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i n ,  o d ti s i  i  o ii

soybean ( Glycine max (1 . )  M errill) ia aa excellent 

source of plant protein and vega table o i l .  Although the 

orop haa been cultivated in the h illy  areas o f our 

country since 1882, its large scale cultivation in the 

plains of ’forth India case into practice only after 1960. 

Tversince then, efforts were made to popularise soybean 

among tlie farmers.

Intensive research work on soybean was started in 

t . i .  Pant university o f Agrioulture and Technology,

Pant fagar and J. f. Krishi Viahwa ’/idyalaya, Jabalpur in 

mid-sixties. As part of the co-ordinated project, a 

global geraplagm collection was screened in various 

oentres in India for selecting suitable types for the 

differentia l areas. Jased on a similar tr ia l at 

foimbatore/ 25 varieties were screened in as promising 

for douth India. These 25 varieties wore further tested 

for their performance in red loam so ils  of Trlohur, since 

197b. The variety 39821 ( JGM pq) was found to be one 

of the moat promising.

A nutritional t r ia l on this crop was conducted



during 1977 to study the nitrogen renulrera.nt and 

response to rhizobial culture inooulation ( fair, 1976). 

Jitii a view to standardise the nutritional requirements 

of the crop, it  was considered necessary to continue 

experimental work on other fe r t i lis e r  nu,rloots. 

Phosphorus application to legumes is  generally treated 

as more important than non-lagumea. 1’his ia so because 

tnia nutrient plays a dual role in legume cultivation  

both aa a nutrient directly involved In the nutrition 

of tea plant and also meeting the requirement o f 

nitrogen fixing; bacteria, Ihringh the latter, tee 

nitrogen supply to the plant is also decided to an 

extent by availab ility  o f phosphorus ia  tee so il,  

■"’hospnorus status of tne red loaa so ils  o f Jerala Is 

generally rated as low and in gener 1, response to 

fe r t i lis e r  phosphorus is  frequent.

As in tea o&se o f phosphorus, application of 

lime also is another management recommend ;tion usually 

given in tee case of  legumes. Positive response to 

lima also ia more frequently reported in la ..use a than 

in non-legonaa. In addition to the direct involvement 

of meeting the requirement o f calcium, this practice



raaulis in providing a mors suitable medium to the growth 

of plant an2 also supplies this element for the growth 

and tmltipliO'Ation of nitrogen fixing bacteria. The 

litas status of so il optim a for the -activity of

rhizobial organ!smo is also generally sonsidorad to be 

higher than that for the direct crop nutrition.

It is  well-known feat for e ffic ien t symbiotic 

nitrogen fixation by legumes, presence o f appropriate 

strains of the required rhizobial species Is a must, for 

soybean, being a new introduction, the most affective 

strains o f vhizoblum ja.gafllg.UB ( the species responsible 

for nitrogen fixation in the cross-inoculation group of 

soybean) ray not be ’iilabla originally  in the so il.

In such a case, a drastic improvement in crop performance 

is  to be normally expected because o f culture inoculation, 

however, on experiment conducted during 1977 indicated 

a reverse trend of decrease in yield , nodulax,ion md 

nitrogen uptake of soybean consequent to suitors 

inooulation. It way then concluded that the soils  

probably contained effective strains of tela species of 

ihizobium and taat the native strains were more effective 

than fee strains introduced through the culture. 3 

these re cults were quite contrary to expectation, it  was
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fe lt  neoevsary to check the results by repeating the 

treatments again* Aa mentioned earlier, two o f the 

manageable envirom-i-nt'il footers affecting efficient 

nitrogen fixation by legumes are the phosphorus 

availability  and liae status of so il. Tt was therefore 

considered worthwhile studying the response to culture 

Inoculation in combination with npnlied ohosphorus and 

limes.

:te present investigation was taken up with the 

following broad objectives in view.

i )  vo study tne response o f soybean tc graded 

levels of applied pnosphorua and to arrive at we  

requirement of t.uis nutrient for soybean*

i i )  To study th-3 response o f soybean to liming.

l i i )  To assess the effeot of a r t if ic ia l  culture 

inooulation.

iv; To study tne interaction between these factors 

on soyscan.



REVIEW OF LITERATURE



&SV&M OF L IIiih A Ilf iik

Sxperimantal results on the influence o f phosphorus 

application, liming and rhizobial inooulation on soybean 

yield were widely varying* Definite advantages due to 

increasing levels of phosphorus, liming and inooulation 

were often reported by workers from different parts of 

tit world. But in contrast to this, lack o f response or 

©van negative response also were reported at times. A 

brie f review of the research dona on these lines is 

presented below.

1. Effect o f applied phosphorus on growth atributes: -

Lutz and Jones (1975$ observed that plant height 

increased significantly with increasing rate o f  phosphorus 

(in  the tr ia ls  conducted in the year 1971 and 1972). 

Application o f phosphorus or phosphorus along with lime 

increased the height o f plants ( Ferraritfu 1976). Similar 

increase in height o f plant consequent to increase in 

phosphorus applioation was reported by Saleh (1976).

deb in and Ignatenko (1969) found that phosphorus 

inoreased the lea f area index which was reflected in 

photosynthetic activity. Similar results were also noted



b

by -oy and Mishra (19735. They found that soybean 

variety " 3ragg" reaoonded positively upto 31 kg 

phosphorus per hectare. dighifleant positive correlation 

between lea f area and number o f pods per plant, hundred 

seed we 1‘hit and seed yield ware observed by Pal and 

.-axena (1977).

Mooy smd John (1 -ibu) reported that modulation in 

soybean re uired very high levels o f phospaorus.

■ ignifleant interaction between phosphorus ana amloiaia 

with respect to nodule number was also reported by these 

workers. Corroboratory results ware also obtained by- 

Jonas fll a l*  (1977). looording to 9oy and ‘lehr.*. (1973) 

-application o f phosphorus increased noduaution in soybean.

In the experiment conducted by -’ooy and John (1966), 

significant incre-iee in weight o f root nodules was 

obtained due to interaction between phosohorua and 

calcium, ■’oreira SLk aL«(1974t observed inoreaee in 

nodule wci.iit widi uigher levels ox phoephons. -'although 

•an increase in weight o f nodules was observed by ’-oy and 

Hishra (1975), positive response was noticed only upto 

3J xg phosphorus/ha.

haaav-ai and Morachan (1973) ro porte t**v * *t#
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application of phosphorus increased the total dry weight 

o f soybean plants. They also showed that such an 

increase in dry weight was observed only upto 100 leg

P20^/ha (in  the case of ±3 39821 selection of soybean), 

beyond which no increase was noted.

2. Effect of applied phosphorus on yield and yield  
attribute as -

diva ahankar a i  &1. (1974) based on a fie ld  tr ia l  

reported that application of phosphorus signifioantly  

increased the number of pods per plant said the number 

and yield o f seeds per plant. A similar inore use in pod 

number was reported in soybean by oaleh ( 197o).

Masoarenhaa g i  n l. ( 19&8 ) in a fie ld  t r ia l  on a 

so il with a pH of 4.8 observed that soybean yield was 

increased by phosphorus application from 1,73 t/ha in 

oontrol to 2.53 and 2.63 t/ha when 100 and 200 kg 

T’gOg./ha respectively were given. Similar results were 

obtained by Jheaney (1969). According to him inoreuse 

in yield was from 1299 kg/ha in no phosphorus plot to 

2177 kg/ha in plots given phosphorus at the rate of 132 

kg/ha. Soybean when grown on so il o f pH 5.5, gave 

significant linear response to phosphorus application. 

Masoarenhaa g i  a l . (1970) and Chatterjee s i  a i .  (19721
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revealed that on a well drained so il, soybean yield  

inoreased upto 80 kg b^O^/ha. Kasavan and Moraohtn

(1973) in an experiment found increase in yield with 

increased rate of puosphoruo application uyto 100 Kg 

'V'v/ha in the case o f  -  39321 and 30 kg ^pOr/ha in

the case of ^0 39024 selection of soybean. However, 

iOiaar and >ev (1973) obtained linear increase in yield  

o f soybean from 0 to 120 kg ?20^/ha in .iiarnel area but 

at t’aisen the increase was only upto 90 hg ry  ̂ /ha, 

Baumgartner a l « (1974)' noted increase in yield of 

soybean when phosphorus was applied at the rate of 

80 kg P„Or/ha especially when applied with iicie,C. J
eutra a i  ill, (1979) observed an increase ia yield with 

increasing rate o f phosphorus application. 'hoepiiorus 

at the rate of 900 kg ?o0_/ha increased the yield uptoc- 0
2,7b from 1.7b t/ha when no pnoaphorus was applied, in 

the ease o f soybean variety danta tosa Luts and Jones 

(19794 reported that yield increased with paospuorua 

applioation, However its  influence onelae o f seeds 

was erratic . In the f irs t  year of t r i  1, .-.iso o f seeds 

was not affeoted by pnospnorus but in the second year 

of study, it  was observed that sine decreased with 

increasing doses o f fe r t i lis e r  phosphorus. -im ilarly,
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ioy and i.iahra ( 1 3 7b) noted positive reeporrje in yield  

only auto u phGopx.aru.3 dooe cl" 39 kg/tia. ?r:.ga &1 &!• 

(197o) concluded « .x p : value ana sum of fence content 

were positively tainted -c seed yield :tn,i to relative  

yield loe to application of phosphorus . In inothar 

experiment, Ferrari (1376) observed that seed yield  

increased from 0.21 -  0.51 %/ha without r e l i e d  phoopuorus

to 1 .06 -  2.OB t/ua witn 700 kn P-jV/ha.£ ^

and tuxenn (1973) ihund taut applied 

phoephor .13 had no effect, on soybean y ie i • wauii xhe 

available phosphorus w-i3 high but yield increased xixh 

applied phosphorus where available phosphorus was low. 

oanid. a t  &!• ( • 974) found no response to aigfr lose of 

applied phospaorua unless in the presence of molybdenum 

and lime. Masc&renhua and K iilu i (1974; also jObund lack 

of response in yield with increased rats ox swelled 

phosphorus. 'dased on an experiment Swa shanuur jai a l .

(1974) found fiat soybean variety" Till'showed no 

significant inorenae in seed yield with application of 

phosphorus between 20 and 90 up P,^ /ho. but. increase was 

observed from 3.7 t/iia without phosphorwo 4.48 t/aa 

when 40 Ip 0 0,./isa vrus applied in combine.. tioa .;ixh ,;0 up
4.  ;>

1? and 40 kg KgO/aa. luta aau Jones (197w* -bund that



±u

soybean yield was unaffected by phosphorus during the 

f ir s t  and second year but in the third year o f experiment, 

yield was lowered in plot where phosphorus was applied, 

able and "huspa (1976) investigated the effect o f 

phoepnatic fe rt iliz e r  on the performance o f soybean and 

found that the growth and yield remained unaffected due 

to phosphorus application. No seed yield increase was 

obtained in the experiment reported by Jone3 dll £&•( 1977) 

to application of phosphorus beyond 15 &g/na eventhough 

the moil was low in phosphorus. In a pot culture 

experiment it  was found by Cable and Xhuspe (1977) taut 

phosphate did not influence grain or straw yield . Pod 

number and hundred grain weight also showed m irregular 

trend.

3. Sffeot of phosphorus on oontent ana apt ace of 
nutrientss~

lanway and Weber (1971) in their experiment 

determined ??, V and i contents in various plant parts 

at successive stages of development in nodulated and 

non-nodulated plants of soybean. Concentration o f T,

? and £ in each plaint port decreased except in the seeds 

as the season progressed in the ?T fe r t i lis e r  t r ia l and



?> and ■' fe r t i liz e r  t r ia l ,  Fertilizer application

increased th- concentration o f nutrient applied in a l l  

parts, ha.e in the season, ■’ content increased 

especially in leaves, petioles and seeds in N deficient, 

non-a: III  used plants taut received no 3 fe r t i lis e r ,  

x 'r lo c a t io n  to developing seeds resulted in ranrxed 

depletion o f nutrient in other plant parts irrespective 

of fe r t i i ia  er application.

An increase in lea f calcium and lea f pso*. psoras 

oo use meat to the addition <‘*f phosphorm vie reported 

by nereira at 3 l. (1974$. Lutz and Jonas (19754 observed 

increase in lea f phosphorus concentration with increase 

in applied paosphoru-:. Gupta (1977) eased on a pot 

culture experiment reported taut crude protein, true 

protein, pnospiioru.-., magnesum andiron coatente of 

soybean seeds increased under tue influwtoe o f phosphorus. 

Singh and Jaxena (1777) found tout upt.--ae of psoophoroa 

by lea f lamina, lea f petiole and atom increased with 

age of the plant upto 65 to 80 days, thereafter, 

increase vis found only in the phosphorus content of 

stem and uptake of seeds. TTpVice o f phoa chorus w»3 found 

to increase with inoculation too.



In an experiment with nodulated and non-no dula ted 

soybean planto, danway and Weber (1971) noted that 

phosphorus in plant parts deoreased exoept in seeds, 

as season progressed. Tranalooation o f this nutrient 

to developing seeds resulted in marked depletion of 

nutrient in the other plant parts. Singu and Jaxena

(1973) in contrast to the earlier findings, observed 

a decrease in recovery o f phosphorus with inoreused 

amount o f applied phosphorus. However, phosphorus 

oontent o f lamina, petiole and total uptake by shoot 

at pod development stage was positively oorrelated with 

yield, ^dwards and Barber (1976) observed that average 

net rate of in flex o f phosphorus deoreased with 

increasing age o f soybean plants within a range o f 18 

to 74 days, Bingh and Saxena (1977) found that in 

soybean plants after 00 days, phosphorus oontent deoreased 

in lamina and petiole. There was also decrease ia  

uptake o f phosphorus by husk with advancing age. 

Concentration o f phosphorus had also decreased in plant 

parte with inooulation.

4. J&ffeot o f liming on growth and growth attributes* -

Lutz and Jones (1975$ based on their experiment
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in di on tod tout response of pla.it growth ^  -- function 

o f lining was erratic , In toair study, it  „ ..3 .:ound

that in tao i'irot year (1971;* plant . t a t n j t

wita lio io^ , in tiia eeoond year titors was to e ffec t and

wii ta ir i year (11?; 5 V  --'a ma negative o f .act ins

to u-sj uppii? aion* -none vr .j no in,.-fortiori of.. tot 

b.fvwun ouvj =0000,0 m l Using, ~l:;ia3<tfl| j7o; observed 

to at il-in ; inore asjud nuwber o f itono and vigour (plant 

...elgat) now. :ored to m il r i  treats* * is in. at i i  o f p4 

4.5, lui .dirtiest lev rl it the rota ■•■f , t / ’i not 

i  >JTluenoe toeoe Chiractorn •

,lpeio ( V'i'12) tViiortad 3lgnifioun& response to 

lifting t,.v ,io 11 to bring pi! value from ori. Inal to a

ran.,® o.; two on o.„> to 7.J, in soon yield '>£ dry not tor. 

ki.iEgartner a i  jal# (1974) -in a fie ld  experiment of noil 

rich nigh organ ia rat*, t'tar oontent found u*. t lira  

application 45 dayo oefore mowing s ign ifi n'.otxy 

in3reused toe via to* o f dry tenter. .,r.i_ .• xtore.n© 

in dry sot tor y is l:  of pi at was r-oorto . jw .ay and

i -  V —, • * - •  ’• .  -■• . . .  . . .  ’  • ./  J . • /  . -  A  i  • • . . 4 .  -. .  > 0  ... .  .1 w  — ( ,  **V I r f O  .  1  J .

^  >  ̂ ... r ,
'  9  a - -•• —  w  a

Martini81 iil. (1974-5 in m Q :y a ia .o  an..'or 

auooosjive wheat and isoybe m cropping, found tout,

U sing significantly increased nodulution in pi.ant.



dio llar improvement in nodulation was observed by 3new 

and ^iveicansadan (197*3). 31svina §& n l* (1977) observed 

tout low calcium significantly reduced nodule number and 

weight*

Pranoo and fobereiner (1971) found two to three

fold increase in nitrogen fixation wltu liming, dlmilar 

result was also reported by dhow and vivehanundan 1975)*

Lufti Oatit (1974) reported that pod f i l l in g  

was delayed in unlirasd plant pos jibly due to calcium, 

phosphorus and molybdenum deficiency or aina, boron or 

manganese 'toxicity* ...xoesa lime caused stunted growth, 

■smaller leaves and failure o f seed development probably 

due to phosphorus and zim  deficiency.

9. Effect o f liciin,, on yield o f soybean*-

Maaoarenhaa iil* (13&9) observed positive 

effect on yield with liming* however, Maaoarcnhas &i a l*  

(1970) found only a marginal response in yield in the 

second year o f experiment (9 increase in y ie ld ). Martini 

£l* (1974;? Shew and ?ivekaaaadan (1975) and Ferrari 

(197b) also reported significant increase in crop yield  

due to liming the so il.

In contrast to toe above observations, Masoarenhae 

£L& !&• (1968)* Hasoarenhaa S t i l l*  (1970)} Lutz and



Jones (19751 found no oonspiououa response to lining  

with regpeot to seed yield , Pevy a t h i. (1969) also 

observed no yield inorease with liming in soybean 

except vmen given in combination with phosphorus in 

noils with pH between 3.0 and 5.6.

p. effect o f liming on content and uptake o f nutrientsi-

.jjopete (1972) observed significant response to 

liming with respect to nitrogen uptake when p-T is between

b*0 to 7.0. Mthou^i phosphorus had an inore .-.sing trend, 

toe affect of Itoiing was not significant. ianki a t  JLL*

(1974) also found similar increase in nitrogen content 

of plant tissue consequent to liming together with 

phosphorus application, ’'artin i a t  n l. (19?A) m i 

JaumagptMr a l  ill* (1974) also reported increase in total 

nitrogen oontent with liming*

<1972) reported decrease in pnospnorus 

uptake by leaves and stem consequent to liming, waul 

( 1 9 7 7 ) observed that although soybean was tolerant to 

nigh levels of exohangabie aluminium, its  performance 

was adversely affected when value surpassed 9.5 n.aq.per 

100 g o f so il in clay u ltiao l. Correlation existed between 

nitrogen oontent o f le a f and yield. Ifitrogsn, phosphorus



and oaloium contents o f the leaves were not affeoted 

by pH differences.

7. Effect o f culture inooulation on growths-

iosae (1969) from his study reported that 

nodulation on fe rt ile  or moderately fe rt ile  so il 

increased plant height. Dry matter yield was found to 

be increased by seed inooulation and liming aa reported 

by dhatterjee a l  J&. (19720. f ia i la r  result was obtained 

by Lufti and Oetit (1374) due to inooulation with 

Ihlzoblam IftpaalfljB* Dry Blatter of soybean was also 

found to increase in Hlgeria when higher nitrogen dose 

was given in combination with inooulation (f-vig, 1975).

Dhatterjee &£ (19720 based on toe result of

a t r ia l  concluded th"t seed inoctilotion end living  

increased nodulation. Hamdi &£ & •  0974' found that 

modulation frequency, fresh weight o f nodules and dry 

weight of pods increased with inoculation. Inoculated 

set was found to be better than uninooulate1 set in toe 

fie ld  where it  had not been cultivated before.

Jansenvian fij, a l .  (1976) and Konova j&i a l . ( 197b) 

observed that a strain of hhlSgMHffi l^aoalQaS 

increased nodulation and nodule weight.



Katti ill (1970) observed hijaar mmbar and 

weight of nodules per plant when inoculated Bet was 

supplied with 80 kg ?20^/ha.

tareira at al.dq74D reported that Inooulation 

of soybean with Rhizobium 3ajBQJliaupi was ineffective in 

a orop sown following potato due to the presence o f

i&£LUJLll polyajnta to ion inhabited development of 

dhlzoblum japonioua. doudder (1975) observed a decrease 

in nodulation when inooulum was applied to seeds by 

coating or by mixing in hopper compared to that when 

plaoed in 2.5 to 5.0 am below seed. Davidson and leaser 

(1973) based on their experimental results suggested 

that application of exoess quantity o f Rhizobluxa iaponiotna 

to seeds is  neoessary. Ihia permitted adequate number o f 

organism to survive for nodulation. 'Tel.-on at aX. (1973) 

on the other hand, did not find any increase In nodule 

mass per plant following inooulation o f soil or seed 

with conufiaroial inoculum.

0. iffeot of culture inooulation on yiole aid nutrient 
contents-

Lufti and Oatit (1974) observed that inooulation 

with Rhizobium japonioum increased seed yield per plant. 

Pod number and seed weight were increased by me 

application o f higher doses o f nitrogen along with



Inoculation o f soybean in the exparirtent concoctsd by 

Rang (1975) in cigar ia . Ionova jijfe £ l* (1976) also found 

similar increase in thousand seed weigat when Inoo’xlated 

with liizobium japonioum. 3able and dhuape ( 1977) 

reported 'that inooulation Increased pod somber, pod 

weight ana hundred seed weight,

.Tathxa.il.ini«f$j9o) )  observed that grain yield of 

soybe m varieties'Bragg Vnd Clark 63 receiving 

inoculation was significantly superior to the non- 

inoculated ones, loth inoculated and non-inooulated 

seeds showed significant response to phosphorus upto 

RO kr P,R /ha, Tuchapskii (1969) obtained highest yield  

from inoculated plants to which W, PgG; and RgO had been 

applied at 43 kg/ha each. sim ilarly higher yield was 

obtained by katti k i u i. i ' iy/ j j  in tnair fie ld  tr ia l 

■when inoculation was combined with 30 v^Og/ha than 

,£i.en no pho sphorue was applied. :Jnatter3ee a i  ill* (19724 

found positive response in yield when inooulation and 

liming were resorted to. In another experiment, fang,

(1975) concluded that higher nitrogen application 

combined vita inoculation on soybean increased yield, 

fanova a l  h i. (1976) reported higher yield oonsoquant to 

toe application of  Bfalaabte Babla and fOmape



(1977) also got s im ila r inoreaae in  y ie ld  w ith  inocu la tion .

3elejova (1968) in an experiment on soybean with 

and without inooulation along with 40 kg W, 60 kg ^2^5 

and 80 kg KgO/ha alone and In a l l  combinations, found 

tiiat yield was not affeoted by seed inooulation at a l l  

levels o f potassium, from the results obtained by 'osas 

( 1969 )* it  was observed that modulation on fe rt ile  or 

moderately fe rt ile  so il decreased yield o f seed. In a 

t r ia l by >ingh ft],. ( 1 9 7 1 )» inooulation along with 

20 -  40 kg M and 40 -  60 kg P ^ / h a  gave l i t t le  effaot 

with respect to seed yield, seed ' 1 , protein oontent etc.

Soudder (1975) observed that application o f 

inooulum to the seed by ooating or by mixing in toe hopper 

gave decreased yield oompured to placing it  2.5 to 5 .0  cm 

below the seed. Nelson j&i jJL* 0973) reported that 

inooulation o f so il or sejd with coiwaeraiai inooulant 

lid not increase yield ,

fteeordiag to Sokorenko ( 1 9 7 1 ) inooulation of 

soybean seeds markedly increased the total nitrogen 

oontent of plants men no fe rt iliz e r  was given and when 

supplied with P and it but not when given ? and I  in 

combination. In another experiment, liming and seed



Inooulation had resulted In increased nitrogen, 

phosphorus and oaloium contents of plants ( Shatter Jes 

at a l . , 1972). Khag (1975) oonoludsd that under 

digerian conditions, higher nitrogen applioation combined 

with inooulation o f soybean increased nitrogen uptaice 

and seed nitrogen oontent. Sjnova &L g^0 (1976) found 

higher nitrogen oontent in the orop due to inooulation 

with iMafltoiua laaaniaua.



MATERIALS AND METHODS
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The f ie ld  experiment was conducted at the 

Instructional Farm attached to the College of 

Horticulture, VallaniftEara with the objective to 

study the response of soybean to different levels  

of phosphorus, liming and rhizobial inoculation.

1 • Matex'ials

1.1 Site and Coil.

The form is  situated at 10° 32" M latitude and 

76° 10" longitude at an altitude of 22,23 metres.

The so n  of the experimental area is  deep, well 

drained, moderately acid, medium d ay  loam and fa ir ly  

rich in organic matter. The chemical characteristics 

of the so li are given below.

Table 1. Chemical characteristics of so il.

Constituent Content Method used

Total nitrogen 

Total PgQej

Q.G882;i Microkjeldahl

0»142^£ In HC1 extract, as
ammonium phcsphomolybdate 
vdumetrio method*



Constituent Content 
T in  ao il ̂ Method used

Total K20 0,149$ In iiCl extract, 
cobalfcinitrata«

Total calcium 0.126/i In HC1 extract, volumetric-
permagnate method.

Available phosphorus 1.02ppm In Bruy-I extract, chloro- 
stannouo reduced raolybdo- 
phosphoric blue colour 
method.

Available potassium 273ppa In neutral ammonium acetate 
extract -  Flame photometric

Exchangeable calcium 474ppm In neutral ammonium acetate 
extract -  Versene methods.

PH 6,0 1 s 2,3 so il i solution 
ratio  using a pH meter.

1.2 Climate,

The area envoys a humid tropical climate. The weakly 

average daily tmxlwwi temperature showed l i t t le  fluctuations, 

the range fo r the entire period being 27,4®C to 31*3°C.

The weekly average of the daily minimum tes^eratur® also 

varied only slightly , the average being 22.4®C to 23*7°C 

during the cropping season. The range of re lative humidity 

was from 91^ to in  the forenoon and 63,« to G6;i in the 

afternoon. The weakly variations in  re lative humidity 

were small. The total ra in fa ll received during the crop

f
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season in 86 rainy days amounted to 1732*20 mm* There 

were rains during the entire period of crop season* 

However, most of i t  was received during the f i r s t  ten 

weeks after sowing* The total quantity of ra in fa ll  

received during these 66 rairtf days was 1648*10 ma*

The average daily ra in fa ll of th is period works out to 

be 23*54 ran. For the later period from eleventh to 

sixteenth week, ra in fa ll was low* The number of rainy 

days during this period was 20, total ra in fa ll 84*10 no 

and the average daily 2*05 am* The number of sunshine 

hours followed a reverse pattern, the daily average 

number of sunshine hours upto the tenth week being 0*99 

hour per day and that duilng the la te r period was 4*82 

hours per day* sunshine recorded during the entire 

period ranged from j *3 hour to 6*3 hours per week* The 

meteorological data, fo r  the period are presented in  

Fig*1 and Table 1*

1.3 season.

The experiment was conducted during the period 

from July to October 1978*

1*4 Cropping history*

The area was under rubber plantation before. I t



was cleared during 1975 and was under bulk orop o f tapiooa 

t i l l  1976 . Do00nut waa planted in the area during 1976 

and the experiment waa laid  out in the interspace o f 

coconut seedlings,

1.5 Variety.

The variety used waa obtained fro® the Agricultural 

3otany Division, Tamil ffadu Agrioultural University, 

Coimbatore. The materiel was originally  an in trod action 

from Thailand and the collection number assigned was 

~D 39021. It was released by Tamil Vadu Agricultural 

University under the name UGH 20.

1.6 Fertilizers.

Ammonium sulphate, super phosphate and muriate of 

potash were used to supply toe required quantities of 

nitrogen, phosphorus and potassium. Daloium hydroxide

was used as liming material.

2. Methods•

2,1 Lay out o f experiment.

The experiment was laid  out as faotorial in 

randomised block design with three replications, hie 

procedure followed for the allocation of treatments to





different plots was in aooordanoe with randoiaTlahle ( p 3'r>er3rK̂- 

fates 1963)- The lay out plan is  shown in f ig .2.

The details o f the lay out are as follows*-

Vumbar o f replications 3

rfumber o f plots per replication 16

dumber o f beds per plot 4

3e& size 4*5 © x 1 m

2,2 Treatments.

Treatments consisted of 16 combinations o f 4 levels 

o f phosphorus, 2 levels o f lia s  and 2 levels o f rhipobi&i 

inooulation. The details are fbraished below.

Control (no phosphorus)

P1 30 kg P205/ha .

?2 60 kg PgOg/ba

P^ 90 kg PgO^/ha

Levels o f lime

L Control (no lime)o
L<j 250 kg lime/ha

Levels o f rhizobial inooulation

I„ Control (without inooulation)o
I.j Inoculated



Treatment combinations

? It I 0 0 0 P h i ,  0 0 1 0 1 0 t V i
1 0 0 f  V i W o W i

?,L„I  ̂ t# o V o 1! W o V i xi
3 o o " j V i W o w *

2.3 Field culture•

2.3.1 Preparation o f mala fie ld .

The fie ld  was plou^iad with tractor and oloda 

broken and weeds were removed. Beds of 4.5 a length 

and 1 m width were taken, separated by oharmels o f 30 om. 

width. Baoh plot oonaisted o f four beds. Deep drainage 

channel was provided along the boundary and between the 

plots.

2.3.2 hisOag and ft?rUllggr appllflatloa.
Lime was broadoaat and raked in two weeks prior 

to sowing. Full dose of fe rt iliz e rs  were applied ae 

bisal dressing three days prior to sowing. Jbime and 

fe rt ilise rs  were applied as par schedule o f treatments.

2.3.3 aowinff*

The procedure recommended by Tamil Ifadu Agricultural



University was followed for treating the seeds with the 

oolture uthissahiiim jysiaaĵ LQSB) * Jaggery syrup was prepared, 

tue oultura was inturn added to the .syrup and mixed 

thoroughly. Ihe required amount o f seeds as per schedule 

of treatments were then mixed with the culture and the 

seeds were subsequently dried in shade.

dowing waa done on 1 - 7* 1 9 7 7 . Thirty seeds were 

dibbled in each row of the one metre wide bed at a 

distance o f 45 cm between rows. Seedlings were thinned 

out a week after sowing to retain a population o f 20 

plants per row thus giving an average spacing of 5 cm 

between plants and 45 om between rows,

k mild attack o f lea f eating caterp illar was 

noticed which could be effectively controlled by spraying 

malathion.

2.3.5 Maa&iag. earthing up.

I'url weeding nd earthing up were done one month 

after sowing. Drainage ohannal was olaared and deepened 

to fac ilita te  the flow of water at that time.



2.3.L iiaoaallag.

The crop was ready for harvest 102 days after 

sowing. The stage of harvest was fiance d by complete 

defoliation. Plot-wise harvesting was carried out on 

10-10-1378.

3* Observations eoorded

Following observations were recorded.

3.1 Growth characters.

1. Height o f plant.

2. dumber o f branches,

3. Leaf area index.

4. Module count.

5. nodule weight,

6. ’lumber of pods per plant.

7. 'rur;ber of seeds per pod.

3, Try weight o f stem and petiole.

9. Ory weight of leaves.

10. Try weight of shall.

11. Dry weight of seeds.

12. Total dry weight o f plant.

13. ^®t assimilation rate.



3.2 Observations at harvest.

1. Grain yield.

2 . t ver y ie ld ,

3. Moisture percentage.

4. Teat weight.

5. ohelllng percentage.

6. Harvest index.

3.3 Chemical studies.

3.3.1 Wftlyala*

Plant components were analysed for the following 

nutrients on 20^ , 50^ and 80^  day after sowing and at 

harvest stage.

A* Nitrogen content in different aomoonenta.

i )  Percentage o f nitrogen in stem and petiole, 

i i )  Percentage o f nitrogen in leaves, 

i l l )  Percentage of nitrogen in seeds,

iv ) Percentage o f nitrogen in shell.

3. &ag,3gtorufi..„£gntgafc In flifffaraat oofflgonsnta.
i )  Percentage of phosphorus in stem and petiole,

i i )  Percentage o f phosphorus in leaves.
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i i i ) Percentage o f phosphorus in seeds.

1v) Percentage o f phosphorus in shell.

i ) Percentage o f calcium in stem and petiole

11) Percentage o f calcium in leaves.

i l l ) Percentage o f calcium in seeds.

iv ) Percentage o f calcium in sha ll.

— .l&taaa.,,q£ ..nltEogaii. fry fliXftrtn* ..Qommmnbu*

i ) Uptake o f nitrogen by stem and petiole.

i i ) Uptake o f nitrogen by leaves.

i i i ) Uptake of nitrogen by seeds.

iv ) Uptake of nitrogen fry shall.

V) Total uptake o f nitrogen by the plant

Uptake o f phoaoiiomia av different components.

i ) Uptake of phosphorus by stem and petiole.

i i ) Uptake of phosphorus by leaves.

i i i ) Uptake of phosphorus by seeds.

iv ) Uptake of phosphorus by shell.

V) Total upta.ce o f phosphorus by the plant.



F- Hatala af oglotam fry...aiX£gr.aat oasBQaaala

i )  Uptaiee o f oaloium by atom and petiole*

i i )  Uptake of oaloium by leaves*

i i i )  Uptake o f oaloium by seeds.

iv ) Uptake of oaloium by shall*

v) Total up tans o f oaloium by the plant.

3.3*2 So il analysis.

1* Total nitrogen oontent of the so il*

2. Total phosphorus oontent o f the so il*

3* Total potassium oontent o f the so il*

4* Total oaloium oontent o f the so il*

5. Available phosphorus in the soil*

6* Available potassium in the so il.

7 • exchangeable oaloium in the so il.

S. pH of the so il.

These estimations were done on a pooled sample 

collected from different locations prior to sowing and 

on 16 pooled samples oolleoted from respeotive treatments 

of the three replications after harvest.

4. Sampling Procedure.

One bed in eaoh treatment and a row in this selected



bed were marked at random. Five plants at a stretch 

were randomly selected and tagged to study the growth 

characters such as plant height and number o f branches, 

uimllarly» another set of five random plants at a 

stretch were selected at 20^*, 50tn and 00th days after  

sowing and at harvest and were removed by uprooting, 

These plants were used to study the number and weight 

of root modules• Then the root portion was removed and 

plant components separated and bagged. These separated 

components namely stem ♦ petiole* leaves* seeds and 

shell were used for further studies.

5. Details of Observation Prooedure.

Procedure followed to study the characters is  

as detailed below* -

o.1 Height o f plant.

Beignt o f the selected five plants was measured 

from the ground level to the terminal bud. The average 

of the five plants was than worked out. The observation 

was made on 20^* 5Gto and 00^  day after sowing.

5.2 lumber o f branches.

The number of branches o f the same plants were



counted on 50^ and 80^  day after sowing.

5.3 Leaf area index*

Tan leaves were selected at random from the 

selooted five plants which were out at the base and 

removed for the purpose* The impressions o f these leaves 

were taken on quality bond paper o f known, weight per unit 

area. The paper was out in the shape of sample leaves 

and weight o f such 10 paper cuttings waa taken. From 

this* the actual area o f the sample leaves was calculated.

Tae leaves were dried in a hot a ir  oven at 70*0 to 

30*0 for three days and weight o f the 10 sample leaves 

was recorded* Dry weight o f the rest o f the leaves waa 

added to the dry weight o f 10 sample leaves to get the 

total dry weight o f the leaves o f five plants* Leaf area 

o f these five plants was computed from the dry weight o f 

total leaves and the area per unit dry weight calculated 

from the area of 10 leaves.

Leaf area index was worked out aa follows* -

Leaf area index -  aeftft QfLand area occupied by five plants

3*4 Uodule count.

This observation was taken on the sample plants



whioh ware used for taking observation on lea f area index. 

These plants were uprooted and so il from the root was 

carefully removed. Total number of root nodules was. 

counted and the average number o f root nodules per plant 

was calculated.

3.3 Module weight.

Fresh weight o f the nodules was taken. Average 

weight o f nodules per plant waa then worked out.

5.6 ’lumber o f pods per plant.

Average number of pods per plant wa3 worked out

by counting the total number o f pods from the five sample

plants taken at harvest for recording other observations 

like dry weight and lea f area index.

5.7 ’lumber o f seeds per pod.

Ten pods were se Iso ted at random from the above 

sample plants. Total number o f seeds was counted and 

average number of seeds per pod was oaloulated.

5.8 Dry weight of shoot.

Five sample plants uprooted on 2Q**1, 50^  and 

80 day after sowing and at harvest were used for



determining the dry weight o f shoot. Immediately after 

the leaves were separated and bagged* the same were 

dried in a hot a ir oven at a temperature of 70* to 80*0 

for 3 days and then dry weight* was taken. Dry weights 

of stem ♦ petiole and leaves was recorded separately 

and they were subsequently added up to get the total 

dry weight. On the 30 day and at harvest, pods were 

also separated from the plants. The pods were then 

separated into seed and shell and their dry weight was 

also determined separately. For calculating total dry 

weight at these two stages the weight o f pods was also 

added to the weight of leaves and a -ess ♦ petiole,

5.9 Dry weight o f seeds and sh e ll.

On the 80th day and at harvest* pods from the 

sample plants were separated and they were further 

separated into seeds and shell. Thesewere dried 

separately and their dry weight was determined.

5.10 Jtet assimilation rate.

Tne prooedure given by Watson (1953) as modified 

by Outtery (1970) was followed.



The equation used was the following*-

4 -  W
H A S  .  — l  . K }'■— f r -

t2 -
d  1 2

Where,

2
v/2 «  Total dry wei$vt o f plants/m at time tg.

7Wg » To ta l dry weight o f plants/m at time t  ̂•

tg -  t 1 * Time interval in days,
2

2

2Ag * Leaf area/m at time tg

A| • Leaf are a/in at time t^.

5,11 Grain yield.

drop waa harvested from the net plots, threshed, 

winnowed and cleaned. Grains were sundried and weight 

recorded. Samples of seeds were oolleoted from each plot 

for determination o f moisture. The data on the percentage 

of moisture were analysed statistica lly  and the differences 

were found to be non-3ignifioant. Adjustment o f yield data 

for moisture oorrection waa therefore not dona. A total 

o f 45 sample plants were removed from the plots upto the 

harvest stage. While calculating the yield , the size o f 

the net plot was calculated taking into aocount the area 

occupied by these samples.



5*12 3Laver yield .

dtover from each plot was sundried and weighed 

separately.

3.13 Shelling percentage.

Shelling peroantage was calculated from the dry 

weight of grain and dry weight o f pods o f the fit"© sample 

plants using the following formula.

Shilling percentage * pry "we l ght ‘of  pods** x

3.14 Harvest Index.

Harvest index was calculated as fo lio  ws»-

Harvest index * f  Siol  

Where.

Y aeon * Dry weight o f grains

X biol »  Xotal dry weight o f plants
(excluding roots)

Xh® five sample plants used for taking observations 

on dry weight were used for this purpose also.

6. Chemical Analysis.

Plant samples taken on the 20 ^ . 50^  and 90^  day
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after sowing and at harvest were used for ohemioal 

analysis, .ample plants were separated into different 

oomponento, viz: stem ♦ petiole* leaves* seeds md 

shell and bagged separately, The different components 

were oven dried to oonstant weight and ground for the 

determination o f total nitrogen* phosphorus and oaloium 

oon tents.

6.1 Total nitrogen oontent.

Total nitrogen was estimated by Hiorok^eldahl 

procedure as given by Jaokaon (1958).

6.2 Total phosphorus oontent.

Phosphorus oontent was estimated oolorimetrioally 

(Jaoitson, 1958) after wet digestion o f the sample using 

triaoid mixture and developing colour by the molybdo- 

phosphoric yellow colour method.

6.3 Total calcium oontent.

Total oaloium oontent in plant waa estimated by 

the Versens titration (Jaokson, 1958) after wet digestion 

of the sample using tri"aoid  mixture.

6.4 Uptake of nitrogen.

Total uptake of nitrogen waa calculated fro® the



nitrogen percentage and dry weigit o f the component.

The uptake values of the different components were added 

to get the total nitrogen uptake.

6.3 Uptake o f phosphorus.

Tais was calculated from the total phosphorus 

content and the dry weight o f the component. The total 

uptake o f phosphorus was calculated from the uptake of 

the different components.

6.6 Uptake of calcium.

Uptake of calcium was calculated from the calcium 

content and dry weight of the components. Total uptake 

of calcium was also calculated.

6.7 3oil analysis.

A composite so il sample from the experimental 

plot was taken prior to lay out for the analysis o f total 

nitrogen, total phosphorus, total calcium, total potassium, 

available phosphorus, available potassium, exchangeable 

calcium and for the measurement o f pH. sim ilarly, so il 

samples were taken from each treatment after the experiment 

and the composite samples pooled over the replications 

were used for the estimation o f total nitrogen, available



phosphorus, available potassium and exchangeable oaloium

7. Statistical Analyses.

Data on yield , yield attributes, growth characters 

and those on chemical analysis were analysed statistica lly  

by following the methods suggested by Snsdsoor and 

Cochran (1967), *F' test was carried out by analysis of 

variance method. C ritical difference was worked oat and 

significant results ware compared.



RESULTS AND DISCUSSION



a & i U i h j  awd iim-jmjion
The results o f the experiment as influenoed by 

various treatments are presented in the following text 

with the help o f Tables and suitable figures.

1• Growth Tharaot rs

1.1 Height of plants.

Data on the mean height of plants are presented 

in I able 2 and Pig, 3 and the analysis o f variance is 

given in Appendix I I .

Different levels of phosphorus did not produce 

any significant effect on plant height at any of the 

three stages of growth. However, 90 kg P^O^/ha recorded 

the maximum mean height at a l l  the throe stages of 

growth.

Liming also did not exert any significant

effeot on the hei^it o f plant but for a alight
th thinoreaae noted on the 50 and 80 day after sowing,

Rhizobial inooulation o f seeds did not ;iave 

any significant effeot at any o f the stages o f growth. 

TJninooulated treatment was on par with the inoculated 

treatment.



Table 2. Effect o f phosphorus nutrition, liming and rhizobial
inoculation on height o f plants and number o f branches.

 --------------------g H S & f i- f tO E ia a & f t l- .
T • aiATMiiJJTS 20th day 50th day 80th day 50th day 80th day

after after after after after
vmmm »wwii sowing sowing sowing sowing sowing

Levels o f 
phosphorus 

(Kg PpO^/ha)

0 15*27 56.72 59.24 2.856
(1.690)

3.236
(1.793)

50 15.25 60.57 65.22 2.759 
(1.661)

3.683
(1.919)

60 15.07 61.36 66.77 2.736
(1.654)

3.591
(1.895)

90 16,49 66.76 70.01 2.955
(1.719)

3.471
(1.863)

E' test NS H8 ?I0
iiiaa 0,468 3.150 3.685 0,051 0.070
Oh at 5$ - - - - -

Levels of lime
i M / t e i  o

t
15.54 60.04 63.97 2.806

(1.675)
3.353

(1.831)
250 15.49 62.67 62.67 2.849

(1.680)
3.637

(1.907)
F* test m mi mi Ski

0.332 2.227 2.606 0.032 0.050
01) at 5-f> - - - - -

ihizobial
iaaniu-rtian
Uninoculated 15.47 61.30 65.89 2.799

(1.673)
3.463

(1.861)
Inoculated 15.57 61.40 65.23 2.856

(1.690)
3.519

(1.876)
F* teat Sfo Wj NS rJ0
OEm 0.332 2.227 2.606 0.032 0.050
01) at 5% - - - - « •

Figure in parenthesis indicate root (x ) transformed values.
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Interaction effects between phosphorus, liming 

and inoculation were not aignifio » t  at any o f the 

stages of growth.

The review o f literature on the effect o f 

phosphorus on plant height generally shows an increased 

height with phosphor us supply (huts and Jones, 1975#; 

Saleh, 1976 and Ferrari &1. 1976) indicating thereby 

that plant height in soybean is a oharaoter that 

improves with phosphorus applioation. The laok o f 

significant increase in height in the present 

investigation thus points to the fact that the 

inherent phosphorus supply was adequate in the so il  

to maintain growth o f the plant in terms o f plant height. 

There are also reported evidenoes on a decrease in 

height o f soybean with increased levels o f applied 

phosphorus (Sesavan and Moraefcftn, 1973) probably in 

so ils containing excess quantities o f  phosphorus 

originally . 3uoh a decrease was not noticed in the 

present work.

Similar reports of both favourable and un­

favourable effects of liming on plant height are also 

available in literature. Lute and Jones (1975# reported



V_ ocNl CCfxA °  

an increase in plant height beoauae of lin ing in the 

experiments conducted during 1971* They found that 

plant height remained unaffected in their experiment 

conducted during 1972* and decreased in that o f 1973* 

because o f liming. HlkinsL^976) alec found increased 

height because o f liming but Lufti and Oetit (1974) 

noticed stunting o f plants because of over liming. As 

indioated by the above review, it  appears that there 

is an optimum pH range o f so il for different varieties 

of soybean. Laoit o f significant effeot o f liming on 

height in the present investigation points to the 

fact that original pH o f the so il (6 .0 ) was within the 

optimum pH for this variety. The results also show 

that application of lime at 250 kg/ha could not raise 

the pH to super optimal levels for growth as measured 

by height of plants.

There was no significant effeot on plant height 

because o f culture inoculation. This probably is  

beoause nitrogen supply to the plant through symbiotio 

nitrogen fixation could not be appreciably altered by 

culture inoculation.

1.2 lumber o f branches.

Ihe data for number o f branches are presented in
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Table 2 and Pig, 4 and the analysis o f variance is  

given in Appendix II*

The data presented show that there was no 

signifioant effect o f phosphorus on the number o f 

branches either on the 50^ day or on the 8 0 day 

after sowing, ilowever, a very slight inorease was 

noticed with 90 kg ^Q^/ha on the 50to day after sowing 

but this trend was not retained on the SO day.

Liming and inoculation did not influence the 

number o f branohea aignifioantly except for the fact 

that limed and inoculated treatments were slightly  

superior to control. Interaction effects were not 

significant at any o f the stages.

As in the case o f plant height# there was no 

significant effaot of phosphorus application, liming 

and inoculation on number o f branohea also, ^ha 

reasons attributed to the laok o f significant increase 

in plant height are attributable in the case o f number 

o f branches also.

1,3 Leaf area index C L .A ,I,).

Lata on le a f area index are presented in Table 5
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Table 3. Effeet o f phosphorus nutrition, liming and rhizobial 
inoculation on loa f area index ?md net assimilation 
rate.

Leaf area ini ex
Wet assimilation 
rate gZ»2/da*

H oAaR* ;Jia 20th day 50 th day 8t4h day 
after after after 
sowing sowing sowing

Between 
20th and 
50th day 
after 
sowing

Between
50th & 
80th day 
after 
sowing

Levels of phosphorus 
(Kg PgO^/ha)

0 0.379 5.657 3.393 3.265 3.080
30 0.458 3.807 3*625 3.382 3.628
60 0.358 4.097 4.183 2.950 4.118
90 0.437 4.758 5.438 3.389 3.357

P' uest Oig Wo m Ha Ha
hiija 2. 0.028 0.340 0.436 0.187 0.550
3D at 5 0.080 • <■» - -

Levels of lime 
(Kg/ha)

0 0.396 4.071 4.201 3.113 3.659
250 0.420 4.087 4.118 3.380 3.432

F* test No %. m m No
OEtt 0.020 0.241 0.308 0.132 0.389
3ii at 5 - - - - -

Fhiaobial inooulation 
Ohino aula ted 0.396 3.999 4.220 3.252 3.550
Inoculated 0.420 4.139 4.099 3.241 3.542

P* teat No No No US Ha
3Em ♦. 0.020 0.241 0.303 0.132 0.389
3D at 5;‘ mm • ** m «»
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Table 3 a. Combined effeot of phosphorus and liming on 
lea f area index on the 20th day after sowing

levels ox puoephoroa l i W  ( W ttafll MCan
(4g 220^/ha) 0 250

0 0.304 0.374 0.379

30 0.426 0.439 0.453

60 0.425 0,291 0.358

90 0.343 0.526 0.437

Mean 0.396 0.420 0.403

ohm ♦, 0. >39

Oit at 5 0.113





and Fig. £ and analysis o f varlanoe is given in 

Appendix 111*

bevels o f phosphorus did not influence lea f area 

index significantly on the 50^  or 00^  day after 

sowing but on the 20**1 day, FgO  ̂ at 30 itg/ha was 

significantly superior to that o f 60 kg/ha. In the 

second and third stages o f growth, although the highest 

level of phosphorus was on par with other levels* a 

steady increase in i».A .i. was observed with increasing 

doses o f this nutrient.

^ith levels o f liming and Inoculation slight 

increase in was observed on 2 0 ^  and 50^' day

after sowing. On the other hand* at the third stage 

hi^ier h.A .1. was recorded in treatments where no lime 

was applied or where aeeds were sown uninooulated.

Ho waver, treatments were found statistica lly  at par, 

both in the caae o f liming and inooulation.

Interaction between phosphorus and liming was 

found to be significant on the 20th day. The uighaat 

level o f phosphorus, jO kg PgO^/ha along with lime at 

250 kg/ha gave the highest mean -u.a.l. value. However,



the results do not indicate a consistent positive 

interact ion between levels o f phosphorus and liming.

At the other stages of observation, the interaction 

between these treatments was not significant. Similarly, 

the interaction between phosphorus and inoculation and 

that between liming and inoculation were not 3ignlfioant 

at any other stage.

Jnliice plant height and number o f branches, L .A .I.

.21 a distinot trend o f increase with increasing 

levels o f phosphorus, though the effeot was significant 

only at the f i r s t  stage. While disousaing the characters, 

plant height and number o f branches, i t  was concluded 

that the inherent supply o f phosphorus was adequate in 

terms of these two characters. In terms of l.a .,1 ., on 

the oontrary, the original phosphorus supply in the 

so il was not adequate as evidenced by the increase in 

this character with increase in the level o f phosphorus. 

Suoh differences indireotly indicate that phosphorus 

requirement for maintaining optimum le a f growth is not 

the same as that for plant height and number o f branches.

The effeot o f phosphorus on increase in lea f area 

may be either direct or through its  effeot on increased



nitrogen supply through symbiotic nitrogen fixation.

Such a positive interaction between phosphor us 

application and nitrogen accumulation w ill be discussed 

further while dealing with nitrogen uptake.

The effects o f liming and inoculation were not 

significant and consistent. The reasons for these have 

been discussed earlie r.

1.4 Het assimilation rate.

Data on the net assimilation rate are presented 

In Table 3 and the analysis o f variance ie given in 

Appendix I I I .

Levels of phosphorus, liming and rhiaobial 

inoculation did not affect net assimilation rate 

significantly. Interaction was also not significant.

?fet assimilation rate which is  the measure of 

the efficiency o f the leaves to photosynthesis was 

not found to be affected significantly by any o f the 

treatments. It  is generally expected that net 

assimilation rate w ill decrease with increase in lea f  

area index especially at higher L .A .l. values, In the 

present study, there was no such consistent relation



noticed indicating thereby that L .A .I, wna not hi$i 

enough to exert any significant mutual shading. It  

may be reoalled that L .A .I. also did not show any 

significant treatment variation. It was expected that 

over the stages, there would be a decrease in net 

assimilation rata as the L .A .I. increased substantially  

with advancing age. duoh a trend was also not 

apparent in the study though the mean a*.A.i .  at 5C ' ' 

day and 80 day after sowing was round about 4. It 

may be concluded therefore that even this L .A .I. did 

not result in significant mutual shading,

1.5 Dry weight o f stem and petiole.

Data on dry weight o f stem and petiole at various

stages are given in Iable 4 and f i g .6 and the analysis

o f variance is given in Appendix IV.

Higher levels of phosphorus tended to increase 

dry matter production at a l l  the four stages but the 

differences were not statistica lly  significant. On

20th day and 50^ day after sowing, the increase in dry 

matter was observed with increasing levels o f phosphorus. 

At harvest, 30 kg PgO^/ha produced less dry matter than
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Table 4* Effect o f phosphorus nutrition, liming and rhizobial 
inoculation on the dry weight o f stem and petiole.

Dry weight o f stem and petiole (g )

• u n u ra  22“ * ** *after
. _______________________________ a&w&g____________________-

Levels o f phosphorus 
(Kg FgOq/ha)

50th day BOth day 
after after

 soxim _____ OStfiOg—
Harvest

0 0.692 15.34 23.83 20.20
30 0.704 17.36 26.53 18.84
60 0.737 15.56 30.43 22.26
90 0.823 20.76 34.58 23.50

F’ teat HE HE fiS m

0.046 1.53 2.85 2.27
OD at 5# - - - -

Levels o f lime
( tCy/h«0

0 0.736 16.40 28.85 21.14
250 0.770 18.10 29.83 21.26

F* test XL ?I3 ms US
jEbi 0.033 1.08 2.01 1.61

Hhissobial inocula­
tion
Oninooulatad 0.721 16.84 20.62 20.63
Inoculated 0.785 17.67 29.07 21.78

F* test m IS m JfiS
3£a ♦, 0.033 1.08 2.01 1.61
CD at 5i - - - -



la o le  4 a. aosabtnad effect of phosphorus aid  lim ing 
on the dry weight o f gtets and p e tio le  
(g/5 plant©) on the 20th day a fte r  ©owing

.bevels o f  phosphorus 
(*Cg P205/ha)

idflttiLa ..Ql A im ..Xflg/iiai
0 250

Mean

0 0.695 0.643 0,669

30 0.720 0.348 0.784

60 0.658 0.715 0.737

90 0.715 0.930 0.323

Mean 0.736 0.770 0.753

dan ,1 J.063
30 at 5;* 0.137



that o f the control plot, but ether levels followed a 

linear increase in dry matter with increasing levels  

of phosphorus.

Increase in dry weight o f stem and petiole due 

to liming and inoculation was found to be marginal and 

non-significant.

Significant interaction effect was observed 

between phosphorus and liming on the 20 day.

Phosphorus at 90 kg T^O^/ha in combination with 250 kg 

lime/ha gave maximum dry weight of stem ♦ petiole and 

it  was significantly higher than a l l  other combinations 

except 30 kg PgO,. ♦ 250 kg lime/ha. *To phosphorus ♦

250 eg lime/ha recorded the least dry weight. Though 

the overall trend was in favour o f positive interaction 

between phosphorus levels and liming, i t  waa neither 

steady nor consistent.

Try weight of stem ♦ petiole went on increasing 

t i l l  the 80 day of plant growth bat the same was 

found to decrease at harvest. Increase in dry weight 

over the stages was enhanced by higher dose o f phosphorus.

Although the Increase in dry weight o f stem and
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petiole waa non-eignlfioant, there was n increasing 

trend with increasing doee o f phosphorus fe r t i liz e r ,  

Xesavan and Moraohen (1973) also observed the sam  with 

regard to total dry natter o f soybean plant* variety 

-3 39821,

Liming at 250 kg/ha was on par with the control, 

dame trend was noticed in the oaee o f inoculation, 

towever, limed plots and inoculated treatments and a 

alight edge over the control, The re ju lt  w ill de 

iiaoussed farther subsequently while deaiin, with total 

dry weight of plants,

1,6 Dry weight o f leaves.

-ata on dry weight o f leaves on 20^* 50^ and 

80 days after sowing are presented in ia/ic 5 arid 

v,ig,6 and the analysis o f variance is given in Appendix 7,

Dry weight o f leaves was not influenced by the

levels o f phosphorus on the 20^  and 50L i days but on 
ththe 80 day, there was significant increase with 

increasing levels o f phosphorus. Although significant 

increase in dry weight o f loaves waa not obtained with 

increasing levels o f phosphorus* there was an increase



Table 5. Effect o f phosphorus nutrition, liming and 
rhizobi&l inooulation on the dry weight o f
leavea

Dry weight o f leaves (g )

IHEAIMMTS 20th day 50th day 80th day
after after after
sowing oo wing sowing

Levels of phosphorus
(Eg PgQ^/ha)

0 
50 
60 
90

?’ test
SiSm ♦.
OD at 5>

Levels o f  lime 
( %/ha)

0 
250

P* test
SEm ♦
OD at 5^

Uninooulated 0,851 8,885 13,17
Inooulated 0,925 9*082 13.50

P* test IS IS IS
♦. 0,045 0.469 0.97

CD at 5# ** ** •

0.836 8.491 11.03
0.965 8.648 12.29
0.833 8.484 12,91
0.915 10,310 17.11

IS 13 i>ig.
0.063 0.664 1.37

- - 3.95

0.862 8.974 13.55
0.913 8.970 13.11

m IS IS
0.045 0.469 0.97

. . « »
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Tatola 5 a. Combined effeot o f phosphorus and liming on 
the dry weight o f leavea (g/5 plants) on ths 
20th day after sowing

Levels o f phosphorus ^gyala.jaf, lU ft-J  .iterfasl man
(Kg P205/ha) Q 25Q

Mean

0 0.834 0.838 0.836

30 0.907 1.022 0.965

60 0.960 0.705 0.833

90 0.745 1.085 0.915

0.862 0.913 0.888

SLo ♦ 0.089
01) at 5" 0.265



in mean dry weight from oontrol to 90 kg Pg0^/ha on the 

50th day. On the 80^  day, 90 kg PgO^/ha gave 

significant increase in dry weight o f leaves over 

plots where phosphorus waa applied at the rate of 0,

30 or 60 kg PgO^/ha.

Liming or Inoculation did not affeot the dry 

weight o f leaves.

Interaction between phosphorus and lis in g  on so1* eiay 

significant effeot on dry weight o f leaves but the 

effects were limited to certain oembinaiiona only. 

Phosphorus at 90 kg ?,,%/ba. along with 230 kg lime/ha 

was significantly superior to 90 kg PgD^/ha without lime 

and 60 kg ?2%  * ^50 **<? lise/ha. Similar was the 

differenoe noted when 90 kg PgO^/ha without lime and 

60 kg PgOg./ha was applied at 250 kg lime/ha leve l.

Dry weight o f leaves increased from 20 ^  day 

to 50^* day with further increase at the third stage. 

Highest level o f phosphorus gave the maximum increase 

in dry weight with advanoamant of orop growth.

thsignificant increase on the 60 lay and 

increasing trend on 90th and 20th day in the dry weight



o f leaves due to increasing levels o f phosphorus my 

be attributed to inoreaeed branching and lea f produotion 

as evidenced by higher lea f area index (Table 4 ).

The results w iU  be further discussed under 

total dry weight o f plants*

1.7 Dry weigat o f shell*

Data on the dry weight of shell are presented in 

Table 6 and Fig. 6 and the analysis o f variance is given 

in Appendix 17*

Increasing levels of phosphorus had no significant 

effeot on toe dry weight o f shell. !,aan dry weight of 

shell on the 30^ day was highest when 90 kg 

was applied but at harvest stage, control gave the 

highest value.

Liming did not &ivo any significant e ff jc t  b.».t 

'the mean dry weight showed a negative effect with higher 

levels of liming. Although inoculation d.il r t  produce 

statistica lly  significant results, an iacreo.3i-5g trend 

was observed with inoculation. In te r 'e -i"  :i effect was 

not significant.
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iable 6. Effeot o f phosphorus nutrition* liming and 
rhizobial inoculation on the dry weight o f 
shell and seeds

iHinA-IMEIITS 80th day I 80tn day
after Harvest! after Harvest

______________   T„ .n !rtW T i.T --^T ^ -_I_a&H4a&.____ - ______——

Levels o f  
phosphorus
(Kg PgO^/ha)

0 13.00 14.81 14.30 24.37
30 14.99 13.26 15.42 23.22
60 16.14 13.78 19.80 23.49
90 17.90 14.24 19.85 27.93

F* test m m m id
d^n 2L 1.44 1.53 2.04 3.34
SL at 5 > « » mm

Levels of lima
iM /x& l

0 16.24 14.45 17.80 25.79
250 14.81 13.59 16.88 23.71

?' teat fci HL .E> tfiS
dium + , 1.02 1.08 1.45 2.36
0L at 5 - . -

ihisobial
InQQttAfttloa
Uninooulated 15.21 13.06 17.43 23.09
Inoculated 15.84 14.90 17.26 26.41

F* test Hd NS rid rid
JLm _ ♦ 1.02 1.08 1.45 2.36
Qi> at 5'ih - - mm -
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Pry weight o f shell f e l l  at harvest stage
th

from that on th® 00 day.

Results w ill he discussed under the total dry 

weight o f plants.

1,3 ,ry ./sight of seeds.

Data on the dry weight o f seeds are presented 

in Table 6 and **ig.6 and the analysis o f variance is  

given in Appendix V.

?aosphorus levels could not influence dry weight 

of seeds significantly at any of ths stages. At both 

the stages, 90 l:g '^"V/ha gave higher dry weight but 

i t  was on par with other levelo.

Control plot gave higher yield than plot applied 

with 290 leg lime/ha thau^i differences were not 

significant statistica lly . % difference was noted 

with inoculation. Interaction had no significant effeot.

th.Dry weight o f seed Incre ased from the 80 day 

to harvest stage of the crop.

1.9 Total dry weight o f plants.

Data on the total dry weight o f plants are
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Table 7. Sffaot o f phosphorus nutrition, liming -and
rhizobial inoculation on the total dry weight 
o f plants

Total dry weight o f plants (g )

XWeiktmW£3 20th day 50th day 80th day
after after after Harvest  _____________ sowing  a&Mias ___

Levels of phosphorus
(Kg PgO^/ha)

0 1.151 25.70 62.18 66.80
50 1.747 26.00 69.25 55.32
60 1.568 24.04 79.27 59.44
90 1.765 51 .07 90.27 65.68

P* teat wo ms WO 10
OOja ♦, 0.105 2.14 7.56 6.60
OD at 5$ - - - -

Levala of lime
(% /hal

0 1.617 25.59 76.87 61.78
250 1,681 27.01 75.91 58.78

P* test WO WO WO Wo
0L|b 0.077 1.51 5.21 4.67
Oi) at 5 - - - -

::hizobial
inaanlfl.t.lfni
Uninooulatad 1.586 25.66 75,12 57.45
Inoculated 1.712 26.75 75.66 65.17

P' teat WO m ms W3
Lgm ♦. 0.077 1.51 5.21 4.67
00 at 5f. . - - -
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Table 7 a. Combined effaot o f phosphorus and liming on 
the total dry weight o f plants (g/5 plants) 
on the 20th day after sowing

(Kg P205/ha)
tux uo
>

VnTSIA" V ft nrifi*“*f 
0 250

Mean

0 1*550 1.400 1.515

30 1.625 1.869 1.7*7

60 1.775 1.360 1.563

90 1.517 2.014 1.765

Mean t .681 1.681 1.681

♦, 0.148 

OD at 5$ 0.428



presented in ‘Xa'ola 7 and Fig. 6 and the analysis o f  

variance is  given in Appendix 71.

At none o f the stages, via* 20^# 50th, 80 ̂  

days after sowing or at harvest, phosphorus* liming 

or inoculation ooald exert any influence on the dry

weight of plants.

Interaction between phosphorus and liming was 

found to have significant influenoe on the dry weight, 

on the 20**1 day. Treatment o f 90 kg /ha applied 

in oombinationjwith 250 kg lJLme/ha was significantly

superior to the same dose o f phosphorus without lime. 

The above treatment was also c i j^ f io a e t ly  superior to 

treatment combinations having 2-0 Kg lima/ha with 0 

or 30 kg ?/>,./ n and to that of the control. Treatment 

combination 90 kg FgO^/ha ♦ 250 kg lime/ha was 

significantly- superior to combination 60 ♦

2 >0 kg  lime/ha and wan on par with otters.

Toere was no eons is tent increase in dry matter 

accumulation by plant parts at any o f the stage by 

application of phosphorus. Thou.rh an increasing trend



was noticed almost in a l l  the oases* it  was moat 

eonsplououa in the ease o f dry weight o f leavea, in
fU

whioh there was aignifleant increase on the 80 day 

after sowing. These results also support the 

conclusion that the inherent phosphorus level o f 

tae so il is  nearly at adequacy leve l. Liming and 

inoculation did not result in aignifleant improvement 

in dry matter accumulation. The reasons for the laeic 

of response have already been discussed. Many o f the 

reported experimental results indicate eigntfioaat 

Increase of dry weight consequent to applioation of 

lime (Chaw and riveKanandan» 1975? Baumgartner fit a i . 

1974? Llpete, 1972) and inoculation (Lu fti and oetit* 

1974* Chat ter ̂ ee, et a l . , 1972&

The interaction between phosphorus and liming 

was significant in dry weight o f leaves ana total dry 

weight on the 20 day. though the exxcot w -a not 

consistent* there was an indication ox a positive 

response to the combined applioation o f higher Levels 

of phosphorus along with lime. However* the eifeota 

ware not consistent even in this character.



Over the stages, there was a steady increase
thin dry weight o f stem ♦ petiole upto the 80 day, 

after v/hioh it  showed a oonapiououe decrease. A
♦ H

aimilar trend o f doorcase in dry weight after the 80

day was noticed in the ease o f total dry wei$it also.

The dry weight o f seed on the contrary, registered

nearly 47.2-' increase over the above stages. Part

o f the decrease In total dry weight and that o f stem ♦

petiole may be attributed to the le a f f a l l  that occured

after the 80 day, There could have been also

translocation of carbohydrate to the developing seeds

and this might have partly been responsible for the

decrease in dry weight, this w ill be further

substantiated by the fact that dry weight o f shell
th.also decreased from 80 day t i l l  harvest.

1.10 dumber o f root nodules.

Data on the number o f root noauies --r» presented 

in Table 8 and the analysis of variance is t»ivea in 

Appendix 71x.

On both 30th and 80^ days after sowing, levels  

of phosphorus failed  to produce significant effeot on
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Table 8* iiffeot of phosphorus nutri tion, liming and rhiaobial 
inooulation oa the am ber o f  root nodules and fro ah 
weight o f root nodules per plant.

XBoAZMaffXa

Number of root
 a s & i & t _______
50th day 80th day 
after after
sowing sowing

Preah weight of root 
 _____

80th day 
after 
sowing

50th day
after
sowing

levels o f phosphorus. 
( <g F20s/ha)

F* teat
ox<ra l.
Ox at 5> 

here la o f  lime

0 0.030
(1.015)

0.000
(1.000) 0.006 0.000

30 0.223
(1.106)

0.121
(1.059) 0.016 0.020

60 0.092
(1.045)

0.098
(1.043) 0.010 0.007

90 0.416
(1.190)

0.418
(1.191) 0.026 0.061

m
0.055

m
0.063

m
0.009

Ho
0.018

0 0.126
(1.061)

0.090
(1.044) 0.013 0.015

250 0.248
(1.117)

0.221
(1.105) 0.015 0.028

P* seat Jo US if 8
o&m 2. 0.039 0.045 0.006 0.013
JO at 5 '• - - -

Khissobial inooulation 
Oninooulated 0.192

(1.092)
0.075

(1.037) 0.012 0.011
Inooulated 0.179

(1.086)
0.237

(1.112) 0.017 0.033
F* test ?1o no m Id
0£b> 0.039 0,045 0.006 0.013
Qi) at 5 *• *» •

Figure in parenthesis indioate root (ac ♦ 1 ) transformed values.



number o f nodules* But, increasing levels o f 

phosphorus showed an increasing trend in the number 

of nodules except 30 kg P^O^/ha which recorded higher 

nodules than 60 kg ?205/ha.

Liming at 250 kg/ha was on par with the control* 

.>atja was the trend obtained for inooulation.

Interaction effect due to various combinations did 

not show any significance.

Literature on the effect o f annlied phosphorus 

(•Jones qSl Al* 1977; Be bln and T rnatenko, 1969) and 

lime (Blevins §£ a l ,  1977? Martini && hi* 1974? Ohaw 

and /ivekanandan 1975) on le^ineo generally indicate 

inoreased nodulation oonse.iusnt to their applioation, 

uia laok of significant increase in modulation in 

the present study thus indicates that the levels of 

phosphorus and oaloium in the noil were adequate for 

maintaining nodul it ion at the optimum leve l. im ilarly, 

there was no response oo rhisso oiurn inooul tion indicating 

that the effective strains o f •ihlgoalun iaponlcum 

were also available in the so il origina lly . Literature 

on this aspect also, generally* indicates enhanced 

nodulation because of a r t if ic ia l culture inoculation
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(Katti aX XX* 1970| Jansenvian si XX* 1976? Sonora 

vjk XX* 1976? ingh and daxena, 1977). According to

Konova iti XX* ^97^*a©dalatio« in legumes is  induced 

by the preaena© o f ©ffaotirs atrains o f the appropriate 

hizobium epeoiea. In general, the number o f nodule3 

increased in proportion to the number o f such organism© 

present in u i<j so il up to a lim it, in© lack of 

...i^piificant increase in nodnlation, tnua indicates 

that ade-iaate number of such organism was originally  

present in the ©oil. According to .Jansanviaa a l . 

$276) a conspicuous inore.se in nodulation in soybean 

v/-.o ooaerved in fie lds where i t  nad not been cultivated 

when a r t if ic ia l Inoauxution is  resorted to, A similar 

result w&a expected in the present study also the 

fie ld  was never under the crop before• It  may however 

ou noted that oowpaa also 00m u  under the same cross 

inoculation group as soybean and probably, the strain  

effective on oowpaa was already available in the so il.  

In a similar study on tne effactlvancta of culture 

inoaulationa on aoyoean conducted in 197€> C lair, 1973) 

on a similar type o f  b o  11 it  was found that there was 

a significant decrease in undulation and yield when 

oulture JLnooulation was dona. It was Indicated from
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thla study that the native strains were effective  

on soybean also and that these natural strains were 

more effective than the introduced ones* Though in 

the present study, the effeot o f inooulation was not 

significant, the mean nodule number o f the inoculated 

set was leas than the uninooulacted oontrol on the 

50*k day after sowing. The results may thus be 

summarised as follows. ( ! )  There was abundance o f 

effective strains o f IfclaoblttB IfrpoalQUffl originally  

in the so il ( i i )  The introduced strains ware only as 

effective or even in ferior to the native strains.

1.11 Weight of nodules.

Data on the fresh weight of root nodules are 

presented in Table 8 and the analysis o f variance la  

dven in Appendix VII.

None o f the treatments was effective in raising  

the weight o f nodule signifloantly. Levels o f 

phosphorus, liming and inooulation gave no significant 

effeot on the weight o f nodules.

Significant interaction effeot was not observed 

among any of treatment combinations.
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The results reported on tbs effeot o f phosphorus, 

liming and inoculation generally indicate a positive 

response o f these treatments on nodule weight. In the 

experiment under report, there was no significant effeot 

of these treatments on this character. The reasons for 

auoh an observations wars discussed already while dealing 

with the observation on nodule number.

2. Yield and Yield Attributes»

2.1 dumber o f pods per plant.

Data on the number o f pods per plant are presented 

in Table 9 and the analysis o f variance is  given in 

Appendix VIII.

dumber o f pods per plant could not be affected 

by any o f the treatments. The interaotion was also 

not significant•

daleh (1976) reported increase in the number of 

pods per plant when phosphorus was applied. The 

results show that the number o f pods is  a oharaoter 

that is affected by application o f phosphorus in 

deficient so ils . The abeenoe o f a significant increase 

in the number o f pods per plant in this study indicates that



fable 9. Sffaot o f phosphorus nutrition, liming and rhlzobial
inoculation on number o f pods per plant, number o f 
seeds per pod, weight o f seeds per pod and test weight

X ■■■riAIHSNT 3
No. o f No. o f
pods/ eeeds/

 U l m t —  -------

Weight o f Test weight (g )  
seeds/pod 1000 seeds

Levels o f phosphorus 
(Kg PgQ^/ha)

0 30.81
(5.55)

2.353
(1.534)

2.579 94.60

30 24.77
(4.98)

2.374
(1.541)

2.438 96.35

60 29.93
(5.47)

2.152
(1.467)

2.349 96.35

90 28.90
(5.38)

2.223
(1.491)

2.792 96.58

i” test NO N3 m m

0.297 0.032 0.324 1.76
OL at 5% - - - -

Levels o f lime 
(Kg/ha)

0 28.29
(5.32)

2.295
(1.515)

2.628 94.58

250 28.83
(5.37)

2.253
(1.501)

2.475 96.43

F* test >13 NO Nd No
•>Lm *. 0.210 0.020 0,228 1.24
Ov at 5 - - - -

Hhizobial
lnnrtnl>it.lr>n
Uninooulated 26.47

(5.15)
2,259

(1.503)
2.380 97.13

Inooulatsd 30.72
(5.54)

2.292
(1.514)

2.724 93.83

F* test Md Nd m
oRm 0.210 0.020 0,223 1,24
OB at 5$> - • - -

Figure in parenthesis indicate root (x ) transformed values
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the supply o f phosphorus was adequate in the so il  

originally . Similar results of lack. o f significant 

increase in pod number were also reported by Sable 

and iQmape (1977)* It  may be noted that in this 

experiment, there was no increase in fina l yield also.

Sable and Khuape (1977) reported an increase 

in the number of pods per plant when culture 

inoculation was resorted to, peroumably through the 

increased nitrogen supply because o f enhanced 

symbiotic? nitrogen fixation. In the present study, 

there was no response to inooulation. Similarly, 

there was no increase in the number o f  pods when 

liming was done.

2.2 'lumber o f seeds per pod.

Data on the number o f aeeds per pod are 

presented in fable 9 and the analysis o f variance 

is  given in Appendix V III.

Levels o f phosphorus did not influence the 

character sign ificantly. Liming and rhizobial 

inooulation also did not produce significant effect. 

Interaction was also nonaignifioant.
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The reasons fo r the laoic o f response to applied 

phosphorus* liming and inooulation have been diaoussed 

earlier while dealing with Via vegetative characters.

The same reasons w ill be applicable in this oase also.

2.3 Weight o f seeds per pod,

0ata on the weight o f seeds per pod are presented 

in Table 9 and the analysis of variance is  given in 

Appendix V III.

The data reveal that levels of phosphorus* 

liming and rhizobial inooulation did not exert any 

aignifioant effaot. There was no signifleant interaction 

effeots.

The total weigat o f seeds per pod is a function 

of the number o f seeds per pod and the test weight.

It  my be noted that these characters were not 

signlflonntly affected by the various treatments.

2.4 Test weight.

Data are presented in Table 9 and the analysis 

of variance is  given in Appendix IX.

A ll the levels o f phosphorus* liming and rhl*obial



inoculation ware on par sta tistica lly . Interaction 

effeots were also nonsignificant.

Results o f the experiment by Sable and Khuape 

( 1977) hsvs indicated inorouse in teat weight of 

soybean with increasing levels o f phosphorus. Similar 

tnorease in the weight o f seeds beoauie o f culture 

inooulation was reported by Sable and Khuape (1977) and 

Koneva at a l. (1976). These results indioate that teat 

weight is  a oharaoter that can be altered substantially  

by phosphorus and nitrogen supply. The fact that there 

was no response to phosphorus, liming and culture 

inooulation in this study again indioate a that both 

the supply of phosphorus and oaloium was adequate in 

the so il and that oultura inooulation did not alter 

the nitrogen supply to the orop.

2.5 Shelling percentage.

Data on the shelling percentage are presented 

in fable 10 and the analysis o f variance is  given in 

Appendix 1A.

Levels o f phosphorus, liming and rhisobial 

inooulation oould not exert any significant change on



Table 10. Effect of phosphorus nutrition, liming and rhizobial 
inooulation on abelling percentage, harvest index 
and moisture percentage o f seeds

SfcsUingJSfcroei&age Moisture
TREATMENTS 80th day after Harveat Harvest percentage 

index o f seeds

Levels of 
phosphorus
(Kg PgO^/ha)

0 47.92
(43.31)

62.94
(52.51)

0.473 6.12
(14.32)

30 49.92
(44.35)

63.29
(52.71)

0.466 6.06
(14.25)

50 54.06
(47.33)

63.90
(53.07)

0.484 5 «90 
(14.06)

90 50.21
(45.12)

65.57
(53.95)

0.446 6.28
(14.52)

F* teat NS NS NS NS
SEja +_ 1.33 0.61 0.009 0.29
CD at 5 • - - - -

Levels o f lime 
(%/ha)

0 49.35
(44.63)

64.78
(53.01)

0.466 6.23
(14.46)

250 51.69
(45.97)

63.96
(53.11)

0.469 5.95
(14.12)

F* test NS NS NS NS
SEm 0.94 0.43 0.006 0.21
01) at 5' * - - - -

Unino aula ted 50.94
(45.54)

63.98
(53.12)

0.467 6.00
(14.18)

Inoculated 50.14
(45.06)

63.78
(53.00)

0.468 6.18
(14.40)

F’ test NS NS NS NS
SEm 0.94 0.43 0.006 0.21
CD at 50 - - - -

Figure in parenthesis indicate values after making angular 
transformat ion •
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Table 10 a. Combined effeot o f phosphorus and liming on
shelling percentage on the 60th day after sowing

Levels o f phosphorus Lavala o f lia s  (Kg/ha)l a  o f phosphorus 
(Kg | 05/ha)5' ' 0 250

0 44.41 51.46 47.92
(41.79) (45.34) (45.81)

50 48.15 51.68 49.92
(45.94) (45.97) (44.95)

60 49.55 56.52 54.06
(44.74) (49.91) (47.35)

90 55.56 45.04 50.21
(48.08) (42.16) (45.12)

Mean 49.55 51.69 50.52
(44.65) (45.97) (45.50)

bhm ♦, 1.885
3D at 5x 5.456
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the shelling percentage either on the 80 day after 

sowing or at harvest.
a

Interaction between phosphorus and liming on aote 

found to be significant. Phosphorus level at 60 kg 

PgOjj/ha in combination with 250 kg lime/ha gave the 

highest shelling percentage whioh was significantly  

higher than phoapnorus at 90 kg ♦ 250 kg lime/ha,

30 kg FgO^/ha ♦ no lime and the oontrol. Combination 

o f 90 &g PgO^/ha without lims waa also found to be 

significantly superior to the treatment of 90 kg 

"2°5 * 250 kg lime/ha and to that o f the oontrol. Ine 

differences between the other treatment combinations 

were not 3ignifioant.

There was a marked increase in shelling
i t .

percentage fro® the 30 day t i l l  harvest. Moat of 

this increase must be attributed to the increase in 

seed weight with advancing age. However, the decrease 

in the weight of shell (Table 6) also contributed 

partly to the increase in shelling percentage. The 

reasons attributed to the lack o f significant increase 

in other yield components consequent to application of 

phosphorus, lime and culture inooulation are applicable
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in this oase also. Though the interaction between 

phosphorus and liming was significant, the results  

were not consistent.

2.6 Harvest index.

Data on the harvest Index are presented in 

Table 10 and the analysis of variance is  given in 

Appendix IX.

Hone o f the treatments oould influence harvest 

index significantly. Interaction effects were also 

nons ignifioant•

Phosphorus is  generally considered to be a 

nutrient that increases the yield o f grain at the 

expense o f vegetative growth and increased nitrogen 

supply usually increases tha vegetative growth at 

the expense o f grain yield . It  was therefore originally  

expected that phosphorus application would increase 

the harvest index and inooulation would decrease i t .

In this study, there was neither response to applied 

P nor to oulture inoculation. Similarly, application 

of lime also did not influence harvest index 

aignifloantly• The reasons for such results have
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been discussed already. I t  may also be noted that 

tiieae treatments oould not a lter the vegetative growth 

and the fina l yield o f grain and stover algnifioantly.

2.7 Moisture percentage o f seeds.

Data on the moisture percentage o f seeds are 

presented in fable 10 and the analysis o f varianoe 

is  given in Appendix IX.

Ihe results reveal that phosphorus* liming and 

inooulation did not exert any significant effect on 

this character. Interactions also did not have any 

significant effect.

Moisture content of seed is  usually considered 

to be a character either indicative o f differsnoa In 

the ohemioal composition of seeds or degree o f maturity.

Ihe study indicate a that these components were not 

altered by the different treatments. Visual 

observations on the maturity o f the crop also did 

not show any difference between treatments, 'toe o f 

the objectives o f reoording the moisture oontent o f 

seeds was to adjust the seed yield o f the net plot to a 

uniform moisture oontent. As the data showed no difference



in moisture percentage such an adjustment was net done. 

It  may also be pointed out in this connection that the 

produce was sun-dried for 3 days prior to collection  

of samples for moisture determination and also reoording 

the y ie ld . Juoh long period of sun-drying might haw 

masked the differences in seed moisture content, i f  

at a l l  it  was present at the time o f harvest.

2,8 Grain yield .

Data on the grain yield are presented in Table 11 

and Fig. 7 and the analysis o f variance Is given in 

Appendix 7111.

There waa no significant increase in yield due 

to application of phosphorus but the results reveal 

that there was an increasing trend in yield with 

increasing levels of applied phosphorus.

Limed plots had slight advantage over the 

oontrol plot but inooulation was found to have negative 

effeot on the yield although the effect was not 

significant. Interaction effects were not significant.

The results o f a non-signifleant effeot of graded 

levels of phosphorus is  in agreement with the trend
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Table 11. Kffeot o f phosphorus nutrition, limin, 
rhizooial inooulation on the yield of 
and yield of stover

• ■*>-* C/1
and 

dn

Levels o f phosphorus
(Kg PgQ^/ha)

f*  test
S&IBl ♦.
Ol) at 5-'-

0
30
60
90

 Z M A S M U k l _______

.§£§*£__________ £&Yer_.

2127.72
2216.01
2365.51
2379.05

HS

94.76

2356.68
2559.74
2519.13
2957.62

Oig.
117.72
322.22

Levels o f  lime 
(Kg/ha)

F* test
pjSm ♦,

2253.09
2290.76

67.10

2589.76
2606.83

10
89.99

ODat 5 ?

dninooulated
Inooulated

F* test 
or. 21 
ODat 5

2335.49
2208.36

m

67.10

2668.04
2528.55

m
89.99
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noticed in the oase o f yield components* more was 

also no consistent improvement in growth of the plant 

as indicated by the results on growth characters like 

plant height* number o f branches and by the data on 

dry weight o f the plant components* A probable 

indirect advantage due to applieation o f phosphatio 

fe r t i lis e r  was thought to be the enhanced nodelation 

and conse ?uent nitrogen nutrition o f the orop. As 

the data on nodulation and nodule weight indicate, 

there w*3 again no improvement in these characters 

also because of phosphorus supply, Another probable 

effeot o f  phosphorus on nitrogen fixation could be 

an increased efficiency of the nodules to f ix  nitrogen, 

iae data on the oontent and uptake o f nitrogen by 

soybean indicate that there was no such effect notloed.

A ll these point to the fact that the availab ility  of 

phosphorus in the so il on which the experiment was 

conducted waa adequate enough both in terms o f requirement 

of phosphorus for the growth of the crop directly and 

also in terms of requirement for effective nodulation 

and nitrogen fixation,

A number o f references are available in literature  

showing increase in yield o f soybeans consequent to
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phoaphatio fertilizer application (hutra §£ 1975}

Kesavan and Moraohen, 1973} Ferrari 976} iomar 

find ev, 1973} Shatter jee jilt al., 1972t>and laesney, 

1979). There aire algo a few reported results la whloh 
there wag no increase in yield because of phosphorus 

application (Haaa ̂ nhaa md Olhal. 1974} Sable and 

Shuape# 1976).

As in the case o f phosphorusv a favourable 

response w a also expected from applioation of lime.

This was especially so because the so il Is acidic. It  

is icnown that the oaloiura level in the s o il,  optimum for 

the growth o f legumes is generally h i^ier than that of 

the non-legumes. This is reported to be because of 

the higher cation exchange capacity o f legume roots 

(Tisdale and kelson* 1971) and the higher oaloiua 

requirement fo r nodulation (Lowther and Loneragan,

1963). In the present investigation* thsre was 

no significant increase in yield beeause of 

applioation of lime. The results on yield components, 

growth characters vi& dry weight were also sim ilar. 

Again# in the cage o f nitrogen uptake also, there was no 

significant improvement because of application o f lime.
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The only explanation for auoh a behaviour appears to 

be the faot that at least for this variety o f soybean 

the oo11 supply o f oaloium was adequate enough both 

directly in terms of nutrition o f the orop and also 

for of feotive nitrogen fixation As in the oaae o f 

phosphorus, most o f the reported experimental results 

reveal advantage due to liming (Ferrari, 1976}

Martini jX ., 197*? §& |&.f 1969} and

Masoarenhas fl£ ja i., 1969).

Culture inooulation did not result in a 

significant increase in yield , the contrary, the 

rapan yield of the inooulated series waa sligh tly  lower 

than the unlnooulated set. The mean yield o f the orop 

was fa ir ly  high and /as oomparable to the yield figure 

reported in literature. »uoh a result points to the 

faot tnat the orop did not suffer for want o f nitrogen 

symbiotioally fixed. There waa also no visual symptom 

of nitrogen starvation o f the orop. The data on 

nodule number and weight w ill also substantiate the 

point that inooulation was not beneficial. Ine 

explanation for such a result lie s  In tne faot that, 

in a l l  probability, the :?oil originally had adequate



Table 11a .  Combined effect o f phosphorus and rh laobial
inoculation on stover yield (tCg/ha).

Levels o f phosphorus
(Kg P205/ha)

Rhizobial inoculation

'Jninooula- Inooula- 
ted ted

Mean

0 2504.41 2208.95 2356.68

30 2384.05 2235.43 2559.74

60 2474.99 2563.2? 2519.13

90 2008.71 3107.12 2957.62

Mean 2589.76 2606.83 2598.30

Shm z.

Ci> at 5?'

167.75

482.64



number Of strains Of RhlKfthlnm japnniatira affective on 

soyoean. in a similar experiment conducted earlier  

in tne same type of so il, tnere was a significant 

decrease in yield , nodulation and nitrogen u jtaice 

of soybean when culture inooulation waa done (Walr, 

1978). It  waa oonoluded from the results that there 

was not only adequate number of effective strains of 

rhizobial apeoies but also tnat the strains introduced 

through the culture were leas effective on soybean, 

though in the present study, the decrease in yield  

consequent to oulture inooulation vng not significant, 

there waa deoreaae in mean yield ooase vasal to culture 

inooulation. However, literature on the subject in 

general indicates improvement in the performance of 

the orop when inooul tion was done ( Shatter^ee h i &k*t 

1J72fr; Pevy s i  & !., 1969} iCatti fii s i . , 1n70; table 

and iiuape, 1977).

2.9 8 to ver y ie 11.

uata on the stover yield are presented in table 

11 and Pig. 7 and the analysis of variance is  given Ln 

Appendix 71I I .

Levels o f phosphorus had siohifioant effeot on
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the stover yield* Highest level o f phosphorus at 

90 kg P20^/ha was significantly superior to a l l  other 

lower levels* Although 30 kg and 60 kg 'P^O^/ha were 

found to he better, i t  was not significantly superior 

to the control, Neither liming nor rhizobial 

inoculation oould affect the yield o f stover significantly.

Interaction between phosphorus and rhizobial 

inoculation was found to be significant. Inoculation 

whan combined with phosphorus at the rate o f 90 kg 

?20^/ha, was significantly superior to other doses 

of phosphorus along with oulture treatment. Xhe above 

treatment oo mb in at ion was also superior to treatment 

of 60 kg ?20j-/ha applied without inoculation. Treatment 

combinations of 30 kg P^O^/ha or 90 kg v^o^/ha without 

inoculation were found to be significantly superior to 

treatments 0 or 30 kg PgO^/ha with inoculation.

Contrary to the result o f the effect of 

phosphorus on grain yield, vegetative characters and 

dry weight, there was a significant increase in the 

yield o f 3tover at the higieat level o f applied 

phosphorus (90 kg P20^/ha). Such a statistica lly
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significant increase in yield o f stover without there 

being a similar response in the oase o f vegetative 

oharaotara is d iffio u lt  to explain. The only 

justification  for this probably lie s  in the fact 

that the cumulative/ though non-aignlfioant improvement 

in growth parameters manifested ita e lf  on tee fina l 

yield o f stover. It  may be noted here that the 

variab ility  in the observations on characters like 

heigilt, number o f branches, lea f area, dry weight eto. 

might have been comparatively higher because the sample 

size was small.

As in the oase o f grain yield and other 

characters, there was no significant response to 

liming and inooulaiion. In the oase of the latter, 

the mean yield o f the inoculated set was even lower 

than the uninooulated aeries. The reasons for suoh a 

result have been discussed in detail ea r lie r .

The interaction between phosphorus and 

inoculation was significant. However, the results  

are inconsistent and d iffio u lt  to explain. The 

significant increase noted in some combinations may
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Table 12. fiffeot o f phosphorus nutrition, liming and rhizobial 
inooulation on nitrogen oontent o f stem and petiole

THiSATMaMIS 20th day 50th day 80th day
«fe * • * * # • *  m * *  u i <  » V after 

____i&xiag _____________

after after
__________

Harves

Levels o f phosphorus 
(Kg P?0^/ha)

0 2.121 1.249 0.641 0.441
30 1*662 1.190 0.743 0.552
60 1*911 1.193 0.555 0.695
90 2.252 1.194 0.666 0.545

F* teat 3ig. H5 Ha NS
diSm ♦ . 0.138 0.071 0.084 0.071
01) at 5 0.395 - - -

Levels o f lime 
(gf/hal

0 2.013 1.217 0.672 0.563
250 1.960 1.196 0.630 0.554

F' teat m MS !95 193
iS&m 0.095 0.045 0.055 0.045
CL at 5^ - - - -

Uninooulated 2.075 1.172 0.682 0.567

Inoculated 1.898 1.240 0.621 0.550

F* teat m N3 m ns
0.095 0.045 0.055 0.045

CL at 5% - - — -
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therefore treated aa a resultant o f ohanoe errors*

3* Chemical Analyses o f Plant

3*1 Total nitrogen content in different components*

3.1*1 Nltaragan QQ.afcaaV.ol atea ,aafl patloia*
Data on the nitrogen oontent o f stem and petiole 

are presented in Table 12 and P ig .8 and analysis of 

variance in Appendix X.

Application o f phosphorus at the highest level

of 90 kg ?20^/ha gave the highest percentage o f nitrogen
"tilon the 20 day after sowing whioh was significantly  

superior to 30 kg ?2Q^/ha but was at par with other 

doses o f phosphorus* However# control plot also 

recorded aignifioantly higher content o f nitrogen 

than wber£ phosphorus was applied at 30 kg ?20,»/ha.

On the 50to day, 00^  day and at harvest differences 

in nitrogen content were not significant. However# 

the general trend shows an increase in nitrogen content 

with increasing levels o f phosphorus.

Liming or rhizobial inoculation oould not affeot 

nitrogen content aignifioantly * Ho interactions were 

significant.



8 2

Table 13. iSffeot of phosphorus nutrition* liming and
rhisobial inoculation on the nitrogen oontent of 
leaves

^ o n t e Q t f l^ ^ v e e  C j )  r

TiiiiAXWbfria 20th day 50th day 80th day
after after after

 ________ ____  f b l feML ril.,,sow ing____tQwiog 

Levels o f phosphorus 
(%  PgO^/ha)

0 4*166 3.405 2.395
30 3.920 3.277 2.437
60 4.045 3.260 2.426
90 4.215 3.451 2.415

P* test m m S3
Sis»m ♦, 0.158 0.155 0.130
01> at 5 - - •

Levels o f lime
(%/ha)

0 4.073 3.277 2.341
250 4.100 3.420 2.495

F* test S3 S3 S3
i>£»ja 0.114 0.110 0.089
Oi) at 5^ - - -

laoontoUon
Uninooulated 4.113 3.304 2.492
Inoculated 4.060 3.313 2.344

P' teat m 113 S3
3Lm 0.114 0.110 0.089
OD at 5I
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Psroentag® nitrogen content was maximum in the 

f ir s t  stage whioh decreased markedly with advancement 

of orop growth.

The results w ill be discussed later while dealing 

with the nitrogen oontent o f seeds.

3.1.2 i itoMsmj Miatsni, otM assa.

Data on the nitrogen oontent o f leaves are 

presented in Table 13 and P ig .8 and the analysis o f 

variance in Appendix XI.

Levels o f phosphorus* liming and rnizobial 

inooulation did not produce any significant effeot on 

the nitrogen oontent of leaves on 20**1, 50^ or 80^  

days after sowing. There was no significant interaction 

between phosphorus* liming and rhizobial inoculation.

Percentage o f nitrogen in this part also tended 

to deoreaae with advancement o f growth.

Olsousoion on this also w ill  be covered subsequently.

3.1.3 Nitrogen oontent o f shall.

Data on the nitrogen oontent o f a to ll are presented 

in Table 14 and Pig.8 and analysis o f variance is given 

in Appendix X,
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Table 14. Effect o f  phosphorus nutrition, liming and
rhiaobial inoculation on the nitrogen oontent 
o f shell and seeds.

Nitrogen oontent W  
Shall Seeds

—  —  —  « » « » m m m  w e —  —  i  —  —  w w y

80th day Harvest 
after Harvest after 

. .80y|& g_________________§& X i3 S______________

Levels o f phosphorus 
(Kg PpO^/ha)

0 t .197 0.695 5.134 5.175
30 1.177 0.722 4.99” 5.460
60 1.079 0.768 5.518 5.219
90 1.123 0.901 5.450 5.310

F 'test NS MS m No
Sam 2, 0.095 0.063 0.167 0.214
OB at 5 - - - -

Levels o f lime 
(%/ha.l

0 1.170 0.762 5.315 5.205
250 1.118 0.781 5.233 5.377

F* test m US KB KS
SEM ♦, 0.071 0.045 0.118 0.152
QD at 5'* - mm - -

ihisobial inooula- 

Oninocnlated 1.134 0.780 5.130 5.330
Inoculated 1.154 0.763 5.417 5.251

F* test m HB ?S KS
SEil 2. 0.071 0.045 0.118 0,152
OS at 5 : — • - -
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Table 14 a. Ooablnad effeot of liming and rhizobial 
inooulation on tha nitrogen oontent ( >  
of one11 at harvest.

Levels of lime iiizoblal inooulation Maan
(Ag/ha) UnJLnooulated Inooulated

0 0,658 0,875 0.772

250 0.901 0.661 0.781

Mean 0.780 0.773 0.777

■>Lia t  0.063

30 at 5 ' 0.191



Different levels o f phosphorus oould not 

influenoe the nitrogen oontent o f shell significantly. 

Liming and rhizobial inoculation also failed to exert 

significant effeot.

Interaction between liming and rhizobial 

inooulation was significant at harvest stage. 

Jninooulated set where 250 kg lime/ha was applied 

recorded the maximum nitrogen oontent in shell which 

waa signifloantly superior to the treatment with 

inooulation at the same level o f lime uad also to 

oontrol. Inooulated set with no lime applied registered 

signifloantly higher content than both oontrol and 

treatment with inoculation at 250 kg lime/ha.

Percentage nitrogen in shell waa generally less
4 . U

at harvest stage than at the 30 day a ft -r  sowing.

The result w ill be disoussed subsequently.

3.1.4 FItrogen conteiit-Qf...afiflda.

Bata on the nitrogen oontent o f seeds are 

presented in Table 14 and Pig. 8 and the analysis o f 

variance in Appendix XI.

iievels o f phospnorua did not have any significant
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effect on nitrogen oontent* Liming and rhizobial 

inoculation also failed to exert any Influence on 

seed nitrogen oontent either on the 80th day or at 

harvest* There was no aignifioant interaction effect 

between phosphorus, liming or rhiaobial inoculation.

Peroentage nitrogen in seed did not d iffe r
■fckimuoh between the two stages, namely 80 day and 

harvest.

The variation in nitrogen oontent of seeds 

wag not significant either in the case o f phosphorus, 

liming or inoculation. The results on the nitrogen 

oontent o f stem ♦ petiole, leaves and shell are also 

similar excepting in the case o f stem ♦ petiole at 

the f irs t  stage of observation, 20^  day after so ring 

when there was significant effeot o f phosphorus.

Again,in the oase where the effeot is  a ign ifioant, 

the results are not oonsiatant enough to draw out 

valid conclusions. The general trend o f the effeot 

of phosphorus on nitrogen oontent may thus be taken 

to be that o f a non-signlfioant difference. The review 

on this aspeot generally indicates an increase in 

nitrogen and protein oontent o f seeds at h itle r levels



of applied phosphorus, probably aa a result of 

increased nodulatlona and nodule efficiency (Lapoor 

and Gupta, 1977). In tie present study, there was 

virtually  no indication o f such a beneficial effeot 

of phosphorus. These results also support the 

oonolusion drawn earlier that the inherent phosphorus 

supplying power o f the so il was well beyond the 

optimum leve l.

Similar to toe effeot of phosphorus, the 

effeot of liming and inooulation are also generally 

reported to be favourable in terms o f nitrogen content 

of grains in soybean ( Lanki Jit £ l.»  1974? Baumgartner 

et &1., 1974? Shatterjee fit J&** l97?.|i4jSohorenito 1971? 

Sable ard &iuape, 1977). As in the oase of other 

observations, there was no significant effeot of 

either o f toe above treatments on the nitrogen oontent 

o f seeds or o f the other plant parts. The reason for 

auoh results have been already discussed.

Comparing between the stages, there waa a marked 

decline in nitrogen oontent of stem ♦ petiole, leaves 

and shell. The mean nitrogen oontent of stem * petiole 

deoreaaed from 1.987 per oent to 0.559 per oent from



Table 15, gffeot of phosphorus nutrition, liming and
rhisobial inoculation on the uptake of nitrogen 
by eteu and petiole

iTUSATMiSRXS
Uptake of nltrogm^b^ stem and petiole

20th day
after
sowing

50th day
after
sowing

80th day
after
sowing

Harvest

Levels o f phosphorus
P2<Vha)

0 1.278 17.391 13.848 7.677
50 1.142 18.107 18.052 10.917
60 1.223 16.900 15.679 13.360
90 1.549 22.070 20.524 12.200

V  test m US m m
0.130 2.330 2.381 1.716

Oi) at 5$ - - - -

Levels o f lime 
(Kg/ha)

0 1.297 17.985 17.572 11.998
250 1.299 19.253 16.479 10.079

teat m m US US
ahm _♦ 0.095 1.648 2.037 1.213
CL at 5$ - - - -

rhizobial inooula­
tion
Uninooulated 1.319 17.810 17.718 10.597
Inoculated 1.277 19.420 16.339 11.480

P* test m m US mmm* 0.095 1.648 2.037 1.213
OL at 5* - - - -
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th20 day after sowing to tbs harvest stags, ihe 

similar figures for leaves from 20^x to 30to day 

are 4*067 per oent and 2.418 per oent* In the oaae 

of shall* the nitrogen content dropped from 2.144
4* Vi

per oent on the 80 day to 0.777 per oent at 

harvest. In the case of grains on the contrary* 

nitrogen content remained more or less the same from 

80^  day t i l l  harvest. One of the reasons for the 

marked decline in nitrogen content o f a l l  tua plant 

parts (excepting grain) could be -the illa tion  of 

nitrogen in a larger bulk of dry matter s the plants 

developed. 3ut a dominant reason for such a dear® .-se 

should be the translooation of this nutrient to the 

developing grains. Ihis w ill beoome clear yhile 

comparing the nitrogen aooumzalation o f different 

plant parts.

3.2 Uptma of nitrogen by different components.

3.2.1 Ip take of nitrogen fryatem^Mid aetiola.

Bata onthe uptake o f nitrogen by stem and 

petiole are presented in fable 15* ’ig . 9 and the 

analysis o f varianoe is  given in Appendix XII.

Applioation o f different levels o f phosphorus



Table 16. Effeot o f phosphorus nutrition, liming and
rhizobial inooulation on the uptake o f nitrogen 
by leaves

20th day 50th day 80th day
luEAXMiEL’S after after after

-------------_§2.tfiQ£_________ l&Ml&fiL-

Levels o f phosphorus
(Kg PgOg/ha)

0 3.122 26.239 24.542
30 3.181 25.318 27.874
60 3.063 22.533 28.547
90 3.565 31.592 38.925

p* teat MS US m
a m *  0.310 3.092 4.152
OS at 5?* -

Levels o f lime 
(Kf/haY

0 3.123 26.472 29.382
250 3.343 26.369 30.562

F* test HS m  MS
am*. 0.219 2.135 2.936
01) at 5^

Rhizobial inocula­
tion________________
Jninooulated 3.093 25.800 30.495
Xnooulated 3.373 27.041 29.450

P * teat No NO MS
SEm 0.219 2.185 2.936
01) at 5?>



vr?
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did not have any significant effeot on the uptake of 

nitrogen by stem and petiole. However, the highest 

level of 90 kg PgO^/ha reoorded the maximum uptake of 

nitrogen on 20^ , 50 ̂  and 80^  days after sowing. On 

the other hand, uptake was minimum in the control 

treatment in a l l  the above stages and also at harvest.

Neither levels o f liming nor inooulation could 

bring about significant difference in the uptake of 

nitrogen at any o f the stages namely 2 0 ^ , 50^ , 00^  

day after sowing or at narveat. Interact ion effects 

were also non-aignifioant.

Paosphorus application had no e ffect either 

on the nitrogen content or on dry weigat of stem and 

petiole. Same was the effeot noted with liming and 

inooulation. This is obviously reflected in the case 

of nitrogen uptsice by stem and petiole.

The results on uptake of nitrogen by these 

plant parts w ill be discussed la ter.

3.2.2 Tfptfjfrfl Of JEttXgimJ&..lg%T3.a.

Data on the uptake of nitrogen by leaves are 

presented in Table 16 and Fig.9 and tne analysis o f 

variance is given in Appendix XIII*



^ifpnifioant difference m uptake was not 

observed with different levels o f phosphorus* liming 

or rhizobial inooulation. However* a slight increase 

could be found when 90 kg PgO^/ha was applied, over the 

treatment receiving no phosphorus, at a l l  torse stages 

of growth, 20^, 50^  and 80**1 days after sowing.

setween the stages* there was iooreuse in the 

uptake of pooaphorus, it  being most conspicuous between 

2G**1 and QO^ days after sowing. Between the 50^  and 

00 days, the increase in uptake waa only m rginal.

The data on the uptake of nitrogen by leaves 

also w ill be disoussed later.

3.2.3 'fntffiiw o f aUragsa, fry a n a il.

Data on the uptake of nitrogen by shell on -fee
A U

00 day after sowing ani at harvest are presented 

in Table 17 end F ig.9 and the analysis o f variance 

ia given in Appendix XII.

The data reveal the absence o f significant 

difference between varying levels o f phosphorus* liming 

and rhizobial inooulation both on the 80 ̂  duy and at 

harvest.



Table 17* Effeot o f phosphorus nutrition, liming and
rh isobial Inooulation on the uptake o f nitrogen 
by Shell and seeds

iLgAXMLMTS

Uotake o f nltrw«» rnmm 16 m iJHIwB
Shall j 

§ 0 t O £ y ----------

X mi — mu m m m — —
|............ r...Seed_______

85th d£y
after
sowing

Harvest after Harvest 
sowing

Lave la  o f phosphorus 
(Kg P20ri/ha)

0 14*949 9.010 55.958 120.103
30 16.665 8.646 69.630 116.285
60 16.207 3.392 93.275 111.092
90 20,270 9.409 101,413 123.630

F* test m MS ->lg* MS
SLm ♦. 2.635 1.109 10.049 17.458
00 at 5$ - am 29.020 -

levels o f lime
(Kg/hal

0 18.450 9.181 81.555 118.283
250 15.595 8.797 78.582 117.272

F* test ML MS MS MS
OEja 1.863 0.841 7.106 12.345
00 at 5 - - - •

sininooulated 16.993 8.455 82.160 110.851
Inooulated 17.052 9.523 77.97Q 124.703

r  test MS MS MS MS
1.063 0,841 7.106 12.345
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Table 17 a. Combined effeot o f phosphorus and liming on 
the uptake o f nitrogen by seeds (Kg/ha) on 
the 80th day after sowing

Levels of phosphorus Lamia Of lilBQ ( W ti&l MaanCK« P205/h .)  0 250

0 45.415 66.501 55.958

30 62.885 76.376 69.630

60 88.248 98.301 93.275

90 129.675 73.151 101.413

Mean 81.555 76.582 80.069

«iX»U

00 at 5%

14.212 

41.041
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There waa no significant interaction effeot

between phosphorus, liming and inoculation*

+h
From 80 day t i l l  harvest* there was a 

conspicuous deoreaae with the nitrogen uptake of 

shell in a l l  the treatments, the overall xuean 

percentage deoraasa helag 52.8*

3.5*4 o f aitrogpa fry asefta*
Data on the uptake o f nitrogen by oeede are 

presented in Table 17 and ?ig*9 '-.rid the analysis of 

variance la given in Appendix X III.

bevels o f phosphorus exarted aignifioant effeot 

on the uptake o f nitrogen by aeeds on toe 80 day 

after sowing but did not have auch an effeot at 

harvest stage* Highest phosphorus level at 30 .̂g 

PgO^/ha gave the highest uptake value waieb decreased 

at lower levels of phosphorus. Phosphorus at the 

rates o f 60 and 90 kg F^O^/ha were significantly  

superior to control and 50 ag PgO^lavel*

lin ing sand rh izo b ia i inooulation did not have

significant effeot on nitrogen uptake either on the 
th.80 day or at harvest.
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fable 18. Effeot o f phosphorus nutrition, liming and rhiaobial 
Inooulation on the total uptake o f nitrogen by plants.

l'aoAftttffiR} 20 th. day
after
sowing

50th day
after
sowing

80th day
after
sowing

Harvest

Levels o f phoapnorua
(K g ?o0c/ha)

& 0 4.403 44.941 109.319 136.809
30 4.546 43.420 132.219 135.760
60 4.286 41.930 158,454 124.271
90 5.123 54.415 181.127 157.801

i? teat 113 m OLg m
o-m ♦, 0.383 4.919 15.482 18.553
OLat - - 44.709 -

Levels o f lime
L M m i  o 4.533 44.828 146.832 145.593

250 4.647 47.525 143.727 131,727

P feat If 3 ’IE ME Wo
EE© 0.270 3.478 10,948 13.119
Oi? at 3. «•* - - -

Jninooulatod 4.525 45.512 149.875 130.938
Inoculated 4.654 46.841 140.634 146.322

P lest TIE ?lE :b tia

Eij© ♦ 0.270 3.478 10.948 13.119
Ojat 5 - —
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Significant interaction effeot was observed
fU

between phosphorus and liming on the 80 day after 

sowing. Phosphorus at 90 leg PgO^/ha vae significantly

superior to 0# 30 and 60 kg PgO^/ha without lime. The 

same level was also superior to a l l  levels o f phosphorus 

at 250 kg lime/ha except for the treatment combination

60 kg PgOj- ♦ 250 kg lime/ha. Oontrol plot was also 

found in ferior to 60 kg PgO^/ha with and without lime.

Nitrogen uptake by seeds increase 1 from 30^* 

day t i l l  harvest,

Ihe results w ill be disoussed subsequently 

while dealing total uptake o f nitrogen by plants.

3.2.5 Total uptake o f ,aitgo,ean ..bv. .ulaata.

Data on the total nitrogen uptake by plants 

are presented in Table 18 Pig. 9 and the analysis of 

variance is given in Appendix XIV,

tTptake o f nitrogen by plants significantly  

affected by levels o f  phosphorus on the 80th day 

after sowing. At this stage, the highest lavel of 

90 kg P20,-/ha was significantly superior to 0 and 30 kg 

P20^/ha. The phosphorus level o f 60 kg P^O^/ha vhioh



1 0 3

recorded a nitrogen uptake o f 158 kg/ha was found to 

be significantly superior to the oontrol with a 

nitrogen uptake o f 109 kg/ha. At a l l  other stages, 

phosphorus had no significant influence in the nitrogen 

uptake by plants but the general trend was in f  vour 

of an increase with increasing levels o f applied 

phosphorus •

levels of line did not have any :-rl:.,nifi°ant 

effect but the uptake o f nitrogen was aliphtly improved 

by liming on the 2 0 ^  and 30^* days. On . 0^  day and 

at harvest reverse was the trend.

Although nonsignificant, rh izobicl inooulation 

improved nitrogen uptake at a l l  stages except on the 

8Q**1 day after sowing# There was no significant 

interaction between phosphorus# liming and rhizobial 

inooulation.

Uptake o f nitrogen by plants went on increasing 

with advancement o f growth up to the 80***1 day but a 

slight f a l l  was noticed at harvest.

From the rem its  on total nttr~< and

nitrogen uptake by plant parts at different stages# 

it  may be generally concluded that application of
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phosphor aa did not h tn  significant o f foot though 

there waa significant increase in total uptake on
4U

the 80 day after sowing with increasing levels of 

phosphorus. I f  this trend o f lack o f increase in 

nitrogen uptake with inoreaaing levels o f phosphorus 

is  accepted aa a general trend* it  would be contrary 

to the expected pattern. It  is considered that 

phosphorus applioation in Is guise b would increase the 

accumulation of nitrogen through increase efficiency  

of nitrogen fixation and also thro ugh the direct 

involvement of phosphorus in orop nutrition. The 

c rit ic a l level o f phosphorus in so il for efficient 

nitrogen fixation ia considered to be higher than 

that of the critica l level for the dire it nutrition 

of the legumes* Such an increased aocu'-vulatlon o f  

nitrogen oan either be reflected in terms o f nitrogen 

content o f tissue or through higher uptake. In the 

present study, there was no consistent Increase in 

either nitrogen content or nitrogen upt dee by plant 

parts. As concluded earlie r, the results indicate 

adequacy of available phosphorus in so il.

a similar favourable response *rv- nlno jxpeeted 

fro® applioation of lime and also by culture inoculation.



Tha reasons for lack of significant effeot of these 

treatments have been discussed earlier#

The variation in nitrogen uptake at different 

a tags 8 of growth of the plant showed major difference 

between plant parte# For example in the oase of stem 

and petiole, there waa a conspicuous increase in the 

uptake of nitrogen upto the 50th day after whioh there 
was a marginal decrease up to the 80^ day# There was 

a conspicuous dsorease from 80 day till harvest and 
titie mean difference in uptake from the peak recorded 

on the 50^ day till harvest waa 7 #58 kg/ha# In the 
oase of leaves there was a marked increase in uptake

♦ hupto the 80 day after sowing. The mean nitrogen 

uptake of leaves on the 80^  day oomes to 29*97 kg/ha. 
In the oase of shell, there waa a decrease in uptake 
from the 80^  day after sowing till harvest, this 

decrease being to the extent of 8.03 kg# In the oase 
of seeds, there was a marked increase in nitrogen 

uptake from 80^ day after sowing till harvest. The 

mean uptake by seeds at harvest comes to 1 1 7 . 7 8 kg#
The decrease in uptake by stem and petiole and shell 

is presumably because of transkooation of nitrogen to 

the developing grains. The total quantity of nitrogen
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thus translocated from stem + petiole and shell works

out to 15.6 kg. There Bight have been a similar

tranalocation of nitrogen from the leaves also hut

it is difficult to apportion the total of 29.97 kg
thaocumulated in the leaves on the 80 day because 

there waa complete defoliation after this stage and 

a certain quantity of nitrogen might have been lost 
through this. But even assuming that nearly all the 
nitrogen on the leaves was translocated to the grains 

prior to defoliation, the total quantity of nitrogen 
translocated from the plant parts to the grain works 

out to only about 45*57 kg. This comes to 39 per oent 
nitrogen in seeds. The remaining 61 per oent of the 
nitrogen in seeds must have come from absorption of 

the nutrient after the development of 1he seeds and 
its direct ao cumulation.

The results thus indicate the relative importance 
of maintaining conditions suitable for nitrogen fixation 

in this orop at the vegetative and reproductive phases 

of its growth. It may be reasonable to assume that in 
this orop, contribution of nitrogen aoou~-nulated in 

the vegetative parts towards grain filling is significant 
though the absorption in the reproduotive phase is mors
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important in terms of quantity.

A comparison of the proportion of the total 
nitrogen in different plant parts also show variation 
between stage3 . For example at the first stage of 

sampling, 20 days after sowing, nearly 76 per oent of 

the total nitrogen was aooumulated in the leaves. At 
the next atage^ O days after sowing also* the major 
part of nitrogen was concentrated in leaves. On the 
contrary, the major part of nitrogen in the plant on 
the 80th day was oonoentrated in the seed (55.6 5 

folio wad by leaves (20.8$), stem ♦ petiole (1 1 .8$) 
and then by shell (1 1 ,8 '). Nearly the same trend 

oontlnued at the harvest stage also, with the grains 

accounting for 44 per oent of the total nitrogen 
followed by stem ♦ petiole and then by shell.

The dissuasion of nitrogen uptake pattern thus 
gives only general information on the orop. It waa 
originally expeoted that pattern of nitrogen uptake by 

soybean would be different at varying levels of 
phosphorus and liming and because of culture inooulation. 
In the present investigation, beoause no significant 

effeot of these treatments was noted, it is difficult 
to evaluate the difference In uptake pattern at varying



Tabid 19, Effeot o f phosphorus nutrition# liming and 
rh isch ial inooulation on the phosphorus 
content o f stem and petiole

Phosphorus oontont o f stem and petiole(^ )

xiteAiMsrcrs 20th day
after
9&%im

50th day 
after

80th day 
after
setting

Harvest

levels o f phosphorus
(%  PgO^/ha)

0 0.100 0.219 0.115 0.044
30 0.122 0.245 0.137 0.043
60 0.103 0.225 0.110 0.039
90 0.088 0.224 0,120 0.028

9* test 93 NS rrs m
oEm *. 0.018 0.013 0.016 0.008
01) at 5 • -- *• - -

Levels o f lime 
(&g/ha1

0 0.109 0.234 0,121 0.041
250 0.092 0.222 0.120 0.036

F* teat m N3 98 m
0.013 0.009 0.011 0.005

0U at 5% - *• - -

Uninoeulatsd 0.099 0.227 0.127 0.040
Inooulated 0.102 0.229 0.113 0.037

teat NS NS US
0.013 0.009 0.011 0.005
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I able 19 a. Combined effeot o f phosphorus and liming on
the phosphorus content ( ) o f atom and petiole 
on the 80 th day after sowing

Levels o f  phosphorus iacnkk. q £ man
( Kg  P205/har  0 250 H0an

0 0.096 0.133 0.115

50 0.176 0.096 0.137

60 0.113 0.106 0.110

90 0.096 0.143 0.120

Mean 0.121 0.120 0.121

ohm ±

GD at 5€

0.022

0.065
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levels o f the above treatments.

3.3 Phosphorus oontent in different oomponenta.

3.3.1 PhQaptiorua floatent of. Mhm m l gflUola.

Data on the phosphorus oontent o f stem and 

petiole are presented In Table 19 and Pig. 10 and the 

analysis o f varianoe la given in Appendix XT,

Levels o f phosphorus did not affect the phosphorus 

oontent o f stem and petiole significantly at any of the 

stages namely 20th, 50^ and 80^  days and at harvest.

Levels o f liming sad rhissobial inooulation also 

oould not exert any sign i f  leant effeot on the phosphorus 

oontent.

Significant interaction effeot was noted between
4V

phosphorus and liming on the 80 day after sowing. 

Phosphorus level o f 30 kg F^O^/ha without lime was ibund 

to be significantly superior to 0 and 90 kg PgO^/ha at 

the same level o f  lime. The above mentioned combination* 

30 kg PgO^/ha without lime was found to be superior to 

same level o f phosphorus applied with 250 kg lime/ha 

and also 60 kg P̂ O,. * 250 kg lime/ha, with respeot to 

phosphorus oontent o f stem and petiole.
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Table 20. Lffeot o f phosphorus nutrition, liming and 
rhizobial inooulation on the phosphorus 
oontent of loaves

Phosphorus oontent o f leavasC^)

t m b m m s  20th day 50th day 00th day
after after after
sowing sowing sowing

Lavola o f phosphorus 
(Kg P20,/ha)

0 0.229 0.508 0.267
30 0.138 0.580 0.261
60 0.142 0.560 0.221
90 0.202 0.579 0.251

F' teat NS HO m
iia>m 0.033 0.030 0.016
OP at 5# - - -

Levels o f lime 
(%/ha)

0 0.164 0.531 0.249
250 0.192 0.582 0.251

I” teat N5 HS m

♦ 0.023 0.021 0.0 11
CD at 5$ - - -

tfninooulated 0.153 0.557 0.246
Inooulated 0.203 0.557 0.254

F* teat ITS HS HS
*, 0.023 0.021 0.011

CD at 5! *»
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Table 20 a. Combined effeot o f phosphorus and liming on 
the phosphorus content (,*) o f leaves on the 
80th day after sowing

juuruo

0 250

Mean

0 0.222 0.312 0.267

30 0.268 0.254 0.261

60 0.266 0,175 0.221

90 0,238 0,264 0.251

Mean 0,249 0.251 0.250

Oiim ♦. 0.022
01) at 5 0 . 0 6 8



I
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Percentage of phosphorus in stem ♦ petiole was 

found to increase on the 50^  day compared to the 20 

day. Bat in the stages thereafter, there was dear ease 

in phosphorus oontant.

The results w ill be disoussed later while dealing 

phosphorus oontent o f seeds.

3*3*2 Phoaaharaa QQatsat a f iw m a .

Data on the phosphorus oontent in leaves at 

different stages are presented in Table 20 and Fig. 10 

and the analysis o f variance is  given in Appendix XVI.

Levels o f phosphorus oould not influence the 

phosphorus oontent of leaves slgnlfioantly. A ll 

levels of the nutrient were On par at a l l  the three 

stages namely 20^ , 50th and 80^ day after sowing.

Levels o f liming also did not have significant 

effeot on the phosphorus oontent. But* limed plots 

were found sligh tly  superior to the control. Jams 

trend of advantage was notload with inoculated treatment 

over that o f uninooulated one* although the effeot was 

not signifioant.

Interaction between phosphorus and liming was
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significant on the QOto day. Treatment combination,

250 kg lime/ha without phosphorus waa significantly  

superior to the oontrol* 60 kg ?2°5 * ^50 kg lime/ha 

and 90 kg PgO^/ha without lime. Sim ilarly, 60 kg 

PgO^/ha without lima waa superior to same level o f 

phosphorus applied with lime* 30 kg F^O^/ha with and 

without lime and 90 kg ♦ 250 kg lime/ha.

Percentage of phosphorus in leaves increased on 

the 50th day compared to the 20 day but decreased on 

80th day.

Data on the phosphorus oontent o f leaves w ill  

also be diaousaed later.

3.3.3 ffraatfragftfi aontsnt q£ ah »U «

Data on the phosphorus oontent o f shall are 

presented in Table 21 and Pig. 10 and analysis o f 

variance is  given in Appendix XT.

There waa no aignifioant difference between the 

levels o f phosphorus with reapeot to phosphorus oontent 

in she ll. Liming also could not exart any aignifioant 

influsnoe but had alight advantage over the oontrol



Table 21 • Afxeot o f phosphorus nutrition* liming and 
rhizobial inoculation onthe phosphorus 
oontent Qf xneil and seed

ao

Levels of phosphorus 
(Kg ?20t./ha)

 ^ § u & & n & a . 2& a & s ! J . 4 _________
80th day®1' 80th d a f ^
after Harvest after Harvest

A v t i M -_____________ t m i m ______________

0 0.160 0.068 0.323 0.444
30 0.192 0.083 0.354 0.445
60 0.171 0.082 0.351 0.542
90 0.156 0.071 0.433 0.527

i'1 test Ho m No
3Lm 0.016 0.009 0.040 0.042
0i> at 5

Levels o f lime 
(%/ha)

0 0.165 0.073 0,320 0.499
250 0.174 0.079 0.411 0.475

?’ test N3 <<3 oi £. m
OLt; 0.011 0.006 0.029 0.030
0u at 5;:’ - - 0.084 -

ihizaJaial.in&aul&Uaa
Oninooulated 0.169 0.083 0.377 0.486
Inoouiated 0.170 0.070 0.353 0.488

£* test NO ss m No
0.011 0.006 0.034 0.030
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Table 21 a. Combined effeot o f phosphorus and liming on 
the phosphorus content {$ ) o f shell on the 
60th day after sowing

Levels Of phosphorus Lavals at lima (Kg/ha) 
(£g p2°5^ia' 0 250

Mean

0 0.136 0.184 0.160

50 0.225 0.158 0.192

60 0.170 0.171 0.171

90 0.129 0.184 0.156

0.1 65 0.174 0.170

S£a _♦

0L at 5i

0,052

0.065



with regard to phosphorus oontent. Inooulated set was 

also at par with the uninooulated series.

Significant interaction effeot was notioed between 

phosphorus and liming on the 80 day after sowing. 

Unlimsd plots at 30 kg PgO^/ha were found to be superior 

to 90 kg P20j/ha, but this treatment was on par with 

60 kg PgO^/ha. Similarly, 30 kg PgO^/ha without lime 

was significantly superior to 30 kg PgOj, ♦ 250 kg lime/ha.

At harvest, percentage o f phosphoric in shell 

was leas compared to that on the 90 day.

The discussion on the phosphorus oontent o f shell 

w ill be done later,

3.3,4 ffMaahartta .g.oataat .&£.aatda.

Bata on the phosphorus oontent o f seeds are 

presented in Table 21 and Fig. 10 and the analysis of 

varianoe is  given in Appendix XVI.

Levels o f phosphorus could not affect the 

phosphorus oontent in seeds significantly either on 

the 8 0 day or at harvest. However, 90 kg PgO^/ha 

was found to be slightly  better than other levels on
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the @0 day. At harvest, the upper two levels o f  

phosphorus were better than the control and 30 kg 

PgO^/ha,

Higher dose o f l i m  at 250 kg/ha was s\£ni-Pi‘e turrUy
fW

superior uo the control on the 80 day with respect 

to seed phosphorus oontent but both levels were at par 

at harvest stage.

hizo b ia l inooulation oould not exert any 

influence on the phosphorus oontent o f seed at any of 

the stages. There waa no significant interaction effeot 

between phosphorus, liming and rh isobial inooulation.

From the data on phoephorua oontent of plant 

parte, it  may be generally concluded that ..acre was 

no significant difference between levels o f phosphorus 

onthe content o f this nutrient in the plant parts. The 

interest ion between phosphorus and liming .use remained 

non-signiiic ant in most of the instances, though in 

some oase there was significant interaction between 

them, Sven where the interaction effeot was significant, 

the results ware not consistent. While discussing the 

results on other oharaoters, it  was oonoludsd earlier  

that the effaot o f phosphorus on growth, yield and
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nitrogen uptake of soybean waa not significant because 

the phosphorus supplying power o f the so il waa adequate 
enough both in terms of d ir eat orop nutrition and also 

for effic ient nitrogen fixation. The data on the 

phosphorus oontent o f plant parts w ill further 

substantiate this view because even by applying 

phosphorus at the rate o f 90 kg P^O^/ha. there waa no 

substantial increase in the phosphorus content o f plant 

parts at any o f the a cage j. The review on the effeot 

of applied phosphorus on the phosphorus oontent o f 

soybean tissue generally indicates an increase in its  

oonten; consequent to increase in ita so il supplies 

(Pereira & !.* 1974p; Kapoor and Gupta* 1977| Lutz 

and Jones*1975d showing thereby that the defiolenoy 

of this nutrient in the so il is very well reflected, 

in the content in plant parts* The fact that there 

was a consistent lack of significance tecause o f 

phosphorus application substantiate the point that the 

phosphorus supply in so il orig inally  might have been 

at the aupsr-optiomal leve l.

Applioation o f lime is known to increase the 

availab ility  o f phosphorus in acid s o ils .  Results 

reported by Chatter jea && j& . * 1972^alao Indio ate auoh



an increase in phosphorus oontent of soybean plant 

consequent to liming. It  was therefore expected that 

application o f lime w ill increase the phosphorus 

oontent o f plant parts also. In the present study 

there was no such effeot noticed persumably because 

even without added lime, the phosphorus requirement 

o f the orop was adequately met,

need inooulation with the culture did not affeot 

trie phosphorus content o f tissue, duoh a result agrees 

with the earlier observations on the effect inooulation 

on the other characters which have been discussed earlie r.

Comparing between the stage a, i t  is  seen that 

phosphorus content of plant parts increased substantially
X L  X U

from the 20 day to 50 day after so win There was 

a substantial decrease in the oontent of this nutrient 

with further advance in orop growth In the case o f stem 

♦ petiole, between the 90**1 day after sowing and harvest.

In the oase o f  seeds, on the contrary, there was
thincrease in the content o f phosphorus from 80 day

t i l l  harvest. The decrease in the phosphorus content
th.of a l l  the parts excepting grain after the 50 day 

indicates translooation of this nutrient to the developing
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Tabid 22* Hffeot o f  phosphorus nutrition, lin ing and rhisobial 
inooulation on the uptake o f phosphorus by stem and 
petiole

Uptake o f phosphorus by atom and petiole
_____________________C IS & § 2 _________________________

TahAIMSHXd 20th day
after
sowing

50th day
after
sowing

80th day
after
sowing

Harvej

Levels o f phosphorus 
(%  P205/ha)

0 0.061 2.999 2.527 0.805
30 0.085 3.792 2.923 0.802
60 0.070 3.091 3.080 0.830
90 0.065 4.164 3.805 0.832

P' teat MS 3ig. US !?3
3Lm ♦, o .o n 0.316 0.394 0.173
OD at 5^ - 0.914 - -

Levels o f lima
(Kg/ha)

0 0.077 3.392 3.022 0.823
250 0.064 3.630 3.145 0.712

F' test S3 NO !•© NS
SLm ^ 0.010 0.224 0.277 0.122
CL at 5 ‘ - - - -

EhlaaMalJaftOjilatlQfl
Uninooulated 0.069 3.376 3.200 0.765
Inoculated G.072 3.647 2.877 0.750

F* teat M3 M3 MS NS
3Lm 0.010 0.224 0.277 0.122
CL at 5 - - - -
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Table 22 a. Combined effeot o f phosphorus and liming 
on the uptake o f phosphorus by stem and 
petiole (Kg/ha) on the 80th day after sowing

Level o f phosphorus Ls.Tttla QI U m .l4 g /M ,X  mmn
(Kg P205/ha) 0 250 ’ieaa

0 2.303 2*751 2.527

30 3.668 2.178 2.923

6o 3.256 2.903 3.080

90 2.861 4.750 3.805

Mean 3.022 3.145 3.034

ahm ♦ 0.556

01) at 0  1.605
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3.4 Uptake o f phosphorus by different components.

3.4.1 Up lake o f phosphorus fey stem and petiole.

Bata on the uptake of phosphorus at various stages 

are presented in Table 22 and Fig. 11 and the analysis 

o f variance is given in Appendix XVII.

Application o f  varying le v e ls  o f phosphorus did 

not resu lt in an increase in the uptake of unos .ononis 

throughout the growth period o f aoyba n except on the 

30th day after sowing. At this stage* tuw iii^ ie s t  

le v e l o f 90 kg PgO^/na gave the maximum and oontrol 

p lo t reoorded the minimum uptake value o f  phosphorus 

by stem ♦ p e t io le . "Phosphorus at 90 kg F^O^/ha was 

significantly superior to oontrol and 60 kg i^O^/ha.

Neither liming nor inooulation oould exert any 

significant influence in the uptake o f phosphorus at 

any o f the stages.

iignifioaat Interaction between phosphorus and 

liming was observed on the BO day after sowing, hen

grains. This point w i l l  beoome clearer while oomparing
the phosphorus uptake o f p lant parta at d iffe re n t stages.
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Table 23* effeot o f phosphorus nutrition* liming and 
rhizobial inooulation on the uptake of 
phosphorus by leaves

THLAXMEHTS

Uptake o f phosphorus by leaves
  Llg&Si. ______________________________________ ~

20th day 50th day 30th day
after after after
sowing sowing sowing

levels o f phosphorus 
(Kg P20q/ha)

0 0*170 3.862 2.678
30 0.119 4.452 2.743
60 0.101 4.337 2.801
90 0.162 5.306 3.875

F* teat m m I©
Ohm z. 0.024 0.392 0.365
0D at 5 ■ - - -

Levels o f lime 
(%/ha)

0 0.122 4.258 3.115
250 0.154 4.720 2.954

F* teat H3 m m
$£m *. 0.017 0.277 0.257
01) at 5 ■ - - -

Uninooulated 0.117 4.426 3.064
Inooulated 0.159 4.553 2.985

F* test US m HS
a^a ♦, 0.017 0.277 0.257
0i) at 5 .. ~
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90 kg ?20^/ha waa applied in combination with 250 kg 

lima/ha, tne uptake was significantly higher than 

control and treatment combinations of 250 kg line/ha 

./ithout phosphorus, 30 kg * 250 kg lime/ha, 60 kg 

?20;- ♦ 250 kg line/ha and 90 kg Vyo^/ha without lime.

Phosphorus uptake by stem ♦ petiole increased 

t i l l  the 50th day stags which remained almost constant 

t i l l  the 30^ day but decreased thereafter.

She results w ill be discusc-ed wfc.il..* dealing vith 

the total phosphorus uptake by plont3,

3.4,2 Unaraftg a t lphas^arm l,feY...,.3A ,̂a.

Data on the up'take o f phosphorus by leaves are 

presented in Table 25 and F ig ,11 and the analysis of 

variance in Appendix XVIII*

Levels o f phosphorus did not affect the phosphorus 

uptake significantly at any o f the stages except for 

nlight advantage noted at the highest dose of phosphorus 

at 90 kg ?o0^/ha on the 50 ̂  and 90^ day aftur sowing.

Liming and rhizobial inooulation also could not 

affect the uptake value significantly, Interaction



effects were not significant.

Phosphorus uptake o f leave increased upto the 

50 day and decreased thereafter.

'teaultu w ill be discussed while dealing total 

uptake of phosphorus by plants.

3*4.3 Uptake of  phosphorus by shell.

Data on the uptake of phosphorus by shell are 

presented in Table 24 and P ig ,11 and the analysis of 

variance is given in appendix XVII.

application o f phosphorus did not exert any 

significant change in the uptake o f phosphorus by shell, 

however, a gradual Increase was obeerved with increasing 

levels o f phosphorus on the 80^  day after sowing. 

Similar tread was observed at harvest stage only up to 

60 kg ?20^/ha.

Liming or rhisobial inooulation did not have any 

significant effect on the phosphorus uptake by shall. 

Interaction effects between phosphorus, liming and 

inoculation were not significant.

Phosphorus uptake deorsased at harvest stags
At.

compared to that on the 80 toy a fter sowing.
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Table 24• Effeot o f phosphorus nutrition, liming and 
rhizobial inooulation on the uptake o f 
phosphorus by shell and seeds

[JpfrakB of phoapfrorua (Kie/ha)

xioumiflzs SK rSSy® 11  aotS'aS?*4* --------
after Harvest after Harvest
sowing S&&3S

Levels o f phosphorus 
(%  P20B/ha)

0 1#791 0,882 4.153 11.612
30 2.402 0,926 4.953 8.618
60 2.512 1.015 6.395 11.535
90 2.570 0.870 7.841 12.231

F* test woi>.k> NS ^Ig. m

buSV ^ 0.324 0.102 0.903 1.823
OL at 5^ - - 2.601 -

Levels o f lime 
( %/ha)

0 2,341 0.897 5.408 11.364
250 2.297 0.949 6.263 10.939

F* test m R3 113 N3
*. 0.228 0.126 0.639 1,289

OL at 5 ' - - - -

Oninoouls’ted 2.325 0.912 5.937 10.444
Inoculated 2.313 0.935 5.735 11.909

F* test m I&3 ‘13
HEei 0.228 0.126 0.639 1 .289
Oh at 5^ • — — —
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Table 24 a. Combined effeot o f phosphorus and liming 
on the uptake o f phosphorus by seeds
(%/ha) on the 30th day after sowing

Levels o f lime
Levels o f phosphorus (%/ha)________  Mean

(%  ?20g/ha) Q 25Q

Mean

0 4.621 3.685 4.153

30 4.570 5.336 4.953

60 3.703 9.088 6.395

90 8.740 6.943 7.841

3.408 6.263 5.836

L£o ♦ 1.274

0J) at 5 3.679



Discussion on this aspeot w il l  be covered under 

total uptake o f phosphorus by plants,

3*4.4 ITntaka o f  nhnanhowm by aaada.

Data on the uptake o f phosphorus by seeds are 

presented in Table 24 and ?ig.11 and the analysis o f  

variance is  given in Appendix kVHl.

The data reveal that higher levels o f applied 

phosphorus enhanced uptake o f phosphorus by seeds 

significantly on the 80m « ay a fter sowing but a l l  

the treatments were at par-at harvest stags. On the 

80 day, applioation o f phosphorus at 90 kg Pg0^/ha 

resulted in maximum uptake o f phosphorus by seeds 

and this treatment was significantly superior to 

applioation o f phosphorus up to 30 kg Po0^/ha.

Thera waa no significant d iiferenow in the 

character withor dus to lime applioation or due to 

rhlzobiul inoculation.

Interaoiion effeot between phosphorus and 

liming was observed to be significant on the 80 day. 

H ipest lose o f phosphorus at 90 kg "'gC^/ha gave 

significantly higher uptake of phosphorus by seeds 

compared to oontrol, 30 kg and 60 kg FgO^/ha when
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i/ABM 25. Effeot o f phosphorus nutrition, liming and
rhizobial inooulation on the total uptake of 
phosphorus by plants

Total uptake o f pfrospj^ r s  X W M l

XikiAXMLNIS
20th day
after
sowing

50th day 
after
sowing

SQtfc day
after
sowing

Harvest

Levels o f phosphorus 
C% P20^/ha)

0 0.211 9.194 11.169 13.272
30 0.207 Q.251 12.625 10.354
60 0.172 7.410 14.640 13.430
90 0.235 9.487 18.194 14.514

F* teat m m • - 1 UJ
0.032 0.892 1.688 1.969

0k> at 5$ - - 4.876

Levels o f lime

0 0.193 3.804 13.906 13.127
250 0.219 8.366 14.409 12.658

F* test m m 73 -Ls
j-ia i 0.022 0.631 1.194 1.392
GLat 5 - - mm «

H iao b i'il tooQutotlon 
Uninoouiated 0.1 81 8.964 14.552 12.169
Inoculated 0.2 31 8.207 13.712 13.618

” teat S m NO
BLja ♦, 0.022 0.631 1.194 1.392
G., at 5$



Table 25 a. Combined effeot o f phosphorus and liming
on the total uptake of phosphorus by plants 
(Kg/ha) on the 50th day after sowing

levels of phosphorus
( %  PgO^/ha) Q 250 Meaa

0 11.770 6.770 9.194

30 7.866 8.636 8.251

60 7.044 7.776 7.410

90 8.537 10.436 9.487

Ha an 8.804 8.366 8.585

0i> at 5

1.261
3.643
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Table 25 b. Combined effeot o f phosphorus and rhizobial 
inooulation on the total uptake o f phosphorus 
by plants ( Kg/ha) on tbs 50th day after sowing

Levels o f rhizobial 
La vela o f phosphorus inooulation

I kg ??0^/ha) uninooula-
tod Inoculated

0 11.772 6.617 9.194

30 7.442 9.060 6,5 80

60 8*241 6.580 7.410

90 3.401 10.571 9.437

8.964 8.207 3.586

LLm £ 1.261

'30 at 5$ 3.643
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lias  was not applied. On the other hand whan line  

was applied* 60 leg P^O^/ha reoorded the maximum uptake 

of phosphorus whioh waa significantly higher than the 

oontrol and 30 kg PgO^/ha*

Ihe re waa increase in uptake of phosphorus by 

seeds at harvest stage oospared to that on the 80^  

day after sowing,

3*4.5 if tia l o l ptoaaborvia by plaata*
Data on the total uptake of phosphorus by plants 

are presented in Table 25 ^ig.11 and the analysis o f 

variance is  given in Appendix XXX,

Levels o f  phosphorus had aignifloant effeot on 

the uptake o f phosphorus by plants on the 80^  day 

after sowing* Highest leve l o f applied phosphorus 

reoorded the highest uptake value at this stage whioh 

waa significantly superior to the oontrol and 

phosphorus at 30 kg P20^/ha. At a l l  other stages* 

difference between levels o f phosphorus were not 

signifies ant. Liming and rhizobi&l inooulation fa iled  

to exert significant effeot on the phosphorus uptake.

Interaction between phosphorus and liming waa
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significant on the 50^  day after sowing. Treatment 

receiving no phosphorus or line waa found to be 

significantly superior to treatments where line only 

was applied and to plots supplied with 30 kg and 

60 kg P20,j/ha without lime. Control plot was also 

superior to treatment oomblnation 60 kg ♦ 230 kg 

line but was at par with other treatments. Similarly 

phosphorus at the rate of 90 kg P^O^/ha in combination 

with lime was significantly superior to the treatment 

with no phosphorus at the same level o f lime.

Interaction between phosphorus and rhizobial 

inooulation was significant on the 50th day after 

sowing. Treatment reoeiving neither phosphorus nor mocula- 

was signifloantly superior to treatment reoeiving 

phosphorus alone at 30 kg PgOg/ha. Control plot waa 

also superior to treatment combinations 0 and 60 kg 

?2Op.with tr+vgokial hoculalien, Similarly* 90 kg P^O^/ha in 

oomblnation with rbi^aUal iVwauUIU* was signifloantly  

superior to treatment combinations* 0 and 60 kg ?2°5 

with rfi£ok>ial 'inoculation . Interaotion between phosphorus, 

liming and rhizobial inooulation was also found to 

be significant.

An evaluation o f the overall effeot o f various
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treatments on the uptake o f phosphorus w il l  reveal that 

there waa no oonelatent significant e ffect o f either 

phosphorus application liming or culture inoculation* 

This is  to be normally expected because there was no 

suoh significant effeot o f the different treatmanta 

either on the dry weight o f plant or phosphorus oontent 

of the plant parts* The reasons for this have been 

already discussed and the major oonolusion o f suoh 

results have been drawn while discussing tide phosphorus 

oontent o f plant parts. The following discussion is  

meant only to elaborate on the uptake pattern of 

phosphorus in different plant components. As it  is  

in the case o f nitrogen* there waa a steady increase 

in the phosphorus uptake of stem ♦ petiole up to the 

80th day after whioh there waa a substantial decrease* 

In the oaae of leaves it  increased substantially  

up to the 50 day, after which there was marked decline 

upto the 80*k day after sowing. There wae a similar 

drop in the phosphorus uptake by shell from the 80th 

day t i l l  harvest. In contrast, the uptake o f
4 t *

phosphorus by seeds nearly doubled from 30 day t i l l  

harvest* A comparison o f the total phosphorus uptake 

at various stages w ill reveal that there was a steady
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rata of lnoraaaa In tba uptake of phosphorus up to the
4U

00 day after sowing* It  remained oonstant thereafter.

lomparing the phosphorua uptake o f  stem ♦ petiole 

on the 50 day after sowing and harvest* i t  may be 

noted that it  dropped from aa average o f 3.5 kg/ha on
tilthe 50 day to about 0.8 kg at harvest, k similar 

quantitative estimate of the decrease in uptake o f 

phosphorus by leaves between 50 day and harvest is  

not possible as the oontent o f phosphorus in the leaves 

at harvest stage oould not be estimated. In the oaae 

of shell* phosphorus uptake decreased from 2.3 kg to
4 % .

about 0.9 kg/ha between 30 day and harvest. Ihe gain
4 k

in the uptake o f phosphorus from the 80 day to harvest

in seeds was from an average o f 5*8 to 11.2 kg/ha. As

it  was in the case of nitrogen* an attempt is made to

assess the quantity of this nutrient translocated from

different parte to the grain. In the oaae o f stem ♦

petiole* the quantity of phosphorus lost from the tissue
thworks out to 2.74 kg between the stages, 1<Q day after 

sowing and harvest. In the oaae o f she ll, the quantity

sim ilarly lost works out to 1.4 kg. Assuming that a l l
ththe phosphorus contained in tee leaves on the 80 day

waa completely tranalooated to tee grain* tee contribution



by Leaves works out to 3.02 kg* -The total quantity 

of phosphorus thus translocated from different plant 

parts works out to 7*16 kg* The total quantity of 

phosphorus in the grain at harvest was 11*22 kg* The 

percentage of the nutrient In the seed acquired 

throu&i translocation works out to 64$. This is  

in marked oontrast to nitrogen in which oase only 

3) were estimated to be reoeived by tranalooation.

As it  was done in the oase of nitrogen* an

attempt is also made to assess the pattern o f 

accumulation o f phosphorus in different parts at 

various stages* and i t  was seen that on the 20 day, 

the major portion of phosphorus (66.2^) was in the 

leaves whioh had decreased to 36*1 per oent on the 

5 0 day. On 80^  day after sowing* accumulation was

maximum in seeds (41.0 ) followed by stem ♦ petiole

(21.4 ) .  Proportions o f phosphorus in leaves and 

shell were 21.3 per cent and 16.3 per oent respectively 

at tills stage. At harvest* phosphorus uptake by seeds 

considerably increased to the tune o f 86.9 per oent o f 

the total uptake whioh was followed by shell (7.1$) 

and stem ♦ petiole (6 .0$ ).
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■ t in u m m  ^  4ay 52 p  aa? day „after after after Harvest

Table 26, Effeot of phosphorus nutrition* lining and
rhizobial inooulation on the oaloium oontant
of stem and petiole.

________ §£g&g______WMI&&_____

Levels o f phoaphorua
(Kg P 0,/lia)

0 1.277 0.867 0.673 0.615
50 1.592 0.907 0.540 0.620
60 1.415 0.911 0.811 0.629
90 1.531 0.360 0.707 0.629

F* test Mi N3 *>ig. 110

3Lm ♦, 0.095 0.068 0.044 0.042
01) at 5-c - - 0.1*27 -

Levels o f line
iM /M l

0 1.458 0.928 0.703 0.691
250 1.448 0.845 0.662 0.556

!**• test Ho Ho HO 3ig .
LiSm 0.067 0.048 0.031 0.030
0L at 5 - - - 0.085

.lilapb l^l InaaulaU aa
Oninooulatod 1.517 0.921 0.676 0.645
Inooulated 1.390 0.851 0.689 0.601

F* teat HO m rio MS
SJSm ♦. 0.067 0.048 0.031 0.030
OL at 54 - - - -
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labia 26 a. Combined effeot o f phosphorus and liming on 
the oaloium oontent ( * )  o f stem and petiole 
on the 80th day after sowing

he vela of phosphorus ji3Tgala„.af llfflg
(%  ?20,- /ha) Q 250 Mean

0 0.584 0.761 0.673

30 0.557 0.522 0.540

60 0.894 0.727 0.811

90 0.775 0.639 0.707

Mean 0*703 0*662 0.683

Ohm ♦, 0*063

CJ3 at 35 0.179



3.5 Oaloium oontent in different oomponsnta.

3.5.1 Qftlttlqffl gonteat-QJC a tea aad patio Is.

Data on the oaloium oontent o f atem and petiole 

are presented in Table 26 and Pig. 12 and the analysis 

of variance is given in Appendix XX.

Levels o f phosphorus applied did not produoe 

any significant difference in the oaloium content of 

stem ♦ petiole at any of the stages except at the 

third stage o f  observation# 80 day a fter sowing.

At this stage « phosphorus level at 60 kg ?2o^/ha 

reoorded the highest oaloium oontent hioh waa 

significantly superior to the oontrol plot and 30 kg 

?20^/ha level. Highest level o f 90 kg ?2^/ha was 

found to be significantly superior only to 30 kg 

?20^/ha level and was at par with otter treatments.

Liming did not have any effeot at any o f the 

stages exoept for the sig iifioant negative effeot 

noted at uarvest, There wae no effeot o f rhissobial 

inoculation# Inoculated set waa on par with the 

uninoculated at a l l  the stages o f growth.
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Table 27. Sffaot of phosphorus nutrition, liming and
rhizobial inooulation on the oaloium oontent
of leaves

ra&kTnmm
20th day
after
sowing

50th day
after
sowing

80th < 
after  
sowing

Levels o f  phosphorus
Kg P^O-Tha)w 2 "5

0 1.551 1.734 1.634

50 1.579 1.710 1.611

60 1.666 1.900 1.710

90 1.538 1.816 1.992

F* test ml MS T73

S£a ♦, 0.110 0.100 0.115

OL at 5# - - -

Levels o f lime
(ifoyfaa)

0 1.517 1.762 1.782

250 1.540 1.817 1.695

F* teat ML ML m

>)£i@ ^ 0.078 0.071 0.081
OX) at 541 - - -

Uninooulated 1.482 1 *838 1.772
Inooulated 1.574 1.741 1.706

F# test W3 m m
i>Lm ♦_ 0.078 0.071 0.081
OL at 5 i - - -



- r  ^  c
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Interaction effeot due to phosphorus and liming
AW

waa notioed on the 30 day after sowing* Treatment 

with phosphorus at 60 kg PgO^/ha without lime reoorded 

the highest oaloium oontent whioh waa aignifioantly  

superior to 0 or 30 kg Pg0,./ha without lime* The 

above mentioned treatment waa also superior to 30 kg 

P205 ♦ 250 kg lime /ha. Phosphorus at the rate o f  90 kg 

PgO  ̂ without lime waa superior to phosphorus level o f 

0 and 30 kg PgO^/ha without lime in addition to treatment 

combinations of 30 kg ♦ 250 kg lime/ha* Lime at

2j0 kg/ha without phosphorus was significantly superior 

to the treatment o f 30 kg P^O^/ha at same level o f  

liming* Similarly, 60 kg Pg0  ̂ ♦ 250 kg lima /ha was 

significantly superior to treatment combination 30 kg 

P205 ♦ 250 kg lime/ha with respect to oaloium oontent 

in stem ♦ petiole.

The general trend showed a gradual deorease in 

the percentage of oaloium in stem ♦ pe tiole .iih  

advancement o f orop growth.

The discussion on this aspect w ill be done later*

3. 5.2 galoiiia s a t in y  Q,f M ttfta.
Bata on the oaloium oontent o f leaves are reoorded
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in Table 27 and Fig, 12 and the analysis of variano#

is eiven in Appendix XXI.

uevala o f phosphorus did not haw any significant 

effeot on the oaloium oontent o f leaves. Liming or 

rhizobial inooulation also eould not influence the 

character significantly. The e was no interaction 

effeot between the treatments at any o f the stages.

Percentage o f oaloium in leaves over the stages 

lid  not d iffe r much and the oontent remained steady 

from 20**1 day t i l l  the QO®1 day though a alight increase
♦ Vs 4-H

in percentage was noticed from 20 to yO day.

The result w ill be discussed la te r.

3.3.3 Oaloium oontent of sh a ll*

Lata on tlie oaloium content o f shall are

presented in Table 28 and Pig, 12 and the analysis 

o f variano© is  given in Appendix XX.

Application o f phosphorus did not exert any
' t i l ,

significant effect either on the 80 day after sowing 

or at harvest. However, the gsnaral trend indicates an 

increase in the oaloium oontent with increased levels of 

phosphorus.



Table 23, Effeot of phosphorus nutrition, liming and
rhlzobial inooulation on the oaloium oontent
of shell and Made

 —Jtoakl
30th day 
after Harvest 
sowing

■ * — »w  w  wm a »||||' W W W  M l w w fc'ilaimm » w w w w w  w w S 2 ^ * » w  w w w w w

80th day
after Harvest 
sowing

Levels of phosphorus 
(Kg ?g 0,. /ha)

0 0,955 1.091 0.567 0.384
30 0.928 0.935 0.416 0.415
60 0.986 1,162 0.457 0.391
90 1.006 1.043 0.463 0.346

?’ teat m US m ITS
S«ija 0.075 0.076 0.050 0.034
od at 5 ‘ - - — •

Levels o f lime
( Ky/ha^

0 0,994 1.021 0.486 0.389
250 0.943 1,094 0,465 0.379

P* test m ITS m HS
SLm ♦. 0.053 0.054 0.035 0.024
01) at 5 - • - - -

hblaoblaL, ln 2.aul3.Ua13
Uninooulated 0.980 1,023 0.484 0.362
Inooulatsd 0.957 1.092 0.467 0.406

F* test HS HS m NS
SEffl 0.053 0.054 0.035 0.024



Liming and inooulation also fa iled  to cause 

significant effeot on the character at either of the 

stages. There was no interaction effeot between the 

pair o f factors.

The results w ill be disoussed later while 

liaousalng the results on the oaloium oontent o f seeds.

3.3.4 Q̂ loima goafrsat of aeftfla.

Bata on the oaloium oontent o f seeds are presented 

in Table 26 and Fig, 12 and the analysis o f variance in 

Appendix XXI.

Phosphorus levels did not have any significant 

effeot on the oaloium content of seeds either on the 

80^ day or at harvest. Liming and rhizobial inooulation 

also did not have significant effeot, *o significant 

interaction effeot was noticed at any stage.

iJeroentage oaloium in seeds slightly  f e l l  at
•flfa

harvest stage compared to that on the @0 day after 

sowing.

Application o f phospnorus, lime and emitare 

inooulation in general did not have any effeot on the 

oaloium oontent o f the tissues. However, the effeot of



phosphorus was significant in the case o f calcium content 

o f stem ♦ petiole at one stage, sim ilarly, the 

interaction between phosphorus and liming wa j also 

significant at one stage and at a l l  other stages toe 

effects were non-si&nifioant. I f  the Isolated 

instances o f statistica l significance noticed in these 

two oases are neglected considering them as exceptions, 

the general conclusion uould be that the supply of 

oaloium in the so il waa adequate enough for the orop. 

formally it  is expeoted w ut applioution of phosphorus 

w ill decrease the availab ility  o f oaloium because of 

form: tion o f insoluble salts o f phosphorus and oaloium. 

The results reported by Xapoor and Gupta (197?) also 

showed such a decrease in the oaloium oontent o f 

soybean by appl oation o f phosphatio fe r t i lis e r s • In 

the present 3tudy, there was no suoh consistant decrease 

in the oaloium content o f soybean tissues. This again 

supports the earlier conclusion that the oaloium oontent 

in 3011 was sufficient enough for maintaining adequate 

supplies of oaloium to the orop* The probable decrease 

in the ava ilab ility  o f oaloium because o f application 

of phosphorus up to 90 kg F.,0^/ha oould not probably
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affect the oaloium supply to the orop sign ificantly.

he same co nclusions as above could he drawn by a 

comparison of oaloium oontent o f tissues with and 

vitxiout applioation o f lime* Surprisingly, even 

applioation o f lime at 230 kg/ha could not increase 

the o iloium content o f plant parts at any o f the 

stages. This is however contrary to the results 

reported by (iax&i s i  a l .. 1974 and Snatterjce s i  J&1.« 

1972$ who found an increase in calcium content when 

liming was done.

There appears to be no reason why culture 

inoculation should a lter the oaloium oontent o f plants. 

However, Ohatterjee s i  a l . (1Q72& found an increase in 

calcium oontent of soybean seeds oonee uent to culture 

inoculation. In this experiment, there was no suoh 

consistent effeot of culture inooulation on oaloium 

content.

•lomparing between the stages, there was a 

substantial decrease in the oaloium content of stem ♦ 

petiole -.with advancing age t i l l  harvest and a slight 

decrease in the caloluia oontent o f seeds. In the 

leaves the calcium oontent remained more or lav? a



Table 29. Effeot o f phosphorus nutrition, liming and 
rhiaobial inooulation on the uptake o f 
oaloium by stem and petiole

Uptake o f oaloium by stem and petiole 
 (%<&§)___________________

X 20th day 50th day 80th day
after after after Harvest
sowing sowing sowing

Levels o f phosphorus

0 0.779 11.946 15.454 11.297
30 1.080 13.417 15.181 10.819
60 0.922 12.297 22.961 11.902
90 1.081 15.558 23.030 14.478

test Sig. WL 3ig. ss
•iLa 0.084 1.525 2.311 1.655
Oi) at 5$ 0.238 - 6.673 -

Levels o f lime 
(%/ha)

0 0.927 13.227 19.390 13.415
250 1.004 13.382 18.923 10.833

F* teat NS US m m
j* 0.055 1.078 1.634 1.170

OD at 5* - - * •

Uninooulated 0.963 13.197 18.779 11.936
inooulated 0.960 13.412 19.534 12.312

F* test m m m m
JEm *, 0.055 1.073 1.634 1.170
31) at 5# - - -
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▲  U  A l |

steady from 20 to 80 day after sowing whereas in.

the shell* there was alight increase. laloiuia is

generally considered to be an element that is  immobile

in the plant and i f  this is true in soybean also* the

lower oaloium oontent o f stem ♦ petiole with advancing

age 3an only be Justified by assuming that the rate o f

absorption of this element at later stages (as

compared to increase in dry matter accumulation) was

substantially lower than its  rate of absorption in the

early stages* Ihe slight inorease in the oontent of
thoaloium in shell and decrease In seeds from 80 day 

to harvest should be vteen to be ag-.-.in a result of 

difference in the rate of uptake of calcium find increase 

in dry matter accumulation.

3.6 Uptake o f oaloium by different components*

3*6.1 Uptake of palatum b<r atam and natiola.

Data on the uptake o f oaloium by stem and petiole 

are presented in Table 29 and fig *  13 and the analysis 

o f variance is  given in Appendix XXII.

hffeot o f levels o f phosphorus was found to be 

significant on the 20^ m& 80^ day after sowing with
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Table 30. 3f£eot o f phosphorus nutrition, liming and 
rhizoblal inooulation on the uptake of 
oaloium by loaves

Uptake o f oaloium by leaves
___________ i& g / te l_________________

L^AXMLHTa 20th day 
after

50th day 
after

80th di 
after

Levels o f phosphorus 
(%  P-O./ha)

_____§&*&£___ -J&Mkku____..JgM&g.

0 0.975 12.987 17.375
30 1.333 13.150 18.755
60 1.118 14.700 25.505
90 1.270 17.065 32.166

F* teat HO HS aig.
o£m ♦, 0.150 1.302 3.716
CL at 5#

Levels of lima 
(Z jz/ ha)

10.729

0 1.175 14.107 23.475
250 1.210 14.844 23.425

F' test m ua Ha
LLm 0.071 0.920 2.627
CL at 5 

ahlaoblal inoottlftUojn
Jninooulated 1 . 12 5 14.670 22.997
Inooulated 1.260 14.281 23.903

F' test IS ?J3 m
Lii® ♦_ 0.071 0.920 2.627
CL at 5 - - -
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reapeot to oaloium uptake by stem ♦ petiole but was
thnon-ai$iifIoant on the 50 day and at harvest stage.

On the 20^  day, 30 and 90 kg PgO^/ha were significantly  

superior to oontrol. On the 80^  day, 60 and 90 kg 

p20,./ha were aignifioantly superior to the lower two 

levels, the oontrol and 30 kg PgO^/ha.

Liming and rhizobial inooulation did not produoe 

any si^aifioant effect on the oaloium uptake by stem ♦ 

petiole at any of the stages. Taere waa no ..Ignificant 

interaotion effeot between phoaoiior^, lirtiug and 

inooulation.

LliOaloium uptake was found to increase from 20
fU

day to the 80 day after sowing, i’hera was conspicuous
thdeorease in mean uptake o f oaloium from 60 day t i l l  

harvest.

The discussion on this asoeot w ill be covered

later.

3*6*2 ffatote Qt m ls X m  ftsJ&araa.

Lata on the uptake o f oaloium by leaves are 

presented in Table 30 ind. F ig.13 and the analysis of 

variance is given in Appendix XXIII.
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iiffeot o f levels o f phosphorus applied was found
thto be significant on the 80 day after sowing with 

respeot to tie uptake o f oaloium by leaves. Highest 

level o f phosphorus applied was significantly superior 

to the control and 30 kg but was at par with

60 kg PgQjj/ha. with increasing levels o f phosphorus 

applied, the uptake by this plant component was also 

found to increase at a l l  the stages. The effeot due to 

varying levels of phospnorus was not significant on 

both 20th and 50th day.

Liming and rhizobial inoculation did not show 

any significant effeot. There was no significant 

interaction effect due to the treatments.

Oaloium uptake by loaves increased frou 20**1 

day t i l l  the last stage o f observation, 30 lays after 

sowing.

The discussion on this aspect w ill be done while 

dealing total oaloium uptake by plants,

3.6.3 Uptake of oalg.lum .fry .shell.

Data on the uptake of oaloium by shell are 

presented in Table 31 swd ?lg,13 and the analysis of
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.Labia 31, Effeot o f phosphorus nutrition, liming and 
rh l2©bial inooulation on the uptake o f 
oaloium by shell and seed

X.'vfSAIMiiJIIS
 _____    J _________________________
80th day j  80th day
after Harvest s after Harvest 
sowing S sowing

Levels o f phosphorus 
(%  P20 /ha)

0 10,803 13.972 6.765 3.673
30 12,490 10.430 5.307 3.251
60 14.133 14.269 7.315 3,030
90 15.247 13.149 3.008 3.254

F ' teat Wa :js Mb Mb
o-a ± 1,480 1.335 1.066 1.063
Oi) at 5 - - - -

Levels o f lime
L^s/hal

0 14.167 12.815 7.152 a. 970
250 12.170 13.095 6.795 7.659

F* test U3 m Mb Mb
Liia ^ 1.046 0.959 0.754 0.752
0D at 5% 4N» « - -

MlzQ.hlal. laoottlaAlon
Hninooulated 12,723 11,692 6.985 7.425
Inoculated 13.613 14.218 6.962 9.205

F* test m HS Mb Mb
1.046 0.959 0.754 0.752

Oi) at 5'? - - - mm
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fable 31 a* Combined effect o f phosphorus and liming 
on the uptake o f oaloium by shell (Kg/ha) 
at harvest

(*% P^On/ha) —  * - o

Mean

0 250 Mean

0 16,911 11.911 13.972

30 11.928 8.931 10.430

60 11.566 1b,971 14.269

90 10.855 15.445 13.149

12.815 13.059 12.937

♦. 1,917

0i> at 5'h 5.556
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variances is  given in Appendix XXII.

Oalcium uptake by shell could not be significantly  

influenced by levels of phosphorus applied, liming or 

rnizobial inoculation, either on the 80 day or at 

harvest stage,

'significant interaction effeot due m  phosphorus 

and liming on the uptake o f oaleium by shell was noted 

at harvest. At 250 kg lime/ha, 60 and 90 kg P,,0^/ha 

were significantly superior to 30 kg P20n/ha but these 

were at par with oontrol.

'*3 r.il..3 w ill be discussed while dealing total 

uptaice o f calcium by plants.

3,6.4 ■,o,£..,aalaiaa..mL-floada«
Data on the uptake of calcium by seeds are 

presented in Table 31 and Pig. 13 and the analysis of 

v~ri;hi®e is given in Appendix XXIII.

There was no significant difference in the uptake 

o f oaleium by seeds due to different levels o f phosphorus, 

liming or rhizobial inoculation. Interaction effeots 

were also not significant.
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Table 32. Tffect o f phosphorus nutrition, liming and 
rhisoblal inoculation on the total uptake 
of oaloium by plants

Xotal iptafe o f oalolum o.y al&ata ,(4g/fea)
20th day
after
sowing

50th day 
after
sowing

80th day
after
sowing

Harves'

levels o f phoaphorua
(4g ?0Q~Aaa)__”...... 2 -

0 1 *745 24.937 50.403 33.952
30 2.441 26.572 52.155 29.509
60 2.11B 27*004 71.583 34.262
90 2.357 32.617 78.454 35.391

*• test l i g . Jig* Ha
d&m ♦. 0.158 2.025 7.109 3.387
32 at 5 0.453 - 20.528 -

levels o f lime 
( Kg/ha)

0 2,116 27.335 64*605 35.387
250 2.215 28.230 61,692 31.599

?' test ia HO ia 83
aim ♦, 0.110 1,856 5.027 2,395

Uhinooulated 2.092 27.866 61.065 31.062
Inoaulated 2.232 27.699 64.432 35.745

?• teat US as m ■.la
«3*a ♦, 0.110 1.856 5.027 2.395
01) at 5 ‘ - - - -
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Uptake of calcium by seeds increased slightly
+ V,

from BO day to harvest stage.

Ine result w ill be discussed while dealing with 

the total uptake o f oaloium by plants*

3.6.5 iiLtal.iAftKkas.-.ttf Qaialw ,fry.algri&a»

Data on the total uptake o f oaloium by plants 

are presented in Table 32 and Pig. 13 and the analysis 

of variance is  given in Appendix XXIV,

Different levels o f phosphorus' applied brought 

about significant difference in the toL.fl iv stake of 

oaloium on the 80 day after sowing. Phosphorus 

applied at 90 kg P^O^/ha was significantly superior to 

the oontrol and the treatment with 30 kg P,P%~/ha but
c .  'J

60 kg Pg^/ha was superior to the oontrol only. At a l l  

other stages, levels o f phosphorus fa iled  to exert any 

effeot.

Levels o f liming or rhissobial inooulation 

oould not exert any significant effeot in the uptake 

o f oaloium by plant at any o f the stages. 'ro significant 

interaction effect was noticed.



1 6 4

l'otal oaloiiua up taka by plants laaraassd with

advancing age of the orop upto the 80 day but

deoreased substantially thereafter, the over a l l  mean
thdecrease at harvest as compared to the 80 day being 

47.t per oent.

Oaloium uptake by plant parts shoved varying 

trend at different levels o f phosphorus applied in 

different plant oomponants. For example, in the case 

of stem ♦ petiole and leaves there was a general trend 

of increase in oaloium uptake with inoreasing phosphorus 

levels. In the ease o f shell and seed, the trend was 

not consistent and was different at different stages.

The increase in oaloium uptake was significant in the 

oase o f stem ♦ petiole at two stages and in the case 

o f leaves at one stage. I t  ia d iffio u lt  to consider 

these significant effeots as being rea l from an overall 

assessment of the trend of resu lts. Therefore further 

discussion on this aspect is  based on the assumption 

that application o f phosphorus did not o ffset uptake 

o f oaloium. While discussing the oaloium content of 

plant parts, i t  was concluded that though there was a 

possibility  for decrease in the ava ilab ility  o f  oaloium 

because o f application o f phosphorus, under the condition
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in vhioh this experiment was conducted, the decrease 

in ava ilab ility  o f oaloium oonaequent to application 

of phoaphatio fe rtiliz e rs  was not substantial, The 

data on the uptake o f this nutrient by plant parts 

w ill further support this oonolusion,

Application of lime did not affect the uptake 

o f oaloium by any of the plant parts at any o f the 

stages. The reasons for similar trend in the oase of 

oaloium content and dry weight o f pi wit parts have been 

dlsoussed already. Inoculation also did not have 

significant effeot on the oaloium uptake. In as much 

as culture inoculation oould not increase the dry 

matter accumulation by plant parts, there was no 

reason for expecting a change in the quantity o f 

oaloium taken up by plants because o f this treatment.

The pattern o f uptake o f oaloium by stem ♦ petiole 

was that of a steady increase upto the 80 day, followed 

by a substantial decrease thereafter. In the case of
A t .

leaves, oaloium uptake increased upto the 00 day. In
AU

the shell, i t  remained more or less constant from 00 

day t i l l  harvest whereas in ssed there was slight 

increase over the above stages, The trend of the oaloium
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uptake either remaining oonstant or increasing with 

advancing age can he normally expected but a decrease 

with advancing age is  not to be expected as calcium is 

an immobile nutrient. Such a decrease was noticed 

only in la. u se  o f stem ♦ petiole from 80^  day t i l l  

harvest. It  may he noted that there was a similar 

substantial decrease in the dry weight o f stem ♦ 

petiole also over these two stages. As was explained 

earlier decrease in dry weight was mainly because there 

was oosplete defoliation after the 80 ^  day and only 

stem remained at the time of harvest, This loss in 

plant parts had their effect on oaloium uptake also.

In the case o f total oaloium uptake also* t.iere was
* h .

increase upto the 80 day followed hy a substantial 

decrease after this stage. The extend of decrease was 

as muoh as around 47 per cent as has been explained 

earlie r. This decrease must be accounted as due to 

defoliation. A point o f practical importance is  that 

in the case o f soybean nearly h a lf o f the oaloium taken 

up by plant is  turned back to the so il before harvest 

o f the orop.

While discussing the uptake o f nitrogen and 

paoaphorua the relative contribution o f translooation 

o f these nutrients to the seeds veyt estimated. In the
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oaae o f oaloium it  is assumed that there was praotloally  

l i t t le  tranelooation o f this nutrient within the plants 

and the mantity aooumulatad in the seeds must have 

mostly ootae from absorption o f this nutrient after 

formation o f the seeds.

is  was done in the oaae o f nitrogen and phosphorus» 

an attempt is  made to loo&te the zone o f peak aocumulation 

o f oaloium at the different stages. The results show that 

out o f the total quantity o f oaloium aooumaiated in the 

plant on the 20 day, the maximum quantity was looated 

in leaves (55.3' ) , the remainder being in stem ♦ petiole.

On the 5 0 day also the same trend oontintisd though the 

relative contribution by leaves decreased to 52.1 per oent. 

i t  the next stage, 80^  day after sowing, the percentage 

contribution o f leaves decreased further to 37*4 per oent. 

The share of total oaloium uptake in stem ♦ petiole, 

shell and seeds were 30.5 per oent, 21.0 per oent and

11.1 par oent respectively. At harvest, the maximum 

quantity o f  oaloium was accumulated in shell (38.0 ) 

followed oloaely by stem ♦ petiole (36? )• Seeds 

oontributed only to 24.9 per oent of the total oaloium 

uptake. It may be recalled that the accumulation pattern 

of nitrogen and phosphorus followed an entirely different 

pattern with the large at share of these nutrients being 

in seeds at the time o f harvest.



Table 33. Lffaot o f phosphorus nutrition. liming and 
rhiaobial inoculation on total nitrogen,
available phosphorus, available potassium 
and exchangeable oaloium o f so il after
harvest " f  the crop

Total 
nitro­
gen 
( •)

Availa­
ble
phosp­
horus
(ppm)

Availa­
ble
potas­
sium
(ppm)

tuxahaagi 
able 
oaloium 
(ppm)

Levels o f  phosphorus 
(i£g PgO^/ha)

0 U.C85 1.710 206.25 427.50

30 0.086 2.793 206.88 375.75

60 0.086 3.363 192.13 350.25

90 0.082 4.099 208,75 300.50

Levels o f lime

0 0.087 3.047 203.00 367.00

250 0,083 2.936 204.00 360.00

■hiaohlUl iiioaul^tioa

Uninoculatad 0.036 2.879 203.00 350.13

Inoculated 0.084 3.104 199.00 367.88



4* Chemical Analysis o f Soil after the Harvest o f 
the Cropi-

Data on the total nitrogen content, available 

phosphorus, available potassium and exchangeable oaloium 

after the harvest o f the orop are presented in Table 33,

levels o f applied phosphorus did not affeot the 

total nitrogen and available potassium contents

substantially. On the other hand, there was notable

increase in available phosphorus but reverse was the 

effeot /ith regard to exchangeable oaloium in yfcioh 

oaae there was steady decrease with increasing levels  

of phosphorus,

laox o f a oonspiouous change in the content of

total nitrogen and available potassium with increasing

levels of phosphorus and the ooouranoe o f a substantial 

increase in the available phosphorus content are to be 

normally expeoted, The increase in the available 

phosphorus content was substantial and at the highest 

level o f applied phosphorus (90 kg PgO^/ha), the 

available phosphorus content was more than double that 

of oontrol, A substantial decrease in the oontent of 

exchangeable oaloium was also noted with increasing
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levala o f phosphorus. This la  In a l l  probability  

because o f precipitation o f large quantities o f  

oaloium at higher levels o f applied phosphorus, >9o 

substantial change in any o f the oonstltuents was 

not load because o f lining -and culture inoculation.

Look of response to culture Inoculation waa to be 

normally expeoted and also to lime in the oaae of 

nitrogen, phosphorus and potassium contents, However, 

a mar iced increase in exchangeable calcium content was 

anticipated consequent to application of lime. On 

the contrary, in the present study, there was no 

indication o f such an increase. Ihe only explanation 

for this appears to be that a l l  the added oaloium was 

leached away and by the end of the orop season, the 

oaloium level reverted bach to the inherent equilibrium  

level. A comparison o f the analysis o f data o f the 

so il with the original figures w ill Indicate that 

nitrogen content did not vary much over the period o f 

crop season, and available potassium and exchangeable 

oaloium deoreased substantially. This decrease in the 

content o f potassium and oaloium must be attributed 

to the heavy leaching. Phosphorus content o f the so il 

at the end o f the orop season was oomparable to the
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in it ia l values in the plots that did not receive 

phosphorus fe r t i liz e r , ha mentioned earlie r, plots 

that received phosphorus fe rtiliz e rs  registered a 

substantial increase in the oonteat o f this nutrient.



SUMMARY
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S U M M A R Y

An experiment was conducted at the Instructional 

Farm attached to the lo liege of Horticulture, V'ellaniidcara 

from July to October, 1978 to study the effect of 

phosphorus, liming and rhizobial inoculation on the 

growth and yield o f soybean.

The growth characters, yield attributes and yield  

us influenced by various treatments were recorded. The 

nitrogen, phosphorus and oaloium contents o f different 

plant parts ware also estimated. These data were 

statistica lly  analysed. The results o f the investigation 

are summarised below.

1 • Different levels o f phosphorus, liming and 

rhizobial inoculation did not exert any significant 

influence on the height o f plants at any o f the stages 

of observation.

2. Number o f branches we*& also unaltered by 

levels o f phosphorus, liming and rnlture inoculation 

either on the 50^ day or on 80 ^  day after sowing.

3. Levels o f phosphorus did not have significant 

of foot on le a f area index at any o f the stages exoept



on the 20 day after sowing when 30 kg P^O^/ha was 

found to be superior to 60 kg PgO^/ha, Liming and 

inoculation had no e ffeot. Significant interaction 

effeot waa notioed between phosphorus and liming on 

the 20to day vhan 90 *e  ^ 5  * 250 l lm /b M  r800rd« a 

the highest L .A .I, value,

4. *?et asauailation rate was not affected by 

application o f phosphorus, liming or by culture 

inooulation at any of the stages o f  observation.

5. isf foots o f phosphorus, liming and rhisobial 

inooulation were not significant on dry weight o f  

stem ♦ petiole at a l l  the four stages o f observation. 

Significant interaction effect waa noted between
▲ u

phosphorus and liming on the 20 day.

6. Phosphorus had significant affect on the
th

dry weight o f  leaves on the 80 day. At this stage, 

90 kg PgO^/ha was superior to 0, 30 and 60 kg PgO^/ha. 

Liming and culture inoculation fa iled  to influence 

this character significantly. Interaction between 

phosphorus and liming was significant on the 20^ day.

7. Kone o f the factors were able to produos
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significant effect on the dry weight o f shell or 

seed at either o f the stages» 80 day or at harvest.

8. Total dry weight o f the plant was 

unaffected by phosphorus, liming or Inoculation

at any of the stages. However, interact ion between 

phosphorus and liming was found to be significant 

at the 2 0 day. As in the case of dry weight of 

stem ♦ petiole aid leaves, maximum dry weight o f 

the plant was obtained in treatment with phosphorus 

at the rate of 90 kg PgO^/ha in combination with 250 kg 

lime /ha.

9. dumber and weight o f root nodules did not
~thd iffe r because of the treatments either on the 50 

day or on the 80^  day after sowing,

10, Phosphorus application, liming and 

culture inoculation oould not influence the yield  

components, number o f  pods per plant, number o f seeds 

per pod, weight o f seeds per pod and thousand seed 

weight.

11, Shelling peroentaga, harvest index and 

moisture percentage were unaffected by phosphorus.
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liming and rhizobial inooulation. Phosphorus x lias

interaction waa significant with regard to shelling
thpercentage on the 80 day after sowing. Phosphorus 

level at 60 kg inoomblnatlon with 250 kg lima/ha

gave the highest shelling percentage at this stage.

The minimum value was notioad In the control.

12. Inoremental doses o f phosphorus had no 

effect in increasing the grain y ie ld . Liming and 

inoculation also fa iled  to produce signifioant variation.

15. 'li^iest stover yield was produced when 

phosphorus was applied at 90 kg PgO^/ha. This level 

was significantly superior to a l l  other levels o f 

phosphorus. Application of lime or inoculation did 

not have significant a ffect. On stover yield* 

phosphorus x rhizobial inoculation interaction was 

significant. Inoculated set when given phosphorus at 

the rate of 90 kg PgO^/ha produced maximum stover yield . 

Minimum yield was records in the case where no phosphorus 

was applied but inoculated with rhiaobium culture.

14. Application of phosphorus at the higisst 

level o f 90 kg h^o^/ha gave the highest percentage o f 

nitrogen in stem ♦ petiole on the 20^  day after sowing
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which waa significantly superior to 30 kg n20^/ha but 

waa at par with other levels. At a l l  other stages* 

levels of phosphorus had no effeot on nitrogen content 

of these plant oomponenta. Ho significant effeot waa 

noticed due to liming and rhizoblal inoculation.

15. Ho s i # i i f  ioant change in the nitrogen 

content of leaves* shell and seed was notioed due to 

phosphorus, liming or rhiaobium inoculation at any of 

the stages of observation. But significant difference

was observed due to the interaction effeot d l l a t w l  between 

liming and rhizobial inoculation with regard to nitrogen 

oontent of shell. Tninooulated set, where 2 *0 kg lime/ha 

was applied recorded the maximum value whereas minimum 

was obtained in the oontrol p lot.

16. Uptake o f nitrogen by stem ♦ petiole or 

leaves was not affected by phosphorus levels* lime or 

culture inoculation at any o f the stages o f observation. 

T.idre was a steady increase in the uptake of nitrogen
•fin

by leaves t i l l  the BO day but in the ease o f stem ♦
f i .

petiole increase was notioed only upto the 50 day 

which decreased thereafter t i l l  harvest.

17 . Ji^sifloant influence o f phosphorus was
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A  L .

notioed on the 80 day after sowing with re^nird to 

nitrogen uptake by seeds. Phosphorus at 90 kg 

PgO^/ha gave the highest uptake value followed by 

60 kg PgO^/ha. 3oth these levels were significantly  

superior to the oontrol and phosphorus at 30 kg P^O^/ha. 

Phosphorus levels did not affaot the uptake by seed at 

harvest. TJptake of nitrogen by shell on the 80 day 

and that at harvest were also not significantly  

affected by phosphorus levels, sim ilarly, liming or 

rhissobial inoculation had no effeot on uptake o f 

nitrogen by shell and seed at any o f the stages. 

Pignifioant interaction effect was notioed between
A l .

levels o f phosphorus and liming on the 80 day, with 

regard to nitrogen uptake by seed. Phosphorus at 90 kg 

?20^/ha applied without lime gave the highest uptake 

value whereas minimum uptake o f nitrogen by seed was 

notioed in the oontrol. The total quantity o f nitrogen 

translocated from different parts (stem ♦ petiole, shell 

and leaves) to the grain works out to be 39 per oent 

remaining being direotly absorbed by seeds.

18. Total uotake of nitrogen by plants on the 

8Q**1 day after sowing waa significantly affected by
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levels o f  phosphorus. Highest level o f phosphorus 

gave the maxlmim uptake value which decreased with 

decreasing levels o f phosphorus. At a l l  other stages* 

effect of phosphorus on this character was non-significant, 

■Teither liming nor culture inooulation produced 

significant difference in total nitrogen uptake by 

plants at any o f the stages o f observation*

19. Phosphorus content of stem ♦ petiole was 

not altered by levels of phosphorus* liming and 

rhizobial inoculation but there was significant

difference due to the interaction between phosphorus
thlevels and liming on the 80 day after sowing.

Phosphorus applied at 20 kg PgO^/ha without lime gave 

highest phosphorus content in stem and petiole,

20, Different levele o f phosphorus* liming 

and rhizobial inooulation had no effeot on the 

phosphorus content o f leaves at any of the stages* 

Interaction between phosphorus and liming was found to 

be significant on the 90*“ day, Lime at the rate of 

2:0 kg/ha without phosphorus gave maximum and 60 kg

Incombintation with 2 ,0 kg lima/ha gave the 

minimum phosphorus content in leaves.
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21. Levels o f phosphorus had no effeot on the

phosphorus oontsnt o f shell and seed either on the
tell80 day or at harvest. In the oaae o f seed, 2.>0 kg 

lime/ha increased phosphorus o on tent on toe 80 day, 

Effect o f rhizobial inoculation waa not significant.
tkinv/itiri regard to shell phosphorus content on the 80 

day, interaction effect between phosphorus and liming 

waa significant. Phosphorus level at 30 kg ?pO~/ha 

applied without lime recorded the maximum phosphorus 

content where as 90 kg P^O^/ha applied without lime 

recorded the minimum phosphorus oontant of shell.

■fch
2 2, On the 50 day after sowing, uptake of 

phosphorus by stem ♦ petiole was significantly &ffooted 

by applioation o f phosphorus. Highest leve l, 90 kg 

PgO^/ha gave highest phosphorus uptake and it  decreased 

with decreasing levels of phosphorus applied. At the 

other stages, levels o f phosphorus had no effeot.

Liming and culture inoculation also could not alter  

phosphorus uptake by stem ♦ petiole. *ignifloant 

interaction waa foun; on the 80^  day between phosphorus 

and liming, when 90 kg P ^  * 250 kg lime /ha gave the 

maximum uptake • The minimum value was recorded by the
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treatment combination, 30 kg PgO  ̂ ♦ 230 kg lime/ha. 

Increase in uptake by ate® ♦ petiole was noted 

in it ia lly  but i t  decreased in the later etage o f orop 

growth which is attributed to be because o f trana loo at ion 

to the aeeds.

23. Phosphorus uptake by leaves was not affected

by levels o f phosphorus# liming or rniaoblal inooulation

at any o f the stages. Phosphorus uptake increased t i l l  
th30 day but decreased thereafter.

24. effect o f phosphorus on uptake of phosphorus 

by aeeds was significant on the 80 day. At this stags# 

uptake value increased with Increasing levels o f 

phosphorus up to 90 kg ^gO.^/ha. At harvest, there was

no significant difference in the phosphorus uptake by 

seed due to applied pnosphoruo. In the ease of shell, 

uptake was unaffooted by different doses of applied 

phosphorus. Both in the oaaa o f  shall and seeds# no 

difference was not load in phosphorus up tape due to 

liming and rnizobial inooulation. dignifleant

interaction effect in the phosphorus uptake by seeds
-» _ 

was observed on the 60 day, Hxosphorus at bO kg

P2° 5/ha whan applied in oomblnation with lime at the

rate o f 230 kg/ha reoorded maximum uptake of phosphorus
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in seed. On the other hand, minimum was observed in 

treatment with 250 kg lime ha without phosphorus* A 

drop in the uptake o f phosphorus by shell was noted 

after the 80^  day t i l l  harvest but the uptake value 

in seeds doubled during the period* Xotal quantity 

of phosphorus translocated from different part3 to the 

grain works out to be 64 per oent remaining being 

accumulated by continued uptake. Altogether seed 

accounted for 86.8 per oent o f  the phosphorus 

accumulated in plants at harvest,

25# As in the case of seed* 90 kg ?g0^/ha 

recorded maximum tota l uptake of phosphorus on the 

80^  day after sowing it  being significantly superior 

to oontrol and phosphorus at 30 kg P^O^/ha. At a ll  

other stages, phosphorus failed  to produce significant 

effeot. Liming or culture inoculation could not 

significantly influence the total uptake o f phosphorus. 

On the 50^  day, interaction between levels of 

phosphorus and lime was significant, when control 

plot gave the maximum uptake value. Phosphorus and 

rhizobial inoculation interaction was also found to be 

significant, Oontrol gave the hi^iest value and the
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oomblnation, 60 kg Pg°5  * 250 kg lime/ha recorded the 

lowest uptake,

26. Application o f phosphorus fa iled  to result 

in significant effect on oaloium oontent o f stem ♦

petiole at any o f the stages except on the OO^1 day. 

Here, phosphorus when, applied at the rate o f 60 kg 

n jO^/ha was significantly superior to control and 

phosphorus at 30 kg P?0,./ko. Of a l l  the stages o f  

observation, significant effect o f lime ’/as noted only 

at harvest where oontrol proved to be better than lime 

at 250 kg/ha. Culture inooulation had no significant 

effect at any of the stages. Interaction between
X  L ,

phosphorus and liming was significant on the 80 day 

and maximum and minimum oaloium contents were noticed 

in treatments applied with 60 kg bgO^/ha without lime 

and treatment combination o f 30 kg ♦ 250 kg lime/ha 

respectively.

27* Levels o f oliosphorua, liming and rhissobial 

inooulation failed  to produce significant affect on the 

calcium oontent of leaves, shall and seeds at any of 

th.. stages.

23, Calcium uptuke by stem ♦ petiole was
thsignificantly altered by applied phosphor us on the 20
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day and 90 day after sowing. At both, these stages, 

phosphorus at the highest leve l, 90 kg ^gO^/ha 

recorded the maximum uptake* Application of lime and 

culture inoculation fa iled  to exert significant effeot. 

There was an increase in uptake by the plant part upto 

the 80^ da  ̂ whioh decreased conspicuously thereafter.

2d. Highest Isvsl of pnosphoraa at 90 kg 

PgO^/ha gave the highest ohloium uptake bc leave a on 

80 day after sowing* whereas* at a ll  o t e r  y ^ a ,  it  

remained at par with other levels. himluv and 

inoculation did not have significant effeot at any 

of the stages. 'J«loium uptake by leaves increased 

t i l l  the 80^  day after sowing.

30. (Jptake o f calcium by shell ana seeds were 

not affected by levels of phosphorus, liming or 

rhissoblal inoculation at any o f the stages o f  
observation. 3ut, interaction between phoapuorua and lim­

ing was significant at harvest stage, with respect to 

calcium uptake o f  shall* Highest leve l o f  lime in 

combination with 60 kg P^O^/ha gave the highest uptake 

value* Oaloium uptake by shell almost remained constant
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from 6Qth day t i l l  harvsoi out in seeds a alight 

increase was noticed during the period,

31. To te l uptake o f calcium by plants was 

-significant on the 20^ day and 6 0 day after sowing. 

rH the 20^  day, phosphorus applied at 30 Kg PgO^/ha 

gave maximum total calcium uptake but on the 00 day, 

90 kg D̂ Ch/ha recorded the highest value, kfiecta of 

liming and culture inoculation were noii-oi-nificant.

32. After harvest of me orop, total nitrogen 

and available potassium contents of tne so il did not 

ohaagc substantially, whereas in m& oase o f available 

phosphorus a notable increase was observed. 2averse 

was the effect on exchangeable oaloium o f the so il 

with increasing levels of phosphorus. liming and 

rhizobial Inooulation did not have any conspicuous 

effect on any of  the onaraotere mentioned shove.
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APPENDIX -  I
weather data ( weekly average) from 25 ̂  June to 14th October, 1978.

Temperature Co) SjiiSttwf ) -otal dumber
Bate vteeica " 1 5 ^ T K » r =  * * * ? ' ®f  >unahJne

stum isma noon noon aaye. (houra/irfeek)

June 25 - July 1 1 28.0 22.5 94 84 219.9 7 0.3
July i1 - July 8 2 29.0 22.9 95 81 141.8 7 1.2
July - July 15 3 27.4 22.4 96 81 296.8 o 0.6
July 16 - July 22 4 29.5 23.0 93 74 46.0 7 2.9
July 25 4» July 29 5 27.9 23.2 35 85 252.7 7 0.3
July 50 - August 5 6 29.3 23.3 34 79 12.5 4 1.4
August 6 - August 12 7 28.2 23.1 96 86 241.5 7 0.5
August 15 August 19 8 28.7 22.7 95 80 127.5 7 0.4
August 20 - Auguat 26 9 28.1 23.1 95 79 93.9 7 0.6
August 27 - September 2 10 28.1 22.5 94 81 215.5 7 1.7
September 3 - September 9 11 30.5 23.7 91 65 5.9 2 6.3
September 10 - September16 12 30.1 23.0 91 67 11.9 2 3.7
September 17 - September 23 15 30.3 22.8 93 69 19.0 5 5.2
September 24 - Sap-&ember30 14 29 .7 23.1 92 70 22.9 7 2.7
October 1 - Ootober 7 13 30.4 22.6 90 66 19.9 2 5.3
October 8 - "•ctooar 14 16 31.3 23.6 92 70 8.5 2 5.7



A p p ^ m ix  -  i i
Analyses o f variance fo r height o f p lants and number o f branches

_________ Meanjta^asta_____ ______
Height o f plants (oa ) Momber of branches

->ouroe df
20th day
after
sowing

50th day
after
sowing

30th day
after
sowing

50th day
after
sowing

80th~day~
after
sowing

Block 2 3.398 37.789 55.296 0.124* 0.152
P 3 3.071 205.115 284.852 0.058 0.033
1 1 0.028 83.029 121.858 0.002 0.069
P x L 3 0.341 8.261 23.400 0.003 0.021
I 1 0.120 0.123 5.096 0.003 0.003
P x I 3 2.778 107.084 165.824 0.015 0.013
1 X I 1 3.182 168.637 197.965 0.000 0.229
P x L x I 3 1.437 12.935 54.943 0.032 0.098
Error 30 2.628 119.066 162.928 0.031 0.059

S ig n ific a n t a t 5 percent le ve l



Analyses o f varianoe for lea f area index and net assimilation rate

APPENDIX -  I I I

Moan squares 

Leaf area index

* significant at 5 perjoent level
* *  Bighifioaat at 1 perbent level

■let assimilation rate 

 ---------------

source df
20th day 
after
sowing

50tn day
after
sowing

80th day
after
sowing

Between 
20th and
30th day

Between
50th and 
80th day

Olook 2 0.029 3.564 14.679#** 0.224 11.733
P 3 0.027* 2.854 10.638* 0.508 2.343
L 1 0.007

—  j . 0.003 0.0813 0*859 0.619
P x L 3

w w

0.051 0.466 0. 893 0.037 1.631
I 1 0.007 0.306 0. 178 0.001 0.0007
P x I 3 0.012 2.287 2.960 0.106 0.151
h  X  I 1 0.007 0.039 1.041 0.320 1.673
p x L x I 3 0.011 1.294 0.251 0.469 3.541
Error 30 0.009 1.393 2.278 0.418 3.634



APPJSVDIX -  IV
Analyses o f variance fo r dry weight o f stem ♦ pe tio le  and sh e ll o f fiv e  plants

Mean squares

Bry weight o f stem ♦ petiole (g ) Dry weight o f shell

20th day 50th day 80th day 80th day
source df after

sowing
after
sowing

after
sowing

harvest after
sowing

harvest

ilooic 2
* *■

0.164 68.685 510.098*' 10.058 195.969"* 0.740
P 3 0.052 76.294 263.876 51.887 52.172 5.243
L 1 0.014 34.680 0.003 0.187 24.510 9.013
f  X L 3 0.085* 8.206 24.214 92.769 4.766 46.357
X 1 0.050 8.167 2.430 15.870 4.750 44.468
P x 1 3 0.040 26.203 98.868 11.180 18.932 7.948
L x I 1 0.004 8.003 12.000 63.740 8.250 13.653
P x L x I 3 0.014 60.816 39.087 72.284 3.156 24.606
&rror 30 0.025 28.048 97.270 61.963 24.748 28.106

*s ig n ific a n t a t 5 percent le ve l
'* S ign ifican t a t 1 percent leve l



APP^SDIX -  V

Analysis o f  variance for dry weight of leaves and seeds o f five plants

Mean squares

)ry weight o f leaves (g ) Dry weight o f seeds (g )

Jouroe df
20th day 
after
sowing

50th day
after
sowing

80 th day 1 
after |
sowing |

80th day 
after
sowing

Harvest

Block 2
*#

0.418 22.061* 157.163**♦
*•

486.232 13.438
P 3 0.049 9.853 83.228 101.170 56.648
L t 0.031 0.002 2.297 10 .083 52.083
P x L 3 0.183 0.689 13.039 94.698 111.403
I 1 0.060 0.455 1.313 0.333 132.003
P x I 3 0.086 7.487 22.612 67.275 83.209
I* X I 1 <0.001 1.367 10.823 21.870 0.563
P x L x l  3 0.053 5.374 3.275 35.414 132.773
drror 30 0.050 5.286 22.442 50.105 133.878

* *iig n ifio a n t a t 5 perberu le ve l
**-jig n ifio a n t a t 1 ereent le ve l



APPii‘ii>IX—VI
Analyaes of variance for total dry weight of plants

uo'aroe

Mean squares 

Total dry weight o f five plants

df
20 th day 
after

5-Jth day 
after

80th day 
after arvest

so wing sowing sowing

3ioo*c 2
» X

1.029 191.927 4929.066** 9.725
P 3 0.190 130.778 1868.903 218.485
L 1 0.048 31.492 105.761 112.546
P x L 3 0.467 14.462 42.591 718.242
I 1 0.189 14.257 3.537 392.735
p X 1 3 9.198 59.805 496.009 239.650
it X I 1 0.012 15.030 0.360 166.830
P x L x I 3 0.132 102.660 175.563 637.996
Error 30 0.132 54.832 650.820 522.943

♦Significant at 5 pê  oent level
**3ignifio?ant at 1 per cent level



APPENDIX - VII

Analyses o f variance for number o f root nodule a and weight o f root nodules 
per plant

Hem squares

Number of root nodules jj Weight of root nodules

Source df

50th day
after
sowing

80th day
after
sowing

| 50th day 
\ a fter
J sowing

80th day
after
sowing

BI00& 2 0.178* 0.193* 0.003 0.017
P 3 0.071 0.080 0.0007 0.0009
u 1 0.037 0.043 0.00004 0.001
? x L 3 0.012 0.007 0.0004 0.0002
I 1 <* 0.00,1 0.067 0.0002 0.005
P x I 3 0.071 0.104 0.0006 0.012
L x I 1 0.036 0.003 0.002 0.0000008
P x L x I 3 0.008 0.009 0.0005 0.0005
Error 30 0.036 0.048 0.001 0.004

•SAgttifioant at 5 per cent level



Analyses of variance for 'To. o f aeeds/pod; wei^tit o f seeds/pod; 'ro. o f pods/plant;
yield o f grain and yield o f stover

A?PaWi)IX -  O il

Mean square

Source df Wo, o f seeds/ 
pod

./eight o f Wo 
aeeds/pod

. o f pods/ 
plant

Yield o f
grain
(•Cg/ha)

Yield o f 
stover
(Kg/ha)

Block 2 0,003 0.535 0.009
#*

1685722.40
##

1522554.45«•
781543.31B 3 0.014 0.415 0.778 176332 .24

h 1 0.002 0.28D 0.029 17321.44 3464.29
B x L 3 0.010 1.017 1.102 130950.08 212360.84
I 1 0.001 1.417 1.892 195385.83 233839.42
P x I 3 0.003 1.432 0.870 45382.17 527611.02
1 X I 1 0.021 0.096 0.020 692.86 41225.02
P X i» X I 3 0.0007 0.897 2.617 27337.37 124714.36
Srror 30 0.009 1.258 1.061 106007.20 167671.53

•Significant at 5 perbent level 
••Significant at 1 percent level



ACF îtLIX XX

Analyses o f varlaaoe for aoisture percentage, test weight» shelling percentage
and harvest index

Mean squares

Source df
Moisture 
percen­
tage o f  
seeds

Test weight 
(g ) 1000
seeds

Shelling per­
centage on 
80th day 
after
sowing

Shelling
percentage
at
harvest

Harvest
index

aiooJfc 2 0.299 100.700 139.966 1.742 0.002
? 3 0.443 24.225 25.919 4.906 0.003
Xi 1 1.330 40.900 21.333 0.117 0.00008
P x L 3 0.559 15.900 75.175 3.962 0.0002
X 1 0.569 126.850 2.726 0.169 0.000003
P x I 3 0.286 9.200 43.938 3.429 0.002
I* X I 1 0.003 45.300 11.155 2.965 0.0006
P x L x I 3 0.532 35.650 26.524 6.962 0.0003
Error 30 1.015 36.750 21.267 4.492 0.001
rn m w m m m + m m m ^ m rm m  mm w ,r  r  ||r| I, i n ■-! i r  m i  M  i m  iii •mmrn •- r im - w m w m w M - m r m m t - n -

* S ig n ifica n t a t 5 perjoent leve l
** S ig n ifica n t a t 1 perbent le ve l



APPnMX -  X

Analyses variance for the nitrogen content in stem ♦ petiole and shell

_____________________________________________________Man .aftuflcaa__________________________________________________________ r _

Stem ♦ Petio le  ( i > ) ________ j ... ..... 3toflllJ .fr)

-iouroe df
20th day
after
sowing

90th day
after
sowing

30th day 
after
sowing

Harvest
0 30th day 
& after
0 sowing

Harvei

Block 2 0.679* 0.052 0.024 0.057 0.123 0.062
P 5 0.798 0.009 0.072 0.130 0.034 0.100
h 1 0.034 0.005 0.020 0.0003 0.031 0.004
P x L 3 0.0492 0.019 0.009 0.108 0.052 0.040
I 1 0.374 0.055 0.044 0.003 0.005 0.008
P x L 3 0.189 0.021 0.065 0.036 0.006 0.016*
1 x I 1 0.091 0.032 0.003 0.002 0.034 0.600
P X  L X I 3 0.061 0.051 0.114 0.044 0.041 0.161
Error 30 0.224 0.057 0.002 0.063 0.112 0.052

*S ign iflean t a t 5 perjeent le ve l
**3igni£ioant a t 1 percent le ve l



#

APPS!IDIX -  XI

Analyses variance for the nitrogen oontent in leaves and seeds

Ms.au ggw araa______iie.OrTOM ~\7ii

Source df
20th day
after
sowing

50th day
after
sowing

80th day 0 
after 0

________ 1

00th day
after
sowing

Harvest

Block 2 0.060 0.883* 0.973* 1.135* 0.810
P 3 0.209 0.107 0.003 0.757 0.189
h 1 3.009 0.246 0.205 0.080 0.353
P x L 3 0.022 0.233 0.160 0.140 1.196
I t 0.033 0.060 0.264 0.986 0.075
P x 1 3 0.145 0.139 G.599* 0.949 0.503
I» X I 1 0.170 0.009 0.520 0.213 0.246
P x L x I 3 0.177 0.535 0.558 0.026 0.399
.Error 30 0.300 0.292 0.203 0.0338 0.547

* Significant at 5 percent level



Ap?is:a>ix -  ,;i i
Analyses of variance for uptake of nitrogen by stem ♦ petiole

and ah e l l

Mean squares

S teia ♦ petiole (.Cg/ha) Shell (Kg/ha)

Source df
20th day
after
sowing

50th day
after
sowing

80th day-
after
sowing

Harvest
80th day
after
sowing

Harvest

Slock 2 0.210 39.108 152.834 24.617 557.163** 35.442
P 3 0.374 66.773 100.811 72.209 62.545 1.213
Xi 1 0.001 19.298 14.354 44.152 97.340 1.771
P X h 3 0.505 18.006 2.713 33.860 19.480 25.250
I 1 0.020 31.457 23.020 9.343 0.042 13.674
P X I 3 0.260 19.026 11.712 3.752 43.326 7.451
h X I 1 0.143 1.000 12.097 1.209 7.107 13.251
P x L x I 3 0.007 31,352 41.197 34.665 7.501 6.851
drror 30 0.208 65.176 99.589 33.318 83.320 16.973

♦S ignificant a t 5 perbent leve l
♦♦Significant a t 1 perbent le ve l



APPENDIX -  X I I I

Analyses o f variance for the uptake o f nitrogen by leaves and seeds

Mean squares 

Leaves (Kg/ha) 0 Seeds (Kg/ha)

Source df

20th day 
after
coving

50th day
after
soving

80th day
after
•owing

~ a 80th day ~  
a after  
I sowing

mm ' n iwi  w>  — 1 1 —  'm i  —  ■ » ■

Harvest

3 look 2
**

6.281 45.388 1626.907 19197.492* 1734.768
P 3 0.617 172.429 464.322 5281.034* 346.312
L t 0.583 0.126 16.708 106.058 12.271
P x L 3 2.743 26.630 117.122

£

3887.276 7529.429
I 1 0.939 18.500 13.104 209.677 2302.562
P x I 3 2.336 54.489 57.933 1404.016 5155.252
I* X  I t 0.183 44.583 426.974 156.762 137.871
P x L x I 3 1.333 120.841 138.518 709.237 3360.458
Error 30 1.149 114.690 206.872 1211.848 3657.378

#S iga ifioan t a t 5 percent le ve l
♦♦Significant a t 1 percent le ve l



---------
Analysea

APPEHSIX X IV
o f variance for total uptake o f nitrogen by plants

Moan squares 

Total apta.ee o f nitrogen by plants (Kg/ha)

Source df

20 tii day 
after
soulng

50th dr./
after
sowing

30 to. day
after
sowing

Harvest

Block 2 6.546 78.754 45175.147** 2129.379
P 3 1 .651 380.151 11689.475 2341.033
u 1 0.156 87.264 115.630 2307.136
P Xli 3 4.166 43.144 2800.936 5254.700
I 1 0.200 21.200 1013.657 2817.961
P X I 3 2.724 258.150 3278.590 2779.017
1» X I 1 0.128 207.333 105.613 434.644
P x L x I 3 0.611 346.927 948.834 4016.221
Mirror 30 1.763 290.302 2876.344 4130.621

"S ig n ifica n t a t 5 parjcant le ve l
“S ig n ific a n t a t 1 percent le ve l



APPENDIX -  X?
Analyses o f variance for tils phosphorus content o f a tern and petiole 
and shell

Mean squares

3 tea ♦ petiole ( ) £ Shell (
S 80th”day~ 
i a fter  
Jjiowing

)

Source___ -M L

20th”day~ ~ 50th day 
after after 
sowing sowing

80th day
after
sowing

Harvest Harvest

Sloe's. ?. 0,003 0.004 0.001 0.002 0.0005 0.001
P 3 0,003 0.001 0.001

w w
0.006 0.003 0.0007

L 1 0.003 0.001 <0.001 0.0003 0.001 0.0002
P x L 3 0,005 0.002 0.010* 0.0004 0*009 0.002
I 1 0.00007 0.00005 0.002 0.00008 0.000002 0.002
p X I 3 0.0002 0.0007 0.003 0.0005 0.001 0.002
M X 1 0.004 0.00002 0.006 j .0001 0.007 0.0002
p X  1 X  I 3 Q.QO04 0.001 0.000b 0.0004 0.002 0.0001
iirror 30 0.004 3*002 0.003 0.0008 0.003 0.001

•Significant at 3 percent level
^^Significant at 1 percent level



Analyses o f variance fo r the phosphorus content o f leaves and seeds

Nt#an squares

uouroe a t
20 th "day"* 
after

___Leaves ( ) _________ _
50th day 80th day 
after after

___ ______Se_e.da.
“ 3  30th~day 
J after

( $ )■ "i* *■»——! mm+m

Harvest

Bloolc 2 0.004 0.065*# 0.007 0.040 0.007
P 3 0.023 0.013 0.005 0.027 0.030
b 1 0.009 0.030 0.00000 v «r„ 0.098 0.007
?  x L 3 0.003 0.010 0.017. 0.44 0.015
L t 0.030 0.0000008 0.0008 0.006 0.00002
P x I 3 0.006 0.015 o.oo? 0.033 0.022
ii x I 1 0.040 0.003 0.002 0.051 0.002
P x L x I 3 0.009 0.003 0.001 0.006 0.008
Error 30 0.013 0.011 0.003 0.020 0.021

*oIgnifiormt at 5 percent level 
••M gpifioaat at 1 percent level



APP£?7i>IX-XVII

Analyses of variance for uptakes o f phosphorus by stem ♦ petiole and shell

Mean square

3 tea ♦ petiole (Kg/ha) .’h a ll (ICg/ha)
20th day 50th day
after after

-ouroe d f sowing sowing

31ook 2 0.004 1.493
P 3 0.C01 3.774*
L 1 0.002 0.670
P x L 3 0.001 0.915
I t <. 0.001 0.882
P X I 3 < 0.001 1.174
L x I 1 0.0*33 1.125
P x L X I 3 <0.001 3.185
Error 30 0.002 1.203

"S ign ifican t a t 5 peroent le ve l
**S ign ifiaan t a t 1 perjoent le ve l

80th day 
after harvest

OOtfc day
after •larvei

sowing sowing

5 .454 0.111 3.736* 0.025
3.426 0.090 1.543 0.052
0.182 0.147 0.022 0.032
6.050** 0.255 1.000 0.052
2.050 0.015 0.002 0.006
2.224 0.374 0.056 0.354
0.672 0.329 0.383 0.090
0.767

oCM•O

0.722 0.064
1.056 0.356 1.259 0.394

l „.JJW«  ran, ■■■nrW 1« rn . —□ ■ i -LH -m Tt m-rmm rri«



APPENDIX -  XVXII
Analyses o f  variance for uptake of phosphorus by leaves and seeds

Mean squares

  Leaves (Kg/ha) 0
isjtjr'asjf uothr day Hjwday 4

after J after
sowing v sowing

Seeds (Kg/ha)

Harvest

»**

after after
Souroe df sowing sowing

Blook 2 0.050 13.630
P 3 0.013 4.341
L 1 0.011 2.562
P x L 3 0.005 0.868
1 1 0.021 0.193
P x I 3 0.006 4.596
L x I 1

,0|i
0.032 1.767

? x L x I 3 0.005 1.914
Error 30 0.007 1.844

8.008 115.644 13.440
3.893 31.786* 39.918
0.390 8.763 1.686
3.137 30.770* 2.571
0.076 0.490 25.748
1.161 8.239 10.019
0.005 26.151 16.212
0.610 4.317 54.054
1.595 9.739 39.377

*S iga ifioan t a t 5 par sent • le v e l
•♦ S ign ificant a t 1 p a ro en t . le v e l



APPENDIX -  XIX
Analyses o f  variance for total uptake o f phosphorus by plants

Mean squares 

Total uptake o f phosphorus by plants (Kg/ha)

Source df

20th day
after
sowing

50th day
after
sowing

80th day
after
sowing

Harvest

Slock 2 0.018 8.291 284.766** 14.753
P 3 0.008 10.703 111.243 38.020
h 1 0.007 2.301 3.038 2.642
P x L 3 0.016 30.515 17.243 2.995
I t 0.030 6.872 7.497 25.148
P x I 3 0.010 34.375 3.207 12.592
I* X I 1 0$0Q9 2.417 47.772 25.886
P x L x I 3 0.005 42.500 17.509 65.112
Error 30 0.012 9.548 34.214 46.529

♦S ignificant a t 5 per cent le v e l
**S iga iflean t a t 1 per cent le v e l



APPEiialX -  XX

Analyses o f variance fo r the oaloium content o f stem ♦ petiole and ahall

Mean squares

  s ia & j i j& ld A l& A i i l___________ ________________ ______________________
20th day 50th day 80th day j 80th day
after a fter a fter Harvest J a fter Harvest 

Source d f sowing sowing sowing J sowing

** • » »
Blook 2 0.222 0.367 0.113 0.216 0.092 0.040
P 3 0.232 0.008 0.149** 0.001 0.014 0.109##
■6 1 0.001 0.083 0.019 0.218 0.031 0.064
P x L  3 0.081 0.001 0.072* 0.043 0.029 0.110
I 1 0.194 0.058 0.002 0.022 0.006 0.057
P x I 3 0.134 0.055 0.012 0.006 0.018 0.090
L x I 1 0.011 0.025 0.021 0.010 0.019 0.018
P x L x I 3 0.070 0.089 0.022 0.024 0.099 0.174
Error 30 0.108 0.056 0.023 0.021 0.068 0.070

•S ig n ifica n t a t 5 per cent le v e l
>*3ignifleant a t 1 per cent le v e l



Apvdmix - xxi

----------- -
Analyses o f  variance for the calcium content o f leaves and seeds 

Mean squares

Source df

20th day
after
sowing

Leaves ( ^)
50th day
after
sowing

| Seeds (
80th day J 80th day 
after a after 
sowing j  sowing

■ } _ ____

Harvest

Block 2 0.538*
#*■

0.740 1.383** 0.011 0.010
P 3 0.241 0.039 0.367 0.050 0.009
L 1 0.006 0.035 0.090 0.005 0.001
P x L 3 0.117 0.270 0.172 0.010 0.019
I 1 0.101 0.114 0.052 0.004 0.023
P X I 3 0.067 0.205 0.043 0.021 0.006
L x I 1 0.012 0.095 0.465 0.002 0.009
P x L x I  3 0.167 0.014 0.035 0.028 0.012
Error 30 0.146 0.120 0.159 0.030 0.014

♦sign ificant a t 5 per c^nl l e v e l

‘ •s ig n ific a n t at 1 per-, cent. le v e l



appehdix -  x x ii

Analyses o f variance for uptake o f oaloium by stem * petiole and shell

Mean squares 

_________ Stem ♦ petio le  ( %/ha)

Source df

20th day
after
sowing

50th day
after
sowing

80th day
after
sowing

0
Harvest §

J _

80th day
after
sowing

Harvest

Block 2 0.183 13.459
»*

382.523 39.000 83.510 13.075
P 3 0,253* 31.801 235.959 31.910 45.225 36.702
jb 1 0.071 0.291 2.608 80.005 47.840 0.943 ♦
P x L 3 0.108 3.936 87.659 73.614 5.416 93.517
I t <0.004 0.559 6.847 1.691 9.505 76.583
P X I 3 0.159 17.110 14.979 14.601 18.756 4.711
L x I 1 0.055 2.920 29.031 19.750 47.481 40.168
P x L x I 3 0.050 62.343 2.005 35.680 32.934 53.085
Error 30 0.081 27.907 64.077 32.851 26.282 22.049

♦Significant at 5 per cent le v e l
•♦significant at t per cent le v e l



APPENDIX -  XXIII
C t U « u i ~

Analyses o f  variance for uptake o f .leaves and seeds

Mean squares

Leaves ( Kg/ha)  a ownSeeds (Kg/ha)

Source df

20th day
after
sowing

50th day
after
sowing

80th day
after
sowing

ft
0
ft

30th day
after
sowing

Harvest

Slock 2 0*121 106.195*
**

1116.495
##

82.255 3.281
P 3 0*298 42.900 556.567 10.360 0.763
L 1 0.014 6.519 0.030 1.526 20.619
P x L 3 0.334 10.654 97.232 15.967 0.837
1 1 0.221 1.813 9.837 0.006 38.020
P x I 3 0.094 43.077 15*884 15.128 16.096
h  X  I 1 0.009 1.212 53.109 2.430 4.477
P x L x I 3 0.271 16.584 106.789 11.498 27.435
Error 30 0.128 20.323 165.667 13.647 13.562

♦S ignificant a t 5 per cent le v e l

♦♦Significant a t 1 per cent le v e l



APPiiiif±>IX -  XXIV 
Analyses o f variance for total uptake o f oaloium by plants

Mean squares 

Total uptake o f oaloium by plants (Kg/ha)

Souroe df

20th day
after
sowing

Slook 2 0.497
P 3 1.164
L 1 0.116
P x L 3 0.815
1 1 0.255
P x I 3 0.342
L x I 1 0.014
P x L x I 3 0.509
Error 30 0.296

♦S ignificant a t 5 P®r> cent le v e l
♦*S i|? iifioan t a t 1 per cent le v e l

50th day
after
sowing

80th day
after
sowing

Harvest

179.021 4638.587£ 145.525
134.164 2354.824 89.584

9.630 101.821 156.349
21.573 47.232 328.145
0.336 79.130 263.062

72.266 125.607 42.350
0.371 337.981 166.470

122.362 159.235 176.005
82.696 606.404 137.701

„ _T _r___ —
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A a s X B A O X
An experiment wae oonduoted at the Instructional

Farm attaohed to tbs Tollege o f 3ortioulturs* Valla&U&ara 

during July to Ootoiwr 1976* to study tbs o f foot o f  

phosphorus nutrition* liming and rhisobial inooulation

on soybean ( Glycine ma% (i*«) Kerr 11).

Tbs investigation was taJcan up with the objective 

of arriving at tbs phosphorus requirement o f tbs orop* 

assessing the response to liming and evaluating the 

effeot o f rhisobial inoculation. Ihe t r ia l  was also 

aimed at studying the possible interaction offsets  

butwe^n theso factors.

The experiment was laid  out as a factoria l in 

randomised block design with 16 treatments and 3 

replications.

iJhe study revealed that applied phosphorus did 

not aignifioantly affeot any o f the growth characters 

consistently. Grain yield and yield attributes were also 

unaffaotad but stover yield increased with hi$ier doses 

o f applied phosphorus.

In general* nitrogen* phosphorus and oaloium contents 

in plant components were unaffected by levels o f  phosphorus,



liming and rhiaobial inooulation. Uptake of these 

nutrients also remained almost uaohanged. At harvest* 

nitrogen uptake by seeds constituted 44 per oent of 
the total* remaining being aooumulated in stem ♦ petiole 

and shell. In the oase of phosphorus* 36.9 per oent 
of the total accumulation was in seeds* 6.0 per oent 

and 7.1 per oent being in stem ♦ petiole and shell 
respectively. Oaloium being an immobile nutrient and 
an element not translocated within the plant* proportion 

of uptake of oaloium in various ooaponents of the plant 

was different from that of nitrogen and phosphorus.

In contrast to nitrogen and phosphorus* only 24.9 per oent 

of the total was found in seeds whereas 36.3 per oent 

and 38.8 per oent of it were oonoentrated in stem ♦ 
petiole and shell respectively.

Levels of phosphorus, had no effeot on total 

nitrogen and available potassium contents of soil after 

harvest of the crop bit there was a notable increase in 

available phosphorus and decrease in exchangeable oaloium. 
Liming and rhisoblal inooulation did not have any 
conspicuous effeot on the content of nutrients in soil.


