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INTRODUCTION



Soybean* a potential source of plant protein end 
vegetable oil kno gained Importance in India from 1950* 
Since then effortd ore being made to popularise eoybeon. 
among tho farmers• In India* soybean is familiar to 
many end Is now grown on a commerciol scale as a source 
of oil and rrotoln in quite a few ports of tho country*
On on average* soybean oeede contain 40 per cent protein 
and 20 per cent good quality edible oil*

The current shortage of vegetable oil in the 
country caused by increasing population* improved standard 
of living and higher demand from consuming industries 
end the poor yield of oil seed crops* is being net by 
importing soybean aid- sunflower oils, The need to build 
np the oil and protein economy of tho country on a self 
supporting basis necessitates identification of various 
soureoo for augmenting tho vegetable oil end protein 
supplies In tho country* /

A review of the trend in production of oil oeode 
in the world over a .decode reveaia that soybean hoo become 
very popular in many countries# As attempto for improving 
tho yield potential of tho conventional oil oeedo like 
groundnut* gingelly cad castor did not yield spectacular 
results* now oil eeedo like sunflower and soybean have 
been introduced* Among tho newly introduced crops*

ITOQDUCTIOSJ
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soybean io found to be noro suitable to a wide range of 
agro-olimtlc conditions and so the cultivation of soybean 
was ono of the resources decided to bo exploited to bridge 
the gap between production aid demand of vegetable oilo' 
and pro t oina*

In Kerala, soybean being a new crop, knowledge on 
its crop husbandry la rather limited* Identification of 
moat suitable varieties mid evaluation of optimum package 
of practices ere eoaential to launch on a grand scale 
development progrcme, A varietal trial involving 25 
varieties conducted in red loan soil© of Iriohur, identified 
the variety bO 39621 to be the most promising* A 
nutritional trial on this crop was conducted during 1977 
to study the nitrogen requirement and reoponae to rliiaobial 
culture inoculation (Uoir, 1978)* Eurien (1979) otudied 
the effect of phosphorus nutrition, lining and rhisobial 
inoculation on soybean* Uith a view to standardise tho 
nutritional requirement of this crop, it wag considered 
neaeoeory to continue tho’ experimental work on the response 
of soybean to potassium too.

legumes have the property of symbiotic nitrogen 
fixation by which they can meet most of thoir nitrogen 
requirement* For efficient symbiotic nitrogen fixation 
by soybean,' preoenee of appropriate strains of the required 
symbiotic bacteria RMaoblun .Iauoaioun io a oust* Soybean,
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being a newly introduced crop in India* the moot effective 
strains of this bacteria nay not be available originally 
in our soils# In suoh a ease, an increase In crop yield 
io to be nomolly expected because of cultnre inoculation* 
The experiments conducted during 1977 and 1973 indicated a 
decrease in yield* nodulatlcm and nitrogen uptake of soybean 
consequent to culture inoculation. As these results were 
quite contrary to the expectation* it woo felt necessary 
to check the results by repeating tho treatments again.

The present study woe undertaken with the following 
broad objectives:

1) So study the effect of graded levels of 
fertiliser potassium and to arrive at its requirement for 
soybean,

2) To evaluate the advantage duo to rhlsobial 
culture inoculation,

9) To study the interaction between potassium 
nutrition end culture inoculation.



REVIEW OF LITERATURE



smrm-i of htsasube

Experimental result0 on the Influence of .potaQsixo 
nnfi rMsobiel inooulation on soybean yield siaov; both 
positive end no responses* In certain cases, even negative 
responses have also been reported* A brief review of the 
work done on theso aspects is presented below*
A* Effect of potassium on soybean
A1 * drouth characters
Height of plants

Camper end 1-uts (1977) report el that application of 
potassium increased pleat height end hastened maturity;

Huguira et al* (1976) in a pot culture experiment 
noted that potassium did not affect soybean growth*

tfhighaa ot cl* (1970) observed a negative corre
lation between plant height and'applied poteselc fertilisers*
Hoduletion

Jones et al* (1977) observed tliat applied potaooium 
increased tho number of nodule□ rior plant, total and 
individual weight of nodules more than phosphorus, but 
increases wore largest when both, phosphorus end potassium 
were applied*
3)s?y matter production

Chevalier (1978) in a field trial found that at seed
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formation at ago dry matter yieldo were 4*8 t im without
* *•!potassium end 5*7 t Im" with 200 kg KgO ha * He cceolu&ed

from his wozfk that during active growth period dry matter 
Increased with Increasing rates of potassium application 
hut the rovers© was true at coed formation* At maturity 
eeed and stem dry matter Increased with higher levels of 
potassium showing a favourable effect of potassium on 
ripening* German (1977) in a two year experiment observed 
that maximum dry matter yield occurred during tho early 
pod filling stage of growth* Pry matter yield then declined 
as a result of greater loss of leaf sad'petiole them that 
of Increase in coed weight*
AS* Yiold and yield attributes

Idaples and Keogh (1969) carried out field trials at
17 locations on silt loam and candy loam soils end found
that potassium increased eeed yield significantly at sewn
locations* Host of the increase was produced by 60 lb 

—1UgO ao or less* They also observed a highly significant
correlation between, potassium os measured by ooil test and
crop response to potassium* In a six-year trial on a silt
loam soil with g5i 5*9 to S.6# Caviiices and Hardy (1970)
observed a significant Increase in seed yiold duo to the

-»1application of 93 kg KgO ha • However* doubling tho rata 
of potassium did not lead to any further algiifleant 
increase in yields.
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Shangoo ot aU (1972) reported marked increase in 
seed yield due to the appHcaticm of 90 kg KgO lia and 
yield increase ranged from 9 to 19 par cant*. fhey also 
observed that coybecn yield showed a positive correlation 
with tho potassium content of seed and leaf tissue*
Cheaaoy (1973) reported significant increase in seed yields 
with potassium application only during the period of heavy 
rainfall and tho effect was greater at higher levels of 
nitrogen*

Braga et b1* (1976) observed a significant positive
correlation between available potassium and seed yield* ■
Faucamiier (1976) reported that application of 100 leg and 

—1200 kg KgO 2m increased yield to 1.9-5 and 2*03 t ha
***̂respectively compered to the yield of 1 *56 t ha in the 

control with no potassium* Iferravi et al* (1976) in thoir 
field trials at 14 sites with soybean variety ’Santa Hoaa* 
found that without potassium the yield varied from 0*63 to 
1*49 t ho"̂  while with 100 kg KgO ha™** the range was 0*81 
to 1*61 t hcT̂ a

Keogh et el* (1976) reported that potassium 
fertilisation consistently increased th© yield at all sites 
studied but no yield advantage wgq obtained from higher 
aptdicetions of potassium in the first two years* they 
also observed that leaf potassium content increased with 
applied potassium and was strongly correlated with yield.
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tloskas (1976) noted increased yield upto 1 *81 t ha with
150 kg K̂ O ha 9 compared to 1*71 t ho. without potassium*
Graves ct al* (1970) found that applied potassium increased
yield of oil cultivars tried at all locations in both years*

In field trials undos? raiafed condition with two
. 1soybean cult 1 vena, application of 2oto 40 kg EgO ha gave 

no significant effect on seed yield (Heidi ot igl*, 1970)* 
Sveo et oi« (1976) in their tuo-ycor studies at two 

locations observed ©n average seed yield of 1,43 t ha 
with no potassium end 0.5G t kcT̂  with 223 hg KgO ha“  ̂in 
one location but lied no significant effect in the second 
year at tho other location*
A3* Quality of seed
Protein content

Davidcscen et al. (1975) reported that balanced 
SHE application onbanoed seed protein content noro than the 
seed oil content* hinendro ot al* (1975) observed that 
seed protein contents were greatly increased by nitrogen 
than by phosphorus or potassium* t-Saskua (1976) noted 
increased protein yield duo to application of potassium*
Pork et ol* (1976) observed positive correlation between 
protein and potassium content of seed and negative 
correlation between protein and oil content*

According to Gkeaacy (1975)» protein content of the 
seed was not influenced by potassium*
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Chevalier (1976) found that protein content of ripe 
seed decreased free 49*24 to 40.25 and then to 59*34 per 
cent with G» 100 end 200 kg KgO heT̂  •
Oil content

Chevalier (1976) observed that oil content of Goed 
increased from 17*94 to 18*61 and then to 19*01 per cent 
with 09 100 and 200 kg KgO ha**̂ • The some author in 1978 
noted incroaoed oil yield from 294 kg ha*̂  without pataaaium 
to 482 kg heT̂  with 200 kg KgO ha"1.

According to Cheonoy (1973)* oil content of tho seed 
was not Influenced by potaooina.
A4. Content end uptake of nutrient3

Bkmgoo ot cl. (1972) reported that application of 
potassium increased the potassium content of leaves aid 
seeds. They alao found that soybean yield showed a positive 
correlation with potassium content of seeds and leaf tissues* 
Irate ot al. (1975) in a trial on cloy loam soil noted that 
leaf potassium content was increased with increase in 
applied potassium. Chevalier (1976) observed that appli
cation of potassium increased the total potassium content 
of tho plant during tho early stages of growth but 
decreased with age. At ripening, the potassium content 
Of tho seed remained unaffected while that of stem was 
increased* He also found that when the level of potassium



mo increased from 0 to 200 kg to » tto uptake of 
nitrogen at seed ripening' stage woo increased iron 110.7 
I:g'to“̂  to1173.8 kg to*"*.

llGDcarantoa et ol. (1976) noted ttot application 
of pot os sic fertilisers increased tlio pot os elm concentra
tion in the leaves tot seed yield woo not significantly 
increased. Jones et nl# (1977) reported that potaooiisa 
concentration in leavos decreased throughout the season 
sad was much enhanced by application of potassium and its ‘ 
content in seeds ranged from, 1.57 to 1.63 par cent. 
According to Teroaa (19775 9 concentration of potassium in 
leaves and seeds increased with increased levels of applied 
potasplua*

4B. Effect of rMsoblal Inoculation on soybean
31 ® Growth characters
Height of plants

Rosas (1969) reported that modulation Increased 
plant height on fertile or noderately fertile soil. 
Prokopenko end Vashchenko (1974) in pot culture studies, 
with soybeans found that seed Inoculation with rhlsobiun 
Incroaasd plant height«

Kurlem (1979) observed -that inoculation did not 
eiiert any significant influence on height of plants.

*1
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Humber of breaches
Heir 0978) reported that inoculation lied no effect 

on number of branches. Similar result woo observed by 
Kurien (1979).
modulation

According to Chatter̂ ee ot el* (1972) seed inocula
tion. increases modulation. IIoMI at al. (1974) reported 
that modulation frequency and frceh weight of nodules 
laor-eased with Inoculation and tho inoculated pleats were ' 
found to bo hatter then tmisiooulated plants In tho field 
where it had not been cultivated before. Pat 11 ot pi. (1974) 
observed that inoculation with 'Hltrogin* significantly 
lacrQDOQd nodulo numbers. Similar increase In modulation 
due to inoculation mo observed by Pol end Savona (1979) 
end Saxsna and filsh (1975). Janoenvian et ol. (1976) 
noted that hhlsohlun .iauoaiom increased modulation and 
nodule weight •

Kumar et al* (1976) in thoir trials with five soybean 
cultivaro found that seed Inooulation with an efficient 
HMsobiuQ strain Increased modulation, haul end. Gckhon 
(1977) noted that tho numbers of nodulo a per plant at 60 days 
after sowing were 20.1 and 34.7 for inoculation end 
inoculation plus mulching rospeotively. Leo ot aU (1977) 
observed that tho total numbers of root nodules end 
effective root nodules v?ore increased by Khisoblum
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inoculation* Rao and Patil (1977) found that inoculation 
of soybean seed with five comaercicl inooulanto of Rhisoblum 
.lappnlcaa. increased the number and dry weight of the nodules* 
Similar increase in nodule amber was observed by 
Sachaasky (1977)*

Sramalnhtien and Hinson (1977) compared inoculation, 
with uninoculated control on fine sand in soybean end noted 
no significant difference in nodule number in 14-day old 
plants* Doohkerd et el. (1978) found that nodulation and 
plant growth ware not affected by inoculation with 
Bhisobiun japonlcm strains. Belson ot al. (1970) found 
no significant difference in nodule weight between plants 
grown without inoculation end those receiving seal or soil 
inoculation with oomnegoietl RMsobium, strains* Kurien 
(1979) observed that inoculation did not influence the 
number and weight of root nodules,

A reduction in nodule number due to inoculation 
was reported by Hair (1978) •
Dry Batter production

Reword e& al* (1973) observed significant increases 
in dry matter yield duo to inoculation* Prokopenko aid 
Vashchenko (1974) in pot culture experiments with soybeans 
found that seed inoculation increased plont dry matter 
and hastened maturity. Similar result woo observed by 
Rao and Patil (1977)* Buis-Argaeoo et al*. (1977) noted .
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that inoculated plonto produced 509 to 461 por cent more 
dry natter ao compered to uninooulcted planto*

Easchel and Euochel (1975) found no difference in 
dry weight at 45 days of age duo to inoculation* Kurion 
(1979) oIjserved no oignlfleant difference in dry weight of 
pleat duo to inoculation,

Leaf area irsdes
I’Teir (1978) reported that inoculation hod no f

influence on leaf area indos, A similar result woo observed 
by Ifuricn, (1979)*
IJet assimilation rate

Nair (1978) found no difference in net asoiniletlon ' 
rate due to inoculation* Similar result was observed by 
Kvasim (1379)*
D2* Held and yield attributes
Number of pods, number of seedo and weight of ccedo

Kong (1975) observed increase in pod nunber end seed 
weight of soybean by the application of higher levels of 
nitrogen along uith inoculation. liuschel ot al, (1975) 
reported that inoculation incrcaaed tho number of podo 
without increasing seed number. Increaso in 1000 seed 
weight due to inoculation was observed by. Kcnova et al,
(1976), Hois ot al, (1977), and Sable aixl Khuspo (1977)*

According to Kurien (1979) number of podo, number of
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seeds end 1000 seed weight wore not influenced by inocula
tion.

Yield
Breire ct al. (196s) found that inoculation with a 

Snisobjyga strain increased yiold of two soybean varlctlGa 
by 45 per cent and a salti-straln 'inoouloat Inoreaeed yield 
by 145 per cant. Jotfcnalsnl ej> al. (1969) observed that 
seed yield of soybean voriotleb "Bragg" and "Clark 63" 
id til inoculation v:dq significantly superior to the 
uninooulated ones. Basena and fllok (1375) reported that 
the yield Increased by about 73 to 94 psr cent over control 
due to inoculation* Babich (1976) observed that seed 
inoculetion with Rhisobiuia op. increased yields by 7*3*
11.5 and 113*4 par cent in three soybean cult Ivors, 
Bucprovskaya 12* Kirovgradokaya 3 end vIT113E-1 respectively* 
Loo (1976) found that in ooyboan cultivar Ghippewa-64, 
inoculation with Bhiaobiuia rlsuonlcan gave 1 *4& to 1*63 t 
seed ha conpsred with 1*21 t without inoculation. Ho 
also concluded that yieldo with or without nitrogen were 
Increased by Inoculation with Rhlsoblm ;lai .tori qua* Kunor 
ot ol. (1976) observed that cm an average in five varieties 
of soybean, the influence of inoculation on yield was 
rather cmll. However, two of the varieties individually 
showed better yield responses to inoculation, Haul end 
Sckhon (1977) found that inoculation increased the yield
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to 1,42 t hoT̂ ' while thQ uninoculated plots recorded only 
0*04 t ks~1.

Increased yield due to inooulation was reported by 
Gkesnoy et aU (1975)» Beyerl et al. (1975)» Bojpol ot al. 
(1974)® Fatil et al. (1974)5 Prokopenko and Vadhohonko 
(1974) t Pao and Visuamtha (1974), Rucehel ot al. (1975), 
Blinkov end Prokopenko (1976)® Giafordinl (1976), Kcnova . 
§& i&* (1976), Varna and tluarl (1976), Shgcnti ot al.
(1976), Leo ot ol. (1977), Koio et al. (1977), Sable end 
KImsp© (1977)® SaboiVilkova et al. (1977)$ Boonchoe and 
Schiller (1976) and Bo£yara3 et al* (1979).

According to Kang (1975) higher levels of nitrogcsa 
combined -with inoculation increases yield of soybean* 
Koslov (1977) observed that soed inoculation with an 
effective Bklgoblun strain increased yielda from 1.03 to 
1.52 t ha without applied nitrogen and with the appli* 
cation of nitrogen at tho rate of 20 and 40 kg ha , the 
increases in yield were 1.22 to 1.62 t ha respectively.

Cardwell end Johnson (1971) found that soybean 
yields were not significantly increased by inoculating the 
seeds with Hhisobim japonlcm. IJiXlcr (1972) also noted 
that inoculation did not influence the yield of soybean 
significantly* Similar results were observed by Basiotaya 
and 8hil*Iiikova (1977), Shatters! (1977)® Iran Kinh 2ien 
end Hinson (1977) end Euriesi (1979)* Helson et al. 0978)
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from. their field trialo at two oitcs on. which soybeans 
had not been grom. at least for 15 yeers* reported that 
seed yield in throe soybean cultivaro did not differ 
significantly ’betueen ■ plants grom without inoculation 
and tho go with Deed or eoil inoculation with commercial 
Hhlaoblun strains*

Ilair (1976) found a oigoifleant depression in yield 
duo to culture inoculation*

Kurien (1979) observed that inoculation had no 
oi^ifieant effect on at over yield cad harvest indeus*

n
B3* Quality of coed
Protein content

Prokopenko and Vashchenko (1974) noted that oeed
inoculation Increased protein accumulation by 2*34 per
cent* liusehel at al* (1375) in a glaoo houco trial
oboerved that in oultivar HHnelra* Inoculation Increased
protein content to the Done esftent co in tlie treatment e
which received nitrogen end inoculation* Blinkov end
I’rokopenko (1976) observed that inoculation increased

—1protein yield by Sb kg ha over control* Sable and 
■lOxaapa (1977) also found that oced inoculation increased 
eecd crude protein content*

Cardwell end dolma on (1971) reported that seed 
protein percentage was not significantly increased by



inoculating Doybcou cecdo i/Ith Hhisoblun em, Singh
Ot aU (1971) oboerved that Inoculation alone with 20 to

—140 kg II and 40 to 60 kg ha gave little effect cm 
protein content•
Oil content

Singh at al* (1971) noted that inoculation along 
with 20 to 40 kg 11 Gild 40 to 60 kg IJgÔ  ha had little 
effect on oil content of seed*

Suochel et o-U (1379) in a glass house trial found 
that in cultlvor ’MlnGlra* , inooulation decreased the oil 
pcrcentago* Versa end Tiwari (1976) observed. that the oil 
content of seed in nine soybean onltivaro decreased with 
iiacreasoo in ceed yield a due to coed inoculation with 
Bhisoblua .lauonicaa. Sable and Ehuspe (1377) also found 
that coed inoculation decreased oil content of .cecd*
B4. Content oraluptake of nutrients

According to Sokorenho (1971) inoculation of soybean 
seeds markedly increased the total nitrogen content of 
plants when no fertilisers were given and when supplied 
with phosphorus and pot as alum * but not when given nitrogen, 
phosphorus and potassium in combination* Chat terj g o et al* 
(1372) reported that ceed inoculation had resulted in an 
increoacd nitrogen content of plants* Similar Increase 
in nitrogen content of plants due to seed inoculation was 
reported by Eouari and Join (1973), Ercfcopesako and

1G
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¥eohckonko (1974)* Konova et ol. (197&)» Boonohoo end 
Schiller (197Q) sad Basyea?a3 et al. (1979).

Higher levels of nitrogen application conMnad with
\

inoculation of soybean increased nitrogen uptake end 
nitrogen content of seed (Kang, 1979).

nelson ot al. (1970) found no significant differ once 
In loaf nitrogen content in three soybean cnLtivars grown 
with end without inoculation with eoonereiaL Bhigohitao 
strains. Snail but inconsistent differences wore noticod 
in phosphorus content of seal. Eurien (1979) observed no 
significant diffcrcnoo in nitrogen content of leaves*
Shells and seeds due to inoculation. Ho. also found that 
the nitrogen uptake by leaves* stem* shells and seeds was 
also not affected by inoculation. <



MATERIALS AND METHODS



HAT0HA£S AHD METHODS

The present Inveotigabioa v;os undertaken to otufly
ithe effect of graded levels of potassim and rhisoblol

Inoculation on growth, yield end quality of soybean*
The experiment was conducted in the Instructional 

Poro attached to the College of Horticulture* Vellanikkora» 
The College of Horticulture la situated at 10* 32* H 
latitude and* ?6* 10* E longitude at on altitude of 22*25 
metres above mm. sea level.
Srcmoina hi stagy of tho experimental field

The area had been left fellow .during the immediately 
proceeding two ye aro, before which groan, manure crops had 
been raised in it»
Soil

The ooil of tho experimental area is deep, well 
drained, oandy clay loss*

Data on physical and chemical character!otico of 
tho soil are given In Table 1 •

Table ■ -1
A* Mechanical composition 

Clay «*
Silt



Pine sand 
Coarse sand

22*10$
26,00$

B, Chemical properties

Constituent

Totalnitrogen
Availablephosphorus

Available
notaoeium

pH

Content Bating 
in soil

0,070$ Medium

2*15 ppa low

157 *5 ppo UIgh

4*6

Method used for 
estimation

Mi oral; j eld chi

In Broy-1 erbraot,0hlorostennoua reduced 
molybdophosphoric 
blue colour method
In neutral normal 
ammonium acetate extract-Blame 
photometric
1s2.3 soil:water suspension using a 
pH nater

Season and climate
The eucporiment was conducted during the period from 

June to September 19GQ. The crop uao sown on 10-6-1900 end 
harvested on 25-3-19SO. Tho meteorological data for the 
above period ere presented in Table 2 end Pig. 1,

The area enjoys a humid tropical olimato* The 
weekly average of dai3.y maximum temperature during the 
cropping period ranged from 2Q.77*C to 32,'3*C and the 
ninimuaa temperature from 21.97 *C to 23.57*0. The maximum



SxaQ.® ^920

&ngoat 1909

September 1900

 Temperature (*C) Helatlve bmidlty (6) ----------------------~~— RofrrPrtTI

^a"bX© 2 . M eteorologica l data  daring the crop period (Weekly averages)

Kedfc Mctsissm Miniiam Forenoon, Afternoon woima(as)

1st 31.32 22.97 96.25 83.20 37.26
2nd 32*30 23*32 93.75 78.60 10.86
3rd 29*97 23.37 .35.80 85.75 42.11
4 tli. 29.70 22,74 95.33 7S.00. 29.94
lot 28.77 22.29 94.00 81.00 43.54
2nd 28.89 22.33 95.00 85 .*53 43.83
3rd 29.67 22.86 95.43 84.33 52.69
4th 29.93 22.04 35.71 82.14 28.97
1st 29.97 22.57 33.71 72.57 5.77
2nd 29*86 22.50 95-71 88.86 16.71
3rd 30.29 21.97 97.00 82.33 49.23
4th 29.93 22.59 92,57 80.43 15.63
1st 30.11 22.50 95.71 67.06 3.34
2nd 31.69 23.07 05,29 61.71 1711
3r& 32.24 22.93 93.57 65.00 0.03
4th 52.23 22.97 92.14 . 69.71 14.09

roo

1
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FIG-1 WEATHER CAT A FOR THE PERIOD FROM JUNE TO SEPTEMBER 1980
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The maximum and minimum relative humidity ranged from 92.14 
to 97 per cent end 61.71 to C8.65 per coat respectively*
Tho total rainfall received during the crop scaoon in 94 
rainy days amounted to 2649 *67 nsa* 'Even though the 
distribution of rainfall during the cropping period was 
satisfactory* a good portion of the rain was received 
during the first ten ueeho after sowing and for the regaining 
period* rainfall mo low*
i-Iafteriolo
m ~t  i i  f c n  !■ i m i i  n

Seeds
Soybean variety» EO 39021 was used fox* the trial*

2hi a was originally an introduction, from Thailand* The 
crop usually natures in 3 to 3̂  months under tropical 
conditions. The seed a wore tested for viability and wore 
found to give over 70 per cent gemination*
Fertilisers

Fertilisers with the following analysis were used 
for the experiment®

Ammonium sulphate analysing 20# n
6uperpbo sphate analysing 16# P̂ Ô
hurl ate of potash analysing 60# K̂ O

Details of treatments
Tho treatments consisted of factorial ccohinatione 

of 5 levels of potassium and 2 levels of rhisobial inoculation.
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a) Iiovela of potassium
i) Kq « Control (no potassium)
ii) K1 - 30 kg KgO ha*1
iii) ICg - 60 kg ,,
iv) K» - 90 kg »»
v) K, - 120 kg , f*v*
b) Levels of rhisobiai inoculation

>
i) Iq - Control (without inoculation)
11) - Inoculated
Treatment combinations

i) K0X0 vi) V i
ii) V i vii) V o
iii) V o viii) Kgt,
iv) K1I 1 is) V o
v) V o x) V i

In addition to the above, all the plots received 
a uniform dose of 20 kg U# 80 kg Pg0̂  and 500 kg calcium 
hydrorslde par hectare
Design and lay out

She trial was laid out in randomised block design 
with four replications* The procedure followed for tho 
allocation of treatments to different plots was in
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accordance with random number tables (Fichor and Yates*.
1963)-

She details or the lay out are os followss
Number of blocks - 4
Number of plots per block - 10
Number of bcdo per plot - 2

Gross plot sise - S5 as  4 a
Bed sise - 4-5 a s 1*5 b
Spacing - 45 .©a x 5 cm
The lay out plan io shown in Fig, 2.

Field culture
Tho experimental plot was ploughed with tractor, 

stubbles were removed, clods were broken end tho land woo 
levelled properly, The field was then laid out into blocks 
and plots as per the experimental design, Beds of oiso 
4*5 n x 1,5 m were laid out in the plots with ohannelo of 
30 cm width in between. Provision for proper drainage 
was also made in the plots.
Lining end fertiliser application

Lime was broadcast on each bed end raked in 
12 days prior to sowing. The entire quantities of nitrogen* 
phosphorus and potassium were applied as basal dressing 
one day prior to sowing.



FIG- 2 LAY OUT PLAN
FACTORIAL EXPERIMENT IN RANDOMISED BLOCK

DESIGN
m s 5Ko No POTASSIUM K, 30Kg K2Ov-.hâ

K2 60 Kg K20 v ■ haH K3 BO Kg KgO. hoi
K4 120 KgK2Q ,haH

REPLICATION I

A

REPLICATION II

K2 'i KO ll

K| '| Ko'o K2 b

K3‘Q KI *o

REPLICATION III

K4 'O KolO lO KI 'O

K3 I-

K3 'O K4'l K i 11

K‘O O KO I K4'0

REPLICATION !V

Kp l| KI !0 K3 'O

Kq *1 K4>!

1 
* 

1

K2 'o

“
| K3 1 '

r
Kj b K, 1,

* j b K2 !0

Io □NiNOCULATED I| INOCULATED



Seed inoculation and eouing

I'ov treating the seed uith the inoculum, the 
procedure racomnondecl by the Eesnll ITcsclia. Agrf.cultura.1 
University was followed, Jaggery oyrup was prepared 
first by mixing 125 q of jaggery la 500 ml of water* It 
woo boiled for 50 ninuteo and then cooled* fo tMs» 
rhlcobiin culture waa added and raized tl|?oughly • 2iio 
rcoutred amount of seeds was then mixed with this culture 
end the seeds were subsequently dried in shade,

length, maintaining a distance of 45 cm between rows. 
Seodllngo were thinned out a week after sowing to retain 
a population of 50 pleats per rov;, thus giving an average 
spacing of 5 cm between plants* 1'he total number of 
plants in a bod woo fixed as 500*

After cultivation

Hoad weeding and earthing up were done one month 
after sowing.

General condition of tho crop

Sixty Deeds were dibbled in esoh row of 1*5 metre

The stand of the crop was satisfactory thrqû iQut
the period»
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Pleat protection

A mild attack of loaf Gating caterpillars and 
aphids woo noticed during tho preflouering period which 
was effectively controlled by spraying 0.2 per cent savin 
end 0*03 per cent phoophanidon (Diaeoron) respectively#

IlarvoGting

Maturity of the crop was decided by complete 
shedding of leaves. Harvesting was done 107 days after 
sowing by catting tho plants at tho base using sickles*

Observations recorded 
I • Growth characters

Eight plants were selected at random after 
eliminating the border rows and all the biometric obser
vations were recorded from those plants at various growth 
stages. A separate sampling area was narked for 
destructive sampling to record the number end weight of 
root nodules and for growth analysis. From the sample 
plants collected from this area the different plant 
parts such as stem, leaves, shells and seeds were . 
separated and used for chemical analysis subee^ently.
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a) Height of plants

Pron tho observation plants narked for biomatric 
observations tho height of plant a was noaaared from the 
base to tho terminal bad and the average hoi gist worked 
oat, This observation was token five tines at intervals 
of 15 days eoreenoing from 50th day after sowing.*

b) number of branches

Humber of branches was comted on tho observa
tion plants on 45th day, 60th day and 75th day after 
cowing and tho averages were calculated •

o) Humber of nodules par plant

This observation ms taken at four stages at 
regular intervals of 15 days starting from 45th day 
after sowing. Plants were palled out carefully after 
loosening tho soil around then with tho help of a hand 
fork. Tho total nmbor of root nodules was counted and 
tho overage worked out.

d) Weight of nodules per plant

Pro oh weight of tho nodulo □ who token and from 
this the average weight calculated*
e) Dry natter production

After eliminating tho border rows, five plants
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each were collected on 3 0 th » 4 5 th , 6o th »  75th and 
90th coy a after swing and at harvest * from tho area 
marked for destructive campling. During the first 
four stages» th e  leave© and ©teas of the plant© were 
©operated and their dry weight© recorded separately* 
During the last two stages P the plant was separated into 
leave© 9 oterns* ©hollo and seed© and the individual dry 
weight a recorded • She total dry weight in each stage 
was worked out fcy adding the dry weights of the indi
vidual component© *

f) Growth analysis
i) Specific leaf area

ii) Deaf weight ratio (LVJH)
Deaf weight ratio woo calculated a© follow©s

Specific leaf area (SLA) v;a© worked out os
follow©s

SLA a (LÂ/DVJ-j) + (LAg/DWp)
2

whore
Total leaf area at 1st stage 
Total leaf area at 2nd stage 
Total leaf dry weight at lot stage 
Total leaf dry weight at 2nd stage
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IiVIR a (IiW-j/U-j) + (IiWg/Hg)
2

whore,
Lŵ  - Total leaf dry weight at 1st stage
Lv/g - Total leaf dry weight at 2nd stage
VĴ - Total dry weight of plant at lot stage
Wg - Total dry weight of plant at 2nd stage

iii) Leaf area index (X»M)

leaf area index was worked out by following 
the ’weight of paper method' * rive plants wore uprooted 
and their leaves were separated* Ten leaves were 
selected at random and their outlines were traced accu
rately with pencil on ouolity bond paper of known area 
per unit weight. Tho trace won then cut out carefully 
and weighed* Prom this* the actual area of the sample 
leaf was calculated*

The leaves were then dried in a hot air oven 
at 70 to 80’C to constant weights and the dry weights 
of ten leaves and the remaining leaves were recorded 
separately* leaf crea was then calculated using the 
area weight relationship end total dry weight of loaves.

LAI was calculated at five stages as follows*
X,AI a Total leaf area of five plants

Land area occupied by fivo plaits
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iv) Absolute growth rate (AGR)

Absolut© growth rate was worked as followst

where»

P - Ground area
v;2 - Eotal dry weî it of plant at tine Eg

- Eotal dry uei$it of plant at tine Ê

Vi) ITet assimilation rate (HAH)

The procedure given by Watson (1950) os modified 
by Buttory (1970) woo followed for calculating KAR*
The following formula was':, used to arrive at the not 
assimilation rate*

AGR

where.
Eotal dry weight of plant at time Eg 
Total dry weight of plant at tine Ê

v) Crop growth rate (GGR)
Crop growth rate was worked out as followss
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2

W IlG T Q ,

—2W2 - Total dry voigkt of plant s n at tine tg
-2W.j - Total dry weight of plants xa at time t«j

tg-t̂  - Time interim! In days
*2Ag - Leaf area m at ti1̂  tg

-2A-j - Leaf area m at tine t-j

II * Postnicrveot obecrvatione
a) Humber of pods per plant

Average number of pods per plant was worked out 
by counting the total number of pods from the observation 
plants,

b) Weight of pods per pleat

Average weight of pods per plant was calculated 
by recording the weight of total number of pods from 
the observation planto.

o) Humber of seeds per pod
i

Twenty podo wore selected at random from the 
observation plants# the total number of ceedo counted 
and average worked out.
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d) 1000 aeoc1 weight

From each plot, 100 dry seeds uoro token at 
random, and their weight reoorded. From this, 1000 seed 
weight woo calculated.

o) Shelling percentage

Shelling percentage woo calculated on 90th day 
after sowing and at harvest using the following foiaula.

B bdlK e paroattaga -  3 100

f) Moisture pore sit ago of seeds

The cleaned seeds wore sun dried for three days, 
samples were drawn from each treatment and the initial 
weights recorded. The seeds were then oven dried to 
constant weights and moisture percentage worked out as 
follows.

Moisture percentage » of aeodô aftor oven drying *̂ 00

g) Yield of seeds

Tho podo harvested from the not croaw were sun
dried for three days, threshed, winnowed, cleaned and
the weight of clean seeds recorded. Yield woo csprcoaod 

•1in leg ha ,
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h) Yield of stover

Stover obtained from. each net plot was mm 
dried for three days and total woight we recorded, Yield 
woo expressed in hg ha •

i) Harvest index

Harvest index mo calculated as follows:
j

Harvest index a
where*

Y eeon - Dry weight of seed a
Y biol - Dotal dry weight of plants

III, Chemical studies

A, Nitrogen* phosphorus and potassium content of plants

Plant samples oollccted for recording dry weight 
were used for chomleal analysis. Dhe nitrogen* phosphorus 
and potassium contents of stein* leaves* shells and seeds 
at differ ant stages of growth were determined by using 
Auto analyser and SSb Plane Photonetar (Jackson* 1938). 
Prom the nutrient contents and dry weights of tho plant 
components, the nutrient content of the whole plant was 
also woriiod out.
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B* Uptcisa of nutrient a

Tho total uptake of nitrogen* phoapborua and 
potaaaltsa by the plant and Individual plant porta was 
calculated at different otagoo of growth fron the nutriont 
content and dry weights of plant parts.

G* nerve at indioes of nutrient a

Harvest indices of nitrogen, phosphorus and 
potaasiuia wore worked out ao followss-

„ Amount of nitrogen in oeefla
nitrogen f otal onount of nitrogen in plants
TTf-iw-r̂r-i4* «n,inv - Amount of nhoanhorao in seeds_____
Ŝopho-*4ô  ~ f°'tol amount of phosphorus in plant3
wnŵ ei* « Amount of uotasslua in seeds______
poteooiua f otal amount of potassium Tn plants

B. Utilisation of potassium 
a) Beoponoc

Seaponce of yield per unit of applied potash his
calculated by using the following formula.
*-> „__ Yiold in treat sent-Yield In controlBesponso = Qnoatity of potash apnl£5a--------

fc) Productive efficiency
Productive efficiency (Yiold per unit of reccvcrod 

potassium) was calculated as shorn, below.
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Prod-ir*t*v- e^lcierov =i'roQLivti-v- e-J.xcic-i*G</ lb t a slsfuET nptafco V J iJotoooi.un ̂ pijc£o
in treatment ; in control

IV, Quality characters

g) Protein content of oeedo

The pro tola content of seeds wgg calculated by 
multiplying the nitrogen content of seeds ultX* tho factor 
6,25 (A.O.A.C., 1950)*

b) Protein yield

She protein yield was calculated from the protein 
contont of seeds end total need yiold and expressed in 
kg ha *

c) Oil content of oeado

fiio oil content of ovon dried seeds was eotiraatod 
by -using Gozdilct apparatus (A.O.o.S.» 1971) and exprecaed 
as pare out age.

d) Oil yield

The oil yield t-jus eotiuiated from the oil content 
of ceeds and total yield of gooQo end expressed as kg hcT^.

V, Soil analysis
Soil scnples yore taken rcplicatiozi-oiee before 

tho oxpcrinsnt and plotwioe after tho experiment and the
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total nitrogen, available phosphorus cad available 
potassium oontento wore estimated. -

Statistical analysis

The data on different characters were analysed 
statistically by applying the technique of analysis of 
variance for 5x2 factorial experiment in FJED end signi
ficance of the effects were tested by F toot (Cochran 
and Cos, 1955).



RESULTS AND DISCUSSION



RESOLES AUD DI3CUS3I0IJ

The results of tho experiment on the growth, 
yield end Quality of soybean as influenced by different 
treatments are presented end discussed below#

A* Growth characters
a) Height of planto

The mean height of pleats os on the 30th, 45th, 
60th, 75th and 90th days after sowing are presented in 
Table 3# Tho analysis of variance and mean tables for 
two factor combinations ore given in Appendices 1 and 
22 to 24 respectively.

There was no sigaifleant difference In plant 
height due to levels of potassium at any of the stages 
of growth# Kugwira et al.(1976) also recorded 
similar results in soybean. However, Camper and Luts
(1977) reported that application of potassium increased 
plant height in soy been. The lack of significant 
increase in height in the present investigation indicates 
that the native potassium is adequate for the grov/th 
of plants in terms of plant height.



Table 3* Effect o f potassium and inoculation in  height o f  plants fmfl number o f branelieo at
various grouth Gtugeo.

________Height of plant (cm) . ..   Uumber of. branohesTreatEsato 36 th 4-3th day ‘bO-fcii day day 90tii day Sotli Say 75 th dayafter after after after after after after after ' aouing sotting soulng sowing sowing sowing sowing sowing
liovelo of potaooim 
(KgO kg ha~h

0 23*78 47*55 77.02 78*40 78.87 1.71
(1.306)

. 2.80 
(1.674)

2*80
(1.674)

30 21.65 42.80 72.48 73.05 ,73.16 1.78
(1.336)

3.14
(1.771)

3.14
(1.771)

60 23*09 45.71 75.72 77.12 77.13 2.04
(1.429)

3.10
(1.761)

3.10
(1.761)

90 22*75 47*20 81.50 82.73 82.96 1.34
(1.156)

3.19
(1.764)

3.19
(1.784)

120 23.13 47.08 76.44 73.06 79.42' 1.22
(1.105)

2.92
(1.708)

2.99
(1.726)

3&a ± 0.924 2.016 2.703 2.G03- 2.734 0.124 0.097. 0.064
C.£>. at 5$ . IB ITS 173 BIO ■ ITS ! US US US
Hhlsobial inoculation . «

Hninooulatcd 22.21 44.99 74.92 76.52 76.63 1.34
(1.159)

2.93
(1.710)

2.93
(1.710)

InoculatGd 23.56 47.64 78.34 79.62 79.75 1.89 ‘ 
(1.375)

3.13
(1.769)

3.13
(1.769)

OSel j* 0.584 1.275 1.709 1.772 1.729 0.079 0.062 0.053
O.K. at 5# 173 US ITS ITS 113 US US US

PIguraa in  x^rentheoia indicate s  transformed values
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BMsoblaX inoculation of seeds also did not 
significantly Influenco tho height of plants at any of 
tho growth stages* Tho inoculated treatment wes on par 
with the uninoculated one* Kuricn (1979) elao observed 
oindlen results in soybean on sandy cloy loo© soils of 
friahmr.

The interaction effects between potassium end
Inoculation were significant on 60 th* 75th end 20th days

•1after sowing* The treatment 60 hg KgO ha along with 
inoculation recorded tho highest moan heights of 85,80 cm* 
68*23 cm end 88.51 cm respectively In the above stages.

It uaa also noted that irrespective of the treatments 
the growth rate was low upto 30 th day*, rapid from 30th 
to 60th doy and more or loos steady after that.

b) fJuaber of breaches

Tho data for the number of branches during tho 
various stages of plant growth ere presented in Table 5 
and the analysis of varicnoe in Appendix ’ 1 •

The data revealed that neither the application nof 
potassium nor the inooulation had any significant effect 
on this character at say of the growth stages. Interaction 
effects were also not sigrJ.ficant at any of the growth 
stages *
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Ag In the case of plant; height & there was no 
significant effect of potassium application end inoou* 
lotion on number of branches also* Xko reasons attributed 
to the lack of significant effect in plant height ore 
attributable bore deo*

c) IJunbor of root nodules per plant

She data on the number of root nodules per plant 
during various stages of plgut growth ore presented In 
Sable 4 end the analysis of variance in Appendix 2*

Applied potassium have not influenced tho number 
of root nodules per plant in any of the stages of growth• 
It was also observed that the naslnun. number of nodules 
were recorded on the 73th doy after sowing, doneo ot el.
(1977) observed an increase in number of root nodules 
per plant due to applied potassium. The lack of influence 
on number of nodules in this experiment again points to 
the fact that the quantity of native potassium present

i
in the soil was adequate to produce the maximum number of 
nodules.

Significant increase in tho number of root nodules 
per plant due to inoculation was observed on 43th day 
after sowing. The interaction effect duo to various 
combinations were also not significants



Tabic 4* E ffect o f  potooeium and Inoculation on number o f root, no&uleo and. freoli weight o f 
root noduleo at 'various growth stages.

Humber o f root nodules cor plant I’roah weight o f noduleo per plant (g)
TreatncntB ' daycioth day 75th day

a fter a fter a fter
oowlng oovjlnfr nothing

licrvelo o f potacoinQ
(KgO leg ha"1)

0 2.210
(1.792)

3.68
<2.163)

3.12
(2.029)

50 1.77
(1.665)

1.67
(1.636)

5.14
(2.479)

60 2.15
(1.775)

3*42
(2.102)

7.29
(2*879)

90 2.12
(1.767)

1.59
(1.611)

6 .40 
(2.721)

120 1.67
(1.693)

3.22
(2.055)

9.55 ‘ 
(3.243)

sm . *, 0.184 0,290 0.562
C.D. at 5$ ns ■ HS US
Rhiaobiol inoculation
Unlnoculat od 1.55

(1.534)
1.9^ 

(1.711)
5.42

(2.533)
Inoculated 2.77

(1.942)
3.43

(2.116)
6.89

(2.809)
SISa ♦, 0.116 0.109 0.355
C.D. at 5# (0.339) US US

90th day 45th doy bOthday 75 th day 90th dayafter after after after aftersowing? sowing: sowing- sowing sowing _

5.61
(2.610)

0.081 0.062 0.046 0.111

5.69
(2.587)

0.119 0.089 . 0.192 0.135
1

6.73
(2.760)

0,109 0.063 0.146 0.182

4.39
(2.096)

0.102 0.079 0.104 0*057

9.12
(3.1S1)

0.076 0.052 0.159 0.156

0.606 0.031 0.022 0.079 0.056
NS US US US IIS

4.62
(2.412)

0.006 0.058 0.147 0.108

7.35
(1.SG9)

0.109 0.080 0.189 0.148

0.303 0.020 -0.014 0.050 0*036
US US US . HQ US

Figpres in  parenthesis indicate’ ys-s-i tranoforoed "7011100
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A review of literature on the effect of inocu
lation on modulation generally shows on increase in the 
number of nodules per plant (Chatter;] ee ot al.t 1972? 
lUmil ot ol.*<!374» Patil et aL., 1974s BqI and Sexema, 
1975& Saxona end 7ilGh* 19735 Jensenvlon efc el.. 1976§ 
Kisser et aLtp 1976; Gohhon, 1977$ Zee et al.» 1977; Rao 
and Patll, 1977 end Saclisnshy, 1977)* But non-significant 
effect of inoculation on nodule number was also reported 
by Tramainhticn and Hinson (1977)* Boonhored et aU(19?0) 
and Heleon ot oU (1373) <»

I'liQ lads of response of rhisobiol inoculation on 
60th, 79th and 90th days after sowing indicates that 
effective strains of BMsobfim .lanoBicraa were availdhlo 
in the soil originelly. Hair (1973) aud Kurion (1979) 
reported a decrease in modulation duo to inoculation in 
the eandy cloy loon soils of frichur, indicating the 
effectiveness of the native strain of Khisobfua .iaDonioua 
ovor tho introduced one.

d) Height of root nodules per plant

Reoults on the weight of root nodules per plant 
under the various treatments are given in fable 4 end 
the analysis of variance in Appendix 2,

Heithor the effects of levels of potassium and 
inoculation nor their interactions were aigelficont on
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tills character at any stages of pleat growth, A more 
or less similar tread noticed in tho number of nodules 
Xier plant with, levels of potassium and inooulation was 
notiood hore also. As in the case of nodule number per 
plant* tho highest nodulo weight was also obtained on the 
73th day after sowing both under the lovels of potassium 
and inooulation#

Eho results reported on the effect of potassium 
end inoculation generally indicato a pocitive response 
on modulation. In tho proooat study the treatments had 
no significant offeot on this character# She reasons for 
such on observation wore discussed already whila dealing 
with tho oboorvaticn on nodulo zrambar.

0) Bry matter production
1) Dry weight of oten per plant

2ho results on tho dry weight of stem per plant 
during the various staged of plant growth ore jreoentod 
in 2able 5 and Pig# 3 and the analysis of variance in 
Appendix 3 •

She data revealed that tho effect of potassium
was oigiifleant only on 73th day after sowing and the

—1highest volua of 9*262 g plant' woo recorded in the 
treatment 120 ltg EgQ ha“1 • In all other stages namoly



fablo 5* Effect o f  potassium end Inoculation dry weight o f otem at various growth
etageo.

Dry weight of stem per plant (g)
Sreatnents 30 th day 45th day 60th day 75th day 90th day Harvestafter after after after after

sowing sowing sowing . sowing sowing
Levels of potassium 
(KgO ish ha"1)

0 * 0,225 1.688 3.069 6.538 4.163 2.538
50 0.231 1.531 . 4*581 6.194 5.569 3.330
60 0,239 1.244 5.075 8.369 5*183 4.026
90 0.213 1.750 5.181 6.226 5.783 3.794
120 0.269 1.713 4.331 9.262 5.468 4.594

SEa^ 0.028 0.166 0.495 0.762 0.625 0.409
C.B. at 5f? US U3 US 2.211 ITS' US
EMeotiial inoculation
Uninoculated 0,225 1.553 4.970 7.2S0 4.433 3-287
Inoculated 0.245 .1̂ 618 4.245 7.345 6.000 4-023
Slin ̂ 0.018 0.105 0.313 0.482 0.395 0.309
C.D. at 5fj US •us. ■ 153 US 1.149 US
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30th# 45th, 60th and 90th days after oouing end at 
harvest, potaaoitn did not make any significant difference*

Increase in dry weight of oten duo to inoculation 
was found to be significant only on90th day after Qowlmg 
and the inoculated treatment reoorded a Eton weight of 
6*0 g p!ant"̂ vhlle the unimooulated plot gave 4*483 g plant"**. 
2he interaction effect of potassium and inoculation woo 
not significant. It was also observed that the Gasdnum 
stem dry weight was recorded On the 75th doy after sowing*

Discussion on tMo aspect will, bo covered while 
dealing with total pkytonass production per plant.

ii) Dry weight of leaves per plant

She data on tho dry weight of leaves per plant 
at different stages of growth ere presented in Sable 6 
and Pig* 4* She analysis of variance end neon table for 
two factor combinations ero given. in Appendices 3 and 25 
respectively.

Dry weight of loaves was not influenced by the 
levels of potassium on the 30th, 45th, 60tb and 90th days 
after sowing. But on the 75th day there uao a significant 
increase with increasing levels of potassium. At this 
stage, the highest leaf dry weight of 9*129 S plant was 
recorded by 120 kg KgO ha *



Table 6. Effect of potassium. oM inoculation on dry weight of leaves at variousgrautli stages*

Dry uei$it of leaves per plant (g)
Treatments 30th day 43th day 60th day 75th day 90th dayafter after after after after ________ ______  souinq OQd?ln.<?_____sot-;in/? sosmu soijin̂
Levels of potassium
(KgO kg haT1)

0 0.276 1.526 2.543 3.495 1.727
30 0.227 1.346 3.103 3*559 2.046
60 0*293 1*155 3*375 4*752 1.821
90 0.240 1 *633 3*669 . 3.702 1.614
120 0.333 1.578 2.941 5.129 2.164

BEa +, 0.035 0*140 0*303 0*432 0.246
C.D. at 5# ns I7G H9 1.255 ns

IlMsobial inoculation
Uhino culat ed 0*271 1.433 3*364 4.061 1.656
Inoculated 0*301 1.442 2.628 4.194 2.163
OSa ± 0.022 O.OOG 0.191 0*273 0.156
0,3. at 52 im OS ITS ITS 0.452
--- , , , B ... - . rM M|-,T,r,|, „ f ,|- ! | ------------ - - - r -H-iM<nrin.T.r«.r



Dr
y 

W
ei

gh
t 

t 
g 

pl
an

t)
F1G-3 DRY WEIGHT OF STEM FIG.4 DRY WEIGHT OF LEAVES FIG-5 TOTAL PHYTOMASS 
F AT DIFFERENT GROWTH AT DIFFERENT GROWTH STAGES AT DIFFERENT GROWTH

STAGES STAGES 
EFFECT OF K

K,—  
K 2 -----------------

K o ......

^3--

EFFECT OF INOCULATION



46

Inoculation increased the dry weight of leaves
si®alficsntly only on 90th day after sowing* A dry
. welgjht of 2.16̂  g plantwan recorded in the inoculated

*•1plot ae against 1.666 g plant in tho uninoculated one.

Interaction between potassium and inoculation mo
significant only on 45th day after sowing and 120 kg 

.■1EgO ha besidoa the inoculation treatment recording the
—1masiEun leaf dry weight of 1.93 Q plant at this stage.

It was also observed that the dry weight of leaves 
increased at a faster rate from 30th day after sowing and 
the maximum values were recorded on 75th day after sowing. 
Thereafter, there was a reduction in leaf dry weight.

Discussion on this aspect will be covered while 
dealing with total phytonaso production per plant.

ill) Dry weight of shells per plant

Sloe data on dry woight of sheila per plant ere 
presented in Table 7 end Pig.6 and the analysis of variance 
in Appendix 4.

Increasing levels of potassium had no significant 
effect on the dry weight of shells on 90th day after 
sowing end at harvest. However, there was an increase in 
dry weight upto 30 leg KgO ha ̂  both tho stages.



Table 7* Effect of potassium and Inoculation on dry weight of sheila end
seeds at various growth‘stages.

Treatments
Dry weight of shells per plant (g)90th day after soiling Harvest

Dry weight of seeds perplant ( a ) __,_90 th tiity after 'Harvest soaring
L e v e ls  o f  p o ta s s iu m  
(EgQ h o; h a " 1 )

0 3.031
30 ‘ 3*908
60 3.081
SO 4.150
120 4.113

SOn ♦ 0 .464
C .D . a t  5^  U3

F M s o b ia L  In o c u la t io n  
U n ln o c u la te d  3 *2 1 0
In o c u la te d  4  • 135
SEiajt 0.294
C .D . a t  5 $  0 .8 5 2

2.181
2.713
2.731
2.356
3.700
0.417
BS

2.630
2.842
0.255

2.969
3.880
3.075
4.169
3.950
0.559
im

3.290
3.930
0.354

us

4.100
5.636
4.881
4.606
7.288
0.740
1.148

4.920
5.445
0.4$8
IIS

-a
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Tho highest moan dry weight of 4 *15 G plant wao
recorded on 90th day oft or cowing when 90 kg K̂ O ha

4- «

was applied*

—1
—1

Inoculation Increased tho dry weight of shells 
significantly on 90th day after sowing but not at 
ksrveot* She higjhost dry weight of 4*135 g plant was

.■Irecorded in the inoculated plot as against 5*21 g plont 
in the minooulated oontrol. Interaction effect woo 
not significant»

It was also observed that there woo a decline 
in the dry weight of shells at harvest os compared to 
thot on the 90th day aftor sowing.

Sheas results will bo discussed ’.zhilo dealing 
with total phytonaos î oduction per plant,

iv) Dry weight of ooedo per plant

Bata on. the dry weight of oeeda ore presented 
in fable 7 end i’ig* 6 end tlis cnolyeie of variance in 
Appendix 4*

Potassium, levels did not influence tho dry weight 
of seeds on 30th day after sowing, but at harvest the
effect was significant* Tho ma-dmum ury weight of

-1 -17.200 g plant was recorded in 120 kg KgO ha at
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harvest uiiich was superior to all other levels • Shoâ h 
tho overall trend was in favour of Increasing the dry 
weight of seeds, with Increasing levels of potassium, it 
was neither steady nor consistent.

Ho significant difference was noted with inooula
tion on 90th day after sowing end at harvest. Bat an 
increasing trend was observed with inooulation over control. 
Interaction also had no significant effect. It was elso 
noted that tho dry weight of seeds increased from 90th day 
to harvest.

The di sous si on on this will be covered subsequently,

v) Total phytomss production per plant

The data on total phytomass produced par plant 
during various growth stages are presented in Table 8 and 
Pig. 5. The ennXysis of variance and mean table for 
interactions ore given In Appendices 4 end 26 respectively.

At none of the stages except 75 th day after sowing 
potassium exertod any influence on tho total phytomaso

-1production* On tho 75th day after sowing 120 kg KgO ha 
recorded the highest value of 18.623 g plant**"* vMch woo, 
on a per -with 60 l:g JLjO lia but superior to all the 
other levels • The effect of potassium was not oignifioont



Table 8* Effect; of potaseiua end inoculation on total phytonaoa production at variousgroytii stages.

Total r3xvtoaaaa Txcoductlozi peg plant irO ________Treatments pOth day ^thTtay OOtli dc£r 75th day SOth oay Harvestafter after after after aftersowing sowing . sowing sowing sowing
levels of potasoiua 
(KgO kg lasT1)

0 0.309 3.214 6*518 12.751 11.891 0.019
30 0.519 2.870 7.014 12.641 15.490 11.106
GO 0*530 2.599 8.583 17.214 13*071 11.630

' 90 0.433 3-383 9*020 13.089 15.920 10.756
120 0.601 3*230 7*434 18.623 13.714 15.569

SDa + / G.GoO 0.290 O.GQQ 1.500 1*736 1.570
C.3. at 5# 1E3 ns OS 4.353 ITS ns

Phisoblsl inoculation.
tJnlnooulatod 0.499 3.006 0.475 14.723 12.611 10.040
Inoculated 0.546 3.060 7*273 15.004 16.223 ■12.315
sm  i 0.038 0.189 0.506 0.948 1.090 0.593
C.D. at 5# 5S ITS m i-jvj 3.186 ns

VJ]o
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at all other stages. However, there was on inoreaeo
.■jin phytomnss production upto 30 kg KgO ha in all the 

stages except on the 45th end 75th days after sowing*

It can be seen from TableoS, 6 and 7 that there 
wag no significant increase in dry matter accumulation 
in stem* leaves, shells and seeds at any of the atageo 
by application of potassium. These results also support 
the conclusion that the native potassium status of the 
soil is adequate for the growth of soybean.

Effect of inoculation on total phytomaso produ
ction was significant only on 90th day after soiling and
the highest value of 16.223 g plant was recorded in

*1the inoculated plot as against 12.611 g plant in the 
uninoculated plot,

’Ike non-significant effect of inoculation on 
phytomso production in almost all the otageo may he 
due to its inability to influence th© dry natter accu
mulation in the various plant parts as evidenced from 
Tables 5,6 and 7.

Interaction between potassium, and inoculation
was found to bo significant only on tho 45th day after

—1sowing. The treatment 120 kg KgO ha along with inocu-
.1lation recorded the hi cheat value of 3.923 g pleat •
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Lfeny of the reported ĉ perinental results indicate 
significant increase of dry weighty eonGoaucnt to appli
cation of potassium (Chcvolior, 1976; feraan, 1977) and 
inoculation (Rouorl et aU, 1973; Prokopenko and 
Vashchenko, 1974; Hoo and Patil, 1977® Ruis-Argueso et ni.« 
1977)«

There was a steady increase in the dry weight 
of stem and leaf upto tho 75 th day after sowing, of tor 
vMch it sĥ ied a conspicuous reduction* Henco the total 
phytoaaoe production per plant also showed a oinilar trend* 
Tho highest dry wel̂ it recorded on tho 75th day and a 
decrease in total dry weight noticed between 90th doy 
and harvest may bo attributed to tho leaf fell that occurred 
at tho advanced otegs of maturity* A decrease in dry 
weight of shells noticed between, the above stages alco 
oubstontiatoo the above results*

f. Growth analysis
i) Specific leaf area

The resulto on specific leaf area during the 
various stages of plant growth ere presented in Table 9 
end the analysis of variance in Appendix 5 ♦

Specific leaf area was not influenced by the 
levels of potassium at any stages of plant growth.
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Hho effect of inoculation or* specific, loaf aroa 
mo significant only between the Goth and 75 th day 
after sowing*

She interaction effect one to various con'binations 
was also not significant *

fhe maximum specific leaf orea was recorded 
batwasn 5Qtli end 45th dey after sowing? It can ho seen 
fron Sable 10 that the loaf erea waa Increasing sharply 
during this stage indicating a rapid leaf expansion 
which might have resulted in higher opeciflo loaf ares. .

ficaparison he tween stages indicated a decline in 
specific leaf area with age, which Bight perhaps he duo 
to the ̂ cumulation of minerals in tho leaves in the 
advanced sieges of grew th*

ii) Leaf weight ratio

$he data on the leaf weight ratio between different 
stages of plant growth are presented in Sable S and 
tho analysis of variance In Appendix 5*

She data revealed that the effect of potassium 
on leaf weight ratio was not significant at any stage of 
growth* Similarly, inoculation also did not significantly 
influence this character at any of the growth at ogee*



Sable 9* Sffeot o f potoseiua and inoculation on apeclfie le a f area end le a f weight ra tio  between
varlouo growth stagea.

      -
Specific leaf EgeoXcEi g ) ilebueea ISetueen SoEween Between 

50th end 45th end 6Gth end 75th anti 45th clay 60th clay 75th day 90th day after after after after • sowinj? cowing . sowing .sowing

ireataento.

__  Leof weight ratioBetween iSetueea Between Between50th and 45th end 60th and 75th end 45th day 60th day 75th day 90th day after after after aftersowing sowing cowing sowing
Lcrelo of potaosino. 
(SgO Its

0 408.35 412.64 550.68 330.22 0.536 0.435 0.332 0.805
30 392.10 402.50 348.33 324.11 0.509 0.436 0.341 0.209
60 413.26 380.51 361.05 335.81 0.515 0.440 0.335 0.205
90 426.96 389.85 364.63 . 355.82 0.513 0.445 0.344 0.196
120 429.36 424.14 350.21 320.72 0.520 0.440 0.339 0.205

8Ba +, 19.21 19.94 15.25- 15.88 0.009 0.008 0.003 0.007
O.B. at. 5$ im US BS US US US US • US
lUaisobial inoculation
Uninoculated 427.19 399.04 342.18 332.68 0.552 0.441 0.338 0.206
Inoculated 401.02 408.74 370.98 341.87 0.515 0.437 0.339 0.202

12.15 12.61 9.65 10.05 0.006 0.005 0.003 0.004
C.h. at 53 ITS .  ns 20.00 US US US US U3

\n-£>

\



The inoculated treatment woo cn a par with the minoou- 
lated one*

• Tho interaction, effects between potassium end 
Inoculation wcro also not oigaifleant *

It was also oho owed that tho loaf weight ratio 
decreased over sfcegcs end the decreasing trend was more 
or loss uniform for tho various treatments, Tho decline 
in leaf weight ratio noticed with age of plants, may Ixs 
duo to tho reduction in loaf weight consequent to 
abscission of loaves5 traaolocatlon of carbohydrates to 
reproductive organs end increase In dry weight of plant 
parto other than leaves.

ill) lisaf area index (MI)

Tho. data on leaf area index during the various 
stages of plent growth are presented in Sable 10 and the 
analysis of variance in Appendix G.

neither tho effects of level a of potassium end 
inoculation nor their intoraotions were significant on 
this character at any stageo of plant growth. She effect 
of potassium on leaf area Index was erratic end no uaifozm 
trend could bo noticed with levels of potassium at any 
of tho growth stages*
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Hair (197B) and Eurien (1979) also reported 
that inoculation had no influence on LAI.

It use also observed that LAI increased fron 50th 
day to 75th day end the highest values were recorded 
at this stage and after that there was a sharp decline. 
She reduction in LAI after this stage was due to leaf 
shedding.

iv) Absolute growth rate (AGR)

She data on absolute growth rate are presented 
In Sable 11 and Pig. 7* £he analysis of variance and 
neon table for interaction aro given in Appendices 7 end 
27 respectively#

Increasing levels of potassium hod significant
effect only between 60th and 75th day after sowing and

—1tho highest value of 0.746 g day was recorded in tho
~1treatment 120 kg KgO ha which was on par with 60 kg 

wlKgO ha . In all other stages, potassium did not nakd 
eny significant difference.

Inoculation failed to produce eny significant 
Influence on AGE at any stage of observation. However, 
there uao an increase in AGH, though marginal, due to 
inoculation in all the stages except between 45 th and 
60th day after sowing.



Table 10* Effect of potassina and inoculation. on leaf area Index at various
growth stages.

Leaf area index
freatsc&ts 30t̂ ~Sayaftersowing

45th dayaftersowing
60th dayaftersaving

75th dayaftersowing
90th dafterBouing

Levels of potasoinn 
(KgO kg hsT1)

0 0.461 3.071 4.066 5.330 2.400
30 0*421 2.755 5.061 5-230 2.874
60 0.579 2.024 5.656 6.690 2.640
90 ' 0.455 3 .050 6.039 5.174 2.316
120 Q.520 3.235 4.946 7 *444 2.926

SQn ♦ 0*064 .0̂ 083 0.50? 0.605 0.364
C.D. at 5# 113 m us TTS
Fdilsoblol inoculation
Uninoenlated 0.491 2.902 3.204 5.966 2.318
Inoculated 0.500 2.752 5.112 5.281 2.945
GEe. ± 0.040 0.052 0.377 0.383 0.230
G.D. at 5>> T i niJo H3 HB US 113
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Interaction effect was significant only between
—1

50th and 43 th day after sowing and 120 leg KgO ha along
-1with Inoculation recorded the highest AGE of 0.23 g day 

at this stage*

There ms a steady Increase in AGE upto the 75th
w4dey in all tho treatments except in 90 leg KgO ha •

It can be seen fron 2 able Q that there was a steady 
increase In total xhytosaoo production upto 75th day and 
hence b more or less airailor trend was noticed In AGE also«

v) Crop growth rate (CGR)

The data on crop grĉ th rat© at different stages 
of growth aro presented In Table 11 and Pig.8. The 
analysis of varlenco'end mean table for two factor.com
binations ore given In Appendices? and 20 respectively.

As in the case of AGE, potassium had significant
effect on COE only between SOth and 75th day after

«1cawing end tho treatment 120 kg Ko0 ha recorded the
£ »<■*? “1highest value of 53*146 g n day which was cm par 

with 60 kg KgO ha~1v

Ho significant difference \*os noted with ino
culation at any stage of growth.

Interaction effect 1103 significant only between
-150th and 45 Gey after sowing end 120 kg KoO ha along£»



Table 11. Effect o f potassium cad inoculation on absolute growth ,rstet crop growth ratio and
not assimilation rate between tot! crap growth stages•

Absolute growth rate Crop growth rate net assimilation rate
<g doy"1) (g, a*2 day*1) C g m"2 day"1)

Treatments Between Between 30th end 45th and 45th dqy 60th day after after sowing sowing
Levels of potassium 
(KgO kg ha*1)

0 0,161 . 0.220
30 0.157 0.308
60 0.124 0.413
90 0.195 0.376

. 120 0.179 0.290
sna * 0.018 0.057
c.D. at 50 ITS 17 S
BMsoMal inoculation
Uninoculated 0.167 0.368
Inoculated 0.168 0.286
SGa ± 0.011 0.036
CJ)., at 50 . US ITS

Between Between Between. Betwo 60 th cM 30 th end 45 th sod 60 th < 75th day 45th day 60 th day 75th < after after after aftersowing sowing sowing sowing

0.416 8.021 9.794 18.491
0.395 6.908 17.217 17.531
0.635 5.527 18.331 28.128
0.313 ■ 8*677 16.704 13.915
0.746 7.971 12.871 33.146
0.096 0.015 2.530 4.277
0.279 H3 US 12.413

0.469 7.413 .17*241 20.828
0.532 - 7.462 12.726 23.656
0.061 0.515- . 1.600 • 2.705
ITS BS 133 ITS

Between Between Between
30th end 45th and 60th and 45 th day 60 th day 75 th day after -after' after
sowing sowing sowing

4.435 ■ 2.619 2.660
4.355 3.710 2.405
5*210 4.620 3.915
5.164 3.665 4.456
4.126’ 3.176 6.886
0.554 0.524 0.821
US ' ITS 2.384

4.577, 4.045 . 3.494
4.274 3.004 4.156
0.330 0.332 0.519
HS ■ 0.963 ITS
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with Inoculation recorded tho highest value of 10*065
—o «.*} 'g m day *

It was also noted that CGH increased from 50th 
day upto 75th day following tho same trend observed in AGE.

CGR to defined no the increase of x&ont materia!, 
per unit of time end io a function of BAR and LAX • In
the present study,. MS increased upto 75th day but HAS
decreased upto 60th day and then remained nearly constant* 
She increase in CGS upto 6oth dey woo because of a larger
increase in LAI than the decrease in BAR*

She reasons discussed under AGE ore applicable 
here also *

vi) Bet assimilation rate (HAH)

The data on net assimilation rate during various 
growth stages ore presented in Table 11 and Fig* 9 and 
the analysis of variance in Appendix 7*

Potassium levels influenced HAH significantly
only between 60th cad 75th day after sowing end the
treatment 120 kg KgO ha" recorded the highest value of 

—2 *»16*086 g m day which was superior to all other levels*
In the other stages of growth, tho effect of rjotasnium 
was not significant*
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Increase in Hi® due to Inoculation was found 
to bo significant only between 45th and 60th day after 
sowing. She uninoculated plot recorded the highest 
valuo of 4*045 g m^doy"^ against 5*004 g;nT2day"̂  in 
the inoculated treatment*

Intercut ion effect woo not significant in all the
stages.

It was also observed that tho HAH decreased from 
50th day to Goth day end after that there was en increase 
except In 60 kg Ê O baT̂  and 50 kg KgO haT̂ « It can be 
seen from Sable 10 that the LAX inereoaetl sharply from 
30th day upto 75th day after which there was a decline.
Xt Is generally expected that HAB will decrease with 
increase In LAI especially at higher LAX values. In tho 
present study also a more or less similar relationship 
was noticed indicating thereby that LAI was high enough 
to exert muics.1 shading.

II. IPost-harvest observations
a) Humber of pods per plant

She data on number of pods per plant at harvest 
are presented in Sable 12 and th© omalyoio of variance 
in Appendix 8.

Humber of pal s per plant was not influenced by 
levels of potassium. But en increasing trend in number



Table 12. Effect of potassium end inooulation on manlier of podo per plant* ueight of pod a per plant* aonber of oeodo per pod* 1000 seed weight end shelling percentage.
Treatments ITunber of ’’eight of Umber of 1000 seed Shelling uegoentDgepodo per podo per eee&s per -weight 90tH day after Harvestplant pleat (g) . pod (g) eotiing
Levels of potoaoim 
(KgO kg ha.” )̂

0 29.02
(5.443) 3.93 2.03

(1.425)
97.16 49.75. 65.71

30 30.94(5.562) 4.06 2.10(1.450) ,96.09 43.10 64.97
SO 33.90(5.822) 4.76 1.66'

(1.363)
94.12: 47.89 64.42

90 40.03(6.327) 4.35 £.00-(1.416) 98*03. 48.28 64*06
----120—  - - 23.30 -- (4*827)

6.87 -- 1.913(1.362) 99.47 46.51 65.76
SEia 0.343 0.709 0.021 2.260 2.831 - 1.242
0,1). at 50 U0 IIS (0.062) EJS ITS US
lihlsohlol inoculation
Uninoculated 29.96,

(5.474) 4.724 1.980
(1.409)

96.83 40.36 65*03
Inoculated 32.70

(5.719)
5.161 1.960(1.409) 97*09 47.86 64.9®

SSa ± 0.216 0*446 0.013 1.429 1.622 , 0.785
C.D, at 50 ITS ITS US ITS ns ITS '

Figaros in pcreatlieoie indicate fs tronoforeed values
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of pods per pleats was noticed with increasing levels
-1of potassium upto 30 hg K O ha *2

InociHationaXso failed to influence this character, 
fhe interaction effect xjsg also aot significant.

She absence of a sî iificont increase in the 
number of pods per plant in this study indicates that 
the level of native potassium in the soil woo cd con ate to 
produce mxlEurn nmber of pods* It may also bo noted 
that ixx tliis experiment there was no oignificont inoreose 
in final yiold also* due to xjotassim application*

Ruochol et ol» (1375) reported en increase in 
number of pole per plant when culture inoculation was

r

resorted to, presumably through tho increased nitrogen 
supply by enhanced symbiotic nitrogen fixation. But in 
this study, there was no response to culture inoculation. 
Similar results wore obtained by Kurlea (1979) »

i

b) Height of pods par plant

fhe data on the weight of pods per plant ore 
presented in fable 12 an# the analyoie of variance in 
Appendix 8.

It io seen that tho effect of potassium was not



64

significant on weight of pods per plant. However, on
*•1increasing trend ms noticed upto 50 kg KgO ha «

Inoculation, failed to produce cry significant 
effect on this character, Interaction. effect was also 
not significant*

She total might of the pods pea* plant is a 
function of the number of pods per plant and the test 
weight* It may fee noted that these characters were not 
significantly affected by the various treatments under 
study. Henee the weight of pods per pleat also remained 
unaffected.

e) Humber of seeds per pod

The mean values on number of seeds per pod are 
presented in 'Table 12 end tho analysis of variance in 
Append!:-: ®*

The results revealed that the effect of potassium 
was significant end 30 kg KgO ha. registered the 
highest value of 2*1 seeds per pod* Uhezi the level of 
potassium was further increased, the number of seeds per 
pod decreased *

Tho reduction in number of seeds may be due to 
the nutritional imbalance at higher levels of potassium 
(Suecell, 1975) far instance due to luxury ocEieumption.
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It css. bo concluded that 30 kg EgO ha at the existing 
soil fertility level was optimum for obtaining higher 
number of. sseqlo per pod»

Inoculation ond interaction effects were not 
significant»

She look of response noted due to culture inocu
lation was in agreement with tho findings of Eurien (1973)*

d) 1000 seed weight

Siie data on 1000 seed weight for various treatments 
are presented in liable 12 and the analysis of variance 
in Appendix 6,

All the levels of potassium and, rhisobial inocu
lation were on a par statistically* Interaction effects 
were also not significant.

The lack of response of potassium on tost weight 
in this study again indicates that the level of native 
potassium In tho soil was adequate*

The ineffectiveness of inoculation on test weight 
observed in this study is in agreement with the findings 
of Kuriea (1979)«

-1
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e) Shelling percentage

■ The data on shelling percentage on 90th day 
after Bowing end at harvest ore presented in. Table 12 
end the analysis of variance In Appendix 6*

Tho effects of potassium,inoculation and their 
interactions were not significant on both the otagos,

There was a narked increase in shelling percen
ts©® from 90th day to harvest* Moot of the increase must 
be attributed to tho increase in seed weight and the 
reduction in shell weight (Table 7) with maturity*

She reasons attributed to the lack of significant 
increase in tho other yield conpononto consequent to 
application of potassium and culture inoculation are 
applicable in this case also.

f) Moisture percentage of seeds

Data on moisture percentage of seeds are presented 
in Table 13. Tho analysis of variance and mean table 
for two factor combinations ere given in Appendices 8 
and 29 respectively*

Hone of the treatments could influence moisture 
percentage of seeds significantly* But tho interaction 
effects were significant«



‘Table 1 3 , E f fe c t  -of pofcasoiaia GEd la o c u la tlc s a  on n o l s ta r e  psroeafcago o f  aeedD. seed:';-..yield. stover yield and hanroat index.

1?reatDe2its

>Ijgvo1o of pOuQOsl'am 
(EgO kg EbT*)

IlOlGtlSE’e 
pQ2?OQKtOgO of seedo acod

Yield (1m  ba" 1

Stover
Harvest
In d e x

'0 7*49 1941.10 2088.50 0.416
30 7.11 2147.75 2394.20 0.453
60 1*30 2231*93 2357.90 0.423
90 6.79 2318.04 £523.10 0.498
120 7.45 ‘ 2127.93 2796.00 0.463

SSs'+ 0.347 100.264 135.787 0.013
C*P. at 5$ H3 HS M3 0.036
Ubisoblel Inoenlatloa 
tSainooaiated 6.95 2116.33 2640.90 0.456
Xnocyolatcd. 7.50 2198.38 2703.00 0,433
SE&i ♦, 0.219 63*413 es.eoo 0.008
C.p, at 5# US H3 - ITS H 8
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Moisture content of seed io usually considered/
to be a character indicative of difference in the degree 
of maturity* She study indicated that this component 
was not altered by the different treatment a# One of the 
objectives of recording tho moisture content of seeds 
was to e&just 'the seed yield of tho net plot to a uniform 
moisture content. As the data showed no difference in 
moisture percentage such on adjustment was not done,

Shore was a significant variation in moisture
percentage due to interaction and the highest value was

*•1recorded in 0 kg KgO ha along with inoculation, Ehough 
such a significant variation was noticed* tho results 
were inconsistent and difficult to explain,

g) Yield of seeds

Data on fable 13 and Pig. 10 show the mean values 
on yield of seeds* fhe analysis of variance is given in 
Appendix 0.

Yhe results revealed that the effect of potassium 
on seed yield was not significant* But there was an

-1increase in seed yield from control upto <30 kg Eo0 ha 
after which there was a decline.

Increase in seed yield due to inoculation was 
found to be not significant* However, there was on
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increase In seed yield, though marginal, duo to 
Inoculation,

She interaction effect of potassium and inoculation 
m o  oldo not significant*

rue results of a ncn-significant effect of graded 
levels of potassium on seed yield ia in agreement with 
the trend noticed in the case of yiold components* Shore 
was also no c anal stent improvement in the growth of the 
plant as indicated by the result o on tho growth characters 
lilco plant height* number of branches said by the data 
on dry mights of the plant components • Blnilorly, 
potassium application could not influence nodul&o weight 
also* In almost all stages* the content and uptake of 
nitrogen by soybean were also not increased by application 
of po t aosiumC Tables 19 and 18)* All these point to tho 
feet that the availability of potassium In tho ooil on 
which the experiment was conducted was adequate enough* 
both in terms of requirement for the growth of crop and 
for effective nodulation and nitrogen fixation* Xt con 
be seen from Sable 1 that the soil initially contained 
157*5 ppm of available potessium which was quite high*

A number of reports ore available in literature 
□hawing increased yield of soybean con'; enuent to application
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of potassium (Maples sod Keogh, 1969* Cavlnoso end 
Hardy s 1970? Bhongoo et ol,9 1972? Cheaney, 1973? 
Paucon'oicr, 1976; Ferrari ot n2«, 1976? Keogh et ol.»
1976; Iforkue, 1976 end Grave a et al*, 1978) •

Shore ere also a few reported results in which 
there w&& no increase in yield because of application 
of potassium (Reddi ot al., 1976) • negative response 
due to potassium application was also reported by 
Gvec et gl# (1976).

Culture inoculation did not result in a signi
ficant increase in yield* Houcvor, tho neon yield of tho 
inoculated plot was slightly higher than the uninoculated 
one* Tho average yield of seeds obtained was fairly 
high and comparable to the yield figure observed.in 
literature# Such a result points to the fact that the 
crop did not suffer for want of nitrogen eymbi otic ally 
fined * There woo also no visual symptom of ni trogen 
deficiency in the crop- The data on nc&uM weight and 
nodule number also eubstontiato the fact that inoculation 
uoa not beneficial* All these I’Gculta point to the fact 
that tho coil originally had adecptate number of strains 
of Rhlsobium dauonlcuQg effective on soybean« In a 
similar experiment conducted earlier in the same type of 
aoil* there was a significant decrease in yield, nodulaticn
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and nitrogen uptohe of = soybean when culture inoculation 
was done (Hair, 1976) • It was then concluded from tho 
results that there was not only edequato number of 
effective strains of Hhlsoblitn but also that tho strains 
introduced through the culture wore leoo effective on 
soybean* Kurien (1979) has oloo observed a decrease in 
yield, though, not significant in tho some type of soil

t '
consequent to culture inoculation. However, literature 
on this subject In general indicates an improvement in 
the perfornanc© of the crop due to inoculation,
h) Yield of atovcr

The moan values on stover yield ore presented 
in Table 13 end Hg.10. Tho analysis of variance end 
mean table for two factor combinations ere given in 
Appendices 3 and 30 respectively.

Yield of stover was not influenced oigaifi contly 
by levels of potaoaiua. Moreover, a decreasing trend • 
in stover yield was noticed from control upto 90 leg 
KgO ha*̂ .

Inoculation also foiled to influence stover yield, 
though a marginal increase was noted with the inoculated 
plots over the uainoculated ones.

Xntaraotloa effect was significant cod 60 !kg
wiKgO ha along with inoculation recorded the highest

•1stover yield of 2972.9 hg ha .
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It can bo seen from Table 3 that the growth
characters such as height of plants end numbor of

p
branches were not significantly Influenced due to pota
ssium application at any stag© of plant growth. Similarly 
the total dry weight of plants woo also not affected 
significantly in any of tho stages except on 75th doy.
The nonsignificant effect of potash on stover yield is 
duo to the inability of thic nutrient to influenco the 
growth characters.

Inoculation also failed to influenco tho stover 
yield significantly end this again con bo attributed 
to the non-signifleant Influence of thic treatment on 
growth characters at almost all stages of plant growth. 
Similar non-significant Influence of inoculation on stover 
yield was reported by Euriea (1979) •

fhc'ugh interaction effect between potassium end 
inoculation was significant, tho results were inconsistent 
and difficult to explain.

i) harvest index
The data on harvest index are presented in Table 13 

and the analysis of variance in Appendix 8.
Harvest index was influanced by the levels of

-1ootaoaiun significantly and 90 leg EhG lia recorded the * —1
highest value of 0.460, which woe on par with 120 kg ^

i
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cad 50 leg KgO ha . Eo significant difference was noted
due to Inoculation* Interaction effect was also not
oigaifleant.

*211(3' failure of inoculation to affect harvest Index 
may ho Quo to its inability to Influence seed yiold and 
□fcovcr yiold. similar results were obtained by Kurlen 
(1979) t in the same typo of aoil*
III. Chemical studies
A«1 • Kitrogen content
a) nitrogen content of stem

The data on nitrogen content of stem during tho
various stages of plant growth are presented in Table 14
and Fig. 11. Tho analysis of variance and the mean tobies
for two factor combinations are given in Appendices 9 and
31 to 33 respectively.

Tho data revealed that the effect of potassium on
nitrogen content of stem was significant on 30th end Goth
days and at harvest* On 30th day, the control plot recorded
tho highest content of 1*144 per cent which woo superior
to all other levels. But on 60th day, 90 leg 10,0 ha
recorded the highest content of 1.049 por cent whioh was

•>1on par with 120 leg KgO ha At harvest also the control 
plot recorded the highest value of 0.335 per cent and woo 
superior to all other levels. Though there was significant 
variation in nitrogen content of stem, the results were

•1



fable 14. Effect of potassium and inoculation on nitrogen content of stem and leavesat voricnis* growth stages.

nitrogen content (Q
U te m  . "  T e a v e s  r

f reatcmts 30th day 60tli day 90 th day Harvest 30fell day 60th day 90th dayafter after after after after aftersowing; sowing coning
Levels of potassium 
(1C20 kg ha*1)

0 1.144 0.930 0.673
30 1.044 0.660 0.674
60 1.032 0.973 0.780
90 1.049 1.049 0.7 05
120 1.015 1.024 0.743

3Ea 1 0.003 0.010 0.029
C.B. at 553 0.003 0.041 130
Hhisobial inoculation
Uninoculafeed • 1.035 0.974 0.716
Inoculated 1.078 0.961 0.714
SBn ± 0.001 0.009 0.018
C.D. ot 5> 0.006 no MS .

sowing sowing sowing

0.535 - 2.727 3.427 1.841
0.491 3.030 3.272 2.496
0.367 3.135 3.493 2.493
0.334 3.000 2.811 2.094
0*330. 3.321 3-440 2.457
0.003 0.035 0.168 0.037
0.009 0.101 0.687 0.107

0.431 3.025 3.272 2.184
0.402, 3.069 3.305 2.369
0.001 0.022 0.106 0.023
0.006 US. m 0.067

-a•>
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not eonoiotcnt •
Inooulation influenced tho nitrogen content of stem

on 50th day and at harvest* On 50th doy, tho inoculated
plot recorded tho highest percentage of nitrogen while at
harvest the rovorso was true* The offeote of inoculation
on 6oth end 90th days were not significant*

Interaction offeot was also significant on 50th and
60th days and at harvest* On 50th day, 0 kg KgO ha"1 along
with inoculation recorded tho highest per cent while on
60th day, 90 Leg KgO lia without inoculation recorded the

—1highest value. But at harvest, 39 kg 1̂ 0 ha without 
inoculation recorded tho highest nor cent.

Tho nitrogen content of stem was highest In the 
initial stages which decreased markedly with advancement 
of crop growth.

The non-significant difference noticed in the 
nitrogen content of stem in some stages, Id in agreement 
with the findings of Kurlea (1979).

One of the reasons for the narked decline in nitrogen 
content of stem over stages noy be due to tho dilution of 
nitrogen in larger bulk of tho dry matter as the plants 
develop. The tronolocatian of this nutrient from ofeen to 
tho sink might have also contributed to this,
b) Mitrogen content of loaves

The data on nitrogen content of leavc3 on different
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stages aro presented In Table 14 and Pig* 12* Tho analysis 
of variance and the mean tables for two foe tor combinations 
ore given In Appendices 9 end 94 to 95 respectively.

There was significant difference In the nitrogen
content of leaves due to potassium application on all tho
stages studied• On 30th day, 120 kg KgO ha recorded the
highest contentt which ms superior to all other levels,

<•1while on Goth day and 90th days, 60 kg KgO ha recorded the 
highest values»

Tho effect of inoculation on nitrogen content of 
leaves was significant only on' 90th day and tho inoculated 
treatment recorded a nitrogen content of 2,369 per cent 
while tho ualnoculated plot gave 2*184 per cent* In all 
tho other stages, tho effect of inoculation remained non
significant*

Tho Interaction effect was significant on 30th and
—1SOth days end 120 kg KgO ha along with inoculation 

recorded tho highest content of nitrogen in both the above 
stages.

It was also observed that there was a slight 
increase in nitrogen, content of loaves from 30th dey upto 
60th day in all tho treatments, except In 90 hg IĈO hsT̂ , 
oft or which there ms a sharp decline*

The increase in nitrogen content of leaves in tho 
early stage indicates accumulation of absorbed nitrogen in 
the leaves. The reduction in tho content of thie nutrient
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In the leaves during advanced stages of growth nay be due 
to the dilution effect of nitrogen in tho balk of dry natter 
cad its translooaticm to the developing seeds, She "self 
destructive phenomenon" of thlo crop io well known.
o) nitrogen content of shells

Table 15 and Pig, 13 show tho data on tho nitrogen 
content of sholls on 90th day after sowing and at harvest, 
The analysis of variance and the neon tablea for two 
factor ccebinations ara given in Appendices 10 end 36 to 37 
respectively.

Potassium hod significant effect on nitrogen content
of shells on both the above stages. On 90th day, 120 kg

•1 -KgO ha recorded the highest content of 1,632 per cent
h4which was on. par with 30 kg KgO ha and superior to all

•1other levels. At harvest, 30 kg Kn0 ha recorded the£•

bî iest per cent of 0.695 and was superior to all other 
levels.

Inooulation increased the nitrogen content of shells
significantly cn both tho stages and the inoculated
treatment was superior to the uninoculated ones.

On 90th day and at harvest, interaction effect was
—1significant and 30 kg KgO ha along with Inoculation 

recorded the highest values in both stages.
It was elso observed that there was a conspicuous 

decline in nitrogen content of shells at harvest compared



i Kitrogea content (fi)

Table 15* Effect; of potassium. end Inoculation on nitrogen content of shells, seeclo andplants at Morions growth stages*

Shells Seeds Plants
Treatments 90th day Harvest 90th day Harvest 50th day 60th day SOth day Harvest

after aftersowing sowing
Levels of potassium 
(KgO leg k f b

0 1 *309 0.543 6.275
30 1*564 0.695 4.605
50 1*475 0.603 5.638
90 1*541 0.605 5.363
120 1.632 0.422 4*538

SEq 0*019 0.028 0.037
C.B. at 5$ 0*057 0.082 0.166
Phisohial inoculation 
Ur&noculated 1 *506 0.552 4.977
Inoculated 1.544 0.595 5 .5 SO
OEa + 0.013 £0O•O 0.036
C.3). at 5f> 0.036 0.052 0.105

aftersewing aftersowing aftercowing

6.513 2.063 1.883 2.488 3.238
5.501 2.175 1.813 2.100 2.803
5*844 2.538 1.930 2.263 2*686
5.638 2.563 1.963 2.250 2.941
5.638 2.350 1.963 2.113 2.813
0.062 0.187 0.043 0.080 0.171
0.182 US HS 0.232 HO

5.656 2.390 1.655 2.203 2.917
5.993 2.265 1.970 2.280 2.880
0 *040 0.110 0.027 0.050 0.10S
0.115 ws 0.079 HO HS'

«-3o
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to that on 90th doy in oil the treatments • The reduction 
in nitrogen content may be duo to trcmslocation of nitrogen 
to the sink*
cl) nitrogen content of seeds

The data on nitrogen content of seeds on 90th day
after sowing end at harvest are presented in Table 15 and
Fig* 14* The analysis of variance and tho moan tables for
two factor combinations are given in Appendices 10 and 50 to
59 respectively.

Potassium levels Influenced tho nitrogen content of
seeds on both 90th day and at harvest. On 90th day* the
control plot recorded the highest nitrogen content of 6*275
per cent and was superior to all other treatmento. She

■*,1next highest value woo recorded at 60 kg Ko0 ha followed
—1by 90 leg Ko0 ha • At harvest also* the same trend was

Cm

noticed and the control plot gave the highest per cent of 
6*315 which was significantly superior to oil other treatments 

Inoculation also influenced the nitrogen content of 
seeds at both the above stages and the inoculated treatment 
was superior to the uninoculated ones*

Interaction effect ms significant on 90th day and 
at harvest* Tho treatment 0 kg Ko0 to along with 
inoculation recorded the highest per cent in both the stages.

It was also observed that there was a slight inoreaso 
in nitrogen content of needs from 90th day to harvest.
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fhough thore was no clef ini to pattern of change in 
nitrogen content duo to potaoalm application# a general 
decrease in nitrogen content won noticed with higher doaoo 
of potassium in both the otagoo. In thlo study it was 
observed that the oil content of seed inoroosed with appliod 
potassium* The decrease in nitrogen content of seed a with 
higher levels of potaoaium may bo due, to the mobilisation 
of tho plant metabolites to synthesise oil at tho expense 
of organic nitrogen compounds.

Tho signlfiecgit increase in nitrogen content duo to 
inoculation indicate the beneficial effect of thio treatment
to absorb nitrogen end increase protein content of seeds#

/
c) nitrogen content of plants

She data on nitrogen, content of plants at different 
stages of grcn/th are presented in fable 15 end Pig. 15 and 
tho analysis of variance in Appendix 10.

At none of tho stages# except 90th day# potassium 
exerted my influence on the nitrogen content of plants.
On 90th day# control plots recorded tho highest par cent of 
2.4QO which was on a par with CO leg Ko0 ha # but superior 
to all other levels.

Bffeet of inoculation on nitrogen content of plants 
was significant only on 60th day end tho highest per cant 
of 1.9 7 was recorded in tho inoculated plot. In all other 
stage a# tho of foot was not significant.
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The effect of interaction was not oignifiosnt in all 
tho stages studied*

Comparing betueen stages* there uao a decline in 
nitrogen content of plants between 30th anti 60th dayf and 
after that there was a otoady increase in all the treatments.

Tho decline in nitrogen content of the plants between 
30th and. 60th day indioatea that the rate of absorption of 
this nutrient was olowor than the rate of carbohydrate 
production during those stages* Increase in the content of 
this nutrient from 60th day onwards may be due to the higher 
rate of absorption of nitrogen to meet the demand of the 
developing seeds. Tho resulto thus indicate the Importance 
of maintaining conditions favourable for nitrogen fixation 
during both vegetative and reproductive stages of the crop*

A.2. uptake of nitrogen
a) Uptake of nitrogen by stem

Uptake of nitrogen by stem at different stages of 
growth are famished in Table 16. The analysis of variance 
and the mean table for two factor combinations aro given in 
Appendices 11 end 40 respectively.

Potassium lovolo did not influence the uptake of 
nitrogen by stem at any stage of plant growth*

IJo significant difference woo noted due to inoculation 
on any of tho stages except on 90th day and the inoculated 
treatment registered on uptake value of 19.122 kg ha against



fable 16* E ffect o f  potaasttsa and inoculation en uptoJio OS' nitrogen by otea and leosres
at melons growth stages.

Out ake of nitrogen • Oca. ha )
Stesi Itoagaafreatnento :&)&! dcyafter□owing

□0 tli "day 
aftersowing

"?6FSK day after sowing
ârcrest 30th clayaftersowing

00 tk dayafter
□owing

90til d£after□owing
Serolo of potaasiim \

(K20 leg ha*1)
•

0 1*143 15.970 12*764 6.249 3*260 38.539 13.921
30 1*070 17*526 16.529 6*931 ■ 3*898 44.948 22.901
60 1.103 21.660 17.839 ■ 6.745 4.036 51.481 20.249
90 0*944 24.34B 18.054 ■ 5.855 3*169 50.655 '16.785
120 1*216 19.750 17.954 6.769 ‘ 4.608 *44.334 23.882

8UQ 0*136 2.199 1.992 0.679 0*481 4.458 - 2.694
O.B at 50 US S3 B3 US ns ITS US
Hiiisoblol inoealaticax ■ * -

Ualnocnlated 1.024 21*600 14.134 9.990 3.623 4Q.220 16.014
Inoculated 1.167 18*162 19.122 - 7-.Q30- 4.054 '43*763 25*082
Gfln ♦, 0.036 1.391 1.260 0.556 0.304 2.819 1.704
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14*134 kg ha"'* In tho uninoculated ono* In all the other
stages except on 60th <3ay, tho uptake woo. higher, though ̂
not significant with inooulation*

Interaction offeot was significant only at harvest 
••1and 60 kg Ko0 ha along with inoculation record cl the

L>

highest uptake of 10*11 kg ha •
Bo tween 30th and GOtli days, there was a conspicuous 

Increase in uptake of nitrogen by stem after which there 
was a decline, Tho decrease in uptake in the later stages 
may bo duo to tho self destructive neeheniom of tho plant*
b) Uptake of nitrogen by leaves

Tho data regarding tho uptake of nitrogen by leaves
on 30th, 60th and 90th days ore presented in Table 16 and <
tho analysis of varlonco in Appendix 11*

At none of tho stages did potassium exert any
significant Influenco on the uptake of nitrogen by leaves*
However, there was an increase in uptake by leaves up to 

•130 kg KgO ha in all tho above stages.
Hffect of inoculation on uptake of nitrogen by

leaves was significant only on 90th day and the Inoculated
treatment recorded an uptake of 23.062 kg ha"'* against 

•116.014 kg ha in tho uninoculated plot*
Interaction effect remained non-significant in all 

tho above stages.



: The sane pattern of nitrogen uptake by stem wag
noticed here also bo tween stages* The reasons explained 
under uptake of nitrogen by stem ore applicable here also*
o) Uptake of nitrogen by shells

Tho data on the xrotsko of nitrogen by shells are 
presented in Table 17 sad tho analysis of variance in 
Appendix 11*

The results presented in Tabla 17 ehou that uptake
of nitrogen by shell s ms not influemaod by tho levels of
potassium on 90th day casd at harvest*

Inoculation significantly increased tho uptake of
nitrogen by shells only on SOth day. An uptoka value of 

•128*441 kg ha was registered in the inoculated plot against 
••121*848 kg ha in tho unlnooulated one*

Interaction effect was not significant on both ths 
stages*

It was also observed that the uptako of nitrogen 
by shells decreased from 90th day after sowing to harvest* 

The reduction in uptake of nitrogen by Shells 
noticed between 30th day and harvest io due to the foil in 
dry weight end nitrogen content of shells observed during 
the above stages go evidenced from Tables 7 eod 15. Tho 
reasons for the reduotion in dry weight and nitrogen 
content of shells have already been explained#

84



Tabic 17- 3ffoct o f potassian and inoculation on uptake o f nitrogen by sh e lls ,
end seed a at various growth stages.

Treatments

Uptake * - »1of nitrogen (kk ha )
Shells Seeds

90 tli day af t or sowing Harvest 90th day after sowing Harvest

Lcvalo of potaaslun
(KpO kg ha"1} ■

0 13.702 ■ 3.1© 82.431 118.304
30 28.941 8.512 81.016 123.943
60 20.873' 7.182 76.763 126.733
90 20.073 6.330 99.344 115.175
120 29.126 6.938 81.159 182.466

83a ± 3*062 1.109 12.663 18.850
C.D. at 5# US HS ITS IIS
Hhisobial inoculation -
UninoctLlated 21.643 6.332 73.213 122.813
Inoculated 26.441 7.327 93.072 143.833
Clili ̂ 1*933 0.702 8.008 11.922
C.D. at 5$ 3.619 lib IIS IIS
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£\n?ther discussions on this aspect will bo covered 
subccqueaily while dealing with the total uptake of 
nitrogen by plant a.
d) Uptake of nitrogen by seeds

Uptake of nitrogen by seeds on 30th day end at 
harvest aro famished in fable 17 and tho analysis of 
variance in Appendix 12#

The levels of potassium* inooulation or their inter- 
ootiono exerted no significant influence in the uptake of 
nitrogen by seeds*

nitrogen uptake by seeds increased from 30th day to 
hnrvcob•

fhe increase in uptake notioed at harvest nay be 
due to tho increase in dry weight and nitrogen content of 
seeds observed daring the above stages as evidenced from 
fables 7 and 13* The tranolocation of nitrogen from the 
vegetative parts to the sink during the seed filling stage 
might have contributed to this*

further discussion on this aspect will be covered 
while dealing with the total uptake of nitrogen by plants*
e) Uptake of nitrogen by plants

She data on uptake of nitrogen by plants are given 
in fable 18 and Pig* 16 and tho analysis of variance in 
Appendix 12*

B6



Table 18. E ffect o f potassium and inoculation on the to ta l uptake o f nitrogen
1>7 plants at various growth stegea and harvest Index o f  nitrogen.

Untake of nitrogen b? -plants (kg ha )
Sreatocnto 30th day 60th day 90th day ilorveat . Ilorveotafter after after index ofaow£n& cowing oowln/?  nitrogen.
Itevelo of pctacoiun 
{KgO i£g ha ).

o 4.403 54.509 127-830 131.222 0.92
50 4.968 62*474 149.428 139.431 0.69
60 5.159 73.341 135.718 140.661 0.90
90 4.113* 73.003 162.260 1 127.360 ' 0.91"
120 6.024 - 64.084 152*126 196.471 0.93

SE& +, • 0.388 6.569 18*562 20.640 0.005
G.S. at 50 H5 NS EG NS 0.01
Ehiaohial inoculation " . •*
Uolnoculated 4.646 69.819 125.226 135.153 0.91
Inoculated 5.220 61.945 165.719 158.914 0.91
SEa £ 0.372 4.155 11*739 13.057 0.003
C*D. at 50 us - HS 34*062 m ' US
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Proa tho clots, it can bo seen that there was no 
oigalfioont difference In tho uptake of nitrogen by plants 
due to potassium application at any of tho gccuth ctages. 

Inoculation increased tho uptake of nitrogen by 
plants only on 90th doy* The highest uptake of *365 ♦719 kg 
2ia"̂  was recorded in the inoculated plot against 123*226 kg

jj
ha” in 'fcha uninoculated one*

Interaotion effect was not significant*
It can bo seen from Tables 8 and 15 that the total 

dry weight end nitrogen content of plants were not influenced 
significantly by levels of potassium in almost oil stages* 
Iron tho results on total nitrogen uptake and nitrogen 
uptake by plant parts at different stages, it nay generally 
bo concluded that application of potassium did not have any 
significant affect on nitrogen uptake. In tho prosent 
study, potassium had no consistent effeot either in nitrogen 
content or in nitrogen uptake by plant parts. As concluded 
earlier, the results indicate adequacy of available native 
potaooiun in the soil and hence a non-algaificont effect,

A favourable response was Gxpectod from culture 
inoculation. The lack of consistent significant effoot 
noticed in this trial is in agreement with the findings 
of Kurien (1379) in sane type of soil.
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f) Harvest index of nitrogen
Th© data on horvcot index of nitrogen arc presented 

in Table 18 oad Pig. 17* £ho analysis of- vorlaaoo and neon 
table for two factor combinations aro given in Appendices 12 
and 41 respectively.

The data revealed that the effect of potaooiua on 
harvest index of nitrogen uao significant and 120 kg R̂ O haa
recorded the highest value of 0.93 cad was on a par with 
control end superior to oil other levels.

Inoculation failed to produce any significant 
difference.

—1Interact ion effect woe aî iificant and 120 kg KgO ha 
with and without inoculation were on a par and produced the 
highest values on harvest index of nitrogen.

Tho data revealed that 93 per cent of the total 
nitrogen absorbed by tho plmt has gone to tho oink in the

m
treatment 120 leg KgO ha *• Though there was significant 
Influcaco of potassium on harvoot index of nitrogen# the 
results aro not consistent enough to draw valid concluoions.

The reasons for the lack of reoponso of inoculation 
have already been discussed.
B1 • Phosphorus content
a) Phosphoruo content of stem

The neon values on j&oophoruo content of stem are 
presented in Table 19 and Pig, 10, The analysis of variance



Table 19. E ffect o f  potassium ana Inoculation on x&osphorus content o f  stesa and leaves
at various groutii stages.

HiOG-ohovao content (CO
Treatments ■ 36tfi Gc#oftensowing

So'tb da#astersowing
£k)tk tie# 
often1 aouins

Henvcat
f

r

3Qt£i Sayoftensowing
dot&'clayoftensowing

90tb do#
oftenoojlng

Levels of potassium ' 8

CK20 Jsq ha~h ■ j ,
0 0.185 0*121 0.070 0.072 0.192 0.233 0.155
50 0.175 0.097 0.079 0.099 0.263 0.200 0.159
60 , 0.223 0.132 0.086 ,0.033 0.278 0.233 0.162
90 . 0.192 0.114 0.151 0.035 0.207 0.209 0.124
120 . 0.190 0.120 0.075 0.033 0.288 0.203 0.172

SHa 0.005 0.003 ’ 0.035 0.019 0.007 0.004 0.004
C.D. at %*> 0.015 0.007 no IIS 0.019 0.011 0.011
Plilsobial Inoculation
UnlnoculatGd 0.100 0*110 0.104 0.054 0.263 0.210 0.143
Inoculated 0.205 - 0.124 0.073 0.064 0.260 0.229 . 0.166
OEa ♦ 0.003 0.001 0.029 0.012 0.004 0.002 0.002
C ■ ! / ' «  Q,t 5p 0.009 0.004 m as 133 0.007

M u w > « n m H

0.007

8
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and mean tables for two factor combinations aro given in 
Appendices 13.and 42 to 43•respectively.

Tiio data revealed that tlie effect of potassium woo 
significant on 30th day and 60th day^ond in both stages,
Go kg KgO haT̂  recorded tho highest phosphorus content 
in the stem* In all other stages, potassium did not make 
any significant difference*

Increase in phosphorus content of ateni duo to 
inoculation was found to be oigxifleant on 30th and Goth 
days end the Inoculated treatment registered a higher 
content compared to the uainoculateci plot. On 90th day 
and at harvest, the effect of inoculation remised non-sigoi- 
ficant.

Interaction effect was also significant an 30th and 
60th days* On 30th day, 60 kg K̂ O ha along with 
inoculation recorded the highest per cent of 0*23 and was 
ouperiod to all other levels* On GOth day, 0 leg KgO ha 
along with inoculation recorded tho highest content*

A decrease in the phosphorus content of the stem 
was observed froa 30th day upto harvest.

fke decrease in phosphorus content over stages 
my be duo to the dilution of this nutrient in the bulk 
of the dry natter and trcnelocaticn to the sink,
b) Phosphorus content of leaves

She data on phosphorus content of leaves on different
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stages of grovrth ore presented In Sable 19 and £ig. 19*
The analysis of -variance end tho mean tables for two factor
combinations ere given in Appendices 13 and 44 to 46
respectively*

The results revealed that the phosphorus content of
leaves was influenced by levels of potassium on all the

—1stages of growth# Ga 30th day, 120 kg Kg0 ha recorded
—1the highest per cent and was on par with 90 leg K̂ O ha end 

ha"** • On 60th day* 60 leg KgO ha"̂  recorded tho 
highest per cent of 0.233 and was superior to all other

,4levels* On 20th day* 120 kg KgO ha recorded tho highest
per cent of 0.172 and was on par with 60 kg Kg0 ha"̂ .

Inoculation effect was significant on 60tk end 90th
days end the inoculated treatment was superior to the
iminocuiated cine in both the stages* On 30th day* the
effect of inoculation was not significant.

Interaction between potassium and inoculation was
significant in all the three stages. On 30th day, 60 kg
Ko0 ha elong with inooulation recorded the highest per 6.

cent of 0.302 while on 60th and 90th days* the highest
values of 0.239 end 0.183 per coat wore recorded by 0 kg

—1 —1KgO ha along with inoculation and 120 kg KpO ha along
with inoculation respectively*

A decrease in phosphorus content of leaves was noted 
over stages except in control which has shown on initial 
increase upto Goth day and a decline thereafter*
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Tao general decline la phosphorus oontent observed 
io duo iso tho distribution of thio nutrient in the bull: of 
tho pleat during development*
(.c) Phosphorus cent oat of shells

Tho data on phosphorus content of dholla on 20 th
day and at harvest aro presented in Table 20 and Pig* 20*
Tho onolyolo of variance and tho noon table for two factor
combinations arc given in Appendices 14 and 47 respectively*

Phosphorus content of shells was influenced by the
•1levels of potassium only on 90th day end 120 bg K̂ O ha 

recorded the highest per cent of 0*233 and was superior to 
all other levels#

Inoculation increased tho phosphorus content of 
ohollQ on 90th day and tho inoculated treatment was superior 
to the u-iinooulntcd plot#

Interaction offset wco also significant on 90th day 
end 30 kg Ê O ha along with inoculation registered the 
hlghoot value of 0,232 per cent#

Sffoot of potassium, inoculation or their inter
actions wore not significant at harvest#

A conspicuous decline in phosphorus content of 
ahollo was noticed between 90th day and harvest which may
bo duo to tho tranolocation of this nutrient to the sink/during ‘the oeed development •



Table 20. Effect o f  potassium end inocolatiQa as. phosphoiua content o f aheXlo* seeds end
plants at various growth at ages*

ghooThorao content (0).......  ......
Shells_________ Seeds_______   Plants_„___________

TroatEieatQ 90th day Harvest 90th day Harvest 30th day 60th day 90 th Say Harvest, after after * after after' aftersowing sowing sowing sowing . sowing
Levels of potassium 
(KgQ kg M " 1)

0 . 0.185 . 0.058 0.557 0.375 0.220 0*163 0.178 0.210
50 0.204 0.111 0.515 0.337 0.270 0.134 0.105 0.194
60 . 0.206 0.050 0.532  ̂0.353 0.298 0.179 0.191 0.164
90 . 0.171 0.052 0.276 0.347 0;266 0.154 0.153 0.166

120 . 0.255 0.047 0.540 0.282 0.266 0.151 0.194 0.154
3I3a z. . 0.005 0.028 0.015 0.024 OiOlS 0.005 0.006 0.011
C.D. at.50 ■ 0.015 IIS 0.042 ■ US 0.044 0.013 0.017 0.036

EhisotieQ. inoculation
UMnoculated 0.18? 0.040 0.550 0.319 0*256 0.146 0.178 0.174
Inoculated ' 0.211 0.071 0.522 0.358 0.273 0.166 0.182 0.191
saa ♦, 0.005 0.018 0.002 0.015 0*010 0.003 0.003 0.007
G»Bm at 50 0.006 US US US us 0.008 US ns

ID
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3) Phosphorus content of needs
Table 20 and Pig* 21 show tho data on phosphorus

content of seeds* The cralyols of variance end mean table
for two factor combinations are given in Appendices 14 and
48 respectively*

The data revealed that tho effect of potasoiun was
significant only on 90th day end 60 kg KgO ha recorded
the highest content of 0*582 per oeat end was on a par with
120 kg KgO lia"1,

Inoculation foiled to produce aay significant effect
on phosphorus content of seeds*

Interaction effect was significant on 90th day and 
•*160 kg K̂ O ha without inoculation recorded the highest 

percentage of 0*595*
At harvest* tho phosphorus oontent of cecdo remained 

unaffected duo to levels of potassium* inoculation and 
their interactions*
e) Hioophoruc content of plants

Data on phosphorus content of plants are presented 
in Table 20 and Fig.22* The onalyele of variance and the 
mean tables for two factor combinations ora given in 
Appendices 14 and 49 to 50 respectively*

Thera was significant difference in phosphorus 
content of planto due to levels of potassium in all tho 
stages* The treatment 60 kg K̂ Q ha"̂  recorded the highest
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coat oat of Yhosphorus on 30th and Goth days* On 90th cloy* 
-1120 hg KgO ha recorded th© highest content end was on par 

with 60, 30 end 0 lig ha . At harvest, control plot 
was superior but on par with 30 sad 60 kg Kg0 ha .

Tho effect of Inooulation was oigolficsat on 60th 
doy end the Inoculated treatment was superior to the 
uninooulatGcl plot#

Interaction effect uuo significant on Goth and 90th 
days* fks treatnent 0 kg KoO lia along with inoculation

it*

recorded the highest content of phosphorus an 60th day
—1while on 90th day, 30 kg KgO ha along with inoculation 

recorded tho highest value*
Proa the data on phosphorus content of plant ports. 

It may generally be concluded that tin re was no oigoifloaat 
variation betvjsea levels of inoculation In nany of tho 
stages. Hence the phosphorus content of tho plant was not 
affected due to inoculation In most of tho stages.

The Interaction between potaQsi.ua and inoculation 
on phosphorus content of pleat parts was significant in 
soot of tho stages ( though in oono cases there was non
significant interaction between them. It was also noticed 
that ctoi in cases wliem. the interaction effects were signi
ficant, the ro suits wore inconsistent and difficult to 
onplain*
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Comparing between Gtagoo* It Id aeon that tho 
phosphorus content of the plant and the plant parts 
decreased substantially from 30th day to 60th day and after 
that a slight Inoreaac woo noticed upto 90th day, She 
decrease In ph03phoruD content of plant and plant parte* 
except oeoda, with-ago may be due to tho distribution of 
this nutrient in tho bull: of the dry matter as the plant 
develoxsed.
B,2, Uptake of phosphorus
a) Uptake of phosphorus by stem

She data on uptake of phosphorus by stem on different 
stages are presented In Sable £1, She analysis of •'parlance 
end tho moon tables for two feotor combinations ore given 
In Appendices 15 end 91 to 54 respectively *

There -was significant difference In tho uptake of 
phosphorus by stem duo to applied potassium In all the 
stages. On 30th day, 60 kg K̂ O ha”1 reoorded tho highest 
uptake of 0*234 kg ha"1 end was on par with 120 kg K̂ O ha*1.
On 60th day* 90 kg ha recorded the highest uptake of

»1 —13.*211 kg ha , which was on par with 60 kg KgO ha cad
superior to all other levels. On 90th day end at harvest*
30 kg KgO ha"1 recorded the highest uptake of 2,061 and 
0*875 kg ha*1 respectively and waa superior to all other 
levels.



Table 21 • Bffeet o f potassium and inooulation on uptake o f  phosphorus by atom and leaves
at various growth stages.

Uptake of phosphorus (Ire: ha )
Stea. ~  — ______Loaves ______Treatments 30th day "Goth day So’fcli cloy Harvest jCHilTaiay obtli ddy 30 th dayafter after after after after aftersowing sowing sowing sowing sowing sowing

Levels of potassium 
(KgO kg lia*"*)

0 0.183
30 0.180
60 0.234
90 0.185
120 0.226

S&n j> 0.005
G.D. at 5̂  0.013
Hhisoblql inoculation 
Uninoculated 0.182
Inoculated 0.221
SEm ± 0.003
C.D. at 50 0.009

2.008 1.284 0.814
1.990 2.061 0.875
2.923 1.979 . 0.502
3.211 1.857 , 0.583
2.305 1.772 , 0.762
0.228 0.018 0.032
0 .662 0.054 . 0.092

2.656 1.451 0.762
2.319 2.129 0.652
0.144 0.011 G.019
ns 0.034 0.050

0.236 2.570 1.190
0.331 2.779 1.515
0.361 3.817 1.325
0.303 3*355 1.007
0.427 2.782 1.672
0.008 0.052 0.030
0.024 0.158 0.088

0.317 3-199 1 .061
0.346 2.C93 1.622
0.005 0.033 0.0101
0.015 0.096 0.056
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2ho effect of inoculation on uptake of phosphorus
by stem was significant on all tho stages osoopt on 60th flay.
The inoculated treatment was superior to the iminoculated
plot on 90th and 90th day while at harvest the unincoulated
plot recorded the highest value.

Interaction effect woo significant an all the above
stages * Ga 90th day, 60 kg K̂ O ha along with inoculation
recorded tho highest value of 0,25 kg ha , while on 60th

*•1day, 90 kg K̂ O ha without inoculation recorded tho highest 
uptake of 4*111 I:g ha""*. On 90th day, 99 kg K̂ O ha*"* with

mlinoculation end at harvest, 30 kg Kg0 ha without inoeula- 
ticn recorded tho highest uptakes of 3*033 end 1,395 kg ha"** 
respectively.

Uptake of phosphorus by stem increased till 60th day 
after which there was a decline,

The results will be discussed while dealing with tho 
total uptake of phosphorus by plants*
b) Uptake of phosphorus by leaves

The data on tho uptake of phosphorus by leaves aro 
presented in Table 21. The analysis of variance and the 
moon tables for two factor combinations aro given in 
Append!coo 15 and 55 to 57 respectively,

The data revealed that tho effect of potassium on 
uptake of phosphorus by leaves was significant on all tho 
stages. On 30th and 90th days, 120 kg IĈO ha"̂  recorded the
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*1highest uptakes of 0*427 end 1*672 kg ha respectively*
and was superior to all other levels* On Goth day, 60 kg

•1 *1KgO ha recorded tho highest uptake of 3*617 kg ha and
was superior to all other levels*

Effect of inoculation, was also significant on aid,
the above stages* On 30th and 90th days* the inoculated
treatments were superior to the uninoculated ones, but on
6oth day* the uninooulated plot registered higher value
than tho inoculated set*

Interaction offset was also significant in all the
stages studied* Cn 30th day* 120 kg K̂ O Iia"1 without
inoculation recorded tho highest uptake* But on 60th day,
60 kg KgO ha*̂  without inoculation gave the highest value
end was superior to ell other combinations* On SOth day*

•*130 kg EgO ha along with inoculation recorded highsot 
uptake end was superior to all other conMnatiorm*

It was also observed that there was en increase in 
uptake of phosphorus by loaves iron 30th day to 60th day 
end then declined*

2ho results will bo discussed while dealing with 
the total uptake of phosphorus by plants*
o) Uptake of phosphorus by aholl9

The values on uptake of phosphorus by ohellaon 
SOth day and at harvest are presented in Sable 22. 2he 
analysis of variance and the mean table for two factor 
combinations are given in Appendices 15 and 50 respectively*



Table 22# Effect o f potassium. ghQ inoculation on uptake o f phosphorus by shells
end seeds at various growth stages.

Ontoko of uhoophorus (kg ha ) 
iiihella OcedsTreatments 90 til 'dayaftersowing

Harvest 90th dayaftersowing
Harvest

Levels of potassium 
(K20 kg ha"1)

0
30
60
90
120

SEn. +,
G.D. at 5$
nixisoMai inoculation 
tJnino eulat o& 
Inoculated!
GEa
G.D. at %

2.518
3.830
2.800
3.209
4.218
0.431
ITS

2.715
3.915
0.273
0.792

0.353
0.599
0.632
0.329
0.776
0.933
0.272

0.466
0.609
0.059
US

4.498
5.500
4.743
5.135
5.773
0.053
HS

4.709
5.493
0.540
ITS

6.608
7.648
8.238
7.290
0.826
1.340
ITS

6.836
8.688
0.043
ns

o
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Tho effect of potassium uas non-oi£pii£icant on
90 th Say but significant Qt harvest. ‘Tho treatment 120 las
Kg0 ha"̂  registered the highest uptake value of 0.776 kg
hoT̂  end uao on par with 60 and 50 Ig K̂ O ha"*̂ at harvest*

Inoculation significantly increased tho phosphorus
aptdro by shells on 90th doy end tho inoculated treatment

—1recorded tho highest value of 5*915 lig lia oo against 2.71 
—1kg hn in tho uninoculnted one* Inoculation remised '

ineffective at harvest.
Interaction effect uas significant only on 90th day

cud 30 kg KgO ha along with inoculation recorded the
—1highest uptake of 5.608 kg ha •

There uao a conopieuouo reduction in the uptake of 
phosphorus by shells from 90th doy to harvest.

Discussion on this will be covered under the total 
uptake of phosplioruo by plants*
d) Uptake of phosphorus by seeds

Tho mean values on uptako of phosphorus by seeds on 
90th day and at harvest are presented in Table 22 and tho 
analysis of variance in Appendix 16.

Beither the effects of levels of potassium end 
inoculation nor their interactions were significant at 
cay stage?; of pleat grouth.

It uas also noticed that there uao an increase in 
uptake of phosphorus by seeds from 90th day to harvest.

i *
n
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Dlecraaslort cn this will toe covered under the total 
uptake of phosphorus by plants*
g) Uptako of phosphorus by plants

The Oats on tho uptahe of phosphorus by plants at 
various growth stages arc presented in Table 23 and Pig*23* 
The analysis of vBriesice end tho mean tables for two factor

t
QOtnbimtiGne ore given in Appendices 16 and 59 to 60 
respectively*

Tho data revealed that the effect of potassium on 
uptake of phosphorus by plants was significant on 30th day 
and 60th day. On 30th day# 120 kg KgO ho“̂  recorded the 
hî iest uptake of 0.653 kS lia while on 60th day* tho 
highest uptoko of 6.74 kg ha was recorded by 60 kg Er,0 ha » 
On 90th day end at harvest the effect of potassium was 
uniform.

Inoculation offset was significant on all the stages 
except at harvest* On 30th and 90th days# the inoculated 
treatments wore euperior to tho uninooulated ones while 
on 60th day, a significant reduction in uptake was noticed 
duo to inoculation*

Interaction effect woo significant only on SOth end 
60th days. On 30th day, 120 kg KgO ha”** without inoculation 
recorded the highest uptake of 0.672 kg hs”%  while on 
60th clay, 90 kg KgO ha without inoculation registered tho 
highest value of 8,04 kg ha"̂ .



Uptake of tTfcoophoruo by plante (k̂  ha* )
Treatncnto 30 th day 6oth tioy 30th "day liarveot Harvestafter after after index ofpawing sowing s o u l m ________phosphorus

Table 23. Effect o f potaaaium and Inoculation on tho tota l uptake o f pkoophoruo
by plant o at veriaua growth atageo and Iiarveet M gs o f phosphorus.

L e v e ls  o f  p o tQ B O im  
(E 2 0  k g  h a "1 )

0 0.479 4.578 9.453 0.901 0.65
30 0.977 4.768 72.963 9.114 0.83
60 0.594 6.740 72.605 9-361 0.G7
90 0.488 ■ 6.570 11.728 8.207 0.83
720 0.653 5.030 13.435 10.360 0.G4

SHa ,* 0.009 0.236 1.605 1-453 0.03
C.D. at 5tf 0.029 ■ 0.686 m 178 IIS
Ekisoblal Inoculation. 
Uninocnlated 0.490 3.©6 9.906 8.065 0.85
Inoculated 0.560 5.218 ■ 13.848 10.313 0.64
3Bn ♦ « » » 0.006 0.749 1.076 0*979 0.01'
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It vas also observed Una* there was a steady and 
conspicuous incrcaae In tho total uptake of phosphorus by 
plants upto 90th day and after that there 120a a gradual 
decline.

An evaluation of tho effect0 of potaoalun on the 
uptake of phosphorus by plant parte will reveal that there 
was significant differences in phosphorus uptake by all 
the plant parts except seeds in nsny of the growth stages* 
She significant difference noticed in the phosphorus 
uptake by plants on 30th end 60th days cay be due to the 
significant influence of potassium, on the uptake of 
phosphorus by stem and leaves in these stages, 2ho non
significant influence of this nutrient on the uptake of 
phosphorus by shells end seeds during advanced stages of 
growth sight have resulted in a non«aignifioaat phosphorus
uptake by plants on 90th day end at harvest*

/
It can. bo 00m  from tho data on uptake of phosphorus 

by plant ports* that the effect of inoculation uoo signi
ficant in almost ell stages* In ell plant ports except 
shells and seeds* Honee the effect of inoculation* cn 
phosphorus uptake of planto woo also significant in alnost 
ell stages*

She individual effects of potassium and inoculation 
on the uptake of phosphorus by plant and plant ports* were 
significant on 30th end 60th days* Moreover* the 
interaction effeota of potassium and inoculation on uptake
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of phosphorus by stem sad loaves wore also significant in 
the initial otagoo • Hence, tho interaction effects on tho 
uptake of phosphorus by plants wore also significant in 
tho above stages. But during tho advanced stages of growth, 
the individual effects of potasoiun and inoculation wore 
more or loss mi fora and banco their interaction effects 
were not significant on 90th day and at harvost.

It was also observed that there was a steady increase 
in the phosphorus uptake of stem, ©si leaves in the initial 
stages. Between 90th day sad harvest, though there was 
a reduction in tho phosphorus uptake by shells, the 
phosphorus removal by seeds showed on increasing tread.
The general increasing trend in the phosphorus uptake, 
noticed in the bulk of tho dry matter namely, stem and 
leaves, resulted in a conspicuous increase in the rate of 
removal of this nutrient upto 90th day. Tho reduction 
in phosphorus removal noticed in the maturity phase my be 
due to the decrease in uptake tread noticed in loaves, at an 
end shells, consequent to decreased root activity, in the 
advanced stages of growth.
f) Harvest index of phosphorus

The data on harvest index of phosphorus arc presented 
in Table 25 and Fig. 24 and the analysis of variance In 
Appendix 16.
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Neither the individual of fee to of potassium end 
inoculation nor their interactions) were elgnlficaat on 
harvest index of phosphorus.

It con bo ocen from Table 22 that the effects of 
potassium# inoculation end their interactions on phosphorus 
uptake by coeds were iiQn-sigalflcsnt* Similarly, the effects 
of different treat a Guts on the uptake of phosphorus by 
plants at harvest were also non-elgnificont. These coy be 
the reasons for a non-slgnlflcant difference in tho harvest 
index of phosphorus due to the •various treatments under 
study*
CM. Potassium content
a) Potaseiua contoat of stem

The mean values on potassium, content of stem at\
different stages are furnished in Tabic 24 end Pig. 25, The
analysis of vardanco and the mean tables for two factor
combinations are given in Appendices 17 and 61 to 63

respectively.
Tho results revealed that the effect of potassium

was significant on ell the stages. On 50th nnri 60th days
end at harvest, 60 kg K̂ O ha**̂ recorded tho highest
percentage of potaeoium. On 90th day, 33 1̂ 5 k 0 ha'"'5

record (id the highest value, which was on par with 60 kg 
* v<2KgO ha end superior to all other levels.,

Increase in potaosiua content of stem due to



Sablo 24. E ffect o f potasaiuc end inoculation on potaaaim content o f aten end leaves at
various crouth stages*

gotasslum content (0)
S te a l___________Sreatnento 30 th day bOtlTday 90th™3tafter after aftersowing souing oouing.

levels of potassium. 
(E20 kg la-*1)

0 2*713 . 1.865 1.350
30 2.925 2.125 1.450
60 3.359 2.400 1.413
so 5.363 2.513 1.311
120 3-225 2.125 1.350

QE& *tmm 0.059 0.045 0.033
C.D* at 50 0.172 0.126 0.095
Ehisobial inooulation
Uninoculated 3.043 2.093 1.370
Inoculated 3.195 2.253 1.300
SEn ♦ 0.037 0.023 0.021
C.D* at 50 0.109 0.081 T'IS

_____________ ___ xieavea____  .Harvest* "’"3Qtii. day "bOth^oy yotli day after after aftereouing sowing sawing

0.565 1.653 2.050 1.556
0.601 2.615 2.103 1.615
0.875 2.876 2.525 1.750
0.450 2.614 2.100 1.628
0.775 2.4*58 2.025 1.501
0.190 0.042 0.010 0.011
0.061 0.120 0.029 0.033

0.565 2.531 2.100 1.623
0.741 2.441 2.175 1.616
0.021 0.026 0.0004 0.007
0.033 0.076 0.018 ITS
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Inoculation uoo found to be significant in all the stages 
oacept on 90th day and the inoculated treatments were 
auporior to tho uninoenlatod ones.

Interaction, affect was significant on 60th and 90th 
days and at harvest, On 60th day, 60 kg K̂ G ho"̂  along 
with inoculation recorded the highest percentage of 
potassium. while an 90th day* 6g kg EgO ha”"* without 
Inoculation recorded the highest content. At harvest#
120 kg HqO ha*̂  along with inoculation registered the 
highest value end .was gapcrlQ? to oil other combinations, 

Share woo a steady and conspicuous reduction in the 
potassium content of otera with advancement of ago,

T2ie discussion cm this aspect will be dona while 
dealing with potassium content of planto,
b) Potassium content of leaves

file data an. the potasoium content of leaves at 
different stages of growth ore given in Table 24 and Pig,26* 
liio analysis of variance and tho neon tables for two 
factor combinations are given in Appendices 17 and 64 to 
66 respectively*

Potassium content of leaven wee influenced by the 
levels of potasoiun on ell the stages, I'hs treatment 
60 kg KgQ ha*̂  recorded the highest values in ell the 
stages and was superior to ell other levels,
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Inoculation Influenced the potassium content of 
leaves on 30th anil 60th days* On 30th day, tho uninoculated 
plot uao superior to the Inoculated one* while on Goth day* 
'tho reveres was true* Tho effect of Inoculation on 90th doy 
was not significant.

Interaction effect was? significant in all tho throe 
stages, Qa 30th day, 60 hg Ê O ha without inoculation 
recorded the higheot value and was superior to ail other 
CQiabinntioris. On 6oth day, 60 hg Eo0 ha with and without 
inoculation registered seme values. Similarly on 90th day 
also 60 hg EgO 1m with end without inoculation* recorded 
eaae values.

There was a general decrease in potassUm content 
of loaves with advancenent of growth.

Discussion on this aspeot will he covered while 
dealing with potassium content of plants.
c) Pot ao slum content of shells

The data on potassium content of sheila on 20th day 
and at harvest are presented is Table 25 and fig* 27* The 
analysis of variance and the seen tables for two factor 
combinations are given in Appendices 18 and 67 to 68 
respectively.

Potassium content of shells was influenced by the 
levels of potassium at both stages, Cm 90th day, 60 hg 
EgO ha*̂  registered tho highest content and was superior



Sable 25. Effect of potassium end inoanlation on potassium content of o!iellof seeflo sm 
picnta at various growth stages.

■ii n  r u i n 11' m \ r n m w m t ir r m M it m m i  i i w  i—  nma i nr m t m m »—  * ■— w — in n r i r m i i w M i — i-— « nwiiriM ti mi f T T if  nn m  im <ir  y m m  n m t  n t f i f  urn — m  r  ~i m  ■ iir in i~  ~ ~  ----------------------------- ----------- --------------- --  ' *  "  —  1 """

Potassium content ( # ) ____  ■ShellsT'"""'' ~ "' "**“■ ..... Plants
S reatEK sitjs 36-fefc ds£y l la r r o a t ’J'" ^ ’0'bli",d s y  l i a r v o & b " 2 0 £ E  d a y  b o t h  " d a y  ' s iotb s a y  H a rv e s tafter a fter after aft or after

sowing sowing
Levels of potassium 
(EgO lEg ha"1)

0 1.013 1.663 1.523
30 2.230 2.050 1.653
60 2.350 1.383 1.674
90 2.025 1.775 1.580
120 2.150 1.850 1.556

SQa * 0.025 0.019 0.009
C.D. at 50 0.074 0.054 0.027
BhlsGbial inoculation
uainociilateel 1.945 1.870 1.582
XnCGUlatGCl 1.965 1.860 1.615
S&a ♦, 0.016 0.012 0*006
C.P. at 55* ■ im m 0.01?

sowing sowing sosing

1.563 2.203 1.904 1.338 1.239
1.63S 2.849 2.115 1.650 1.423
1.775 3.110 2.331 ' ‘ 1.745 1.520
1.508 2.913 2.224 1.609 1.434
1.713 2.819 1.986 1.649 1.474
0.013 0.054 0.015 0.084 0.075
0.038 0.157 0.045 0.244 m

1.668 2.765 2.052 1.690 1.4 53
1.683 '2.796 2.172 1.589 1.40 7
0.008 0.034 0.010 0.053 0.047
I-TS ITS 0.028 ITS
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to other levels* At harvest, 30 kg iCjO ha recorded 
the bî joot valuo end was superior to oil other levels* 

Inoculation foiled to influence tho potassium 
c out cat of shells at both stages*

—1Interaction effect uao significant end 60 kg KgO ha 
dong with Inoculation an! 30 kg EgO ha""* without Inoculation 
recorded the highest values on 90th day and at harvest 
respectively •

The general trend showed a reduction in potaasium 
content of Shells between 90th doy end harvest*

The results will be discussed while dealing with the
tpotassium, content of plant s.

d) Potassium content of seeds
The data on potassium content of soeds an 90th day

and at harvest ore presented in Table 25 end Pig. 28. The
analysis of variance is given in Append!:: 18.

Levels of potassium hod significant effect on tho
potassium content of seeds at both stages. On 90th day,

**160 kg KgO ha recorded the highest value and was on par
—1 *1with 30 kg Eg0 ha * At harvest, 60. kg EgO ha recorded

the highest content and was superior to all other levels* 
Inoculation influenced the potassium content of 

seeds significantly only on 90th day and tho inoculated 
treatment was superior to the uninoculatcd one.

Interaction effect was not significant at both stages*
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A Slight increase in potassium content of seed a was 
noticed between 90th day and harvest.

Discussion on this aspect will be done sabseg,uently 
while dealing with the potassium. content of plants.
e) Potassium content of plants

Tho data on potassium content of plants at different 
growth stages aro presented in fable 25 end Pig. 29. The 
analysis of variance end tho mean table for two factor 
combinations aro given in Appendices 18 end €9 respectively* 

The data revealed that tho effect of potassium was 
significant in all stages esc opt at harvest. On 30th and 
6oth days, 6o kg EgO ha recorded the hipest potassium 
content end was superior to all other levels. The

•4treatment 30 kg EgO ha recorded the highest content of 
potassium on 90th day which was on per with 60 and 120 ls@ 
EgO ha**1 sad superior to all other levels. Tho effect of 
potassium at harvest remained non-oignificcnt.

H M e oM o L inoculation significantly influenced tho 
potassium content of plants on 6oth day and the inoculated 
treatment was superior to tho uninoculated plot. In all
other stages, inoculation could not produce any significant

;

difference In the potassium content of plants.
Interaction effect was significant only on 60th flay 

and 60 kg EgO ha~̂  along with inoculation rcoorded the 
highest content of potassium.
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fiacre tsos a gradual end steady decline In the 
potassium content of plant □ with advancement of eg©*

The Xusury consumption of potassium io well known 
(Tisdale and Helson, 1975)* It con be seen from Sable 24 
and 25 that the potassium contents of stems* leaves* shells 
end sccde yere significantly increased yith higher doses 
of potassium in oil the stages studied* She significant 
differences in tbs potassium content of plants noticed in 
almost all the i stages nay be due to the above fact#
Biol lor Increase in potooslum content in different plant 
parte duo to application of potassium was reported by 
Bbongoo gipgl* (1972)* lutsi efe, £&♦ (1975)* Chevalier (1976), 
Mascorenhas at el* (1976) * .Jones et&l» (1977) and 2emm
(1977)#

Though inoculation could influence the potassium 
content of plant parte in some of the stages* the result a
were not consistent enough to dray valid oonclmiono* She

\aos-signifleant effect of inoculation on tho potassium 
content of plants in almost all stages may be due to tbs 
inability of this treatment to produce a definite pattern . 
of change*. Hence, the effects of inoculation, in general, 
on potassium content of plant end plant parts* may thus be 
taken as non-significant* ,

A steady decline noticed in tho potassium content of 
plant and plant ports due to age may be due to the distri
bution of this nutrient in the bulk of the dry matter.

j
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This is in agreement ulth the findings of Chevalier (1976) 
end Jones ot al* (1977)*
0,2* Uptake of potassium
a) Uptake of potassium by stesa

The data on uptake of potoaalum by stem at different
stages of growth ere presented in Table 26* The analysis
of variance and tho mean table for two factor combinations
ora givm in Appendices 19 and 70 respectively*

There was significant difference in uptake of
potassium by stem due to levels of potassium an 60th day
and at harvest* But on 50th end 90th days* the offsets were
not significant* On 60th day# tho highest uptake ms
recorded by 90 kg KgO fcaT̂  which was on par with 60 and 50 kg
KgG hoT̂  and superior to all other levels* Tho treatment
120 kg EgO kaT̂  recorded the highest uptake at harvest and
was cm a par with 60 kg KgO ha *

Piiisobiol inoculation significantly influenced the
uptake of potassium by stoo oa 90th day end at harvest end
the inoculated treatment was superior to tho unlnoculatod
emo* On 30th end 60th dsyo» tho effect was not significant*

Interaction effect was significant only at harvest 
*•1and 120 kg KgO ha along, with inoculation recorded the

*■1highest uptck© which was on a par with 60 kg KgO ha along 
with inoculation and superior to ell other conhlnationa*



Table 26. Effect o f potassium and inoculation on uptake o f potassium, by stem and leaves
at void eras growth stages.

•■1uptake of potassium (kg ha )
Stem Leaves

Treatments 30th dayafter
sowing

60th dayaftersowing
90th day
aftercowing

Harvest 30th dayaftersowing
60th dayafter
sowing

90th &£aftersowing
Levels of potassium 
(KgO leg ha""*)

0 2.700 31.493 24.925 6.305 2.231 23.143 11.00 6
30 5.010 43.304 36.428 8.931 3.348 30*410 14.658
60 3*341 34.113 35.731 15*004 3.748 34.853 14.134
90 3.131 54.006 30.493' 9.687 ‘ 2.779 34.063 13.038
120 3*056 39.664 33.578 16.300 3.680 26.426 15.163

s&a + 0.303 4.653 3.632 1.163 0.387 2.811 1.764
C.D. at 5{S ITS 15.004 ITS 3.374 1.123 8.158 m

lihlsobial inoculation
Uninoculatcd 3.031 46.651 27.624 7.837 3.067 31.434 11.939
Inoculated 3.468 42.753 36.030 14.951 3.240 27.996 15.520
SBm £ 0.243 3.070 2.297 0.735 0.245 1.778 1.116
C.D. at 50 HS US 6.665 2.134 IIS ITS 3.237
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There was a steady end cangpieuoua inoreasG in 
uptake upto 60th day and after that a gradual deoline* .

The recruits will toe discussed while dealing with the 
total potassium uptake toy plant o.
to) Uptake of potassium, toy leaves

The data on the uptake of potassium toy leaves on 
3Qtk, Goth and 90th days are presented in Table 26 and 
the analysis of variance in Appendix 19*

The data revealed that the effcot of potassium was 
oig/iificsnt on 50th and 60th days* During tooth tho stages* 
60 kg K̂,0 ha"̂  recorded tlio highest values of 5*748 end

C*

54*££?5 leg ha"** respectively* On 90th day* the effect of
potas3lua was not significant*

Inoculation influenced tho uptake of potassium toy
leaves only on 90th day and tho Inoculated treatment

•1recorded tho highest uptake of 15*52 kg ha against 11.999 
kg to in the mlnoculated plot.*

Interaction effect remained non-significsit in oil 
tho stages*

A sharp lnoreaso in the potassium uptake toy leaves 
was noted between 50th end 60th day and after that a gradual 
reduction*

Discussion on this will toe covered while dealing with 
the total uptake of potagsiua toy plants*.
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o) Uptake of potassium by shells
The data on uptake of potaecium by shells os 20th

day and at harvest aro given in fable 27 end tho enalyoio
of vorlence in Appendix 19*

There v jq o  significant difference In the uptake of
•1potassium by sheila on 90th day and 30 kg KgO ha recorded

the highest uptake of 39*761 leg ka^ which was on a par
-•1with 1201 90 end 60 kg KgO ha . She effect remained 

non-significant at harvest*
The effect of inoculation was significant only on 

90th day. The highest uptake of 36*915 kg ha was recorded 
in the inoculated treatment«

Interaction effect was not significant during both
stages*

A general decrease in potassium uptake by shells 
was noticed between 90th day and harvest*

Discussion on this aspect will be covered while 
dealing with total potassium uptake by plants.
cl) Uptake of potassium by seeds

She results oil the uptake of potassium by coeds 
ere presented in Table 27 and the analysis of variance

iin Appendix 20#
The resuite revealed that the effect of potassium

on potassium uptake by seeds was significant only at
—1harvest and that 120 kg KgO ha recorded the highest



Table 27* Effect o f potnsslua and inoculation on uptake of potassium by s&qIIb
end coeds at various grctjth Gtcgco *

Treatments

Isovola of potoacim
(So0 kg hsT̂ y

o
30
60
90
120

GBa
G.D. at 5>j
B M s o b ia l .in o c u la t io n  
U r& n o o u la te d  
Inoculate 
SBn ♦

-1.UlT&akG Of DOtOGoium CiZK ha )IjSoHa ----   ^ H l Sao
90tli dayafter
sowing

13.601 
39.761 
32.164 
36.930 
39.516 
4.522 
13.122

27.678
36.915

2.860

Harvest 90tii deyaftercoulnp:

16.175
24.005
23.991
13.538
30.583
3*4a7
IJS

21.917
23.720
2.173

20.070
22.400
22.526
29.109
27.008
3.893

ITS

22.972
27-905
2.462

Harvest

28.445
37.636
30.481
34.616
54.170
5.549
16.102

36.587
40.753
3.509
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uptake of 54*17 kg ha*̂  which was on a per with 60 kg K̂ O 
ha"̂  end superior to all other levels* On 90th day* the 
effect was not signifleant»

The offeot of inoculation was found to bo not 
significant during both the stages* Houevor, tho inoculated 
treatment showed a marginal Increase in uptake over tbs 
unlnoculatcsd ones*

The interaction effects also were not significant* 
Comparing between stages* an inoroaoe in potaoolum 

uptake by seeds was noticed between 90th day and harvest*
The results will bo discussed subsequently while 

dealing with the uptake of potassium by xd.ra.to.
g) Uptake of potassium by plants

Tho data on uptake of potassium by plants at 
different stages of growth ere presented in Table 26 ond 
Pig. 39 end the analysis of variance in Append.!:-: 20*

Opt oho of potassium by pleats was influenced by tho 
levels of potassium on 60th day end at harvest* The

. 4treatment 60 leg Ko0 ha recordod the highest uptake of
w•*!69*34 kg lia on Goth day which was on a par with 90 and

. 430 kg Eo0 ha cad ouoorior to all other levelo. AtC,

harvest* the highest uptake uaa recorded by 120 kg KgO ha 
which was on a par with 60 kg IC>0 ha rad superior to all

c*

other levels. The offeot uoa not significant on 30th day 
and 90th day. •



Sable 28* 33f£ect o f rxD’taGoiw and Inoculation on the tota l uptake o f potassium by plants
at various"’growth stages ana. harvest lilies o f potassium at various growth stogeoi

Uptake of potassium by plants (km ha )
Sreatsenta ! 30th dayafter

sowin#
Goth day after. ' sewing

SOth day .. after sowing
Harvest Harvest 3 of potaoj

Levels of potassium 
(KgO kg ba*̂ )

0 4.939 54.635 70.403 50.923 0.37
30 6*358 72.634 119.326 71.373 0.53
. 60 7.289 89.340 104.555 78.276 0.49
90 5*910 08.949 109.576 62.783 0.55
120 7.538 66.090 115.264 101.033 0.54

SDo. ± 0.733 7.461 12.906 9.631 0.011
CJ). at 5p . no 21,652 ITS 27.949 0.030
liMsobial inoculation
onlnocalatsd 5.033 77.761 30.472 66.341 0.55
Inoculated 6.716 70.899 117.170 79.423 0.52
sm + 0.464 4.719 8.163 1.091 0.007
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Increase in uptake due to inoculation was signi*- 
fleant only on SOth day and tho inoculate.! trsatncnt woo 
superior to the unlnooulatcd plot* In all other stages 
the effect of inoculation remained non-slgnificaat*

Interaction effect woe not significant. in any of 
the stages*

A steady and conspicuous Increase in uptake of 
potassium by plants was noticed upto SOth day end after 
that there was a decline.

It eon bo seen from Table 23 end 8 that, though the 
potassium contents of plants were significant on 30th end 
SOth days, the total dry matter production remained 
unaffected at these stages* The non-significant difference 
in the potassium uptake during tho do stages can be 
attributed to the inability of x̂ otaaslam to influence dry 
matter production. On Goth day, though significant 
differences were noticed in the potassium uptake by plants* 
the results were not consistent enough to draw definite 
conclusions* Hence, in general, the of foot of potassium 
on potassium uptake* upto 30th day may be token as non
significant* The significant effect of potassium on tho 
potassium uptake by seeds and stem at harvest might have 
resulted in a marked difference in the potassium uptake by 
plants at this stage.

In general/ inoculation, foiled to produce any 
significant effect cm dry natter production and potassium
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content of pleats ml plant ports 1b almost dl the stages* 
Though oigplflceat differences were noticed in eomo cases* 
there was no definite isattGsa of change cad the results 
were erratic end Inconsistent. The non-significant effect 
of inoculation. m  wotoositm uptake noticed in almost ell 
tho stages cm be attributed to the above foots.

A steady increase in the uptake of potassium unto 
the 90th dey indicated a higher rate of absorption of this 
nutrient upto this stage. A decrease in uptake noticed 
thereafter cm be attributed to tho reduction in total dry 
matter production* mainly duo to the leaf foil during this
CoGgQ*

It was also noticed that tho potassium uptake was 
lowest in tho control plot end it went on Increasing with 
increased supply of available potassium indicating its 
luxury consumption.
f) Harvest index of potassium

She data on harvest index of potassium arc presented 
in Table 20 end Pig.31 * The analysis of variance Is given 
in Appendix 20.

Potassium levels influenced the harvest index of 
recovered potassium, the control plot recording tho hipest 
value of 0.57 which on a par with 90 end 120 kg lv>0 ha*̂  
levels.

Inoculation also influenced tho harvest index- of
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potassium and tho uninoculated treatment woo ouporiop to
tlio inoculated one.

Interaction of foot was not significant.
Though thsro wao oi golf leant variation in harvest

in&ox of poto.esl'un with tho levels of added potaooim,
tho results were erratic and banco difficult to explain*
However, the data revealed that tho highest proportion of
tho total potassium absorbed1 by tho plant had gene to the

*1oink la tho plot receiving 0 kg KgO ha '•
A significant reduction noticed due to inoculation 

indicated the unfavourable effect of this treatment to 
accumulate potassium In tho seeds coispored to the 
uninoculated one.
C.3. Potaosium utilisation efficiency
a) Eooponse

Tho data on response of abed yield to applied 
potaoaiuci arc presented in fable 29 •

Though levels of potassium were not significant with 
respect to yield, the response value, was recorded
by 50 kg EgO ha » lee response woo found to bo door easing 
gradually up to 120 kg Ê O ha"1*

The decrease at higher levels is duo to the fact 
that the yield increase was not proportioncto with levels 
of applied potassium* That is* mar&insl retains want on 
decreasing:# It nay also be noted that in this experiment*
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Tg£Lg 29 • rotaooixo utilisation efficiency oS soybean. . . .

Ijemio ofrJOtQDOlUEl fro&uctlvo
(KgOksto"1) ' Raaponaa efflciaioy

30 6,89 10,11
60 5.18 11.36
90 4.19 31.79
120 1.56 3.73
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applied potassltaa did not increase the seed pi old signi
ficantly.
b) iroduciivo efficiency

'Tho data on tho productive efficiency of potasalm '
1 ' i

are presented in fable 29*
The data revealed that the productive efficiency' 

increased upto 20 fcg IĈO lia end declined drastically 
thereafter*

Aa increase in productive efficiency upto 30 kg 
EgO ha indicated that there uuo a steady Increase in 
marginal yield with every kg of additional potassium uptake* 
MltSk Increased potassium uptake beyond this level, there 
vao- a steady increase in the contribution of this nutrient 
for the nmproductiva purposss’ of increasing the potassium 
content of tissues of the vegetative part as shown in 
fable 2i*
IV. Quality charoctcrD
a) SroteXn centant of seeds

The data on the protein content of seeds are 
presented in Table 50 end Pig. 32* The analysis of 
variance end the mean table for two factor combinations are 
given in Appan&ieea 21 and 71 respectively.

The data revealed that the levels of potassium 
st{52ificmtly influenced the protein content of ceedo and 
the control plot recorded the highest protein content of



Table 30* Effect o f potasalun and inoculation on protein content, protein y ie ld ,
o i l  content end o i l  yield  o f ceodo at hervoGt.

Protein Protein Oil Oil yield
content yield content (1,g to-1)

Trcatnonto Vi'’; (kg ha )
Iiovclo of pot aa aim 
(K20 kg ha"1)

0 4-0*71 791.13 19.41 376.67
30 34*33 740.13 21.91 470.41
60 36.52 822.88 22.70 510.15
90 35.24 816.75 21.14 490.6?
120 35.24 750.00 23.11 491.33

3En+ , 0.237 0.037 0.154 23*277
C.D. at 5# 0.68 HS 0.447 67.55
Khlsobial Inoculation
Uninoculated 35.36 747.75 22.82 483*74
Inoculated 37.47 820*60 20.49 451*95
3Ea ♦ 0.15 23.00 0.097 14.722
C.D. at 50 0.43 68.17 0.283 HS

ro-3
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40,71 pos? cent and was superior to oil other levels.
Inoculation also influenced tho protein content of 

seeds and tile inoculotod plot was superior to the 
uninoculated one.

-•iInteraction effect woo significant end 0 !sg K̂ O ho 
along with inoculation recorded the highest protein content 
and was superior to all other combinations•

It can be acen from. Sable 15 that potassium had 
significant. Influence on tho nitrogen content of seeds both 
on 90th day and at harvest. This nay be tho reason for 
a significant difference In protein content of seeds duo to 
levels of potassium* lihile there was a deor-oc.se in the 
protein content of seeds with opplied potassiun, there 
was m  increase in the oil content of seeds, Tho above 
decline in protoin content noy bo duo to the mobilioation 
of plant metabolites to synthesise oil at tho expense of 
protein synthesis, Similar decrease in protein content 
due to potassium application was reported by Chovalleafr 
0976).

Tho offeot of inoculation on nitrogen content of 
seed was significant both on 90th day end at harvest 
(Table 15) end the inocrulaied * plots recorded tho highest 
nitrogen contents, 5lenco tho protein content of seeds 
was aloo aignlficant due to inoculation. ninilar results 
wore reported by irohopsnho end Vashcheruco (1974)# Fcuschcl 
et oi, (1975) and Sable and Khuepe (1977)-
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b) Erotoin yield
Tho data on protein yield oro presented In Sable 3G

end Pig. 33 end tho onalyoio of variance in Appendix 21«
lb?otoia yield uae not influenced by lovelo of

potassium* Huy ever* tho hî ieot protein yield of 822*88
kg ba**̂  ua© recorded by 60 kg KgO lia“  ̂•

Inoculatf on incroaaed tho protein yield significantly
. **1and hl̂ ioot protein yield of £03.6 kg ba -uao recorded 

in the inoculated troatnent against 747*75 kg ba in the 
uninoculated plot*

interaction effect ves not oigiifiemt*
2hon̂ i tho protein content of oeedo was influenced 

by levels of potassium* tho seed yield remained unaffected* 
Skis nay bo tho sain reason for the non-oignifloaat 
difference in protoin yield duo to applied x^tssolm*

She significant effect of inoculation on protein 
content of oeedo coupled tdth tho isarginal increase la ased 
yield duo to inoculation night have resulted in recording 
sigaifioontly higher protoln yield in the inoculated 
plota*
o) Oil content of seeds

She mean values on oil content of seeds aro 
presented in Sable 30 and Fig* 34* The analysis of 
varienca and tho moan table for two factor coiabinatiaaG 
ore given In Appendices 21 and 72 respectively*

129
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Levels of potaosium bod significant offeot on tho 
oil content of seeds end tho highest oil content of 23*11 
per cent was recorded by 120 kg Krp ha which was on a 'par 
with 60 kg Ko0 ba"1t bat superior to ell other levels*

ii

Inoculation, also influenced the oil content of seeds 
negatively and tho uninoculated plot x jo o  superior to tho 
Inoculated one#

*•1Interaction offeot was olgnificent end 60 kg K̂ O ha 
without inooulaticcL recorded the highest content of 24*66 
per cent which was,on a par with 120 kg K̂ O ha"1 without 
inoculation end superior to all other coBblnations#

An inverse relationship between protein oil 
content wag noticed duo to potoosiuni application# The 
reasons for such a result has already been discussed while 
dealing with protein content of seeds* She result obtained 
in tho present investigation is in agreement with the 
findings of Chevalier (1376)#

Inoculation has significantly reduced the oil content 
of Deeds* The results obtained in this study is in
agreement with the findings of Huechel et al# (1975), Varma

\

and Tiwari (1976) and Sable and Kbuope (1977)*
d) Oil yield

The data on oil yield are presented in fable 30 and 
Pig# 35# The analysis of variance is given in Appendix 21# 

There woo significant difference in tho oil yield



131

due to level3 of potassium end 60 kg K̂ O bn recorded 
the highest oil yield of 510.13 kg hc"̂  and was on a par 
with 120* 90 and 30 hg Eg0 ha*1.

Inoculation failed to influence tho oil yield. 
IIouGver, tbs hipest oil yield was recorded in the 
uninoculated plot*

. Interaction effect was not significant*
Since there was significant difference in oil 

content due to potassium application* its effect on oil 
yield was also significant* Similar increase in oil 
yield duo to applied potassium was reported by Chevalier
(1978)*

Though there v;ao significant variation in oil 
content of seeds duo to Inoculation* it could not osort
any effect on oil yield. This nay ba due to the non-/significant effect of inoculation on oeod yield*
V. Soil analysis after the! experiment
a) Total nitrogen content

Tho data on total nitrogen content of soil ore 
presented in Table 31 and the analysis of variance in 
Appendix 21*

Shore was no significant difference in total 
nitrogen content of aoll due to application of potassium.

Inoculation oi^ificontly influcncod tho total 
nitrogen content of soil end the inooulated treataent was

—1



2sMq 31 • Effect of potaaoim om inocnlatloiL on total nitrogen, available phosphorus, and available potassium, of ooil after liarveat of the crop.

Sotal Available Availablenitrogsa phoophorus TjotaaolimSreatHenta ______ (g) ivrn'i (m)
Lenjele of potosaiua 
(K20 Izq ha"1)

0 0.0G0 2.29 107.75
30 0*110 2.80 119.50
60 0.097 3.16 129.00
90 Q.Q64 1.06 144.75
120 0.065 2.54 141.75

sm * 0.009 0.652 4*754
G.D. at 50 IIS IIS 11.71
HMsohioX inoculation
Unlnoeolated 0.062 2.00 127.70
Inoculated 0.101 2.74 129.40
SIM  +

tu rn
0.006 0.412 3.006

C.D. at 50 0.010 m IIS
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superior to the uninooulated one*
Interaction effect was not significant*
It can bo ceen from Table IS that tho upte&e of 

nitrogen by plants was also not influenced by levels of 
applied potassium at ©ay of the growth stages*

r

The .data on nitrogen uptohe presented in Table 18 
revealed that the nitrogen removal by the plant remained 
unaffected due to inoculation in moat of tho stages but 
the effect was significant on the 90th day* It can also 
bo seen from Table 4 end 6, that there was significant 
difference in nodule number on 45th day and dry weight of 
leaves cn 90th day# duo to inooulatioa* Since the crop

i

sheds leaves at maturity# that will also add to tho 
nitrogen content of soil* Above all# tho effect of Inocu
lation in enriching the soil by nitrogen fixation is well 
established * The above reasons can be attributed to tho 
significant increase in total nitrogen content of soil

i
in the inoculated plots*

A comparison of nitrogen content of soil before 
end after the experiment indicates that the mean values 
on tho nitrogen content of soil in all the treatments 
registered a. higher value than tho initial level*
b) Available phosphorus content

The data on available phosphorus content of soil 
are presented in Table 31 and the analysis of variance in
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Appendix 21 •
The available phosphorus content of the ooil was 

not significantly Influenced by levels of potassium,
iinoculation and their interactions*

It can bo seen from Sable 23 that the uptake of 
phosphorus by plants was not affected by potassium applica
tion in the advanced stages of crop growth* though it did 
have sons influence in the initial stages.

Similarly; the effect of inoculation on phosphorus 
removal remained unaffected at harvest* These are the only

{hatreasons Auauld justify tho non-significant effect of tho 
various treatments under study* on the available phosphorus 
status of soil*

A comparison of available phosphorus status of soil 
before end after the experiment revealed that in general, 
the mean values on the available phosphorus content was 
high. This may either be due to the residue left over fron 
the applied phosphatio fertilisers or duo to bringing up of 
phosphorus from deeper layers of the ooil belou tho
sone from which ooil saaploa wore drawn)» through root 
activity and than returning it to the toj> ooil as organic 
phosphorus*
c) Available potassium content

The data on tho available potassiisn content of soil 
ere presented in Table 51 and the analysis of vorianoo in 
Appendix 21*



Levclo of potassium significantly Influenced the
available potoaolun content of soil and 90 kg K̂ O kaT
recorded tho highest value which was on a per with 120 kg 

*•?Eo0 ha end superior to oil other levels*£»
She effect of Inoculation on the available potassium 

content of soil was not significant« Similarly tho 
interaction effects were also not significant*

to evaluation of the potassium uptake by plant o 
revealed that tho effect of potassium on the crop removal 
of this nutrient was oignifleant on Soth day end at 
harvest* Similarly, the effect of potassium on dry weight 
of leaves and cfcco woo significant on 75 bh day* She content 
of this nutrient in the leaves was also significant in 
all the stages of growth* During maturity the crop shed 
gsll the entire leaves* returning thus a part of the 
absorbed nutrients back to the soil* All these factors 
might have contributed to a significant variation in the 
available potasoiua content of the soil*

She non-significant effect of inoculation on the 
potassium removal by the. plants noticed in moot of the 
growth stages night have resulted in a non-olgoifleant 
difference in the available potassium status of tho soil 
duo to inoculation*

A comparison of the potassium content of soil before 
end after tho experiment revealed that there was a decline

135
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in the available potassium content of the ooil after the 
expGriment.

It my be noted that a total rainfall of 2843*57 mm 
was received during the crop season yhioh Eight have 
resulted in a considerable lose of this element by 
leeching* Ibis coupled with tho high rates of crop 
removal of this nutrient at harvest may he considered the 
reasons attributable to ouch a decline in potassium statue 
of surface soil.



SUMMARY
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sdm m aby

A field experiment wud conducted in the Instruoticnai 
Fora attached to the Collage of Horticulture# Tellonlkkara 
during the period from Jmo to September 19CQ, to study 
tho effect of graded levels of potassium cad rhisobiel 
inoculation on growth# yield end quality of soybean# Tho 
treatments consisted of factorial, combinations of five 
levels of potassium (0, 30# 60# 90 end 120 kg KgO boT̂ ) end 
two levolo of culture inoculation (no inoculation and 
inoculation)« The experiment was laid cut in random! oed 
block design with four replications* She re suite oro 
summarised below*

1. Ho significant difference was noticed on height 
of plante due to application of potassium or culture 
inoculation at any stage of plait growth#

2# IJomber of branches# weight of nodules nor plant# 
dry weight of seeds per plant# MI end Ltffi were not 
significantly influenced by levels of potassium, inoculation 
and their interactions#

3* The of foot of inoculation on. number of root 
nodules per plant was {Significant only on 4.9th day and the 
inoculated treatment was {superior to the minooulated one*

4# Effects of potassium end inoculation on dry 
weights of stem#, loaves and total phytomsa production were
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significant on 75 th end 90th days respectively. tho 
highest valueo were recorded by 120 kg KgO ha and in tho 
inoculated treatment in both tho stages.

5. Dry weight of shells was influenced by 
inoculation only on 90th day end tho inoculated treatment 
was superior to the uninoculated one*

6* Between 60th end 75th day* the influenco of 
inoculation on SBA woo significant and the inoculated 
treatment was superior.

7, AGE, COR end BAR were influenced by potassium
a

between 60th and 75th day and tho highest values wero
*1recorded by 120 kg KgO ha . Interaction offocto wcro

significant on AGE and CGR between 50th end 45th doy and 
•1120 kg KgO lia along with inoculation recorded the 

highest values.
8, Potassium, inoculation and their interactions 

failed to influenco number of pods per plant, weight of 
pod a per plant, 1000 seed weight, shelling percentage and 
seed yield*

9. Bumbor of seeds per pod was Influenced only by 
potassium and the highest value was recorded by 50 kg 
KgO ka"̂ .

10. The main effects of potassium and inoculation 
on stover yield and moisture per coat of seeds were not 
significant but their interaction effects were significant.



11# The effect of potassium Glome was significant
•>1on harvest Andes end 90 kg K̂ O ha recorded tho Mgheat 

value#
12# She content of nitrogen in stem was influenced,

by levels of potaeoium on 90th. (and 60th daye oM at harvest#
«1On 50th day and at harvest, potassium at 0 kg Eo0 ha(«

recorded the highest cent oat, while on 60 th day the 
highest oqateat was registered by 90 kg Eg0 ha . She 
effect of inooulation was narked on 50th day and at haziest# 
On 50th day, the Inoculated treatment registered tho 
hipest content while at harvest the uninoculated plot gave 
the highest value# Interaction was significant on 50th (2nd 
60th days end at harvest#

15* The Influence of potassium <m leaf nitrogen 
content was significant cm 50th, Goth end 90th doyo* Qa 
50th doy, 120 kg KgO ha"* recorded the highest content 
while at Goth end 90th days, the highest values were

! wlrecorded by 60 kg KgQ ha • Inoculation influenced tbs 
nitrogen content of leaves only on 90th day and tho 
inoculated treatment was superior# Tho interaction effect 
woo significant on 50th end 90th days.

14# Effects of potasolus, inoculation and 
interactions on nitrogen content of shells and seeds were 
significant on 90th day end at harvest# On 90th day, 120 kg 
EgO ha^ registered the highest nitrogen content in shells 
while at harvest, 50 kg Ê O ha recorded the hî ieat value.



Potassium at 0 kg Ko0 ha recorded the highest content ofcL
nitrogen in seeds both on 90th day end at harvest* The
inoculated treatments were ouperior in all the stages.

15* Though there was variation in nitrogen content
of plant parts in many of tho stages due to potassium,
inoculation and their interactions, the nitrogen content
of the pleat remained unaffected at ell tho stages*

16* Potassium did not influence the uptoko of
nitrogen by stem, loaves, shells end seals and total uptake
at any of the stagos. Effects of inoculation on the
uptake of nitrogen by the plant end plant components except
Deeds were significant an 90th day and Inoculated
treatment recorded the highest values, nitrogen uptake by
stem at harvest was significantly Influenced by Interaction.

1 7. Effect of potassium on harvest index of
nitrogen was significant on 90th day and the highest
accumulation of 95 per cent of total absorbed nitrogen
in seeds ms recorded by 120 bg KgO ha •

10, Phosphorus content' of stem woo influenced by
levels of potassium, inoculation end by their interactions.

•*1Potassium at 60 kg KgO ha recorded tho highest values 
on 30th and 6oth days and the inoculated plots uero 
superior to the uninoculated ones.

19* On 30th, 60th and 90th days, tho offeot of 
potassium on leaf phoophorua content was significant*

140
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*»1On 60-fell day, 60 kg KgO ha recorded the hi ghost value while
In the other two stages, 120 kg KgO ha was superior*
Effeot of Inoculation on phosphorus content of leaves was
significant on 60th and 90th doys and tho inoculated treat-
meat a were superior to the uninoculated ones*

20* levels of potassium, Inoculation and interactions
influenced tho phosphorus content of shells on 90th day

•*1and 120 kg KgO ha and inooulated treatments were superior* 
21* Seed phosphorus content was significant on 90th 

day ond 60 kg Kg0 haT̂  rocorded tho highest value* Inter
action effect was also significant on 90th day end 60 kg 
KgQ ha without inoculation gave the highest phosphorus 
content •

22* Potassium had significant influence on the
phosphorus content of pleats on 30th, 6oth and 90th deys
and at harvest* On 20th day end at harvest, 120 kg KgO ha

—1and 0 kg KgO ha recorded the highest values wkilo in the
—1other two stages 60 kg KgO ha gave highest contents *

Effect of inoculation was significant on 60th day end the
inoculated treatment was superior to the uninoculated one*

23* Effects of potassium and interactions wore
significant on tho phosphorus uptake lay stem in- all the

•1stages studied* Cm 30th day, 60 kg KgO ha recorded tho 
highest value while on 60th day, the highest uptake was 
noticed with 90 kg KgO ha • On 20th day and at harvest,
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50 kg KgO ha”*̂ recorded the highaot values# On 30th and 
90th days, the inoculated treatments were significantlyi

superior while at harvest the uainooulated plot recorded 
the highest -value#.

24* Effects of potassium, inoculation and 
interactions on uptake of phosphorus fey leaves were signi
ficant in all the stages studied# On 50th end 90th days, 
the highest uptake was noticed in the plots receiving 120 kg 
KgO ha while on Goth day, the highest value was obtained 
with 60 kg KgO ha • Inoculated treatments wore, superior 
on 50th and 90th days while the uninoculated plot registered 
the highest vaLuo on 60th day,

25# Uptake of phosphorus by ohello was influenced 
by potasqiun at harvest and 120 kg KgO ha recorded the 
highest value. She effects of inoculation and interactions 
were significant on 90th day.

26. None of the treatments affected the uptake of 
phosphorus by seeds*

27* Effect of potassium on total uptake of
pliooiiioruo by the plant was significant on 50th and 60th

“1days and 120 md 60 kg KgO ha recorded the highest values 
respectively # Inoculation influenced phosphorus uptake 
by plants on 50th, 60th and 90th days and inoculated 
treatments were superior on 50th end 90th days# Inter
action effects wore also marked on 50th and 60th days. ,
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28* narvcot M o s  of phosphorus was not influenced 
by any of the treatments rndor study*

29. Loyola of potassium significantly influenced
the potassium content of atom in all the stages ana 30 leg 

-•1EgO ha recorded tho highest value on 30 th day, while 
in all tha other stages the highest values were recorded 
by 60 kg Eo0 ha * Interaction effects were also signi-?

C»

fleant in all the stages except on 30th day.
30. Effect of potassium on potassium content of 

leaf was significant; in all the stages end 60 kg iv̂O ha 
recorded the highest value. Interaction effect was also 
significant In all the stages.

31 * Potassium content of shells was influenced by
applied potassium on 90th day end at harvest and 60 and 

.■130 kg KgO ha recorded tho highest values respectively. 
Interaction effect was also oigaificant in all the stages* 

32. On 30th day and at harvest, the effect of 
potassium on potassium content of seed was significant 
and 60 kg KgO ha recorded the highest content.

33* Potassium at 60 kg K̂ O ha registered the 
highest content of potassium in plants an. 30th and 60th 
days while on 90th day, tho highest valuo was recorded by 
30 kg E20 ha . Interaction effect "was also significant 
on 60th day.

3 4 . E f f e c t  o f  p o tass iu m  on u p ta k e  o f  p o tass iu m  

by stem  was s ig n if ic a n t  011 60th d ay and a t  h a rv e s t and th e
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highest values uero recorded by 90 end 120 kg KqO ha
respectively*

35* Potassium uptake by leaves uao markedly
influences 'by applied potassium <m 30th end 60th days and 

—160 kg KgO ha gave tile highest values* Inoculated
itreatment recorded significantly higher value on 90th day.

36, Levels of potassium and inoculation influenced
the uptake of potassium by shells on 90th day and 30 kg 

-*•1SgO ha and inoculated treatments recorded the highest 
values.

31* Uptake of potassium by seeds uao significant
at harvest and 120 kg *2<> ha*** gave the hipest value•

38. Total uptake of potassium by the plant uao
•1eigaifleant at harvest and 120 kg K̂ O ha gave the 

Mshoot uptake* Inoculated treatment wets superior on 90th 
day*

39* Harvest Index of potassium uoa significantly
Influenced by levels of potassium an! inoculation and 

—10 kg lw,0 ha and uninoculated plot gave the highest 
value-o.

40* Effect of potassium on protein content of
*1seeds uas marked and 0 kg 1̂ 0 ha gave tho highest

content* Inoculated treatment also gave significantly
higher protein content# Interaction effect was significant

-•1and 0 kg HgO ha along with inoculation gave tho higiest 
protein content*
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41 • Inoculated treatment recorded significantly 
higher protein yield*

42* Oil content was influenced by levels of 
potassium and inoculation sad 120 kg EgO lia and the 
naiiioculated plots gave the hipest oil content# Inter- 

■ action effect was also significant end 60 kg EgO ha"** 
without inoculation recorded the highest oil content#

45# Applied potassium markedly influenced tha oil 
yield end 60 kg EgO hoT1 registered the highsst oil yield* 

44* Sotol nitrogen content of the soil after the 
experiment was significantly higher in the inoculated plot.

45. Hone of the treatments under study could 
Influence the available phosphorus status of the soil after 
the experiment#

46# Available potassium status of tho soil after 
the experiment was influenced by levels of potassium and 
90 kg KgO lia gave the highest potassium content#
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gg(6)i 931-934,

Jones, (5*5*, Luts, J.A* end Gnith, 6.J* (1977), effect9 of V end E on ooybean nodules and seed yield.Apron, J. 62(G): 1003-1006.
®Eang, B.S* (1973), Affect of inoculation end nitrogen fertiliser on soybean in West Algeria* Agpfc* 

Afigio* IJCD: 23-31,
®KaoL, d.n. and Oeklion, II.3. (1977). Soybean yield inproved by inoculation end nuloMng. World Grope aid 

Mire stock* 22(6): 246-249.
cRcogh9 J.L. end Maplea, R. (1976). Beononse of aoybeona 

P.rown on ollt loan a oils to direct endraaiduaX plm$ KZ uehort 3erie¥* 2^1 cultural r^eginent 
Station, University of ̂ iicancas. Co. 225 : 22.

®Kanova, L,, iialclicva, L. and Bainova (1976). Ecceptiveness 
of different soybean cult Ivors of Hhisoblm .lauonicurj. Rasteniev dnl reaki. 13(2); 54-31 •

*Koslov. I.V* (1977). Nitrogen and iQiCjane yieldo. Koma 
0)2 31-33*

Kusar, £!., Singh, H.r. and flleik, K.V.B.U. (1976)* Response of different genotypes of soybean to inoculation with various compoGite cultures of EMsobim ,1aponictim. Ijbntrnaor Journal of Research. 1(1): 
30-32*

Kuriea, 2.A. (1979), Effect of phosphorus nutrition, lining end rhisobinl inooulation on soybean (Glycine nos: (L.) Merrill)• Shcoio submitted for H.oc.Ĉ g.J 
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î PPHTOIX 1
Analyses o f variance fo r  height o f  plant end number o f brandies at different

growth stages

Mean squares

Source df
Haight of plant Humber of branches

30thday
aftersowing

45thday
aftersowing

60th d Gy 
after sowing

75th 90th day day after after sowing sowing

45thdayaftersowing

60thdayaftersowing

75 th day after sowing

Blocks 3 8.007 76.520 323.057** 311.358** 308.393** 0.283 0.438** 0.020
K 4 4.824 30.760 63.901 97.773 111.215 0-143 0.018 0.017
I 1 18*198 65.178 117-101 95.852 58.370 0.466 0.035 0.015

K x I 4 7.185 74.792 264.120** 280.096** 227.678* 0.138 0.022 0.021
Error 27 6.825 32.509 58.444 62.850 59.784 0.124 0.076 0.057

* Significant at 5 per cent level
** Significant at 1 par cent level



Analyses of variance for number of root nodules end weight of root nodules at different growth
stages

APPENDIX 2

Mean squares

Source df
Humber of root nodules pier plant Height of root nodules per plant
45th day ■ after 
sowing

60th doy ,after sowing

75thdayafter,sowing

90thdayafter
sowing

45th day after sowing *

60thdayaftersowing

75 thdayaftersowing

90th
dayaftersowing

Blocks 3 2*504** 2.824®"■ 13.736** 6.002 7.080** 0.055** 0.257** 0.018
K 4 0.025 0.573 1.655 1.222 0.003 0.002 0.049 0.018
I 1 1.670* 1.640 0.762 2.283 0.006 0.005 0.017 0.016

z  s i 4 0.284 0.757 1.800 1.139 0.010 0.004 0.032 0.017
Error 27 0.272 0.714 2.523 2.940 O.OQB 0.004 0.050 0.027

* Significant at 5 per coat leve l
** Significant at 1 per cent 2evcl



APPH-IDXX 3

Analyoeo o f variance for dry weight o f oton end leavea at d ifferent growth stages

Source a t

Moan squares
2>ry weight of atom pop plant Dry weight of leaves per plant

30th 45th
X rafter .cowing sowing

60th 751& 90thday day day Her*after after after vestoozing Govjing oauing

30th 45th 60th 75th 90thday day day day deyoft or after after after afteroouing Dotting GQUing sotting sotting

Bloeka 3 0,013 0*069 2.750 1.071 14.565** 4.398' 0.004 0.051 2.279*® 0.692 7 .0S6-**
K 4 0,004 0,347 2.341 15*906* 3.266 4.774 0.009 0.307 1.462 .4.593* 0.267
I 1 0,004 0.042 5.256' 0.030 22.877* 5.476 0.009 0,001 2.262 0.177 2.400*

E s I 4 0.003 0.468 2.002 2.939 3.326 3.594 0.008 0.539* 1.103 .0.616 0.655
Bepop 27 0.007 0.222 1.935 4.644 3.126 1.911 0.010 0.157 0.733 1.497 0.467

* Significant at 5 per cent level
** Significant at 1 per cent level



Analyceo of variance for dry weight of shells, Doedo end total phytonacsproduct ion at different growth stages

APHHDIX 4

Moan otjuares

Source df
Pry weight of ohells per plant

Dry weight of
aeedoppcrplant

2otoi phytcnaso production per plant
-

90thdayafter
sowing

Harvest 90thday
aftercowing

ISarveot 30thdayaftercowing

45thdoyaftercowing

60th 75th 90th doy doy day Harvest after after after sowing cowing cowing

Blocks 5 6.097* 5.161 11.462* 17.764* 0.024 0.100 10.26? 1 4.957- 147.495** 61.038
E 4 2.56p ,2*764 2.404 12.083* 0.023 1.295 7.706 64*407** 26.565 48.082
1 8.556® 0.452 4.096 2.673 0.022 0.029 14.448 ' 0.790 130.502* 21.756

K s I 4 2.147 1.104 2.639 3.634 0.017 2.001** 5.941 11.697 29.909 23.349
Error 27 1.725 1.505 2.504 4.383 0.030 0.714 5.122 18.002 24.102 19.716

* Significant at 5 per cent lev e l
** Significant at 1 per cent lev e l



appeedix 5
Analyses o f variance fo r  sp ecific lea f area loa f weight ra tio  at d ifferent

growth stages

Mean squares

Source df Specific loaf area Leaf weight ratio
Between 30th and 45th day after sowing

Between 45th and 60th day 
after sowing

Between 60th end 75th day after sowing

Between 75th and 90th day after sawing

Between 30th and 45th day 
after sowing

Between 45th and 60th day 
after sawing

Between 
60th end 75th day after sowing

Between 75th and 90th day after sowing

Blocks 3 38366.50# 7354.26 1512.60 2009.22 0.0022* 0.0013 0.0002 0.0028*'*
K 4 1821.71 2103.73 395.61 3923.02 0.0019 0.0001 0.0002 0.0002
T 1 66̂ 9.47 941.19 0294.40* 843.23 0.0004 0.0002 0.00002 0.0002

K x l 4 6635.51 2604.66 369.02 2222.07 0.0002 0.0002 0.0002 0.0001
Error 27 2954.78' 3133.C5 1362.02 2019.21 0.0007 0.0005 0.0002 0.OCO4

* Significant at 5 per cent level
** Significant at 1 per cent leve l



il3PHSTDIX 6
i\nalyGia o f -variance fo r  lea f area infiez at d ifferent growth stages

Mean squares
liCaf area index

Source Of 30th dayaftersowing
45th day after * sowing

60th day
aftersowing

75th dayafter
sowing

90th day 
aftercowing

Blochs 3 0*194*” 0.130 ' 6.170 3.916 13-079**
K 4 0*045 1.652 4.996 7.603 0.597
I 1 0.003 0.225 0.298 0.900 3.930

K x I , 4 0.018 1.811 3*322 4*402 1.657
Error 27 0.032 0.056 2.651 2.929 1.059

*** Significant at 1 par cent level



APPE'IDIX 7

Analyses o f variance fo r  absolute growth rate, crop growth rate and net assimilation rate
at d ifferent growth stages

Mean squares
Absolute growth rate Crop growth rate Set aaalmilaticn rate

Scarce df Between Between Between
30th end 4.5th end 60th and45th day 60th day 75th day after after after sowing sowing coving

Between Between Eat ween 30th and 45th and 60 th and 
45th day 60th day 75th day after after after cowing sowing sowing

Between Between 30 th and 45 th and 45th day 60th day after after sowing sowing

Between 
60th and 75th doy after sowing

Blocks 3 0.001 0.03b 0.074 1.463 71.623 146.766 7.379* 1.575 4.488
K 4 0.006 0.051 0.263s 12.025 10 1.116 518.203® 1.969 4.420 14.469*
I 1 0.003 0.103 0.040 0.024 203.934 00.004 0.262 9.235* 4.382

K Si 4 0.009s 0.006 0.136 10.126s 11.932 269.614 1.027 1.069 7.115
Error 27 0.003 0.026 0.074 5.324 51.221 146.581 2.457 2.200 5.399

* Significant at 5 per cent level



Analyse3 of variance for number of pods, weight of pods, number of seeds, t’eot weight* shelling percentage* moisture percentage of seeds* seed yield, stover yieldend harvest Index*

APPE33IX 8

Mean squares
Humber vieight Humber 1000 Shelling Moisture Yield Yield HarvestSource df of pods of pods of seeds seed percentage pereen- of of indexper rer per nod weight tags of seeds stover
plant plant " SOtli day ijnrvGafc QeĜ safterBowing   .

Bloc&a 3 0.04 13.42* 0.0022 83.65 1124.55 103.13** 0.30 125198.69 415281.22 0.0124®
K ■ 4 2.40 10.24* 0.0095® 32.91 10.65 4.62 0*66 164952.29 205936.01 0.0044*
f 1 0.60 2.09 0.0001 0.44 2.49 0.08 3.04 67313 .82 38650.47 0.0050

K x I 4 0.46 3.41 0.0021 46.80 37.11 10.16 4.30 12720.40 438409.25*0.0002
Hrror 27 0.94 3.72 0.0034 40.87 66.39 12.34 0.96 80423.41 147504.24 0.0014

* Significant at 5 per cent level
** Significant at 1 per cent level



APPENDIX 9
Analyses o f variance for nitrogen content o f stem end leaves at different growth

stages

Mean squares

Source df
nitrogen content of stem Hitrogcn content of leaves

30th dayaftersowing
60th dayaftersowing

90th dayaftersowing
Harvest 30th dayaftersowing

60th dayaftersowing
90th dayaftersowing

Blochs 3 0.00004 0.0056* 0.0013 0.0002 0.0082 0.187 0.0005
£ 4 0.020** 0.046** 0.017 0.082** 0.375** 0.625* 0.705**
I 1 0.019** 0.002 0.00004 0.006** 0.019 0.011 0.342**

K si 4 0.025** 0.019** 0.0020 0.052** 0.133** 0,241 0.326**
Error 27 0.00000 0.0016 0.0067 0.00006 0.0097 0.225 0.011

* Significant at 5 por cent level
Significant at 1 por cent level



APPI3SDIX 10
.Analyses o f variance fo r  nitrogen content o f shells# coeds cad plants

at d ifferent growth stages

noon squares

Source df nitrogen content . of gIigIIg . nitrogen content of seeds nitrogen content of x>lants

•

90th day after sowing Harvest 90th dayaftersowing
Harvest 30th dayaftersowing

6oth dayaftersowing
90th dayaftersowing

Haive:

Slocfca 3 0.001 0.0001 0.005 0.006 0.055 0.011 0.041 0.986*
K 4 0.072** 0.001#* 4.261** 1.296** 0.306 0̂.033 0.195* 0.352
I 1 0.014* 0.019 3.754** 1.135** 0.110 0.132** 0.056 0.013

S 2 l 4 0.128** 0.037** 0.11S** 0.214** 0.497 0.006 0.089 0.356
Error 27 0.003 0.006 0.026 0.032 0.281 0.015 0.051 0.235

* Oi^yiificont at 5 per coat level
** Significant at 1 per cent leve l



APPHIDIX 11
Analyses of variance for uptake o f nitrogen, by atom, leaves ana

shells at d ifferent growth stages

Mean squares
Uptake of nitrogen by otesa Uptake of nitrogen by leaves Uptake of nitrogen by shellsSource df 30thdayaftersowing

60thdayafter
cowing

90thday Harvestafter
sowing

30th 60th day day- after after cowing cowing

90 th day after cowing

90 th
dqyaftercowing

Harvest

Blocks 3 0.180 46.050 135.672* 9.276 0.618 468,719 803.117** 281.735* 18.415
K 4 0.081 . 89.447 40.397 1.594 3.546 222.534 139*635 197.264 11.844
I 1 0.204 116.795 248.752**10.806 1.833 193.604 499.496** 454.762* 9.8®

K x I 4 0.057 67.809 53.762 25.588** 0.935 202.777 108.908 163-020 0.598
Xtaro? 27 0.147 58.694 31.752 6.176 1.849 158.907 58.034 74.977 9.833

* Significant at 5 per cent level
Significant at 1 per cent level



APPENDIX 12
Analyses o f variance fo r  upfcc&e of nitrogen by seeds and plants at

d ifferen t growth stages and harvest in&es o f nitrogen

Heon squares
Uptake of nitrogen by seeds Uptake of nitrogen by plants Harvest index of nitrogen

Source af 90th dayaftersowing Harvest■ 30thdoyaftersowing

60 th day after sowing

90thdayaftersowing
Harvest

Blocks 3 5888.691* 11509.459 1.105 772.938 17245.921** 13452.457* 0.001**
K 4 614.309 6202.205 4.393 566.049 1496.305 6353.541 0.002**
I 1 4778.202 4418.635 3.295 619.999 16397.235* 5646.003 0.0002

E x I 4 1516.543 1072.475 1.355 473.997 4272.319 2160.277 0.001**
"Error 27 1282.384 2842.676 2.762 345'. 175 2755.385 3409.034 0.0002

v

* Significant, at 5 per cent level
** Significant at 1 per cent leve l



APPENDIX 13
Analyses o f variance fo r  phosphorus content o f sten and leaves at different

growth. stages

Mean squares
Phosphorus content of steo. Phosphorus content of leaves

Source df 30th day
aftersowing

60th day
aftersowing

90th dayafteroouing Harvest
30th dayaftersowing

60th day
aftersowing

90th dayaftersowing

Blocks 3 0.0001 0.0001 0.0100 0.0060 0.0001 0.0001 0.0001
K 4 0.0037** 0.0013** 0.0090 0.0060 0.0130** 0.0041** 0.0026**
I 1 0.0062*° 0.0020** 0.0060 0.0010 0.0001 0.0034** 0.0036**

K z l 4 0.0022** 0.0010** 0.0110 0.0010 0.0030** 0.0014** 0.0013*®
Error 27 0.0002 0.0001 0.0100 0.0030 0.0004 0.0001 0.0001

** Significant at 1 per cent level



APHSDIX 14
Analyses o f variance fo r  phosphorus content o f sh ells9 ceeds and plants at

different growth stages '

df

Mean sooaroa

Hiospkoras content Phosphorus content of shells of seeds Phosphorus content of plants
90th dqy
aftersowing Harvest

90th day
aftersowing Harvest 50th dey

aftersowing
60th dayaftersowing

90th dayaftersowing Harvest

Blocks r»7 0.0005* 0.0056 0.0010 0.0006 0.0100«* 0.0001 0.0001 0.0030
K 4 0.0045s* 0.0001 0.0120** 0.0097 0.0060* 0.0020** 0.0020** 0.0040*
I 1 0-0057®* 0.0101 0.0001 0.0152 0.0030 0.0040** 0.0002 0.0030

K x I 4 0.0056*0 0.0071 0.0059* 0.0102 0.0010 0.0010** 0.0020** 0.0030
Error 27 0.0002 0.0062 0.0017 0.0046 0.0020 0.0002 0.0003 0.0010

* Significant at 5 per cent leve l
** Significant at 1 per cent level



aepebbix 15

Analysts o f variance fo r  uptake o f yhoophorus by stem, leaves and shells at
different" growth stages

Mean squares

Source df
Uptake of phosphorus by stem Uptake of phosphorus by lcaveo

Uptake of by shells phosphorus

50th day
afterearing

60th day aftefc e awing
20th dayaftersowing

Harvest 50th 60th day day after after sowing sowing

90th dey after 
Jsawing..

90thday
after□owing

Harvest

Blocks 3 0.0001 0.4770 0.0005 0.0008 0.0002 0.0031 0.0140 5.3690* 0.1270
■ K 4 0.0054** 2.4510** 0.7400** 0.2000** 0.0390*° 2.1830** 0.5420** 3*9850 0.2950**
I 1 0.0157** 1.1340 4.6000** 0.1190** o.oogo** 0.901** 3.1550** 14.3880** 0.2040

X x I 4 0.0047*° 1,8270** 1-.1570s* 0.6060** 0.0030** 1.4920** 0.7210** 4.5610* 0.1440
Srror 27 0.0002 0.4160 0.0027 0.0080 0.0006 0.0220 0.0070 1.4890 0.0700

* Significant at 5 per cent level
** Significant at 1 per cent level



APPENDIX ,16
Analyses of variance for uptake of phosphorus by seeds end pi onto at differentgrowth stages end harveot index of phosphorus

Mean, squares

Source df
Uptake cf phosphorus by seeds Upteke of phosphorus by plants Harvest index of ■ phosphorus90th day- after , sowing Harvest 30th day- after sowing '

60th day-aftersowing
90th day-aftersowing Harvest

Blocks 3 25.048* 38.625 0.0003 0.555. 30.690 31.301 0.015
K 4 2.290 5.011 0.0670** 3.563** 21.136 4.965 0.002
I 1 4.956 34.281 0.0460** 4.070** 149.150** 50.535 0.0004

K x I 4 9*793 24.057 0.0140** 6.244** 36.379 31.583 0.010
Seror 27 5.822 14.374 0.0008 0.447 20.612 16.834 0.007

* Significant at 5 per cant level
30 Significant at 1 per cent level



APE'ESDIX 17
Analyses of variance for potaseim content of atom, and leaves at differentgrowth OtOgOQ

Hean oaucros
UotoooiuQ content of stem Potassium content of leaves

Source df 50th dayafter'sowing
60th dayafter
sowing

90th dayafter□owing
Harvest 30th dayafter

□owing
60th dayafter
sowing

90th dayafter
□owing

Blocks 3 0.030 0.021 0.021 0.006 0.039 0.003* 0.00004
K 4 0.672** 0.343** 0.025* 0.232** 1.210** 0.119** 0.051**
I 1 0.233*° 0.182** 0.001 0.300** 0.081* 0.056** 0.002

K si 4 0.054 0.043* 0.136** 0.293** 0.073*° 0.016** 0.006**
Error 27 0.028 0.016 0.009 0.003 0.014 0.001 0.001

* Significant at 5 per cent level
** Significant at 1 per cent level



APPENDIX 18

Analyses of variance for potasslran content of ehello* seeds end plants atdifferent goouth stages

Mean squares

Source df
PotoooitEH content of shells Botsssim content of seeds

Potesolm content of plants *

90tli dayaftersowing
Harvest 90th dayoften?sowing

.Harvest 30tli dayaftersowing
60tli day _ after sowing

90tii dsyafter Harvest 
dewing

B I o c Iz g 3 0.004 0.0002 0.002 0.001 0.025 0.008* 0.053 0.093
K 4 ' 2.334** 0,197** 0.032** 0.051** 0.924** 0.239** 0.302** 0.055
I 1 0.004 0.001 Q.330** 0.002 0.010 0.144** 0.102 0.021

K x I 4 0.062** 0.020** 0.001 0.003 0.049 0.019** 0.093 0.078
Error 27 0.005 0.003 0.001 0.001 0.024 0.002 0.057 0.045

* Significant at 5 per cant level
** Significant at 1 per cant level



Mean squares

APPHSDIX 19
Analyses o f variance for uptake o f potasaitsa by stem, leaves said shells at

different grofcth stages

Uptake of potassium by stem Uptake of potassium by leaves Uptake of pota-
Source df 30th

dayaftersowing

6oth
dayaftersowing

90th day
aftersowing

30th 
Harvest dayaftersowing

60 th day after sowing

90th day
aftersowing

sslum by shells 
90th dayafter Harvest 
sowing

Blocks 3 3.420 251.460 590.524** 48.508 0.382 203.802* 402.426** 494.415® 216.726
K 4 1.640 . 768.212®* 176.151 157 .186**3*317® 198.979* 14.503 957*733®* 256*129
I 1 1.910 150.426 849*070** 506.161**0.326 119.578 123.974* 816,674* 32.490

I si 4 0.376 236.568 189.716 137.653**1.198 104.273 37.749 175.029 76.762
ETror 27 1.177 183.442 105.507 10.815 1.199 63.219 24 *883 163.575 94.482

* Significant at 5 par cent lev e l
Significant at 1 per cent leve l



AEPEEEKEX 20

Analyses o f variance fo r  uptake o f potassium by see&o and plants at different growth stages
and harvest index o f potasolm

lieca squares

Source df
Uptake of potassium by seeds

Uptake of potassium by plants Harvest 
index of ■ potaasim

90 tlx day
aftersowing Harvest

30th day
aftersowing

60th dayaftersowing
90th dayaftersewing Harvest

Blochs . 3 607-590** 984.151* 5.645 935.972 6793.633** 2392.729* 0*013®*
K 4 124.970 724.676* 8.921 1795.352* 3043.614 2818*127® 0,006**
I 1 243.345 173.514 3.813 470.670 7131.837* 1711.518 0.0 11**

K x I 4 120.326 219.028 2.633 671.320 1722.022 671.236 0.003
Error 27 121.261 246*305 4.29Q 445.333 1332.601 742.055 0.001

* Significant at 5 par cent leve l
** Significant at 1 per cent level



Analyses of variance for protein content® protein yield® oil content end oil yield of seed at harvest and for total nitrogen* available phosphorus and available potassium of soil after
harvest of the crop

AEPS3DIX 21

Mean squares
Source df Proteincontent Proteinyield

Gil
content

Oilyield
Total
nitrogen

'Availablephosphorus Availablepotassium

Blochs 3 0.430 1923.000 0.560* 7284.840 0.001 12.747* . 191.033 .
K 4 50.730** 1143.050 17.18** 22364.40)** 0.002 5.121 1902.850**t
1 1 44.370** 5307.000* 54.360®* 10107*950 0.004* 5.455 28.900

E x I 4 8.380®* 507.500 2.040s® 856.980 0.001 2.477 310.150
Srror 27 0.450 1104.700 0.190 4334.910 0.001 3.399 180.811

« Significant at 5 par cent level
** Significant at 1 per cent level



llesa ■values of treatments and their interactions on 
height of plant on 60th day, after cowing Ccn)

.M W iB 'm -m n 'i jn n iu ir  Ci' i ■ * »■ i i *t m ■■ ■ >*

2»evelo of potaseimi Bhisoblal inoculation ^
(kg Eg 0 ha"1) Unfnoeulated Inoculated

APPESDIX 22

0 76.30 77.67 77*02
30 75.35 69.50 72*43
60 64*64 Go .80 75.72
90 84*40 70*59 01.50oCM 73*82 79*06 76.44

Moan 74*92 73*̂ 4

Qm t 3*826
0 ,B.(0»03) for conporirg ncano of combinations a 10*963

AH'SJDIX 23
Mean values of treatments and their interactions on height of plant on 75th day affcor sowing Ceni)

I»qvg1o of potassium 
(kg KoO ha"1)Ct

Bhisoblel inoculation MeanUninooulatod Inoculated

0 78-35 78*45 78*40
30 75*95 70.16 73*06
60 66*01 03.23 77.12
90 06.17 79*30 02.73
120 76.15 01*96 79.06
Heoa 76.52 79.62

GEa * 3*967
G.B.(0.05) for comparing laceno of ccabinatlGne a 11.369



APPBIBIX 24
Mean values o f treatment o end their interactions on

iislght o f plant on 90th day after sowing Con)

Levels of potassium Bhisofrial inoculation Mean 
(kg EgO ha"*̂ ) TTninooulated Inoculated

0 78.02 78.93 78.07
30 76.06 70.25 73.15
60 66.12 83.51 77*82
90 86.40 • 79.53 82.96
120 76.80 82.05 79.42
Mean 76.84 79.72

SZ3n ,+ 3*860
C.D.(0.Q5) for comparing noens of combinations » 11.000

APPEHDIZ 23
Moon values of treatment a end their internet! one on dry weight of leaves on 45th day after sowing
 ______________ (g plant"1)
Levels of potassium KalsQblal Inooulation Mean
(kg &oG ha"̂ ) Ominoculated Inooulated

0 1.190 1.460 1.330
30 1.320 1.370 1.350
60 1.140 1.170 1.150
90 1.600 1.580 1.650
120 1.220 1.930 1.5B0
Moan 1.450’ 1.440

SS& ♦ 0.190
G.L. (0.05) fcs? comparing means of combinations = 0.575



Mean values of treatments ond their interactions on total phytosasa production on. 45th day after
  ________ so\ilnQ ( q plant ____ _
Levels of potassium Ehisobial inoculation 
v-ss / tJninoculated Inoculated

APPENDIX 26

0 2.923 2.503 2.714
30 2,758 2.998 2,878
60 2.340 2.458 2.399
90 3*408 3.358 3.383
120 2.698 3.923 3.890
Mean 3.006 3.059

s m ±  0*422
C*D,(0*05) for comparing deans of combinations a 1*228

APEEHDIX 27
Mean values of treatments and their interactions on absolute growth rate between 50th and 45th day

(g day"1)
Levels of potassium 
(fcg K20 hcT1)

Bhisobiol inoculation 
taainooulated Inoculated Mean

0 0.229 0.133 0,181
30 0.153 0.162 3.157
60 0.118 0.131 0.124
90 0,202 , 0.188 0.195
120 0.129 0.230 0.179

Mean 0.167 0.168

OBa ♦ 0*025
C.D, (0.05) for comparing means o f combinations a 0.075



Mean vsIuqd of treatments end their interactions on crop 
growth rate between 30th and 45th day

(g a"2 day “*)

APPENDIX 23

Novels of potassium Mean
(kg K 0 ha"1) Unincculated Inoculated2

0 10*159 5*680 8.021
30 6.763 7.183 6.988
60 5.233 5.622 5.527
90 , 8.983 8*366 6.677
120 . 5*900 10.043 7.971
Mean 7*413 7.462

SEb * 1.154
C.D. (0.03) for comparing means of caablmatioas => 3*548

APPISMX 29
Mean values of treatments and their interactions on 

moisture percentage of seeds

Lsrolb oX potassium MaoUal Inoculation ^
(kg KgO ha”1) Uninocnalated Inoculated

0 6.400 8.580 7.490
30 7.920 6.300 7*110
GO 7.190 7.420 7.300
90 5.990 7*980 6.790
120 7.260 7.640 7.430
Mean , 6.950 7.500

SBn + 0.490
0 .3 . (0.03) fo r  comparing seams of combinations = 1.425



a e o th x  30

Mean values of treatments and their interactions on stover
yield (kg ha"1)

levels of potassium 
(kg KgO ha"1)

BMaobial inoculation Mean
Tfoinoculatod Inoculated

0 2893*500 2033,600 2868.600
30 2807*500 2380,900 2594.200
60 £142,900 2972,900 2557.900
90 1 2595.900 2450,400 2523,100
120 2764,500 2027*400 2795.900
Mesa 2640,900- £703.000

Q M  jfr 192,031 
C.D, (0,05) for comparing mesas of combinations « 550,800

AEPEKHtX 31
Mesa values of treatments and their interactions on nitrogen 

content of stem on 30th day after sowing ($)

teTOla os potasalm . J f l S ^ ^ P S S ^ S S L -  Hean 
(kg EgO ha**1) tJninoculated Inoculated

0 1,024 1,264 1*144
30 1,030 1,038 1,044
60 1*025 1*038 1,032
90 ' 1,063 1.035 1,049
120 1,013 1*014 1,015
Moan 1,035 1,078

sm  *, 0,004
0,1), (0*05) for compering moans o f combinations o 0,013



m m o is  32

Mean values o f treatments and their interactions on nitrogen
content o f oten on 60th day after sowing (#)

Levels of potassium 
(kg SoO ha*1)

KhisobiaL inoculation MeanUninoculated Inoculated

0 0*953 0*908 0*930
50 0*858 0*063 0*860
60 0*918 1*028 0*973
90 1*128 0*970 1*049

• 120 1.313 1*035 1*024
Moon 0*974 0*961

SEa ♦ 0*019
C*D* (0*05) for comparing neons of combinations a 0*058

APPEtJDIX 55
Mean valuoa of treatments end their Interactions on nitrogen content of stem at harvest (£)

Lerolo of potassixa EhigoMa.LlnooulatlQg..
(leg KgG ha ) , Uninooulated Inoculated

0 0.542 0,563 0*555
50 0.648 0*335 0*491
60 0*320 0*413 0*367
90 0,513 G.355 0.334
120 0*330 0*339 0*334

Mean 0.431 0*402

. (0*05)
5Eq + 0*041 

for o coparing neons of combinations a 0*013



A22EMX 34
Mesa voluso o f treatments and tliair Interactions on nitrogen

content o f  leaves on 30th cloy after sowing ($)

novels of potaaoiisa 
(kg KgO ha'1)

BMsobiol inoculation Means
UniiiOCBlatOil Inoculated

0 2*819 2*635 2*727
30 2*933 3.168 3-050
60 3*042 3*228 3*135
90 3*143 2 *©8 3*000
120 ' 3*188 3*455 3*321
Mean 3*025 3*069

SSa *, 0*050
0,P. (0*05) for comparing means of combinations = Q«-143

APPE3TDIX 35
Mean values of treatments end their interactions on nitrogen content of leaves on 90th day afte.r sowing ($)

levels of potassium 
(kg KgO ha"1) .

EMaobioi -inoculation
Uninoculated Inoculated

Mesa

0 1*609 2.073 1.841
30 2.400 2.591 2.496
60 2*408 2.588 2*498
90 2*330 1.668 2*094
120 2,176 2.738 2*457
Mean 2*184 2.369

SSa ♦ 0*052
0*K* (0*03) for comparing seams o f combinations =* 0*151



levels of potassium EMsobial inooulation
(kg KgQ ha"1) Uninoculated Inoculated

KBSmfLX 36

Mean values of treatments and their interactions on nitrogen
content of shells on 90th day after sowing ($)

0 1.548 1.430 1.389
30 1.388 1,760 ' 1.584
60 1.413 1,540 1.476
90 1.635 1.448 1.541
120 1.745 1.520 1.633
Mean 1,506 1,544 . -

SEm ♦ 0*028
C .£>, (0*05) for comparing means of combinations a 0,001

j&samx 37
Mean values of treatments and thoir interactions on nitrogen content of shells at fccxveot (#)

X,svsOs of poteastTJB HhtaoMal toowOrtlott. Hean
(kg KpO ha ) ____ TJhlnoculatoa Inoculated

0 0,484 0*603 0.543
30 0.656 0.733 0.695
60 0.695 0,511 0.503
90 0,323 - 0*688 0.603
120 0,402 0.443 0,422
Mccsa 0,552 0,595

S2a£ 0,040
G,B* (0.05) for comparing means of combinations a 0.116



APPENDIX 33
t-lean vaiueB o f treatmento Gael tneir interactions on nitrogen

content o f eoeds on 90th day a fter ■ soying (9)

IMsobial Inoculation Keaa
(leg KgO ha"1) TTninoculated Inoculated

0 6,050 6,500 6,275
30 4*262 4.950 4.606
60 5.225 6,050 5.633
90 5,225 5.500 5.363
120 4,125 4,950 4,538
Moan 4.977 5.590

sm *, o.ooe
C*B* (0,05) for comparing means of combinations «# 0,235

AFPISIBIX 39
Mean values of treatments ami their interactions on nitrogen 

content of seeds at harvest (£>)

iQVQls OJ sotaaolm J ^aobiol toeulaUon
(kg EgO hef1) Unlnoculated Inoculated

0 6,150 6.£375 6.513
30 5,228 5.775 6,501
60 5.933 5.775 5,044
90 5.500 5.775 5.638
120 5.500 5.779 5.638

Moon 5,658 5.995

sm±  0,009
0,1), (0,05) for comparing aeens o f combinations => 0,226



APP3SDIX 40
Moon values of treatments and their I2Q.toracti.on3  on uptake 

of nitrogen by stem at karvsofc (kg hcT^)

Levels of potassium
(kg EgO &a~1)

Enisoblol inooulation 
Uninoculotcd Inoculated

Mean

0 6.228 6.270 6.249
30 8.505 9.359 6.931
60 3.3©0 10.110 6.745
90 5.595 6.115 5.655
120 6.243 7.295 6.769
Mean 5.990 7.030

SE& £ 1.243
C.D. (0.03) for compering moons of combinations <= 3.606

, / ’
M&EBDIX 41

Mean values of treatments end tlielr interactions on 
karvoot indcs of nitrogen

IiqvqIq of nota30ium Rhisobiol inoculation"«.<*   —      —(kg KgO ka ) Uainocuiated Inoculated

0 0.92 0.91 0.S2
30 0,67 0.90 0.09
60 0.91 . 0.90 0.90
90 0.92 0.90 0.91
120 0.93 0.93 0.93
Mean 0.91 0.91

SEm ♦, 0.007
O.B. (0.05) for comparing means o f combinations =» 0.021



Mean values of treatments and their interactions on thoanhorua content of stem on 30th doy after sowing 
“  ( 0)

APPE7DIX 42

IotoXd o? sotaaaita .JEMMtjatooMa^Lcn ^  
(kg EgO ha*̂ ) Uainoculated Inoculated

0 0.171 0.196 0;183
30 0.162 0.187 0.175
60 0.196 0.250 0.223
90 0.168 0.216 0.192
120 0.203 0.176 0.190
Mean 0,180 0.205

San * 0.007
C.D. (0.03) for comparing naans of combinations «=> 0.021

AKOTJIX 43
Moon values of treatments and tliolr inter act ions on phosphorus 

content of stem on 60th day after sowing (0)

Levels of pot as alum BMsobiol inooulation tieaa
(kg EgQ ha ) Uninoculatcd Inoculated

0 0.101 0.140 0.121
30 0,000 0.115 0.097
60 0.135 0,130 0.132
90 0,109 0.120 0.114
120 0.123 0.115 0.120
Mean 0.110 0.124

4 S&n. £ 0.004
C.B. (0.05) for comparing means of combinations a 0.010



APPENDIX 44
Mean values of treatments and their interactions on r̂ ooplioruo

content of loaves on 30th day after sowing

liavelo of potassium Bhlsofrlol inoculGtlcm
(kg KgO ha"1) TMnoculated Inoculated

0 0*188 0*196 0*192
30 0.290 0*236 0*263
60, 0*253 0*302 0*278
90 0*301 0.373 0*287
120 0.284 0*293 0*280
Mean 0,263 0*260

SEm. 0*009
C.D. (0*05) for comparing moons of combinations a 0.027

- ÊPEHDIX 45
Mean values of treatments and their interactions on phosphorus content of leaves on 60th day after sowing (#)

DemLa of potassium Ehisohial inoculation 
(kg KgO ha"1) tJninooulated Inooulatefl

0 0.207’ 0,299 0.233
30 0*179 0.222 0.200
60 0.256 0*250 0.253
90 0*207 0.210 0.209
120 , 0.202 0.204 0.203
Mean 0.210 0.229

BEd «- 0*005
C*D. (0.05) for comparing.means o f combinations a 0*016



APPENDIX 46
Mean valued o f treatments and their interactions an xhospJioruD

content o f leaves on QOth day after sowing ($$)

Levels of potassium 
(kg EgO ha"1)

Rhisobial inoculation 
UninoculatGtl Inoculated Mean

0 0*165 0.145 0.135
30 0*1.36 0.182 0*159
60 0*142 0,182 0.162
90 0.114 0.135 0.124
120 0.157 0.180 0.172

I-Iean 0.143 0,165

sm *, 0,005
C,0* (0.05) for comparing means of combinations » 0*015

APPENDIX 47
Mean value a of treatments and their interactions on ohoophorus content of nhello on 90th day after cowing ($)

Iiovelo of potassium HMsoMol inoculation Mean
(kg KgO ha ) Oninoculated Inoculated

0 0.186 0.180 0.103
30 0,156 0.252 0,204
60 0.174 0.237 0.206
90 0.186 0.156 0.171
120 0.234 0.231 0.233
Mean 0*187 0.211

s m *  0,007
. (0.05) for comparing means of combinations = 0.019



■ APPSIBIX 40

Mena values o f treatments and their Interactions on phosphorus
content o f seeds on 90th day a fter sowing ($)

ItovelG of potassium 
(fcg EgO ha"1)

Ehisobial inooulation . 
Uninooulated Inoculated Mean

0 0*364 0,311 0,337
30 0.304 0,327 0*315
60 0*395 0*369 0*382
90 0*235 0*317 0,276
120 0.355 0*324 0*340
Mean 0*330 0*329

SSa x 0*021
C,I). (0*09) for comparing neons of combinations a 0*059

APP0JPIX 49

Moan valueo of treatments and their interactions on phosphorus content of plants on 60th day after ©owing (#}

Sairelo of potcaslm -  ̂ g o g .g J g g g ^ t t o jL
(Iig KgO ha"') TJninoculafced Inooulobcsd

0 0,140 0,189 0,163
30 0*113 0,155 0,134
60 0*183 0.175 0.179
90 0*153 0,155 0,154

120 0*143 0.160 0*151
Mean 0.146 0,166

SRa ±  0.007
Q.!D. (0.05) fo r  comparing means o f combinations a 0*018



ASPEtiBIX 50
Mean values o f treatments and t&eir Interactions on phosphorus

content o f plants on 90 th fioy a fter sowing <£)

levels of potos3im PMsobial Inoculation Mean
(kg SgO ha"1) UnlnocuLated Inoculated

0 0*190 0*165 0*1?B
50 0*160 0*210 0*185
60 0*190 0*195 0*191
90 0*150 0*155 0*155
120 0*200 0*168 0*194
Moan 0*178 0*182

SBa£ 0«008
O.D* <0*05) for comparing moons of combinations a 0*024

AECTMX 51
Moan values of treatment o and their interactions on uptake 
of phosphorus by stem on 30tU doy after sowing (kg ha*1)

levels of potassium Hhisobiol Inoculation
    *■» ......

(kg Kgp ha ) Unlaooulated Inoculated

0 0.171 0.196 0.163
50 0*155 0*208 0*180
GO 0.217 0.250 0.234
90 0.130 0.240 0.185
120 0.238 0*214 0*226

Mean 0*182 0.221

3Ea + 0̂ ,006
C.D. (0*05) fo r  comparing means o f combinations =» 0*019



Mean values of breatsenbe gsA their interactions on nptefeo 
of paoor&orue by otcsa on 60th flay after sowing (&g ha"^)

t & m m %  52

Lcryolo of T-obasaium RMsoMal inoculation.»»—'n*..... .
(kg EgO ha ) XJainoGuXated Inoculated

Mesa

0 2.125 1*892 2,008
50 1̂ 567 2.413 1,990
60 5*154 2*696 2*925
00 4*111 2.312 3.211
120 2.324 2.2S© 2,305 ■

Mean ,2.656 2*319

C,D# (0*05) for
SHa ,+ 0.322

eoBparlng means of Gon£binat£on3 o0,936

APPENDIX 53
Kean vgIbqo of treatments end their interactions on uptake 
of phosphorus by stem on 90tb day after sowing (kg ha**}

Itm o lB  of potoosltaa BMsoblnl inoculation Hean
(tag ggO fcsf1 } Uninoouiatoci Inoculated

0 1.272 1,295 1*284 '
30 1,068 3*053 .2,061
60 1,675 2,283 1,979
90 1.609 . 2,105 1.857
120 1*632 1*912 1.772

Horn. 1,451 2*129

SEui ^  0*026
<?•$• (0*05) for comparing aooae of eaHbinablcnB « 0*076



JffiPESBlX.54
Horn value□ of treatnGGto and their Interactions on nptshe 
of phosphorus by Gteo at fcarveat (fcg ba"̂ )

^ ^ ■ w w a a ^ iM W M M M n q M H H iM B w a M M a c i i a a M M M M w a N a M a r t M H P t a H i t a M W M V n H b ^ v H p a M H M n it lM M n n x s S i

heeela of potassium PhlsobloX Inocn&atlon Hega 
(bg Kg0 ha ) UnlBOQBlated Inoculated

0 0.666 0.961 0.814
50 1.595 0.555 0.875
60 0*555 0.649 0.502
90 0.645 0.525 0.505
120 0.749 0*776 0.762

Horn 0*762 0*652

S&a ;♦ 0*045
G.i>, (0.05) for comparing seana of combinations » 0.151

APPHUJIK 55
Mean vr-lnoo of treatments and their interactions on upfcefee 

of phosphors by lccsvsa on 50th doy after sowing (kg boT̂ )

Iiovelo of potoaairai EMaobioi toooalatioa^  ....._ __
^   ̂ Tminoomlated Inoculated

0
50
60
P
i»
j£e0&

Mem

0.205 0.267 o;236
0.525 0.558 0.331
0.557 0.564 0.361
0.264 0.543 0.303
0.454 0.420 0.427
0.517 0*546

s t & i  0,011ggana at eoobinsiilans c 0,054



, APEESiDIX 56
Mean values of treatments and their interactions on uptake

. 1of phosphorus by leaves on 60th day after sowing (kg ha )

heroic of potassium Hhisobial inoculation 
(kg Eg0 ha ) tlhlnoculated Inoculated

0 0*804 a .337 2.570
30 2*260 3,299 2*779
60 4-271 3*362 3*817
90 5*927 a *762 3*355
120 2*732 2.713 2*722
Moan 3*199 2*898

SEq ♦ 0,074
C,D. (0,05) far oonporing neans of combinations a 0*215

APPET1UX 57 '
Moan values of treatments and their interactions' on uptake 
of phosphorus by loaves on 90th day aft or sowing (kg ha"̂ )

Levels of potassium Eklsobiol inoculation
(kg EgO ha ) Uninoculated Inoculated

0 1*303 1.076 1*190
30 0.805 2*220 1*515
60 1*028 1.622 1 *325
90 0.850 1*164 1,007
120 1*518 2*026 1.672
Mean 1*061 1*622

SEa* 0,042
C.D, (0*05) for comparing noons o f combinations «  0*124



APPEUBEIX. 58
Mean values of trectnento end their interactions on uptske 
phosphorus ty eliollo on. 90th day of tor sowing (kg ha"1)

Levels of potassium 
(kg KgO ha"1)

Ehisobial inoculation <

Mean
iUninoeulatod Inoculated

0 2.570 2.465 2.518
. 50 2.055 5.608 3.850
SO 2.463 5*130 2.800
90 3.163 3.250 3.209
1S0 3.323 9.113 4.218

- Hesa 2.713 3.915

SEa* 0*610
CUD* (0*05) for comparing means of oonbinations a 1*771

APEEEDIX 59
Mesa Values of treatments and their interactions on total 
uptake of phosphorus by plants on 30th day after sowing

(kg ha**)
levelo of potassium 
(kg KgO ha"1)

Hhisobial inoculation 
Uninoculated Inooulotod

M e m '

0 0.376 0.463 0.419
30 0.476 0.546 0*511
60 0.574 0.614 0*594
90 0*334 0.583 0*483
120 0.672 0.634 0.653

Mean■ r ■ 0.498 0.568
p

SEkni 0.014
G.D. (0*05) fo r  comparing means o f combinations a 0.040



A s m m m  eo

Mean values of treatments eaQ their Interactions on total
r  '  1

uptake of phaopkoras Isty plants on 60th day after ;'
sowing (lsg kaT̂  )  ■

levels of potasoino Moon
(kg EgO aeT*) tmlaGeuXateci Inoculated |

0 .4-923 4*230 4.578
30 3.830 5.705 4.7 68
60 7*423 6.055 6.740i
90 8*040 5.100 6.570
120 3.060 5*000 5.030
Mean 5.836 5.218 '

SBQ.+ 0*3315
C.D* (0*03) for comparing means of combinations ° 0*370

aspeshx 61
Moan values of treatments and their interact.Ions oa potassium content of stem on GOtli Soy after ©owing ($) l

levels of potassium EMsobiol inoculation Mean!
(kg EgO ka*1) Hsinoctilated Smoot&atecl

0 1 *773 1.950 1,863
30 2*000 2*250 2,125
60 2,373 2.425 2,400
00 2.350 2.275 2,313
120 1.988 2,263 2,125

Mean 2,098 2.233

BEci ♦ 0*063
■C-*D* (0.05) fo r  comparing means o f combinations a 0*181



APPKiBIX 62

Mean value □ o f treatments and thoir interact ions an potassium
content o f stem on 90th day after sowing (#)

levels of potassium Hhisobial inoculation
^       —  ■ ii p mim IB ■ u '■ ii p . mr-

(kg Ê O ha ) Uninoculntod Inoculated

0 1*575 1.325 1.350
50 1.375 1.525 1.450
60 1.600 1.225 1.413
90 1.148 1.475 1.311
120 1.350 1.350 1.350
Mean 1.370 1.380

SGn. ♦, 0.047
C.X>. (0.05) for compering meoas of combinations a 0*136

APPHMX 63
Mean values of treatments and tholr interactions on potassium 
content of stem at harvest ($)

Levels of potassium Bhlsobiol inoculation
i. ' ■■■■■ ■ ■■ ■■ *..............

(hg KgO ha ) Unlnooulatcd Inoculated

0 ' 0.525 0.600 0.563
30 0.600 0.603 0.601
60 0.830 0.900 0.675
90 0.300 0.400 0.450
120 0.350 1.200 0.775
Mean 0.565 0.741

s m  X 0.027
C.D. (0.05) fo r  comparing moans o f combinations »  0.086



A3FMDXX 64
Hsen values o f treatments and their interactions on potassium

oontent o f leaves on 30th doy a fter sowing ($)

Levels of potassium 
(kg KgQ ka~1)

Rhiaobial inoculation Moon
Uninooulated Inoculated

0 2,000 1.675 1.833
30 2,600 2*625 2.613
6o 3*003 2,750 2.876
90 2,625 2.603 2.614
120 2*425 2.550 2.488
Mean 2*531 2.441

' SQa ♦ 0.059
C*D. (0.05) for comparing means of combinations a 0.169

I
i & m m x  65

Mean values of treatments end their interactions on potassit* 
content of leaves on 60th day after sowing (#)

Levels of potassium 
(kg KqO ha"1)

Ehisobiol. inoculation 
XJninoculated Inoculated

Mem

0 2.050 2*050 . 2.050
30 2.175 2*200 2.188
60 2.325 2.325 2.3S5
90 2.025 2,175 2.100
120 1*925 2*125 2.025
Mean . 2*100 2.175

BBS +, 0.014
' G.D. (0,05) fo r  compering means o f combinations a 0,041



APPE7DXX 66
Keen volueo o f treatments end their interact!ona on potassium

content o f leavoo on 90tk cloy after sowing {$)

hmola of ootosoirai .. BhisQMal lnQcolatigl —1(kg KgO ha ) Uninooulatod Inoculated

0 1.550 1.525 1.530
30 1.600 1.625 1.613
60 1.750 1.750 1.750
90 1.670 1.570 1,628
120 1.563 1.600 1.561
Mean 1.526 1.616

SBn ♦_ 0*016
C.D. (0.03) for comparing ceeno of combinations e 0.054

AEPEHDIZ 67
Kean values of treatments end thoir interactions on potaeelm content of shells on 90th day after sowing (£)

Levels of potassium 
(kg KgO ha"1)

Rhisobiol inoculation 
Uninooulated Inoculated Hean

0 0.900 1.125 1.013
50 2.250 2.225 2.238
60 2.300 2,400 2.350
90. 2.150 1.900 2.025
120 2.125 2.175 2,150

Mean 1.945 1.965

Qm±  0.035
C.D. (0.05) for comparing noono o f combinations a 0.105



APPEMDIX 6B
Hoea values of treatments end their interactions on potssolus

content of sheila at harvest (£) .

Sepsis of potassium 
(kg KgO ha"1)

Plilsobiel inoculation Keen
fMaoculated Inoculated

0 1.723 1.600 1.663
30 2.075 2,025 2,050
60 2.000 1.975 1.988
90 1.700 1.850 1.775
120 1.(350 1,050 1.850
Kean 1.070 1,860 '

SBa ± 0.026
C J). (0.05) for comparing means of combinations a 0.076

APPENDIX 69
Kean values of treatments and their Intsraetiona on potaasiTxa content of plants on 60th day after sowing ($)

levels of potassium Rhisoblol inoculation 
(kg EgO ha ) Uninooulated Inoculated

0 1.860 1,948 1.904
30 2,040 2.190 2.115
60 2.330 2.333 2,331
90 2.178 2.270 2,224
120 1.053 2.120 1.1906

Mean 2.052 2,172 ■

3Rn ^  0.022
C.D. (0.05) for compering means of combinations o 0.064



Moan, values of treatments ami their interactions on uptcke*•1

APPSHDIX 70

o f potaoolma by stem at harvest (kg laa )

levels of EOtasolm HMsobica Inoculation ^
(kg X0>0 ba~̂ ) Tlninoculatea Inoculated

0 5*980 6.63O 6.305
50 7.973 9*290 0.931
60 9.976 22.050 15.804
90 0.953 10.323 9.629

120 6*713 25 *603 16.300
Mom 7,837 14*951

SEm £ 1.644
CfD* (0 .03 ) for oonparing moons of combinations « 4,772

A2OTDIX 71
Mean, values of treatments end thoir interactions on protein 

content of seeds at harvest ($)

levels of potassium 
(kg K20 ha-1)

BMaobiol inooulation Hesn
Uninocnlatcd Inoculated

0 36,435 42.985 40.710
30 52.675 36.088 34.361
60 30.952 36.095 36*523
90 34.3B0 36.090 35,235

120 34.360 36.096 35.23B
llem 32 .354 37*471

s m z  0*335
0 *D. (0*05) for comparing secns o f combinations => 0.966



m w m .  72

Ksaa values of treatments and their intoraetiona on oil 
content of seeds at harvest ($) ■;

Lovelo of potassium 
(kg K20 ha"1)

iMzobisI inogalatloa 
tEftinsculatsd' Inoculated

Moan

0 20*310 18*500 19*410
30 23*160 20.660 21.910
60 24*660 20.750 22*700
oo 21*750 20,540 anno
120 24.220 22,000 23*110

Keen 22*620 20.490

saa + 0*216 '
O.B. (0 *05) for comparing mens of combinations.« 0*632
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An osperincnt was conducted at the Instructional 
Pam attached to tho College of Horticulture, Vellonikkora, 
during July to September 1960, to otudy tho effect of 
levels of potassium ©id rhicobial culture inoculation m  
the growth, yield and quality of soybean (Glycine sag (L*) 
Herr-ill) «

Tho irnrGstigotiosL was token up with tho objective 
of arriving at the potassium requirement of the crop, to 
evaluate the effect of rhisobiol inoculation and to study' 
tho possible interaction effects between then.

The experiment was laid out in randomised block
f

design with ten treatment combinations and four replications*
The study revealed that, in general, applied potassium 

and inoculation did not significantly affect any of the 
growth characters and yield attributes in the sandy clay 
loan soils of Vellanikkara* The eeod yield end stover 
yield also remained unaffected by levels of potassium and 
inoculation*

Protein content of seed was significantly influenced
by potassium and tho highest value of 40.71 per cent woo
recorded in the control plot* The effect of Inoculation
on protein content of seed was significant and the inoculated
plot gave tho highest content of 37*47 per cent* Interaction

*1effect was significant end 0 kg K̂ Q ha along with

ABSTRACT



inoculation recorded the highest protein content* Protein
yield mo markedly influenced by inooulation and the
inoculated plot registered the highest yield of 820*60 kg
hsT̂ * Oil content of seeds was significantly influenced .
by applied potassium and inooulation* The highest oil
contento of 23*11 end 22*82 per cent were recorded by
120 kg EgO haT̂  end the uninoculated treatments respectively
Interaction effect oa oil content was significant end 60 kg 

•1 -EgO ha without inoculation registered the highest oil 
content of 24*66 per cent* Oil yield was sigplficeatl^ 
influenced by levels of potassium and 6o kg EgO ha 
recorded the highest oil yield of 510*15 kg hsT̂ *

Total nitrogen content of the soil after the 
experiment was significantly higher in the inoculated plot* 
Hone of the treatments under study could influence the 
available phosphorus status of the soil after the experiment 
Available potassium status of the soil after the experiment 
was influenced by levels of potassium end 90 kg K̂ O ha 
gave the highest content.




