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The livestock population in India is the largest in the 

world bjt the produc+ion of milk and milk prodjcts is the 

lowest- The daily percapita consumption of milk in India is 

about 114g while that recommended by medical authorities is 

280g The introduction of crossbred animals with high

productivity is a vital step in bridging this gap B jt to 

maintain the productivity of these exotic animals adequate 

quantity of good quality forage is a must

Kerala with a cattle population of 3 42 million produces

14 25 lakh tonnes of milk per year Milk production in Kerala

mainly depends on highly priced concentrates and inferior qjality 

roughages like straw weeds and crop wastes According to NCA 

11977) about 65 70 percent of the production cost is accojnted 

by way of feeding charges The requirement of dry fodder in the 

state is 67 6 lakh tonnes But the present availability is only 

40 lakh tonnes of which cultivated fodder contributes only 0 4 

lakh tonnes Thus 27 6 lakh tonnes of dry fodder is additionally 

required to meet the targeted milk production by 2000 A D

The scarcity of f e r t i l e  farm Land and the existing heavy 

pressure on land makes it almost impossible to attain self 

s u f f i c i e n c y  m  cultivated fodder The escalating prices of
concentrates necessitates an increased availability of good
quality grasses and legumes for economic milk production Hence

fh? Jiahla alternatives are to include fodder crops in different 

cropping systems and to increase their productivity so that 25 70 

perceit of the roughage requirements of cattle could be met from 

cultivated fodder



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 
S-tylosanthes guranens_is dewit is a perennial leguminous fodder 
crop introduced to India from Australia The cultivation of this 
crop is gaming popularity m  Kerala due to its suitability under 
open and partially shaded conditions Observational trials by KLD 
board have shown that the crop is well suited under sole and 
mixed cropping with a number of grasses Studies conducted at 
Vellayani by Chandim (1980) Lekha Sreekantan (1981) and 
Balachandran Hair (1989) have shown that this crop yielded on an 
average 35 tonnes of green fodder ha  ̂under rainfed conditions 
m  coconut gardens

The key limiting factor for legume fodder production is their 
high fertiliser requirement especially phosphorus The fertilizer 
requirement for Stylosanthes as given m  the package of practices 
is N P K @ 20 80 30 kg ha * under Kerala conditions With the 
exorbitant rise m  the price of chemical fertilizers it becomes 
highly demanding for farmers to use fertilizers even for food 
crops Hence though the fertilizers cannot be substituted the 
use of costly fertilisers to forages could be reduced to the 
maximum extent possible by exploring new avenues

In this context biofertilizers (microbial moculants) seem to 
be a welcome boon to farmers With the rapid depletion of fossil 
fuels which are the source of energy for manufacture of 
fertilisers efforts should be oriented towards increasing the 
use of biofertilizers Rhizobium is a nitrogen fixing micro
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organ ism and in symbiotic association with the roots of 1 egume 

crops In addltion to economising nitrogen fertilizers

Rhizob1 Jm inoculation serve to enrich soil fertility by 

augmenting nitrogen fixation

Phosphorus is a vital element in almost all biological 

systems (Wnstheimer 1967) and is required in large quantities 

Legumes have 9speclally high phosphorJs requirement but he v « 

less extensive root systems and hence are poor foragers of soil 

phosphorus In Kerala with predominantly acid soils phosphor s 

fixation as iron and alumini m phosphates is a major problem 

Vesicular arbuscular mycorrhiza (VAM) which is a fungus in 

symbiotic association with roots of crops have the ability to 

harvest even the unavailable or sparingly soluble forms of soil 

phosphorus and absorb it more readily than roots (Young et al 

1986) In addition to phosphorus VAM fungi are known to

increase the availability of micronutrients Hence it could be 

beneflcial if the potentiality of these organisms to enhance the 

acqjisition of nutrients and hence increase the productivity 

could be exploited to our advantage

Legumes have been shown to benefit- from the dual action of 

obligate endophytic fungi (VAM) and Rhizobium in the root 

noduleo Dual inoculation is reported to produce even better 

results compared to lnoculation with either Rhizobium or 

mycorrhiza alone The synergestic effect due to co Inoculation 

m  Sty 1 osanthes and it role in increasing productivity and 

reducing fertilizers has to be investigated and hence the present 

study was undertaken with the following objectives



1 To compare the effects of different 1 nocu1 ants

(Rhizobium VAN and dual inoculation with Rhizobium and VAM) in 

increasing the fodder produf’1 1 v i ty of Sty 1 osanthes

2 To find out if there is any reduction in fertilizer 
r e q u i r e m e n t  due to inoculation treatments

3 To f'ompare the economics of the above d i f f e r e n t

treatments
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REVIEW OF LITERATURE

The present investigation was undertaken with the object of 

increasing the herbage production of Stvlosanthes guianensis by 

microbial inoculation and to save fertilizer without affecting 

the productivity, so that the production cost could be reduced 

considerably

The relevant literature on the fodder production of 

Stvlosanthes guianensis due to the influence of microbial 

inoculation especially with respect to Rhizobium and mycorrhizal 

application along with chemical fertilizers are reviewed 

hereunder Other related crops are also taken into consideration 

wherever found needful

2-1 Effect of Inoculation on growth, yield and quality 

2 1 1 1  Effect of Rhizobium on growth and yield

Karyagin (1980) found that Rhizobium strains increased the 

plant height, root weight fresh fodder, hay and seed yield in 

soybeans

Jonsson (1982) reported that Rhizobium inoculation increased 

dry matter production m  lucerne

Nitrogen application <£ 15kg ha 1 or Rhizobium inoculation 

resulted m  significant increases m  number of leaves, branches 

and dry matter plant 1 of greengram (Snvastava and Sharma, 

1982) Similar increase m  green fodder yield of lucerne due to 

inoculation with Rhizobium has been reported m  a field trial by 

Gupta et al (1980)
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Me.dio.ago satlva inoculated with Rhizobium meliloti strains 
gave higher fresh fodder yields compared to unmoculated control 
(Kots 1989)

Dry matter yield of Medicago sativa was found to be higher 
with Rhizobium inoculation than without but were not 
statistically significant (Curcita et al 1989)

2 1 1 2  Effect of Rhizobium on nodulation
Oke (1967) reported that Ca.ianus and Stylosanthes guianensis 

formed nodules m  3 weeks
Inoculation of berseem seed with ten strains of Rhizobium 

tj.if.oln was seen to markedly increase the nodulation nitrogen 
fixation plant nitrogen content and fodder yield (Poi and Kabi
1979)

In pot trials with lucerne Choi et al (1979) found that 
inoculation with Rhizobiuminereased nodulation to 84 percent 
;hile uninocilated control registered 35 percentage nodulation

Inoculation with Rhizobium significantly increased number of 
nodules of lucerne upto 12 5 kg Nha  ̂ (Gupta et al 1980)

Kim eu al (1980) observed that Rhizobium inoculation 
increased uhe nodule number plant  ̂ but had little effect on the 
module dry weight plant  ̂ Nitrogen fixation was significantly 
increased oy nodulation Beneficial effect of inoculation in 
increasing nodulation nodule dry weight plant  ̂ and nitrogen 
content has been reported by Prasad and Ham (1988) and 
Vaishya et al (1983 ) m  Vigna radiata



2 1 1 3  Effect of Rhizobium on nutrient uptake

2 1 1 3 1  Nitrogen

A strong porrelation was found between crown nodulation and 

nitrogen content of shoots in tiedicago sa1 1 va (Fijnenborg et al 
1981 )

No significant difference in plant nitrogen content was 

noted by Tang et al (1982) on inoculation with Rhizobium in 

Macropty1 urn atropurpureum

Rhizobium inoculation significantly increased nitrogen 

uptake in gre«n gram (Madhava Reddy 1988)

2 1 1 3 2  Phosphorus

Inoculation with RhtzobiJm increased the phosphor is contents 

of ohoots and s^eds of mjingbean (Yousef et al 1989) Similar

increase in phosphor is content was reported by Rajj and Verms 

(1984) in both straw and grain of mungbean due to mocjlation

2 1 1 3 3  Other nutrients

Prasad and Ram (1988) observed that Rhizobljm inoc lation 

increased calcium uptake and concentration in greengram

In mung pota0siim concentration signif leant 1 y increased in 
□trsw due to Rhizobium treatment (Raju and Verma 1984)

2 1 1 4  Effect of Rhizobium on crude protein content

Karyagm (1980) reported increase in crude protein in hay of

soybeans due to Rhizobiurn inoculation Similar increase has been

noted in lucerne by Janssen (1962) due ta Rhlsoblum inoLulatioi

7
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In field trials with Medicago satlva it was observed that 

inoculation with Rhizobium strains 1 ncreased the dry mat ter 

yi«ld at first and s econd m t s  and c r jd« protein content in third 

and, fourth cuts (Ponte et al 1989) Sjdhakar et el (1999) 

fojnd that inoculation or phosphorjs application alone increased 

th« protein content in bla kgram compared to control b jt their 

combinations increased th« f’ontnnts still fjrther

2 1 2 1 Effect of Veslcular arbuscular mycorrhiza on growth and 

yield

F o w e l l  a n d  D a n i e l  (1^79) r e p o r t e d  t h a t  w h e n  c l o v e r  s e e d l i n g s  

v « r «  i n o r l i s t e d  w i t h  i n d i g « n o U s  or E 3  s t r a i n  of m v c o r r h i z a l  

f i n g i  a n d  t r a n s p l a n t e d  i n t o  u n d i s t u r b e d  c o r e s  of e i g h t  h i l l  

^ o i n t r y  s o i l s  a n  1 n c r e a s e d  s h o o t  g r o w t h  f r o m  16 117 p e r c e n t a g e  

'/as o b s e r v e d  It w a s  a l s o  n o t i c e d  t h a t  th e  g r o w t h  b e n e f i t  by  

i n o c u l a t i n g  m y c o r r h i z a l  f j n g i s  t e n d e d  to d e c r e a s e  a f t e r  i n i t i a l  

s h o o t  h a r v e s t  a n d  t h e n  w a s  m a i n t a i n e d  at lo'/er lev « l  ove i  

s u b s e q  J e n t  h a r v e s t s

A fo r fold increase in growth of 1jcsrne was noticed by 

O w j s u  Pennoah and Mosso (1979) dje to inocjiation with C 1omis 

eg 1 edonlum Saterlee et el (1993) reported an increased lop 

growth of lucerne with mycorrhizal inoculation in pot trials on a 

c i ay L oam so 1 1

A s i g n i f i c a n t  i n c r e a s e  in s h o o t  l e n g t h  r o o t  l e n g t h  s h o o t  

w e i g h t  a n d  r o o t  w e i g h t  of c o w p e a  g r e e n g r a m  a n d  b l a c k g r a m  w a s  

o b s e r v e d  d u e  to i n o c u l a t i o n  w i t h  VAM ( R a m a r a j  a n d  S h a n m  g h a m  

1996 )
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Champawat 11969) reported increased shoot and root dry 

weight in chick pea with VAM inoculation in m s  ter 1 1 lzed soil

Inoculation of soybeans with G 1omus fasci c u I aturn or 

indigenous VAM fungi increased the dry matter accumulation in 

plants {Singh 1990)

2 1 2 2 Effect of VAM on nodulation

A strong stimulation of nodulation was noted by Crush (1974) 

in Centrosema oubescens. Sty 1osanthes guianensls and Trlfo1 m m  

repens due to mycorrhizal association

La Torraca (1979) reported an increase in nodulation of 

die to inoculation with VAM In Lentil (Lens escu 1 en ta) 

Bala and Singh (1983) observed improved nodulation and nitrogen 

fixation with VA mycorrhizal inoculation

Green et al (1983) found that inocjiation of subterranean 

clover with G 1 omus fascicu1 at jm G 1 omus mosseae or both had 2 

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

pi ants

Soil inoculation with G 1om jo fasciculat jm alone improved the 

number and dry weight of nodules and nitrogen concentration in 

shoots of Cicer arletinum equivalent to the effects of seed 

inoculation with Rhlzobium (Subba Rao et al 1986)

2 1 2 3  Effect of VAM on nutrient uptake 

2 1 3 3 1  Nitrogen

A positive correlation between VA mycorrhizal infection and 

the amount of phosphorus and nitrogen in the tissues of cowpea 
tomato and maize was reported by Sanni (1976)



Smith and Daft {1977) recorded a higher percentage of 

nitrogen concentration in shoots of mycorrhizal Medicago sat 1 va 

at harvest But in sweet gum seedlings inoculation with VAM 

did not increase the nitrogen concentration in stem or leaves 

(Schultz et al 1979)

Barea and Azcon Aguilar (1983) suggested that VAM may be of 

spec la 1 significance in legurnes as the symbiotic nitrogen 

fixation is influenced by the phosphorus status of the host

Increase in the nitrogen content in the dry matter of 

lucerne was reported by Nielson (1990) and increase in nitrogen 

jptaks of ohoof and root of groundnjt plants inoculated with VAM 
fungi was observed by Champawat (1990)

2 1 2 3 2  Phosphorus

Phosphorus has vital function in all biological sys terns 

because it is a major plant nutrient required in relatively large 

amounts (Hayman 1975 Tinker 1980) Mycorrhizal plants not only 

are large but also usually have an increased concentration and/or 

content of phosphorus compared to nonmycorrhlzal pi ants (Barea 

1991)

Smith and Daft (1977) recorded no significant differences in 

the phosphate c o n t e n t  of mycorrhizal and non m y c o r r h i z a l  clover 

pI ants

Inoculation with VAM did not increase phosphorus 

concentration in stgm0 leaves or rooto of sweet gum

(Schultz et al 1979)

Saterlee et al (1983) observed an increase in herbage 

phoaphorua content with mycorrhizal inoculation and phosphorus
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fertilization in lucerne cv Mesi11a Dry matter production and 

herbage phosphorus content were enhanced by phosphorus 

application

Stribley et al (1984) reported that shoots of pi ants 

infected with VAM contained higher internal concentrations of 

phosphorus than those of uninfected pi ants of equal size, over 

wide ranges of external phosphorus supply and of host plants In 

Chick pea, soi1 application Df Glomus fasclculatum alone 

increased the phosphorus concentration in the shoots (Subba Rao 

et al , 1986)

Le Tacon (1985) generalised that VAM increased the 

translocation of least soluble elements like phosphorus, zinc and 

copper

Sattar and Gaur (1989) obtained the highest mean grain yield 

hay yield and mean phosphorus uptake in Lenti1 cv L—5 9 

inoculated with Glomus fasciculatum

Evaluation of the influence of phosphorus concentration on 

the symbiotic interaction between Leucaena leucocephala and VAM 

fungus, Glomus fasciculatum showed that mycorrhizal inoculation 

significantly increased phosphorus uptake (Habte and 

Manj unath,1987)

VAM inoculation significantly increased the available 

phosphorus content of the soil, uptake of phosphorus and other 

nutrients m  green gram (Shanti et al , 19B6) Similar increase 

m  phosphorus content m  dry matter was reported in lucerne by 

Nielson (1990) and Champawat (1990) m  groundnut, due to VAM 

inoculation



2 1 2 3 3  VAM and acquisition of other nutrients

Studies to ascertain the direct role of VAM in plant uptake

of nutrients other than phosphate and nitrogen are very few

However the percentage rontent and/or concentration of major

njtrisnto and trace elements in the shoots are reported and

rev lewed hereunder

2 1 2 3 3 1  Potassium

Inoculation with VAM did not increase the potassium content

in stem leaves or roots or s w e e t  gum plants (Schultz et al ^

197 9) Har 1 ey and Smi th (1983) a U o  indicated that there was no

conclusive support for the role of VAM in potassium uptake

inspite of the fact that the diffusion rate of these ions is

rather low in soil solution (Chapin 1970) The potassium content

in the dry matter of 1 ucerne was not affected due to inoculation

with VAM (Nielson 1990)

Smith et al (1981) reported that mycorrhizal infection can

improve the potassium nutrition of Tr ifo1lum subterraneum when

internal potassium c o n c e n t  ration= are generally low It was also

suggested that increased potassium uptake may be an indirect

result of improved phosphorus nutrition

2 1 2 3 3 2  Ca l c i u m  and magnesium

In sweetgum pi ants inoculation with VAM resulted in high

concentrations of calcium in leaver but not stems Inoculation

did not increase the magneslum concentration of the pi ant

(Schultz e t  al 1979)

Comments on re 1 ated papers by Smith and Glanlnazzl Pearson
2 +(1988) suggested an association of Ca distribution in pi ants 

with the synthesis and breakdown of po 1 yphosphate granules since 

the cation is a secondary constituent of these granules

12
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Nielson (1990) reported that VAM inoculation significantly 

increased the calcium and magnesium content of lucerne

2 1 2 3 3 3 Micronutr rents

Gray and Gerdemann (1967) end Bowen end Mosae (1969) fojnd 

that endomycorrhizal association in many plants greatly increased 

the uptake of phosphorus and zinc from a nutrient solution

Rosae and Harper (1970) reported that mycorrhizal soybean 

pi ants accumulated grea t amounts of nitrogen phosphorus 

calcium copper and manganese in their foliage than 

non mycorrhizal pi ants

VAM increased zinc uptake in subterranean clover but not 

c a 1c turn uptake (Pairunan e * a 1 1930)

Bagyaraj and Manjunath (1980) reported that phosphorus and 

zinc contents in cotton cowpea and ragi plants inoculated with 

G 1omus fasciculatum were higher than that of uninoculated plants

Higher copper and zinc concentrations were reported in VAM 

inocjiated soybean plants b jt iron and manganese concentrations 

were lower than in equivalent phosphorus fertilized pi ants 
(Pacovsky 1936)

In growth chamber studies soybeans were either inoculated 

with mycorrhizal fungus AcauI os pora 1eaevis or untreated and 

given 0 300 kg ?2 0 1 Z i n c  concentration in leaves of
noninoculated plants decreased significantly with increasing 

rates of applied phosphorus whereas foliar zinc concentration
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fell only slightly in inoculated plants, because m y a o n h u a l  

association increased zinc uptake Uptake of manganese iron and 

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

Arines et al (1989) reported that in red clover (T n f o l  m m  

pratense) M M  inocjiation decrsaosd the magnesuim concentration 
in shoota end roots of plants

2 1 3 1  Effect of dual inoculation with VAM and Rhizobium on 
growth and yield

Legumes have the unique ability to form symbiosis with both 

VAM fungi and root nodule bacteria This tripartite symbiosis 

helps the plant with two vital elements nitrogen and phosphorus 
(Hayman 1992)

Daft and Giahmi (1974) found that infection of Phaseo1 us 

with Endogone and Rhlzobium in comparison to Rhizobium alone 

significantly increased the growth

Djal inoculation with the symbionts G 1omus and Rhizobium 

significantly increased the dry weight of shoots over single 

inocjiation with G 1omus or Rhizobium (Bagyaraj et al 1979) 

Barea et al (1980) also reported increase in dry weight of 

1 jcerne by djal inoculation Sivaprasad et al (1983) reported 

that inoculation with Rhizobx jm and mycorrhiza increased the 

growth of Leucaena 1eucocephala

G 1ycine max plants were grown in a green house sand medium 

low in available nitrogen and phosphorus and inoculated either 

with VAM fungus alone or a strain of Rhizobium japon 1 cum alone 

or both endophytes together or left u n m o c u l a t e d  to serve as



control Nodulated plants contained 4- 5 times the phytomass of 

noninoculated controls and plants with VAM + Rhizob m m  were 18 

percent greater in dry weight than nodulated nonmycorrhiza1

plants due to positive VAM Rhizoblum interaction

(Pacovsky et al 1986)

Rinj et al (1987) reported that d ja 1 inoculation with 

Rhizob m m  and G 1omus fasc i c u 1atum significantly increased the

g rowth in Leucaona 1eucocepha1 a when compared to single 
inoculation with either organism

Seedlings of Acacla auricullformis grown in soil inoculated 
with R h izob m m  recorded the greatest shoot and root dry weights 

compared to uninoculated control VAM xnoculation alone and VAM

+ Rhizobljm inoculation (Chang et al 1986)

2 1 3 2  Effect of dual inoculation on nodulation

An increase in the njmber and weight of root nodules was 

reported by Daft and Giahmi (1974) due to inoculation with 

Endogone and R h i z o b m m  on Phaseo1 us compared to Rhizobium alone

Bagyaraj «t al (1979) reported an increase in the njmber 

dry weight and nitrogen content of root nodules in plants 

inoculated with Rhizobium and G 1omus sp compared to those plants 

inoculated only with Rhizoblum Similar results were got in pot 
experiments using unsterilized soil in Sty 1osanthes (Mosse 1977)

Dual inoculation of soybean (Glycine m a x ) with VA endophytes 

and Rhizobium japonicjm significantly increased the number and 

weight of nodjles in natural field soil compared to Rhizob m m  

alone (Varma 1979)

1 D
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Crush (1982) concluded from his experiments with 

TrIfoIlum repens that inoculation with G 1omus tenuis in the 

presence of Rhizobium tr i f o i i i had no effect on nodule initiation 

on a wide range of soil phosphate levels

Pandhar et al (19861 obtained a higher level of nodulation 

in mungbean when inoculated with Rhizobium and VA mycorrhiza 

Higher nodule weight and hence higher nitrogen fixation and 

specific nodule activity were reported m  soybeans due to GLomus 

faoclculatum Rhizobium _iapomcum interactions (Pacovsky et al 
1986 )

Rinj et al (1987) observed that there was significant 

increase in nodjlation and nitrogen fixation of Leucaena 

1eucocophala by dual inoculation with Rhizobium and G 1omus 

fascicu1atum when compared to single inoculation with either 

organism

Rawat et al (1991) reported that the nodule number was 

significantly increased by Rhizoblum and mycorrhiza treatment 

Nodule weight did not differ significantly with the a p p 1 i c a t ion of 

Rhizobium and mycorrhizal strains Rhizobium strains were 

significantly superior with regard to shoot weight Mycorrhizal 

strains and their combinations significantly increased shoot 

weight over non mycorrhizal ofrain^

2 1 3 3  Effect of dual inoculation on nutrient uptake 
2 1 3 3 1  Nitrogen

An increase in nitrogen uptake due to dual mocjlshon was 

obtained in pot culture experiments with lucerne Inoculation



s/lfh either filfllllHfi IllPfifiaafi n  Rhigobium malllotl alone Influenced 

nutrient uptake only slightly (Barea et al 1980)

Chang et al (1986) reported higher uptake of nitrogen and 

phosphorus due to dual inoculation with Rhizob m m  and G 1omus 

f ascicu1atum in Acac ia sp compared to uninoculated control 

and Rhizoblurn or VAM alone

Karunaratne et al (1987) also observed i n c r e a s e d  tissje 

nitrogen c o n t e n t  of soybean due to dual inocjlation with G 1omus 

mooseae and Rhizobl Jtm lapomcum

Increase in nitrogen uptake was found in plants inoculated

with Rhizobiurn t r i fo1 1 1 and mycorrhiza compared to non 

mycorrhizal plants by Morton et al (1990) S h o o t  nitrogen

concentration was lower in mycorrhizal than m  non mycorrhiza1

plants

2 1 8 3 2  Phosphorus

Daft and Giahmi (1974) reported an increase in phosphor is 

content and protein content of pi ants due to inoculation with 

Endogone and Rhizobium compared to Rhizob m m  alone in Phaseo1 us

Asimi et al (1950) while s tudying the influence of 0ni 1

phosphorus levels on the interactions between mycorrhiza and

Rhizob m m  in soybean observed an improved uptake of pho0phor js by 

d Ja1 1 y inoc jI at ed and mycorrhiza alone plants

In pot teots higher pho« ph«->r is concent rat ion was observed

i n my cor rhizal plants by H Jiang et al (1953) and it was suggested

that s i g m f  icant difference in nutrient uptake was because of
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increase in growth Similar results were obtained by Jensen et al 

(1954) in lucerne and in chickpeas by Subba Rao et al (1986)

Morton et al (1990) reported that phosphorus concentration 

phosphorus uptake and number of nodules were greater with dual 

inoculation compared to non mycorrhizal plants

2 1 3 3 3  Other nutrients

High calcium concentration was observed in pot tests due to

d ja 1 i nor-u 1 at ion and significant difference in shoot nitrient

uptake was attributed to increased growth (Huang et a 1 1983)

Hepper and Shea (1984) reported that infection of lettuce roots

by Glomia caledonium and G 1omus mosseae was d e p e n d e n t  on the
*

amount of calcium in soil those growing in low calcium soils 

being poorly infected

In a field experiment where Cicer arletlnum was inoculated 

with G 1omus albidus with or without Rhizobium inoculation with 

G 1omus albidus and Rhizobium increased the number of nodules 

pi ant  ̂ nodules dry weight pi ant \ nodule haemoglobin content 

and total nodule nitrogen (Rai 1988)

2 2 Effect of major nutrients on growth and yield 

2 2 1 Effect of nitrogen on growth

Me lean et al (1974) reported that in fieldbeans,

application of nitrogen increased plant weight

Posypanov and Knyaseva (1974) stated that different levels

of mineral nitrogen supply had practically no effect on plant

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

Moursi et al (1978) found that application of nitrogen 
increased vegetative growth of lupin as reflected in its plant 
height and number of branches plant *

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

In general it could be observed that increase in nitrogen 
supply increased 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 it was observed 
that the percentage of plants nodulated and nodule pinkness 
decreased with increasing nitrogen rate (Viten et al 1988)

Nitrate fertilizers decreased nitrogen fixation m  while 
clover (Robin et al 1990)
2 2 1 3  Effect of nitrogen on forage yield

In a red clover timothy mixture m  a dermapodzolic soil 
in Moscow region application of 150 kg NH4 NO3 ha 1 had no
effect on the hay yield of red clover m  the first year but m
the second year red clover yield was decreased from 3 3  to
1 72t ha  ̂(Kharkov and Shekhovtseva 1976)

The green fodder yield of berseem remained unaltered due to
different levels of nitrogen and phosphorus tried indicating
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that the crop can be grown without addition of nitrogen and
phosphorus in soils rich m  nitrogen and phosphorus
(Katti et al 1982)

In Medicago sativa dry forage yield was found to increase
with increasing nitrogen rate (Zecdan et al 1988)

Increase in dry forage yield of summer cowpea was reported
upto 40 kg N ha * (Rai and Patel 1991)
2 2 2 1  Effect of Phosphorus on growth

Manyappan (1978) observed that phosphorus levels upto
120 kg ha * increased the height of Stvlosanthes gracilis

Sharma and Lavania (1980) found that application of
2phosphorus as calcium superphosphate at the rate of 62 03 gm 

twice increased the shoot length and spread significantly in 
hirsute and Eioia satxva 

Progressive increase in leaf area index of cowpea was 
reported by Balakumaran (1981) with increasing levels of 
phosphorus

Geetha Kuman (1981) reported increased plant height with 
phosphorus application m  cowpea

Increasing the level of phosphorus from 40 to 120 kg P2O5 ha~^ 
significantly increased the plant height spread nodule weight 
and nodule number of Stvlosanthes gracilis (Lekha Sreekantan 
1981)

Application of phosphorus @ 160 kg ha * recorded the maximum 
number and length of branches in Stylosanthes graoil1 s Maximum 
spread and height of Stvlosanthes sp. was achieved at 80 Kg P2O5 

ha  ̂(Balachandran Hair 1989)



2 2 2 2  Effect of phosphorus on nodulation

Phosphorus application is known to increase seedling vigoir 

nodulation and qualify of forage legjmes (Gates 1974 Khare and 

Ra i 1960 Andrew and Robins 1969)

In an acid soil low in available phosphorus four species 

of medics showed poor growth and little or no nodulation 

Nodulation was significantly increased by adding phosphorus to 

d q i 1 (Wagner et al 1978)

Marlyappan (1970) noticed that maximum number of nodules 

(464 41) and nodule weight (452 49 mg) were recorded by the 

phosphorus level of 120 Kg P2 O5 ha *

Singh and Singh (1900) reported that increasing P 2O 5 from 0 

to 160 kg ha 1 increased both fresh and dry weight of nodjles 

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

In a glaos house experiment m  Australia it was observed 

that chick peas showed strong positive responses in nodule 

number with increasing phosphorjs rate® while its effects were 

less and more variable in lupins (Jessop et al 1909)

Phoophorus @ 1 20 kg ha * wao significantly sjperior and

recorded maximum nodule number and nodule weight and was on par 

with P2 O5 @ 160 kg ha * (Balachandran Nair 1989)

2 2 2 3  Effect of phosphorus on forage yield

Skerman (1977) reported corroborative results and observed 

that Sty 1 osanthes spp are efficient in extracting phosphorjs from 
the soil
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In an experiment with fertilised with

phosphorus at 25 50 100 or 200 kg ha  ̂as super phosphate in a
granitic sandy loam soil of North Queensland Bruce and Teit^el 
(1978) found that maximum dry matter yield was obtained with 25kg

matter yield of Stylosanthes hamata grown m  native pasture m  
North Queensland (Gilbert and Shaw 1980)

Singh (1985) reported increase m  plant height and dry matter 
in leaves stem and root of Glvcme .iavanica with increasing 
phosphorus concentrations

In Nigeria Mohammed Saleem and Von Kaufman (1985) reported 
that dry matter yield of Stylosanthes cv Cook responded to 
increasing levels of phosphorus upto 80 Kg P2 O5 ha  ̂ The same 
trend was noticed m  cv Schofleld and the response was less 
marked m  cv Verano

Balachandran Nair (1989) reported that 120 Kg P2O5 and lime @ 
375 Kg ha  ̂were conducive for maximum green matter yield in 
Stylosanthes spp.

In Medicago sativa response to applied phosphorus was 
observed with 90 Kg P2O5 ha * and further increase to 120 Kg P2O5 

ha * was not significant (Shah et al 1991)

Application of 50 kg P2O5 ha  ̂to four Medicago satlva cvs 
recorded average yields of 33 5 t of fresh fodder 7 95 t of dry

F2O5 ha  ̂ Similar increase m  dry matter was reported in 
gracilis at 120 Kg P2O5 ha 1 (Manyappan 1978)

Application of 45 Kg P ha 1 significantly increased the dry
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matter and 1 72 t of crude protein ha compared to 30 1, 7 12 

and 1 52 t respectively without phosphorus application No 

further increase in yield was noticed with 100 kg ^2^5 ^

(Patel et al 1990)

2 2 3 1  Effect of potassium on growth

El lebojdi et al (1974) observed an increase in growth in

beano when 250 kg Y ha * was applied

Groneman (1974) observed that potash fertilizers had little 

effect on growth in a three year trial with ooybean

Peck and E-iren (1975) f’oncljtded that «nap beans grown with

high rates of potassium made excessive vegetative growth

Annamma George (I960) reported an increase in height and

number of leaves of blackgram with the application of potassium 

fertil rsfa jpto 30 kg ha *

2 2 3 2  Effect of potassium on nodulation

Increasing potassium application from 0 to 448 kg 0 ha 1 

increased the nodule number and nitrogen fixation in alfafa

(Collins et a 1 1986)

Leaf removal of white r-lnver rediced nitrogen fixation

which fao higher with potassium application in the first harvest 

but not with subsequent harvests (Robin et al 1990)

High rates of potassium fertilization increased the nodule 

number and nodule mass in alfafa (Tindall and Bond 1990)
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2 2 3 3  Effect of potassium on forage yield

In Sty 1osanthes hamata there was no significant response to 

pho«phorjL5 and potassium in respect of plant height green forage 

yield dry matter and crude protein yield (Rai and Patel 1985)

In oOila vith high potasaijm and medijm phosphorus 

application of 80 Kg P2 O5 and 40 Kg K2 O ha  ̂ increased average 

fre^h fodder yield of alfafa by 22 and 4 percent and dry matter 

yields by 24 and 4 percent respectively Further increase in 

phosphorus and potassium rates were not effective (Collins et al 

1986 >

2 3 Effect of major nutrients on uptake

2 3 1  Nitrogen

Emkov and Velchev (1976) observed that nitrogen application 

increased the nitrogen content and decreased phosphorus and 

potass 1 urn content in chickpea

El Bakry et al (1980) reported that nitrogen application in 

beans increased nitrogen in plant parts

2 3 2  Phosphorus

From trials on red loam soil Sasidhar and George (1972) 

reported that increasing rates of F2 O5 application increased the 

nitrogen content in 1 ab 1ab

Falade (1973) reported that phosphorus had no effect on the 

nitrogen content in StyIosanthes gracills
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Uhile increasing ratts of P2 Q5 form 0 to ISO Ug ha applied 

to three berseem cultivars Dhar (1978) found that phosphorus 

content of the herbage a U o  increased with incremental doses of 

phosphor j s

□n increasing the phosphoras level significant increase in 

the potassium content of Sty 1osanthes graci 1is was obtained by 

Manyappan (1978)

Lekha Sreekantan (1981) obtained significant increase in 

nitrogen content in the dry matter with increase in the dose of 

phosphorus applied in the soil

Lekha Sreekantan (1981) and Balachandran Nair (1989) also 

observed an increase in P2 O5 content of herbage with increase in 

phosphor as applied

2 3 3  Potassium

Stewart and Reed (1969) foand that application of potassium 

to peao decreased the calcium and magnesium contents in the 

forage

Yaan et al (1970) obtained increased potassium content m  

leaf when aOi 1 application of potassium was done in soybean

Johnson and Evans (1975) obtained higher potassium content 

in leaf when potassium was applied in southern peas
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2 4 Effect of major nutrients on the crude protein content
2 4 1  Hit-ogen

Solomko and Rudm (1977) reported that in lucerne addition 
of 60 Kg H ha * along with phosphorus and potassium increased 
crude protein yield

Lee et al (1990) reported an increase in dry matter yield 
and crude protein content with addition of nitrogen in Medicago

2 4 2  Phosphorus
A significant increase in protein content m  Stvlosanthes 

gracilis was recorded by Manyappan (1978) when phosphorus was 
applied at the rate of 120 kg ha ^

from an experiment on blackgram Annamma George (1980) found 
that protein yield of bhusa increased by increasing the level of 
phosphorus from 30 to 45 kg P2O5 ha * bit a further increase 
in P2O5 reduced the protein yield

Lekha SreeVantan (1991) observed that increasing the dose of 
phosphorus applied m  the soil significantly increased the crude 
protein content m  Stvlosanthes gracilis

Arya and Kabra (1988) reported that application of varying 
phosphorus levels upto 75 Kg ha  ̂did not significantly affect 
the protein percentage both in gram and straw of summer mung
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2 4 3  Potassium

Johnson and Evans (1975) reported higher crude protein 

contend in leaf when potassium was applied in southern peas

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

response to potassium in terms of crude protein yield in 

Sty 1osanthes hamata However application of 30 Kg K2 O ha * 

increased crude protein yield by 3 2 percent

Patel et al (1985) reported that application of 50 Kg K £0 

ha to alfafa cv Anand 2 gave highest yield of 8 40 t of dry 

matter and 1 76 t of crude protein

2 5 Mycorrhizal colonization m  the root

Jninoculatgd plants of ljf'srne reached 45 percent infection 

from indigonous endophy tes and inoculated plants reached 70 

percentage Inoculation responses were not related to infection 

level Lucerne responded most from inoculation with moat 

available phosphorus (Owusu Bennoah and Mosse 1979)

Chambers et al (1980) reported that addltion of combined 

nitrogen decreased mycorrhizal development in young clover roots 

NH4+ being more effective than NO3 1 0ns

The percentage mycorrhizal infection decreased with 

increasing phosphorus levels in grasslands huia white clover 

soils (Lim and Cole 1984) whereas in a phosphorus deficient 

nonoterile ooxl application of phosphorus (3 22kg Fha * increased 

nodulation and number of endomycorrhiza1 opores in the rootzone 

of both pigeonpea and cowpea (Manj una th and Bagyara j 1984)



Saif (1986) recorded stimulated mycorrhizal infection with 

low levels of phosphorus while high levels tended to reduce 

infection in tropical forage legumes NPK fertilization slightly 

reduced spore numbers without affecting infection Potassi urn 

fertilization increased infection on legumes but had no effect 

on grasses

In pot experiments Habte and Manjunath (1987) observed that 

level of mycorrhizal infectinn increased in Le jn'aena roots as the 

concentration of phosphorus was raised from 0 002 to 0 153mgml 1 

Higher levels of phosphorus decreased mycorrhizal infection but 

the level was never lesc than 50 percent

Lipmann et al (1958) ouggested that r o o t  colonization 

percentages of more than 20 percent can be characterized as high 

for field sites The level of available phosphorus content of 

soils influences root colonization percentages Most of the low 

colonization percentages found in soils cannot be related to 

high phosphorus fertility Good development of VAM fungi was also 

realised when pi ants were sufficiently fertilized

2 6 Interaction between inocuI ants and fer1 1 1xzers 

2 6 1  Rhizobium Fertilizer interaction

Subba Rao (1975) reported significant increase in number of 

nodules over unmoculated control at all nitrogen levels except 

at 37 5 kgha * In jmnoculated treatment there was no increase 

in njmbor of nodules «vp>n with addition of 12 5 kg N ha 1



Vargas and Suhet (1981) reported increased total nitrogen 

dry weight and nodulation m  Centrosema pubescens by inocualtion 

with Rhizob m m  strains compared to combination of inoculation and 

75 kg N ha 1

Maximum yield and nodulation of soybean without Rhizobium 

inocjiation in field test^ wh«re soybeans had b«en grown

previously was obtained with 40 kg N ha * Inoculation did not

improve nodulation and crop yield (Shahidullah and Hussain

1980)

Soybeans inoculated with Rhizobi jm naponicum and given low 

rates of nitrogen and medijm to high rates of phosphorus

exhibited 1 ncreased nodule number dry weight and leg haemoglobin 

content (Dadson and Acquaah 1954)

Raju and Verma (1984) obtained significant increase in 

nodulation of mung due to Rhizobiurn alone or Rhizobium^15kgNha 1 

Maximjm dry weight plant 1 protein yield and nitrogen uptake

were got with Rhlzobiurn + 15kg N ha ^

Medicago sativa cv Apollo grown in low nitrogen soil and 

given 0 224 kg nitrogen as NH4 NO3 responded to applied nitrogen

only in uninoculated controls All nitrogen later decreased

nodulation (Eardly 1955)

Phosphorus application and inoculation increased dry matter 

and nitrogen yield in Centrosema pubescens InocuI at ion 1 ncreased 

nitrogen fixation at all phosphorus levels Phosphorus did not 

significantly increased nitrogen fixation in the absence of 

inoculation (Impithuksa and Rungratanakas1 n 1986)



Highest top dry natter and total nitrogen In two soils 

(infertile and medium fertile soils) were obtained with 

inoculation and phosphoras treatment (200 kg ^2^5 The

percentage increase was 116 percent in infertile soil and 46 

p e r c e n t  m  more f e r t i l e  soils (Garza et al 1997)

Vitgri et al (1988) observed increased plant weights by 

inocalatien with Khizobi am o + rams and increasing nitrogen rates 

in with o 75 and 150 ppm nitrogen the p l a n t  dry weight wao

11 6 26 1 and 29 9 mg and 6 8 29 1 and 89 2 mg withoat

i nof'ul a t ion

In a trial with Vigna rad la ta rv B i Basu et al (1989)

observed that Dngd inocalation with Rhizobiam otraino increased 

nodalation end shoot dry weight Application of 20 30 or 40 kg 

Nha  ̂ gave 0 91 0 98 aid 0 90 t ha \ compared to 0 70 t

without nitrogen

Homschen et al (1989) observed no oignificant interaction 

between innculation treatment and other factors m  Sty 1 oaanthes 

himilic Tnp dry weight with 100 kg N ha 1 (21 9g plant 1 ) waa

significantly greater than Rhizobium strain CB 2248 which in 

tarn wa^ significantly greater than minccUated cnntrnl planto 

(13 7kg p i ot 1 )

2 6 2  Vesicular arbuscular mycorrhiza (VAM) Fertilizer
interaction

Mosse ef al (1976 found that the combination of rock 

phosphate and VA mycorrhiza acted significantly in increasing the 

plant dry weight m  ^everel crop plants
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Mosse (1977) reported that in some oerrado atuls, root 

phosphate appI 1 cat Ion particularly when coupled with mycorrhizal 

inoculation served as a better source of phosphorus than the more 

soluble forms of phosphates

Uaidyanatha et al (1979) found that in mycorrhizal Puerarla 

and Sty 1 osanthe*. the application of m c k  phosphate greatly 

a 1 1 mulated nodulation and nodule activity

Non mycorrhizal clover plants produced more dry matter than 

mycorrhizal plants supplied with superphosphate Plants sjpplied 

with rock phosphate had the same dry weight at a given 

phosphorus concentration in the tops (Pairunan et al 1980)

Nielson and Jensen (1983) reported increased uptake of 

fertilizer phosphorus with mycorrhizal inoculation in lucerne

Pailino et al (1986) showed increased uptake of phoaphorjs 

by mycorrhizal Centrosema and Macropty1um pi ants over 

uninoculated plants when tested with rock phosphate and soluble 

forma of phosphorus Modulation nitrogen fixation and rock 

phosphate utilization were increased by mycorrhizal inocjlation

Santhi et al (1988) reported that in green gram among fhe 

different sources of phosphorus fried rock phosphate waa more 

efficiently utilised when applied with V A mycorrhiza VAM 

inocu1 at ion w 1 th 50 per cent rock phosphate was as a good as full 
dose of phosphorus alone
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2 6 3  Dual inoculation Fertilizer interaction

The responses of pigeonpea and cowpea to dual inoculation 

tfith (31 om js fascicul atum and/or rock phosphate was studied in 

phosphorus deficient non sterile soil Plants inoculated with 

both mycorrhiza and Rhlzobium and supplemented with phosphorus 

recorded the highest ohoot dry weights nitrogen and phosphorus 

contents indicating the need for addition of small amounts of 

phosphorus to derive maximum benefit from dual inoculation with 

Rhizobium and VAM (Manjunath and Bagyaraj 1984)

Dual inoculation with GIomus fasciculatum and Rhizob1 urn spp 

registered the highest phosphorus status in the plants at N20p50 

level of fertilizer application in chickpeas (Subba Rao et al 

1986 )

In pot trials with V 1 gna red lata grown in a phosphorus 

deficient soil soil inoculation with mycorrhizal fungus(G 1 omus 

fasciculatum) or 15 kg N ha * increased the plant nodule dry 

weight and yields Inoculation with Rhizobium and/or mycorrhizal 

fungus in combination *ith phosphorjs gave highest yields 

IGuptaet al 1988)

Meena Kumari and Nair 11991) reported increase in number of 

nodules shoot dry weight and nitrogen content of cowpea with 

d jia 1 inocjiation and added rock p h o s p h a t e
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MATERIALS AND METHODS

The present investigation envisages the p o s s i b i l i t y  of 

increasing the herbage production of 5 ty1 oaanthes gulanensis by 

microbial inoculation and thus to save fertilizer without 

affecting the productivity

Thf> field experiment was conducted during the period from

Tuly 1991 to January 1992 The materials used and the methods

adopted for the study are detailed hereander

3 1 MATERIALS

3 1 1  Experimental site

The experiment was conducted at the Instructional Farm

attached to the College of Agriuulture Vellayani The farm 15
o olocated at 5 5 N latitude and 76 9 longitude at an altitude of

29 m above mean sea level

3 1 2  Soil

The soil of the experimental area is red sandy c 1 ay 1oam 

The data on the physico chemical properties of the soil of the 

experimental site are given below 

A) Physical Properties 

Mechanical Composition

Constitute Content in Soil* (%) Method used

Coarse sand 14 70 International Pipette
Fine sand 33 30

Silt 26 50 Method (P i per 1950)
C 1 ay 25 50

Textural class Sandy clay loam



B CHEMICAL COMPOSITION

Corio tituent

Total nitrogen

Available nitrogen

Available P2°5

Availab1 e K2 0

Avai1ab1e Ca1c 1 um

Available Magnes1 Jm

Organic carbon

pH

Content in 
Soil (kg ha

Ra 1 1 ng

3920

313 6

39 5

68 14

414 24

52 9

0 143

4 6

Med 1 um

Medlum

Low

Low

Acidic

^4

Method Uo»

Modif1 ed 
Mlcrokj 0 1 dha 1 
me t hod
(Jackson 1973)

Alkaline 
Potassuim 
permanganate 
met hod
(Subbiah and 
Asija 1956)

Bray colorimetric 
method
(Jackson 1973)

Ammonium acetate 
method
(Jackson 1973)

Ammonium acetate 
method
(Jackson 1973)

Ammonium acetate 
method
(Tackson 1973)

Walkely and Black 
rapid titration 
method
(Jackson 1973)

1 2 5 soil solution 
ratio using pH meter

3 1 3  Season

The experiment was conducted during the period from July 

1991 to January 1992

3 1 4  Heather conditions

The experi mental site enjoys a humid tropical climate The 

meteorological parameters recorded during the experimental period 

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



rainfall minimum temperature maximum temperature and relative

humidity during the entire crop season were collected from the 

meteorological observatory at the College of Agriculture and 

presented weekly averages

The mean maximum and minimum temperatures during the 

cropping season ranged form 28 01°C to 32 6 °C and 19 53°C to 

24 64°C respectively The mean relative humidity ranged from 

70 43 percent to 87 36 percent The mean rainfal1 of th« cropping 

period ranged from 0 to 33 37 mm

3 1 5  Cropping history of the field

The experimental sit*3 was partially shaded coconut garden 

having palms of 60 70 years age permitting 70 percent of solar

radiation to filter throjgh th« canopy The land was left fallow 

prior to the commencement of the trial before which it had been 

cropped with gunea gra»s

3 1 6  Variety

Sty 1osanthes guianensis cv Schofield or stylo common is a 

perennial leguminous fodder crop native to Brazil in South

America This crop besides enriching the soil fertility

increases the cation exchange capacity of the soil and is valued 

for its high quality fodder

3 1 7  Source of seed

The seeds were obtained from the Kerala Livestock

Development Board Dhom





Fertillzera with the following analysis were jsed for the

s tudy

Urea 46 percent N

Musooon Rock Phosphate 20 percent P2 O5

Muriate of Potash 60 percent K2 O

3 1 9  Inoculants

3 1 9 1  Rhizobiuro culture

The Rh 1 zob 1 urn culture for inoculation of Stylosanthes seeds 

was obtained from the Division of Plant pathology College of 

Agriculture Vellayani Culture of cowpea fype Rhlzobium strain 

STYLO 1 was used for seed inoculation at the rate of lOOg acre ^

3 1 9 2  Mycorrhizal inoculum

Fanif1 jun max 1 mum tJacq ) infected with mycorrhizal fungi 

t G 1 omus fasciculatum) was grown in sterile soil sand mixture for 

three months This soil sand mixture containing mycorrhizal 

oporeo infected root segments rh 1 amydospores and hyphae served 

mycorrhizal inoc iljm About 50 ml of mycorrhizal inoculum 

containing 250 300 spores was placed two cm below the seed prior 

to sowing

3 2 METHODS

3 2 1  NURSERY

3 2 1 1  Land preparation

The land was dug twice stubbles were removed clods broken 

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

taken

3 1 5  FertiIlzers



3 2 1 2  Lay out

The lay out plan of the njrsery plot is given in Fig 2

3 2 1 3  Seeds and sowing

A seed rate of 1 5 kgha  ̂ as recommended for partially 

shaded conditions in the package of practices KAU was adopted 

Seeds were divided into four equal parts for sowing in the four 

nursery beds

3 2 1 4  Methods of sowing

1 No inoculants tIq )

Seeds were jniformly broadcast in the nursery plot and

covered with a thin layer of sand

2 Rhizobium (I

Seeds were thoroughly mixed with the Rhizobium culture and

broadcast evenly in the nursery plot

3 Vesicular Arbuscular Mycorrhiza (VAM) ( I 2)

Soil of the nursery plot was inoculated with the mycorrhizal 

culture prior to sowing Uninoculated seeds were sown broadcast 

in the nursery plot

4 VAM + Rhizobium { I 3 )

The soil of the nursery plot was treated with the 

mycorrhizal culture and seeds inoculated with Rhizoblum were aown 

broadcaa+ m  the nJirogry plot

3 2 2 M a m  field 

3 2 2 1  Land Preparation

The main field was dug twice stubbles removed clods broken

and field was laid out into blocks are plots

17
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Treatnents
1^ Ho inoculants (Control)
1 t RluzobiuM
Ig Uesicular flrbuscular Mycorrhiza (VflM) 
13 —  VAM + RluzobiuH

Fig 3 LAY OUT PLAN OF THE NURSERY PLOT



3 2 2 2  Fertilizer application

Fertilizers were applled to all the plots as per the 

treatment Nitrogen phosphorus and potassium were applied to the 

plots in the form of urea mussoori phos and muriate of potash 

respectively The entire quantity of fertilizers were applied as 

basal dose one day prior to transplanting

3 2 2 3  Transplanting

A light irrigation was given to the nursery beds before 

pul 1ing out the seedlings 45 day old seedlings were carefully 

removed from the nursery plots To assure minimum damage to the 

roots transplanting was done with a ball of earth arojnd the 

roots Small furrows were taken in the mian field at the 

recommended spacing of 30x10 cm and the uprooted seedlings were 

transp1 anted 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 fir^f f'ut

3 2 2 5 PI ant Protection
Control of grasshopper and molecricket was achieved by 

dusting BHC 5% a« a prophylatic measure
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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 r* jt with sickles at a height of 15 cm from the

ground The weight of green fodder in kg ha ̂  was recorded

3 3 Technical Programme

3 3 1  Design and Lay out

The experiment was laid out as strip plot experiment in RBD

with 12 treatment combinations The lay out pi an is shown in

Fig 3
Grooe plot size 4 5 x 4 m

Net plot size 2 7 x 3 6 m

Spacing 30 x 10 cm

Treatment combinations 12

Replications 4

Total number of plots 48

3 3 2  Treatments

a Inoculations 4

1 Contro1 (Iq )

2 Rhizobium ( )

3 Vesicular arbjscjlar mycorrhiza (VAM) * 12)

4 Rhizobium + VAM ( I3 )

b Nutrient levels 3

1 No nutrients (Nq )

2 50 percent of the recommended nutrient dose (N

3 100 percent of the recommended nutrient dose (N2 ) 

Recommended nutrient do«e N P Y @ 20 80 30 kg ha 1
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Replication III- Replication IU
A. Inoculants 
1 Control (I8)
2. Rhizobiurc (Ii)
3 Uesicular Prouscular 

rycorrhiza (Uftl) (I2) 
UfiM + RhizobiuM (I,)

B. Nutrient levels
1. No nutrients (N0)
2. 50 percent of the 

recomended dose (Ni)
3. 100 percent of the 

reco’Mended dose (N2)
Gross plot size : 4.5 x 4 m
Net plot size : 2.7 x 3.6 m

F x g r  3  L f t V O U T  P i . f )  N O F  T H E  E X P E R I F E N T  P L O T



3 3 3  Treatment combinations

The treatment combinations are as follows

Ti iOHO T7 i2 no

t2 10 nl T0 i2 ni

t3 !0 n2 t9 i2 n2

T4 *0 HO TlO 13 ho

t5 il ni Til 13 HI

t6 il n2 Ti2 i3 n2
3 4 Biometric observations

In nar-h plot two rowo all around were left as border rows 

Two rows of plants were ear marked for destructive sampling The 

next row was also left as border Biometric observations were 

taken from ten plants selected at random in the net plot and 

average values were recorded

3 4 1  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 in cm

3 4 2  Spread of the plant

The spread wa^ measured a^ the maximum lateral diameter

through the main stem of each pl a n t and expressed in cm

3 4 3  Number of branches

The total number of branches in each plant was counted and

was recorded as mean branch number

3 4 4  Length of branches

The length of all branches of each plant was measured and

mean length was recorded



3 A 5 Leaf stem ratio
41

From the observational row in each plot tgn pi ants were cjt 

at the base The I eaves and s tern were seperated and oven dried 

for three days The dry weight of leaves and stem of individual 

plants were recorded and the ratio computed by dividing the leaf 

dry weight by the stem dry welght

3 4 6  Nodule number

Ten seedlings were selected at random from each nursery plot 

at transplanting and the mean nodule number was recorded Five 

pi ants from the destructive sampling row in each main plot were 

carefully uprooted and the number of nodules were counted at each 

cut

3 4 7  Nodule weight

From the same plants uprooted for counting the nodjIq 

number the nodules were separated and weighed in a sartorius 

balance and recorded in mg

3 4 B Mycorrhizal colonization in the root

Five plants were caref illy jprooted from the destrjctive 

sampling row the roots were washed and the VA mycorrhizal 

infection in the root samples was observed by staining the root 

tiosie (Phillips and Hayman 1970)

3 5 Analytical procedures 

3 5 1  Plant analysis

The whole plant was analysed for nitrogen phosphorus 

potassium calcium magnesium and micronutrients Iron manganese 

zinc and copper The pi ant samples were dried in an oven at 60°C



ad
till constant weights were achieved The samples were then ground 

to pass through a 0 5 mm mesh m  a Wiley mill The required 

quantlty of samples were then weighed out in an electronic 

ba 1 ance and analysis was n a m e d  out

3 5 1 1  Total nitrogen content

Total nitrogen content was estimated by modified 

microkjeldhal method (Jackson 1973) and the values were 

expressed as 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 pi ant The uptake 

values were expressed*in kgha *

3 5 1 3  Total phosphorus content

Phoaphorus content wao estimated co1 orlmetricaI 1y (Jackson 

197 3) by developing colour by vanadomolybdoph os phone yellow 

method and read in spectronic 2000 Spectrophotome ter

3 5 1 4  Uptake of phosphorus

Phosphorus uptake was calcu1 ated by multiplying the 

phosphorus content and dry weights of the plants The values were 
expressed in 1gha ^

3 5 1 5  Total potassium, calcium and magnesium contents

Total potassium calcium and magnesium contents in plants 

were estimated by the flame photometric method a Perkin Elmer 

3030 Atomic Absorption Spectro photometer after wet digestion of 
the sample with diacid mixture (Perkin Elmer Corporation 1982)
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3 5 1 6  Uptake of potassium, calcium and magnesium

This was calculated by multiplying the dry weights end 

respe^five values for pots^oijm calcium end magnesium contents 

of the plants Uptake valueo were expressed in kgha ^

3 5 1 7  Crude protein content

The percentage of crude protein was calculated by 

multiplying the percentage of nitrogen m  the plant by the factor 

6 25 (Simpson et al 1965)

3 5 1 8  Content and uptake of mircronutrients

The content of micronutrients (Iron Manganese Zinc and 

Copper) was estimated by the flame photometric method in a 

Perkin Elmer 3030 Atomic Absorption Spectro Photometer after 

digestion of the sample using diacid mixture (Perkin Elmer 

Corporation 1962) Uptake was calculated by maltiplying the 

micronutr i*=>nt contenta ^ith dry weights of the plant0 and

expressed in kg ha *

3 5 2  Soil Analysis

Soil samples were taken from the experimental area before 

and after the experiment The air dried soil samples were 

analysed for total nitrogen available nitrogen available

phosphorus available calcium and available magnesium contents 

Available nitrogen content was estimated by alkaline potassium 

permanganate method (Subbiah and Asija 1956) available

phosphorus content by Bray a colorimetric method (Jackson 1973) 

and available potassium calcium and magnesium by ammonium 
acetate method (Jackson 1973)
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3 6 Economics of cultivation

Not Incoms Gross income Cost of cultivation

Benefit cost ratio Gross income

Cost of cultivation

3 7 Statistical analysis

The data generated from the experiment was subjected to 

analysis of variance technique (ANOVA) as applied to strip plot 

experiment in RBD as suggested by Cochran and Cox (1962) 

Analysis excluded data pertaining to initial nodule number 

nodule weight and mycorrhizal colonization in the root sinfg 

the observations were made only from a composite sample
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RESULTS

A field experiment was conducted in the Instructional Farm 

College of Agriculture Vellayani to study the effect of 

different microbial moculant^ and nutrient levels on the forage 

prodjintion of Styl osanthes gui nanens is cv Schofield The 

experimental data collected were statistically analysed to bring 

ojt the effect* of different levels of nutrients different 

inoculants and their interactions The results obtained are 

presented under the following sections

4 1 Growth Characters 

4 1 1  Height of the pi ants

The influence of different nutrient levels and inofjilgnta on 

the height of the plants i„ presented in Table 1

The mean values of plant height showed that due to 

inoculation plant height did not differ significantly in the 

first and second months after transplanting But at the time of 

first cut 190 days after planting) plant height differed 

significantly Maximum height of 45 66 cm was recorded by the 

treatment I3 (44 percent more than control) followed by 1̂  which 

was on par with I2 In the second cut (60 days after the first 

cut) the height increase due to inoculation was not significant

With increasing fertilizer dose from Nq to N2 level 

significant increase in plant height was noticed at the first and 

second months after transplanting Height was maximum at N 2 but 

it wao on par vith
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Table 1 Effect of inoculation and nutrient levels on the height 

of the pi ants

Height (cm)

Treatmeits i MAT 2 MAT First cut Second cut

1 o 

1 1 

1 2 

I 3

4 68

5 22 

5 01 

5 93

17 71

18 60 

19 81 

18 45

31 60 

37 66 

37 45 

45 56

23 41 

25 72

24 28

25 78

F (3 9) NS NS 5 303* NS

SEmj* 0 4692 2 481 4 094 2 245

CD(0 05) 10 613

No
Ni

N 2

6 10 

7 05 

7 70

23 35

24 70 

26 53

47 48 

51 44 

53 35

30 55 

32 78 

35 75

F (2 6 ) 1 2 260** 5 618* NS #5 931

SEm+ 0 278 0 851 2 952 1 377

CD(0 05) 0 763 2 338 3 783

# Significant at 5 percent level 

## Significant at 1 percent level 

NS Not significant



The increase in plant height with increasing levels of

njfriento wa= not significant m  the first cut But at sef'ond 

cut there was significant increase in height with increasing 

nutrient levels the highest value of 35 75cm being recorded at

N2 level which was on par with The interaction effects of

inocjlation and nutrients levels were not significant at any 

s tages

4 1 2  Number of branches

The effect of treatments on the number of branches plant  ̂ io 

presented in Table 2

The effect of inoculation was not significant at the first

and second cut But the treatment I2 recorded the highest branch

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

C U t a

The fertilizer treatments were found to have significant effect 

on the number of branches in the first cut the treatments and 

N2 being on par and s i g u f  icantly superior to control This 

trend was however not noticed in the second cut

The interaction «ffects of inoculants and nutrients levels

'fe re not significant either at the first j t or oef'ond nut

4 1 3  Length of branches

The influence of inoculat 1 on and nutrient levels on the

length of branches is presented in Table 2



In the first cut the max 1 mum 1 ength of 36 26cm was recorded 

by the treatment I3 foil owed by I2 (32 31cm) In the second cut 

Ig and I3 treatments recorded similar values and the 1 owes t 

length of branches was noticed for the treatment I q

The njtrient levels had no significant effect on the length 

of branches in the first cut The treatment N 1 recorded highest 

value (46 51 cm) at the fir^t c jt and at the second cut was

s 1 gn 1 f ican t ly oupgnor to with a mean length of 32 94 cm

There were no significant effects due to the interaction 

be tween inoculants and different n u t r i e n t  levels at both the 

cute

4 1 4  Spread of plants

The effect of inoculants and nutrient levels on the spread 

of plants 1 = presented in Table 3

The main effect of inoculation showed no .significant 

influence on this character Among the different inoculants 

trled the treatment I3 registered the max 1 mum spread of 45 00 cm 

at firflt cut and 29 63 cm in the second cut

Significant response to increase in njtrient levels was 

observed on the spread of the plants The maximjm spread of the 

plant waD recorded by in both cjts Bjt thereafter a slight 

decrease in spread was noticed when the nutrient level was 

increased to N2

The interaction effects between inoculation and nutrients 

levels were not significant at both cuts
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Table 2 Effect of inoculation and nutrient levels on number of

branches and length of branches

T reatment Number of 
F 1 To t cut

branches 
Second cut

Length of 
First cut

branches (cm) 
Second cut

5 78 4 57 30 35 20 81

I i 5 81 4 39 32 31 22 41

I 2 5 81 4 74 31 98 23 31

* 3 5 09 4 71 36 26 23 31

F (3 9) NS NS NS NS

SEmjt 0 935 0 605 3 717 1 219

TD(0 051

M o 6 88 5 73 39 34 25 94

“ i 7 50 6 2 1 46 51 30 97

m2 8 31 6 47 45 05 32 94

F (2 6 ) 5 769 NS NS 30 804

SEm+ 0 328 0 256 2 545 0 819

TD(0 051 0 900 2 251

* Significant at 5 percent level 

*# Significant at i percent level 

NS No* significant
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Table 3 Effect of inoculation and nutrient levels on the spread 

of plants

Treatments
First cut

Spread (cm)
Second cut

1 o 36 94 27 06

< 1 41 72 28 38

*2 42 76 29 44

{3 45 00 29 63

F (3 91 MS MS

SEm+ 3 4694 1 733

TDIO 05)

No 49 06 35 73

Ni 53 51 39 00

h 2 53 56 38 72

F (2 6 ) 13 753* 5 976*

SE m+_ 1 833 0 918

roto 05) 5 187 2 524

# S 1 gn1 ficant at 5 percent level 

MS Not signifiesnt
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4 1 5  Leaf Stem ratio

The data on the leaf stem ratio of the crop in two cuts is 

presented in Table 4

Inocjiation had no significant effect on leaf stem ratio at 

the f i r s t  cut In the second cjt the treatment I3 was on par 

w 1 th I2 and but super lor to control

Among the different njtrient levels N ̂  and N 2 were on par and 

significantly superior to Nq in both the cuts

The interaction effects between inoculation and n u t r i e n t  

levels wore not oignificant

4 1 6  Humber and weight of nodules at transplanting

The mean va 1 ues of nodu 1 e count and nodule weight at 

transplanting are presented in Table 5

Highest mean value for nodule count was obtained with the 

treatment 1^ followed by the treatment I 3 at transplanting A 

similar trend was noticed in the case of nodule weight also

4 1 7  Number of nodules

A significant increase in nodjl* number was observed in the 

firat cjt due to inocjiation The highest mean nodule number of 

141 6 was recorded in the treatment I 3 which was on par with the 

treatment Ij where the nodjle c o m t  was 134 3 In th« oef’cnd 

c t aloe there was a significant increase in nodjle no nt due to 

inoculation Here the treat ment I3 showed the maximum nodjle 

cojnt of 211 3 which wa0 on par with the treatment which

recorded a count of 202 1



Table 4 Effect- nf m o f ’ 1st ion and n u t n o n ^  levole on ^h« 

leaf stem ratio

Treatrae ts Leaf
Firot c ̂ t

Stem ratio
Second cjt

1 o 0 733 0 677

<1 0 763 0 722

1 2 0 842 0 920

13 0 909 1 001

F (3 9) NS 4 274*

SEm+. 0 080 0 124

TDIO 05) 0 321

No 0 357 0 922

N 1 1 102 1 170

N 1 290 1 230

F (2 R) —3 ^36 NS

SEm+ 0 512 0 109

C D (0 05) 0 141

# Significant at 5 percent level

#* Sigmf leant at 1 percent lev»l

NS Not aignif if'3n +



Table 5 Mean nod j1e court* and weight at transp I an 11 ng

T reatment Nodule Count Nodule dry weight <mg)

*0 1 2 0 020

I 1 26 0 050

1 2 17 0 032

I 3 20 0 036

Table 6 Ef fec* of 1 nocu1 a*ion and nutrient levels on number
nodu 1 es

Treatment Firs* cut Second cut

*0 85 2 127 4

I 1 134 2 202 1

1 2 102 4 157 1

1 3 141 6 2 1 1  8

* * # *F {3 9) 1 2 616 12 641

SEm +_ 1 23 18 58

CD(0 05) 31 975 45 178

NO 131 4 196 2

Nl 151 4 227 3

N 2 100 7 270 5

F ( 2 6 ) NS NS

SEm+ 17 99 27 09

CD(0 05)

J  u

of

# * Signifleant at 1 per cent level 
NS Not Significant



The increase in nodule count in both cuts was not significant 

as far as fertilizer treatments were concerned The highest

nodule number was recorded with the N 2 treatment followed by N j 

treatment in both the cuts

The interaction effects between inoculation and fertilizer 

levels were not significant

4 1 8 Weight of nodut es

The mean weight of nodules dje to variojs treatments are

presentgd in Table 7

Inoculation significantly increased the weight of nodules in 

the first and second cut In the first cut highest nodule 

weight of 150 2 mg was observed for the treatment I 3 which was 

on par with 1̂  recording 144 44 mg There was significant

increase in nodule weight in the treatment 13 in the second cut 

( 2 2 1 3mg) whirh was on par with the treatment 1  ̂ ( 2 1 2 0 mg) but

the treatment I2 and 1q registered low nodule weights which were 

on par

Fertiliser level* did not show any significant effect on the 

nodule weight However the highest nodule weight of 191 5 mg in 

the first f'ut and 282 8 mg in the second cut were recorded m  the 

treatment N2 and the lowest by the control

The interaction effects between inoculation and nutrient

levels were not significant in both the cuts
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Table 7 Effect of inoculation and nutrient levels on the weight 

of nodjilso

Tree tment
weight of 
First cut

nodjles (mg)
Second cut

1 0 90 5 134 3

I 1 144 4 2 1 2  0

1 2 107 6 160 5

1 3 150 2 221 3

F t 3 9) 14 21** 12 52**

SEmj^ 12 52 19 53

C D (0 05) 32 45^ 50 103

NO 140 8 205 4

Nf 160 4 239 8

N 2 191 8 282 8

F 1 2 6 ) NS NS

SEm+ 19 83 26 90

CD (0 05)

Significant at 1 percent level 

NS Not significant



4 2 Green matter yield

The mean values of green matter yield at each cut are 

presented in Table 3

The effect of inoculation at the first cut was significant 

The treatment Ij registered highest green matter yield of 6466 

Kgha * followed by 12 The increase in green matter yield due to 

the combined application of VAM and Rhizobiurn ( I 3 ) was 51 5 

percent ever control {Iq)

In the second cut there was no significant increase in green 

matter yield due to inoculation However the treatment I3 

recorded 34 2 percent more yield followed by I2 which gave 33 

percent more yield than contro 1

Among the fertilizer treatments treatments N j and N 2 were on 

par and significantly superior to control No at both the cjt0

The interaction effects were not significant

4 3 Dry matter yield

The results on the effect of treatments on dry matter yield 

are presented in Table 9

The treatment I 3 recorded the highest dry matter yield and 

was on par with I 2 The treatments recorded significantly 

higher dry matter yield over control C1 q) in both cuts

The different nutrient levels also gave significantly higher 

yields compared to control INq) Among the treatments N 1 and N 2 

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

The interaction effects between fertilizer levels and 

inoculation were not significant



Table 8 Effect of inoculation and nutrient levels in the 

matter yield

Trea tment
Green matter 

Firs* r-jt
yield (Kg ha 1) 
Second cut

*0 4267 3989

II 5134 5117

I 2 6288 5307

1 3 6466 5355

F 13 9) 5 764 * * NS

5Em+ 708 079 573 42

C D (0 05) 1835 52

NO 4945 5693

Ni 8434 7006

N 2 8776 7071

F (2 6 ) 27 516** 18 786

SEm+_ 508 940 225 876

C D (0 05) 1398 47 620 941

9t Significant at 1 percent level 

NS No* oignificant

f i

green
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Table 9 Effect of inoculation and nutrient levels on the dry 

matter yield

Dry matter yield (Kg ha 1)
T reatment First cut Second cut

1 0 791 754

* 1 985 1 0 2 1

1 2 1251 1025

I 3 1302 1035

F (3 9) 7 779" 4 111 NS

SEm+_ 138 222 1 1 0  81

CD 10 05) 358 31 287 259

N 0 950 1098

Ni 1626 1360

N 2 1783 1377

F (2 6 ) 27 720** 19 134""

5Em+_ 101 582 45 05

CD(0 05) 279 128 123 785

# Significant at 5 p er c e nt  level 

## Significant at 1 percent level 

NS Not significant



4 4 Mycorrhizal colonization m  the root

The mean value for the mycorrhizal colonization in the roots

of VAM inoculated plants at transplanting was found to be 29 33

percent The mean mycorrhizal colonization at the close of the 

experiment showed that the highest value of 81 8 per cent was 

recorded by the treatment combination 1 3 n ̂ followed by i3no 

(75 percent) The least valje was recorded for the treatment 

lQno (17 2 percent)

4 5 Nutrient uptake 

4 8 1  Nitrogen uptake

The mean values of nitrogen uptake by the crop are presented 

in Table 11

It was seen that inoculation did not have any significant

effect on nitrogen uptake by the plant However the treatment

I i showed the highest nitrogen uptake valjq followed by I 3

The different njtrient levels also showed no significant 

difference in nitrogen uptake However there was progressive 

increase in jptake from No to N 2

Interaction between inoculation and different nutrient levels 

were also found to be not significant

4 5 2  Phosphorus uptake

The mean values of phosphorus uptake are presented in 

Table 11

Inoculation had significant effect on phosphorus uptake The 

treatment I2 recorded the highest phosphorjs uptake valja of 

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

ŷ



Table 

of the

10 Mean mycorrhizal colonization in the root at the 

experiment

Treatment % Mycorrhizal colonization

*0^0 21 7

l0"l 24 0

1 0n 2 17 2

1 lnO 27 7

l tn j 23 3

i in 2 20 0

i2no 35 7

l2n i 62 5

i 2n 2 65 6

13^Q 75 0

i3n 1 SI 6

1 3n 2 66 7

Control 29 33

enU

60

Control Percentage mycorrhizal colonization in the roots at 
trans p 1 anting



Progressive increase in phosphorus uptake was noted due to 

increasing fertilizer levels the highest value being for the Ng 

level 1 2 1 63 kg ha *) However the differences were not 

signifleant

Interaction between inoculation and nutrient levels had no 

significant influence on phosphorus uptake

61

4 5 3  Potassium uptake

Table 11 gives the mean value of potassium uptake by the

crop Potassium uptake was significantly influenced by

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

by the treatment 1 3 but it was on par with 1 2

There was significant increase in potassium jptake due to 

different nutrient levelo Potassium uptake value was found to 

be the highest with Ng which was on par with the treatment N 1

The interaction effects between inoculation and fertilizer

levelo were found to be not- significant

4 5 4  Calcium uptake

The mean values for calcium uptake are presented in Table 11

No significant effect was observed due to inoculation on the

calcium uptake by the plant However the treatment I 3 recorded

the highest calcium uptake value and the treatment Iq recorded 

the lowest uptake valje

Higher levels of nutrients significantly increased the uptake 

of calcium by plants The treatment N2 rerorded th* highest

calcium uptake of 66 61 kg ha * which was on par with N 1

166 14 kg ha 1)
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Table 11 Effect of inoculation and nutrient levels on the uptake 

of major nutrients (kg ha 1 )

Treatment N itrogen 
lptake

Phosphorus
uptake

Potasslum 
uptake

Calcium
uptake

Magnesiun 
uptake

1 0 38 54 9 19 12 72 33 27 10 85

ll 52 21 15 51 16 48 47 74 14 51

I 2 48 57 17 31 16 51 43 63 15 79

1 3 52 07 16 83 18 26 56 87 15 73

F (3 9) NS 14 618** 4 121* NS NS

SEmt_ 5 39 1 62 1 89 11 73 3 03

TD (0 05) 4 191 4 909

N0 57 43 4 28 17 19 48 76 17 52
Ni 66 83 19 18 22 42 66 14 19 92

n 2 67 14 21 63 24 37 66 61 19 44

F (2 6 ) NS NS »-*■ CD 01 o * 7 706* NS

SEmj* 3 09 2 10 1 09 4 62 1 18

CD(0 05) 2 988 12 684

# Significant at 5 percent level 

## Significant at 1 percent level 

MS Not significant



The interaction effects between 1 noculation and nutrient 

levelo on calcium uptake were not significant

4 5 5  Magnesium uptake

Th« mean magnesijm uptake values are p r e s e n t e d  in Table 11

Inoculation did not significantly influence magnesium uptake 

However I2 recorded the highest value for magnesium uptake 

(15 79 kg ha *) Uptake by plants in the Iq t r e a t m e n t  was the 

1 owes t

Different levels of njtrients did not significantly incr»asp> 

the magneslum uptake by the pi ant0 However the treatment N2 

recorded the highest jptak« value of 19 84 kg ha *

Interaction effects between inoculation and njtri^nt levels 

had no significant influence on magnesium uptake

4 5 6  Micronutrlent uptake

The mean uptake val jes of micron jtnsnts ( Iron Manganese 

Zinc and Copper! are given in Table 12

The effect of inoculation on micronutrlent uptake was not 

significant However all the micronutrlents studied showed an 

increased jptake rate jpto I2 Iron and copper showed a alight 

decrease in uptake with the treatment I3

A a far as n j t r i e n t  levels were concerned the different levels 

had no significant i n f l u e n c e  on micronjtriont uptake
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Table 12 Hicronutrient uptake as influenced by inoculation and 
different nutrient levels (kg ha

Treatement Iron Manganese Zinc Copper

lo 4 06 2 1 1 1 49 5 73

II 4 14 2 15 1 49 6 07

12 5 86 2 1 1 1 64 6 38

13 5 30 2 36 1 97 6 16

F(3 9) NS NS NS NS

SEm+ 1 16 0 40 0 35 1 08

CD (0 05) -

N0 5 72 3 09 2 37 7 64

Hi 6 1 1 2 57 1 91 8 60

«2 7 52 3 09 2 13 0 1 1

F(2 6) NS NS NS NS

SEm+ 0 80 0 19 0 30 0 74

CD (0 05) - - -

NS - Not significant



4 6 Soil analysis

4 6 1  Available nitrogen

The mee n values for avail able nitrogen in soils af^er the 

experiment is given in Table 13

It was observed that inoculation did not significantly 

lnf1 uence the avai 1able nitrogen status in the soil

The different levels of nutrients signifleant 1y increased the 

available nitrogen otatjio of =oil The highest value of 

248 27 kg ha 1 was recorded by the treatment N 2 which was 

oigmf if'sntly superior to and Nq

There was however no significant response in available 

nitrogen status of the soil die to the interaction between 

inoculation and nutrient levels

4 6 2  Available phosphorus content in soil

The mean values for available phosphorus c o n t e n t  in the soil 

after the experiment are given in Table 13

Inoculation significantly decreased the avail able phosphorus 

content m  the soil The control treatment recorded the highest 

available phosphorus in the soil followed by I3 The lowest 

val ie w9o recorded by the treatment

There wa0 significant increase in available phosphor 

content of the soil das to different natnsnt levels The

treatment N* recorded the highest available phosphorj s content of 

42 19 kg ha * which was significantly superior to N 2 and Nq
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4 6 3  Avallable potassium content m  s o i 1

The mean values of available potass 1 urn content in the soil 

are given in Table 13

There was no significant increase in available potassium 

content of the soil due to inoculation However treatment I3 

recorded the highest available potassium content of 36 53kg ha *

The different nutrient levels did not significantly influence 

the potassium content of the soils The treatment Nj recorded

the highest available potassium content in the soil followed by

U 0 and N ̂

4 6 4  Available calcium content in soil

The mean values of avail able calcium content in the soil 

after the experiment are given in Table 13

There was no significant difference in the avail able calcium

content in the aoil due to inoculation However the highest

content was recorded by the treatment Iq and 1 eas t by the 

treatment 1^

The d i f f e r e n t  nutrient levels tried had also no significant 

i n f l u e n c e  on available calcium c o n t e n t  in the aoil

4 6 5  Available magnesium content in soil

The mean valus0 for available magnesium content in the = oi 1 

after the experiment are given in Table 13

Inoculation did not significantly increase the available 

magnesium content in the aoil However the highest value wa^ 

recorded for the treatment I2 and least for the treatment 1 jl
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Table 13 Available soil nutrient status after the experiment as 

influenced by inoculation and nutrient levels (kg ha 1 )

T reat ment Avai1able 
nitrogen

Avai1ab1e 
phosphorus

Aval1ab1e 
potassium

Aval 1able 
calcium

Avai1ab1e 
magnesium

lu 143 73 32 37 33 95 292 14 35 73

1 1 143 73 28 24 33 83 261 34 33 75

I _ 143 73 29 25 31 84 269 26 41 38

Id 143 73 29 27 33 53 231 39 37 91

F(3 9) NS 6 515* NS NS NS

SEm+_ 16 997 1 2 1 0 5 19 30 48 3 35

CD (0 05) 3 140

NO 156 30 39 40 48 17 343 75 46 08

N 1 169 37 42 19 50 07 357 72 4T 65

N ̂ 243 27 38 63 37 36 397 66 56 02

F(2 6 ) 34 399 ** 7 27 9 * NS NS NS

SEm+_ 10 62 0 37 6 59 13 64 3 57

CD(0 05) 29 188 2 404

* Significant- at 5 p er c en t  level

# # Significant at 1 percent level 

NS Not significant



The nutrient levels also did not have any significant

influence on the avail able magneslum content in the soil

4 7 Crude Protein

Th« effect of different treatments on the crude protein

content of the rrop is presented in Table 14

There was no significant increase in crude protein content 

djg to the effect of the different inocilanto The different

nutrient dosso also did not show any significant influence on the

crude protein content

4 8 Economics of cultivation

The results on the economics of cultivation of Sty1osanthes jnder 

different inoculation and fertilizer treatments is presented in 

Table 15

The treatment combination i 3n i (VAM + Rhlzobl am + 50 percent

recommended dose) recorded the highest net r et u rn ^  of R= 2743 09 

and Benefit cost ratio of 2 01 This was followed by the

treatment i 2n 0 < VAM + no nutrients) with a Benefit cost ratio of 

1 99 and 12n 1 (VAM + 50 percent of (-he recommended dose ) with a 

net profit of Rs 2467 20 The control t r e a t m e n t  i0n0

registered the lowest net income of Rs 711 70 and B e n e f i t  cost 

ratio of 1 33
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^able 14 Effect of inoculation and nutrient levels on tne crude 
protein (/) in the crop

Treatment Crude protein C?)

I 0 14 05

ii 15 84

*2 14 42

13 15 11

F (3 9) HS

SEm+ 0 543

CD(0 05) —

HO 13 82

» 1 14 16

k2 16 59

F(2 6) HS

SEMi 0 938

CD(0 05) —

HS Hot significant
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Table 15 Economics of cultivation

Treatments Cost of Cultivation (Y) Y eld (Kgha l) Gross income 
IRs 1 IRs 1

IX) Net income IRs ) 
IX Y)

B/C ratio 
tX/Yl

l0"0 2159 00 9569 2870 70 711 70 1 33

itfU 2597 00 11952 3555 60 958 60 1 37

W2 3035 00 13509 4142 40 1107 40 1 36

2226 70 11666 3499 80 1273 10 1 57

lnl 2664 70 15494 4649 20 1983 50 1 74

1 ln2 3092 70 14795 4438 50 1345 80 I 44

^ 0 2239 20 11509 4452 70 2213 50 1 99

l2f*l 2677 20 17146 5144 40 2467 20 1 92

'$2 3105 20 16503 5550 90 2445 70 1 79

&Q 2251 70 non 3303 30 1051 60 1 46

^ 1 2699 70 19109 5432 79 2743 09 2 01

l&2 3117 70 19054 5716 50 2598 50 1 93

Price IRs ) IKg K 6 70 lPg P205 9 39 1 Yt Y20 3 33 lKg green fodder

Labojr fast Rs 54 00/ laboirer



DISCUSSION



DISCUSSION
71

A field experiment was conducted in the Instructional farm 

Vellayani to stjdy the effect of different microbial lnorjilants 

in 5 tyIosanthes guianensis cv Schofield for increasing the 

herbage production The results obtained from the study are 
discussed below 

5 1 Growth characters 

5 1 1  Height of plants

The resjlts presented in Table 1 revealed that there was no 

significant effect due to dual inoculation with VAM + Rhizoblum

on the height of the plant at first and second months after 

transplanting Thi« is in agreement with the observations of 
Carling et al (1950) in soybean where the response to

mycorrhizal inoculation was evident only about 6 weeks after

planting At the first c it (90 days after planting) there was 

significant difference in height between the treatments The

maximum height (45 56 r-m) was recorded in the dual inoculation 

treatment Similar increase in shoot growth dJe to dual

inoculation was reported by Azcon et al (1979) in lucerne This 

is attnbjted to a synergestir effect due to interaction between 

the micro symbionts A similar trend was noticed in the second 

cut also But the increase in height due to inoculation was not 

statistically significant Similar redjrtion in response after 

the initial shoot harvest has been observed in white clover by 

Powell and Daniel (1979)

It was observed that full fertilizer 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 increased
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the height of plants The plants m  unfertilized plot recorded 
the lowest height at all stages As the level of NPK increased 
from 0 kg ha  ̂to 20 80 30 kg ha  ̂the plant height increased 
progressively The influence of nitrogen in promoting the 
vegetative growth of plants is well established and as such the 
increase m  plant height with incremental doses of nitrogen is 
quite natural (Tisdale et al 1985)

Phosphorus promotes root development (Tisdale et al 1985) 
and promotes menstematic activity (Black 1968) The increased 
root growth in turn would enhance the uptake of nutrients 
resulting m  rapid growth and development including shoot growth 
Similar increase m  plant growth due to phosphorus application 
was reported in Stvlosanthes gracilis by Hanyappan (1978) Lekha 
Sreekantan (1981) and Balachandran hair (1989)

The increasing levels of potassium from 0 kg K2O ha  ̂to 30 
kg K20  ̂was a ŝo found to contribute to the increasing
plant height Potassium is important in the photosynthetic 
process thus leading to greater carbon assimilation and growth 
(Russell 1973)

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 soil 
5 1 2  Humber of branches

The results presented m  Table 2 showed that there was no 
significant increase in the number of branches due
to inoculation The treatment VAM alone recorded the
highest number of branches m  both cuts This was on par with the
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treatment VAM + Rhizobium and Rhizobium treatment alone 
Increase m  the number of branches due to VAM inoculation may be 
related to enhanced nutrient uptake and translocation by fungal 
activity which enhances the utilization of photosynthate in the 
aerial part of the plant (Smith et al 1981)

The increasing fertilizer dose from control to full 
recommended dose significantly increased the number of branches 
in the first cut Application of nitrogen phosphorus and 
potassium might have increased the vegetative growth of plants 
Similar results have been reported with increasing nitrogen 
levels m  lupin by Moursi et al (1976) increasing phosphorus 
levels m  Stvlosanthes gracilis by Balachandran Nair (1989) and 
increasing potassium levels by Annamma George (1980) m  
blackgram
5 1 3  Length of branches

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

The increasing fertilizer levels did not have any significant 
influence on the length of branches However there was an 
increasing trend with increase m  nutrient levels Similar 
increase in length of branches with increasing nitrogen levels 
was reported by Moursi et al (1976) in lupin and with increasing
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phosphorus levels xn Stvlosanthes ouianensis by Balachandran Nair 

( j.987) The increase xn length of branches might be attributed 

to the fact that at higher nutrient levels, the uptake of 

nutrients was higher (Table 11 and 12) This would have 

stimulated menstematic activity, resulting m  increased length 

of branches

5 1 4  Leaf stem ratiD
Results presented m  Table 4 showed that there was no significant 

difference in leaf stem ratio between the different inoculation

treatments at the first cut However at the second cut, it was

found that inoculation significantly increased the leaf stem 

ratio over control Leaf stem ratio is a measure of the quality 

of fodder and hence determines its effect on animals There was 

gradation in the leaf stem ratio, the highest being recorded by

VAM + Rhizobium treatment, followed by treatment VAM alone Thus

due to the combined treatment, the quality of forage has been 

improved Similar improvement m  quality of fodder due to dual 

inoculation was reported by Bagyaraj et al (1979) in cowpea and 

Rinj et al (1987) m  Leucaena 1eeucocephala The fungal hyphae 

increases the uptake increases the uptake of phosphorus (Table

1 1 ) and phosphate is known to increase the leaf area

The different nutrient levels were found to have significant

influence on the leaf stem ratio of the plant at the first cut 

Though this effect was not so pronounced, the same trend 

continued m  the second cut also The role of nitrogen m

increasing the leafmess of crops is well known (Russell, 1973)

Chandim (1980) and Lekha Sreekantan (1981) also reported an



increased leaf stem ratio with increase in levels of phosphorus 

application upto 120 kg P2^5  ̂ Phosphorus application might

have stimulated better root and nodule development which

resulted in increased nitrogen availability and hen^g 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 inoculation 

treatments However the treatment VAM + Rhizobium recorded the 

highest spread followed by VAM treatment alone in both the cuts 

This lnrrossa might* be die to enhanced mineral nutrition of the 

plant resulting from greater exploring ability of the

ext rama t r i<̂ a 1 mycelium of vesicular arbusc lar mycorrhiza which 

overcomea the limitations nn grqjisition of icno H a t  diffj^e 

o 1owly in soil sol ;tion to the rhizoophere (Barea 1991) The 

increase in the length of branches and general height of the

plants might a U o  have contrib jtad to the wider spread

The fertilizer levelo had significant influence on the spread 

of plants The treatments 50 per cent recommended dose and 100 

per cent recommended dose were on par and significantly superior 

to control The effect of graded doses of N P and Y in

lncreasing the vegetative growth of plants has a I ready been 

discussed The difference in spread of plants might be due to 

the difference in the length of branches Mour^i et al (1976)

also reported an increase in the spread of lupin with increase in 

nitrogen application Increased plant spread due to phosphorus 

application was reported by Sharma and Lavania (1980) in V 1cla



h 1 rsuta and Vica sativa and in Sty 1 osanthes by Lekha Sreekantan 

(1981) and Balachandran Nair (1989) The increase in spread 

noticed in the study might be dje to increased meristematic 

anfivity B a  a result of enhanced jptak« of njtrients (Table 11 

end 1 2 )

5 1 6  Number of nodules

Inoculation significantly increased the number of nodjiles es 

evidnnngd from the result preD«ntgd in Teble 6 and Fig 4 tie 

Rhi^obi m treatment s 1 one and dual inof'Jtlation treatment (VAM + 

Rhizobmm) recorded the highest number of nodules Similar

resjlts w p t p reported by Rawat et al (1991) and Rinj e+ a 1

(1957) in Lh J^aana 1pucorgphg1 a A good □ Jpply nf phosphor is is

essential for effective nodjlation (M nns and M o e s o  1^ 0 ) The

lnoreaasd nodulation f'o Id h« attrib ted to the fact that

apecifk root exudates on mycorrhizal legjmes may sot as 

f'hnmotsr’t k  a 1 1  rac t^ n t ej nf Rh i zob i jm (Gitte et si 1975)

Sivaprasad and Rai (1957) effectively proved that increased

nodulation of Cajanus cajan in tripartite symbiosis wa^ due to 

morsaoaH rylokimn activity m  otem jdatas anH roots of

nyr’orrhizal plants VAfl fungi thus firot chmulalp the nndji« 

bacteria and their activity by increasing tissue phosphorus 

onnrnntratinn (Smith and De f t 1977 Mosoe et al 1976)

reciting in increased nitrogen fixation and onnseq jent ly 

enhanced plant growth

There wa0 no significant difference in noHjln njmber din to 

different nutrient levels However the treatment f j1 I recommended 

dose showed a slight increase in nodule njmber when compared 

with tie control Graded dose of N P and K are known to increase
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nodulation in legumes (Tisdale et al 1985) The limited

increase in nodulat ion may be due to the medium nitrogen status 

(313 8 kg ha S  of the soil Nitrogen fixing bacteria when 

supplied with readily available forms of nitrogen become 

inactive and less efficient in fixing atmospheric nitrogen 

thereby retarding the formation of nodules (Russell 1973)

5 1 7 Weight of nodules

The results regarding the weight of nodules is presented in 

Table 7 and Fig 5 The same trend ohown by the number of nodul«s 

is repeated m  the character also Inoculation with Rh i zob l jm 

and VAM + Rh izob m m  significantly increased the weight of nodul«o 

over control Rai (1955) observed similar increase in nodule dry 

weight by dual inoculation in C icer arletinum Similarly

Pacovsky et al (1986) reported increased nodule weight and hence 

high nitrogen fixation due to dual inoculation in soybeans The 

increase in nodule number recorded m  thio study might e 1 Oo have 

had a pooitive role in increasing nodule weight

The different fertilizer levels had no significant influence 

on weight of nodules But there was a gradation the weight 

l ncreas ing from the control traament to full recommended dose 

High doses of phosphorus and potassium are known to increase 

nodulation (Russa 11 1973) The increase in nod Jil e number

(Table 6 ) might have increased the nodul® weight aJoO 

5 2 Green matter yield

The rea jlts on green matter yield presented in Table 5 and 

Fig 6 showed that the treatment VAM + Rhizob m m  was 

significantly superior to uninoculated control The dual
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inoculation treatment showed 52 peiuent higher yield thaT the

uninoculated control in the first cut In the first cut the

height spread leaf stem ratio number and length of branches 

were higher for the dual inoculation treatment This might be

the reason for enhanced green matter yield The synergestic 

effect might have induced more uptake of nutrients (Table 11 and

1 2 ) by way of enhanced nitrogen fixation and extramatri^a1 net

work of VAM hyphae which functions synonymous to the root hair

(Barea 1991) which in turn increased the vegetative growth

reflecting m  increased green matter yield

The effect due to inoculation was not so pronounced in the 

second cjt though the treatment VAM + Rhizobljm recorded 34 

percent higher yield than control This might be due to an 

overall reduction in growth parameters also in the second cut

Similar depression in yield after the first cut was reported by

Lim and Co 1e (1984) in white clover where the magnitude of

mycorrhizal response decreased with successive harvests

The fertilizer level 100 percent of the recommended dose 

recorded the highest g re«n matter yield which was on par * l th 50

percent of the rer'ommended dose As the level of nitrogen

increases the carbohydrates synthesised in the 1 eaves are 

converted to ami noacids mainly in the leaf The extra protein

a 1 Iowo the leaves to grow larger and have more photosynthetic

area leading to higher yield (Russell 1973) Increase in top 

growth of 1 jpin and henc<=> green matter yield with increasing 

nitrogen rates was reported by Mouroi et al (1976)

Balachandran Nair (1989) aloO reported an increase in green 

matter yield with increasing phosphorus levels in Sty 1 osanthes
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The role of phosphorus in increasing the cell division and 

activity of meristematic tissues thus increasing growth and 

yield i= well established (Russell 1973) Potaodum has been 

chown to increase yields in Tr i f o 1 turn a 1 exand n m m  (Robinson and 

Savoy 1989) In general the higher fertilizer dose given in 

this trial might have increased the overall vegetative growth of 

the plan* and this could be the reason for higher green matter 

yield Green matter yields obtained showed that 50 percent

recommended dose is as efficient as 100 percent recommended dose 

in prod jf'mg high green matter yield

5 3 Dry matter yield

The results on dry matter yield presented in Table 9 and 

Fig 7 showed that there was significant response to inoculation 

with VAM and Rhlzobium over control at both cuts Similar 

results were reported in lucerne by Barea et al (1980) in

GIycine max by Pacovoky et al (1985) and in pigeonpea by

Sivaprasad and Rai (1987) Increase in height spread number 

and length of branches might have f’on^nbjfsd to high dry matter 

yield The enhanced vegetative growth and high green matter

yield might also contributed to greater dry matter yield

The different fertilizer levels gave significantly higher 

yields compared to control The treatments 50 percent of the 

recommended dose and 100 percent of the recommended dose were on 

par and significantly higher than control Similar trend was 

observed in 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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'/ere on par suggesting that 50 percent recommended dose is 

sufficient beyond which no significant yield increase or'f’jrs

5 4 Hycarrhizal colonization m  the root

The results presented in Table 10 showed that at 

transplanting the mycorrhizal colonization in VAM inoculated 

plants was 29 33 percent The mean value for mycorrhizal 

colonization at the close of the experiment showed that the 

treatment (VAM + Rhizobium + 50 percent recommended dose)

registered the highest value followed by 1 3  hq (VAM + Rhizobim  + 

no nutrients) Saif (1986) also reported stimulated mycorrhizal 

infection with low levels of applied phosphorus Addition of 

combined nitrogen decreased mycorrhizal development m  young 

clover roots (Chambers et al 1980) Elias and Safir (1987) 

found that the preference of VAM fungus to low phosphorus 

concentration 1 = because at low phosphorus f’onrgn t ra 1 1 ons the 

exudates from plants stimjlate hyphal elongation of VAM fungus

The lowest valje was reported for the treatment No

inoculants + 100 percent recommended dose <i0 n2 ) This indicates 

that native VAM is suppressed at higher dos«s of fertilizer 

application But the mof 1 Jlation responses were not related to 

infection level Sty 1 osanthes responded most from inoculation 

in soil with most available phosphorjs Similar results wer« 

obtained in lucerne by Owusu Bennoah and Mosse (1979) VAM 

fungi are especially affected by soil fertility factors 

Limonnard and Ruissen (1989) 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 is evident from the results presented in Table 11 and 

Fig 9 that inoculation did not significantly increase the 

nitrogen uptake by the pi ant However the t r e a t m e n t  Rhizoblum 

alon® recnrded the highest nitrogen uptake which wa = closely 

followed by VAM + Rhizoblum Rhizobl jm t r e a t e m e n t  recorded 

higher nodule number and nodule weight hence the uptake was also 

higher Smith et al (19B1) showed that VAM increased nitrogen 

inflow into the plant The VAM funguo can absorb nitrate ions 

from beyond the more deficient cells around the roots Smith and 

Gianinazzi Pearson (1988) observed that indirectly VAM increased 

the nitrate redjcta*e in the plant which is ner,8oS3 ry for 

nitrate assimilation

The different nutrient level* also had no significant effect 

on the nitrogen uptake The increasing nutrient levels however 

showed an m c m a o i n g  trend in the nitrogen uptake The

insignificant result might be die to th« modl Jim nitrogen * tatu* 

(313 8 Kg ha *) of the experimental site

5 5 2  Phosphorus uptake

The results on the phosphorus uptake by plants is presented 

in Table 11 and Fig 8

The treatments VAM alone and dual inoculation recorded on 

par values for phosphorus uptake which was highly significant 

over control The rea*on for enhanced phosphorus uptake by VAM 

plants l* still controversial In any ca*e VAM hypha«=i can take



advantage of their geometry and better distribution than roots to 

acquire phosphate from transistory Localised and diluted sources 

of th« olement (Harley and Smith 1953) There are indications 

that VAM hyphae are able to take up phosphate from soil solutions 

with Iow phosphate concentrations more efficiently than simple 

roots (Barea 1991) The qualitative and quantitative changes in 

the root exudation patterns (Harley and Smith 1983) and the 

differences between VAM and non mycorrhizal plants in the 

absorption of anions and cat ions which can change with the pH of 

the rhizosphere (Buwalda et al 1983) are the indirect

mechanisms which increases phosphate availability to the plant

There was no significant increase in phosphorus uptake due 

to increasing fertilizer levels But progressive increase was 

noticed in the uptake pattern from the 1 owest dose to the 

highest dose of fertilizers I norease in phosphorus uptake with 

increasing doses of phosphorus was reported by Lekha Sreekantan 

(1931) Increasing the rate of phosphorus applied in the soil

might have increased its a v a i l a b i l i t y  and consequent assimilation 

by pi ants which results in higher phosphorus uptake values for 

the plant Similar results have been reported by Dhar (1978) and 

Marlyappan (1978) m  the case of various 1egumes trled The 

inorease in dry matter yields with increasing n u t r i e n t  levels 

might have enhanced the total phosphorus recovery in the present 

s t udy

5 5 3  Potassium uptake

The results presented in Table 11 and Fig 8 showed that 

there was significant increase in p o t a s s i u m  uptake du« to 

lnoculation The highest potassiurn uptake value was recorded by



VAM + Rhlzoblum treatment VAM Increases potassium uptale 

resulting in an increment in shoot growth (Nielson end Jenaon 

1903) Mycorrhizal infection has been found to improve the 

potassijm nutrition of Tr 1 f o 1 i jm subterraneum when internal

potsaaijm concentrations w e m  generally low The increased

potassium uptake might aloo be the result of improved phosphoris 

njtntion (Smith et al 1981) The Rh izob lum tr«atmen t might 

have contribjted to better nodulatinn and hence* better

availability of nutrients to the crop

There was significant increase in uptake of potassium with 

increasing levels of nutrients A stimulated growth under higher 

level* of fertiliser application might have resjlted in better 

proliferation of root oyotem and increased intake efficiency of 

plant* Similar res j1 ts i th increasing potsOCJ i jm concentration 

va reported by Robinson and Sa^oy (1989) in Tr i f o 1 lum repent and 

Lekha Sreekantan (1981) in Sty 1 osantheo with increasing

pi osphorus closer The higher dry matter production with 100 

perc«nt recommended dose might have contribjted to the enh^ncnd 

uptake of nutrients

5 8 4  Calcium and magnesium uptake

It waa oboorved (Table 12) that there was nn significant

difference in the jptake of calcijm and magnesijm by the plant

due to different inoculation treatments However the VAM +

Rhizobium treatment recorded the highest calcium uptake followed

bv Rhizobljm treatment Similar increaoo in uptake of calcijm

was reported by Hjsng et el (1983) in Le jcaena 1e j^orgpha1 a

Smith and Gianinazzi Pearoon (1988) suggest an association of 
2 +Ca d i s tr ibut i on in plants with the synthesis and breakdown of
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polyphosphate granules sinf'<3 the cation is a secondary

constituent of the = e granules

Magnesium uptake was also higher for the treatments with 

mycorrhiza Mycorrhizal inoculation was shown to significantly 

1 ncrease magnesium uptake of lucerne by Nielson (1990) The 

enhanced magnesium uptake may be an effect of the extensive

mycellal network and increased dry mat ter production of p 1 ants

The nutrient levels also did not affect the uptake of

calcium and magnesium However with increasing nutrient doses

an increasing t r^nd was noticed in the uptake value Similar 

increase in uptake of f-shono with lncrea*e in the dose of 

phosphorus app1 led vas reported by Balachandran Nair (1989) The 

i n d ir e c t  effect of enhanced uptake may be due to the higher dry 

matter production at higher nutrient levels

5 5 5  Micronutrlent uptake

Inoculation did not significantly increase the micronutrient 

uptake as evidenced by results presented in Table 12 However 

the treatments with mycrorrhizal inoculation register«d the 

highest micronutrlent uptake The VAM are known to be involved 

in the uptake of zinc and copper trace elements having low 

m o b i l i t y  in the soil (Rhodes and Gerdemann 1980 Tinker and 

G i1 don 1983 Har1ey and Smi th 1983) An 1 ncrease in iron 

uptake due to VAM inoculation has also been shown by Rai (1985)

in C icer ar 1 0 1 1 n urn Plants colonized by VAM fungi e x p l o i t  g much

larger soil volume and so are* capable of mining more immobile

trace elements than nonmycorrhizal ones (Pacovsky 1986)



5 6 Soil Analysis

5 6 1  Nitrogen content m  the soil

The results presented in Table 14 showed that there was no 

significant difference in the soil nitrogen content due to 

different moculant* The high nitrogen uptake by the crop when 

inoculated with VAM-tRhizobium and the consequent high dry matter 

production might have led to a reduction in the nitrogen static 

of the soil But m  the no inoc lation treatment the low uptake 

of nitrogen and the comparatively less dry matter production 

might have resulted in limited utilization of nitrogen reserves 

in th« *oi 1

However with increasing fertilizer levels from control to 

100 percent recommended dose there was significant increase m  

the soil nitrogen status The moderately high (313 kgha *) 

nitrogen status of the soil might have enhanced the dry matter 

production of the plant resulting in less utilization of applied 

nitrogen The increased soil nitrogen *tatus might also be

attributed to the utilization of fixed nitrogen by the crop

leading to the increase in residual nitrogen status Increase in 

soil nitrogen status with increased application of nitrogenou* 

fertilizer* had been reported by Lee et al (1990) in Medicago 

sativa

5 6 2  Phosphorus content in the soil

The re*ults presented in Table 14 show that the control 

treatment (no inoculation) recorded the highest available

pho*phoru* content in the *oil This could be attributed to less 

uptake of pho*phorus by the pla nt  and h e n c g  less utilization of 

native and applied phosphorus THe lowest value was recorded by
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the treatment Rhizoblum VAM + Rhlzoblum inoculation treatment 

recorded available phosphorjs content of 29 27 kg ha * in the 

soil Inoculation with mycorrhiza increases the phosphorus uptake 

by way of extensive mycelial net work and also adds phosphorus 

to the available pool (Earea 1991) However the higher green 

matter yield d to acqjioihon of njtrients like phosphorjs 

would have resulted in low available phosphorus in the Oo 1 1

Significant increase was observed in available pho^phoruo 

content dje to different fertilizer levels The treatment 50 

percent of the recommended dose recorded the highest available 

phosphorus content foil owed by full fertilizer dose Increase in 

available phosphorus content in soil with increase in the dose of 

phosphorus applied was reported by Manyappan (1978) Lekha 

Sreekantan (1981) and Balachandran Nair (1989)

5 6 3  Potassium content in soil

The results presented in Table 14 showed that there was no 

significant difference in potaooium content of the soil due to 

inocjiation The tr«atment VAM + Rhizobium recorded the highest 

avail able potassium content m  the soil followed by the control 

treatment This might be due to the fact that could VAM could 

enhance potassium content of the soil by hyphal exploration for 

further jti1 ization and better plant growth

The different nutrient levels did not show any significant 

influence on the avail able potassium c o n t e n t  of the soil 

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 m  the soil

There was no significant difference in the available calcium 

and magnesium contents in the Ooil due to inoculation This 

might be die to increased uptake of these njtrients with 

inoc j1 ation

The different njtnent levels also did not infljence the 

available calcium and magneoium atatjs of the acnl Thia showed 

that there was no additional benefit due to the application of 

NPK fertilizers on the calcium and magnesium contents in the 

soil However increase in cation exchange capacity with 

increase in dose of phosphorus was reported by Singh (1975) in 

Sty1osanthes hum!1 is and Bruce (1974) in Sty 1osanthes gulanensis 

Hence the increasing trend shown by the increasing nutrient 

levels seems to suggest the influence of phosphorus in 

increasing the available calcium and magnesium contents in soil

5 7 Crude Protein

From the results presented in Table 13 it roild be seen 

that there was no significant effect on the crude prot«in 

content due to inoculation The treatment Rhizoblum recorded the 

higheat crude protein content which may be due to the higher 

nitrogen content in the plant die to better assimilation of 

nitrogen This was followed by the treatment VAM + Rhizob m m  

The Rhizobium aymbiont in the dual inoculation treatment might 

have contributed to better nitrogen uptake and hence higher crude 

protein yield Increase in crude protein was noticed with 

Rhizob m m  inoculation in lucerne by (Jonsson 1982) and in 

soybean hay by Karyagin (1930)
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The crude protein content was _jiot found to vary 

significantly with increasing nutrient levels But an increasing 

trend was observed with the nutrient levels varying from control 

to 100 percent recommended dose Increase in nitrogen content m  

the plant has a positive effect on the crude protein content 

( R is se I I 1973) Phosphorus is known for the developnent of 

root= and rootlets Hence more area would be available for 

nodulp formation leading to more nitrogen fixation Phosphorus 

was reported to increase the crude protein content m  

S ty1 osan thes by Lekha Sreekantan(1961) and Balachar dran Nair 

(1989) Application of NPK fertilizers also increased the crude 

protein content* m  soybea (Girenko and Levenokii 1974)
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SUMMARY

An investigation was conducted to study the effect* of 

different microbial monjlants (Rhizob m m  Vesicular arbuscular 

myrorrhiza C VAM) and VAtl^Rhizobium) as we 11 as different levels 

of nutrients (No no nutrients 50 percent of recommended

dose N2 100 percent of recommended dose) and their

interactions on increasing the forage production of S t y losanthes 

g jtianens l s cv Schofield

The experiment was laid out in strip plot design with four 

replications The important results of the study are summarised 

be 1 ow

1 PI ant height significan 11y 1 ncreased with the treatment, 

VAM + Rhizobium in the first cut All other treatments were on 

par 1 n the second cut no oigmficant l ncr ease was noticed in 

h ei gh t due to inoc lation But the t r e a t m e n t  VAM + Rhizob1 um wao 

superior over the other treatments

The treatment 100 percent recommended dose was significantly 

superior to all other treatments in the first and second n

2 Inoculation and nutrient levels did not significantly 

increase the number of branches in the first and second cuts

3 The combination treatment VAM +Rhizoblum registered the 

highest length of branches in both cuts but it was not 

stat is tical1y signlfleant

The increasing levels of nutrients showed a con=istgnt 

increase in the length of branches in the first cut and a 

signlf icant response with higher nutrient levels was noticed in 

the second cut



4 The spread of plants was not increased significant1y due 

to inoculation However the t reatment VAM + Rh 1 zob 1 jm 

registered higher spread in both the c it*

The spread of plants increased significantly with lncreasing 

njtrient level* The treatments 50 percent recommended dose and 

100 percent recommended dose were on par and significantly 

sjpenor to control

5 A significant increase in leaf stem ratio was noticed 

with inocjletion E it thi* wa* evident only in the second cjf 

In both the cuts the treat ment VAM+Rhizobiim recorded the 

highest leaf stem ratio followed by the VAM treatment

The treatment 50 percent recommended dose recorded 

significant increase in leaf stem ratio in the first cjt In 

the second cut however the effect was not significant

6 The treatment M M  + Rhizobiim recorded significant 

increase in the number of nodules but it was on par with the 

Rhizobiurn treatment in both the cuts

The different nutrient level* did not show any significant 

lnfIuence on the number of noduIes

7 There was significant increase in the weight of nodules 

due to inoculation with VAM + Rhlzob m m  in both cuts but it was 

on par with the Rhizobium treatment

The njfriont level* did not show any significant increase l 

this character

8 The green matter yield was significantly increased due to 

inoculation with VAM + Rhlzobium in the first cit Bit this 

effect was not significant in the second cut
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A significant increase was noticed in the green matter yield 

with 1 ncrease in nutrient levels There was a gradation in 

increase the highest value b » m g  for 100 percent recommended 

dose which was on par with 50 percent recommended dose

9 Inoculation with VAM + Rhizobium produced significant 

increase in dry matter yield m  the first and second cuts over 

contra 1

Similar aignificsnt response was noticed with increasing 

njtrient levels The highest dry matter yield wa* obtained with 

100 percent recommended dose which was on par with 50 percent 

recommended do^e

10 There was significant 1 ncrease in phosphor js and 

pota^oijm uptake by the crop due to inocjiation with VAM + 

Rhlzobium Nitrogen uptake was not significantly influenced by 

lnoc j1 at ion

11 A significant response was not noticed in the ca^e of 

calcium magnesium and micronutrient jptake due to inoculation or 

different nutrient levels

12 No significant response was noticed in crude protein 

content due to different inoculants or fertilizer levels

13 The available nitrogen phoophor js potassium jm 

and magnesium statj*, of the soil was not signifleant 1y influenced 

by inoculation But with increase in n j t r i e n t  doses there was 

corresponding increase in the available nitrogen and phosphorus 

status of the 3oil

14 The treatment combination VAM + Rhlzobiurn + 50 percent 

of the recommended dose registered the highest net profit of 

Rs 2743 09 and B/C ratio of 2 0 1
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Future line of work

The effect of dual inoculation with VAM + Rhlzobium in 

1 ncreasi ng the fodder production under different cutting 

intervals and on seed production has to be investigated 

Different method* of application of mycorrhizal inoculjm should 

be tried out and the b e s t  method should be evolved
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ABSTRACT

An experiment was conducted at the College of Agriculture 
Vellayam to study the effect of different moculants (Rhizobium 
Vesicular arbuscular mycorrhiza (VAM) and VAM+Rhi^obiunO and
different nutrient levels (no nutrients, 50 percent of the 
recommended dose and 100 percent of the recommended dose) in 
increasing the herbage productivity of Stylosanthes gmanensis 
cv Schofield The recommended nutrient dose was N P K @
20 80 30 kg ha 1

The experiment was laid out m  Strip Plot Design with four 
replications

The study revealed that co inoculation of Stylosanthes with 
VAM and Rhizobium significantly increased the plant height The 
nutrient dose 50 percent of the recommended dose and 100 percent 
of the recommended dose were found to be at par

A consistent increase in leaf stem ratio and spread of plants 
was noticed due to dual inoculation with VAM and Rhiznbinm

There was significant increase m  nodulation and nodule 
weight on inoculation with VAM+Rhizobium The highest number of
nodules ( 141 8 m  first cut and 211 8 m  second cut) was
recorded by the dual inoculation treatment



Significant response to dual inoculation was observed with 
respect to green matter yield (52% increase over control in the 
first cut and 34% increase m  the second cut) Similar results 
were obtained in the case of dry matter yield also

The treatments 50 percent recommended dose and 100 percent 
recommended dose were at par for green matter and dry matter 
yields

The phosphorus uptake values also showed significant increase 
with dual inoculation

The treatment VAM+ Rhizobium + 50 percent recommended dose 
recorded the highest B/Q ratio of 2 01


