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INTRODUCTION

Pulses have a unique position in Indlan agriculture
owing to their high nutritive value and soil enriching
properties. Tha importance of pulse crop in our new
and intenalve cropping gystem, as a crop to £1it in the
rotation and £illing the nitches in our cropping gaps,
is ever increasinge. As catch c¢pops, they form the
linchpin of our crop rotationae Pulses are indispensable
in the overall asconomy of the country. Pulses occupy a
predominent placea in our diet, £irst,because thay supply
tha cheapest source of proteins and secondly bacause 0f

tho vagetarian hablta of the poopleas

Traditionally our farmers have grown pulses not
as principal but az bonus cropa. Scarad by pests and
diseages, deterred by low yields and lurad by tha remuncra-
tive cersal crops, our farmers have relegated pulses to
marginal lands. Tho area under pulses was fluctuating
between 20-22 million hactaraes in the last two decades
and pulse production 1s stagnant around 11-12 million
tonnes, the avarage yleld being 500 kg per hectara
(Singh, 1980}. sStagnation in pulse produetion on cne
hand and increase in population on the other has posed

serious problem for protein availsbility. This not only



results in malnutrition but also exerts undue pressure

on the consumption Of cereals,

The por capitea availability of pulses has prograssi-
vely decliined £rom 68.5 grams in the Second Plan period
€0 4349 grams in the Fifth Plan poriod as against the
minimum per capita reguiremant of 80 grams per day and
the optimum requirement of 104 grams per day {(Jeaswani
and Saini, 1981). lIf the pulses are €0 be made availaw-
bla even at the rate of €60 grams per capita per déay
our requiremant of pulses by the end of the present-
cantury would bz about 24 rdllicn tennaas. In £act,
this includes the requiremant for gnimal feed and losses
which occur during processings 70 xeach this end,
adoption of improved varisties and propear production
technology can play a pivotal role.

The nutritive gquallity of pulse crops is consideraw-
bly affected by the macro and micronutrienta resulting
in profound changes in thas metabolic procasses of ths
plants. application of fertiliger elements like nitrogen,
phosphorus gnd potessium may Jimprove the quantity and
quality »f protain in pulsaess The influence of nitrogen,
éhosphorus and potassium application in increasing the
pretein contents in legumes nave been reported by many

workers in the recent past.



Tha ever increasing crisis for energy is a threat
to our agriculture which is becoming increasingly
dependent on chemical fertiligzer. Zxcess of chemical
fertilizer too rasults in pollution problame Hance
biological nitrogen £ixation has beaﬂhmainstay for
nitrogen nutrition of crops at least in daveloping
countries like India where cost of fertilizers has
gone up steeply. Out of the total biologlcal nitrogen
£ixed per year, more than 75 per cant {(about 40 x 106
tonnas par year) is contributed by pulse=Rhizobium
association (Kush and Mishra, 1981)e. Thus every plant
of pulases in itsclf is a mini fertilizer factory and

has maintainad Indign solls in good health.

The legums crop can neet a majority of its nitrogan
requiremant through symbiotic nitrogen fixation. Honce
it is generally balieved that thesa crops do not respond
'to nitrogen applicatlon., However, starter doze of
nitregen through fertiliser along with inoculation is
recomnanded to initiate bettar root growth and nodulation.

Besides inoculation, phosphorus has its own say
on nodulation which in turn reflects on grain yield.
Application of phosphorus to pulses with rhizobial
inoculation improves yield, quality of grain and f£ixation



of atmospheric nitrogen resulting in restoration of
soll fertility (Singh et ale., 1976). Potassium sgpplica=-
tion is also neceasary to mest the balanced raguirement
of NPK by the crops. Thus it is evident that a suiltable
fertilizer manegament programme has €0 be evolved to
achieve a sustained high yield of short cduration pulses.

Horsagram, a short duration pulse crop s is cultie
vated ovar an area of 2045 lekh hectarzs with an estimated
production of 7.1 lakh tonnes oi'grainnthe countcy
(Sreeramulu, 1531). Tho average yield of the crop is
350 kg per hectares The grain of horzegram éontains
22 pexr ce=at protein and is uvsed as human food and also
as a concentratad feed for cattle. It 1o lnvariably
grown as & rainfed ¢rop in areas of lovw rainfail and

mestly on poor or laterdtic solls. Wwhen the
fermer is unable to sow any crop due to want of timely
rains, he grows horsegrams It is alsc grown as an inter

and mixed czop end as a green manure crope

In Kerala, horsagram 1s grown ovar an area of about
5000 hactaras during the rabl season in uplanés. with
an avorage yield of abous 400 kg per hectare {(anon, 1980).
Thare 1 great scope £or increasing tha yileld of grain
and foddexr of this "poor man's pulsae® by adopting a
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suitable fertilizer msnagemeat programtos SO a
detailed investigation has bsen taksn up with the
£ollowing objeetivaes.

1., To study the growth, development and vielid
of horsegran as affected by differcont levels
of nitrogen, phosphorus and potasgium.

2 To asscss the qualliy of grailns ag influenced

by various leovels of nutrienta.

3« To £ind out a suitable combination of N, P and

K for maximum yield under uplend conditionse.

4. To work out the coonomics of fertilizer sppli-

cation of horsegram.
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REVIEW OF LITERATURE

An Investigaticon was conducted at the College of
Agriculture, Vellayani during October-Decembar, 1983
to £find out tha affect of nitrogen, phogphorus and
potassium ¢n growth, yicld and quallty of horsegram

(Dolichos biflorus Aoxb.). Publislizc works on the

inflvence of these nutrients on horsegram are rare.
However, the rasearch c¢.nducted in India and abroad
on the influence of these nutrients on the growth,

yield, cquality and nutrient uptake of this crop and
other legumes are briefly reviewved in the £ollowing

pages.
A. NITROGEN

(a) Effect of nitrogen on growth characterse.

Béia (1970) reported that in soybean the plant
helght was increased by the application-of nltrogon.
Singh (1971) observed little stimulatory effect on

the growth of bangalgram (Cicer arietinum) plants by

the application of 225 kg N/hae

Bhattacharya (1871) found that in horsegram
(Dolichos biflorus) the vegetative growth of the crop




in respect of length of vines and number of branches
per plant was significantly influenced by nitrogen at
22,5 kg ©o 45 kyg/ha. The effact of nitrogen was,
howavar, f£ound “o bo more pronounced in lims dressed
goil than under original soil. In gram thare was no
significant differencs between the coatrol and 10 kg W/
ha in respect of varicus cheracters studied like height

and nulher of branchicse

rPanda (1972) observed that in Pusa Balsakhi’ mung
increasing level of N £rom zero to 60 kgs/ha signiflcantly
increased plant helght and numbar of branches per plante
Hiatchecock (197%) reported slgnificant remponaes o N
application, speciflcally with respect to dry weight
and plant height in soybean.

Lanka and Sstpathy (1976) found that in pilgeon pea
application of 20 to 40 kg /ha increased vegetative
growth, height and number of branches per plant. Similar
increase in vegetative growth and dry matter contant in
both inoculated and uninoculated soybean by tha applica-
tion of mineral nitrogen (20 and 179 ppm) has been
reportaed by Huxlay et al. (1976).

George (1980) found that 1in blackgram difierent

levels of aniltrogen, phosphorus and potassium had no



significent effact on plant haight at any stage of crop
growthe Nitrogen lecvels had significant negative
influcnce with increasing rates (20, 30 and 40 kg N/ha)
with regpect to number 0f leavas per plant on 45th

and 60th day after sowing.

sinchin et als (1981) noticed that providing inorganic
nitrogen during vagstative gtage in nodulated cowpea
resulted in more leafy plents. The dry weilght of plants
was also incraésed when suppliomented with nitrogen.
Similarly, favourable influence of higher amount of
nitrogen on growth characters of grain cowpea lika
plant height, leaf number and leaf area index has bsen
reported by Georgs (1981).

(b) EEfoct of nitrogen on yield and yield attributcs.

singh (1970).obaerved marked increase in the seed
yield of gram (gicer arletinum) by thie spplication of
2245 kg H/hae Singh (1271) Zound an increase in ths
nunbsr 0f frultlng branches of bengalgram with incrsase
ing lovels of applizd nitrogen.

Malik et ales (1972) found that application of 20
to 40 kg #/ha on cowpea had no effect on yisld and 100



seed veight. Similarly, in greengrem B at 0,20,20
and 30 kg/ha had no significant influence on seed

yiseld (Venugopalan and Morachan, 1974).

Rajendran ot ale (15374) opinad ¢hat in blackgram
X at 69 kg/ha was superior to other levels of zero and
30 kg which were on par for seed ylolds Singh et al.
{1975) found from a fiecld trial conducted with mung
that increased supply of R sign@flCantly incrgased
grain yiold per hectare, nuwbgr Of pods per plant;
numbar 0f grains per pod and 1000 grciﬁ welght. Tha
yield increased with increasing lesvels of N upto 20 kg/ha
whersas further incroase in ¥ level (30 kg/ha) showad
slgnificantly decreasing trond in respect 0f all chara=-

ctecs studied including grain production.

Application of inorganic nitrogen increased seed
yield in cowpea cve Prima due to an increcase in the
number of pods per plant and average seed weight
(sumnerficld, 1975). Lanka and Satpathy (1976) indi-
ceﬁad incroased grain yleld in pigeon pea with 20 kg H/ha
while 40 kg N/ha showad depressing offect on ylald,

Sharma (1277) obtained significantly higher yleld

of coupea with 20 kg l/ha over no H application.
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Panwar at ales (1977) found that ths optimum dose of

N for blackgram was 15 kg/ha which recorded 13.4 per cant
increase in qrﬁin vield over control, The number of

pods per plant was increased by N application at 15 kg/ha
Qith no further improvament by additional dosce

fMudholkar and Ahlawat (1979) observed that applica-
tdon of 25 kg N/ha to bﬁhgalgram had no effect on yleld,
in zn experiment conducted by XKemsr and Pillai (1979)
N at 21.6 kg/ha was found to be the optimum leval for

maximun grain production in cowWpea var. P-118,

Huxley (1980) observed that 1045 kg N/ha applied
as a gtarter dose increased pod numbar in cowpsa.
Goorgs (1980) reportad that yield attributing charactscs
1like number of pods per plant, nurnbar of seeds per pod,
seed yigld per plant and 100 seed welight were not
1n£1umﬁced by nitrogen levels in blackgram.

Rhurana and Dudaja (1981) observed that in chickpea
tho gtarter dose of 20 kg N/ha incroased sesd ylelds
from 224 to 2447 t/ha in crops grown from unincculated
peads and 2,67 to 3.07 €t in crops grown f£rom inoculated
seeds; additional application of 2040 kg N/ha at £lower-
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ing gave no further yield incroase in the former and

decreased ylalds in tha lattere

In a critical review by Kulkarni end Panwar (1981)
on the response of pligeon pea to fertilizers in Indla
it was shown that a otarter dose of 20 to 25 kg #i/ha was
beneficial in most cases, giving responses ranging from
60 to 280 kg seeds/ha. 8rivastava and Verma (1981)
obaerved that inoculation and N application ( zero or
15 kg/ha) increased gresngram seed yilelds significantly

over control,.

in f£leld trials with Phageolus vulgaris glven zero
to 200 kg N/ha, N application increased ssed yields in
6 of the 7 trilals, significent benefits being ohialned
from applying upto 100 kg WN/ha (Scarisbrick et al., 1982),
The increasaed yialds mainly resulted f£rom the lncrease
in the number of po&a/mz.

In an analytical review by Rajendran et al,, (1982)
it was shown that application of 30 to 34 kg N/ha is
profitakle for rainfed chicﬁpaa in India especlally on
alluvial soils and applicaticon of N to irrigated chickpea
is not prof£itable.



Gupta and S8ingh (1983) opined that gram (Cicer
arietinum L.) despite being a leguminous crop, gave
significant positive response to N zddition at 10
and 20 kg/ha. Both the N levels producad statisti~
cally similar yileld, thus showing the sufficlency of
10 kg N/ha for tho <rop.

(c) Effect of nitrogen on nodulation and gymbiotic
nitrogen £ixation.

In field experimonts with gram (Ciger arietinum)
singh (1970) found that application o0f 225 kg 8/ha
markedly increased nodulation, nitrogen £ixation and
vield, UWitrogen incrsased nodulatlion more by increasing
numnber of nodules.

Muthuswany (1973) revealed that application of N
at the rate of 15 kg and 30 kg/ha was found to reduce
ths nodule numbars in groundnut plants from 47.16 in
control plot to 2894 and 17.67 in plots receiving
15 kg and 30 ka/ha respectively at 45 days. Similarly,
Jayadevan and Sreedharen(1975) reported, from a f£ield
trial at Vellayani, that in groundnut the number and
veight of nodules per plant were significantly reduced
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by nitrogen application at 10, 20 and 30 kg/hae.
Reduction in mean numbor and dry weight of nodules
in groundnut at 2,4 and 6 wesks after sowlng by
applied K (0,10 and 20 kg/ha) at Vellayanl has also
been reported By Punnoose and Gaorge (1975).

Huxley et al. (1976) reported that in coupea
nodulataed plants ¢btained about twomthird of their
tal ® requireﬁent via direct uptaske and one-thlod
through symbiotic system, prior to flowering.
Summerfield ot al. (1976) observed that cowpaa plants
receiving no nitrogen in the nutrisnt solution resulted
in poor nodulation by flowering comparad to plants

receiving 25 ppm nitrogen.

According to Sundaram st als {1979) application
of niltrogenous fertilizer to blackgram crop at more
than 50 kg H/ha advarsely affscted both nodulation and
nitrogenase activity of nodules which 4is likely to
reduce the fLixation of atmosphoric nitrogen by the crop.
Haximum numbar of nodules was Iecoxded at zero nitrogen
lavel as wall as at 50 kg #/hze. 8imilarly, the nodule

welght, nitrogenase activity aznd dry matter production
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were not adverscly affected by georo and 50 kg N/ha
troatmants, wioresd the other levels vize. 100, 150
and 200 kg N/ha reduced thase paramateors.

CGoorge (1980} obserwed that in blackgram ncne of
the treatments (N, P, X and their ccrbinations) had eny
significant effact on the dry welght of nodules per
plant. Awonailkeet als (1920) found that Phaseolus
yulgards recorded less nodular tissus and lowar nitio-

genasae actdvity por plant when nitfogon wac applicd.

Khurana and Dudaja (19281) reported in chickpea that
inoculation and or applicd N had no pignificant efiect
cn tho numbaz of nodules per plant: Inoculation increased
nodule dry welghtsy appliaed N decrsaped it 4dn orops
grown frem both inoculated and uninoculated cesds. Total
N per plant increased with nodulation snd or gpplicd

nitogane

Minchin et al. (1981) observed that inorganic
nitrogen provided during tho vegatative period sﬁimnlated
nodulation in cowpeas However, George (1981) found
that the number of nodules in cowpea at £lowaring was
not influenced by the various levaels of nitrogen tried,



Miller et als. (1982) found that nitrogenase
activity decreased with increasing rates of N in
gowpeae. Fath analysia indicated that nitrate effects
on nitrogen fixation activity werce primarily on nodule
mass with the inhibition of nodule growth rather than
nodule initiatiocn. Nodule number was not a reliable
predictor of nitrogesn fixation potential of couwpea
genotypes and was negatively corrselated with nitro-
genage acﬁivity.

In a pot culture experiment, Eaglesham ot al. (1983)
demonstrated that epplied nitrogen in tha range of
30 to 180 nmg/plant may have synerglstic effects dn
nitrogen £ixation by vigorously growing cowpesa and

goybaan.

{(d) Bffect Oof nitrogen on protein content.

Costache (1970) reported that in soybesan the
average protein yield increased from 0.44 t/ha with
no N t0 082 t with 128 kg N/ha. Singh (1970) found
that in gram application of 22.5'kg N/ha increased the
protein content to 1643 per cant compared with 14.73

per c¢ent in plots given no nitrogen.
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Kopavan and Morachan (1973) cobserved that in
soybeaﬂ protein content was increased by the applica-
tion of nitrogen. ARajendran et al. (1974) reported.
‘that in blackgram the crudie proteln of seed varied
from 22,8 to 28 per c¢ent with increasing lovels of
.nitrogen. itrogen at 30 kg/ha was on par with 60 kg/ha
but superior to no nitrogen. Similar incrasase in
the ssed protein content with increasing rates of N
(0,10 and 20 kg/ha) has been reported in groundnut

(Punnoose and George, 1974)

Borcaan et ales (1977) observed that in pea tha
highast seed crude protein coutent ¢f 28,2 per cent
was obtainoed with 16 or 32 kg l/hae. However, Yadava
and Singh (1978) found no consilstant effect of nitrogen
application on protein content in the grains of green-
gram, Sadcati and YazdieSamadi (1978) observed that
application of nitrogen increased the sead protein

content in soybean. -

Sader (1979) reported that crude protein content
in grains and total crude protein yvields of Phassolus
vulgaris dincreased with increase in the nitrogen rate
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(0, 50, 150 and 300 kg N/ha)e According to George
(1980) the protein content of the grain and bhusa
were not significantly influsnced by N lavels (20,30
and 40 kg/ha) in blackgram.

Racca and Bodrerc (1981) found that in nodulated
soybean ths seed crutds protein content increased
from 38.,5 to 40 per cant with 0, 50, 100 and 200 kg
N/ha applied at flpwaring.

(e) Effect of pnitrogen on nutrient content and uptake,

Borman and Krampltz (1945) reported that in
soybean higher N content had resulted £rom the appli-~
cation of avallable combined nitrogens Dart and
iercer (1965) repoxted that in cowpea N upbake increased
with lovals of N applied. Bains (196%9) reported
increase ' in N content of plants with increase in

the rate of applied N in beang.

In gram a small dressing of N at thoe rate of
10 kg/ha gave higher uptaka of total P by tha plant
at all stages of growth., #ith 10 kg 8/ha as a basal

dressing 30 and 60 kg ons/ha stiowed an increasing
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trend in the uptake of total and the fertilizer P

in favour of the latter (Sinha, 1971).

Significant increase in H content and total N
uptake f£rom applied N (0, 56, 112, 224 and 448 kg/ha)
aach ysar was observed in nodulating and non-ncdulating
Lea goybean isolinea (Bhangoo and Albritton, 1976),.
Similar incrcased plant ¥ content by higher mineral
N (175 ppm) was obtained by Huxley et al. (1976) in

aoybaan,

Although P concentration in soybean (Glyeins
max (Le)Mers.) plants was reduced owing to N fertili-
zation and inoculation, the uptake was conciderably
increased (Singh and Saxena, 1977). Yadava and singh
(1978) found no conglstent effect of nitrogsn on N
content in shoot and proteln content in the grains

of greengrams

Sorensen and Pensas (1978) found that at 7 aites
out of 13, plant N concentration of soybaan increased
by N application ( zero to 224 kg/ha) =2nd that the K

content of plant was generally linsarly related to the
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rate of B application., Kumar et al. {1972) weported
that In cowpea N upitaka was significaﬁtly inglusnced
by applied nitrogen. Hitrogen at 20 and 30 kg/ha
lavels were on par but sigalficantly superior to the
lower level of 10 kg/ha.

Huxley (1980) reported that only 20 per cent of
the sterter N (10.5 kg/ha) epplied in cowpea was taken
up, of which helf was found in secds. The percentage

of 1§ was high in leaves and nodules,

Reddy et ale. (1981} found that application of 15
or 30 kg i/ha in the form of uraa sither basal or both
basal plus f£oliar application at physioclogical stagas
showed increased N ia vagetative and reproductive parts

in groundnut (Arachis hypogea Le)

Gaorga (1981) from his gstudy on cowpea found that
uptake of N inc¢reascd with increasing amounts of nitrogen

(10, 20 and 30 kg/ha)s.



B, PHOSPHORUS

‘(a) Bf£fect of phosphorus on growth characters.

Bhattacharya (1971) reporxrted that in horsegram
(Dolichos biflorus) the wegetative growth of the crop
in raspect of length of vine and number of branches
per plant was significantly influenced by nltrogen
and phosphorus application both with and without lime,

Hoveaver, 1t ig more pronounced in lime dreassed soll.

application of 30 kg Pzes/ha increased plant
height in Pusa Balsakhl mung while numbor of branches
showed an increasing trend with lncreasing levels of
B,05 (D, 30, 60 and 80 kg/ha) as raeported by Panda
(1972). tiowever, Gill and Chesma (1976) noticed no
rogponse to addad phosphorus with respect o vegeta-

tive growth and plant height in summer mung.

ZTarila at ale (1977) observed that cowpea (Vigna
unguiculata) incressing lavels of applied P enhanced
growth, Llower and fruit number as well as leaf nurber.
Shallan et al. (1977) reported that in broadbeans

(vicia faba is) plant height was significantly increased
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with increase in P levels (0,36,72 and 108 kg quﬁ/ha)'
Hunber of branches per plent was significantly increased

by the higiicst level of P application,.

Shaskar (1979) observed that plant height and
leaf area indesxt of greengram variety Me2 was signifie-
cantly increased by application of phosphorus (0,12.5,
25, 37.5 and 50 kg PZOS/ha). In redgram, Vasimalai
end Subramonian (1980) found that applicd P had pronounced
effact on plant height and leaf area index. Application
of 50 kg Pzes/ha waa beneficial or economical. Phoge
phorus application ¢id not exert significant influence

on branchinge.

Fleld exporiments with £isld poa showed that
varlous growth attributes 1ikoe plant height, leaf
numbar, branch nunoer, pod numbsrs and plant dry weight
were slgnificantly aifiectsd by increasing P levals
from gero to 100 kg/ha (Singh et al., 1980).
Shrivastava et al. (1980) reported in blackgram
(vigne mungo ver. radiata Hepper) that plant height
increased with increasing P upto 75 kg ons/hag



22

singh et al, (1981) found that in pigeon pes
(Cajenug cajan (L.) Hillspe) application of 13 kg P/nha
significantly increased plant height and number of
branches comparad with no 2 application at all stages
of crop growth, except at 30 days after planting
in the case of number of branches, However, no signi-
ficant addigional increase in plant charectors and
grain yiold was cbeserved when phosphate dose incraased

o 26 kg P/ha.

Subbian and Remiah (19825 opined that in redgram
P fertilization significgntly increased plant helght
and number of primary branches. 2zhlawat and Saraf
{1932) noticed that phosphate applicstlon promoted
root growth (dry root weight) and shoot growth in
pigeon peas Root length, however, remained unaffected
by P application, FPhosphorus at 34 kg #/ha recorded
highsr xoot weight than 17 kg/ha at 60 days and at
harvests Phosphorus application resulted in widening

thae root:ahoot ratlo.

(b) EBffect of phosphorus on vield and vield attributes.

Malik et ale. (1972) noticed that 1n cowpea applica=
ticn 0f 60 kg pzosfha markadly increased the seed yield
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while application of 90 kg ons/ha decreasad the
yield, applicatlon of P,0; had no affect on 100 seed
waight, Panda (1972) reported that for Pusa Baisakhi
mung, grain yield, length of pod and average welght
of =mazd per plant incraoased wiﬁh increasing levels

OfPhOEphomﬁ (0530‘60 anéd 90 Rg ?zos/hﬂ)o

Sahu {(1973) cobserved that grain yleld and the
dry matter content of shoot and root of blackgram and
hersegram significantly increased with inoculation
and phosphate application at 22.4 kg/has Blackgram ’
and horsegram produgad 117.75 end 44,3 per cent increase

in grain yleld ovar ceatrol raspectivelye.

In blackgram (Phaseolus mungo Le) the seed yiald
has been found to increase with increase in the levelg
of phosphorus (0,30,60 and 90 kg ?205/ha). The dry
matter production was algse influcnced by P lavels

(Rajendran et als 1974).

VYenugopalan and ziorachan {1974) reporied that in
graengram P at 20 kg 9205/ha resulted in higher economic
yield and further additions of P at 40 and 60 kg }?205/1::.:.

Caused reducticn in seed yleld. Phosphorus at 40 kg
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P,05/ha  increased the dry matter production but 60 kg
Paos/ha reduced tha total dry matter production as

comparsd to controld.

‘Panwar and singh (1975) found thot in Phascolus
aureus seed yileld increased by increasing P50 rate
£xrom gero to 40 kg/hé but with 60 kg chs/na the increase
was not significant. Howaver, Singh et al. (1973)
observaed that seed yields in Phaseolus aureus increased
with increase in P,0; rates from zero to 60 ka/ha
_along with favourable effect on othar yield attributes
1ike number of pods por plant, number of grains per
pod and 1000 grain weight.

In trials with Vigna aureus, Agarwal at ale {1976)
observed that yieldsware increased from 0477 € with
25 kg P40q to 093 ¢ with 50 kg P205 and decrcased
thareaifter with 75 kg ons/ha, sharma (1977) found’
that in cowpea application of 30 kg P,0; gave the
highest grain yleld, but it did not differ signifie-
cantly when compared with 60 kg Pzﬂs/ha. Both these
levels recorded significantly highar yleld over no
P application.
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In cowpea, application of 25 kg Paab/ha was
found to ba significantly superior (to other levsls)
in increasing the number of pods per plant and number
of graine per pod in soils of medium P status. Appll-

¢ation of 25 kg P recorded maximum graln yield of

2%
1863 kg/ha and it was on par with 50 kg Paos/ha

(subramonian at ale 1977).

Panwar et al. (1977) showed that in blackgram,.
at tho optimum dose of P (4643 kg ons/naJ grain
yield increased by 24,3 por cant over no phosphicrus,
There was a linoar increase in grain yield upto the
level of 60 kg P,0y but at 90 kg onsfha thore was a
trend of reduction in yiald.

Ramanathan et ale (1977) reported that applica-
tion of 76:4 kg 9205/ha £o redgram gave significant
increase ln pod and grain ylelde It was on par with
5048 kg P,0z/ha. Hpvever, response tended to be
linasar indicating that even the highost dose (76.4 kg
P,0;/ha) could not be considoxed optimum. The results
of the experiment established maximum P utilisation
and maximum crop response at 76.4 kg Paaslha.
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singh ot al. (1978) observed that in gram

(Cicer arietinum) inoculation along with 80 kg P,0g

proved to be the most economlce combination which could
increoase grain yield by 33 per cent ovar control, 18.6
per cent over inoculation alone and 11.8 per c<oent

over inoculation with 40 kg Paos/ha.

In a trial with greengram (Vigna radlsta) Hair
and alyer (1979) reported increased yields by the
application of 15 kg Paosfha. But application of
30+45 kg onsfha-gave no £urther increase in yield.
Application of P had marked effect in increasing the
yield attributes (number of pods per plant, leagth of
pod and 1000 grain welght) and grain yleld of couwpea
(Vigna ginengis ). However, higher lavels of P(60 kg
9205) did not cause additional ingrsase in any of the
plant characters and grain yiold over lowar level of

P L.e. 30 kg Paﬂs/ha {ahlawat et ales 1979)0

According to Jayaram and Ramaih (1980) application
of 2G.9 kg ons/ha was ceonomically optimum £or cowpea
(Vigna sinensis Le)e application of P increased grain
yield significantly in both summer and kharlf seasons
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of 1978. Linear increasc in grain yield was cbsgerved
upto 37.5 kg chsfha and beyond that the yield levelad
offe

Vasimzlal and Subramconian (1980) obtained $0 kg
ons/ha as economlc dose of P for grsengram, Yields
were significantly increased with 30 kg Paos ané decrea-
sed with furthor increase in P rates. Phosphorus
application had pronounced effect on number o¢f pods
per plant and 1000 grain welght whersas numbar of grains

per pod and length were unaffected by P application.

Shrivastava ot al. (1980) noticed that in blacke
gram (Vigna mungoc vars radiata Hepper) yield end yield
attributing characters like number o pods par plant
and test welght were favourably influenced by higher
P levels, Thoe grain yield was maximum at 50 kg ons/ha

beyond wvhich it decrcased,

Tho applicatioﬁ£9 increased the yield of chickpea
(Clcer arietinum L.) significantly over control.
AVerage increases with 4.6, 9 and 13.5 kg P/ha were
162,9, 224;5 and 269.8 kg/ha respectively over the |
control. The highest yicld was obtained at 13.5 kg P/ha
in both yoars ('75-'76 and '76=-'77). A&pplication of



P increased dry matter accumnulation significantly
at all atagagpgrowth. The extent of ilncreass was
mora with the application of first 4.5 kg P/ha than
with the subpequent incroase of 4.5 kg P/ha (Singh

and Sharma, 1980).

in a £field trial with greongram (Phapeolus guren

)

Srivasteva and Verma (1981) indicated that phosphorus
application increased graln gnd straw ylelds and
hazrvest index with a glight advantage from split
application; but these yield grains were not signifiw

cants

Singh et al, (1981) notlced that in pigeon paa
(Cajanus gajan (L.)iillsp) application of 13 kg P/ha

significantly increased numbor of pods psr plant,
grains per pod, 1000 grain welght and £inally grain
and sptalk vield. Howevar, no slgnificant additional
inecrease in grain yield was observed whan phosphate

application increasced to 26 kg P/ha.

Sharma and Arora (1982) obtained significantly
more yiold of gresen pods and graln vield of cowpea by
P application over no Py but the difference ir yileld
between 40 and 80 kg 92°5/h5 was not significant,

SigniiZicant increase in pigeon pea sgad yislds by P



fertilization was cbserved by Hegde and saraf (19282).

From a pot culture study Akbari et al. (1983)
found significant influence of P application (0,11,22
and 33 ppm) on the dry matter yleld of greengrame
Accornding o Gupta and Singh (1983) application of P
in graded doses significantly increased the yleld of

bengalgram (Clcer arietinum L.). Highest yisld was

obtained at 40 kg ons and thereafter the ylald of
tha crop declined slightly at 80 kg 9205/ha.

it was ahowm by singh et al. (1983) that applica-
tion of 17 kg P/ha lncresascd grain and strawv ylelds,
number of pods psr plant and 1000 grain welght in pigeon
pea. However, no significant zdditional increase in
graln and straw yields and yleld attribuies werse obsorved

when P was increased €o 34 kg/hae

(c) Effect of phosphorus on nodulation_and nitrogen

L£ixation.

Sinha (1971) reporied that in gram (Clcer arietinum)
phosphorus significantly increased number and dry welght
of nodulos and nitrogen fixation. Sahu (1973) observed

that in blackgram and horsegram inoculatlon alone or
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in combination with phosphate increased nodulation
which contributed to the increase of N in shoots and

roota,.

The nunbhor and woight of nodulss per plant in
cowpea increased with increaglng raFes Of 9205 upto
111 kg/ha (Sharma and Garg, 1973). Chowdhury et al.
{(1975) in trials with gram (Gicer srigtinum) on sandy
clay loam solle roported that increasing 9205 ratas |
from gero to 25 and 50 ka/ha increased root length,

wveight and nodulation.

Singh et ale (1975) opined that in mung (Phaseolus
aureus Roxb.) P application at zero to 75 ky ons/ha
may stimulate nodule production and thus result in
higher rate of nitrogen £ixation. Fleld trials with
covwpea revealed that nodulation increased with P éppli-
eation uwpto 60 kg P/ha (Agboola and Obigbesan, 1977).

Yagdava and Singh (1978) noticed that application
of 30 end 60 kg Pgos/ha £o greengran (Phaseclus aureus)

significently increased ths nodule numbasr ovar control.

George (1980) reported that phosphorus had signi-
ficant effect in increasing the number of nodules per
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plant recording the maximum number o©of 46,97 nodules
wilth 60 kg PEOB/ha in blackgrame. Similar increase in
nunbor of nodules par plant in blackgram was observed

by Shrlvastava et al. (1980) upto 75 kg 9205/haa

Application of 13 kg P/ha ¢o pigeon pea {(Cajanua
cajan (L) ®illsp) significantly incregsed nodules per
plant compared with no P application at all stages of
ercp growth, oxcopt at 30 days after planting (Singh ot al.
1981)

According to Ahlawat and Saraf (1982) application
of P to plgeon pea resulted in developlng more extenw
aive root system and bigger and more number of nodules
per plant accounting for higher nodule weight per plant.
Phosphorus at 34 kg P/ha recornded mora number of ngdules
than 17 kg P/ha at 60 and 100 day stages. MNitrogen
yield per plant increased with P application at all
growth stages recording higher values wlth 34 kg compared
to 17 kg P/hae

() E€fect of phosphorus on protein content.

Singh (1970) found that in gzam application of 45
to 90 kg Paosfha resulted in 15.3 t0 164,11 per cant

protein content comparad with 15.5 per cent without
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phosphorus. According to Malik et ale (1972) appliie
cation of P had no cf£fecet on cowpea sead protein

contont.

Punnoose and George (1974) observed in groundnut
that the seed protein contaent lnereesed with increasing
rates of P (0, 25, 50,75 and 100 kg P,0z/ha)e. dJayadevan
and Sresdharan (i975) observed that in groundnut the
protein content aignificantly incrsased by application
of P upte 100 kg 9205/ha.

Singh ot ale. (1975) found in mung (Phaseclus
aurcus) that protein content signiéicantly incraased
with increasing rates of P applicatlon (%ero to 75 kg
Pzag/ha). Prasad and Sanoria (19381) obtained highest
seed protein content (26432 per cent) in blackgram with
inoculation and 150 kg P,0; and lowest 22.93 per cent
with 50 kg P,0./ha.

Agcording to Dwidevl and Singh (1982) the effect
of varying doses of P (0,20,40 and 60 kg/ha) on the
per cant Of proteln contant was in the increasing ordsr

and was signilficant in bengalgram.



(o) Effect of vhosphorus on nutrient content and
'IIE tako.

Sasidhar and George (1972) noticed that in Co~l
lab lab increased rates of P,0; (0,25,50 =nd 75 kg/he)
increased tho P,0g contents of pods and haulms.
Increasing the rats of potassium also incraased P

contents.

Rajendraﬁ at al. (1974) found in blackgram (Phazeolus
mungo i) that total ? content of seed increased with
increasing leveols ofJP (0,30,60 and 90 kg 9205/h3)0
Sharma et al. (1974) found that application of 50 kg
Paos/ha increased the uptake of phosphorus by cowpeas

Ravankar and Badhe (1975) reported from pot experi-
ments with urd, mung and soybean that applied P increased
phosphorus uptake by plants at different growth astages,
According to Ramanathan et al., (1977) application of
76.4 kg 9205 reglsterad significant increase in phioge
phorus concentration in plant énd grain camples of red-

gran,

Dalal and Quilt (1977) reported that in pigeon pea

fortilizer P significantly increased total phospliorus
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uptakee. Nalr and Alyer (1979) obtained an incresse
in P content in grain and haulm of greengram with
incrasse in P levels (15, 30 and 45 kg 9205/ha)

growvn in the upland laterites of Kerala Stato.

Kumar et ale. (1972) reported that P application
significantly increased phosphorus uptake in cowpea.
Phosphorus at 40 kg 9205/ha registered highest uptake
folloved by 30 kg but were on pare Singh and Sharma
(1980) found that higher doses of P were effective in

increasing the uptake of nitrogen, phoaphokus and

potassium in chickpea (Cicor aristinum) plants at

maturity.

Singh et ale (1981) reported that in £ield pea

(Pisum arvensa Le var. Arvense Polr) P appliecd at 60 kg

Pausfha gave the maximum uptake of nitrogen, It was
shown by Subbian and Ramidh (1981 a) that application
of P increagsed the phosphorus transfer efficiency
markedly in redgram and there was notmuch variation
between the two levels of P tested, namely 25 and 50 kg
ons/ha. Phosphorus application increasod phosphorus
uptakae at all growth stages of crop and maximum during
pod developmant stage. The rate of P uptake during the

pod development stags showed the greater need of phos-
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phorus for grain development (Sukblan and Ramiah
1961 k)

In pigeon pea, phosphatic fartilizer sianificantly
incraased nitrogen and phosgsphorus concentration and
uptake of all nutrients (Hegde and Saraf, 1982).
singh st ale (1983) raported that in pigeon psa appli-
cation of 17 kg P/ha incraased N and P uptake, Hoﬁever.
ﬁo signiflcant additlonal incroase in N uptake was

obsarved when P was increased to 34 kKg/hae

Ce POTASSIUNM

(a) BEfect of potassium on growth characters.

son et al, (1974) found decreasc in vegetative
growth of above ground parts of groundnut with increase

in potassium levels.

Reddi et al. (1976) im a trial to £ind out the
effaect of potassium on growth and yield of soybean
observed that differences amony potassium levels were
found to be significant with regard to plant helghte
The maximum height 0f 27.6 cm was obsoerxved in zero kg
K,0 while 40 kg Kzo/ha had the minimum plant height of
25.3 cm,
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According to Hair (1978) height of groundnut
plants increased significantly with increase in the
level of K,0 from 25 kg to 50 kg and 75 kg/ha even-
though the differcnce between the higher levels was
net gignificant. - Appliéation of 50 kg K20 algnifie
cantly increased the number of lesaves per plant 6ver

25 kg K,0/hae

Awong the dlfferent levels of Ny P and K tried
on blackgram, Ggorge (1980) found that the number of
brenchen per plent was signiiicantly influenced only

by Potassium lovelse

(b) Effoct of potassium on yield and yleld attributes,

Saraf et ale. {1968) recordsd a significant response
in yleld of blackgram due to potassic fertilizer.
Eira et ale (1974) roported that in black beans response
to K was not significant but yields tended to degreace
with increasing rates.

 tdtkees (1974) observed that plant dry matter and
seed ylelds of snep bsans (Phaseolus vulgaris) were
significantly improved by potassiume In £ield triala
with peas and phassolus vulgarls, Sheveleva (1974)
raported that application of 60 kg qufha‘gaVG the
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highest increase in seed ylelds of both the crops

grown on light grey soil,

Sawhney et al, (1975) rovealed that in blackgram
the appiication qﬁ K increased the grain yleld in
Punjab. iranz et ale (1976) reported that in ksans
(Phaseolus yulgaric) during dry season application
of 80 kg Kzafha increased yield by 7 per cent.

Nemoth and Forster (1976) found that average saed
yield, seed weighg and number of sceds per plant incraae
sed from 414 to 595 g/m°, 327 to 342 mg and 38 to 53
respaectively with iﬁcreasing rates of applied potassdium’
(0, 75, 150 and 300 kg Kzo/ha) in £ield beanse.

According to Osiname (1978) applied K did not
significantly effect the yield of ifg=-Brown cowpea
(Vigna unguiculata (LJ;:Walp)e Sharma et al. (1978)

found that for gram thare was a significant response to
the application of 15 kg qufha on both madium and high
K solls, bhut the macgnitude of regponse was much higher

in medium than in high K soils.

Applied K did not exhibit any significant influcnce
on the yield components of cowpea variety, P=118 indi-
cating the adsquacy of the soll supplies of the nutrients
(Kumar and Pillai, 1979).
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George (19380) opined that yield and yield attrie
butes of blackgram showad linear znd significant
increase with increace in tha lavel of potassium. The
maximum grain yield of 1757 kg/ha was recorded at
the potassium level ©f 30 kg Kzo/ha. Potassium also
had significant sffect on tha total dry matter produ=
ction.

Kapur et ale (1982) observed no significant

response of rainfed bengalgram to X application.

(c) Effect of potassium on nodulation and nitrogen
Eixation.

dair et al. (1970) opinad that in Arachls hypogea L.
lack of K resultad in reduction in nodulation and nitro-
gen f£ixation but not so marked as that of phosphorus.
Chesney (1974) f£rom experiments conducted gn cowpea at
Ebini and Kairuni found that nodulation was increased

by X at Kairuni,.

The results of £icld cxposriments done hy Jones et al,
(1977) showed that application of phosphorus and potassium
individually increcased nodulation in soybaans with more
response £rom K than P,

Halr et al. (1980) found that the potassium levels
hed no effect on the nodule dry weight in groundnut,
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(d) Bffect of potassium on_protein content.

singh et al. (1969) from the axperiment on pea
varietias carried out in the Agronomy FParm Of LeAeRels,
reported that application of phosphoric acid and potash
{zero to 45 kg/ha) did not influence protein ccntent in

grain,

Haghparast and Mengel (1973) observed that in Vicia

faba the protein content of various plant parts ware

not significantly affected by X but the protein yield
per pot was increased by 20 par cents, Bhulya and Chowdhury
(1574) reported that in groundnut K application did not

increase protein content,

Markus (1976) reported that in soybean protein was
increased by application of N, K or FiM., Goorge (1980)
found significant increase in grain protein yield with

increase in the level of potassium in blackgram,

Devarajan and Kothandaraman (1981) noticed that in
groundnut the crude protein content of kornels was ilncrea-

sed £rom 427 to 47,93 per cent by K application.

(e) Effcct of potasgium on nutrient content and uptake,

Nakagawa et ale (1966) found that in groundnut the

application of X increased the content of P snd K in the
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leaves., Bailns (1967) reported that the percentage o0f K
in bean plants increased with additional lacrament of

potagssium application.

Bains (1969) reported increase in the K content in
Phaseolus iulgaris with increase in the rate of applied
potassium. Stewart and Reed (1969) in pot experimants
out 0f doores ir Southern pea reported that plant content of

K Iincreased wlth the esddition of potasaiun,

Harishanker and Kusiwaba (1971) found increased
uptaks of potassium dua 0 the increased application of
K in uzd plant. Bhangoo and aAlbritton (1972) observed what
in, goybaan applied K increased the potasgsium content of

leaves and seeds.

Groneman (1974) in a f£ield trial with soybaan raported
that potaseic fertillzers markedly increased K uptaks by
plants, <Chevalier (1976) in a £ield trial with soybean
reported that application of K increased I uptake at sead
ripening from 110.7 kg/ha without applicd K o 173.8 kg
with 200 kg Kgo/na.

Potassium application resulied in iacrzased X content

of haulm and kemel in groundnut (Habzepullah et ale, 1977).
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George (1980) noticed that K application significantly -

increased K uptake by blackgram Crop.

D. Combination effect of nitrogen, phosphorus and

potaassium

(a) Oon_growth characters.

Shukla (1964) reported that in gram nitrcgen at tha
- rate of 10 or 20 ib/acre in combination with phosbhate at
30 1lb/acra lovel signiflcantly produced higher number of

branches than P, treatment (30 lb/acre). Ezedinma (1965)

1
found that plant height and numbsr of leaves per plant of
cowpea were increased by the application of 20 1b KN + 40 1b

Paosfacrau

Manjhi and Chowdhury (1971) roported that when NPK
combination and P alone were compared to check, did not
show superiority over check £or the number of primary

branches in bengalgram (Cicer arietinum).

In Pusa Balsakhl mung, plant height and number of
branches per plant increased with incr=asing lavels of
nitrogen and phosphorus. The cuonomic level was found to

ba 30 kg N + 30 kg ons/ha (Panda, 1972),
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Cassman et al. (1878) found that at the four

lowest P levels (0,005, 0,02, 0405, 0.2 ppm phosphate P)
nitrogen provided in the nutrient seclution did not
increase the plant dry welght of nodulated soyboah.
There were gignificant differences in dgy matter distrie
bution caused by P stress and N source. At all P levels,
plant recycling upon symblotically produced nitrogen

. a8 their sole N source had a smaller root percentage

of total weight than plants provided with nitrogen.

(b) On visld and yield attributes.

Bhattacharya (19571) reported that in horsaegram the
highest ylelds were obtained with a combined application
of 3345 kg 9205 aﬁﬁ 11.25 kg K2Q/ha under original soil
while in lims dressed soll addition of 22.5 to 44.5 kg N
in combination with 33.5 kg P,0;/ha proved to be more
effectiva fertlliger treatment with a 120 per cent

increase in grain over absolute coatrol.

Manihid and Chowdhury (1871) noticed that only ? levels
(25, 50, 75 amndd 100 kg ons/haJ showed slgnificant yiecld

differances of benugalgram (Cicer arietinum). But differen=

ces among P levels without ¥ and K (each at 50 or 100 kg/ha)
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ware not significante No significant interaction was
aléo obgarved. HPK combination end P alone when compared
to check thougﬁ did not show superiority over check in
grain welght per plant, showed significant difference

in grain vield. But P alone and NPX combinatlion were

on pars

according to Panda (1972) yleld of grain and bhusa,
langth of pod and average weight of seeds per plant
increased with incrsasing levels oi nitrogen and
phosphorus. $he lovel of 30 kg H and 30 Kg 9205/ha
for Pusa Baileakhi mung was the most profitable and
aconomical dose though the highest grain yield of 10.53 g/ha

was cbtaincd from the level of 66 kg i + 90 kg P,0g/ha.

Kurdikeri et ales (1973) from £ield trials in
covpea reported the highost yield of 1.58 t/ha with 11 kg
N + 44 kg onsfha. Chesney (1974) obsarved £rom exporie
ments with cowpea at Ebind and Kalrunld that 25K intor-

action was always significant,

Rajendran et al. (1274¢) noticed an increase in the

seed yield of blackgram{Phaseclus mungo Le.) with increase

in the level of nitrogen and phosphorus. Venugopalan

and riorachan (1974) obtained significant efiagct of-
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HxP interaction on the sged yvield of greongram.

In ounyg {(Phaseolus aureus Roxbe) grain yleld was
significantly lncreasad over the untfeated control with
25 kg H§ + 50 kg Ezcsfnaa Protein contont was also
signlficantly increased. Yield was not improved by
increasing the application ~ 7 rates of phosphorus. It
is suggested that P application may stimulats nodule
production and thus higher rates of nitrogeﬂmiglngh et al.
1975},

Subramonlan ot ale (1977) in trials with cowpea
rapoerted that_applicétion of NPK at 10320:5 kg/ha gave
the highaest grain yleld of 2é51 ka/ha and was superior'
to other levels. &pplication of HNPK beyond 20140:10 kg/ha |
dacraasedW}ield Of graine

Touvin and Lencrexot (1977) found that in Vigna
unguiculata (L. )Walps highaest dry matteQméeeﬂ fi@lda
vara given by 200-400 kg P =snd K in conjunctlon with
100 kg ¥ and 2 t Cal/par hae

Gowda and Gowda (1978) reporied that in gresagram
applicatlon of NPK together gave the highest pod and
graln yield of 2045 and 12.7 st/hz respuciilvely.
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Viswanathan @t al. (1979) obtalned maximum yiedd of
cowpea with 37.67 kg N and 37,37 kg Paos/ha. The economic
~ dose of fertilizers wers 23,12 kg N and 23455 kg P,0:/ha.

Vaishya et al. (1981) found that in ucd (Vigna
munge (L)Hepper) increased rates of applied B (20~30 kg/ha)
and P305(50-75 Ikg/ha). hud no significant effect on yield.

(c)} On_nodulation and nltrogan fixation.

Bebin and Igaatenio (1969} in trials with soybsan
given combinations of 10-30 kg N, 40-180 kg Pa0g and
55240 kg Kza/ha found that application of P and K increa-

sed the root nodule numbese

docording to Muethuswamy (1973) phosphorus application
at 30 kg onb/ha along with potasoium gt 90 kg KZQ/ha
without nitrogen was found &0 incroase the nodule number

€0 the maximum extent in groundnut.

Singh et ale (2975) wmeported thaot in Cicer grietinum

application of K and P incressed the numbar and dry weight

of effective nodules por plant upto 90 days aftoer sowinge

Valshya et ale (1982) ohserved that increased rate of
applied@ N (20»30 kg/ha) and 9205(59-75 kg/ha) decreased
nodulation in urd(Vigna munge (L) Hepper).



16

(d) tn orotein contente

Kurdikeri et ale. (1973) raported that the protein
content of couwpea was increased from 16.8 to 20 per cent
by the application of 11 kg N + 44 kg Paos/haé Highor
doges of M, 9205 or K20 did not influznce the protein
content in couwpea.

Mlesinta (1974) veported lh Vicia faba that protein
violds wezo 0,69 t/ha without. fertilizer and 0.94 and
0,90 %/ha with 66 kg N + 48 kg 2,95 + 40 kg K,0 applied

in autwm and spring respectively.

Niklyaev (1975) in a field trial in Guinea with
(a) mung (b) cowpsa and {¢} bean (Phaseolus yulgaria)
reporwaed that €00, 690 and 560 kg protein/ha for @, b and
@ raspectivaly wera obitalned £fxom the application of

60 kg N + 60 kg POy + 60 kg qufha.

Yadava and Singh (1978) reported that application of
P in combination with N resulted in highor N content in
shoot and grain protein content in greengram.

Devarajan and Kothandaraman (1981) £ound from a pot
experiment with groundnut that thd combined aepplication
of 60 kg P,0g and 90 kg Kaofha recorded the highest value

(52,39 per cent) for ths crude protein of kornelse
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Gupta and Singh (1982) noticed that in bangalgram
(Cicer ariectinum L.} addition of N, P and S enhanced
the protein conteant in grains appreciably. The response
to the application of graded dose of these nutrients was
quadratic in naturcee Protein content showed significant
correlation with P and S content in grains. Eighteen
aminoacids in total wore recognized in chromatogram of
grain £lour when maximum doses of M, P and & wers applled

togaether.

(a) On_untake of nitrogen, phosphorus snd potasgiume

~ Gnetleva (1371) reported that in bean plents appli-
cation of NPK irrespsctive of their rates and proportions
in a fertilizer mixture markedly lncreassd X content and

had 1little cffect on P and XK contents in tho secd.

Yadava and Singh (1278) observed that application
of ¥ and P increased the uptake of nitrogen Dy greengram

and fixation Of nitrogen in the soll over coantrol.

Gupta and Singh (1283) opined that uptake of N was
significantly agfectad by the application of N and P to
bangalgram and was greoatest at ths highest lovels (20 kg N
and 80 kg ons/ha). Nitrogen uptake at both the P levels
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ﬁas statistlically similar in grein and straw but was
sighificantly higheor than that in the control. Tha
interaction of N and P ievels affected N uptake signle
ficantly. 4ddition of N and P significantly influenced

P uptake 1n grain and straw alsoe

Ee Effect of nitrogen, phosphorus and potassium on soil

fertility status

Prom f£ield and glasshouse expecriments on ficld bean,
Bains (1967) noticed that under glasshouse candition sodil
tast values for avallable P,0; and available K,0 wore
| affected by tha application of respactivo fartiliser
element, particularly at highar levels of applied phose
phate and potash whilch iandicated the build up of available
nutrient in the soil.

Khare and Rai (1968) studied symbiotic nitrogen
fixation by a few leguminous crop like soybsan, cowpea,
muang and dalnchar. He found that legume crop whon troatad
with P increased N content of soll significantly. Total
amount of N{(in plant and soll) fixed symbiotically in the

P treated plots over control was more than double.
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Garg et als (1970) from trials conducted with
cowpea reported that P application at the rate of
37, 74 and 111 kg Paosfha caused increase in residual

nitrogan and phosphorus,

Chatterjee et al. (1872) reported that application
of 40-80 kg P,0:./ha to soybeans grown on well dressed
alluvizl soll increased the soil N content. Sahu and
Bohera (1972) also obzserved that inoculation and applie
cation of phosphate (22.4 kg/ha) increased the soil N-by
58, 22 and 26 per cent over control in crops of cowpea,

growndnut and greengram regpactively.

A £ield experiment with 6 legume crops and 4 lavels
of » (0, 40, 80, 120 kg Pgob/ha) revealed an increase in
organic C and N content of soil wilth increased dose of
phosphorus. Therc was a significant increase in P content
of soll at all P levels. Avallable P also increased with

increased P treatments (Singh and Khatri, 1972),.

Sharma and Yadav (1976) noticed in a £ield experi= -
ment with gram that the avallable phosphorus content of
poll in general incrsascd with the addition of P upto
34.8 kg P in 1972~73 and upto 52.2 kg P/ha in 1973«74.

singh et al. (1983) obsérVed improvemaent in total N
and avallable P status of soll by the application of 17 kg
P/ha to pigeon peae
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MATERIALS AND METHODS

&a investigstion was undertaken to £ind out the
effect of nitrogen, phosphorus and potassium on the

growth, vield and quality of horsegrame

LOCATION
The ewperimasnt was eonducted in the garden land of

the Instructional Farm, Coilage of Agriculture,Vellayani.

SOIL
Thae soll of the exparimantal area waz red loam, The
deta on the analysis o0f the soll bhefore starting the

experiment 1o given in Table 1.

BEASON AND HERIIER

The emperiment vas conducted during Jztober-bLacembor,
1982, The crop was sown on idth Octobar and harvest was
coempletad by 25th Docenbor 19C82. The motecrological para-
meters such as rainfall, maximum and mdnimum tempacature
and relative huridliy during the sbove perisd were
recordeds The weskly sveragas of maximum.aud minimum
tanparatura nd relative humidity and the weekly total of
rainZgll during the crcppiné period are given in Appendix II
and FPige.1l(b). The normal values of the sbove meteorological
paramsters for the past 24 years vera worked gut and are

given in Appendin I ‘'and Fig.l(a).




Table 1. Analysis of the soil before starting the experi-

ment

Constituants Content in =oil Mathod used

Toral nitrogen (kg/ha)

Avallable P,0; (kg/ha)

AVailable K20 (kg/ha)

prl

2372

45

96

riodified micro=iKjeldahl
mathod

ray's mzthod
ammonium gretate mathod

1:2,5 soll solution
ratio uzing pH meter, .
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CROPPING HISTORY OF THE FIELD

The experimental area was under gulnea grass for the

past thres years.
MATERIALS

Variety

The horsegram varlety used was Pattambl local. It hag
a duratlon 0f 65=70 days. cteeds are yellowish brown in

¢olour,
seed

Seeds with 95 per cent germination was obtained £rom
the Reglonal Agrlcultural Research Station, Pattambl,

rartilizers

Pertilizers with tha followlng analyzis wera uséd for

the experimant,

Uraa - 45 pexr cent N
Superphiosphate - 16 per ceat 9205
Huriats of potach - 60 por cent Kz“

METHODS

Datalils of tho treatmsnts

The treatment consisted of a factorial combination of
three levels of nitrogen, threa loveis of phosphorus and

three levels of potassium,
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(1) Levals of nitrogen

N - 0 kg N/ha

0

- o
N, 15

- "
Nz 30

(11) Lavels oi phosphorus

Pq = 0 kg ons/ha

- "
Pl 25

- i
P, 50

(11i) Levels of potassium
Ky = 0 kg Ky0/ha

K1 - 20 “

Kz - 40 "
Treatment combinations
le NOPOKI 11. NlPoKl 20. NzPoKl
3o NOPoxz 12. NlpDKa 21. N290K2
e NopiKo 13, N1P1K0 224 N2P1KU
Be NP, K, 4. N,P.K, 234 NP K,
Te NoP,K, 16e NiP,Ky 25+ NP K

Bxperimontal tachnigus

Tha exporiment was laid out as a 33 factorial experie

ment with two replications. The higher order interactions,
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PR and MPK?Q were partially confounded in Replication
I and II respectively. The lay out plan is gilven in Flge2e
The detalls of the lay oul are furnished below.

Gross plot size -5 x 3.9 I

Het plot sizo - 4 2% 3,0 ®

Raplications - 2

Number of blocks per ) - 3
replication )

Total numbar of Flo‘;.s - 54

Spaecing « 25 x 15 om

Praparaticn of the fleld

The experimental arca was dug twlce and atubbles ware
romovaod, clods ware brolken and the £ield was laid out into

blocks and plotse The plots worxe lovelled bafore sowinge.
rartilizer anplication

A wniform basal dosa of lime ot the ratse of 500 kg/ha
{Anon, 1981) wos applied two viesks bafore sowing and incore-

porated well into the moll,

The reguirod guentities of urea, superphosphate and
muriate of potash for cach plot wers mixed thoroughly and
applied uniformly by bkroadcasting in the respective plots

Just before aowling,
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REPLCATION.
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Nz - 30 v . Pa -~ BOo . - Kn - 40 . "

FlG: 2. LAY OUT PLAN. CONFOQUNDED FACTORIAL EXPERIMENT
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Soeds_and sowindg

Seeds treated with rhizoblal culture were dibbled at
tha rate of 2 ceeds per ho;a in lines at a spacing of 25 cm
between rows and 15 om batween plants and covered with a
thin leyer c£ soil. One light irrigation was given lmmedlae
toly after sowinge. Thinning and gepfilling were done 7 days
after sowinge

aftercara

Hand weeding was done twice duriang ths growth perioed

of the c¢rop. Malathion 0.25 per ¢ent was sprayed once agalnst

avhids, The general stand of the crop was satisfactory.
idarvest

Harvesting was done thrice by picking mature pods of
Individual plots and was ccmploted by 75th day after sowinge.
The border rows and the okservation  Zplants were harvested
separately. 7The pods were dried, threshad and seeds separa-
#eds The grain and éhe husk from the net plots ware weighed
and recorded. The bhusa from ths net plot was pulled out,

sun dried for three days and the welight recorded.

Sampling
Gre line of plants all round in each plot was loft out
as border rovse In all the plots one row in the eastam

side was set apart as a destructive row for taking plant
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samples for lesaf araa <determination, nodule count and
chemical analysis. The subsequent Zow was again left
out am a border row, thus making the net plot ] arsjito
4,00 x 3.6_M with 16 rows ond 24 hills por row. Ten
blants wars salected randomly from the net plot ané
tagged for‘hiomatric observations.

OBSERVATIONS RECORDED

A. Observations on drowiih characters

{a) Height of plent,

Observation on ﬁeight of plant was recorded on the
tagged plants at four growth stages, namely 20th, 40th
and €0th days aftor sowing and at harvests. The haight Sﬂ
plants was measurad f£rom the cotyledcnous node to thz tip

of thz growing polnt and the mean helght (cm) recorded.

(b) Mumber of functional leaves per plant.

The total number of functiocnal leaves present in ths
cbservation plants were counted at the above £four stagen

and ths avarage worked out.

{c) laaf area index (LAL),

This cbservation was alsc rsacorded at tha four growth

stages of the plant. L=af area was calculated using the
punch methed (Winter et al., 19356). Two plants ware remcved



from tha destructive row, leaves wore separatad and
punchad at each stagse The discs as well as the remaining
leaf portions, were dried in a hot ailr oven at 80 % 59¢
and thelr respective dry weights recorded. From this leaf
area and the LAL werc worked out, The leaf area indax

was worked out using the following formula suggested by
Watson (1947).

Laaf arasa per plant (cm®)
LAL =

Land argea occupied by the plant (cm?)

(@) NBumboer of branches per plant.

The total number of branches in the observation plants

were counted at harvest and the average worked out.

(e) Number of noduleg par plant.

At flowering, ton plants £rom tha destructive row
vara dug out causing least disturbonce to the roots,
wasned well and the nodules geparataed, countead and the

average worked out.

(£) Dry weight of nodules per plant.

The nodules saparated for nodule count were oven driad

and the average welght (mg) recorded.
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B. Observations on yleld and yleld attributes

{a) Nunbor of pods par plant.

“he- total number of pods produced by the observation

plants wore counted and the average recorded.

(b) Length of pod,

Twenty pods ware selected randomly f£rom the cbhserva-
tion plants, their length measured and the average worked

out and expressed in Gle

(¢) nwnber of sesds per pod,
Tha total nunber of seads obtained from twenty pods

selocted for pod length ware ccunted cnd averags worked
out.

(&) Hundred saed wvelaght.

Waight of 100 seeds sclactad at randem {rom the obaare
vation plants in each plot was determined and exprossed in

Chile
() Grain yicld.

The pods harvested from ecch net plot were dried,
threshed, winnowad and the grain weight recorded at 12

per cant wolsturs contents Yield was expregsed in kg/ha.

(£) Bhu=sa vield,

The plants from tho net plot were pulled cut aftex

coliecting the pods, drled in tho sun for three days,
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weighed and the yleld expressed in kg/ha.

(g) Total dry matter yield.

The observation plants ware removed £rom each plot,
sun dried and dried %o a constant wolght in an air oven
kept at 80 ¢ 5°c for 48 houre. Tha total dry matter
yvield worked out for sach treatment and expressed'in kg/ha.

(h) Harvest index (HI).

The harveot index was worked out based on the grain
yield and the total dry matter yield in each plot, using
the following formulas

Economlc yisld
Blological yield

HI

Ce uality characters
(a) Protein content of tha grain,

tha percentage of protein in the grain was calculated
from the percentage of nitrogen by using the f£actor 6,25
(simpson et al., 1965).

(b) Crain protein yield,

The grain protein yleld was calculated from the protein
content and the total dry welght of the grains and expressad
in kg/hae |
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(c) Protein content of tho bhusas

The peraentage of protein in the bhusa was calcula-
ted from the percentage of nitrogen by using the factor
625 (Simpson et al., 1965).

(d) shusa protein yield,

Bhusa protein yield was calculated »ased on the
protein content and Ary welght of bhusa and eXprossed

in I’;g/hao
e Chamical analyels

() Plant analvgdc.

Samplos taken for chemical analysils were oven dried
at 80 + 5°C and ground in a Wileymill, The nitrogen,
phosphorus and potassium ¢ontants Of the grain, husk and

bhusa wore analysed separately.

(1) Nitrogen content,

The total nitrogen content ¢f the samples was detar-

mined by a modified micro-Kjeldahl method (Jackson, 1967).

(1) Phosphorus coatent,

Tho phosphorus content was dotermined by Vanadoemolybdo-
phosphoric yellow colour method (Jacksan, 1967) using Klett

Summerscn Photoslectrle calorinmakar.
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{(1ii) Potassium content.

Potassium content in plant samples was determined

using ‘EEL' flame photometar.

(iv) Uptzke studies.

The total aptake of nitrogen, phosphorus and potassium
at harvest was calculated based on the conteat of thege
nutrients in the grain, husk and bhusa and their dry welghts
expressed in kg/ha.

(b) Soll analysio.
The total nitrogen, phosphoruis and potassium content

of a composlte soll sample cellected prior to the experi-
ment and soil samples colleetad from indivlidual plots after
the experiment were analysed. Total nitrogen was determined
by modified micro-Kjeldahl method (Jackson, i967) and avalla~-
ble phosphorus by Bray*'s msthod (Jacksen, 1967). Available
potagsium was determined by Ammonium acotate method (Jackson,
1967) .

Ba Statistlceal analysis

The exXperimsntal data wore analysed statlstically by
applying the technique of analysis of variance for partially
confounded 33 factorial experdiment and significance was
tasted by 'F?' test (Cochran and Cox, 1965). Important

correlations were also worked out.
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Response surface and sgtandardisation of fortillizer

rasponsa

Response suriace, ¥ = bo‘i-blﬁirbzm-baki-u-buﬂ2+b221?2+

b33K?+b12NP+b HK+b, PK was £itted to estimate the optlmum

13 a3
dose of N, P and K to obtain maximum profit. The optimum
combination of N, P and K (mathematlcal and ecconomic optie

mun dosas) was estimated by solving the eguations:

a
’E’La 0, -ZBIJ— oses (1)
! Py

a
"""Lm 0, E.?_.. rece (2)

dp Py

d

—— 0._2&_ evee (32
ax Py

where py - price per kg of grain,

pN P 1] 2.1 N
pp - n n 9205
Pg = " ! %20, ana

the L.H.5. values are the derivatives of Y with respect

to H, P and K.
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RESULTS

The data on the observations were statistically
analysed and tha results are given below.

I, Growth charactscs

(a) Height of plant.
The observations on height of plant warz recordsd on-

20th, 40th and 60th days after sowlng and at harvest. The
data ware znalysed ssparately and the mean values are
presented in Tables 2(a) to 2(d) and tha analysis of
variznce table in Zppendix IIl,

The results showed that the héight of plant increased
with incrsasing rates of nitrogen (0.15 and 30 kg/ha) on
20th and 40th days aftar sowing though not significantly.
On 60th day the height of the plant aignificantly increased
with increase in the rates of N application. Nitrogen at
30 kg/ha produced a nmaximum hoight of 88.88 cm. At harvest:
Hy producsd significantly taller plants over contzol and

was on par with N,e

fthe effect of phosphorus in increasing the height of
plant showed cignificance on 40th day, 60th day and at
harvest. On 40th day the height of the plant significantly



Table 2(a)
lleight of the plant {(cm) 20th day afier sowing

N kg/ha
P,05 ka/ha 15 30 Mean
0 8.43 B3.62 V474 9400
25 9,27 8.82 865 8.91
50 Be47 0405 9,65 2.G6
K0 kg/ha
0 B.04 Ced2 8.81 8.36
20 8.73 9423 Su51 9.16
40 S«40 Ge23 Oe72 9445
Fean 873 Be90 9.35
9205 kg/ha
K,0 kg/ha 0 25 50 Mzan
0 8627 8.31 Be48 Be36
20 9,28 9.19 9.00 9«16
%0 Deéd 9023 9.68 9445
Maan 900 891 9.06
C.De (0.05) for marglnal means = (561

CeDe (0.05) £or combination = 04971



Table 2(b)
Height of the plant (om) 40th day after sowing

N kg/ha
P,0q kg/ha 0 15 30 Maan
C 38625 35,92 34,90 36435
25 38477 37.26 41.37 39,13
20 A9e41 42.02 42.12 41.18
K0 ka/ha
o 33.47 31.92 3A5.52 33.64
20 39.47 42.67 -39.04 4040
40 4348 40,61 43483 42.64
Maan 38,81 38.40 39.47
P,0g kg/ha
K,0 kg/ha 0 25 50 Mean
0 31.65 35.19 34407 33.64
20 39,42 41.48 40.29 40.40
40 38,00 40,73 49.19 42,64
Mean 36°35. 3213 .41.18

CuDa {0.05) for maryinal masns = 1.899°
CeDe (005) for combination = 34290

b3



Table 2(¢)
Height of the plant (cm) 60th day after sowing

N kg/ha
ons ka/ha 0 15 30 lean
0 76607 72,70 5520 77929
25 76.27 - 95,98 8893 87,39
50 7950 B83.32 92,52 85.11
K20 kg/ha
0 71.07 B8G.25 83.08 £0.33
20 78450 ' 8C .05 86.38 8l.64
40 82.27 B86.70 96,58 88,52
Mean 77.28 B1433 38.88
K0 ka/ha F,0g kg/ha
0 25 50 Maan
8) 73,22 83.11 79467 804,33
20 75.52 _ 864,23 79,10 + 8le.64
40 81.23 3783 9648 88.52
Maan T7.99 37,39 B5¢11
CeDe (0.05) for marginal muans = 3,784
CeDe {(3.,05) for combination = §,785



Table 2(d)
lleight of the plant (cm) at harvest

¥ kg/ha
9205 kg/ha 0 15 30 Maan
0 84410 83.93 93.50 87.18
25 89.17 105.48 95,36 8G.67
50 87.23 91,90 98,20 92,44
K,0 tg/ha ' |
0 81.40 92.42 50.86 88.23
20 90,83 97423  94.57 94.21
40 88,27 93,67 101.63 93,86
K0 kg/ha P,0g kg/ha
0 25 50 Maan
0 82.67  93.93 B8.08 88,23
20 90.00 102.85 B9.,78 94.21
40 83,87 93,23 99,47 93 .86
Maan 87.138 96,67 92.44
CoDe (0o053) fér‘marginal means ) 6.b44
CeDe (0.05) for combination 210,469
fop)
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increased with incrzasing rates of phosphorus whereas
on 50th day and at harvest the effects of Pl and Ea

Wore on pare

Tthe affect of potassium was significant on tha
height of plant on 20th, 40th and 60th days after sowlng.
On 20th day Ky and K, vere on par but significently
superior to control. On 40th day the effact of potassium
showad a linear trend roglstoering a maximum height of
42,64 cm by 40 kg qu/haa On 60th day the treatment K,
was significantly suparior to Kl and control which wera
on par. Tha effect of potasslium was not gignificant at

harvest,

The 1interactions HxP, NXxK and PxK were found signi-
£ficant only on 40th and 60th days afiter sowing. Tho treate
mant combination NP, preduced a maximum helght of 42.12 cm
on 40th day which was on par with Nlpz and szl. Similarly
on 60th day the trgatment combination NyPy produced a
maximum height of 96,98 cm which was on par with NZPZ
(92,52 cm)e

In the case of NxXX lnteraction, tha trcabtment combina=
tion B, K, procduced a maxXimun height of 43.83 cm on 40th day

which was on par with NOKE' NIKI and N;K,a  On 60th day



the treatment combination NZKQ produced signifiicantly
taller plants than any other combinations of nitrogen

and potassiume.

With regard to PxK intersction, the treatment combina=-
tion PyK, was significantly supsrior on 40th and 60th days

after sowing.

{b) Numbar of functional leawves par plant.

The observatlons on ntumber of Zunctional leaves ware
taken on 20th, 40th and 60th days after sowing and st
harvest. Ths data were analysed separately and the mean
valuss are presented in Tables 3(a) to 3(d)e. The analysis

of varienge table is given in Appendlx IV,

Treatmant Na showed slgnificant increase in numbar
of leaves per plant at all growth stages except on 20th

day when it was on par with Nl’

The effect of phosphorus was also found significant
with respect to number of lesaves per plant at all stages
cf crop growthe Troatmant P, produced significantly higher
nunbor of leaves over control and was on par with Py at
all stages of crop growth except on 40th day. On 40th day

P, was on par with P, which in furn T #¥hee was on par



Table 3(a)
Humber of functional leaves per plant -
20th day after sowlng

) ¥ kg/ha
P,0g Ig/ha 0 15 30 Mean
1) 3.565 473 4,20 4 o43
25 4463 44,80 4485 2476
50 4,82 5,05 4.87 4,91
K,0 kg/ha
o 3.78 4.58 4,77 4,30
20 4,60 Hel2 477 4.33
40 72 4.86 5,08 4.89
Meaan $e37 4,86 4,87
Py0g kg/ha
K0 kg/na 0 25 50 Mean
4] 3493 4.45 475 4,38
20 4.52 5.02 2,95 433
40 de33 482 5.03 1389
Mean 4.43  4.76 4491
CeDe (005) for marginal maans = 0e267
Colie (0.05) for combination w 9,453



Table 3(b)

Number of functional leaves per plant -

40th day after sowing

N kg/ha
P05 ka/ha 0 15 30 Mean
0 14,87 17,52 25.T4 19,38
25 18.52 17,32 25,80 20.55
50 18454 23.66  21.45 21,22
K.0 kg/ha
0 15,78 17.12 23227 18,75
20 . 16.58 21.02 23,95 20.52
40 19,58 20,29 25,76 21.858
vean 17.31 19.50 24,33
P05 kg/ha
K0 ka/ha 0 25 50 Mman
0 18,05 19.18 19,01 18.75
20 19,38 20,90 21.26 20,52
40 20,70 : 21.55 23,38 21,88
Moan 19,38 20655 21.22
C.D. {0.05) for marginal moans @ ® 1,191
CeDa {(0.05) for combination = 2,063
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Table 3{c)

Humber of functional lsaves per plant -
60th day after sowlng

N kg/ha.
P,0; ka/ha 0 15 30 Mean
0 19.55 27022 29,37 25,38
25 26425 25 ¢ 20 32447 27.97
50 25452 29.64 28,24 27.80
K,0 kg/ha
0 22.61 26417 28.05 25.61
20 23.12 29,15 34,13 28,80
40 25,59 26.73 27.90 26.74
toan 23e77 27+35 30.03
P,0 kg/ha
X,0 ka/ha ] 25 50 Mean
o 24.37 26,87 25460 25.61
20 26429 29477 30.34 28480
40 25,48 27.28 27 .46 26474
Maan 125.38 27.97 2780

CeDa (0.05) for marginal means m 1,694
CeDe (0.05) for combinatilion a 2,934



Pable 3(ad)

Humber of functional leaves per plant -
at harvest

N kg/ha
Py0g ka/ha 0 15 30 Mo
0 9,00 9487 10.77 $.88
25 10,33 10.40 12.23 1099
50 10,63 10677 10.83 10,74
Kﬁo kg/ha
0 9.27 10.20 11.45 1031
20 10,20 10.27 11.58 10.75
40 10.50 - 10437 10.80 1056
Moon 9,99 10.32 11.28
9205 gg/ha
K0 kg/ha 0 25 50 Mean
o 9.07 11.32 10.53 10.31
20 10.53 11.12 1060 10.75
40 10,03 10.53 11,10 10.56
Moean Q.88 10.89 10 .76

CeDe {0:05) for marginal means = 0,605
CeDe (0e05) for combination = 1,048
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with control.

Treatment K, was found significantly suparior wlth
respect to number of leaves per plant on 20th and 60th
days after sowinge On 40th day Kz produced significant
incraase in leaf number., 7Though the cffact of potassium
was not significant at hazvest  K; produced more nunber

of leaves per plant.

With regard to interactions, NxP interaction had
significant influcnece on number of leaves at all stages
except at harvest. The effect of different combinations
of N and P were on par but supsrior to contrsl on 20th
days. The treatment combination N2P1 produced a maximum
0f 25.8 leaves closely followed by N,P, (25.74) which
ware on par on 40th days On 60th day the effects of treatw
mant combinations Nzﬁl and N,P, were found on par but

significantly supscior to other combinations,

NxK interaction was found significant only on 60th
day., The maximum number of leaves of 34,13 was produced by

the trsatment combination N2K1 on 60th daye.

(c) Leaf area Index.

Data on legf area index worked out on 20th, 40th and

60th days after sowlng and et harvest were analysed separately
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and the mean valuss are presented in Tablas 4(a) to 4(3).

The analyéis of varisncs table is given in appendir Ve

The effect of nitrogen had significant influence on
“leaf area index at all stages of crop growth. On 20th
day N1 gave the highest LAL which was significantly
superior to N, and control. Leaf area index showed an
increasing trend with increase in N rates on 40th day,

60th day and at harvact.

Fhosphorus application also produc=d significant
influence on LAI at all growth stages. ©On 20th day
‘91 and P, were on par and sicnificantly cuperior %o con-
trol. On 40th and 60th days Py produced significant
incroacae in LA over Py ana control which wera on par.
At harvest Py and P, ware on par, both besing superior to
controls.

Potasstium had sicnificant influence on LAI at all
stagaes except at harveste Leaf area index showed signie-
ficant increese with increasing rates of potassium on 20th,

40th and 60th days ofter sowlnge.

The intoractions BxP had significant influence on
leaf area index at all growth stages. The treatment combinage

tion mlpz wag found slgnificantly superior ovaer other



Table 4(a)
Leaf area index = 20th day after sowing

N kg/ha _
P50 kg/ha 0 15 30 Maan
0 D06 D.08 0.09 0.08
25 0.07 (.09 G.09 0.09
50 0.06 011 0,09 0.09
K,0 kg/ha |
0 Q.06 ' 0.08 006 0.07
20 0.07 0.02 Oe1l1 009
4Q Q.07 0.12 0.10 0.10
¥ean 0406  De10 009
P,0; %g/ha
Kp0 ka/ha 25 50 Mean
0 0-05 b 0.06 ) Q.08 D07
20 0.07 0.08 O.11 0409
40 0.10 Qel2 0.086 0.10
Mean 0.08 0.09 0,09
CuDe {(0.03) for marginal means = 0.0097

CoDe (0.05) for combination = 0,0167



Table 4(b)
Icaf area index - 40th day after sowing

"N kgsha
Pzﬂs kg/ha 0 15 30 Fean
0 0.62 1.10 1.37 i.03
25 0.82 l.11 1.17 1.03
50 085 le.42 1.50 126
Kzﬂ kg/ha
0 0.58 027 1.45 1.00
20 0.84 1.16 1.26 1.09
40 0.38 1.45 1.34 1.24
Maan 0.77 l1.21 1.35
P,0; kg/ha _
K2D ka/ha o a5 50 Mean
4] 0.89 0.92 i.18 1.00
20 1.12 093 1.21 1.09
40 1.08 1.25 1.37 1.2¢
tean 1,03 1.03 1.26

C.De (0.05) for marginal means = 0.077
CeDe (0.05) for combination = 0.133

ol



Table 4 (c)

Leaf area index - 60th day after souwing

N kg/ha
P,0g kg/ha 0 15 30 Maan
0 1.25 1.25 1.57 1.36C
25 i.03 1.47 1i.7G l.42
50 1.09 1,72 1.86 1456
K,0 kg/ha
O 1.00 1.27 1.82 1.36
20 1.08 1456 1.61 1.42
40 ;.29 l.62 1.76 1.55
Mean 1.12 1.48 1.73
295 kg/ha
K,0 kg/ha 0 25 50 Mean
g 1.28 1.35 1.46 . 1,36
20 1.25 1.44 1.56 1,42
40 1.55 1.47 1.64 155
Mean 1.36 1.42 1-56
Celle (0.,05) for marginal maans = (.066
CoDe (0.05) for coubination = 0.114



Table 4 (4a)
Leaf area index at harvest

N kg/ha
P,0g kg/ha 0 15 30 Mean
0 0.16 0423 029 023
25 0e26 026 De28 0e27
50 0.29 0427 026 0627
R0 kg/ba |
0 0.22 0625 De29 0.26
20 0e26 -  0.26 0e27 0426
40 0e24 - 025 028 0.26
Mean 0.24 025 0.28
P,0g kg/ha
K,0 kg/ha %) 25 50 Maan
0 0e22 = 0.27 0.28 0426
20 0.22 0.28 0426 026
40 025 0426 027 0.26
l42an 04232 Ce27 027

Cele (0.05) for marginal means = 0,013
CeDa (0.05) for coxmbination = (0,020

-
G2
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combinations on 20th day. The treatment: combination
Nsz produced the highest LAI on 40th day but was on
par with Nle and “290' On G60th day the treatmant
combination NP, produced the highest LAI though on par

with NzP At harvest the effects of the trcatment

19
combinations HOPQ. NlPa. N2P0 and NzPl vere on par,

but significantly superior to other combinations.

The interaction lxK was significant only on 20th,
40th and 60th-days after sowing. On 20th day the effectsa
of the treatment combinations N K, end N,K, ware on par
but significantly superior o other combinations. On
40th day the troatment combination N, K, produced signie
ficantly higher LATI but was on par with Nsz. The
treatmant combinations N?.KU and N K, were on par but

significantly superlor to other combinations on 60th daye.

The interaction PxK was significant at all growth
otages. The treatment combination P,K, produced signi~
ficantly hlgher LAI but was on par with PyK, on 20th day.
The effects of the treatment combinations Plxé and P2K2~
were on par on 40th day but produced a higher LAL over
other combinations. 0On 60th day the effects of POKQ,
szl and P,K, werc on par but superior to other combinaw
tions. At harvest the effects of all the treatment combinae
tions werm on par except Pyipe P0K1 and PoK,e
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(@) Number of brenches par plante

The data on numbsr Of branches per plant was analysed
and the mean values are given in Table 5. The analysis

of variance table is given in Appendix Vi.

Nitrogen, phosphorus and potassium had significant
influence on nurker 0f branches per plant. The numbaer
of branches per plant showed an increasing trend with

increase in the rates of nitrogen, phosphorus and potassium.

The interactlons NxP, NxK and PxX ware significant
with respect to this character, Application of 30 kg
N/ha alcne (N29G) produced 6,95 branches which was on

par with NP The treatmont comblnation N,K, racoxrded

1.
the maximum number of branches (7.13) which was on par with
N2K1(5987)» The treatment combination P,K, produced a

higher number 0f braniches which was on par with P1K2
and 92Kb.

(@) Number of nodules per plant.

The maan nunboers are presented in Tabkle 6 and the
analysils of variance table in Appendix VI,

Number of nodules per plant was significantly increassgd
over control by tha application of 15 kg i/ha but decreased
with further increase ln the level of nitrogen.



Table 5
Numbor of branches per plant

N kg/ha
P50 kg/ha 0 15 30 Mean
0 4630 S5.78 6495 5,68
25 503 543 6.78 6.08
50 6445 . 6e18 Hel3 6.27
K,0 kg/ha
Q 2«38 6.08 5.92 5.79
20 500 6e03 GeB7 5+97
40 5,40 Ge28 7413 627
Msan 520 6413 6.64
Py0g k3/ha
X,0 kg/ha 0 25 50 Maan
0 5.13 6.00 Gezd H5.79
20 5,80 5400 6410 5,97
40 6.1Q 6.25 He4T 627
Maan 5468 6.08 Ge27

Cole {0405) for marginal means = 0,179
CeDe (0405) for zombinetion 3 0,312



Tabla &

Rumber of nodules per plant

N kg/ha
9205 kg/ha 0 i5 30 Maan
0 21.47 28.38 22.23 24.03
25 32,60 33.15 28437 31.37
50 31.58 36.03 2385 30,49
K,0 kg/ha .
0 2550 29,63 23.90 26.34
20 2832 3555 24427 294,061
40 31.83 32.38 25.58 29,93
Mean 28.55 32.52 24.82
. Pyug kg/ha
K,0 kg/ha 0 25 50 Mean
0 19.20 29,83 30.00 2634
20 24,83 32.45 31.50 29,61
40 28400 31.83 29497 29,93
Maan 24.03 31.37 30.49
CeDe (0.05) for marginal means = 1.480
CoDe (0.05) for combination = 2,560



Table 7

Dry weight of nodules per plent {(mg)

H kg/ha
P,0; kg/ha 0 15 30 Maan
0 19.96 30,24 24.78 24,99
25 28,92 3%5.23 31.87 3334
50 38.70 42.95 34497 38.88
K,0 kg/ha
0 264386 33,96 27.70 292,34
20 22406 38,22 31,98 33.09
40 32.16 40423 31.94 34.78
Magn 25.13 3747 30.54
. : . Py0; ky/ha
K0 kg/ha 0 25 50 Mean
¢ 204,66 30.55 36.81 29.34
20 25.38 33.04 40,84 33.09
40 28,94 36442 38.97  34.78
Mean 24499 33.34  38.88

Cale (0a05) for marginal means = 0,733

CoDe (0.05) for combination

m 1,270

Lot
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Phosphorus application significantly increased the

nodule numbaer over control but Pi and Pz Were On par.

The affect of potasaium ghowed a similer trénd as
that of phoasphorus. The déta showad that NxP, NxK and
PxK interacticns had also significant influence on nodule
number. Ths treatment combination Nle produced the
maximum number of nodules par plant. The treatment combi-
nation ﬁlni produced a higher nodule number which was
significantly sunerior to othar combinations of nlitrogen
end potassium. The treatmsni combinatlon PIKﬁ produced

significantly higher number of nodulas but was on par

with Ple, PQKD' PZKi and P2K2°

(£) Dry welght of nodules per plant.

“he mean values are presentsd in Table 7 and ths
analysis of variance table in Zppendix VIe

The dry weight of nodulos per plant was significantly
increased by nitrogen applicaéisn upto 15 kg N/ha and
the higheast lesvel raduced ths dry welght of nodulas,

The dry weignt of nodulas pex plant significantly
increased by increasing levels of phosphorus end potassium

upte the highest rates tried in tha exporiment.
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The interactions NzP, NxK and PxK were also signi-
£ilcant with respeet to thisg charecteor. The treatment
combinations 3192, N1K2 and 93K1 vare found significantly

superict to other combinations.

IZ, Yield and yield attributes

(a) Numbar of pods per plant.

The meean nuwibar of pods ara given 1n Table 8 and the
analysis of varlance table in éppendix Vii. Though the
affect of nitrogen was rot significant in this character
the pod numbhar was increaesed ovex control by ths applica-
tion of 15 kg Nl/ha.

Phosphorus had significant influcence on number of
pods per plante. Treatment P, and P, wers on par but signi-

ficantly superior to control.

Potagsium alse had signiflcant influenca on pod number
where K, and K, wWers on par and significantly superior to
control,

The interactions HxP, HxK and PzK wera also found
sigunificant with respect to this charactere. The effects
of the trogtment co@binationa NOPl' Nlpl and NZPZ wera on

par but significantly superior to other combinaticnas,



Table 8
Number of pods=s per plant

N kg/ha
P,0q kg/ha 0 i5 30 Mean
0 31443  36.33 31,97  32.58 °
25 42.33  40.93 39,10  40.79
50 38.20 35410 . 40.88  39.06
Kéo kg/ha
0 32.47° 36470 35.82  34.86
20 38.43 38,70 39,47  38.87
20 41,07  37.97 37.07 38,70
Mean 37.32 . 37.79 37.32
, P50g kg/ha .
K,0 kg/ha 0 25 50 Meoan
0  27.00  40.00 37.58  34.86
20 32,80 42,03 41.77  38.87
40 37.93  40.33 37.83 38,70
Moan 32.58 40,79 39,06

Cele (0.05) for marginzsl means = 1,325
CeDe (0+05) £or combination = 2,294



Table 9 -
Length of pod ( cm)

. N Xkg/ha
P,0g kg/ha 0 15 30 Maan
0 4.84 5,20 554 5420
25 5.1 5.48 5.29 5429
56 5418 5421 5,28 5422
K,0 kg/ha ' .
0 4460 5.15 5.39 5.05
20 5e19 5.23 5.71 537
40 5.34 5.52 5.01 5e29
Moan 5.04 5430 5.37
P,0g kg/ha
Kzo kg/ha 1] 25 50 Mean
0 5403 5.04 5¢07 5405
20 5437 5432 5.43 537
40 5419 5.52 517 5429
Moan 520 5029 5-&22

CeDe {0.05) €or marginal means = 0.187.
CeDe {0.05) for combination = 0324
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similarly the treatment comblnation Noxz was on par

with Nle. Tha troatment combinations Plﬂb. Plxl'

Plxz and szl wore on pals

{b) Longth of pod

The mean values are prasented in Table 2 and the

analysis of variance table it Appsndix VII,

Treatmant Nl sgignlficantly increased the langth of

pod over control but was on par with Hoe

Though the effect of phosphorus was not significant

increase in ped length was noticed at Pl.

Potassiur exbibited significant influcnce in this
yleld attribute but K1 and K, ware on psar.

In this gase, NuP and HxK intsractiocns showed signi-
ficant influence. 7The treatment combination N,Pq preduced
longer pods which was on par with Nlpl' N.7?; and N, Poe
The treatment combination Hlxz produced significant

increase in pod length but was on par with Nsz and Nzxi'

(c) Bumbor of ueeds par nod.

Tha mean numbers are presented in Table 1¢ and the

analysis Oof varlance table in sppendix Vii,.



Table 210
Numbor of seeds per pod

L kg/ha
Py0g kg/ha 0 15 30 Maan
0 Sel2 5082 5450 5.48
25 5072 GeD3 5463 5¢79
S0 5072 5.48 5452 5457
Kzo kg/ha
0 5017 5.70 5.28 5438
20 580 5.82 5457 5.73
40 5.58 5.82 5.30 5.73
ean 5.52 5.73: 5,55
P,04 kg/ha
K,0 ka/ha 0 25 50 Maan .
0 495 5480 5040 5.38
20 Se82 5472 5458 5.73
40 S5e67 530 5473 5473
Hean 5e48 5e79 Se7

Ceile (0.05) for marginal means = 0,241
CaDe (0.05) Eor combinstion =

0.418



. Table 11
fundred seed weight {(gm)

i kg/ha
P,05 kg/ha 0 15 30 Mean
0 4.00 418 413 4411
35 54425 4620 4.07 dol7
50 4,13 © 4.32 4.35 4.27
K,0 kg/ha
0 4.00 4410 4.15 3.08
20 4.15 4432 4,22 4,23
40 4,23 4.28 4.18 4,23
tean 4.13 4,23 4.18
2,05 kg/ha
E,0 kg/ha 0 25 50 Maan
0 3.87 4.08 4.30 4.08
20 4422 4.28 4,18 4423
20 4.23 Z4e15 4432 4.23
Moan £.1% 4,17 de27

CeDe (0.05) for marginal means = 0.108
C’es:’n (0.05) for combination = 0,187

¢8
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Though nitregen had no significant effect on number
of seaeds par pod increase in sezd number per pod was

Observed at Nlo

Traatmant Pl significantly increased the number of

seeds per pod over control and was on par with P,a

Potassium agpplication significantly increased the
anucber of sceds per pod over control but K1 and K2 were

on pake

The gffects of NxP and PxK interactions hed signi-
ficant influence on number of seeds per pode. The treat-
ment combination NlPl recorded the maximum numbar of
seeds per pod (6.03) which was on ﬁar with NoPyse NgPy o
The effeects of all tha treatment combina-

NiPD and N2P1 .

tlons OFf phosphorus and potassium, except PDkO and Psz

ware on par in influcncing the number of seeds per pod.

(d) Hundred seed welght.
The mean values are given in Table 11 and the analysis

of varlance table in Appendi VIZ,

Nitrogsn at 15 kg/ha produced greater test weight over
control though the effect of N was not significant.
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The hundred seed welght was sigaificantly incroased
over control by the application of phosphorus but Py and

P, Were on par.

Treatments K, and K, were on par but significantly
superior to controle

Tho test weight was also significantly influenced by
ths interactions NxP and PxK, The treatmsnt combination

N Pa racorded the highast test waight. In tho case of PxuK

2
interaction, tha effocis ©f all tha traatment combinations

were on par excspt Poxb and ?1Kb.

(8) graip yield,
The mean ylelds are presented in Table 12 and the

analysis of variance tahle in appsndix VIII.

Zhe grain yield was significantly influcnced by tho
application of nitrogen. Nitrogen at 15 Kkg/ha produced
8 significant increasa in grain yield over control. But
the grain ylald showed a decreasing trend with the highor

levael of nitrogen tried.

The grain yield variec significantly between different
ievals of phosphorus tried. Tresatmont Pl recoxied the
highest grain yield followed by 2 which was inieriorx
o Plu Both these phosphorus levels were significantly



Table 12
Grain yield (kg/ha)

N kyg/ha
P,05 kg/ha 0 15 30 Mean
G 630417 ££9.83 623,67 641,22
25 755,33 9435483 842.33 B48,.83
50 689.50 856,83 855.83 800,72
K,0 kg/ha
0 618,67 717.33 679.00 671.67
20 729417 57650 204400 869.89
40 72717 731467 738,83 749,22

Maan 69167 825,17 773.94

_ P,05 ky/ha
K,0 Kg/ha 0 25 50 Maan
0 556,50 751.93 706,67 671.57
20 €91.,50 955,17 963.00 £62.,89
40 €75.67 839.50 732.50 749.22
Hean 641.22 833,33 800.72

CsLe (005} for marginal msans = 19,333
Cele (U805} for combination m 31,635



Table 13
Bhusa yield (kg/ha)

N kg/ha
P,0g kg/ha 0 15 30 ti=an
0 830617 D12.67 215.50 88611
25 934,00 957.50 1188.,33 102661
50 931433 1122.567 1063.83 1042.61
K;0 kg/ha
0 326,83 94733 917,57 897.25
20 8280417 934,33 1102.17 992.22
40 391 .50 1058.,17 1147.823 10€5.83
P ,0g kg/ha
K,0 Xg/ha 0 25 S0 Masn
0 811.83 922,83 95717 897,28
20 912433 1099505 964,83 992,22
40 234417 1057.50 1205.83 10065,.83
=an 8580.11 102651 1042.51

C.Da (0.05) for marginal means = 164850

Culie (0e05) for combination

Co
an



superior to control,
Potassium epplication also followed a similar

pattern as that of niltrogen and phosphorus.

Tha interactions NxP, NXK and PxK'waze found to
have significant influence on grain yield. 7The treat-
ment combination Nlpllproduced significantly higher
grain yleld (948.83 kg/ha) over other combinations of
nitrogen and phosphorus. Simiiarly N, Ky produced
signlficantly nigher grain yield (976,50 kg/ha) over
other combinations Of nitrogen and potassium, With
ragard to PxK interactlionsg, PIK1 producod significantly
higher grain yield (955.17 kg/ha) but was on par with

P2K1 'S

(£) Bhusa yield.

The maan ylelds ara presented in Table 13 and the
analysis of variance table in Appendix VILI,

The bhusa yield significantly increased with increase

in the ratces of nltrogen application upto the highest leval.

Treatments P, and P, wexe on par both being signi-

£icantly superlor to control,

Bhusa yisld registerad significant increase with

increasing dose of potassium upte the highest level tried.
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With regard to interactions NxP, HXK and PxK .
the treatment combinations N.P,,» W, K, and P,K, respecs
tively produced significantly higher bhusa yield over

othar combinations,

(g) Total dry matter yield.
The mean values ar2 glven in Tabls 14 and tha

analysis of variéﬁ&a table in Pfppendix VIII.

Hitrogen at 15 kg/ha significantly increased the
total dry mattor yield but 30 kg N/ha showed a decresse
in this aspacte

In the case of phosphorus, the highest dry matter
yield.was recoxded by Pl wilch was significantly supsrior
to P, and controla

Potzsglum axlhiibilted a similar trend as that of nitio-
gen and phosphorus.

Interactions NxP, IxK and PxXXK were significant, With
ragard o HxP interaction, the treatment combination ﬁ1P1
produced the makimum 4gy matter yleld. 7The treatment
combination ﬂle producad significantly higher dry mattsr
vield which Wwag on par with RiKi‘ As regards PxK intere-
action, the combinatigns PlKa and szi ware on par but

significantly supsrlor to other combinaticns.



Table 14
Total dry matter yileld (kg/ha)

N kg/ha

P50 ka/ha 0 15 30 Haan
0 1573.83 1716.66 1724,16 1671.55
25 1884.16 2240.E6 1987.83 2037.55
50 1733.,50 2030416 2152,00 1971.8%9
K,0 kg/ha
0 158783 1723.33 17GR06 1TLr4.00
20 1754.83 2120.50 2130.60 2025.33
40 1849,.,83 2003.16 1973.00 194167
Moan 1730650 15995.83 1954,.,867
Ezos kg/ha
R,0 kg/ha 0 25 50 Mean
¢ 1518,57 1814.00 1800.,83 1?1%»00
20 176206 2038.00 2226.33 2025,.,33
40 17332.83 2210.67 1880.50 1941.67
HMaan 1671.55 2037 .55 2371.89 .
Ceiie {005) for marginaol meoaons = 38,238
Cals (0.05) for combination = 66,230



Tabla 1S

Harvezt indexn
" kg/ha
P50y kg/ha 0 15 30 Mean
0 De40 0.39 036 D38
25 0,40 C.42 Ded2 Dedl
50 Gkt Ded2 OedD Uedl
K,0 kg/ha
0 0-39 Gv‘iﬂ O¢38 0.39
20 Qedl Oeld Dedc Dede
40 Ge3Y Da32 Ue 35 Ce39
Mo .40 Jedl 0438
PO ka/ha
Réo kg/ha ¢} 25 a0 Haan
&) 0.37 Q.41 Q.39 0639
20 Q.39 0e45% Q.43 D42
20 0.39 Q.38 0«39 0e39
Mean 0633 0+41 Oed1

CeDe (0.05) for marginal means = 0.005

Celw (0.05) for combination

= 0,008

88
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(h) Harvest iIndex.

The mean valuas are presented in Teble 15 and the

analysis of variance table in Apposndix VIIIL.

Application of 15 kg N/ha showed significant increase
in harvast index over control but the harvest index decrea=

sed with further increase in nitrogen dose,

Application of phosphorus also increased the HI signi-
ficantly over control but the effectéﬁPl and P, were on
Pare

Potassium also showed a simllar trend as that of
nitrogen.

The interactions NxP, NXK and PxK werc found to have
significant influsnce on harvest index, Ths sffacts oOf
trzatment combinations Nlpl' Nlpz and NZPi vare on par:
but significantly supsrior to other combinations of
nitrogen and phosphoruse The treatment combinations
N 1K

1 and PlKl produced signlificantly higher harvest

index in tho case of NxK and PxK interactions respactivaely.

III, Quality characters

(a) Protein content of grain.
The mean percentage values are proscuted in Table 16



Table 16
Protein content of grain {psr cent)

N ka/ha
9205 kg/ha 0 15 30 Moan
0 21428 . 23.44 25.55 23443
25 22.67 23,10 24 .63 23047
50 23.44 24.23 25.21 244,29
K,0 ka/ha
. O 220 14 24.07 25.02 23074
20 22.68 23.82 25,42 23.97
40 22,58 22.88 24,95 23.47
Maan 22,47 23,59 25.13
P,05 kg/ha
K,0 kg/ha 0 25 50 Hean
0 22.87 23,77 24459 23.74
20 23.75 23.48 24 .68 23,97
40 23,65 23.14 23.62 23447
Mean 23.43 23.47 7 24429

C.D(0.05) for marginal means = (04,204
C.le (0005, for combination = (4353



Table 17
Grain protein yield (kg/ha)

¥ kg/ha
P,0 kg/ha 0 15 30 Mean
0 134.92 ~ . 156.88 159442 150.41
25 171.12 219.08 207.38 199.19
50 161.56 208.45 216423 195441
K,0 kg/ha
0 137.86 172.89 169445 160.07
20 165,51 233,04 229,58 209,38
&0 164422 178.48 184.01 175457
Maan 155.86 194.30 194,35
P,0; kg/ha
¥,0 kg/ha 0 25 50 Mean
0 127.50 178.31 17440 16007
20 164,32 225,02 238,79 209438
40 159,40 194,25 173.06 175.57 -
Mean 150.41 199.19 195.41

CeDe (0.05) for marginal means = 4,256
CeDe (0.05) foxr combination w 7,486

06
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protein yield over control but N, and Ny Ware on pare.

Phosphorus application also exhibited a similar

trend az that of nitrogen.

Significant effect 0of potassium in increasing the
grain protein yleld was obtaincd upto Ki but K2 reglstared

a significant decrease in the graln protein yield,

The interactions NxP, HxK and 2zK had significant
offect on the grazin protein yield. The treatment combina=
tion 5191 produced significantly higher grain protein
yield but was on par with N,P,e In the case of NxK
interaction, the treatmsnt combination N, Ky produced
asignificantly higher grain protein yield but was on par
with Nz'l. The treatment combination PZKi produced
significantly higher grain protein yield over othoer corbie

nations of phosphorus and potassiume

(c) Protoin content of bhusa.

The mean values are presented in Teble 18 and the
analysis of varlance table in aAppendix IX.

The cffect of the trestmznts Ni and N, in influencing
the protein content of bhusa were on par but superior to

control.
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and the analysis of varlance table in &ppendix IX.

It was Observed that the protein conteat of grain
incraased with increasing levels of niirogen upto the

highest dose.

Treatment P, registered a significant increase in
the proteln content over Pl and control which were on par.
The effect of potapsium in increasing the graln protein

content was noticed only uwpto 20 kg Kae/ha.

The intersctions kxP, HxxX ondg PxK also showed signi-
ficant influsnce in the graln protein content. The
effacts of the treatment combinations NZPO and N,P, were
on par but superior to othz=r combinations of nitrogen
and phosphoxus. Tha treatment combination NoK, was
significantly superlor to other combinations of nitrogen
and potagsiume 7The effects of the treatment combinations
szb and PZK1 ware on par which recorded sigunificantly
higher grain proteln content over other P and K combina-
tions.

(b) Grain protein vield,

The mean values are presented in Table 17 and the

analysis of variance table in Appendix IX,.

Nitrogen agpplication significantly increased the grain



Table 18
Proteoin content of bhusa (per cent)

N kg/ha
P,0g kg/ha 0 15 30 Moan
o . 5.12 6623 Gel9 5835
25 612 6432 6.49 G6e33
50 Be21 6630 6454 638
K50 kg/ha
0 5015 5043 : 6.55 6.04
20 635 626 6,39 633
40 6.02 6.25 6427 GalB
Mean 5.84 6031 6040
9205 kg/ha
K,0 kg/ha 0 25 50 ¥ean
0 S5el10 G489 6556 G+04
20 GelB GedD 6e42 Ge33
40 6e27 6,12 . 6el5 6418
Iimon 5.85 6.33 6.38

CeDe (0.05) £for marginal mzans = 04,113
CeDe{0.05) for combinaticon = 04106



Table 19
Bhusa protein yileld (kg/ha)

X kg/hs
ons kg/ha 0 15 30 %ean
) 43.86 56 .82 56.53 52.41
25 5788 604483 77.08 654315
50 57247 71.84 6De46 66.26.
K,0 kg/ha
Q 43.87 60.69 60.19 54 .92
20 55402 62.25 70.64 62494
40 50442 66420 72.24 65.95
Mzan 53,07 63405 67.69
P,0g kg/ha
K,0 kg/ha ¢ 25 50 Mean
) 42445 59,51 62448 54,92
20 56431 70 .54 61.97 62.94
40 58,45 65402 7432 65,95
Mean 52.41 65415 66426

CeDe {(8.05) £for marginal means = 1637
CeDe (0.05) for combination = 24835

£6
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As regards the effect of phosphorus, the response

showed a similar trend as that of nitrogen.

Treatmant K, registerad significant increase in the
protein content of bhusa wheresas K, was significantly
inferior to Kye

The interactiong NxP, HxK and PxK were significant,
In the case of NxP interaction, the treatment combina~
tion NP, produced signifiecantly highar bhusa protein
content which was on par with Nipz and szl' iThe effect |
of the treatment combinatipn Nsz was significantly
superior but was on par with N,K,. The treatment combina=-
tion P,Ky racorded the maxXimum protein content of bhusa

which was on par with 9155, Plki and PzKi.

(d) Bhusa protein yilsld.
The masan yields ara presentad in Table 19 and ths

analysis of varlance table in Appandix IX.

The bhusa protein yleld increessed significantly with
increasing levels of nitrogen.

Treatment Pl recorded a significant increase in bhusa
protein yield which was on par with Pz.

Potassium application showad a similar response as

that of nitrogen.
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The interactlons NxP, NxK and PxK were significant.
The troatment combination NzPl produced significantly
higher bhusa protein yleld. The treatmcnt conmeination
N, K, registered significantly higher bhusa proteln
yield wnich was on par with N;R;» The treatment combina=-
ticn 92K3 preduced significantly higher bhuea protein

yield over othsr combinations of phosphorus and potassium,

iVve Uptake studles

(a) Uptake of nitrogan.
The mean values are presented in Table 20 and the

analysis of variance table in Appondix X.

A signlficant ilncercase in uptake of nitrogen with

incremontal doses of N was observed only upto 15 kg/ha.

tiltrogen uptake showed significant increase with

graded doses of phosphorus application upto 50 kg Paosfha.

Fotaesium_application sicmificantly lncraased the

nitrogen uptarke owver control but Kl angd Kﬁ were ol pare

With regard to interactions, HxP and HxK were si¢gni.
ficant. The treatmeant combination H1P2 recorded the
maximum N upteake. The tresatment combination N, K, raglip=-
tared signlficenitly higher N uptake but was on par with



Table 26

Uptake of nitrogen (kg/ha)

W kg/ha
P, 0 kg/ha 0 15 30 Mean
0 26400 35,84 3711 32098
25 34496 44459 45.15 41,57
50 35446 S8.T1 45.59 46.59
K,0 kg/ha
0 26,38 3%.48 39403 34.97
20 34.84 47,79 46495 43,86
40 35,19 51,86 39487 42,31
Maan 32.14 464383 42,62
P,0; kg/ha
K,0 kg/ha 0 25 50 tean
0 27,68 37.11 40611 34.97
20 3578 44,82 50.98 43.86
40 35.48 4276 48467 42.31
Meon 32.98 41.57 46,59
CeDs (0.05) for marginal means = 2,627

CeDe (0e05) for combination

a 4,550

J6
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(b) Iptake of phosphorus.

Yhe maan valuas are pregented in dable 21 and the

analysis of variance table in Appendix X.

Increasing doses Of nitrogen registered significant

increase in plosphorus uptake.

Application of phosphorus and potassium silgnificantly
increased phospliorus uptake over control but the efiects
of the lawper lavels of these nutrients wers oa par with
thelr higher lavels,

The interactions NxP, NxK and PxX also showed signi-
ficance in the ustake of phosphorus. The treatment combinaw-
tion N2P1 registersd the maximun uptake of P which was on
par with H,#,. The treatment combination Naxi.rasulted
in a signilficantly higher uptake ¢0f P over other combinae
tions of nitrogen and potassium. The efiects of the troate
mant combinations PR, and PoK, were found to be on par

but superior to other combinations.

(¢c) Untaka Of potassiume.

The mean values are giveun in Table 22 and the analysis

of varlance table in sppendix X,



Table 21
Uptake of phosphorus (kg/ha)

8 kg/ha
POy kg/ha 0 15 30 Mean
0 8,38 = B.59 S.46 5.81
25 7.88 7.85 8690 8.21
50 Te31 . Be3D 8476 8,12
K,0 kg/ha
0 5,58 6.72 726 652
40 T3S 7«89 8«02 7.80
Mean 6453 7.58 Be04 )
P,0g kg/ha
K0 kg ha 0o . 25 30 Mean
0 6,53 Te2d 779 He52
20 G.16 B8e¢24% 2,07 782
40 6.73 9.1¢ Te52 7.80
Hean 5,81 8.21 Bel2

CoDe (0.05) for marginal means = 0.129
CeDs {(0.05) for combination = De223



Table 22
Uptake of potassium (kg/ha)

H ka/ha
P,0; kg/ha 0 5 30 Mean
0 16.55 2174 2102 12,97
25 22493 3030 31.69 28430
50 2053 34,20 32,07 284,96
K,0 kg/ha
0 16,95 25495 2666 = 23.19
20 21,05 30,23  29.93 27.07
40 2201 30.11 28479 26497
Mean 20,00 28477 2B+46
P50y kg/ha
K,0 Kkg/ha 0 25 50 Mean
0 16,24 26,06 27,26 2319
20 20,64 28.87 31.7Q 2707
40 23.02 29498 2790 26497
Mzan 19.97 28630 28«50

CeDe (0e05) for marginal means = 1.443
CeDe (0.05) for combination = 2,439

86
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Nitrogen application significantly increased uptake

of potassium over control but Ny and N, were on pare

Treatments Pl and P2 wera on ﬁar both being superior
to control.

Potassium also showed a similar trend as that of
nitrogen and phosphorus.

among interactlons, MxP and PxK were found signifi-
cant with respect to uptake of potassium. Ths treatment
combination H,P, recorded the maximum uptake of potassium
wiidch was on par with sza' The effeocts of the treatmant
combinations pIKQ and szl wara on par but registered
significantly higher uptoake of potassium over other combie

nations of phosphorus and potassium,

Ve S04l analysis

(a) Total nitrogen content of ths soll aftsr the exparl-

ment.

The mean values ere presented in Table 23 and the
analysis of variance table in Appendix XI.

Significant inéraase in the total nitrogen content
of the solil was cbhtalned at N, level while tha lower level

and contrcol were on para
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Tablae 23
Total nitrogen content of the soil after the experiment (kg/ha)

N kg/ha
2,05 kg/ha 0 15 30 Moan
0 2159,33 2285,33 2352.00 2265455
25 2285,33 2310.00 2520.00 2371.78
50 2159.33 2116,66 2268,00 2181,.33
K,0 kg/ha
0 2226.,00 2100,00 12436.00 2254.00
20 2320.00 2452,.66 2352,00 2374.89
40 2058.00 2159.33 2352.00 2189.78
Mean. 2201,33 2237,33 23680.00
ons kg/ha
K,0 kg/ha 0 25 50 Moan
0 2184,00 2436.00 2142,00 2254,00
20 2453,33 2453,33 2218,00 2374.89
40 2159.33 2226,00 2184.00 2189,78

CeDo {0s05) for marginal means = 44,008
Co.D. (0.05) f£or combination 3 76,225



Treatment P, significantly increased the total
nitrogen content of the soll over control. Total nitrogen

content decreased at the higher level ©0f P appllcaticn.

Potassium also ghowed tha same in line with phos-

phorus,

Tﬁe intaractions %P, HxK and PXK wers also found

to be gignificant., The treatmznt combilnatlon N racorded

21
the meximum nitrogen content of the soll after the experi-
mént. The treatment combination N1K1 rocorded signifile
cantly higher nitrogen content but was con par with Naxb.
The treatment combination 91K1 aglstered signiflcantly
higher soll nitrogen content which was on par with PR

071
and Plﬁb.

{b) Available phogphorus content of the soil after the

axperiment,

The mean values are prescntad in Table 24 and the

analysis of varlance table in Appendix XI,

The effect of nitrogen in lncreasing the available
phosphozus status of the s9ll was noticed only upto
15 kg l/ha.

Similarly the lower level of phosphorus (25 kg P,0g/ha)

showed significant increase in avallable phosphorus content



Table 24

Available phosphorus content 0f tha soil after
the experiment ( kg/ha)

N kg/ha
P,0 kg/ha 0 15 30 Maan
0 52426 54 429 ¢0.65 55.74
25 53462 65,83 65449 61464
50 53458 62.78 56.24 57«53
Kaa kg/ha '
0 54,55 61.42 6082 58,93
20 50,39 60466 62436 57.97
40 54452 60.82 58470 58.01
Moen 53415 60.97 6079
. 9205 ka/ha
K,0 kg/ha o 25 50 Moan
0 56.07 60,91 59,81 58493
20 58.79 60.74 534438 5737
40 52,34 63.28 58441 58.01

Cele (0.05) for marginal moans = 2.527
CsDe (0a05) for ccombination 2 $4377



Table 25

Avallable potassium content of the soil after
the esperiment (kg/ha)

o 0 ka/na
9205 kg/ha 1) 15 30 Mean
0 135.53 135,37 136447 135.79
25 1354923 135,67 142.00. 137.87
50 115.40 139,33 144.67 133,13
K,0 kg/ha
1] 115,20 132.70 123,93 125.24
20 132.53 135,47 148,47 128,82
40 13913 142.20 144.73 1462.02
Mean 128,96 136,73 141.0&
Py0 kag/ha
K,0 ka/ha 0 25 50 Maan
0 120,97 135.00 121 .37 125.94
20 142,60 133460 140.27 138,82
40 _ 143.80 145.00 137.27 142,02
Hean 135.79 137.87 133.13

CeDe (0.05) for marginal mzans = 5.675
CelDe (0605) for combination = 9,830

c0T
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of tho soll as comparsed to control. But the available
phosphorus content decreased by the application of 50 kg

Tha effect 0f potassium was not significant in

influencing the aveilable phogphorus status of soil.

The interacticns HXP and PxX were significant in
this raspact. Ths treatment combination N191 racorded
the meximum available phogsphorus content of tha =soil which
was on par with N,P, and NoPys Tha troatment combinations
Y Plxl‘ P1K2 and Paﬂb wara on par but significantly

superior to other combinations of phosphorus and potassium,

(c) 2Availeble potassium content of the soll after the
experiment.

The mean valuss gre presented in Tabls 25 and the

analysis of variance table in Appendix XI.

Significant effect on the available potassium content
of the soil aifter ths expegiment was revealed only in the
case of nitrogen and potassium spplication. The effects
of lower levels of nitrogen and potgssium ware on par with

their higher levels in this respasct but supsrior to control,

Although the effect Of Ix? interactlilon was siganificant,

the effects of all the Gifferent combinations of AxP ware
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on par except NP, which registered significantly lower
available potassiun content in the soll. The treatmant
combinations PgK,s Pk, PyK,e PpK, and PyK, were on
par but rsgisterad significant increase in avallable
potassium contsnt in tha soll over other combinations of

phosphorus and potassium,

Vi. Correlation stuiies

Correlation study was conduched botween graln yield
and 'yield ‘attributes, grain yisld end uptske of nutrients,
protein content of grain and that of bhusz and also bestween
total dry matter production and uptalke of nutrients, The

correlation cqefficients are given in Table 26,

Grain yiesld was sianificantly and positively correle=-
ted with number of peds per plant, number of seads per pod,
hundred seed weight and uptake of nitrogen, phosphorus and
potassium and the correlation coefficicnts wers 00,6101,

0.2739, 044080, 0,8540, 04751 and 0.7579 raspectively.

Proteiln content of tha grain was pesitively and
significantly correlataed with the proteiln content of bhusag

and 'r' value was 0.8553. .



Table 26
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Valuas of simple correlation coefficients

Sé: Characters correlatad gg:;?igfiggs
1. Grain yleld x Number of pods per plant SRATY
2o COrain yield x Number cf seeds per pod 0.2739*
3+ Grain yield x Length of pod 0.2090NS
4. Grain yleld x Hundred seed weight 044080" "
5+ Grain yield x Hitrogen uptake 0.8540**
6. Grain yleld x Phosphorus uptake 0.a751""
7. Grain yield x Potassium uptake | 0.7579**
8. Protein content of the grain x Protein ) 0.8553**
content of the bhusa )
9, Total dry mattaer yield X Nitrogea uptake 0.7357*
19, Total dry matter yield x Phosphorus uptake 0.8830*
11, Total dry matter yield x Potassium upizke 0.8360**

* Significant at 0.05 level
w#n Signdficant at 0.01 level
NE=Not significant
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Tokal dry matter yleld of the crop was positively
and significantly corralated with nitrogen, phosphorus
and potassium uptake and the valuss wers 0.7357, 08830

and 08360 respectivalye

Vii. Response surface and standardization of faertilizer

response

The fltted quadratic response surfacé is a=

followss

¥ 2 £69,4840 + 1249897 N 4 1342480 P + 20,4369 K

p 2

~0e4105 H% = 002046 D% = 043986 K* + 0,1152 NP

(4060 BK = 0,7780 PXe

The mathematical and cccononlc optimum doses

worked out are given in Table 27,



Tabla 27

Optimum doses of nitrogen, phwsphorus and potasaiunm

Drico

Items Mathematical Economic optimum
opliimum doge - doce
Bse /KO kg/ha kg/ha
Grain 4,00
] 4,20 19;5.0 19,38
9205 Se60 33.87 33.70
K,0 2.00 21.68 21.67

107
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DISCUSS ION

The results obtalned f£rom the present investigation

are discussed balow.

I. Growth characters
{(a) Height of plant.

The rosulis (Table 2} rcvealed that the helght of plant
incraased witn lncreasing levels ¢of nitrogen applicaticn.
Significant increase in plant height was obtained on 60th
day and at harvest, (n 60th day nltrogen at 30 kg/ha
producad the tallest plant. The offects of two levels of
nitrogen (15 and 30 ikg/ha) though significant at harvest,
vere on wpars The influenco of nitrogen in promoting
vegetative growth of plants is 3 well established pheno-
manon which necds no further exnlanation. Tha effect of
nitrogen in increasing the plant hedght at harvest was
less significant as compared to early stages. This night
be due to the lesser rate of vagetative growth in the
later steges of crop growth which failed in giving a higher
responsae to tho highest level of nltrogen at this stage.
Simdilar increase in plant height by nitrogen nutrition
have been rsported by Bhattacharya (1971) in horsegram,
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Panda (1972) in Pusa Bailsakhi mung and Lanka and

Satpathy (1976) in pilgson p2ae.

The cffect of phosphorus was also significant in
increasing the plant height. In ths sarlier stages of
cbservation such as that of 40th day, maximuwa height
was observed in the plants recelving the highest dose
' of plicsphorus, But in the later stages the effect of
phosphorus application was slgnificant only upto 25 kg
ons/ha. As rogards the rosponss of crops to phosphorus,
it 1s well known that the best response is obtained in
the early stages nf growth which decreases gradually
with the approach of maturicy (Black, 1968). In the
later stceges = moro ©of phosphorus has been utilised
in grain production its effect on vegetative growth
was not manifested. Incroase in plant helght by phos=-
phorus application on various crops such as horsegram,
£ileld peay blackgram, plgeon pea and redgram have bsen
reported by Bhattacharya (1971), Singh et al. (1980),
Shrivastava et al., (1980), Singh at ale (1981) and

Subblen and Ramiah (1982) respectivaly.

incremental doses of potassium also sliowed signie

ficant influsnce on the growth of plént. in the early
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ptages of growth the effects of the treatments 20

and 40 kg Kzofna were on par but superior to controls

on 40th and G6Dth days height of the plant increased by
the application of potassium upto 40 kg Kaq/ha. At
harvest there was no significant difference batwesn

the treatiments. It 15 wsll known that ths nutrient
potacsium promotas the growth of meristematic tissus
(Tisdale and Nelson, 1975)e But in the sarlier ctages

of growth a low level @f potassium pioved sugficient

for optimum growthe In the later stages potassium

might havo baen utilised to a large extent £or grain
formation and hence no significant efioct on- plant helght
wag exhibiteds 5Similar response of groundnut o potasasium

application has been reported by Nair (1578),

The interactions NxP, NxK end Pxk shoved significance
only on 40th znd 60th days after sowing which might be dus
to the additive effoct of the individual nutrients,

(b) Wunboer of gdnctionalllagves par _plonte

Ths results (Table 3) clearly revealed the signie
£icant influence of nitrogen on number of functional

leaves por plant at all stages of crop growth. Tha'-
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highegst level of nitrogen resulted in maximum numbor. of
functiocnal leavas per plant. Nitrogen belkng on important
constituent of chloropiiyil has a pivotal role in ths
production of more nuwier of lsaves ln planise. Simllar
posiitive respoise t©o nittogen aspplication hag besn
reported by earlier workers Mlks Minchin ot al. (1981)

and George (1981) In Cowvea.

The offect of phosphorusg was also significant in
this respect at all growth stages. In general the trcat-
ment: recelving 25 kg Paos/ha resulted in maximum numbar
of leaves per plant. In the preseat investigation the
Qose of 25 kg ans/ha might have beon sufficlent for
the normal growth and leaf production in norsegrams
This 1ls In agreement with the findings of Singh et als
(1980) in £i8ld pea.

Hunber of functional leaves por plant was signie
£icantly influenced by potassium application at all
stages 0L crop growtha. Application of 20 kg Kzolha was
found cuperior on 20th and 60th days after sowing while
40 Rg Kzo/ha produced moximum nunbar of leaves on 40th
daye In ths later siages of growkh much of the npusrient
might have kean translogated to the grains which resulted
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in the non-significaent effect of potassium on the leaf
numbar at haxvest, Increase in the number of leaves by
potassium nutrition has bkeen reported by Nair (1978)

in ggoundnut.

As regards the interactions, MxP intsraction showed
significant effect at all stages except at harvest. This
might ba due to the cumulative effect of the individual
nutrients, nitrogen and phosphorus. HxK interaction
showed significant response only on 60th day. It can
be seen that there was positive response to the applicga-
tion of both nltrogen and potassium on &0th day. This
might have resultaed in the significancs of HxK interactdon
also at this ztage. At other stages, eventhough nitrogen
showed significant response, the lack of response of
potassium might have resulted in the non-significant

affect of NuK interaction.

{(e) Laaf Area Index.

The regulis (Table 4) clearly showad thne significant
influence of increasing levels of nitrogen on leaf araa
index at all stages except on 20th day when LAL was the
highest at lower level of N application. According to

Russel (1973) as nitrcgen susply increases, the extra

[}
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protein produced allows the plent locaves to grow

larger and honce to have lérger surface area aveilable
for photosynthasis., For many crops, the amount 0f leaf
aresa available for photosynthesis is roughly proportional
to the amount of nitrogen supplied (Russel, 1973).
Increase in leaf area index might also be due to an
increase in the npumber of loaves as already discussed.
The importance of nitrogen as a factor in influencing
lsaf area index has been reportced by George(ivsl) in

cowpeds

The eficct of phosphorus in increasing leaf area
index was significant at all growth stagese. The
highest leaf area index was noticed in the treatment
raeceiving 25 kg ons/ha on 20th day and at harvast
while on 40th and 60th days the highcest leaf area
index was noticed at the highest level of phosphorus
application. Phosphorus is known to develop a more
aextensive root system and thus cnables tha plants to
extract water and nutrients from deeper depths
{Arnon, 1955) which in turn might have contributed for
higher leaf area index, Thse pronounced effect cf applied

phosphorus on leaf area index in grecngram var. =2 and
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redgram have baen reported by Bhaskar (1979) and

Vasimalal and Subramonian (1980) raspectively.

Potassiun also exerted significant influence on
this character at all growth stages except at harvest.
The treatment raeceiving 40 kg Kzo/ha proved to ba
superior in this growth attribute. watson (1947)
polnted out that potassium lncreases the size of leaves
in early part of growing season though thls effect had

disabpaared at harvest.,

The intercetions HxP and PxK ware alzo significant
in influencing leaf area index at all stdges whereas
NxP interaction was significant at all stages except
at harvests Tha significant effects of th=a interactions
at all stages might be due to the cumulative efiect oOF
thase individual nutrients as discussed earlier. The
lack of response of NxK interaction at harvest might
be dus to the f£act that most of the potassium absorbed
by the plant at this stage might have been utilised for

grain formation Eather than £0r vegetative growth.

{4) Humbar of branches ver plant.

The number of branches per plant (Table 5) was
significantly increased by the applicatlion of increasing
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rates of nitrcgen upto 30 kg N/hae Significant
influence of nitrogen application on number of'
branches per plant in horsegram, Pusa Balsakhl mung
and plgecn pea have bsen reported by Bhattacharya
(1971), Panda (1%72) and Lanka and Satpathy (1976)

raspactively.

Significant increaase in ths nunbar of branchas
per plant was alsc observed by the application of
phosphorus upto thz highest lovel tried in ths experi-
mont. Similar raesponga to phosphorus application in
horsegram, Pusa Baisakiid mung, broadbeans, £ield psa
and redgram has been obtained by Bhattacharya (1971},
Panda (1972), Bhaskar (1979), Siugh ot al. (1580) and
Subbian and Ramiah (1982) raspactively.

Increasing levels of potessium upto 40 kg qufha
cignificantly increased thoe number of branches. This
might be dus to the fgvourable effect of potassium in
increasing meristomatic activity, maintaining adaquate
vater relations etcs. helping better plant growth includ-
ing branching,

The interactlons NxP, NxX and PxK ware also found

to have significant influence on the number of brancheas,
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This could be due to tho cumulative effect Of

thesa individual nutrlients.

(¢) number of nodulas per plant.

The data presented in Table 6 showed that the
number of nodules par plant was signiflecantly increaped
by nitrogen application at 15 kg N/ha. But higher dose
of nitrogen (30 kg/ha) reduced the number of nodulese.
Increase in numbar of nodules by ths epplication of a
lowar dose of nitrogen shows the importancs of giving
a starter dose 0f nitrogen for effectiva nodulation
in horsggram. &imilar £indings were earlier reported
by Singh (1970) in gram and finchin et al. (1981)
in cowpea. Roduction in nodule nunder by the spplica=
tion of higher doze of nitrogen might be dus €0 the
sluggish activity ©of nitrogen f£ixing bacteria when
provided with reallly assmilable nitrogene Similar
resulis were reported by Muthuswamy (1973), Jayadevan
and creedharan (1975) and Punncose and George (1975)
in groundnut, sSundaram et ale. (1979) in blackgram and

Miller ot als (1982) in cowpea.

significant increase in ncdule number by the
application of 25 kg onsfha raveals the need of phos=



117

Phorus nutrition for proper nodulation in pulses as
ovidenced from the studies of Sinha (1971) 4n

gram, Sahu (1973) in horsegram andé blacikgram, Yadava
and Singh (1978) in greengram, Gaorge (1980) and
shrivastava (1980) in blackgram and@ Singh et al. (1981)

and Ahlawat and Saraf (1982) in pigeon pea.

Potassiun also had significant influcence on the
nodule numberes The oficcts of two levels of potassium
{20 and 40 ké?ha) ware on par in this/resgact which
shows the adequacy of a lower dose of potassium for

increased nodule formation in horsegram.

The nodule number was significantly influenced by
the interactions NxP, NxK and PxiK which suggests the
necegsity for belanced use of these nutrients for
proper nodulations Significant increase in nodule
number by the combined application of nitrogen and
phosphorus has been reported by Singh et al. (1973) in

Cicer arletinum. The favourable influsmnce of PxK

interaction on nodule numnboer was also evident from the
experiments conducted by Bebin and Ignatenko (1967) in

goybean and Muthuswamy (1973) in groundnut.
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(£) Pry weight of nodules par plante.

It is evident £rom Tabla 7 that nitrcgen application
had significant influence on dry welght of nodules per
plant upto 15 kg 19/ha and the dry waeight showed a decline
ing trend by the application of a higher dose 0f nitrogan
(30 kg/ha)e This might again be due to the inefficient
agtivity of nitrogen fixing bacteria when provided with
readily oscimileble form of nitrogen. Gimilar results
in groundnut were reported by Jayadevan and Sreedharan
(2975) and Punnoose and George (1975) on the basis of
thair studies conductad in the rod loan soils of

Vellayand.

Tho atudy revealed the significant influence of
phoophorus nutrition in increasing the dry weight of
nodules upto thc.higheat lovel of phosphtrus applied
(50 kg ons/ha)o Tha incraesed levels of phosphorus
might have increacced the activity of Rhizobia and thus
the déy weight of nodules, This is in agreemant with
the f£indings of Sghu (1973) in horsegram and blackgram

and Ghowdhury ot al, (1975) in gran,

Potaseium also had significant influence on dry

walght 2 ncdules per plant upto the highest level
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tried in the experiment widch straosses the importance

of potasaium nutrition for effective nitrogen f£ixation

in horsegrame.

As in the case of number of nodules por plant, the
interactions NxP, MxK and PzxK wera found significant
vwhich migﬁt be due to the cumulative cffect of thcese

individual nutrients on this character.

II. Yield and yleld attributes

{a) Humbar of pods naer plant,

It is evident f£rom Toble 8 that nitrogen had no
slgnificant influcnce on number of pods per plant.
cnly a slight increasa wag observed by the application
of 15 kg N/ha over control. This iz in agreement with
the £4ndings of Panwar ot ale (1977) and George (1980)

in blackgram.

Significant incrsase (25.2 per cent over coatrol)
in pod numbar pcr plant was obsgarved by the application
of 25 kg Paos/ha which was on par with 50 kg onsfha.
5imilar regponse to phosphorus applicatlion has been

okbtained by Subramonian st ale (1977) and Ahlawat et al.
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fuller axprossion of genetic potontial.

Although the aeffect of phosphiorus was not signi-
ficant with respect to length of pod, for balanced
fartilization 25 kg ons/ha is necessary as revealed

from the present study.

The length ¢f pod increased significently by the
application of potasalum upto 20 kg Kzofha only. The
pod length being a genetic character, potassium might

not have exerted much influence on it.

The interactions LxP and NxXK wera also found to
have significant influence on this character. althnough
phosphorus had no significant influence on length of
pod, the effept begcams significant when applied in
combination with nitrogens The none-gignificant effact
o PxX Interactlon might be due to tha non-significant
effect of phosphorus. Significant effects of Kx? and
HxK interecticns reveal the importance of nitrogen
fertilization along with phosphorus and peotassiun,
Increase in length of pod wlth inereasing levels of
nitrogen and phosphorus has been reported by Panda (1972)
in Pusa Bailsakhi munge
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(C) Rumbor of seeds per vod.

/N appraisal of the Table 10 revealed that
nitrogen had no significant effect on numbax of seads
per pode This might ba dua to the nonesignificant
effect of nitrogen on pod length as reported by George
(1980) in blackgram., An increase in seed nuber was

observed by the application of 15 kg H/hae.

Phosphorus and potassium at 25 kg 9205 and 20 kg
qulha significantly increased numbor of seeds par pod
by 547 and 6.5 poyr cent raspectively over control.
Nitrogen applicatlon was helpful for increasing the
pod length whilc phosphorus aﬁd potassium decided the
seeé nunber por pode Such favoufable influsnca Oof the
lower level of phosphorus on se¢ed number por pod has
been reported by Subramonian et ale (1977) in cowpea

and Singh et ale (1981) in pigeon paae

The interactions NxP and PxK showed signiificant

affects on the sced nunber per pode.

(d) Hundred sead weidght.
It can be seen from Table 11 that only phosphorus

and potassium application produced significant increcase

in hundred sezsd weight. UHitrogen decided the sink
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capacity, Further formation and £illing of grains

was under the influence of phosphorus and potasslum.

In this case alsc the lower levels of phosphorus and
potassium were found superior, Similar response of
cowpea and plgeon pea to phosphorus application has
been raoported by Ahlawvat at al., (1979) and Singh et al,

(1983) raspactively.

Only LxP and PR intoractions waexe found signi-

ficant with raspect to this cnaracter.

(e) Crain yield.

Tha results (Table 12, Fige3) indicated that grain
yield was significantly increased by 19.3 per cent over
control by the application of 15 kg ii/hae. Further
increase in nitrogen lavel registered a decrease in
grain yield, Increase in numbar of pods per plant,
length of pod, nqmber of seeds per pod and hundred seed
weight by the application of 15 kg N/ha had resulted
in higher grain vield at this level of nitrogan applica-
ticn. Hence nitrogen application beyond 15 kg/ha was
found ineffectlive in producing higher grain yields.

Higher grain yields of gram, mung, pigeon pea, blackgram,
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coypea and chickpea werse obtalnced by the application

of a lower level of nitrogen by singh (1970), Singh et al.
(1975), Lanka and Satpathy (1976), Panwar et al. (1977),
Xumar and Pillai (1979) and Khuvana and Dudeja (1981)

Cegpectively.

Phasphorus application produced significant incraasa
(32,4 per cent over control) in grain yileld at 25 kg
ons/ha but. showed a declining trend at 50 kg Paos/ha.
The significant effect of 25 kg ons/ha on varcious
yield attributes like pod numbsr per plant, seed numbsr
per pod and hundred- seed waight had rasulted in the
highest grain yield at this level. 50 nhogphorus at
25 kg P,0-/ha 1s found to be sufficient for horsegram
to broﬁuca highor yields, Similar results were obtained
by Sahu (1973) in blackgram and horsegram, Venugopalan
and Morachan (1974) in grecngram, Singh et al. (1981)
and Singh et ale (1983) in pigson peas

Potassium application also showaed a similar irend
as that of nitrogen and phosphorus and 20 kg K,0/ha
produced the highzat yleld (29,5 per cant increase over

control)e The curulative effect of 20 kg K,0/ha on
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various yield attributes like numbar of pods per plant,
number of seeds per pod and hundred sesd welght had
significantly increased the seed yleld at this level
of potassium. Significant increase in grain yleld by
the application of potassium has been reported by
sharma et ale (1978) in gram and George (1980) in

blackgrames

In the case of NxP, NxxX and PxK interactions, tha
m : i
treatment combinations N Pye HoK and PR, raspactively
wers found signilficantly superior over other combinations.
This might be due to the cumilative significant effects

of lower lavals of thase individual nutrientse.

It can ba gecon from Table 25 thas graln yield
showed significant and positiva corrcliation with the
yield atiributes like number of pods par ploant, number
of soeds por pod ond hundesd seed weight. Similar high
pocitive corralation batween grain yield and yicld

attributes wgs. recorded by George (1930) in blackgram,

(£) Bhusa yield.

It is avident £rom khy Table 13 that bhusa yield
registerad significant increase upto thia highest level
of nitrogen tried. Significant increase in bhusa yisld

by tha application of the highest level of nitrogen
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(30 kg N/ha) might be due to the significant influsnce
of this level of‘hitragen‘on variocus growth chéracbere
like height, leaf numbar and branch nunbzr which have
a direct correlaticn with bhusa yleld,

It is found thal tha effocts of lower and higher
levels of phoaphorie wers cn par in this respect.
Ssingh et ale (1981) and Singh et ele (1583) hzd reporzted
gignificant affect of a lowar dose of phesphorus appli-
cation on the stelk yield of pigeon pea, as observed

in the present study.

The bhusa y&eh&mgigniﬁicantly incraased by the
application ¢f potamgium upto the highast level tried
in the expeziments The favourable aﬁfecﬁ of potassiun
application ©n gsowﬁh characters had resultsd in sigﬁi-
.ficgnt increase in bhusa yleld at the highest level of
potasaium application,

Tha treathent combinationes HzPl. Nzxz and P3K3
were found significently superior in this respect which
might be due to the cumulative effact of the favourable

influence of thesa'individual nutrients on bhusa yield.
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(g) Total dry matter yield.

An appralsal of Table 14 and Pige.4 revealed that
tho total dry matter yleld was significantly increased
by nitrogen application at 15 kg/hae. But further 1lncrease
in nitrogen had a depressing effect on total dry matter
yield. 1In the present study, although application of
30 kg K/ha significantly ipcreased many of tho growth
characters it showed a depressing effect on the yield
and yield attributese. The nitrogen dose of 15 kg/ha
produced significant in the yleld and yileld attributes

and hence in thae total dry matter yield,

Total dry matter yield was significantly increased
by the applicatlon of a lowsr lavel of phosphorus
{25 kg ons/ha) while a decreasing trend was shown with
further increase in phosphorus level. Application of
25 kg onsfna significantly incraased many of the growth
charagters ond the yield and yleld attributes which
ultimately resulted in higher total dry matter yield
at this level, The favourable effect of phosphorus
application on total dry matter yileld has baen reported
by Rajendran et al. (1974) in blackgram, Venugopalan

and Morachan (1974) in greengram, Sahu (1973) in black-
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gram and horsegram and Singn and Sharma (1980) in

chickpaa.

Potassium at 20 kg Kzo/ha racorded tha highest
dry matter yleld. In this case also, thas lower level
of potassium (20 kg Kaofha) had significant cffect on
many Of the growth characters and the yleld and yield
attributes. Improvement in total dry matter production
by potassium appliqation has beon raported by lMitkees
(1974) in snap bean and George (1980) in blackgrame

As in the case of grain yield and bhusa yield, the
interactions NxP, NxK and PxiK showed significant wffect

on total dry matter yield. The treatmsnt combinations

- Hlpl' HyKy and szl woars found to ba significantly

superior. Increase in dry matter yleld of Vigna
ungquiculata (L) Walp, by the combined application of
nitrogen, phosphorus and potassium has been reported by

Touvin and Lencrerot (1977).
(h) iarvest index.

The data presented in Table 15 showed that harvest
indexz incraaseé‘significantly by the application of

lower lavelis of nitrogen, phosphorus and potagsium viz.,
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15 kg N/ha, 25 kg PZQS/ha-and 20 kg zczo/na only.

This might be due to the significant increase in
grain yield by the applicatlon of the lower levels

of nitrogen, phosphorus and potassium which clearly
reveals the sufficiéncy of a lower level of nautrition

for this crope.

The siynificant effects of the interactions NxP,
Exi and PxiK on harvest index might be dus to the
significant eifects of these interactions on grain
yield an@ total dry matter yield. In this casae, the
treatmant combinatlons N,Pye N,K, and P,K, vere found

superior,

IZI. Quality characters

(a) Protein content of arain.

It can be seen £rom Table 16 and Pig.H that lncrea-
sing levels of nitrogen application slgnlficantly
Increased tha protein content of grain upto the highest
lovel tried. This might be due to tha favourable effect
of nitrogen on protein synthesis. Similar increase in
seed protein content with increasing rates of nitrogeon
application has been reported by Punncose and George

(1974) in groundnut, Sader (1279) in Phaseolus vulgaris

and Racca and Bodrero (1981) in soybean.
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Pheosphorus at 50 kg 9205/ha significantly
increased the grain protein content. Uptake of nitrogen
was more.at 50 kg P,0, (Table 20). It can be seen
£rom Table 7 that increasing rates of phosphorus
application resulted in greater nitrogen f£ixation
thus making mors nitrogen available to the plants
thoreby rasulting“higher protein content in grain.
This is in agreement with the findings of Punncose
and Gsorge {(1974) and Jayadevan and Sreedharan (1975)
in groundnut, Singh et al. (1975).in g, Prasad
and Senorlia (1281) in blackg;am and Dwidevi and Singh
(1982) in bengalgram,

- N

The seed protein contenc was significantly increased
by potassium application at 20 kg xao/ha which show that

20 kg K,0 wap sufficient to glve optimum protein content

2
of geeds,

In this case also, significant effiects of the
interactions NxP, HxK and PxK were noticed. Higher
protein content in the grains of cowpea and greengram
by tie combined application of nitrogen and phosphorus
has becn reported by Kurdikeri et al. (1373) and Yadava

and Singh {(1978) respectively.
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{(b) Grain protein yisld.

It is evident £rom Table 17 that grain protein
yield was significantly increased by nitrogsn appli-
cation. %he effects of two levels of nitrogen tried
(15 and 30 kg/ha) wers on par. Although the grain
protein content was sigunificantly increased with
1néreasing rates of nitrogen application (Table 16),
the grain yield showed signiflcant increase cnly upto
15 kg-ﬁlha (Table 12) beyond which it decreased,

" Thie might have resulted iﬂhnon-significant difference
in grain protein yisld betwsen the two 1eveis of
nitrogene

The grain protein yicld was significantly
incrzasad by phesphorus application. Howevaer, the
effactes of the two levels of phosphorus tried in the
experimant were on pare Grain protein content was
maximum at 50 kg P,0; while grain yield was maximun
at 25 kg onsfha. Hente there was no significant
increasa in grain protein yield by increasing the rats
of phoaphofua application £rom 25 to 50 kg onslha.

significant increase in grain protein yleld was
obsoxved at 20 Kg Kzojha and showed a declining trgnd
at 40 kg qu/ha. it can ba geen £rom Tables 12 and 16
that significant increasee in grain yielad ané grain
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protein content were aobscrved at 20 kg K20 whereas

at 40 kg Kaqfna both these showed a decreasing trend,

The treatment combinations NlPl‘ N1K1 and PoK,
producaed significantly higher protein yields over
other combinations. 7This might be dus to the cunula=-
tive effact of the significant influence of nitrogen,

pheosphorus and potassium on the graln protein yleld,

(c) Proteln content of bhusae

The data prasented in Table 18 indicates that
nitrogen application significantly lncreased the bhusa
protain content but the effects of.ls and 30 kg N/ha
ware on pare It is well known that nitrogen has a

profound influcnce on protein synthasis.

Phosphorus application registered a significent
increase in the protein content of bhusas The effects
of the two lavels 0L phosphorus tried were on par in
this respects Phoagphiorus shiowed an inereasing trend
on nitrogen uptake (Table 20) which might have rasultsd
in an incrcase in bhusa protein coantent at the highest

level of phogphorus application,

Potassium at 20 kg K,0/ha registered significant

increase in bhusa protein content while it dacreased
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at 40 kg qu/ha. This might be due to the lesser

influence of potagssium on this gquality attribute.

As in the case of protein content of the grain,
the bhusa protain centeat was also significantly
influvenced by the iateractlions NxP, HRK and PxK

respactivaly.

(d? Bhuss protein vield.

The results {Tablo 19) showed thet bhusa protein
yleld significantly increased with isgreasing levels
of nitrogen applicetion. This might b due to the
increasa in bhusa protein percentage (Table 18) and
significant increase in bhusae yleld (Table 13) with

incroasing levels ¢f nitrogen applications

Puosphorus applicacion produced g significant
inurease in bhusa protaln yiseld at 25 kg 9205/ha.
In this case, signiilcant increasesin bDhusa protein
perceatage and bhusa yield were noticed only at 25 kg
PoUs/hae

Potasaium at 40 iy ch/ha roglstered signiificant
Increase in bhusa protein yield. Though the bhusa

protain content meduced at the highsr ievel of
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potassium application there was significant lncrease

in bhusa yield with incroasing rates of potassium.

In the case of NxP, MNxK and PRK intsractions,
significant increase in bhusa proteiln yield wss -
produced by the treatment combinations szl' ngi
and szg respactively.

IV. Uptake studles
(a) Uptake of mitrogen.

it can bo seen £rom Table 20 that there was signi-
ficant increase in the uptake of nitrogen only at 15 kg
M/ha« A&t this level of nitrogen application, thare was
asignificant incregse in the number and dry waight of
ncdulesger plént which indicated that there was substane
tial f£ixation of nitrogen. Honee the application of
niltrogen at this level supplied with the amount of
nitrogen fLixed symbiotically is adeguate to produce
higher yields of grain obtained ia this treatment.
50 there was no substantial increasc in nitrogen uptake
at higher level of nitrogen applicationes This is in

agreement with the £indings of Dart and Mercer (1965)
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in cowpea, sorensen and Pensas (1978) in soybaan

and Georga {(1981) in coupoa.

Phosphorus applicatlion resulted in gignificent
increase’ in nitrogen uptake upto the highest lovel
(80 kg P,0./ha)s The favourable influence of increa=
sing levels of phospnorus application on nitrogen
uptaks was revealed from the studles of 5ingh and
sharma (1980) in chickpea and singh et al.{(1981) in
£ield poac

Applicaﬁion of potasoium significantly increased
tho uptake of nitrogen. But the effects of two levels
of potassium tried werae on pare The best dose of
potassiun for the maximum uptake of niltrogen is found
to be 20 kg Kzo/ha which resulted in an increasas in
the ¢otal dry matter production and grain yield as

seen in Tables 16 and 12 respectively.

The interactions NxP and NxK were found to be
significant ond the treatment combinatlons Nng and
lel wore superlor. Incraase in nitrogen uptake by the
application of nitrogen and phosphorus has been reported
by ¥adava and Singh (1978) in greengram and Gupta and

Singh (1983) in bengalorams
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(b) Uptake of phosphorus.

The results (Table 21) show that increasing levels
of nitrogen application significantly increased uptake
of phosphorus. Similar popitive influcnce of nitrogen
in increasing the phosphorus uptake was reported by
Sinha (1971) in gram.

Uptake of phosphorus significantly increased only
upto 25 kg ons/ha. This might be due to the fact
that at higher lovels of phosphorus appnlication, fixa-
tion of phosphorus in the soll reduces its avallability,
This is in agreemsnt with the f£indings of Kumar et al.
(1979) in cowpez and Subbien and Ramiah {1981 a) in
redgranie

Potassium application at 20 kg Kzo/ha significantly
increased phosphorus uptake. Inersased phoasphorus
content in tho leaves of groundnut by the application

of potassiwum has bean reporicd by liakagawa et al. (1966).
Tha treatment combinations szl’ Nzul and P1K2

ware found significantly superior over other comblna-

tions in influencing the phosphorus uptake by the crop.

(c) Uptake of potassium.
The results (Table 22) rovealed that the uptaks of
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potassium was significantly increased by the applica-
tion of nitrogen only upto 15 kg/has This might be

dua to ths possiblae blockiné.of potassium ions at higher
concentrations of ammonium ions in the soll (Tisdale

and Nelson, 1975).

Phosphorus epplication had significant effect on
the uptake of potassium, But the effects of two levels
tried (25 and 50 kg Paosfha) wera on parfs Significant
increase in the uptaks of all nutrients by phosphorus
fortilization in pigeon pea has besn reported by Hagde
and Soraf (1982).

The potassium uptake of plants Was significantly
increased by the spplication of 20 kg qufha but wan-
on par with 40 kg KﬁOVhQ. Enhanced uptake of potassium
by potassic fertilization has been reported by
Harishankar and Kushwaha (1971) 1n blackgram, Groneman
(1974) in soyboan and ‘George (1980) in blackgram.

"In the case 0f intergctions, NxP and PxXK wera
significant in this respect. The treatment combinations
H,P, and PIKQ were found to be significantly superilor.
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Ve Soil analysis

(a) Total nitrogen content of ths soil after the
eyperimsnt.

The data presented in Table 23 revealed that the
total nitrogen content of the soil aftar the experi-
ment showed significant increasa by tha application of
a higher level of nitrogen (30 kg H/ha)e It can bé
gean from Table 20 that the uptake of nitrogen was
not significant beyond 15 kg/ha. lience there was
significant increase in the total nltrSgen content Of

the soll at the highozr lovel ©f nitrogan.

The total nitrogen status of soll after the
axperimant was significantly increaced by the applica=-
tion of a lower level of phospﬁorus (25 kg ons/ha)
bayond which it showed a decreasing trond. Nitrogen
uptake showed significant inczeace by the application
of increasing dosass of phosphoruse. This might ba the
roason for tho deacline in total nitrogon status of tha
soil at the higher level of phosphorus. increase in
soil nitrogen content by phosphorus fertilisation has
been reperted by iKhare znd Ral (1968), Garg et al, (1970),
Sahu and Behsra (1972), Singh and Rhatrl (1972) and
Singh {1983},
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Potasaium application at 20 ké$ha significantliy
increased tha total nitrogen content 0f the soil.
The content of total nitrogen, however, decreased
with further increase in the potaasium levels This
might ba due to the f£act that the uptake of nitrogen
increasad when the potassiun dose was inereased f£rom

20 to 40 kg qu/ha though not significantly.

The total nitrogen content of tha soill after the
experiment was significantly influenced by the inter-
actions NxP, NxK and PxK which might be due to tha

significant influence o0f these individual nutrients.

(b) Available phosphorus content of the soil after

the exporiment.
It 1s evideat f£rom Table 24 that a lower level of

nitrogen application increased the avallable phosphorus
status of the soil. Aas nitrogen application incrazsed,
the uptake of phosphorus also increased (Table 21).

Thz avallable phosphorus status of the soll after
the exparimont was significantly increased only by
25 kg P,0; and decreased at 50 kg Paos/ha. Thic may
ba due to the fixation of phosphorus at higher lcvels

of phosphorus application. Improvement in available
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phosphorus status of soll by phosphorus application
has beoen reported by Singh and Khatri (1972), Sharma
and Yadav (1976) and 8ingh (1%33).

The interagctions HNxP and PxK were found signi-
ficant in this raspect and the treatment combinations
Nlﬁl and Plxo were found significantly superior,

This might ba due to the significant effects of
nitrogen and phosphorus and nen=signifilcant effect of

potassium on the awvailable phosphorus statuse

(¢) aAvailable potassium content of the soll after

the axperiment,

an apprisal of thg Table 25 indicated that avalla-
ble potassium content of the soil after the experiment
was significantly increased by the application of 15 kg
nitrogen which was on par with 30 kg N/ha. Reduction
in availability of potassium at higher levels nitrogen
application might be tho probable reason for the none
significant difference between the two levela of nitrogen
tricds.

Similarly potassium at 20 kg K,0/ha significantly
increased the available potassium content in the soil

after the experiments Appllcation of potassium at
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40 kg qulha did not register any significant increase
in the avallable potassium content. This might be due
to the fixation of potassium in the soil at higher levels
of application. Ags a moblile ecation, K is also easily

gusceptible to the leaching loss.

The intaractiovns NxP and NxK were signlficant in
thls respact. Though phogphorus had no significant
effect on tho aVailéble potaspium content, the effect

bocame significant when applied along with nitrogene.

Vi. Response surface and economics of nitrogen,

phosphorus and potassium apolication

(a) Respoase surface and standardization of fertilizer

I2npoNsS.

Main effects 0f N, P and K and their interactions
wore found to hava significant effect on the grain yield
of horsegrame. 50 tho changes in tha raesponse(Yield) at
graded doses o N, P and X are explainaed by the guadratic
recponse surface fittede It can be seen £rom Table 27
that thz mathematical and the cconomic optimum dosas
worked out are almost aeqguivalent, Generally we axpact
a lower cdose for economig optimum compared to mathamati-

cal optimume.
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{(b) Eccanomics of nitrogen, phosphorus and potassium
apolication.

The economics of nitrogen, phosphorus and potassium
application presented in Table 28 revealed that the
combined application of 15 kg N, 25 kg ons and 20 Kg
Kzofha (N1P1K1) gave the highost net proiic (R.2449)
£ollowed by 15 kg N, 50 kg P,0; end 20 kg Kzo/ha
(f542153420)s Tho increase in net profit by the appli-

cation of N.P ovar control was B.2092.%0. Hence

1F1%
it can bz stated that N1P1K1 is the best combination
oﬁ'nit:ogen, phosphorus and potassium to obtain maximum

profit,

Prom these results, it can be concluded that a
combination of 15 kg K, 25 Kg PZOS and 20 kg K20 per
hectare is the mogt advantageous fertilizer dose for
horsegram var, Pattamol local in the red loaﬁdgf

Vellayandi.
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A1 invastigation was undertaken in the Instruc=-
tional Farm of the College of Agriculture, Vellayani
during October-Dacember,1982 to £ind out ths effect
of graded doses of nitrogen (0, 15 and 30 kg/ha),
phosphorus (0, 25 and S0 kg ons/ha) and potassium
(0, 20 and 40 kg Kzolha) on growth, yield and quality
of hogsegram. The trial was conducted as a 33 confounded
f£actorial experiment with two replications. Tha higher
order interactions, HPK and HPK% wera partially confounded
in replication #id I and replication II respactively.

The results of the study are summarised belowe.

1, The height of plant was significantly increased
by nitrogen application at later stages of crop
growth, Application of phosphorus also showed
significant offect on the height of plant at all
stagas exXcept on 20th daye Similarly the plant
helght was significantly lncreased by potassium
application at all stages oif crop growth except
at harvest.

2. Nitrogen and phosphorus had sigﬁificant effects

on number of functional lecaves por plant at all
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4o

Se

6.

7.

growth stages, Application of 30 kg KH/ha
produced more number of leaves at all stages
except at tho early stage. Potass;um also
showed its effect in increasing the leaf numbar

at all stayges excapt at harvest,

Nitrogen showed an increasing trend on leaf avrea
index with increasing lavels at all growth stages.
Phogphorus also showed its superiority over |
control in incresasing LAL at all growth stages.
Potassiun at 40 kg Kzo/ha significantly increased

LAI at all stages except at harvest.

A linear trend in numbar of branchss per plant
was observed with increasing dosesof nitrogen,

phosphorus ond potassiuma

Application of 15 kg N, 25 kg PZOS and 20 kg
K,0 par hectare gave a highsr nodule count per

plant,

tiltrogen at 15 kg, phosphorus at 50 kg P,0g and
potassium at 40 kg Kzo per hectare significantly
increased thae dry weight of nodules per plant,

Phosphiorus at 25 kg 9205 and potassiunm at 20 kg

K20 per hectare produced tha highest numnber of
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pods per plant, number of seeds per pod and
hundred sead weighte Application of nitrogen
did not show significant effect on thess yleld

attributos.

Application ©of nitrogen at 15 kg was as qﬁfec- .
+ive as 30 kg/ha in producing longer pods.
Phosphorus had no significant sffect on this
character, Potassium at 20 kg K20/na showed

significant increase in pod length over controle

Mpplication of nitrogen at 15 kg/ha produced
significant increase (13.3 per cent over control)
in grain yield. Phosphorus at 25 kg P,05 was

as effective as 50 kg ons/ha in producing
higher grain yleld and it recorded 32.4 per cent
increasa over control, Potasslum at 20 kg
K,0/ha was sufficient to produce higher grain
yield (22.5 per cent incroase gver control).
Combined application of 15 kg H, 25 kg 9205
and 20 Kg K20 per hectare gave the highest
grain yield.

Nitrogen and potassium showed a linear trend
in bhusa yiseld and bhusa protein yiecld. The

significant positlve :aspohée of phosphorus
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was observad at 25 kg 9205/h3 in both tho

c3ses8.

Aoplication of anltregen at 15 kg, phosphorus at
25 kg ?205 and potassium at 20 kg K,0 per

hectare produced significant increase in totsl
dry matter yleld, harvest index, grain protein
yield and protein content of bhusa, The inter-

actions HxP, HxK and PxK were also significant.

Grain proteln content was significantly increa-
sed by hidher lsvels of niltrogen and phosphorus.
Potassium at 20 kg qu/ha racorded the highest
grain proteln content. The interactlons HxP,

K and PxK were alsc significant.

Uptake of nitrogon was enhanced by the gpplica-

#ion of 15 kg M, 50 kg P and 20 kg K,0 per

2% 2
hectare,

Higher levels of nitrogen (30 kg/ha) signifi-
cantly increased phosphorus uptakes Phosphorus
at 25 kg 9205 and potassium at 20 kg Kgo per
hectars gave the highost values for phosphorus

uptakea,
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i35, The effaects of two levels each of niérogenm
phosphorus and potassium tried were on par in
influsncing the uptake of potagsium but showad

significant superiogity over control,.

16. Total nitrogen content of the soll significantly
increased with inersasing levels of nitrogen
application. application of phozphorus at 25 kg
P,0; and potassium at 20 kg K,0 per hectars
rasulted in higher total nitrogen contant of
the soll.

17, Avallable phosphiorus contaent of tha soll was
significantly increased by the application of
15 kg 0 and 25 kg 9205 par hectarae, Potassium

had no significant effect on this aspact.

186 Tha effects of lower levels of nitrogen and
potassium wore on par with their higher levels
in incraasing the avellable potagsium content
of the s0ll after the experiment while phos-
phorus applicaticn. was not pignificant in thisg

respact.

19, Correlation studies revealed that grain yleld

and yileld attributes, grain yield and uptake of

'



149

nutriecnts, total dry matter yleld and uptake
of nutrients and protein contents of grain
and bhusa were significantly and positively

correlated,

204 Quadratic response surface was £itted and the
aconomlic optimum dose worked out was 19.38 kg

N 33,70 kg P,0; and 21.67 kg ¥,0 por hectare.

2i. The ceoonomdes of fertillzer application worked
out showed that maximum net profit (i8.2449)
was obtained by the comblned application of
15 kg N, 25 kg 9205 and 20 kg K,0 per hactara.

The present investigation indicated that horgegram
vare. Pattambi local roguires a fertilizer dose of 15 kg
e 25 kg P,0g and 20 kg X,0 por hectare in the red loam
soils of Vellayanl for giving the highest grain yisld

and maximum proflt.

suturs ling of wWoI

Trials may bo conductad with other combinations of
nitrogen, phosphorus and potassium over a wide range
using high ylelding varleties of thils crop, Ahizobiume
seed inoculation treatments may also be included to
acsess the growth and ylsld performancs of horsegram

along with tha recommended dose of fartilizers.
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APPEMDIX I

Weather Cata: Normal values for past 24 years (1956-1980)

Temperature °c

Month Rainfall Ralative
Maximum Minioum () dumidity

(per cant)
January 30,93 22446 34,62 79.88
February 31.34 22487 36,00 82.05
March 32417 24 .00 3506 81.36
April 32.27 25.02 89.16 83,29
May 31l.75 24,92 197.70 85.07
June 30442 23495 29220 85.13
- July 29.72 23445 220.90 87.18
August 29.77 23.22 133,63 86402
September 30.12 23.36 150.28 85477
October 29,70 23.76 264.14 87,41
Novenber 29491 23.81 203,05 36.97
Dacember 30.66 23426 71.85 84478




APPENDIX IX

Weather conditions during the crop period (3th October- 31lst December, 1§82)

aAverage Temperaturavoc

pates TR RIS D omal ) Aemee
: (som ) hamidity
(per cent)

41 Oct. B8 Qeve 14 30«34 22.64 92.0 81
42 0ct.l15 Jcte 21 31.40 22,80 2.5 80
43 Octe.22 oct. 28 31.28 21,99 0945 81
44 CCte22 = RoVe ¢ 30,05 22.14 6340 83
45 Nove 5 Nove 11 31,31 22440 3.0 84
45 Nova.12 Nove. 18 31,46 22453 4345 79
&7 HOVel9 = Nov,. 25 31.38 22:79 - 77
48 Kov.26 = Dec, 2 30,87, 22,26 26,0 85
49 Dage. 3 =~ Dace 9 30.57 21.11 19.5 74
50 Dac.10 UnC.16 31.41 20,49 - 93

51 Dec.l7 2eCe23 31.12 20474 - 75 -
52 Dac.24 = Dac.31 31.93 22.76 - 54




APPENDIX IXII

Abstract of analysis of voriance table for height of the plant at ¢ stages

source 9}

Mean sguars

Height (cm)

Height (cm)

Height (cm)

Haeight (cm)

20th day after 40th day after 60th day after at harvest
sowlng sowing Sowing
[ o8 3
Block 5 1.586 514560 320200 61.767
N 2 1.879 5.281 6164406 392,656
P 2 0,221 105,875 4344187 409,125"
Mx P 4 1.756 26.348" 278,765 187.9584
3 W
K 2 5791 3954468 345,999 204,269
N xR K 4 0290 28.350" 103.238° 86.016
P x K 4 0.194 624328 173.125° 1434578
HPK T 2 1.588 304215" 74250 32,719
RP2K 2 0.039 59,469 " 1094344 71.875
NPK® T 2 0.271 194141 77506 33.750
NP2KE 2 1.537 134500 17,187 83,999
Error 22 0.660 7,578 32,241 764753

P Partially ectimable
*w Significant at 0.0l level
* Significant at Q.05 lovel



| APPENDIX IV
Abstract of analysis of varlance table for number of functional leaves per plant
at 4 stages.

Hean sguare

- Nunher of lcaves Rumbaer of leaves Nunbzr oF Number of
Source , df paer plant per plant leaves per leaves
20th day after 40th day after plant per plant
sowing nowing 60th day at harvest
aftor 20u=-
iﬂg.
I e ¥ -
Block : 5 04240 14.562 1.558 0.792
w®"
5 2 1.501"" 232,111 1770305 2.010"
AN ' x oy Yok
P 2 1.302 15.646 37.854 6.170
Hxnp 4 0e725%% : G3e245%" 50,.764%% 1.855
K 2 1.422%% 84,354 47.080"% - 0.926
N x K 4 0.380 70196 29.531"" 1.360
Px K 4 0.225 1.930 3,788 1.990
NPK F 2 0049 184367 6855 0.596
nplx 2 0181 9,113 2,361 0.471
HPRS P 2 04366 74228 0.613 0e643
o
npKe 2 0.134 0e342 7e652 2,779
Error 22 Da.144 2,981 6,029 0.770

P pPartially estimable
** sSignlficant at Q.01 level
* significant at 0.05 level.



APPENDIX ¥
sbstract of analysis of variance table for leaf aresa index at 4 stages

Masn sguare

Source aE Laaf area index Laaf area index Laaf area indax Leaf area
20th day after 40th day after &0th day citer index at
gowing sowing sowing harvest
b4,
Block 5 0.0001 0.074 0.093%F 0.0010™
B 2 0.0060™" 1.66¢*" 1.676"" 0,0090™"
P 2 0.0010" 0.200%" 0.133%% 0.0110""
N xp 4 0.0010" 0,079™* 0.177°% . 0.0100""
K 2 0.0080%" 0.258" - 00174 " 0.0001
N x K 4 0.0010™" 0.130°" 0a129" 040010
P x K 4 0.0040%" 0.052" 0.030" 0.,0020"
HPK ¥ 2 0.0010%" 0.082"" 0.158"" 0.0010
NP2K 2 00010 0.028 0.092"% 00004
wpK® ¥ 2 0.0004"* 0.088" " 0.073™" 0.0010
NPZK2 2 0.0040° " 0.008 0.055" " : 0.0020™
Error 22 0.,0001 0.012 0.009 . 0.0003

P Partially estimable
*% Significant at 0.01 level
* Signlficant at 0.05 lavel



APPENDIX VI

Abstract of znalysis of varlance table for number of branches per
plant, number of nodules per plant and dry veight of nodules per plant.

Maan sguare

Source ag Humber of branches Rumber of nodules Dry welght of
‘per plant per plant nodules par
plant {mqg)
Block 5 0.384"%" 16380" 11.682™*
N 2 8,747 267.322"" 355.576" "
B 2 1.664*F 289,4457" 879,019*"
N % P 4 3.562%" 44.043%* 34.094™*
K 2 1.057%" 71.012%% 139.404™"
N x K 4 00904 23,182 4.467"
PxK 4 0.370*" 32.146"" 20.266%*
NPK F 2 0.738*" 3.168% 1.695
Ne2K 2 0.057 40,422*%* 1.131
NPKZ F 2 0.178 53.775*" 4.439"
Hp2KA 2 0.661™" 15,912 8.260%*
Error 22 0.067 4.602 ' 1.129

¥ Partially estimable
* Significant at (.01 level
® Significant gt 0.05 leval



APPENDIX VII

Abstract of analysis of variance table for anumber of pods per plant, length
of pod, numbor of seeds per pod and hundred seed weight

Maan square

Spource dag

Humber of pods ength of pod iiumber of secds {lundred seed

per plant (cm) per pcd wveight (gm)
Block 5 84525 Q0.025 ' 0.241 0.019
N 2 1.438 0.532"" 04369 0.050
P 2~ 337.437"" ‘ 0.046 0.482" 0.118"
NxD 4 21.313"" 0.208" 0.365" 0.070"
K 2 92,500" " 0.523"" 0,729°" 0.130"
N x K 4 2745317 0.674"" 0.161 0.021

P x K 4 63,625 0,103 0.363" 0.110""
NPK F 2 24400 . 0.267" 0,099 0.011
np2K 2 04906 0.206 0,013 0,006
NPXeF 2 4.291 0.130 0299 0.016
Npex2 2 19.625" " 0.021 0,071 04039
Error 22 3,687 0.073 0.122 0.025

F Partially estimable
w% Significant at 0.01 level
% gignificont at 0.05 level



APPENDIX VIII

Abstract of anélysis of variance table for grain yield, bhusa yield, total
dry matter yield and harvest index

Moan sguare

Source af Grain yield Bhusg yield Total dry matter Harvest index
(kg/ha) (kg/ha) yield (kg/ha)
Block 5 7960799 8508.793:: 79744397 0.0001
u 2 81639.968 1 113023.940 367063.840™" 040004**
P 2 212567.840 ** 133447.930% 6854314360%* D.0041%*
N xP 4 17063.984 **  39227,968"" 77667,952%% 0.0015%"
K 2 179599.840 °F 125519.910%" 467311.360™* 0.0023**
N ox K 4 17571.968 7 10747.995°" 40495.984%* 0.0008**
PxK 4 17495.984 **  34059,968" 92403.9568%* 0.0010**
NPK F 2 3704498 * 5431,998"" 45103.968%* . 0eD000
HP3K 2 2663,998*  17455.984"" 67991.968%* 0.0019%*
HPKS F 2 2713.,997*  14095,993"" 1743.998 0.0000
npR? 2 16439.981 ** 26887.968" " 69295 .952"* 0.0005™*
Error 22 637045 596.363 .3071.998 0.0001

P Partially estimable
*: Significant at 0,01 level
* Significant at 0.05 level



APFENDIX IX

Abstract of analysis of variance table for protein content Of grain, grain
protein yield, protein content of bhusa and bhusa protein yield.

¥ean sguare

Source az Protein content Grain protein Protein content Bhusa protein
of grain yield of bhusa yield
(per cent) (kg/ha) {per cent) {(kg/ha)
L & %k L3
Block 5 0.448"" 170.000 0832 133,962
- o wi * i 3
1 2 32.320 99454,997 1.654 217.062
3 3 i L5 oo
P 2 4.426 13310.95% 1.566 1142.094
*& tow nk ey
N=xP 4 34015 1090.500 J«506 15%9.328
e T K% i
44 2 1.232 3021.498 D381 733.062
T ®k k3 wE
B x K 4 1,014 789,000 1.063 77.547
-4 k- *x &
P K 4 1.426 26060746 1.320 163.078
3 " nk 2
HPE F 2 0,396 598,187 0.733 125,219
2 b4 xR Hk
RP™K 2 Ue244 1501.499 1.745 2084375
.2 Y N % *¥
HPR™ F 2 0,555 924594 D.874 68,094
2 *de x% * N e
NpeK? 2 1.441 2121.997 1.430 211.281
Error 22 0.087 38,065 0.027 5.628

F Partially estimable
wr cignificant at 0.01 level
* Significant at 0.,05 level



APPEHDIX X

Abstract of analysis of variance table for uptake of nitrogen, uptake of phosphorus
and uptake Of potassium.

Mean sqguare

??“Fce df Uptake of nitrogen Uptake of phosphorus Uptake of potassium

(ka/ha) (ka/ha) (kg/ha)

Block 5 17.087 0.275%% ' 2,545
N 2 580.375%" . 10.868" " 445.453%*
P 2 851.937%" 33,392"" 452,203%"
M x P 4 127.125*" 1.887™" 33.449%*
K 2 4064219%"° " 10.020%" 884113%F

N ox K 4 81.719*" 1,324%* 3,616
Px K 4 54438 3.673%* 20.971%*
RPK T 2 ' 49.051 " 0.206"" : 36.652""

NP2k 2 56.406" 1.384%" 3.389
NPK® F 2 | 40,906 " 0.145" ‘ 6.021
Np2Ke 2 ' 45.344 0.810""% 5,924
Exror 22 14.501 " 0.035 | 4,375

F Partially astimable
% Sionificant at 0.01 level
* Significant at 0.05 level



APPENDIX XI

Abstract of analysis »i wariance table for total nitrogen, avallable phosphorus
and avallable potassium content of the soil after the experiment.

M=2an square

Source d£ PYotal nitrogen Available phosphorus Available potassgium
conteggiif the contaent of the soil contaent of the soil
(kg/ha) (kg/ha) {(kg/ha)
Block 5 19609.596" 1064337 16,462
N 2 160639,950 358,687 680,875 "
p 2 163839.810 165.250" 105.344
i % P 4 165750984 90,516 4284140
X 2 1589754880 " 5,406 1308.000"
x K 4 87423.952 27.906 164,234
% K 4 527359952:: .58.703i: 249.781:
NPK F 2 105415.910 94.094 382,562
NP2 2 416855,952" 144063 11.094
NPK® P 2 11743.993 104687 194219
Np2K? 2 151039,880 54406 89,781
Error 22 40694086 130415 674676

=

Partially estimable
** sicmificant at 0.01 level
* Significant at 0.05 level
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ABSTRACT

A f£ield expsriment was conductad at the College
éf Agriculture, Vsllayani during 1982 to study the
effect of three levels each of nitrogen {0, 15 and
30 kg/ha), phosphorus (0, 25 and 50 kg Py0;/ha) and
potassium (0, 20 and 40 kg Kzo/ha) on growth, yield
and guality of horsgegram. The trial was conducted as |
a 33 partially confounded factorial'éxparimant with

two replications.

Aoplication of nitrogen, phosphorus and potassium
had profound influence on all growth characters liks
height of plent, aumber of functional leaves and
branches per plant and lgaf area index. Ths highest
nodule count was obtained by the application of 15 kg
N, 25 kg Paos and 20 kg xao per hectare while the dry
waight of nodules par plant was maximum at 15 kg N,

50 kg P,0; and 40 kg K,0 per hectars.

Yield attributas such as number cof pods per plant,
number Of secds par pod and hundred sesd weight were
significantly increased by ths application of 15 k¥ N,
25 kg P,0; end 20 kg K,0 per hectare while length of
pod was signiflcantly increased by the application of



15 kg N and 20 kg Kzo psr hectarz only. The highest
grain yleld, total dry matter procduction, harvest index
and grain protein yieild were obtained at 15 kg N, 25 kg
9205 and 20 kg X,0 per hactare, applicatlon of 30 kg

Ny 50 kg P and 20 kg KEO par hectare resulted in

2%
the highest orotein ccntent of grain,

Application of nitrogen at 15 kg significantly
increased nitroqen and potassium uptake while 30 kg
H/ha recorded the highest phosphorus uptake. Similarly
phosphorus at 25 kg P,y0q showed 1its superiority in
Increasing phosphorus and potasslium uptake and 50 kg
?205/na registereéWiighcst nitrogen uptake. Potasasium
at 20 kg Rzo/ha significantly increased tga uptake of
niltroasn, phosphorus and potassiuma

Ppgitive and signiflcant correlatlions between grain
yield and yield attributes, grain yield and nutrient
uptake and total dry matter yield and nutrient uptake
wera notad.

The study iandicated that application of 15 kg H,

25 XKg 9205 and 20 kg KQO per hectare is the bast ferti-
lizer dose for horsegram vars Pattambi local which
rosulted in the highest net return in the red loam

soils of Vellayani,





