 (Rs. 1,50,000). Total income calculated as 

sum of income from all the four categories of lac was observed to be maximum with T15 (Rs. 

3,29,000) and minimum with T1 (Rs. 2,02,000).  Benefit cost ratio was found to be maximum 

under the treatment as T15 (1.57) and minimum with T13 (1.02). 

 Based on the growth, nodulation, nitrogen fixation and lac production it can be concluded 

that mild fertilization with organic amendment and dual inoculation of Rhizobium and 

mycorrhizae become best for providing highest growth , nodulation, lac production, less male 

female ratio, better encrustation with maximum benefit cost ratio and net profit earned. This 

may be further tried based on various agro-ecological condition in order to make maximum out 

reach among lac growers for  availing highest profit maintaining sustainability. 
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