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INTRODUCT ION

The ltivestock population :n India 1s the largest 1i1n the

worid bat the production of milk and m:lk prodicts 15 the
lowest The dsi1ly percapita ronsumption of milk 1n India 1s
about 114g while that recommended by medical authorities 15
280¢g The introduction of crossbred animals with high
productivity 118 a wvital -tep in bridging +this dap Biut to
maintain the productivity of these exotic animals adequate

quantity of good quality forage 15 a must

Kerala with & cattle populat:ion of 3 42 million producas
14 25 lakh tonnes of milk per year Mi1lk production 1i1n Vserala
mainly depends on highly priced roncentrates and inferior quality
roughages 1li1ke straw wseeds and crop wastes According to NCA
(1877) asbout 65 70 percent of the production cost 15 accointed
by way of feeding charges The requirement of dry fodder in the
state 1s 687 6 lakh tonnes But the pressgnt availability 15 only
40 lakh tonnes of which cultivated fodder contributes only O 4
iakh tonnes Thus 27 6 lakh tonnes of dry fodder 1s additiocnally
required to meet the targeted milk production by 2000 A D

The scarcity of fertile farm land and +the existing heavy
pressure on land makes 1t almost 1i1mpossible to attain self

suffirciancy 1n cultivated fodder The sscslating pricee of
conceantrates necessitates an 1ncreased availability of good

quality grasses and legumes for econom:ic milk production Hence
the Jiahla altarnatives are to include fodder crops in differsnt
croppling systems and to increase their productivity so that 25 70

perceit of the roughage requirements of cattle could be met from

cultivated fodder



(A

Legume fodder crops are better in quality and more nutritive
They have high crude protein content (10 20%) compared to
grasses In addition green legume crops provide carotene and
other essential nutrients like calcium and phosphorus
Stylosanthes guianensis dewit 18 a perennial leguminous foddsr
crop introduced to Indis from Australia The cultivation of this
crop 1S gaining popularity in Kerala due to its suitability under
open and partially shaded conditions Observational trisls by KLD
board have shown that the crop 1s well suited under sole and
mixed cropping with a number of grasses Stundies conducted at
Vellayani by Chandini (1980) Lekha Sreehkantan (1881) and
Balachandran Hsir (1988} have shown that this crop yielded on an
average 35 tonnes of green fodder ha 1 under rainfed conditions
in coconut gardens

The key limiting factor for legume fodder production i1s their
high fertilizer regquirement especi1ally phosphorus The fertilizer
requirement for Stvlosanthes as given in the package of practices
1is B PK @ 20 80 30 kg ha 1 under Kerala conditions With the
exorbitant rise in the price of chemical fertilizers 1t becomes
highly demanding for farmers to use fertilizers even for food
crops Hence +though the fertilizers cannot be substituted the
use of costly fertilizers to forages conld be reduced to the
maximum extent possible by exploring new avenues

In this context biofertilizers (microbial inoculants) seem %o
be a welcome boon to farmers With the rapid depletion of fossil
fuels which sare the source of energy for manufacture of
fertilizers efforts should be oriented towards increasing the

use of biofertilizers Rhizeobium 1s a nitrogen fixaing micro



organism and in symbiotic association with the roots of legume
crops [In addition to economising nitrogen fertilizers
Rhizobiam inoculation o8rve to 9nrich so1l fertilaty by

augmenting nitrogen fixation

Phosphorus 15 a vital element 11n almost all biological
sratems (Wastheimer 1987) and i1s regquired in large quantities
Legumes have oopecially high phosphoris requirement but havs

less oxtensive root systems and hence are poor foragers of so1l
phosphorus In Ferala with predominantly arid soi1ls phosphor 5
fixation as 1iron and alumini m phoephates 15 a major problem

Vesicular arbuscular mycorrhiza {VAM) which 1is a fungus in
symbiotic association with roots of crops have the ability to
harvest even the unavailsble or sparingly soluble forms of sp1l
phosphorus and absorb 1t more readily than roots (Young et al

1886) In addition to phosphorus VAM fungi are Kknown to
increase the availability of micronutrients Hence 1t could be
beneficial 1f the potentiality of these organisms to enhance the
argzisition of nutrients and hence 1ncrease the producrtivaity

could be exploitsd to our advantags

Legumes thave been shown to benefit from the dusl action of

obligate endophytic fungi (VAM) and Rhizobium 1n the root

nodul es Dusl 1imorulation 15 reported to produce even better
rosults compared to 1noculat:ion with ei1ther Rhizobium or
mycorrhiza alone The synergestic effect due to c¢co inoculation

1in Stylosanthes and 1t role in incressing productivity and
reducing fertilizers has to be i1nvestigated and hence the present

study was undertaken with the following objectives

Qa2



1 To compare the effects of different 1noculants
(Rhizobium VAM and dual inoculation with Rhizobium and VAM) 1in
incroasing the fodder productivity of Stylosanthes

2 To find out 1f there 15 any reduction 1n fertilizer

requirement dus to inoculation treatmants

3 To compars the oconomics of +the above different

treatments
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REVIEW OF LITERATURE
The present investaigation was undertaken with the object of

increasing the herbage production of Stylosanthes guianensais by

microbral 1inoculat:ion and to save fertailaizer without affectang
the productivaity, so that the production cost could be reduced
consaderably

The relevant laterature on the fodder production of
Stylosanthes guianensis due to the influence of mircrobaal
i1noculation especrally with respect to Rhizobium and mycorrhizal
application along with chemical fertilizers are reviewed
hereunder Other related crops are also taken into considerataion
wherever found needful
2.1 Effect of Inoculation on growth, yield and quality
2111 Effect of Rhizobium on growth and yield

Karyagin (1980) found that Rhaizobium strains increased the
plant heaght, root weight fresh fodder, hay and seed vyield in
soybeans

Jonsson (1982) reported that Rhizobium inoculation ancreased
dry matter production ain lucerne

Nitrogen application @ 15kg ha i or Rhizobium ainoculataion
resulted 2an sagn:ificant i1ncreases in number of leaves, branches
and dry matter plant i of greengram (Sraivastava and Sharma,
1982) Similar increase i1n green fodder yield of lucerne due to
inoculation wath Rhizobium has been reported in a field trial by

Gupta et al (1980)



Medicago s=ativa inoculsted with Rhizobium melalots strsins
gave higher fresh fodder yields compared to uninoculated control
(RKots 1989)

Dry matter vield of Hedicsdo sativa was found to be higher
with  Rhawobinm  1noculation than without but were not
statistically significant (Curcita et sl 1989)

2112 Effect of Rhizobium on nodulation

Oke (1967) reported that Cmisnus and Shylosanthes guianensis
formed nodules in 3 weeks

Inoculation of berseem seed with ten strains of Rhazobaun
teu1folrs was seen Lo markedly increase the nodulstion nitrogen
fixztion plant nitrogen content and fodder yield (Poi and EKaba
1979)

In pot traals with lucerne Choi et al (1979) found that
inoculstion with Rhizobjlumincressed nodulation to 84 percent
thile uninocalsted control registered 35 percentage nodulation

Inoculstion with Rhizobium significantly increased number of
nodunles of lucerns upto 12 5 kg Nha i (Gupta et al 1880)

Kim s al (1980) observed that Rhazobinm inoculation
increased vhe nodule number plant—1 but had little effect on the
module dry weaght plant L MNitrogen fixation was sagnificantly
inrreased oy nodulation Beneficial effect of inoculation n
increasing nodulation nodule dry weight plant 1 snd nitrogen
content has been reported by Prasad and TRam (1888) and

Vaishysa et al (1883 )} in Yigna radiats



2113 Effect of Rhizobium on nutrient uptake

21131 Nitrogen

A strong correlation was found between crown nodulation and

nitrogen content of shoots 1n Medicago sativa (Pijnenborg at al

1981)

No significant differenre 1n plant nitrogen caontant was
noted by Tang et al (18982) on 1noculation with Rhizobium 1n

Macroptylum atropurpureum

Rhizobium rnorulation si1gnificantly 1ncreased nitrogen

uptake 1n green gram (Madhava Reddy 1888)

2113 2 Phosphorus

Inorulation with Rhizobiim inrreased the phosphoris rontents
of ohonts and sseds of mingbean {(Yousef at al 1589) Similar
incresse  1n phosphoras rontent was reported by Rsia s8nd Verms

(1984) 1n both straw and grain of mungbesn due to i1nocilation

21 133 O0Other nutrients

Prasad and Ram (1988) observed that Rhizobium 1noec 1lation

increased calcium uptake and concesntration 1n greengram

[n mung potsesiim ronrantration si1gnificantly 1nereassd 1n

otraw due to Rhizobium treatment (Raju and Yerma 1984}
2 11 4 Effect of Rhizobium on crude protein content

Varyagin (1580} reported i1necrease 1n grude protein in hay of
soybsans dus to Rhizobium 1noculsation Similsar increase has been

nated In luverne by Jonssan (1882) due to Rhizobium inouulation



In field trials with Medicago sativa 1t was observed that

incculation with Rhizobium strains increased the dry matter
yield at fireot and ocerond cits and criade protein contant i1n third
and fourth cuts (Fonte =t al 1988) Soisdhakar et a3l (1589)
found that 1moculation or phosphoris application alone 1increased
the protein content 1n bla kgram compared to rontrol bat  thear

combinationes inecrmsaced the contents still farther

2121 Effect of Vesicular arbuscular mycorrhiza on growth and

yield

Fowall and Danirml (1878} roported that when clover omedlings
vaera  1noralated with 1ndigenous or Ea oirain of mvcorrhizal
fanga and transplantsd i1nto undisturbed cores of asi1ght hill
country soi1ls  an 1ncreased shoot growth from 16 117 percentage
vas obossrved It wae aloo notired that the growth benefi1t by
inoculating myecorrhizal fang s tended to darrgase after 1nitial
2shoot harvest and +then was maintained at lover leval ovaer

subsaegiant harvests

A for fold i1ncreass 1n growth of lacerne was notired by
Owasu Pennoah and Mosse (1979) due to 1nocalation with Clomus
caledonium Satarlea at al (1983) reported an 1nrreacad top
growth of lucerne with mycorrhizal 1noculation i1n pot trials on a

clay loam so1il

A significant i1ncrease® 1n shoot length root length =hoot
woight and root weight of rowpea greengram and Wblackgram wao
observed duwe to inocitlation with VAM (Ramaral and Shsnm gham

1986)



Champawat (1888) reported 1increased shoot and root dry

weight 1n chick pea with VAM 1norulation 1n insterilized sorl

Inoculation of soybeans with Glomus fasciculatum or
indigenous VAM fungi increased the dry matter accumulation in

plants (Singh 15850}

2122 Effect of VAM on nodulation

A strong stimulation of nodulat:ion was noted by Crush (1974}

in Centrosema pubescens, Stylosanthes guianensis and Trifolium

repens due to mycorrhizal association

Lba Torraca (18789) reported an 1ncrease 1n nodulation of

vovpea dwm to inoculation with YVAM In Lent:il (Lens sesculental

Bala and Singh (1583} observed improved nodulation and nitrogen
fixation with VA mycorrhizal 1noculation
Green et al (1983) found that i1noecalation of subterransan

clover with Glomus fasciculatium Glomus mosseaeg or both had 2

1 4 and 1 9 times as many nodules as 1n uninoculated control

plants

Soi3xl 1noculation with Glomio fasciculatim slone i1mproved the

number and dry weight of nodules and nitrogen concentratian |In

shoots of Cicer arietinum equivalent to the effects of seesd

inoculation with Rhizobium (Subba Raoc et al 1986)
2123 Effect of VAM on nutr:ient uptake
21331 Nitrogen
A positive correlation between VA mycorrhizal i1nfection and

the amount of phosphorus and nitrogen in the tissues of cowpea

tomato and maize was reported by Sanni (19786)



Smith and Daft {1977) recorded a higher percentage of

nitrogen concentration i1n shoots of mycorrhizal Medicago sativa

at harvest But 1n sweet gum seedlings 1noculation with VAM
did not 1ncrease the nitrogen concentration i1in stem or !eaves
(Schultz et al 1979)

Barea and Azcon Aguilar (1983) suggested that VAM may be of
speci1al significance 1n legumes as the symbiotic nitrogen
fixation 1s i1nfluenced by the phosphorus status of the host

Increase 1in the nitrogen content Iin the dry matter of
lucerne was reported by Nielson (1990) and increase i1n nitrogsn
iptaks of ohoot and root of groundnit plants i1noculated with VAM
fung: was obsaerved by Champawat (18850}

21232 Phosphorus

Phosphorus has wvital function i1n all biological systems
because 1t 1s a major plant nutrient required in relatively large
amounts (Hayman 1975 Tinker 1980) Mycorrhizal plants not only
are large but also usuaslly have an 1ncreased concentration and/or
content of phosphorus compared to nonmycorrh:izal plants (Barea

1981)

Smith and Daft (1877} recorded no significant differences 1n

the phosphate content of mycorrhiral and non mycorrhi-al clover
plants

Inoculation with VAM dad not i1ncrease phosphorus
coneceantration 1n stome lesves or roote of swoamt gum

(Schultz st al 18791
Saterlee et al (1983) observed an 1increase in herbage

phoophoru- content with mycorrhizal i1noculation and phosphorus

10



fertilization 1in lucerne cv Mesilla Dry matter production and
herbage phosphorus content were enhanced by phosphorus
application

Straibley et al (1984) reported that shoots of plants
infected with VAM contained bigher anternal concentrations of
phosphorus than those of unainfected plants of equal size, over
wide ranges of external phosphorus supply and of host plants In
Chxck pea, soil application of Glomus fasciculatum alone
ancreased the phosphorus concentration in the shoots {(Subba Rao
et al , 19B&)

Le Tacon (1985) generalxised that VAM increased the
translocation of least soluble elements like phosphorus, zinc and
coppet

Sattar and Gaur {(198%9) obtained the haighest mean graan yaeld
hay vield and mean phosphorus uptake in Lental cv L-5 9

inoculated with Glomus fascaculatum

Evaluation of the influence of phosphorus concentration on

the symbiotac anteraction between Leucaena leucocephala and VAM

fungus, Glomus fascaculatum showed that mycorrh:izal z:noculataon
signifacantly increased phosphorus uptake (Habte and
Manjunath,1987)

VAM inoculation signaficantly increased the available

phosphorus content of the soil, uptake of phosphorus and other
nutrazents in green gram (Shanti et al , 1986) Samarlar 2increase
in phosphorus content 1n dry matter was reported ain lucerne by

Nielson (1990) and Champawat (1990} an groundnut, due to VAM

inoculatzion

11



21233 VAM and acquisition of othexr nutrients

Studies to ascertain the direct role of VAM 1n plant wuptake
of nutrients other than phosphate and nitrogen are very few
However the percentage rontent and/or concentration of major

nitriento and trace olements i1n the shoots are reportsd and

reviewed hereunder

212331 Potassium
Inoculation with VAM did not increase the potassium content
in stem leaves or roots or sweet gum plants (Schultz et al ,
1979) Harley and Smith (1983} also i1indicated that there was no
conclusive support for the role of VAM 1in potassium uptake
inspitte of the fact that the diffusion rate of these 10ons 1s
rather low 1in soi1l solution (Chapin 1870) The potassium content
1n the dry matter of lucerne was not affected due to tnoculation

with VAM (Nielson 1880}
Smith et al (1981) reported that mycorrhizal infection can

improve the potassium nutrition of Traifolium subterransum when

interns! potsssium concentrations. are generally low It was also
suggested that 1ncreased potassium uptake may be an 1ndirect
result of improved phosphorus nutrition
212332 Calcium and magnesium

In sweeigum plants 1inoculation with YAM resulted 1n high
concentrations of calcium i1n Isavee but not stems Inoculation
did not increase the magnesium concentration of the plant
(Schultz et al 1979)

Comments on related papers by Smith and Gianinazz1 Pearson
(1988) suggested an association of Ca2+dxstr1but10n 1in  plants
with the synthesis and breakdown of polyphosphate granules since

the cation 1s a secondary constituent of these granules

0o



Nielson (1980) reported that VAM inoculatian =signifiqantly

increased the calcium and magnesium content of lucerne
Z 12333 Micronutrients

Gray and Gerdemann (1967) and Bowen and Mosas (1969) foand
that sndomycorrhizal assoriation 1n many plants greatly incraased

the uptake of phosphorus and zinc from a nutrient solution

Ros-e and Harpsr (1570} reported that mycorrhizal soybean
plants accumulated great amounts of nitrogen phosphorus

calcium copper and manganese in thear foliage than

non myrorrhizal plants

VAM 1Increased zinc uptake in zubterranean clover but not

calcium uptake {(Pairunan st 3l 18801}

™

Bagyaraj and Manjunath (1980} reported that phosphorus and
zinc contents in cotton cowpea and rag:i plants i1noculated with

Glomus fasciculatum were higher than that of uninoculated plants

Hirgher copper and zinc concentrations were reported i1n VAM
inocalated soybesn plants bat 1ron and manganess conrontrations

were lower than 1n equivalent phosphorus fertilized plants

{Pacovsky 1988)

In growth chamber studies soybeans were ei1thar 1noculated

with mycorrhizal fungus Acaulospora leaevis or untreated and

given O 300 kg Po Ogha 1 Zinc roncentration 1n lesves of
noninoculiated plants decreaged significantly with 1increasing

rates of applied phosphorus whereas foliar zinc concentration

13
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fell only slightly in inoculated plants, bevause myoarihiaal
association increased zinc uptake Uptake of manganese 1iron and

copper was not affected by inoculation (Wang et al 1988}

Arines et al {(1988) reported that i1n red clover (Trifolium

pratenss) JAM i1nocualation decrogacsed the magnesuim concentration

in shoots and roots of plants

2131 Effect of dual i1noculation with VAM and Rhizobium on

growth and yield

Legumes have the unique ability to form symbiosis with both
VAM fung: and root nodule bacteria This tripartite symbiosis
helps the plant with two vital elements nitrogen and phosphorus
(Hayman 1882}

Daft and Giahmi (1974) found that infection of Phaseolus

with Endogone and Rhizobium i1n comparison to Rhilzoblum alone

significantly i1ncreased the growth

Dial inoculation with the symbionts Glomus and Rhizobium

significantly 1ncrwased the dry weight of shoots over single

inocialation with Glomus or Rhizobium (Bagyaraj et al 19791
Barea ot al (1980} also reported 1ncresse i1n dry weight of
lscerne by daal 1noculation Sivaprasad et al {1983) reported

that 1noculation with Rhizobiim and mycorrhiza 1ncressed ths

growth of Lsucaena lsucocephala

Glycine max plants were grown i1n a green house sand medium

low 1n available nitrogen and phosphorus and 1noculated e:ither

with VAM fungus alone or a strain of Rhizobium japonicum alonse

or both seandophytes together or left uninoculated to serve as



conftrol Nodulated plants contained 4 5§ times the phytomass of

noninoculated controls and plants with VAM + Rhizobium were 18

parcent greater 1n dry weight than nodulated nonmycorrhizal
plants due to positive VAM Rhizobium interaction

{Pacovsky et al 1988)

Riny et al (1987) reported that duast inoculation with

Rhizgbium and Glomus fasciculatum significantly 1ncreased the

growth in Leucagna lesucocephala when compared to single

inoculation with either organism

Seedlings of Acacia auriculiformis grown in soil inorulated

with Rhizobium recorded the greatest shoot and root dry weights

compared to uninoculated control VAM 1inoculation alone and VAM

+ Rhizobiam 1noculation (Chang st al 19886)

213 2 Effact of dual i1noculation on nodulation

An 1ncrsasg 1n the namber and weight of root nodules wsas

reported by Daft and Giahmi (1974) due to 1i1noculation with

Endogone and Rhizobium on Phaseolus comparsd to Rhizobium alone

Bagyarajy et al (1878) reported an i1nrresse in the namber
dry weight and nitrogen content of root nodules 1in plants

inoculated with Rhizobium and Glomus sp compared to those plants

inoculated only with Rhizobium Similar results were got 1n pot

experiments using unsterilized so:1l 1n Stylosanthes (Mosse 1877}

Dual 1noculation of soybean (Glycine max) with VA endophytes

and Rhizob:um japonircam o1gnificantly i1ncreased the number and

weight of nodulss 1n natural field soi1l compared to Rhizobium

alone (Varma 1979}
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Crush (1982) concluded from has experiments with

Trifolium repens that i{noculation with Glomus tenuis 1n the

presence of Rhizobium trifoli1 had no effect on noduie 1nitiation

on a wide range of so:il phosphate levels

Pandhar et al (1986) obtained a higher level of nodulation
in mungbean when 1noculated with Rhizobium and VA mycorrhiza
Higher nodule weight and hence higher nitrogen fixation and
speci1fic nodule activity were reported i1n soybeans due to Glomusg

fasciculatum Rhizobium japonicum i1nteractions {(Pacovsky et al

1886)

Riny et al (1987) observed that there was significant
1NCrease in nodilation and nitrogen fixation of Leucaona
lsucocephala by dual 1noculation with Rhizobium and Glomus
fasciculatum when compared to single 1noculation with either

Organism

Rawat et al (1981) reported that the nodule number was
significantly 1ncreased by Rhizobium and mycorrhiza treatment
Nodule weight did not differ significantly with the applxcatlonoF
Rhizobium and mycorrhizal strains Rhizobium strains were
significantly superior with regard to shoot weight Mycorrhizal
strains and their combinations significantly 1increased shoot

walight over non mycorrhizal otraine

2133 Effect of dual 1inoculation on nutrient uptake

Z 13 3 1 HNitrogen

An 1ncrease 1n nitrogen uptake due to dual inocilation was

obtained in pot culture experiments with lucerne inoculation
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With pither Glomus masssas 31 Rhizobium meliloti alone influenced

nutrient uptake only slightly (Barea et al 19890)

Chang et al {1986} reported higher uptake of nitrogen and
phosphorus due to dual i1noculation with Rhizobium and Glomus
fasciculatum 1n Acacia sp compared to uninoculated control

and Rhizobium or VAM alone

Karunaratne et al (1987) also nbserved 1ncreased tissae
nitrogen content of soybran due to dual 1nocualation with Glomus

moogeas 5nd Rhizobi am japonicum

Increase 1in nitrogen uptake was found 1n plants 1noculated

with Rhizobzium frifolii and mycorrhiza compared to non

mycorrhizal plants by Morton st  al (199Q0) Shoot nitrogen
concentration was lower 1n mycorrhizal than in non mycorrhizal

plants

213 3 2 Phosphorus

Daft and Giahmi {(1974) reported an inrrease 1in phosphor s
content and protein content of plants due to 1inoculation with

Endogone and Rhizobium compared to Rhizobium alone 1n Phaseolus

Asimi a8t al (1980) while studying the i1nflusnce of onil
phosphoris levels on the interartions betweea mycorrhizs snd
Rhizobium 1n sorb2an observed an i1mproved uptake of phoophorus by
daally i1nocualated and myrorrhiza alone plants

In pot teots higher phosphnr s concentration was o©hesrvead
1n mycorrhizal plants by Hiang st al (1983) and 1t was saggasted

that significant difference in nutrient uptake was because of



increase in growth Similar results were obtained by Jensen et al

{1984) in lucerne and 1n chickpeas by Subba Rao at al (1586}

Morton et al {1980) reported that phosphorus concentration
phosphorus wuptake and number of nodules were greater with dual

inoculation compared to non mycorrhizal plants

21 3 3 3 Other nutrients

High calcium concentration was observed 1n pot tests due to
dusl inoculation and es1gnificant difference in shoot nitrient
uptake was attributed to 1ncreasad growth (Huang et al 1883)
Hepper and Shea {(1984) reported that i1nfection of lettuce roots
by Glomis caledonium and Glomus mosseae wa- dependent on the

1)
amount of calcium in soi1l those growing in low calcium soils

being poorly i1nfected

In a field experiment where Cicer arietinum was 1noculated

wrth Glomus albidus with or without Rhizobium 1noculation with
Glomus albidus and Rhizobium 1ncreased the number of nodules
ptant ! nodules dry weight plant 1, nodule haemoglobin content
and total nodule nitrogen (Rayir 1888)

2 2 Effect of major nutrients on growth and yieid

2 2 1 Effect of nitrogen on ¢growth

Mc lean et al (1974} reported that 1in fieldbeans,

application of nitrogen 1ncressed plant weight

Posypanov and Knyaseva (1974) stated that different levels
of mineral nitrogen supply had practically no effect on plant

growth and development



Edge et al (1975) reported that leaf area index plant
height and size were related to application of nitrogen in snap
beans

Hoursi et al (19768) found that application of nitrogen
wncreased vegetative growth of lupin as reflected in 1ts plant
height and number of branches plant 1

Agboola (1978) observed that top growth of cowpea was
increased with increasing nitrogen levels

In general 1t could be observed that increase in nitrogen
supply wincreased the vegetative growth
2 2 1 2 Effect of nitrogen on nodulation

Medicago sativa plants were inoculated with Rhizobial strains
and/or given 0 75 or 150 ppm nitrate nitrogen and 1t was cbserved
that the percentage of plants nodulated and nodule pinkness
decreased with increasing nitrogen rate (Viteri et al 1988)

Nitrate fertilizers decreased nitrogen fixation 1in while
clover (Roban et al 1990)

2 2 1 3 Effect of nitrogen on forage yield
In a red clover timothy mixture in a dermaspodzolic so1l

1

in Moscow region application of 150 ks NH4 NO3 ha had no

effect on the hay yield of red clover in the first yesar but in
the second vear red clover yield wss decressed from 3 3 to

1 72t ha *

(Rharkov and Shekhovtseva 1978)
The gresn fodder vield of berseem remsined unaltered due to

di1fferent levels of nitrogen and phosphorus tried indicating



that the crop can be grown without addition of nitrogen and
phosphorus in so1rls rich in nitrogen and phosphorus
(Kattyr et sl 1982)
In MHedicagdo sativa dry forage yield was found to 1increase
with 1ncre251ng nitrogen rate (Zecdan et al 1988)
Increase in dry forage vield of summer cowpea was reported
upto 40 kg N ha © (Rai and Patel 1991)
2 2 2 1 Effect of Phosphorus on growth
Kariysppan (1978) observed that phosphorus levels upto
120 kg ha ! increased the height of Stylosanthes gracilis
Sharmsa and Lavania (1980) found that applacation of
phosphorus as calcium superphosphate at the rate of 82 03 gnm
twice increased the shoot length and spread significantly in
Vicaia hirsuta and Vicis satava
Progressive increase 1in leaf area index of cowpea was
reported by Balskumaran (1981) with 1increasing levels of
phosphorus
Geetha EKumari (1981) reported increased plant height with
phosphorus application i1n cowpes
Increasing the level of phosphorus from 40 to 120 kg P20g ha—l
s1gnificantly increased the plant height spread nodule weight
and nodule number of Stvleosanthes gracilis (Lehha Sreekantan
1981)

Application of phosphorus @ 160 kg ha 1 recorded the maximum

number and length of branches in Sivlosanthes gracilis  Haximum
spread and height of Stylosapnthes sp was achieved at 80 Kg Po0sg
ha™t (Balachandran Nair 1989)

20
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22 22 Effect of phosphorus on nodulation

FPhosphorus application 1s known to i1ncresso seedling vigour
nodulation and quality of forage legumes (Gates 1974 Khare and

Ra 1368 Andrew and Robins 1969}

In an acid so1il low 1n available phosphorus four speciss
of medics showed poor growth and 1little or no nodulation
Nodulation was significantly increassd by adding phosphorus to

01l {(Wagner et al 19781

Mariyappan (1978} noticed that maximum number of nodules
(464 431) and nodule weight (452 49 mg) were recorded by the

phosphorus [evel of 120 Fg Po0s ha .

Singh and Singh (1880) reported that increasing Po0g from O
to 160 kg ha 1 incresesed both fresh and dry weight of noduales

plant 1 and percentage of effective nodules and C E C of roots

In & glaos house expsriment in Australia 1t was observed
that chick peas showed strong positive responses 1n nodule
number with i1ncreasing pho-ophoris rates while 1ts effects were

less and more variable in lupins (Jessop et al 1889)

1
Phoophorus @ 120 kg ha was si1gnificantly saperior and
rocorded maximum nodule number and nodule weight and was on par

with P, Og @ 160 kg ha ! (Balachandran Nair 1989)

22 23 Effect of phosphorus on forage yield
Skerman (1877) reported corroborative results and observad

that Stylosanthes spp are efficient 1n extracting phosphoris from
the =zall



In an experivent with Stvlossatbas girsnensis fertilized with
prosphorus st 25 50 100 or 200 kg ha_l as super phosphate 1in a
granitic sandy losm so1il of North Queenslsnd Bruce and Teit.el
(1913) found that msximum dry matter yvield was obtained with 25kg

F20g5 ha Similar increase in dry matter was reported in

Stvlossnthes gracilis at 120 Kg PoOs ha ' (Hariyappan 1978)

Application of 45 Kg P ha 1 sagnificantly increased the dry
matter vield of Styvlosanthes hamsta grown in native pasture 1in
North Queensland (Gilbert and Shaw 1980)

Singh (1985) reported increase in plant height and dry matter
in leaves stem and root of Glycine Javanica with increasing

phosphorus concentrations

In Naigeria Hohammed Saleem and Von Kaufman (1985) reported
that dry matter yvield of Sityvlosanthes cv Cook responded to
increasing levels of phosphorus upto 80 Kg Py Og ha ! The same
trend was noticed in cv Schofield and the response was less

marked in cv Verano

Balachandran Nair (1989) reported that 120 Kg P30y and lime @
375 Kg ha 1 were conducive for maximum green matter vyield ain

Stylaosanthes spp.

In Medacago smtivas response to spplied phosphorus was
observed with 80 Kg P20g ha ! and further increase to 120 Kg P305

hsa 1 was not significant (Shah et al 1991)

Application of 50 kg P205 ha ! to four Hedicago sativa cvs
recorded average yields of 33 5 t of fresh fodder 7 95 t of dry
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matter and 1 72 t of crude protein ha 1 compared ta 30 1, 7 12
and 1 52 t respectively without phosphorus application No
further 1increase In yleld was noticed with 100 kg Py0g5 ha
{Patel et al 1980)

2 2 3 1 Effect of potassium on growth

El 1sboud1 et al (1974) obssrved an 1ncrease 1n growth 1in
bean- when 250 kg V ha 1 was appliad
Groneman (1974) observed that potash fertilizers had little

effect on growth 1n a3 three year trial with soybesan

Peck and Buaren (1875) concladed that onsp beans grown with

high rates of potassium made excessive vegetative growth

Annamma George (1980) reported an increase 1n height and
number of leaves of blackgram with the application of potassium

foarti1li-ars apto 30 kg ha !

22 3 2 Effect of potaszium on nodulation

Increasing potassium application from O to 448 kg V20 ha ¢

increased the nodule number and nitrogen fixation 1n alfafa
{Collins ot al 1886}

Leaf removal of white rlnver rediesd nitrogen fixation
which v3. highar with potassium application i1in the first harvest

but not with subsequent harvests (Robin st al 1850}

High rates of potassium fertilization i1ncreased the nodule

number and nodule mass 1n alfafa (Tindall and Bond 1990}
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2 23 3 Effect of potassium on forage yield

in Stylesanthes hamata there was no significant response to
phosphoris and potassium 1n respect of plant height green forage

yield dry matter and crude protein yi1eld (Rair and Patel 1985)

In o01ls  vith high potasei1am and modiam phosphorue.
application of 80 Vg P20Og and 40 Kg Ko0 ha 1 increassd averags
freoh fodder yiseld of alfsfa by 22 and 4 percent and dry matter
yields by 24 and 4 percant respeoctively Furthsr 1ncresse 1n
phosphorus and potassium rates were not effective (Collins a2t al

1986}
2 3 Effect of major nutrients on uptake
2 3 1 Nitrogen

Enikov and Velchev (1976) observed that nitrogen application

1ncrea=-ad the nitrogen content and derreased phosphorus and

potassium content 1n chickpsa

El Bakry ot al (1980) reported that nitrogen application 1in

beans 1ncreased nitrogen in plant parts

2 3 Z Phosphorus

From +trials on red loam soi1l Sasidhar and George (1972)
raported that increasing rates of PpOg application i1ncreased the

nitrogen content 1n lablab

Falade {(1973) reported that phosphorus had no sffect on the

nitrogen content i1n Stylesanthes gracilis
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1
Uhile increasing rates of PFy0gfarm 0 ta 160 hg ha applied
to three berseem cultivars Dhar (1878) found that phosphorus
content of the herbage al-o 1ncreased with i1ncremental doses of

phosphorus

On increasing the phosphoras level significant increase 1n

the potassium content of Stylosanthes gracilis was obtained by

Mariyappan (1978)

Lekha Sreekantan (1981) obtained significant 1ncrease 1n
nitrogen content in the dry matter with increase in the dose of

phosphorus applied 1n the soat

Lekha Sreekantan (1981) and Balachandran Nsir (1989) alsao
observed an increase in Palg content of herbage with increase in

phosphor as appliad

2 3 3 Potassiun

Stowart and Reed {1868) found that application of potassium

to pess decressed ithe calcium and magnesium contents 1n the

forage

Yaan #t al (1970) obtained increased potassium content 1in

leaf when -01l application of potassium was done i1n soybsan

Johnson and Evans (1975) obtained higher potassium content

in leaf when potassium was applied in southern peas



2 4 Effect of major nutrients on the erude protein conte-.

24 1 Hit-ogen

Solomko and Rudin (1877) reported that in lucerne addition
of 60 EKg H ha 1 along with phosphorus and potassium 1incressed
crude protein vield

Lee et al (1990) reported an increase in dry matter vield
and crude protein content with addition of nitrogen in Medacsago
sativa
2 4 2 Phosphorus

A saignificsnt 1increase ain protein content 1in Stvlossanthes
gracilis was recorded by Hariyvasppan (1978) when phosphorus was
applied at the rate of 120 kg ha

Trom an experiment on blackgram Annamma George (1880) found
thst protein vield of bhusa increased by tncreasing the level of

phosphorus from 30 to 45 kg P05 ha

bat a further 1increase
in P20g5 reduced the protein vield

Lehhs Sreelantan (1981) observed that increasing the dose of
phosphorus spplied in the soi1l significantly increased the crude
protein content 1n Stylosapthes grscalis

Arya and Kabra (1888) reported thst spplication of varying
phosphorus levels upto 75 Kg ha 1 did not signifaicantly affect

the protein percentage both in grain and straw of summer mung

2b



2 4 3 Potassium

Johnson and Evans (1975) repcrted higher crude protein

contant i1n l9af when potsssium was applied i1n southern peas

Rai1 and Patel (1985) found that there was no significant

response to potassium 1n terms of crude protein yield in

Stylosanthes hamata However application of 30 Kg ¥38 ha L

increased crude protein yield by 3 2 percent

Patel et al (1985) reported that application of 50 Kg K0
ha 1 to alfafa cv Anand 2 gave haighest yield of 8 40 t of dry

matter and 1 76 t of crude proteln
2 5 Mycorrhizal colonization 1n the root

Jninoculatad plants of | irerne reached 45 percent 1nfection
from 1ndigenous endophytes and i1noculated plants reached 70
percentage Inoculation re-ponsas were not related to 1nfection
lsvel Lucsrne responded most from 1noculation with moot

available phosphorus (Owusu Bennoah and Mosse 1978)

Chambers et al (1980) reported that addition of combined
nitrogen decreased mycorrhizal development 1n young clover roots

NH4+ being more effective than NOz 10ns

The percentage mycorrhizal infect:ion decreased with
increasing phosphorus Ilevels 1n grasslands hula white rlover
soi1ls (Lim and Cole 1984) whereas in a phosphorus deficient
nonaterile o001l application of phosphorus @ Z2Z2kg Fha 1 1noreasead

nodulation and number of endomycorrhizal oporws i1n the rootzoneg

of both pigeonpea and cowpea (Manjunath and Bagyara] 1984)

o7



Sa1f (1986) recorded stimulated mycorrhizal infectlon wlith
low levels of phosphorus while high levels tended to reduce
infection i1n tropical forage legumes NPK fertilization slightly
reduced spore numbers without affecting 1infection Potassium
fertilization 1ncreased i1nfection on legumes but had no effect

on grasses

In pot experiments Habte and Manjunath (1987) observed that
lovel of mycorrhizal infsction i1ncreased in Leirsena roots as the
concentration of phosphorus was raised from O 002 to O 153mgml 1

Higher levels of phosphorus decreased mycorrhizal i1nfection but

the level was never lesc than 50 percent

Lipmann et al (185887 ouggested +that root colonization
percentages of more than 20 percent can be characterized as high
for field sites The level of available phosphorus content of
soi1ls 1nflusnras root rolonization percentages Most of the low
colonization percentages found i1n soils cannot be related to
high phosphorus fertility Good development of VAM fungi was also

reali1sed when plants were sufficiently fertilized

2 6 Interaction between 1noculants and fertilizers

2 6 1 Rhizobium Fertilizer interaction

Subba Rao (1975) reported significant i1ncrease i1n number of
nodules over uninoculated control at all nitrogen levels except
at 37 5 kghs 1 In ininoculatsd trsatment there was no 1ncrease

in nimbsar of nodules s~ven with addition of 12 8 kg N ha !



Vargas and Suhet (1981) reported increased total nitrogen

dry welight and nodulation 1n Centrosema pubescens by 1nocualtion

with Rhizobium strains compared to combination of inoculation and

75 kg N ha 1

Maximum yield and nodulation of soybean without Rhizobium
tnocalation in field test. whsre soybsans had bsen grown
previously was obtained with 40 kg N ha t Inoculation did not
tmprove nodulation and crop yield (Shahidullah and Hussain
1880)

Soybesns 1noculatsd with Rhizobium japonicum and given low

rates of ni1trogen and mosdiam to high rates of phosphorus
exhibited i1ncreased nodule number dry weight and leg haemoglobin

rontent (Dadson and Acguaah 1984)

Raju and Verma (1984) obtained significant 1ncrease in
nodulation of mung due to Rhizobium alone or Rhizobium+15kgNha i

Maximam dry wsight plant . protein yi1eld and nitrogen wuptaske

were got with Rhizobium + 15kg N ha !
Medicago sativa cv Apollo grown 1n low nitrogen soil and

given O 224 kg nitrogen as NHy; NO3 responded to applied nitrogsn
only 1n uninoculated controls All nitrogen later decressed

nodulation (Eardly 19885}

Phosphorus application and i1noculation i1ncressed dry mwatter
and nitrogen yield in Centrosema pubescens inoculation i1ncreased
nitrogen fixation at all phoophorus levels Phosphorus did not
si1gnifirantly 1ncreased nitrogen fixation in the absence of

inoculation (Impithuksa and Rungratanakasin 1986}
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Highest top dry natter and total nitrogen In two =oils
{(infertile and medium fertile soils) were obtained with
inoculation and phosphoras treatment (200 kg Pp0s ha 1) The
parcentage 1ncrease was 116 percent 1n infertile soi1l and 486

percent n more fertile soi1ls (Garzs et al 19871

Viter1 et al (1888) oborrved increased plant weights by
tnocalation with Rhizobiam otrains and i1ncreasing nitrogen rates
17 with 0O 75 and 150 ppm nitrogen the plant dry weight wao
i1 6 261 and 29 9 mg and 6 8 29 1 aand 39 2 mg withouat

inorulation

In a trial with Vigna radiata rv B4y Basu 2t sl (1589}
obeorved that -med i1nocalation with Rhizobiim straine 1ncreassd
nodalation and shoot dry veaght Application of 20 30 or 40 kg
Nha 1 gave 0 9L 0 98 a1d 0 00 t ha !, compared to O 70 t
without nitrogen

Homachan at al (1989} aobserved no oi1gnificanty intaraction
batween innculation treatmant and other factors 1n Stylosanthsas

hamilie Top dry weight with 100 kg N ha ! {21 Bg plant 1 I waa

significantly greater than Rhizobium strain CB 2248 which 1in

tarn was o1gnificantly greater than wninorilated contrel plante

{13 Tkg plot 1)

2686 2 Vesicular arbusculsar mycorrhiza (VAM) Fertilizer
interaction
Mossa et al (1976 found that +the combination of rock

phosphate and VA mycorrhiza acted significantly in increasing the

plant dry weight 1n several crop plants



Mosge (1977) reported that in some aerrado =Ails, pool
phosphate application particularly when coupled with wmycorrhizal
inoculation served as a better source of phosphorus than the more

soluble forms of phosphates

Waidyanatha et al {1978) found that in myrorrhizal Pusraria

and Stylosanthes the application of rnck phosphats greatly

otimulated nodulation and nodule activity

llon mycorrhizal clover plants produced more dry matter than
mycorrhizal plants oupplied with supsrphosphate Plants sapplisd
with rock phosphate had the same dry weight at a given

phosphorus concentration i1n the tops (Pairunan et al 1980)

Nielson and Jensen (1983) reported 1ncreased wuptake of

fertilizer phosphorus with mycorrhizal i1noculation 1n lucerne

Paialino et al (1986) showed i1nrreased uptaks of phosphorass
by mycorrhizal Centrosema and Macroptylum plants over
uninoculated plants when tested with rock phosphate and soluble
form= of phosphorus Nodulation nitrogen fixstion and rork

phosphate utilization were increased by mycorrhizal 1nocilation

Santhi et al (1988) reported that in green gram among the
different sources of phosphorus tried rock phosphate wa- more
affiriently utilieed when applied with VA mycorrhiza VAM

inoculation with 50 per cent rock phosphate was as a good as full

dose of phosphorus alone

31



2 68 3 Dual inoculation Fertilizer ainteraction

The responses aof pigeonpea and cowpea to dual 1inoculation

vith Glomis fasciculastum and/or rock phosphate was studisd 1n

phosphorus deficisnt non sterile soi1l Plants 1noculated with
both mycorrhiza and Rhizobium and supplemented with phosphorus
recorded the highest ohoot dry weights n:i:trogen and phosphorus
contents i1ndicating the need for addition of small amounts of
phosphorus to derive maximum benefit from dual ipnoculation with

Rhizobium and YAM (Manjunath and Bagyara3j 1984)

Dual inoculation with Glomus fasciculatum and Rhizobium spp

reglstered the highest phosphorus status i1n the plants at NpogPgp

level of fertilizer application i1n chickpeas (Subba Rao et al

19886)

In pot +triats with Vigna radiata grown 1n a phosphorus

deficient 501l so01l i1noculation with mycorrhizai fungus(Glomug

fascirulatum) or 15 kg N ha ! inrreased the plant nodule dry
woight and yielrds Inoculation with Rhizobium and/or mycorrhizal

funguso 1n combination vith phosphoris gave highest yields

{Guptaet al 1888)

Meena HKumari and Nair (1991) reported 1increase in number of
nodules shoot dry weight and nitrogen content of cowpea with

dial 1nocialation and added rock phosphate
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MATERIALS AND METHODS
The present 1nvestigation envisages the possibility of

incres-ing the herbage production of Stylo-anthes guianensis by

microbiatl inoculation and thus to save fertilizer wlthout

affecting the productivity

The f1ald experiment was conducted during the period from
Tuly 19891 +to January 1882 The materials used and the metheods

adopted for the study ars detailed hersunder

3 1 MATERIALS

3 1 31 Experimental site

The experiment was conducted at the Inatructional Farm
attached to the College of Agriwulture Vellavyani The tarm 15

located at B 5o N latitude and 76 90 longitude at an altitude of

28 m above mean sea level
312 So1l

The so1l of the experimental area 1s red sandy clay loam
The data on the physico rhemical propearties of the soi1l of the
experimental site are given below
A) Physical Properties

Mechanical Composition

Constitute Content 1n So1la (%) Method used
Coarse sand 14 70 International Pipette
Fine sand 33 30
Silt 26 S0 Method (Piper 1850)
Clay 25 50

Textural class Sandy clay loam

13
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B CHEMICAL COMPOSITION

Constituent Content 1n 1 Rating Method uo=
So1l (kg ha )
Total nitrogen 3920 Modified
Microkisldhal
me thod
{Jackson 1873)
Available nitrogen 313 6 Med1um Alkaline
Potassuim
permanganate
method
{Subbiah and
Asi1)a 1956)
Available PoOg 38 5 Medium Bray colorimetric
method
{Jackson 1973)
Available K50 68 14 Low Ammonium acetate
method
{Jarkson 1973)
Available Calcium 414 24 Ammonium acetate
mathod
{Jackson 1873)
Avallable Magnesium 52 8 Ammonium acetate
method
{Tackson 1973)
Organ:ic carbon 0 143 Low Walkely and Black
rapid taitration
mathod
(Jackson 1973)
pH 4 B8 Acidic 1 2 5 so1l solution

ratio using pH meter

313 Season

The experiment was conducted during the period from July

1891 to January 1992

3 1 4 Veather conditions

The experimental site enjoys a humid tropical climate The

meteorological parameters recorded during the experimental period

are given 1n Appendix and depicted 1n Fig 1 Data on total



rawinfall minimum temperature maximum temperature and relative
humidity during the entire crop season were rollected from the
meteorological obsegrvatory st the College of Agricilturs and

presented as weekly averages

The mean maximum and minimum temperatures during the
cropping season ranged form 28 01°% to 32 6% and 19 53% to
24 64°C respectively The mean relative humidity ranged from
70 43 percent to 87 36 percent The mean rainfall of the cropping

period ranged from O toc 33 37 mm
315 Cropping history of the field

The experimental site was partially shaded coconut garden
having palms of B0 70 ygars age permitting 70 percent of solar
radiation to filter throagh the rcsnopy The land was left fallow
prior +to the commencement of the trial before which 1t had been

croppad with giinea graocs

316 Variety

Stylosanthes guianensis cv Schofield or stylo common 1s a

perennial leguminous fodder crop native to Brazil 10 South
America This crop besides enriching the soal fertil:ity
increases the cation exchange capacity of the soi1l and 1s valued

for 1ts high quality fodder

3 17 Source of seed

The seeds were obtained from the Kerala Livestock

Deavalopment Bosrd Dhony
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3 18 Fertilizers

Fertilizor. with the following analysis were ised for the

study

Urea 46 percent N
Mussoori Rock Phosphate Z0 psrrent Ppolg
Muriate of Potash 80 percent KyO0

3 1 9 Ilnoculants

3191 Rhizobium cul ture

The Rhizobium culture for inoculation of Stylosanthes seeds
was obtained from the Division of Plant pathology College of

Agriculture Vellayani: Culturs of cowpea type Rhizobium strain

STYLD 1 was used for seed 1nocutation at the rate of 100g acre 1
3192 Mycarrhizal i1noculum
Panicam maximum (Jacqg ) infectsd with mycorrhizal fung:

(Glomus fascagulatum) was grown in sterile soll sand mixture for

three months This so01)] sand mixture containing mycorrhizal
=sppres 1nfacited root segmsnts rhlamydospores and hyphae served
as mycorrhizal 1noc tl am About 50 ml of mycorrhizal inocu lum
containing 250 300 spores was placed two cm below the seed prior

to sowing

3 2 METHODS
3 2 1 NURSERY
3211 Land preparation
The land was dug twice stubbles wers removed clods broksn

and levelled Four raised nursery beds of 4 5 sq m each were

taken
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3212 Lay out
The lay out plan of the narsery plot 15 given 1n Fig 2

3 213 Seeds and sowing

A seed rate of 1 5 kgha 1 as recommended for partaially
shaded conditions 1n the package of practiceas KAU was adopted
Seeds were divided i1nto four equal parts for sowing in the four

nursery beds

3 2 1 4 Methods of sowing
1 No 1noculants (1)
Seeds were uniformly broadrast i1n the nursery plot and

roversd with a8 thin layer of sand

2 Bhizobium (1)

Seeds were thoroughly mixed with the Rhizobium culture and
broadcast svenly 1n the nursery plot
3 Vesicular Arbuscular Mycorrhiza (VAM! (I3}

Soi1l of the nursery plot was inoculated with the mycorrhizal
cui ture prior to sowing Uninoculated seeds were sown broadcast
1in the nursery piot

4 VAM + Rhazobium (I3}

The so1il of the nursery plot was treated with the
mycorrhizal culture and seeds 1noculated with Rhizobium were aown

broadrast in the nureery plot

32 2 Main field

3 2 2 1 Land Preparation

The main field was dug twice stubbles removed clods broken

and field was laid out i1nto biocks are plots
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32 2 2 Fertilaizer applaication

Fertilizers were applied to all the plots as per the
treatment Nitrogen phosphorus and potassium were applied to thse
plots in the form of urea mussoori phos and murfate of potash
raspactively The sntire gquantity of fsrtilizers were applied as

basal dose one day prior to transplanting

32 2 3 Transplanting

A light airrigation was given to the nursery beds beforse
pulling out the seedlings 45 day old seedlings were carefully
removed from the nursery plots To assure minimum damage to the
roots transplanting was dons with a ball of sarth aroiand the
roots Small furrows were taken i1in the mian field at the
recommended spacing of 30xi10 cm and the uprocoted seedlings waere
transplanted as per the treatments Irrigation was given
immediately after transplanting to enbale the seedlings to

withstand transplanting shock

3 2 2 4 After cultivation
At seven days after transplanting gap filling was done
Regular weeding operations were carried out at 45 days after

transplanting and after firot cut

3225 Plant Protection
Control of grasshopper and molecricket was achieved by

dusting BHC B% a-o 3 prophylatic measure



3 2 2 6 Harvesting

The first harvest of green fodder was taken at three months
after transplanting and the second two months thereafter The
plants were ciat with sickles at 3 height of 15 cm from the

ground The weight of green fodder i{n kg ha 1 was recorded

3 3 Technical Programme
3 31 Design and Lay out
The sxperiment was laid out as strip plot experiment in RBD

with 12 treatment combinations The lay out plan 15 shown 1n

Fig 3
Groo- plot s1z08 45 x 4 m
Net plot size 27 x36m
Spacing 30 x 10 cm
Treatment combinations 12
Replications 4
Total number of plots 48

33 2 Treatments

a Inoculations 4
1 Control (Ig)
2 Rhizobium {(Iy)

3 Vesicular arbuiscilar mycorrhiza (VAM)! (1)

4 Rhizobium + VAM (I3)

b Nutrient levels 3
1 No nutrients (Ng!
2 50 percent of the recommended nutrient dosse (N}4)
3 100 percent of the recommended nutrient dose (Np)

Recommended nutrient dooe NPV @20 B0 30 kg ha 1
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Inoculants

Control (I,)
Rhizobium (1)
Vesicular Prpuscular
rycorrhiza (UAM) (1)
4, UAM + Rhizobium (I;)

W=D
- -

Gross plot size
Net plot size

Frg 3 LA2OUT PLAN OF THE EXPERIVINT PLOT

i Replication IV |

B. Nutrient levels

1. No nutrients (M)

2. 3% percent of the
recormended dose (N,)

3. 199 percent of the
reccvwmended dose (N.)

4.5 x4m

P 2.7 % 3.6

L.
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333 Treatmaent combinations

The treatment combinations are as follows

T4 10 1p T7 1219
T2 100t Tg 12Ny
T3 102 Tg iz np
Ty 1pNQ Tio 13np
Tg 11N Ti1 13My
Tg 1i n2 Tiz 3Nz

3 4 Biometric observations

In sarh plot +{fwo rowo 31l around were left as border rows
Two rows of ptants were ear marked for destructive sampling The
next row was also left as border Biometric observations were
taken from ten plants seglectsd at random 1n the net ptot and

average values were recorded

3 41 Height of the Plant

Height of the plant was measured from the base of the plant

to the growing tip of the tallest branch and expressed 1n cm

3 4 2 Spread of the plant

The apread ws- mEs-ured 8o the maximum lateral diameter

through the main stem of sach plant and expressed 1n cm

3 4 3 Number of branches
The total number of branches in each plant was counted and

was recorded as msan branch number

3 4 4 Length of branches

The length of all branches of each plant was measured and

m2an length was recorded
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345 Leaf stem ratio

From the observational row i1n sach plot tan plants woere cut
at the bass The [eaves and stem were seperated and oven dried
for three days The dry weight of leaves and stem of individual
plants wsre rerorded and the ratio romputed by dividing the Isaf

dry weight by the stem dry wsight
3 4 686 Nodule number

Ten seedlings were selected at random from Aaarh nursery plot
at transplanting and the mean nodule number was recorded Five
plants from the destructive sampling row in earh main plot were
carefully uprooted and the number cof nodules were counted at each

cut

3 4 7 Nodule weight

From the same plants uprooted for counting the nodule
number the nodules were separated and weighed i1n a sartorius

balance and recorded 1n mg

3 48 Mycorrhizal colonization 1n the root

Five plants were rarefilly iprooted from the destracrtive
sampling row the roots were washed and the VA mycorrhizal
infection 1n the root samples was observed by staining the root

t1o519 (Phillips and Hayman 1970)

3 5 Analyt:ical procedures

351 Plant analysis

The whole plant was analysed for nitrogen phosphorus

potassium calcium magnesium and micronutrients Iron manganese

(a]

zinc and copper The plant samples were dried i1n an oven at 80 C



til]l constant weights were achieved The samples were they ground
to pass through & O 5 mm mesh 1n a Wilsy mill The reqaired
quantity of samples were then weighed out 1n an electronic

balance and analysis was rarried outb
3511 Total nitrogen content

Total nitrogen content was estimated by modifi1ed
microkjeldhal method (Jackson 1973) and the values were

expressed 85 percentages
3 5 1 2 Uptake of nitrogen

This was calculated by multiplying the nitrogen content of
the plant with the total dry weight of the plant The uptake

values were expressed.in kgha !

35 1 3 Total phosphorus content

Fhoophorus content wao sstimated colorimetrically (Jackson
19731 by devaloping colour by vanadomolybdophosphoric vyellow
method and read i1n spectronic 2000 Spectrophotometer

3 5 1 4 Uptake of phosphorus

Phosphorus uptake was calculated by multiplying the
phosphorus content and dry weights of the plants The values were

expressed 1in | gha L

3515 Total potassium, calcium and magnesium contents

Total potassium calcium and magnesium contents 1in plants
ware #astimated by the flame photometric method an 3 Perkin Elmer
3030 Atomic Absorption Spectro photometer after wet digestion of

the sample with diacid mixture (Perkin Elmer Corporation 1882)
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3 5 16 Uptake of potassium, calcium and magnesium

This was calculated by maltiplying the dry werghts and

respeartive valuses for potsssiuam calcium and magnesium contents

of the plants Uptake value- were sxpressed in kgha 1
3517 Crude protein content
The percentage of crude protein was calculated by

multiplying the percentage of nitrogen in the plant by the factor

6 25 (Simpson et al 1965)
3518 Content and uptake of mircronutrients

The content of micronutrients (lron Manganese Zinc and
Copper) was estimated by the flame photometric method 1n a
Ferkin Elmer 3030 Atomic Absorption Spectro Photometer after
digestion of the sampie wusing diacid mixture (Perkin Elmer
Corporation 1982) Uptaks was calcualated by multipliying +he
micronutrient confente vith dry weights of the plants and
expressed 1n kg ha t

35 2 So1l Analysais

So1}! samples were taken from the experimental area before
and after the experiment The air dried so1l samples were
analysed for total naitrogen avallable nitrogen available
phosphorus available calcium and available magnesium contents
Available nitrogen content was estimated by alkaline potassium
permanganate method (Subbiah and Asija 1956) avasilable
phosphorus content by Bray - colorimetric method (Jackseon 1973)

and availlabie potassium calcium and magnesium by ammonium

acetate method (Jackson 1873)
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3 6 Economics of cultivation

Net Income Gross i1ncome Cost of cultivation
Benef1t cost ratio Gross i1ncome

Cost of cultivation
3 7 Statistical analysis

The data generated from the experiment was subjected to
analysis of variance technique {(ANOVA} as spplisd to strip plot
experiment 1:1n RBD as suggested by Cochran and Cox (1962)
Analysis excluded data pertaining to 1nitial nodule number
ncdule weight and mycorrhizal colonization 1n the root s1nece

the observations were made only from a composite sample



RESULTS



RESULTS

A field experiment was conducted i1n the Instructional Farm
College of Agriculture Vellayany to study the effect of
different microbial 1noculants and nutrient levels on the forage

prodartion of Stylpsanthes guinanensig cv Schofield The

experimental data collected were statistically analysed to bring
oist the a9ffect of diffesrent levels of nutrients different
1noculants and their interactinons The results obtained are

presented under the following sections

4 1 Growth Characters

4 11 Height of the plants

The influenrs of different nutrient leveles and 1ncrilants on

the height of the plants 15 presented 1in Table 1

The mean values of plant height showed that due to
1noculation plant height did not differ significantly 1i1n the
first and second months after transplanting But at the time of
first ocut (80 days after planting) plant height differed
s1gnificantly Maximum height of 45 66 cm was recorded by the
freatment i3 (44 percent more than rontrell)l followsed by i3 which
was on par with I In the second cut (80 days after the first

cut) the height i1ncrease due to i1noculation was not significant

With 1increasing fertilizer dose from Ny to No level
=zignificant i1ncrease 1n plant height was noticed at the first and
sacond months after transplanting Hei1ght was maximum at N2 but

1t wao on par vith Ny
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Table 1 Effect of i1noculation and nutrient levels on the height

of the plants

Height (cm)

Treatmeits 1 MAT 2 MAT First cut Second cut
1, 4 68 17 71 31 60 23 41
1y 5 22 18 60 37 66 25 72
- 5 01 19 81 37 45 24 28
I3 5 93 18 a5 45 56 25 78

F (3 9) NS NS 5 303" NS

SEm+ 0 4692 2 481 4 094 2 245
CD(O 05) 10 613
N 6 10 23 35 47 48 30 55
My 7 05 24 70 51 44 a2 78
No 7 70 26 53 53 35 35 75

* % * »*

F (2 6) 12 260 5 618 NS 5 931
SEm+ 0 278 0 851 2 952 1377
CD(O 05) 0 763 2 338 3 783

# Significant at 5 percent level
#% Significant at 1 percent igvel

NS Not significant



The 1ncrease in plant height with 1ncreasing levels of
nitrignts was not oignificant in the first cut But at sscond
cut there was significant increase 1n height with 1ncreasing
nutrient levels the highest value of 35 75cm being recorded at
No level which was on par with Ny The i1nteraction effects of
1inocilation and nutrients levels were not saignificant at any

stages
4 1 2 Number of branches

The affert of treatments on the number of branches plant 1 e

praesantad 1n Table 2

The effect of 1noculation was not -ignificant at the fairst*t
and sscond cut But the treatmsnt I recorded the highest branch

number of 5 81 and 4 74 respectively for the first and second

cuts

The fertilizer treatments were found to have significant effect
on the number of branches 1n the first cut the treatments Ny and
No being on par and sigiificantly superior to control This

trend was howevar not noticed 1n the second cut

The interaction =ffects of 1noculants and nutrients levels

vere not si1gnificant sither at the first rab or wecond rcut
4 1 3 Length of branches

The influence of inoculation and nutrient leveis on the

length of branches 1s presented i1n Table 2
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In the first cut the maximum length of 36 26cm was recorded
by the treatment I3 followed by I (32 3lcm) In the second cut
lo and Iz treatments recorded similar values and the lowest

length of branches was noticed for the treatment Ig

The natrient lavels had no significant effect on the length
of branrhes i1n the first cut The treatment N4 recorded highast
value ({46 51 cm) at the firot ciat and at the -=cond cut N, was

significantly -uperior to Ny with a mean length of 32 384 cm

Thers were no si1gnificant effecto duse to the i1interaction
betwesan inoculants and different nutrient levels at both thse
cute

4 1 4 Spread of plants

The affect of inoculants and nutrient levels on the spread

of plants 1o preeented 1n Table 3

The main o8ffect of 1noculation showed no oslgnificant
influence on this character Among the diffsrent 1noculants
tried the treatment lg registered the maximum spread of 45 00 cm

at firot rut and 29 63 cm 1n the second cut

Significant response {0 1ncrease 1n nitrient levels was
oboerved on the -spread of the plants The maximiam spread of the
plant wao recorded by Ny 1n both cuats Bat theareafter 3 slight
decrease 1n spread was noticed when the nutrient level was
1ncreased to No

The 1nteraction effects between 1noculation and nutrients

lavels were not significant at both cuts



49

Table 2 Effect of inoculation and nutrient levels on number of

branches and length of branches

Treatment Number of branches Length of branches {(cm)
Firoat cut Second crut First cut Second cut
I § 78 4 57 30 35 20 81
[4 5 81 4 38 32 31 22 41
Iy 5 81 4 74 31 98 23 31
Iy 5 09 4 71 36 26 23 31
F (3 9) NS NS NS NS
SEm+ 0 935 0 605 3 717 1 219
cD(C 051
No 6 88 B 73 39 34 25 94
Ny 7 50 6 21 46 51 30 97
Nao 8 31 6 47 45 0S5 32 94
F (2 6) 5 769 NS NS 30 BO4
SEm+ 0 328 0 256 2 545 0 B19
CD(0 05} 0 900 2 251

# Significant at 5 percent leval
#*% Significant at 1 percent level

NS Not significant



Tabie 3 Effect of incculation and nutrient levels on the spread

of plants
Treatments Spread {(cm)
First cut Second cut

In 36 94 27 06
1] 41 72 28 38
1o 42 76 29 44
i3 45 QO 29 63

F (3 9] NS NE

SEm+ 3 4654 1 783
CD{O 05)
No 49 06 35 78
N4 5B B1 39 00
Ho B8 66 38 72
F {2 6) 13 753" 5 976"
SEm+ 1 888 0 918
cD{(0 05) 5 187 2 524

# S51gnificant at 5 percent leval

NE Not -ignificant
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4 1 5 Leaf Stem ratio

The data on the leaf stem ratioc of the crop 1n two cuts 1s
presented 1n Table 4

Inorilation had no significant effect on leaf stem ratio at
the first rut In the second rat the treatment I3 was on par

with I and [; but superior to control

Among the different natrient levels Ng and No were on par and

significantly superior to Ny in both the cuts

The interaction effects between inoculation and nutrient

lavels wsrs not significant
4 1 6 Number and weight of nodules at transplanting

The mean values of nodule count and nodule weight at

transplanting are presented in Table 5

Highest mean value for nodule count was obtained with the
traatment 14 followsd by the treatment I3 at transplanting A

similar trend was noticed 1n the case of nodule weight also

4 1 7 HNumber of nodules

A significant i1ncresse 1n noduale number was observed in the
firat rat dus to i1nocalation The highest mean noduls number of
141 6 was recorded i1n the treatment 13 which was on par with the
trgatment [y where the noduals romnt was 134 3 In ths o9cond
c t aleo there was a significant i1ncrease in nodiale ro nt dus to
inoculation Heres the freatment [3 showsd the maximum nodile

rodnt of 211 B which was on par with the treatment Iy which

recorded a count of 202 1

o1



Tabla 4 Effect af 1noc lation and nutrient leval s

leaf stem ratio

on

Treatme tsg Leaf Stem ratio
Firet cuat Saecond ot
o 0O 733 0O 677
I 0 763 0 722
I> 0 B4z QO 920
Ia O 509 i 001
*
F (3 9) NS 4 274
SEm# 0 080 0 124
cD{O 05} 0 321
No QO 857 0O B2z
Ny 1 102 1 170
N = 1 280 1 230
F (2 A) 28 .36%" NS
SEm+ 0 512 0 108
Chb{o D5) 0 141

# Signifiecant at B psreant lavel
#% Si1gnificant at 1 poarcent levsl

NS Not -i1gnifirant

ths



Table 5 Mean nodule count and weight at transplanting

Treatment Nodule Count Noduie dry weight {(mg)
s 12 0 020
1] 26 0 050
) 17 0 032
13 20 O 038
Table 6 Effect of 1noculation and nutrient levels on number
nodules
Treatment First cut Second cut
Io 85 2 127 4
I4 134 2 202 1
Io 102 4 167 1
I3 141 6 211 8
* % * %
F(3 %) 12 616 12 841
SEm+_ 1 23 13 58
CPh(Q 05) 31 3875 48 178
Nog 131 4 i86 2
N ¢ 151 4 227 3
N»o 180 7 270 5
F{(2 &) NS NS
SEm+ 17 99 27 0%
CD(O 05)
HH Significant at 1 per cent level

NS Not Significant

of



The increase 1n nodule count in both cuts was not significant
as far ags fertilizer treatments were concerned The highest

nodule number was recorded with the Ng treatment followed by Ny

treatment i1n both the cuts

The interaction effacts bastwsen 1noculation and fertilizser

levels wara not significant
4 1 8 V¥eight of nodules

The mesan wei1ght of nodules dis to wvarious treatments are

presanted in Table 7

Inoculation saignificantly increased the weight of nodules 1n
the first and second cut In the first cut highest nodutle
weight of 150 2 mg was observed for the treatment I3 which was
on par with Iy recording 144 44 mg There was significant
increase 1n noduie weight 1n the treatment [3 1n the second cut
(221 3mg) whirh was on par with the treatment 14 (212 O mg) but
the treatment lp and Il registered low nodule weights which ware
on par

Fertiliver lsvels did not show any significant sffgrt on the
nodule weight However fthe highest nodule weight of 181 B mg 1in
the first cut and 282 B8 mg 1n the second cut wers rerorded 1n the

treatment Ng and the lowest by the control

The interaction effects between 1noculation and nutrient

levels were not significant i1n both the cuts



Tabis 7

of noduiles

Effeact of

inoculation and nutrient levels on the

Treatment

weirght of noduiles
First cut

{mg?

Second cut

1o 90 © 134 3
iy 144 4 212 0
Io 107 6 160 5
13 150 2 221 3
F{3 9) 14 21 ** 1z s2**
SEm+ 12 52 19 53
CDID D5) 32 4573 50 103
No 140 8 205 4
N 4 160 4 239 8
Mo 191 ® 282 B
F(2 6) NS NS
SEm+ 19 B3 26 90
£D(O 05)

X

Significant at 1 percent

NS Not oi1gnificant

level

weight



4 2 Green matter yigld

The mean values of green matter yi1eld at esach cut ars

presantad in Table 8

The effert of 1noculation at the first cut was -1gnificant
The treatment Iy regiotersd highest green matter yield of 6466
Kgha 1 followed by 1o The 1ncrease 1n green matter yield due to
the combined application of VAM and Rhizobium (igz) wae 51 6

percent over rontrol (Ilg)

In the second cut there was no significant i1ncrease i1n green
matter yi1eld due to i1noculation However the treatment Ig
recorded 34 2 percent more yield followed by Io which gave 33
percent more yield than control

Among the fertilizer treatments treatments Nj and N3 were on
par and signifircantly supsrior to control Hg at both the cuitos

The i1nteraction effects were not significant
4 3 Dry matter yield

The results on the affect of treatments on dry matter yield
are prasented i1n Table 9

The treatment I3 recorded the highest dry matter yield and
was on par with I The trestments recorded significantly

higher dry matter yield over control (1) in both cuts

The different nutrient levels also gave significantly highsr
yields compared to control (Ng) Among the treatments Ny and N2

were on par and highly significant over control in both the cuts

The interaction effects betwsen fertilizer levels and

1inoculation were not significant



Table 8 Effect of

matter yield

i1noculation and nutrient levels i1n the

Troatment

1

Green matter yield (Kg ha ™)

First c.atf

Sacond cut

1o 4267 3989
14 5134 5117
o 6288 5307
I3 5466 5355
F(3 9) 5 764" NS
SEm+ 708 079 573 a2
CD{O 05) 1835 52
Ng 4945 656973
N ¢ 8434 7006
No 8776 7071
F(2 8) 27 516" 18 786"
SEm+ 508 940 225 8786
CD(O 05) 1398 47 620 941
Significant at 1 percent level

NS Not

z1gnificant

)t

graen



Table B9 Effect of

matter yield

i1noculation and nutrient levels on the

Dry matter yleld (Kg ha )

1

Treatment First cut Second cut

1 791 754

14 985 1021

1o 1231 1025

13 1302 1035

NS

F(3 9) 7 779" 4 111
SEm+ 138 222 110 B1
CD(O 05) 358 31 287 259

No 950 1098

N ¢ 1626 1360

No 1783 1377
F(2 6) 27 720" 19 134"
SEm+ 101 582 45 05
CD(O 05) 279 128 123 785

# GSignificant at 5 perrant lavael

¥# Significant at 1 percent level

NS Not oi1gnificant

dry



4 A Mycorrhizal colonization i1n the root

The mean value for the mycorrhizal colvnization 1n the roots
of VAM 1ncculated plants at transpianting was found to be 29 33
percent The mean mycorrhizal rolonization at the close of the
gxpariment showed that the highest valus of Bl 8 per ceont was
recorded by the treatment rombination 13ny followsed by 13ng
(75 percent) The ieast val e was recorded for the treatment

ipnn (17 2 percent)

4 5 Rutrient uptake
4 5 1 Nitrogen uptake

The mean values of nitrogen uptaks by the rrop are pressnted

1n Table 11

It was ssen that i1noculation did not have any signifigant
effect on nitrogen uptake by the plant However the treatment

14 showed ths higheot nitrogen uptake valis followsd by Ig

The different natrient levels also showed no oei1gnificant
difference 1n nitrogen uptake However there was progressaive

incraeass 1n Jiptake from Np to Nao

Interaction between 1noculation and different nutrient levels

were also found to be not si1gnificant
4 5 2 Phosphorus uptake

The mesan values of phosphorus uptake are presented 1n

Table 11
Inoculation had s:ignificant effect on phosphorus uptake The
treatment I recorded the highest phosphorus wuptake valie of

1
17 31 Vg ha which was on par with I3 (16 83 kg ha 1)



Table 10 Mean mycorrhizal colonizatioaxr {n the root at the end

of the experiment

Treatment % Mycorrhizal colonization
1010 21 7
1004 24 0
10905 17 2
140p 27 7
1qn4 23 3
1402 20 O
ipng 35 7
1004 62 b
1000 65 6
13ng 75 0
1304 g1 8
1309 68 7
Control 28 33
Control Percentage mycorrhizal colonization 1n the roots at

transplanting



Progre-osive 1increa-e 1n phosphorus uptake was noted dus to
increasing fertilizer levels the highest value being for the Ngp
level (21 63 kg ha 1) However the differences were not
sirgnificant

Interaction betwsen 1noculation and nutrient levels had no

si1gnificant 1nfluence on phosphorus uptake

4 5 3 Potassium uptake
Table 11 gives the mean value of potassium uptake by the
crap Potassium uptake was significantly influenced by
1

inoculation and the highest value of 10 26 kg ha was recorded

by the treatment I3 but 1t was on par with 1o

There was significant 1nerease 1n potassium iptake due to
diffearent nutrient levels Potas-ium uptake value was found +to

be the highest with No which was on par with the treatment N

The interaction effects between 1noculation and fertilizer

levaelo were found to be not significant

4 5 4 Calcium uptake

The mesan values for calrium uptake are presented i1n Table 11

No significant effect was observed dus to inoculation on the
caicium uptake by the plant However the treatment [g recorded
the highest calcium uptake value and the treatment Il5 recorded

the lowsst uptake valus

Higher levels of nutrients saignificantly i1ncreased the uptake
of calcium by plants The treatment Mo rerorded +he highest
calcium wuptake of 66 B1 kg ha 1 which was on par with Ny

(66 14 kg ha 1)
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Table 11 Effect of 1noculation and nutrient tevels on the uptake

1

of major nutrients (kg ha 73
Treatment Nitrogen Phosphorus Potassium Calcium HMagnesium
1iptakse uptakse uptaks uptaks uptaks

fo 38 54 9 19 12 72 33 27 10 85
4 52 21 15 51 i6 48 47 74 14 51
I> 48 57 17 31 16 51 43 83 15 79
i3 52 07 16 83 i8 26 56 87 15 73

F(3 9) NS 14 s18™*" 4 121" NS NS

SEm+_ 5 38 1 82 1 89 11 73 3 03

CD{O 05) 4 151 4 809
No 57 43 4 2B 17 19 48 76 17 52
N ¢ 66 83 19 18 22 42 66 14 19 92
No 67 14 21 63 24 37 66 61 18 44

# *

F(2 6) NS NS 18 50 7 706 NS

SEm+ 3 08 2 10 1 08 4 62 1 18

CD(O 05) 2 588 12 684

* Saignificant at 5 percent level
##% Signifrecant at 1 perceant level

NS Not -i1gnificant
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The 11nterartion effects between 1nocuiation and nutrient

jevels on calrium uptake were not signifirant
4 8§ 5 HNMagnesium uptake
Thes mean magnesiam uptaks valuss are presented i1in Tables 11

Inoculation did not significantly influence magnesium uptake
However I> recorded the highest value for magnesium uptaks

(15 79 kg ha 1) Uptake by planto i1n the Ig treatment was the

Iowast

Different Ilevels of nitrients did not signifirantly 1ncrease
the magnesium uptake by the plants However the traatment KNz

racordsd the highest uptake vs3lus of 18 84 kg ha !

Interaction effects betwsen inoculation and niatrient levels

had no significant i1nfluence on magnesium uptake
4 5 6 Micronutrient uptaks

The mean uptaks valiss of mirronuatrisnts (lron Manganess

Zinc and Copper}) are given 1n Table 12

The effect of 1inoculation on micronutrient uptake was not
significant However all the micronutrisnts studied showed an
incredened Jptaks rats apto 19 Iron and copper ohowed 3 olight

decrease 1n uptake with the treatment I3

Ao far as nuatrient levels ware concearned the difforeant levels

had no significant 1i1nflusnre on micronatrient uptake
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Table 12 Hicronutrient uptake as influenced by i1noculation and

dirfferent nutrient levels (kg ha_l)

Trestement Iron Manganese Zinc Copper
Ig 4 06 2 11 149 5 73
Iy 4 14 2 15 1 49 8 07
I2 S 86 2 11 1 64 B 38
I3 5 30 2 38 1 97 6 186
F(3 9) NS NS RS NS
SEm+ 1 16 0 40 0 35 108
CD (0 05) -

Ng 5 72 3 09 2 37 7 64
Nq 6 11 2 57 1 91 8 60
No 7 52 3 08 2 13 g 11
F(2 6) NS NS NS NS
SEm+ 0 80 0 19 0 30 0 74
CD (0 05) - - -

NS -~ Not significant



4 68 So:l analysais
4 6 1 Avalrlable nitrogen
The mean values for available nitrogen 1n so1ils after the

experiment is given in Tablie 13

It was observed that 1noculation did not significantly

tnfluence the available nitrogen status 1n the so:l

The different levels of nutrients significantly increased the
available nitrogen otatisc of o011l The highest valus of
248 27 kg ha 1 was recorded by the treatment N, which was

s1gnificantly supsrior to Ny and My

There was however no significant roesponse 1n availlable
nitrogen status of ¢the soil dse +to the 1nteraction betwseaen

inoculation and nutrient levels
4 6 2 Avairlable phosphorus content 1n so:il

The mean values for availabls phosphorus content in the so1l

after the experiment are given 1n Table 13

Inoculation significantly decreased the avallable phosphorus
rontent i1n the so1l The control treratment recorded the highest
avariable phosphorus 1n the soil followad by I3 The lowest

val 19 wao rocorded by the treatment Iy

There wa- significant 1ncressg 1n avallable phaosphor 1.
content of the so01l dus to differsnt npuatrient lavels The
treatment Ny rocorded the highsst avaiiabls phosphoris content of

42 19 kg ha 1 which was significantly superior to Ny and Ng



4 6 3 Available potassium content 1n so1l

The mean values of available potassium content i1n the so1l

are given in Table 13

There was no significant 1ncrease 1n available potacsiam
content of the soi1l due to i1noculation However treatment I3

racrorded the highest available potassium content of 38 53kg ha t

The different natrient lavels did not significantly i1nflusnre

the potassium content of the soils The treatment Ny recordsd
fhe highest available potassium content i1n the soil followed by
Hpg and N,

4 6 4 Availlable calcium content i1n so1il

The mean valuss of availabie calcium content 1n the so1l
after the experiment are given 1n Table 13

There was no significant difference In the available calcium
content 1n the so011 due to 1norulation However the haighest

rontent was recordsed by the trestmsnt Ig and least by fthe

treatment 14

The different nutrient levels tried had also no significant

influrncre on avallable ralrium content 1n the so01l
4 6 5 Avallable magnesium content i1n soil

The mean valuss for availilabls magnesium contant i1n the o011
after the experiment are given :n Table 13

Inoculation did not significantly 1i1ncrease the available
magnesium content i1n the so03l Howsver thes highest value wao

recorded for the treatment Iz and least for the treatment Iy

|G R0



Table 13 Available soi!l jutrient status after the experiment as

1
influenced by 1noculation and nutrient levels (kg ha }
Treatment Available Available Availlable Availilable Available

nitrogen pho-phorus potassium calcium magnesium
o 143 73 32 87 33 85 292 14 35 73
Iq 143 73 28 24 33 88 261 34 33 75
I 143 773 29 25 31 B4 269 28 41 38
Iy 143 73 29 27 35 53 281 38 37 91
Fi3 9) NS 5 515" NS NS NS
SEm3¥ 16 987 1 210 5 19 30 48 3 35
CD(O 05} F 148
No 186 80 38 40 48 17 348 75 468 0B
N ¢ 168 87 42 19 50 BY 357 72 4 85
N_ 248 27 38 63 37 386 397 68 58 02
* % #
F(2 &) 34 399 7 279 NS NS NS
SEm+ 10 82 0 37 8 59 13 64 3 A7
CD{0O 05) 29 188 2 404

+ Si1gnificant at B percent level
¥4 Significant at 1 psrcent lavel

NS Not significant



The nutrient levels also did not have any significant

influence on the available magnesium contsnt 1n the so1l

4 7 Crude Protein

The affect of different treatments on the ecruds protein
rontent of the rrop 15 prossented i1n Tasble 14

There was no significant i1ncreass 1n crude protsin content
dig to the sffert of the different i1nocalante The different
nutrient doses alsoc did not show any significant 1nflugnce on tha

crude protein content

4 8 Economics of cultivation

The results on the economi:cs of cultivation of Stylosanthes inder

different 1noculation and fertilizer treatments 1s presented 1in

Tabls 15

The treatment combination i3n3g (VAM + Rhizobism + 5O parrent
rorommended dose) recorded the highaet net raturn. of Ro 2743 09
and Brnef1it cost ratio of 2 01 This was followed by the
treaftmant 1png (VAM+ no nitraients) with a Bensfit cost ratio of
1 89 and 1on4 (VAM 4+ B0 porrant of the rerommended dose ) with
net profit of Rs 2487 20 The control treatment 1000

regiotersed the lowest net i1ncome of Rs 711 70 and Benef1it cost

ratio of 1 33



Table 14 Effect of 1inoculation and nutrient levels on tne

protein (/) in the crop

Treatment Crude protein (?)
Ig 14 05
I4 15 84
Ig 14 42
Ij 15 11
F (3 9) NS
SEms. 0 543
CD(C 05) —_
NO 13 82
Ky 14 16
No 16 59
F(2 B) NS
SEHM+ 0 938
CD(D 05) -

NS Not significant

crude

69



Table 15 Eronomics of cultivation

Treatments  Cost of Cultivation {Y) Y eld {(Kgha 1) Gross income (X} Net income (Rs ) B/C ratic

(Rs ? IRs | X1 (X1

1gng 2158 00 9569 2870 10 ML 70 133
LAy 2597 00 11852 3555 80 958 60 137
102 3035 00 13809 4142 40 1107 40 1%
1np 2226 70 11666 3489 80 1213 10 157

{nq 2664 70 15494 4648 20 1963 5¢ (S L]
1Ry 3092 10 14795 4436 50 1345 89 1 44
fong 2239 20 11509 4452 70 2213 50 199
1004 2677 20 17148 5144 49 2467 20 192
19 3105 290 18503 5550 50 2445 70 1t
e 2251 70 11011 3303 30 1051 60 { 46
1] 2699 70 18109 5432 19 2743 09 2m
19 A W 19054 5716 50 2598 50 1 83
Price (Rs 1 1vg K B8 70 irg Polg 9 38 ¥y Vop 3 33 1Kg green foddar p30

Labosr Cost Rs 54 60/ Labourar
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DISCUSSION

A field sxpesriment was ronductsd i1n the Instructional farm
Vellaysni +to study the sffect of differsnt microbial 1noralants

1in Stylosanthes guianensis cv Schofield for 1ncreasing the

herbage production The resulis obtained from the study are
discussed below
5 1 Growth characters
5 1 1 Height of plants

The reasilts pressnted 1n Table 1 revealsd that thers was no
significant effect due to dual inoculation with VAM + Rhizoblium
on the heigzht of the plant at first and second months after
transplanting Thie 15 1n agroement with the observations of
Cariing et al {1880) 1i1n soybean where the response to

mycorrhizal 1noculation was evident only about 6 weeks after

planting At the first ci1t (50 days after planting) there was
si1gnificant difference 1n height bestween the ftroatments The

maximum hsight (45 B6 cm} was recorded in the dual inoculation
treatment Similar 1ncrease 1n shoot growth dus to dual
tnoculation was reported by Azcon et al (1979) 1n lucernse This

15 attribated to 2 synergestir effect due to i1nteraction betwsesn

the micro symbionts A similar trend was noticed 1n the second
cut also But the increase 1n height due to inoculation was not
statistically significant Similar redaction 1n response after

the 11nitial shoot harvest has been observed 1n white clover by
Powsll and Daniel {(19579)

It was obeserved that full fertilizar dose (N2) significantly
increased the plant height over control at the first and second
months after transplanting This might be due to the fact that

increased supply of nitrogen phosphorus and potassium 1ncreased



the height of plants The plants in unfertilized plot recorded
the lowest height st all stages As the level of NPK 1increased

140 20 80 30 kg ha ! the plant height 1increased

from 0 kg ha”
progressively The 1influence of nitrogen 1in promoting the
vegetative growth of plants 1s well established and ss such the
increase 1in plant height with incremental doses of nitrogen 1is
quite natural (Tisdale et sl 1985)

Phosphorus promotes root development (Tisdale et sal 19885)
and promotes meristematic amctivity (Black 1988) The 1increased
root growth 1in +turn would enhance +the uptake of nutrizents
resulting in rapid growth and development including shoot growth
Similar 1increase in plant growth due to phosphorus application
was reported in Stvlosanthes gracilas by Mariysppan (1878) Lekha
Sreekantan (1981) and Balachandran Hair (1988>»

The 1increasing levels of potassium from O kg Kp0 ha 1

to 30
kg Koag ha ! was also found to contribute to the 1increasing
plant heaight Potassium 1s important in the photosynthetic
process thus leading to greater carbon assimilation and growth
(Russell 1873)

The fertilizer dose 50 per cent of the recommended dose and
100 percent recommended dose were found to be on par This might
be due to the comparatively better fertility status of +the
experimental soxl
S5 1 2 Rumber of branches

The results presented in Table 2 showed that there was no
significant increase in the number of branches due
to moculation The treatment VAM salone recorded the

highest number of branches in both cuts This was on par with the



treatment YAM + Rhizobyum and Rhizobium treatment alone
Increase in the number of branches due to VAH inoculation may be
relsted to enhanced nutrient uptake and translocation by fungsl
sctivaity which enhances the utilization of photosynthate an the
serial part of the plant (Smith et al 1981

The increasing fertilizer dose from control to full
recommended dose significantly increased the number of branches
n the first cut Application of nitrogen phosphorus and
potassium might have increased the vegetative growth of plants
Similar results have been reported with 1ncreasing nitrogen
levels 1in lupin by Moursi et al (19768) increasing phosphorus
levels in Stylosanthes graecilis by Balachandran Nsir (1988) and
increasing potassium levels by Annamma George (1980) n
blackgram
5 1 3 Length of branches

The results presented in Table 2 showed that there was no
si1gnificant 1increase 1n the length of branches due to different
inoculants The treatment VAM + Rhizobium recorded the maximum
length of branches in the first cut In the second cut also 8
similar trend was noticed The synergistic effect due to the dual
inoculation +treatment m1ght have 1influenced the meristematic
asctivity due to the better acquisition of nutrients resulting an
increased length of branches (Barea 1991)

The 1increasing fertilizer levels did not have any significant
influence on the 1length of branches However there was an
increasing trend waith 1nerease in nutrient levels Similar
increase 1in length of branches with increasing nitrogen 1levels

was reported by Mours:i et al (1978) in lupin and with increasing
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phosphorus levels in Stylosanthes guianensais by Balachandran Naar
{1969) The ancrease an length of branches might be attraibuted
to the fact that at hagbher nutraient levels, the uptake of
nutrients was hagher (Table 11 and 12) This would have
stimulated meraistematic actavity, resvltang an ancreased 1length
of branches
51 4 teaf stem ratao
Results presented in Table 4 showed that there was no sagnificant
difference in leaf stem ratio between the daifferent anoculation
treatments at the first cut However at the second cut, 1t was
found that anoculation sagnificantly 2ancreased the leaf stem
ratio over control Leaf stem ratio as a measure of the qualaty
of fodder and hence determines 1ts effect on animals There was
gradataon an the leaf stem ratio, the highest being recorded by
VAM + Rhizobium treatment, followed by treatment VAM alone Thus
due to the combained treatment, the quality of forage has been
amproved Samilar improvement in quality of fodder due to dual
rnoculation was reported by Bagyaraj et al (1979) an cowpea and
Rin) et al (1987) xn Leucaena leeucocephala The fungal hyphae
increases the uptake increases the uptake of phosphorus (Table
11) and phosphate 1s known to ancrease the leaf area

The different nutrient levels were found to have sagnifacant
influence on the leaf stem ratio of the plant at the first cut
Though this effect was not so pronounced, +the same trend
contanued 1n  the second cut also The role of nitrogen 2an
increasang the leafiness of crops as well known (Russell, 1973)

Chandaina (1980) and Lekha Sreekantan (1981) also reported an
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increased leaf stem ratio with 1ncrease i1n levels of phosphorus
application wupto 120 kg Po0g ha ! Phosphorus application might
have otimulated better root and nodule development which

rasalted 1n 1ncreased nitrogen availability and hsenre better

leaf stem ratio (Russell 19731}
5 1 5 Spread of plants

The results presented in Table 3 showed that there was no
significant difference between the different 1noculation
treatments However the treatment VAM + Rhizobium recorded the
highest spread followed by VAM treatment alone in both the cuts
This 1nrresase might be dis to enhanced mineral nutrition of the
plant resul ting from greater exploring ability of the
axtramatrical myrelium of vesiciular arbusc lar mycorrhiza which
ovorcomes the limitations nn 3arguisition of 1one ttat diffaee
slowiy in so1l solati1on to the rhizoophere (Barea 1991) The
increase 1n the length of branches and general height of the

piants might al-o0 have contribited to the wider spread

The fertilizer levels had significant i1nfluence on the spread
of plants The treatments 50 per cent recommended dose and 100
par cent recommended dose werer on par and significantly superior
to control The effect of graded doses of N P and V¥V 1n
increasing the vegetative growth of plants has already been
discussed The difference i1n spread of plants might be dus to
the difference i1in the length of branches Mour-1 st al {1976)
also reported an i1ncrease i1n the spread of lupin with i1ncreasse 1n
nitrogen application Increaased plant spread due to phosphorus

application was reported by Sharma and Lavania (1980) in Vicia

{ 7



hirsuta and Vica sativa and i1n Stylosanthes by Lekha Sreekantan

(1981) and Balachandran Nair (1989) The 1increase in sapread
noticed 1n the study might be die to 1ncreased moristematic

activity 8o a3 resialt of snhanrgd isptake of natrients (Table 11

and 12)

5 1 6 Numbaer of nodulss

Inoculation significantly increased the number of nodiles ss
evidanrad from the result pre-anted 1n Tahle 6 and Fig 4 tts
Rhivoby m +treatment slons and dusl i1nocilation traatment (VAWM +
Rhizobium) recorded the highest number of nodules Similar
res Alts were reported by Rawast et al (1981) and Rin3 et al

(1887) in Leiaraspa leucecrephala A good supply of phosphoras 1s

assantial for effective podalafion (M nns and Mossm 1980) The
increasad nodulation co 14 be attrib ted +to thse fact that
opecific root exudates on mycorrhizal leg ames mRy Act a5
rhamotartic attractants. nf Rhizobiuim (Gitte et al 1978}

Sivaprasad and Rai1 (1987) effectively proved that 1ncreased

nodulation of Cajanus cajan in tripartite symbiosis was due +to

incragsard ecytolkinin artivity 1n otem exadates and roots  of
nycorrhizal plants VAN fungi thus firet ctimulate the nndals
bacteria and their activity by 1ncreasing tissue phosphoruis
concAntratinn {(Smith and Daft 1977 Mosag ot al 1876)
resalting 1n 1ncreaesgrd nitrogen fixkation and cansanqJantly

enhanced plant growth

There wao no significant differrnce 1n nodale namber dae to
diffrrent natrient levels However the treatment fill recommended
dose showed a slight i1nrrease i1n nodule namber when rcompared

with tle control Graded dose of N P and K are known to Ilnurease
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nodulation 1n legumes (Tisdale et al 1685) The limited
increase 1n nodulation may be due to the medium nitrogen status
(313 8 kg ha 1) of the so1l Nitrogen fixing bacteria when
«upplisd with readily avallable forms of nitrogen bacome

inactive and less efficient in fixing atmospheric nitrogen

thereby retarding the formation of nodules (Russell 1873}

5 1 7 Weight of nodules

The results regarding the weight of nodules 1s presented in
Table 7 and Fig S The same trend chown by the number of nodulss
1s raepeatsad 1n the rharactar also Inoculation with Rhizobium
and VAM + Rhizobium significantly i1nrreased the weight of nodulss
cver rontrol Rai1 (1988) obssrved similar 1ncresse 1n nodule dry

weight by dual 1norulation 1n Cicer aristinum Similarly

Pacovsky et al {1986) reported increased nodule weight and hence
high nitrogen fixation due to dual inoculation 1n soybeans The
1ncreass in nodule number recorded in thie study might aloo have

had a pooitive role 1n i1ncreasing nodule weight

The different fertilizer levels had no significant influsence
on weight of nodules But there was a ¢gradation the weight
incrgasing from the control traament to full recommended dose
High doses of phosphorus and potassium are known to 1increase
nodulation (Russell 18731 The 1inerrease 1n nodiale qnumbser
(Table 6) might have i1ncreased the noduls weight aleo

5 2 Green matter yvield

The resalis on green matter yield presented in Table 8 and
Fig 6 showed that the treatment VAM + Rhizobium was

si1gnificantly suparior to wuninoculated control The dual
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1nocutlation treatment showed 52 peirwent hipher yield thay the

uninoculated c¢ontrol in the first cut In the first cut the
height spread 1eaf stem ratioc number and length of branches
ware higher for the dual 1noculation treatment This might be
the reason for enhanced green matter yield The synergestic

effect might have i1nduced more uptake of nutrients (Table 11 and
12) by way of enhancod nitrogen fixation and sextramatrical not
work of VAM hyphae which functions synonymous to the root harir
{Barea 1991%) which 1n turn increased the vegetative ¢growth

reflecting 1n 1ncreased green matter yield

The effect due to i1noculation was not so pronounced i1n the

sarond cut though the treatment VAM + Rhizobiim rerorded 34
percant higher yi1eld than control This might be due +to an
overall reduction 1n growth parameters also 1n the second cut

Similar depression i1n yield after the first gut was reportsd by
Lim and Cole (188B4) 1n white clover where the magnitude of

mycorrhizal response decreased with successive harvests

The fertilizer level 100 percent of the recommended dose

racorded the highest grasn matter yield which was on par vith 50

percent of the recommendsd dose As the level of nitrogen
1ncreases the carbohydrates synthesised 1n the leaves are
ronverted +to aminoacids mainly i1n the leaf The sextra protein

allows the Ileaves to grow larger and have wmore photosynthetic
area leading to higher yi1eld (Russell 1973) Increase 1n top
growth of 1lipin and hence gresn matter yi1eld with 1ncreasing
nitrogan ratas was reported by Moure: gt al (19781

Balachandran HNair (1989) alco reported an 1ncrease in green

matter yield with increasing phosphorus levels i1n Stylosanthss
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The role of phosphorus i1n 1ncreasing the cell division and
activity of meristematic tissues thus increasing growth and
yield 1o well ectablished {(Russell 1973) Potao-1um has been

shown to i1nrrease yields i1n Trifolium alexandrinum (Rocbinson and

Savoy 1989) In general the higher fertilizer dose given 1in
this trial might have i1ncreased the overall vegetative growth of
the plant and this could be the reason for higher green matter
rsield Gresn matter yislds obtained showed +that 5O psrrent
recommended dose 1s as efficient as 100 percent recommended dose

1n prodiacing high green mattsr yield

5 3 Dry mattar yield

The results on dry matter yield presented i1n Table 9 and
Fig 7 showed that there was significant response to 1inoculation
with VAM and Rhizobium over control at both cuts Similar
rosults were reported i1n lucerne by Barea et al (1980} in
Glycine max by Pacovaky et al (1988) and 1i1n pigeonpea by
Si1vaprasad and Rai (1987} Increase 1n hei1ght spread number
and length of branches might have rontribited to high dry matter
yield The enhanced vegetative growth and high green matter
s12ld might 2150 contributad to greater dry matter yisld

The diffsrent fertilizer levels gave significantly bhigher
yields compared to control The treatments 50 percent of the
recommended dose and 100 percent of the recommendsd dose were on
par and sFignificantly higher than control Similar trend wss
observed 1n the case of height spread and length of branches
The increasing dose of fertilizers might have increased the green
matter yield, reflecting in higher dry matter yield also The

treatments 50 percent recommended dose and full fertilizer dose
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vara on par suggesting that 50 percent recommendsd dose 1s

sufficient beyond whirh no -~1gnificant yield i1ncreass oeccars

5 4 Mycorrhizal colonization in the root

The rasul ts presented 1n Table 10 showad that at
transplanting the mycorrhizal colonization 1n VAM 1noculatsd
plants was 28 33 percent The mesan wvalue for myrorrhizal
coloni1zation at the close of the experiment showed that the
treatment i3n4y (VAM + Rhizobium + 50 percent recommended dose)
registered the highest value followed by 13 ng (VAM + Rhizobi.m +
no nutrients) Sai1f (1986) also reported stimulated mycorrhizal
infection with low levels of applied phosphorus Addition of
combined nitrogen decreased mycorrhizal development 1n young
clover roots (Chambers et al 1880) Elias and Safir (18987)
found that the preference of VAM fungus to low phosphorus
concantration 1o berause 8% low phosphoru-. conrcontrations the

exudates from plants stimulate hyphal elongation of VAM fungus

The lowest wvalis wss reported for the +reatment ND
inoculants + 100 perrent recommended dose (1gnp) Thies 1ndicates
that native VAM 185 -uppre.sed at higher dooss of fertilizer
application But the i1noralation responses were not related to

infection level Stylosanthes responded most from 1noculation

in w01l with moot available phosphorus Similar results were
obtained 1n lucarne by Owusu Bennoah and Mosse (18789) VAM
fungir are especially affected by so1il fertility factors
Limonnard and Ruissen (1988) found that effect of nitrogen on VAM
development was even more significant than that of phosphorus
Even at high phosphorus levels much VAM could be formed

provided the soil nitrogen level was low



5 5 Nutrient uptake

5 5 1 Nitrogen uptake

It 15 evident from the results presented in Table 11 and
Fig 8 that 1noculstion did not oci1gnificantly 1ncrease the
nitrogen uptake by the plant However the trestment Rhizobium
alone racnrded the highest nitrogsesn uptake whiech was closely

followed by VAM + Rhizobium Rhizob:am treatement rerorded

higher nodule number and nodule weight hence the uptake was also
higher Smith et al (1581) showed that VAM increased nitrogen
infiow 1i1nto the plant The VAM fungus can absorb nitrate 1ons
from beyond the more deficient cells arocund the roots Smith and
Gianinazz1i1 Pearson (1988) observed that i1ndirectly VAM 1ncreased
the nitrate redicises 1n the plant whirch 15 neecsassary for

nitrate assimilation

The different nutrient levels also had no significant effect
on the nitrogen uptake The increasing nutriesnt levels however
showed an incredoing trend 1n the nitrogen uptake The
tneignificant result might be die to the medium nitrogen otatus

{313 8 Kg ha 1) of the experimental site
5 5 2 Phosphorus uptake

The results on the phosphorus uptake by plants 1s presented

in Table 11 and Fig 8

The tfreatmsnts VAM alone and dusl i1norulation recorded on
par values for phosphorus uptake which was highly significant
over control The res-on for enhanced phosphorus uptake by VAM

plants 1= still controver-ial In any caos VAM hyphams can take



advantage of their goometry and bestter dietribaition than roots to
acquirs phosphate from tranoistory loraliced and diluted sources
of the slament (Harley and Smith 18983} There are 1ndicationo
that YAM hyphae are able to tske .p phosphate from soi1l solutions
with 1low phosphate concentrations more efficisantly than simple
roots (Bargas 1991) The gialitative and guantitative changes 1n
the root exudation patterns (Harley and Smith 1883) and the
differences between VAM and non mycorrhizal plants in the
absorption of anions and cations which can change with the pH of
the rhizosphere {(Buwalda et al 1883) are the indirect

mochanisms which 1ncreasaes phosphate availability to the plant

There was no significant i1ncrease 1n phosphorus uptake due
to 1ncreasing fertilizer levels Bul progressive 1ncrease Was
noticed 1n the wuptake pattern from the Ilowest dose +to the
highest dose of fartilizers Incrosse i1n phoophorus uptake with
increasing doses of phosphorus was reported by Lekha Sreekantan
{1531 incrassing the rate of phosphoris applied 1n the soil
might have i1ncreased i1ts availability and conseqient sssimilation
by plants which results in higher phosphorus uptake values for
the plant Similar results have been reported by Dhar (1878} and
Mariyappan (1878) 1n the case of various legumes traied The
1ncreas? 1n dry matter yields with i1ncreasing nutrient levels
might have enhanced the total phosphorus recovery in the present
atady

5 5 3 Potassium uptake

The results presented 1n Table 11 and Fig B showed that
there was si1gnificant 1nrrease 1n potsseoium uptake dus  to

i1noculation The highest potassium uptakse value was recorded by



VAH + Rhizobium treatmeat VAM increases potassium uptale
resulting 1n an i1nrrement 1n shoot growth (Nislson and Jenson
1983) Mycorrhizal infoction has been found to improve ths

potassiam nutrition of Trifoliam subterransum when 1nternal

potass1am  ronocentrations wars genearally low The 1nrreased
potassium uptake might also be tha result of i1mproved phosphoruis
niatrition {Smith et al 15811} The Rhizobium trsatment might
havsa rontriboted to bettear nodulatinan and henrem beatter

avaiiability of nutrients teo the crop

There was gignlficant increase i{n uptake of potasaium with
increasing levels of nutrients A stimulated growth under higher
lpvalos of fertilizer applicstion might have resalted 1n better
proliferation of root =yotem and 1ncreassd intake efficiency of
plants Similar resilts vith i1nrreasing potssoiJm rconrantration

va reported by Robinoon and Savoy (1588) 1n Trifolium repens and

Lakha Sreekantan (19811} 1in &Stylosanthss with I1NCredc1ng

pt osphorus doses The higher dry matter production with 100
perrant recommgnded doss might have contribiated to the snhanrad
uptake of nutrients

5 5 4 Calcium and magnesium uptake

[t was oberrved (Tables 12Z) that there was no gsi1gnificant
dif ferganre 1n the uptake of caleci.m and magnesiam by the plant
due to different 1nocutation treatments However the VAM +
Rhizobium treatment recorded the highaest calcium uptake followed
bv Rhizobiim trestment Simiiar i1ncreacm in upfabe of ralciiam

was reported by Huiang ot al (1583} 1n Leicasna leirocaphsla

Smith and Giraninazzi Fearcon (1988) suggest an association of

2+

Ca distribution 11 plants wlth the synthesis and breabdowi of
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polyphosphats granules sinre the cation 1s a secondary

constitagnt of thece granules

Magnesium uptake was also higher for the treatments with
mycarrhiza Mycorrhizal 1noculation was shown to significantly
increase magnesium uptake of lucerns by HNielson (1990) The
onhanred magnessium uptake m3y bhe an effect of the extensive

mycelial network and increased dry matter production of plants

The nutrient levels also did not affect the wuptaks of
calcium and magnesium However with 1ncreasing nutrient doses
an 1ncreasing trend was noticad in the uptakse wvalue Similar
increaee  1n aptake of catione with 1ncrease 1n Yhe dose of
phoephoris applied vas reported by Balachandran Nair (18989) The
indirect effect of enhanred iptake may boe dus to the highsr dry

matter production at higher nutrient levels

5 5 5 Micronutrient uptake

Inoculation did not significantly 1ncrease the micronutrient

uptake as evidenced by results pressnted in Tables 12 However
the <treatments with mycrorrhizal 1noculation registered +the
highest micronutrient uptake The VAM are known to be 1nvolved

in the wuptake of zinc and copper trace wolements having low

mobility 1n the soi1l (Rhodes and Gerdemann 1980 Tinker and
Gildon 1884 Harley and Smith 1983} An 1ncrease in 1ron
uptake due to VAM 1noculation has also bsen shown by Rai (1988)

1in Cicor aristinim Plants rolonized by VAM fungi exploit 3 murh

larger s011 volume and so are capsable of mining more 1mmobile

trace olements than nonmycorrhizal ones (Pacovsky 1986)



5 6 Soil Analysis

5 6 1 Nitrogen content in the soil

The results presented {in Table 14 showed that there was no
significant difference 1n the soc1l nitrogen rontent dus to
d1fferent i1noculantes The high nitrogen uptake by the crop when
1inorulated with VAM+Rhizobium and the roneequent high dry mattar
production might have led to a reduction in the nitrogen statie
of thg so1il Bat 1n the no i1noc lation treatmoant the low wuptake
of nitrogen and the comparatively less dry matter production
might have re-islted 1n limited utilization of nitrogen roserves

in the oso1ld

However wi1ith increasing fertilizer levels from contro! to
100 percent recommended dose there was significant inerease 1in
the 501l nitrogen status The moderately high (313 kgha 1)
nitrogen status of the soi1l might have snhanred the dry matter
production of the plant resulting in less utilizatfon of applied
nitrogen The 1ncreas=2d so1l nitrogsen otatus might alsoc be
attributed to the wutilization of fixed nitrogen by the crop
leading to the increase 1n residual nitrogen status Increase 1n
so1l nitrogen statiss with i1nrreased application of nitrogenouc
fertilizero had been reported by Leae et al (1890} 1n Msedicago
sativa

5 8 2 Phosphorus content in the so1l

The results presented i1n Table 14 show that the control
treatment {no 1noculation) recorded the highest avallable
phosphorus content 1n the so01l This could be attributed to less
uptake of phoophorus by the plant and henre less utilization of

native and applied phosphorus THe lowest value was recorded by
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the treatment Rhizobium VAM + Rhizobium inoculation treatment
rerorded svailablea phosphoras ceontant of 28 27 kg ha ! 1n  the
soil Inoculation with mycorrhiza i1ncreases the phosphorus uptake
by way of extensive myceli1al! net work and also adds phosphorus
to the avasilable pool {(Barsa 1991) However the higher ¢graen

matter si1eld dus to acqgiiecition of natrients like phosphorus

would have resulted in lnw available phosphorus in the ao1l

Significant 1ncrease was obaserved 1n available phosphorus
content dae to different fartilizer levels The +treatment 5O
percent of the recommended dose recorded the highest available
phosphorus content followed by full fertilizer dose Increase 1n
dvailable pho-phorus content in soil with i1ncrease 1n the dosa of
phosphorus appiied was reported by Mariyappan (1878} Lekha

Sreekantan (19881) and Balachandran Nair (1988}
5 6 3 Potassium content 1n sorl

The results presented i1n Table 14 showed that there was no
signifirant difference 1n potascium rontent of the so03l due to
inccalation The trematment VAM + Rhizobium recorded the highsest
avallable potassium content 1n the soi1l followed by the control
treatment This might bs dis to the fact that could VAM rould
enhance potassium content of the so1l by hyphal exploration for

further utiilization and better plant growth

The different nutrisent levels did not show any significant
influence on the available potassium content of the so1l
However the control treatment registered the highest potassium
content probably due to limited utilization of the element for

green matter production by the plants
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5 6 4 Calcium and magnesium content in the soil

There was no significant difference in the available calcium
a3nd magnesiam contents i1n the »,pi1l due to 1i1noculation This
might be duas +to i1nrressed wuptsks of thess nuatrients with

inoralation

The different nitrient levels also did not influencs the
avairlable calcium and magnesium otatis of the s011l Thi= showsed
that thers was no additional benefit due to the application of
NPV fertilizers on the calcium and magnesium contents 1n the
501l Howaver incresse 1n ration exrhange rapacity with
increase 1n dose of phosphorus was reported by Singh (1975) in

Stylosanthes humilis and Bruce (1974) in Styleosanthes gufanensis

Hesnce the 1ncreasing trend shown by the i1ncreasing nutrient
levels seems to suggest the 1nfluence of phosphorus in

increasing the available calcium and magnesium contents in so1il

5 7 Crude Protein

From the results presented i1n Table 13 1t roild be seen
that there was no ci1gnificant offect on the crudse protsin
content due to i1noculation The treatment Rhizobium recorded the
higheat <crude protein content which may be due to the bhigher
nitrogan content an the plant die to better assimilation of
nitrogen This was followed by the treatment VAM + Rhizobium
The Rhizobium -symbiont in the dual 1noculation treatment might
have contributed to better nitrogen uptake and hence higher crude
protein yield Increase 1n crude protein was noticed with
Rhizobium 1noculation 1n lurerne by (Jonsson 1982) and 1n

coybean hay by Varyagin (1880])



The crude protein rontent was _not found to vary
signifirantly with 1ncreasing natrient lsvels But an 1nereasing
trend wss observed with the natrient levels varying from control
to 100 parrent rerommendsd doe.s Incraase 1n nitrogen rontognt an

the plant has a pooi1tive effect on the crude protein contant

(Risamll 19731} Phosphorus 15 known for the developnent of
root> and rootlets Hence more arsa would be available for
nodule formation leading to more nitrogen fixation Phoaphoruas
wao repor ted to inrrga.e the crude protein content 1A

Stylosanthes by Lekha Sreekantan(15881) and Balachardran Nair

(1989) Application of NPV fertilizers also 1ncreased the crude

protain content 1n soybes (Girenko and Levenokia 1974)

R8
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SUMMARY

An 1nvestigation was conducted +to study the effect of
different microbial i1norualants (Rhizobium Vesicular arbuscular
myrorrhiza (VAM) and VAM+Rhizobium) 55 well ss different levels
of nutrients (No no nutrients Ny 50 percent of recommended
dose No 100 percent of recommended dose! and their

intaractions on i1ncreacing the forage production of Stylosanthes

g1i1anensi1is cv Schofield

The wexperiment was laid out 1n strip plot design with four
replications The i1mportant results of the study are summarised
below

1 Plant height significantly 1increasead with the treatment,
VAM + Rhizobium 1n the first cut All other treatments were on
par In the oecond cut no oi1gnificant i1ncrease was notirsd 1n
height dus to i1noc lation But the treatment VAM + Rhizobium wao
superior over the other trestments

The treatment 100 percent recommended dose was significantly

superior to all other treatments in the first and second cut,

2 lnoculation and nutrient 1evels did not s:ignificantly
increase the number of branches i1n the first and second cuts

3 The combination treatment VAM +Rhizobium registered the
highest 1length of branches 1i1n both cuts but 1t was not
statistically significant

The 1ncreasing levels of nutrients showsd & conocistent
increase? 1n the length of branches i1n the first cut and 3
si1gnificant response with higher nutrient levels was noticed 1n

the second cut

39



4 The spread of plants was not i1ncreased significantly dus
to inoculation However the treatment VAM + Rhizobi am
roglsterad higher spresad 1n both the cuts

The spread of plants i1ncreased significantly with 1ncreasing
nitriont lavelos The treatments 50 perrent recommended dose and
100 percent recommended dose were on par and significantly

= sperior to rontroil

5 A significant increase in leaf stem ratio was noticed
with inoralation Bit thieo wao svident only 1n the second «cuat
In both the ruts the treatmant VAM+Rhizobi um racorded the

highest leaf stem ratio followed by the VAM treatment

The treatment 50 percent recommended dose recorded
si1gnifirant 1ncreass 1n lsaf otem ratio i1n the first cat In

the second cut howsver the effact was not cignificant

8 The trgatment JAM + Rhizobiim recorded o1gnificant
increase 1n the number of nodules but 1t was on par with the
Rhizobium treatment in both the cuts

The different nutrient levels did not -how any significant
influence on the number of nodules

7 There was significant 1ncrease 1n the weight of nodules
due to 1noculation with VAM + Rhizobium in both cuts but 1t was
on par with the Rhizobium treatment

The natrisnt levels fdid not show any ~ignificant inrrsace 1
this rhararter

8 The green matter yield was significantly increased due to
inorulation with VAM +# Rhizobium in the first cuat But this

effect was not significant i1n the second cut

90



91

A significant i1ncrease was noticed in the green matter yield
with 1ncrease 1n nutrient levels There was a gradation 1n
1INFreaasg the highsat value being for 100 percent recommended
dose which was on par with 50 percent recommended dose

9 Inorulation with VAM + Rhizobium produced sigonificant
increase 1n dry matter yield in the first and second c¢cuts over
ronirol

Similar as1gnificant response was notiecesd with i1necreasing
nitrient lavels The highest dry matter yi1sld was obtained with
100 percent recommended dose which was on par with BO percent

recommanded doaos

10 There was significant 1nrresse 1n phosphoras and
potasorum uptake Dby the rrop dus to 1nociatiation with VAM +
Rhizobium Nitrogen uptake was not significantly 1nflusnced by
inocuafation

11 A si1gnificant respone.e was not noticed in the case of
calcium magnesium and micronutrient iptaks due to i1noculation or
different nutrient levels

12 No significant response was noticed 1n crude proteln
content due to different i1noculants or faertilizer levels

13 The availasble nitrogen phoophorus potassium calelsm
and magneclum stat e of the so1l was not signifirantly influsnced
by inoculation But with inecrease 1n ouatrient doses there was
rorresponding inrrease 1n thes available nitrogen and phosphorus
otatus of the o1l

14 The treatment combination VAM + Rhizobium + 50 percent
of the recommended dose registered the highest net profit of

Rs 2743 09 and B/C ratio of 2 01



Future line of work

The effect of dual inoculation with VAM + Rhizobium 1n

increasing the fodder production under different cutting

intervals and on seed production has to be investigated

Diffarent methods of application of myrorrhizal 1nocul um should

be trisd out and the beast method should be svolved
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ABSTRACT

An experiment was conducted st the College of Agraiculture
Yellayani to study the effect of different inoculants (Rhizobinm
Vesicular arbuscular mycorrhiza (VAM) and VAM+Rhi.obinm) and
di1fferent nutrient levels (no nutrients, 50 percent of the
recommended dose and 100 percent of the recommended dose) 1in
inereasing the herbage productivity of Stylosapthes eduisnensas
cv Schofield The recommended nutrient dose was N P K @

20 80 30 kgha I

The experiment was laid out an Strip Plet Design with four

replications

The study revesled that co inoculation of Stylosanthes with
VAM and Rhizobium significantly increassed the plant height The
nutrient dose 50 percent of the recommended dose snd 100 percent

of the recommended dose were found to be st par

A consistsent increase 1n leaf stem ratio and spread of plants

was noticed due to dual inoculation with VAM and Rhaizobium

There was significant increase in nodulstion and nodule
weight on inoculstion with VAM+Rhaizobaum The highest number of
nodules ( 141 8 1in first cut and 211 8 1in second cut) was

recorded by the dual inoculation treatment



Signiiicant response to dual inoculat:ion was observed with
respect to green matter yield (52% increass over control an the
first cut and 344 increase in the second cut) Similar results

were obtained in the case of dry matter viseld mlso

The trestments 50 percent recommended dose snd 100 percent
recommended dose were st par for green matter snd dry matter

vields

The phosphorus uptake values slso showed significsnt increase

with dual inoculation

The treatment VAM+ Rhizobaium + 50 percent recommended dose

recorded the highest B/& ratio of 2 01



