NUTRITIONAL REQUIREMENTS OF
WINGED BEAN [Psophocarpus tetragonolobus (L.) DC.]

by
C. BRILLIN

THESIS
submitted n partial fulfilment of the requirement for the degree
MASTER OF SCIENCE IN AGRICULTURE
Faculty of Agriculture
Kerala Agncuitural University

DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE
VELLAYANI, TRIVANDRUM

1984



1

IECLARADL O

1 hercby detlare that this thesis onbtitied
" iutritional requireomenis of winged bean (Zeophoearpus
totragonclobus (L.)IC.)" 45 & bonafide rscord of
resecrch work done by me during the course of resgarch
am that tho thesis hae not provioudly forsed the basis
for tho avard of any degrse, diplens, ascociateship,
follouship, or othor similar title, of any dther

University or Soclety.

Vellayand, W

28" ¥obruary, 1954. ( C. BRILLIN )



(311)

CSRTITICHDL

Coeriifiod that this thenis entitled "Hutvitional
requirezents of winged bean (Psonhogarpys tefragonolobys
(LJ15.)" 48 o record of reomearch work dons independently
by Sri.C, Brilldno, under oy suldance and supervision ami
that 1% has not previcusly formed the basis for the award

of any degree, fellowship or avsoelateship to hin,

/
) SIS A,

o de
Vollayani, i, 2USHPALIADAN)
Tob, 1934, Chairaan,

Advisery Comndtiee,
Aspcoiate Professor of Asronony.



(iv)

APPROVLD BY ¢

CHAIRMAR

S11I. E. PLSHPAIGADAR,

My R
e Dila V.E. SASIDHAR, :
2. ie Reide Azm. J

30 SBI. Ho PUﬁUSﬁC&H&"‘MH .!}Alﬁ.

4. e A Suloomente



Via)

ACKNOWLELGA!E MI'S

I wish to place on racord my deep Serse of
gratitude and indebtedmess to Sri. K. Pushpangedan,
4ssoclate Profesgor of Agronomy and Chairmsn of the
Afvisory Committee, for his @incere guidance, valuable
snggestions, constructive criticism and consbant

encourageoment throughout the courss of this investigation.

I am highly indgbted to Dr. V.K. Sasidhar,
Profesdor of Agronomy, Dr. R.S. 4lyer, Professor of
Soll Science and Agriculfurel Chemistry and Sri. H.
Puruvshothaman Nedr, Assistamt Professor of igronomy for
their valuable advices and generous help rendered
throughout the oourse of this study.

I owe immence gratitude to Dr. K.C,George,
Professor and Head of the Dspartment of Agriculbuval
Statistics and Smb.P. Saraswathy, 4Assoclate Professor of

Agricultural Statistice for tholr helpful suggestions in
designing the experiment aml in analysing the data.



Vi

I an aleo grabeful o all the other dt-aff caubars
0f the Pepartmsnt of 2Agroncay for thelr kind co-oporation

cnd help during the course of the study.

lly clngore thanks are alse dws to Ir.ll Sadamandan,

Doan, laculty of sgriculture for providing all the

facllitics for the conduet of the stndy ab Eerala

e

( C. BRILIIN )

Agrpiculturdl University.



I BRODYCRION

REVILW & LITSRATURE

(IADURX ARG ALD ATHODS

ReSUIRS

DISCUBLIOR

SpiiRyY

RUFIROILEE

APRSIRCES

vi

COLRIES

LA X J LA 2
se 0 o000
LR J e e
LR X ] *eee
*0 s LR R ]
(XX ] ss e
'R e ose
cog LE X ]

32

94

134

4 » xxix

I «23Vi



Table

Table
Table

Table

Table

T able

Table

Table

Table

Table

Table
Table

Table
Table
Table
Table

1,

2.
3(a).

3(b).

3(c).

3(a).

4(a).

4(p).

4(e).

4(a).

5.

(2

vii
LIST OF TABIES

Chenical analysis of/So:ll before the oxperiment.

Helght of plartc on 40th day after germination(em).

Tumber of lsaves per plant on 50th day after
gernination.

Fumber of lesaves per plant on 80th day after
gormination.

Number of leaves per plant on 110th day after

germination.

Hurmber of leaves per plant at the timg of
final harvest.

Iumber of branches per plant on 50th day
ter gernination.

Mumber of branches per plamt on 80th day

after germination.

Fumber of branches per plant on 110th day
after geraination.

Number of branches par plant at the time
of final harvest.
Number of deays taken for 50% flowering.

Mumber of f£lowers per plant.

Fumber of pods per plant.
Setting percenmbage of pods.
Length of pods (em).

Yield of green pods per plant for the
first momth (g).



T able

Table

Tahle

Table

T able
Table

Table
Table
Table
Table
Table
Table
Table
Table
Table
Tavie
Table
Table
Table
T able
T able
Table

10(b),

to(e).

10(a),

10(e).

10(£).
1,

i2,
13,
14.
15 .
16.
17.
18,
19,
20,
21,
22,
23.
24.
25,
26.
217.

viili

Yield of green pods per plant for the
second monmth {g).

Yield of green pods per plant for the third
month (g).

Yield of green pods per plant for the fourth
ronth (g).

Total yleld of green pods per plant (g).

Total yleld of green pods per hectare (kg).
Bhusa yield (kg per hectare).

Tuber yield (kg per hectare).

Hervest index (Percemtage).

T ota)l*“mabier roductlon (kg per hecsara).
Protein content of tender pods (percentage).
Protein combont of tuber (percembage).
Uptake of mitrogen (N kg per hectare).
Uptake of phosphorus (kg P205 per hectkare).
Uptake of potassium (kg K,0 per hectare).
Mitrogen ccntert xn pod (percentage).

M trozen content in tuber (percentage).
Mitrogen content in leaf (percentage).
Fitrogen content in haulm (percentage).
Pnosphorus contert in pods (percentage).
Phosphorus content in tuber (psrcentage).
Phosphorus content in leaf (percentage).
Phosphorw content in hawlm (percentege).



Table
Table
Table
Table
Table

Tablg

Table

Table

28.
29,
30.
31.
32.

33.

34.

35.

ix

Pctasgiun content in pod (percentage).

Potassium content in tuber (percentage).
Potassium content in lesaf (percentage).
Potassium content in hauvlm (percentagze).

Nitrogen content in the soil afber the
experiuant (N percentage).

Available phosphorus combent in the soil
after the expsriment (kg P per hectare).

Availeble potassium content in the soil after
the exXperimsnt (kg K per hectars).

Economics of feortillzer application.



Fig.1 ®

Fig.2.
Fig.3.

Fig.4,
Fig.5.
Fig.6.
Fig.7.
Pig.8,
Fig.9.
Fig.10.
Fig.11(a)
Pig.11(b)
Fig.t12.
Fig.i3.
Fig.t4.
Fig.i5.
Fig.16.
Fig 1.
Fig.is.
Fig.t9.
Fig.20.

x
LIST OF ILLUSIRALIONS

Weather data dwring the crop year and i%s variatdon
fron the past 25 years.

Lay out plan.
Height of plants(cm) on 40th day.

Nurber of leaves per plant.

Mumber of branches per plant.

Days taken for attaining 50 per cent flowerding.
Humber of f£lowers produced per plant.

Kumber of pods per plant,

Settlng percentage of pods,

Longth of pods (em).

Yield of gresn pods per plant at differsnt months(g).
Ttal yield of green pods per planb (g).

Bhusa yleld (kg per hectare).

Tuber yield (kg per hectare).

Tolal Pry matier production (kg per hsctare).
Hervest index (psrcectage).

Protein content of pods (percemtage).

Protein combent of tuber (percentage).

Ut ake of nitrogen (H kg per hechare).

Uptake of phosphorus (P205 kg per hectare).
Upbalte of potassium (E,0 kz per hectare).



¢/
heLooddinctons



IHODUCTION

Irdic has achiaved celf suifficlendy in food production.
With the imsrodustion of high yloldinz, inpub resposnsive
vorietion of rice and wied nimo mid sixtegs, India could

conguey now horizones in food front. llowever not ocuch
prosgess could be achioved in ths mritionud) improvenent

of food oBuff,

Puloes havo a key role inths protein matrition of
the people espoedally in a couniry lilte lndia whore the major
populoi on lo vegehorlian, This coupled with othor facteors
mako pulued indisponsablo An the overall oconmomy of tho oounbrye.

Bvery plant of pulses by itoclf 38 a minlfertilizor Lochtory
which oould moimsain Indlan ocoll in good hedbh., According

+ o cor3grvative eotimsbon pulses odd cuch more mitrozen thon

what is boinz added ihrough cliemiceal forsilizars.

Pulses can whilloc the imoxhausbiblo stock of
atmozpheric nitrezon direstly. In India, these erops use
somg 12 lakh tonnes of atmospheric nitrazon verth B.250 creras

every yoar. Pulses hovo beon popular with formews for

centurdes beocowse they fit sultably i crop rotatiomd and

orop mixtures,



Proteins are the scarcest and the most expensive of
food stuffs. Ilan has 50 get his proteins in a round about
vay from animals which depend on plants, vwhich build up
proteins from the niiregen, hydrogsn, carbon and oxygen
found in s0il, air and water, UNan mostly gets his proteins
from the seeds of plants, particularly legumes and flesh
foods, Edible legumes are excellent sources of dietary
proteins and o0ils and they fomm important constit wents of
Indien diet. They are responsible for raising the level of
per ocapita consumption of energy as well as enriching the
8 0il with nitrogen., Among legumes, winged bean offers
o xpephtionally good promise and shwws a great potential for
easing the protein malnubtrition problem throughout the humid
tropica,

Nubritionally the winged bean is equal to soyabean:
its seeds conbain 30 to 43 per cent proteir and about 15.0
t0 18.0 per cent o0il, It is considered relativsly superior
t0 soyabean in the senss that virtually the entire winged
bean plant is ric¢h in food Ssocurce for man and animals as

compared to soyabeon whose edible portion is beans only.



The green pods, green and mture deeds, leaves, flowers
and tubers all are comSumable with ease. The Seeds are
rich in iron, phoespharus and caleium and do not contain
trypsin inhibitor nor urease. The green tendexr pods
contain 20 to 30 per cemt proteln. Its tuberous rocts
contaln about 20 per oent protein compared to 1 to0 2 per
cent in cassava, potato, yam and taro. Iike &ll other
parts of the plant the foliage has high protein content
ranzing from 5 to 15 per oemt and in flowers about 5 per
cent, The protelin percentage of drymatter is reported

t0 be a8 high as 25.6 per cent., ©Similarly it appsars that
the leaves of the winged beam wonld have one of theo highest

protoin contents of all tropical forage legumes.

Currently, winged bean 1s grown malnly as a garden
vegetable, The main consumption areas are South East
Asia, Indonzgia, Now Guinea with limlted uSe in West Africa.
Unfortunately the dletary valus of the winzed bean has not
been fully recognised as it deserves. It would be
difficult to find another well adapted tropical legums

orop with a3 many desirable characteristics as winged bean.



The potential of winged bean as a vegetable crop
capable of supplying the protein requirements should be
explolted to the fullest, particularly ir those high
rainfall areas of the troples where the commercial
production of other pulses is difficult owing to climate,

terrain and other Socio ewmlogical fachors,

Hot much work has been done regarding the adapbability,
manurial requirsments and quality of winzed bean under
Kegrala conditions and as such the present investigalion

was taksen up with the following ob jectives,

1. To find out the suiteble combination of

N, P and K for maximum yield.

2, To find out the economic as well as optimum
levels of N, P and X as related to the yield

of green pods,
3. To find out the respomse of N, P and K on the
grovth and yield attridbutes.

4, TPo f£ind out the effect of N, P and K on the
quality of green pods.
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RAVIEW (F LITSRATURE

Althoush winged bean (Eoophoocarpus tetrasonolobus (L) IC. )
is grown alloveor the tropical world, only vory little work hag
been done on this crop with regard to its requirement of nitrogen,

phosphorus and potassiua and their response on growth and yield
attributes. The avmilable literature on the manurial trials, fn

winzed bean and allicd crops are reviowad herg.

Somp of the expsriments conducted on winged bean chowed the
1ocaseity of application of all the threoeo essential elemcnts
nitragen, phosphorus and potassium for obtalning hisher production
end quality of produce. OChandel and dhoshi (1980) conducted
trials et IARI and observed that complete and balanced fertilization
gave substantially hizher ylelds., National Academy of Sciences
{1975) reported that NPK application was required for the luzurient
growvth of the winged bean unier tropical climates.

Bffeet of Mitrogen

(a} On grouth,

All wmost all works carrled out on diiferent lsguminous
crops showed that epplication of pitrogen was bersficial in
increasing the general grovth and vigour of ths plants.

Ckuten (1970) noticed that vhere soll niftrogen was hish the

plant size, fresh and dry welshts of beans were increased.



Edje gt al (1975) repcrted that Leaf Area Index, plant height

and sizZe were clwely related to rates of nitrogen in onap beane.
Results of oxperimsnts conducted by Sader (1979) revealed that

in snap beon Gy matbor content, ieaf arca and Leaf Area Index
vero ircroamed with increase in nitrogen rates at all grovth stefes
except at the fully developed trifcliate leaf stagze. S8irmilarly
Urban gt gl (1980) found that in rainy season the straw yield
increased with tho application of nitrogen but in d»y sgason

there vas no difference between the nitrogen treatments.

Saddati andl Semad?, (1978) reported that application of
aitrogen ol the rate of 100 kg per hectare increased the plant
height in soyabsan.

Hasggawa and Nomura (1978) observed that the efficioncy of
nitrogen in dwarf kidnoy bean was low during the early grouth,
then incre‘ased upto the end of pod elonzation but was low Quring
pod filling and the rate of pod elonzation was increased by
nitrogen applied during pod elongation.

Moursi gt a1{1976) found that application of nitrogen
incroased the vesetative growth in lupin as reflected in its plant
height, number of branches per plant ard straw yisld.,

e Lsan ot a3l (1974) reported that in figld peas
application of nitrogen incroased the plant weight.

Agboola (1973) observed that top growtk in cowpoa was

incroased by nitrogen appliecation.



liilderbrand gk al (1981) concluded that higher nitrate
application resulted in greater growth of all plant parts sxcept
root in wlrnged bean.

Cate and Bretelsr (1972) ohsarved that the pattern ¢f plant
developmant in hean wad unaffected by nitrogen supply ard the
plants dld not dizXfer vioually until flowering.

Posypancy and knyaseva (1974) stated that the difforent
lovels of uimeral nitrogen supply had practically no effect con
piont grouth and dsvelopusnt of peas.

Zuseviecs (1981) conducted trizls in winzed bean and found
that dry mabter yield was decraased vhen 400 mg nitrogen per pot
was applied in the fora of ammenivm nilrate in pot trials, iligher
nitrogen levels also prevented nodulatlion and effectivensss of

other mutrients,

(b) On Nouerins and sebiinz percentege.

Almeida ot 21 (1973) cuphasised the imparsanse of nitrogen
at flowering for inerpasing the graln yield of beans. Edje gf al
(1975) obtainsd an increase in the number of pods psr plant in ary
boan by increesing the nltrogen rates; on the other hand MNeursil
et gl (1975) reported that in beoans anmoniun sulphate had no narked
effect on the time of flcvering, vhe percentage of fruld set and
the total number of Ffruit absclssion but incrsased the total numbar

of flowers and fruits per plant,

Deiayed maturity was noted in field bean by Roberts and
veaver (1971) when nitrogen was applied. SBgure gt al (1977)
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conocluded that when nitrogen was applied mumbor of flovers and

floyering nodes wero incmased in broad beans,

Investigations by Bravedan (1977) revealed that Soyabean
plants vhich received higher nltrogon rates during flovering had
significantly increased the number of pods than those which received
the lowest nitrogeon rate. The number of pods Linally retalned by
the plant was conditionad by the nitrogen supplying capacliy of the
plant. Another study coniucted by him showed that maintaining
nitrogon supply at the higher lovels untll maturity had no further
offect on flower and pod abortion and not significantly lnereased
the muober of pods in soyshbean (Brevedan gt al, (1973).

From exporimental backing Hoursi gt gl (1976) stated that
niirogen foertilizex# did not affect the reproductive characters
such as the number of days to flowering, number of flowsrs per plant,
fruit setting percermbasc, pod obscission per plant and length and

dlarffer of the pod in lupins.

Trigls conducted by Cutcliffe and fanro (1980) rovealed thal
maburity was slightly delayed by increasing the rates of added

nitrozen in pea.

(o) ©On_yield and quality.

Sistachs (1970) reported that the plots that receaved
nitrogen ylolded considorably bubt there was a lower nitrogen
conteont in leaves: and sesds. Incmased pod yleld was reported
by Asif and Orelg (1972) dw 4o nitrogen application in snap beans.
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Lopsz ot al (1977) observed that application of 80 kz nltrozon
per hootars produced 96.7 per cent of tho estimated maximun yield
in snap beans. Rosults of ezp.riment conducted by Cardoeso gt al
(1978) showed that when nitrogen was applled in the form of urga
a pootive ard 1linear resSponsSe wad oOblaimwd 2n Boed yields of snap
bean. 4t the same tims Cunha gf al (1980)obssrved a significant
increase in yield of beans by the application of BO and 120 kg
nitrogen por hectare. Longe (1580) in hic studies rovoeled that
boed yield of snap beans increased from 1.18 to 2.31 tonnss by
increaping the nitrozen level frem zero to 100 kg peor hectavo.
Duramtil and Caroni (1981 ) indicated a positive response in Ary beans
when 100 kg nitrogen applied per hestare,

Eomisoa ek 3} (1975) nobiced that nlt "qzen application at
the rate of 13 kg por hectars increased the yleld of field beans
by 9.4 %0 10.5 por cent, Ouetieva (1973) found that inm £ic2d beans
applicasion of nitrogen inoroased the yield by 410 kg peor hectave

(174 increose).

Aleman apd Franco (1976) found that application of 400 kg
nitrogen por hectare increased the yiald of soyabeans. CGreater
offect on seed yield was noticsed by Huang (1930) whon nitrozen

was appllicd to moycbean,

Resulte of an expo.riment conducted by Hasegawa and ffecoura
(1978) showed thet the yiold of dwarf kidney bean was docroased
by the absence of nitrogen durlng growbh pericd,
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vrahan gt ai (v978) nowd an anoresss an tne dry mATTOT

yield by 3.6 and 4.6 per csnt vhen nitrogon levels of 40 and
80 kg per hectave were applied to horsse beans,

The essentiality of nitrogzen spplication was rsported by
Shelhavat et al (1972) who concluded that 50 kg N per hectare

vas wceononic in moth bean.

Il lean gt 2l (1974) in his growth room tests rgported that
field poars chowed officient conversion of s0il nitrogen to Seed
protein, Trials by shmad and Shafi (1975) revealed that in peas
90 kg rnitrogen per hectare inereased the number of pods per plant,
pod weight, weight of pods per plot and ary matbor yleld but the
nunber of Sesds per ped was not significantly altered.

Rhodes (1978) obzerved that seod yleld and plant nitrogzen
content of coupea increased with incfeasing doses of nitrozen
from zero to 60 kg por hectare, Hagus gt al (1980) obtainsd
maximum yield in cowpoa by 60 kg mitrogen per hectars.

Trials by Bhuiya gt gl (1979) showed that application of
20 kg nitrogen per hootare increased the grain yield and protein

content in soyabean,

Sipsh and Yadav (1971 ) obtalned 12 por cent increase in the
yield of bengal graa vhen 22,5 kg nitrogon per heotare was applied.
Chundawat gt al (1976) recorded an imcresse in the yield of bengal
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gran by the application of 15 kg nitrogen psr heobtare. A
significant increase in 100 9ged weight ard @eced protein
content in aung was meported by Kushwaha aud Srivastava (1978)
by the application of niirogen.

Hilderbrand gt al (1981) obtained an increase in the
total protein in winged bean by nitroasen application durding the
growth poriod.

Howover, Richards and Scper (1972) notsd that protein
contaent of Field bean was unaffectad by higher levels of

nitrozens.

Bishop gt 2l (1976) obtained only very little effect on
yield and 8ged protein comtont in Boyabsan dus t0 application
of milrogen upto 56 kg per hectare.

Hoffer and Jeggzli (1978) observed a decrease in seed yield
as o result of higher rates of nitrogen in peas verying from
zerp 40 150 kg por hectare.

Panuar gt al (1976) reported thal thore was no response
to0 mpplication of nitroden in mung. Similacly Mudiolkar ard
Ah%awat {(1979) found thabt applicotion of 25 kg ritrogen por
hochtare had no efioct on the yisld of bengal gram.

Zusevics (1981) observed that high levels of mitrogen
prevented dry matter acoumulation, nodulation and effsetivencas
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of obther nutricnts in winged boan.

(d) ©On the upiske of nuirignts.

Asif and Gralg (1972) found that increased nitrogen
application resulted in hither accutulatlon of potassium, calciugm,
masnesiun, zine and nitrogen in the pods of snap beans, On the
other hand Zl-Leboudi gt gl (1976) reported thzb nitrogen had no
efloct on the centent of phosphorus and pubassium in snap bean
Seeds, But Ll-Bakry ¢t al (1980) reported that nitrozen
application in beans resulted in ipercasod rdtrogen content in
plant parts. S0 also Sarker and Jonss (1980) obbained increasad
trahslocation of phocaphorus from root 4o shoot when nitrogen was
applied to0 srpap beans,

Cossman gt gl (1921) noticed that phosphorus conceniration
in nikrozen fixing soyshean pilanto vere sigrificantly lower than
that of nitrogen supplied plants.

Posypancv snd kpyaseva (1974) fourd that the peas supplied
with minsral nitrogen ook up mom nitrogen, phosphorus anl
potassiun and synthepized more orgarie matter and raw protein

than those limited to eyzblotic nltrogen only.

Bnikov ard Velchev (1976) oboerved that miirogen appliecation
1 nereased seed nitrogen content and decreesed phosphorus amd
potaseium conternt in chick paa.

Effeot of Fhosphorus

(a) On_crouth.
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The bemficial effects of phosphate on nodulation, yield,
compogition and general behaviour of leguminous crops have besn

very well asteblished.

Phosphorus plays a very important role in sustaining the
Boil micorcbial population at a higher level. It has a definite
stimilatory effpot on the muliiplication of rhizobia, which in

gegociation with legmuinous ersps fix atmospheric nitrogen.

Reosults of field experiments conducted at different places
in the country have shown that the response of legumes to phosphate
has been conspicuous in 80ils poor in available phosphorus., 1In

phosphate rich soils, the results have not been sagnificant.

Enhanced vegetative growth in bean yas reported by Mehatanya
{1976) due to phosphate application at 30 and 60 kg per hectare.
Mahetanya (1980) also stated that in bean plants plant height,
Leaf Area Index, pod number and weight of pods per plant were
increased with increasing the phosphorus level from zero to 30

and@ 30 to 60 kg per hechare.

Shaflan et 8l (1977) noticed that the number of branches
per plant was significantly increased vwhen 108 kg PZQE per hechare
was applied in broad beans.

Zaroug and Manns (1980) reporited that phosphorus deficiency

caused stunting and chlorosie in Glitoria ternatea.
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Svoboda (1974) obtalnsd a positive effcet of phosphorus
on growth characteristics of pea. Similarly Singh et 21(1980)

showed that verious growth attribubes (plant height, leaf number,
branch numbsr, pod number and plant dry welght ) vere significambtly
affacted whkon phoaphorus application was inereased from zoro to

100 kg per heotars in fiald pos.

Tripathi ot al (1977) found that application of
phosphorus resulited in mgximum £resh amd dry matter yield in

cowpea.

Phoophorus application was found to give maximum top and
root dry velght and plant height in redgram, (Bassire gt al
(1979). Tho beneficial effect of phophorus in promoting root

and shoot grouth, intensity and volume of nodulation in red
gram vas emphasised by fhlawat and Sarvaf (1981).

Inerease in drymatter yleld of winged bean has been

obBarved by Dagaduan (1980) when 60 kg 1='205 was opplied per

hectare.

Parcdi gt al (1977) reported that addition of phosphorus
increased relative and Hcbal phosphorus content in beans but it
did not comtribute te dry matter yidld. Shaslan gt al (1977)

concluded that in broad beans plant height, pod weight, seed
woight and number of seeds por plant were not significantly



inereased by lncreasing phospharus application even upto
108 kg per hectars,

In an oXporinent conducted with bush beans it was observed
that appiication of higher levels of phosphorus decreasaed the
root growth (Wallace gf al, 1976).

Application of 10 to 4 kg 19205 per hoctare to the soil
and or as a foliar sproy was feund to have no significant effect

on yleld componomts of green gram (Reddy and Palaniappan, 1979).

(b} On fawer produckion.

Almeida gt gl (1975) omphasized the iuportance of
rhosphorns in beans for flovering.

Kogure et al (1977) concluded that higher levels of
phosphorus increassd the number of flowers, pods and percentage
podding in brosd tean.

The importance of phwyphorus in the nutrifion of peas
for bettor setting of pods was emphasised by Simwa (1970).
Inveatigation by Pekkov and Kalaidzhiev (1973) revealed that
in pea plante total rhosphorus content was hishest during
flovering, Pgod development and rlpening indicating the profound
uptake of thies clemsnt at the tims of flowering.

Agbodla and Obigbesan (1977) found that convorted bone
meal and suparphosphate inducod earlinsss in flowerinz by Hwo

weeks in cowpoa.
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(c) On yield and quality.

Hiroci gf al (1970) emphasized the importance of

phosphorus in emhgbing the yleld of snap beans. Almeida gt gl
(1973) concluded tha$ applieation of phosphorus increased the

yield of sn3p beans. Significant response to Fhosphorus was
obtained by Bira gt a1 (1974) swhen 79 Kz P205 per hachare was

applied to snop beans. Prumuel gf al (1975) concluded that in

anap beans yield was much higher from 30 to 200 kg P,05 per
hectare, but yicld increase curve fiattered out above 120 kg
par hectaras.

Hamisse gt al (1975) found that application of phosphorus
increased the pod yield by 9.8 t¢ 15.7 por cent in field beans
when phosphorus dose was ingresged from 36 kg to T2 kg per

hectare.

Alenan and Franco (1976) reported that in soyabean
application of phosphorus resuited in higher yiclds,

In guar Tomsr eof a1 (1972) obbtalned maximum forage yield
when 60 kg P205 per hectare was applicd., In cluster bean Chauha
and Bajpal (1979) obtained maxzimum yield vhen 90 kg P05 kor

hocbare wvas applisd. Reports by Gill (1979) showed that
epplication of 30 kg 1’,-05 por hectare gave cignificant increase

in seed yleld and protein contsnt in cluster bean.
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Reporta by Pande ot al (1974) showed that application

of 75 to 125 kg ?205 per hacbare to french bean increased the
groen pod yield per plant and totdl yield,

411 ot al (1981) repurted an inemwage in crudo protein
contont due %o phoaphorus aprlication in lenbil.

Sharma (1968) ncted a sigmificant inecrease in the yleld
of peas when phcophorus wes spplisd upto 66 lsg per hoctare.
Prials by shaad and Shaid (1975) revealed tact in peas 60 or
90 kg P205 per hectare incrpoged the nuzbor of pois, welght of
pods and dry natber yisld.

Siznificant recpone in fodder yield of cowpen was
obtained then 20 kg ‘.?205 was gpplied por hectare (rfaroda, 1973).
Dubey e g1 (1975) obtalmed highor fresh fodder yield of cowpea
by the application of 100 kg P205 por hecbare. Euanju gk al
(1976) reportdd that spplication of 60 kg 13205 per hectare
significantly incrcaced the yleld of coupsa. The response of
coupee to phcophoyus appliestion wes swudied by fhlavat gt al
(1973) who rooorded an increale in yield then 60 kg P05 was
applied per hechare.

Venugopel and llowadwen (1974) obtoined higher yiolds when
20 kg }?‘,_05 per hectare was spplied to green gram., KRigher ceed
yleld in mung,soyabsan and wrd were obtained by Ravankar gnd
Badho (1975) whon rhooghorus was applisd to these orops, Panwar
and Singa (19'5) revedled that the yidd of mang was increased
by incroesing the phosphorus rato upto 40 kg per hectare. DBadanuy
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at a2l (1975) ctletned higher yisld of black graz by the
application of phosphatic fertilisers at thy rate of 90 kg
por heghars. Eoul and Sckhon (1976) reported that 40 kg
P205 por hotbare increased the csod yisld of Dunge. Increass
in sead yield was yeporbed by Rathi and Singh (1976) vhen
phosphorus was mplied ¢o bengal gram. 9rdals by Reo (1977)
rovealed thad in red gean 90 kg 9205 per hodiare gave hichesd
yields. Rananmthan gt 2l (1977) cbtained higher ved gran
yicide by incroasing the phodpharns applioction {om goro to
76.5 I por hecbars., Shrivastava (1977) zeported that highest
gesd yield of block gran was chbalned vhen B kg 12205 wes
applied per hochara.

sigmifimnt yleldreeponde in mung wao obtalned by
Panwar gt gk (1978) uhen pheophorus woo applicd upto G0 kg per
hootare. Rathi omdl Trimthi (1978) weported that 80 kg 53205
per hoctare gove the mamioum sezd ylold in rod gram, Singh
et 23 (1973) zeccived maxirgn giold of red cran vhen 80 kg
phooghorua wad applied por hoctare. Holr aml Alyer (1979)
ncticod that in preen grm eppliodion of 15 bz Pa0g per
hectere ilncrecnsd the sced yleld.

Iacransod ylold of pulses dw to phoopharus was roported
by Dovarajan gb gl (1930). Kalyan & el (1580) cbbtained hichex
aagl yiold frez rod srau by inomased phosphorns applieation.
Vasimalal ond Subramanion (1980) found that 4im groen graz yields

were oignificurtly Ameroased with 50 kg P205 per hackare amd
deeroased with fuxbhar incrgese in phoophorus levols. 4hlawetd
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and Savraf (1981) found that phosphorvs application in red
gran rooulfad in inmrased eead yelde Prasad amd Soporia
(1981) roported that seod protein contont was hichest vhen
150 kg 9205 por hectare was zpplied o bamgal gren. Sinh
ot al (1991a) noted thah in red gram applicabion of 13 kg
9205 per hoctare inoveased grorth, yield attributes anl Soed
yislds pignificantly andl no additionad increage was obtalned
vhen 26 kg 9205 per hectivwe was giwn. Incroass in yleid was
reportod vas Venkateswar fu gt al (1981) when phosphorus was
appliocd at the rato of 15 to 3 kg per hectewre o sreon gram.

Reoul$s of oxperime ots corlwbed in grem, lentil amd
rea by Pawear_gb gl (19772) convinced the offget of phosphorun
in increasing the yiold of puleon.

Reporte by Dagaduan (1930) indiogbet that application
of 60 Iy ?205 por heetare incroalod the pol yield im winzod

bean,

Whiie the above montioned results showsd spectacular
inflesnco of phawsphorus in the growth and perrormance of
difforsib lesumye Dichop gt gl (1978) obtained only vory iittle
effeot on the pod yicld and sead protein conmtont in soyabenn
due to phcapharus applicabion.

Furthor, staud (1974) oweervsd that in prav the difforewt
rhosphato levels had no offect on tho yields of wino, pod, Zeed
ete.
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Results of sxperimont conducted by Dagaduan (1980) in
winged boan showed that pod orude proteln was nobt affectod by
phosphorus applicatlon.

(d) On tho unteko of mitrisnts.

In addition to totter growth in legumes the phosphate
application iz also fourd to lncmwase the uptake of phosphorus
and cther nutrionts,

Sasidhar arnd Gearge (1972a) reparted that appllcation of
phoaphorue inereasssd the nitrogen and phosphorus content of pods
and haulug in lablab boan. Kastori gt al (1977) concluded that
the phosphorus content of beans irereased with inecreasing the
phosphorus rates. Hisher phospharus upteke was mported by Amsy
{1978) by increasing the rate of phospharus application in snap

boann,

Reports by Brownimg and George (1981) revealed that there
was higher concentration of phcsphorus in poa Seeds due to
phosphorus application., Sinch gt gl (1981b) shore@ that mazimum
yleld and uptake of nitrogen ond phespharus were obtained when
60 kg 2205 per hectare was applisd,

A1l gt gl (1981) conciuded that phosphcorus spplication
increansed nitrogen and phephaus contonts in the plant and
phosphorus uptoke in lentil.

Epikov and Volchov (1976) concluded that phosphorus

application imsroased ash, phoephorus and potassium content
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and had no effect in the nitrogen content of bengal grem. Singh

et gL (1931a) founl that in red gram increasinz the phosphorus
rates £rom zero to 100 Mz per hactare increased seed nitrogen and

phosphorus uptake in seels and stef.

However Parodi gt a2l (1977) observed ro significant
difference botwsen percembage and total phosphorus conteut of
boan plents receiving madlum ard hish phosphorus levels,
suazzesting that plante reached their maximunm phoophorus requirenent
at 50 ke P205 per hectare.

Sinha (1970) reported that the basal drensing of
phoaphorns have not affecved the drymatter profuction or
phoaphorus uptals .

Trials in cowpea by Dalal and quiit (1977) reported
that phosphoarus increased the tohal P205 uptiaks but decrgassd
tho concersration «f zine. DBoudreaux (1979) showed that
phosphorus application had no. effect on the phosphorue ocontent

of leaved,

Faroda and Tomer (1975) otated that an increase in the
application of Pyl from 17 to 35 kg por hsctare in cavpea
incroased the N and 9205 contgrt and dntaks of N'PZOS' £,0 and
Ca.dohnson and Bvans (1975) acted that fertilizer ghosphorus
had ro effsct on the nitrogen, phospherus amd pobassium coatent

in coupea.



22

Bffect of Potascium

(a) On growth.

Tsonov and Parlapanova (1972) roported that application
of Pctassiua increased plant growth in beans., Increase in
growth was reported by Bl-Lebondl et gl (1974) when 250 kg of
potassiun per hectars was applied in beans. DPeck and Buren
{1975) oconcluded that spap boans grown with high rates of

potassing meds excessive vegetative growth.

Investigations by cubtoliffe and amro (1980) revealed
that application of pobtassium tended %o increase haulm lenzth
in green pees.

(p) Op f£lover produchbion, coriinees aml sotbine vore . mbogs.

Kogure ot 21 (1977) comluded that whon potassium s
apoliod numbor of flowere and flowering nodos were incroossd ia

brozd beans.

Investigation by Cutcliffo and Manro (1980) rovesled
that spplication of potessdum at the rate of 90 kg per hechore

tonded to advance mabuxity peried in greon peas.

{c) On yigld and auality.

Trials by stanyv and chichev (1972) in boans chowaed that
raising potassium levels incicased grouth ani leaf area of the
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planta, vhere ap potassium deficlency reduced the photosynthetic

intensity. Incroase in yiold was nited by Ek-Leboudl ot al
(4974) when 250 kg of potassium psr hectars wa® applied in

beans, A seven percent increase in yleld was reported by

Eranz ot ay (1976) shen 80 kg potassium was applied per hectare
t0 beans in dry Bcason., Gublerresz gt al (1978) reported that
potassiun deficiency was found to be resporsible for reduced

groath and weisht of snap beans,

A twonty porcent imcrease in protein yield was noticed

by Haghperast and ingel (1975) then potassium was ypplied to
broad eaens. Furlan (1977} found thet hisher doses of potasocium
incrensed sesd yicld in hroad beamm.

Trials in soyabean by Chovalier (1976) revealed that
application of potassiuva irereased seed yield upto 200 kg per
hoctare. Fauconnisr (1976) amd Ferrariot 21, (1976) obtained

an increase in the yleld of soyabean shen pobtassium was applied

at the rate of 100 kg each respectively per hectare, Ilarkus
{1976) obtained hishor yilelds in soyaboan when 150 kg potassium

was gpplied per hectare. Imvestigation by Graves gt gl (1978)
revoaled that pobassium fertilizetlion gemorally increased the

oped yicld of soyabsan, Higher yield vas obtalned by Sartain
et al (1979) whon potassium was applied to soyabeans at the

ratef100 kg per heotare.
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Hornandez gt al (197) reported that in rsd granm
application of potassium had a linear effect on the yield

of dry seed and quadratic effect on fresh seed yiocld. They
further observed that the highest yicld of 4.%6 tonmes of

£resh seed was obtained by applyinz 50 kg per hectare.
Kuikarnd and Panwar (1981) obtained higher yield in red gram

by the appdication of 20 kg K50 per hactare.

on the other hend factorial trials by Braga gi al (1973)
shored that there was no revponss to applied potassium evon
upto 80 Xz per hectare in bsans. A reduction in yleld was
noted by Lira gt al (1974) when potaseium at the rate of 80 kg

per hoctars wes applied to beans.

Results of exporirent conducted by Hamissa gt al (1975)
shared that there wags no rosporse to applied potassium in
figld baans.

Chevalior (1976) revealed that application of potasaium
decreased the protein ccntent of vipe seed inm soyabean.
Almedia of 81 (1980) fourd that potassium application had no
significant effect on the yield of soyabean.

Reparts by Sasidhar and Beorge (1972b) showed that pod
yicld vas not affected by potassium application in lab-lab bean.

Pricis by Ahmad and Shafi (1975) rovealed that application
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of 60 kg pobtassium had no effect on the yield of peas.

Tpials by Viswanithan ef al (1978) indicated that
responSe t0 applisd potassium was notsigmificant in cowpea.

Zusevies (1981) found that in winged bean higher rates
of potassium application decreaged dry mattor yield.

(d) On the upteke of nutrionts.

Increage in the opplied potassium was found to give
inereased leaf, sead, potash and cruds protein content in broad
boans (Furlan, 1977).

frials by Singh and Saxena (1978) found that in soyabean
about 55 to0 60 por cent of the total potessium was removed by
S8tems and husks and the remainder by seeds. Yuan et al (1979)
obtainsd increased potassium gontent in leaf whon soil

application of potassium was dome in soyabean.

Johnson and J4vans (1975) noted higher potassium content

in leaf when potassium was applied to Southern peas.
Interaction Effects

(a) Hx P Interaction,

Triale by Bolsanello gt gl (1975) revealed that in beans
the interaction between nltrogen and phosphorus was signiflcant.
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El-Bekry gt al (1980) reported that foliar application of

0.5 to 1 per cent of rheephorus increased srowth especinlly

in eonjuction with ©0il nitrogen application in snap beans.

Smith (1977) corcluded that in snap beans added potassiun
inereaved vine weight but not yield of pads, but this wes
compensated by NP interaction. Roports by Haag ot gl (1973)

showed that on dry beans higher doses of nitrogen and
phosphorue inorsased sverage Send ylsld per plant, pod numbers
per plant, Boed numbers per pod and single seed weight.

Hamissa (1974) reported that 36 kg nitrogen and 72 kg
phoaphorus per hectare were found to be the optimum levels for

beans.

axinte (1975) obtained maximum yield of soyabeans by
applyinz 48 kg N eand 48 k2 2205 per hectare. In soyabean the
highest seed yleld was obtained when 60 to 90 kg N was epplied
in combination with 80 kg 2,05 por hectare (Mate, 1977).
Trials conducted by Romosan g a8l (1979) concluded that 80 Kg
¥ in combination dth 40 kg P205 per hectara gave maximm
yiclds in soyaboan.

Sharma gt gl (1976) obtained hishest yield in french
bean when 40 kz N was applied along with 60 kg 2205 peor heatare,.

Browning and George (1981) roported that np interaction
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vas highly siznlfloant in poas with rosSpect to thelr ylelds.

Halik gt 2L (1972) observed a significant interaction
betwoen nitrezen and Phosphorus on the yield of sowpsa., EKumar
apnd Pillail (1979) obtainsd mexiuum yield of oowpsa when &
combination of 20 kg N and 40 kg ?205 vas applied per hectare.
Highoot yisld was obtained by Kumar gt el (1979) when 30 kg
N and 40 kg P205 per hochare was applied to cowpod.

Reparts by Rajeondran g al (1974) showed that seei
protein and phosphorus comtenmt were inoreased with inecrecoing
the levels of nitrocgen and phosphorus in black gram.
bubrananiyan gf a) (1978) concluded that application of 25 kg
P205 along with 12,5 kg N per heotarg ingreased tho seced yleld
of rod gram. Sslvaraj and Subrasonigen (1931) féurd that
application of nitrogen and phosphorus &long with IaA gave
the highest yield in pigoon peas when it was harvested 130
days after sowing.

On the othor hand 49if and Groig (1972) reported that
application of nitrogon and phosphorns resulted in lesser
yields in snap bgans. Result of experdmsut oonduched by
Noptume ot al (1978) revealed that thero was no imboraction
botwesn nitrogen and phosphorus on ths yleld of beans. [Hdan
ot al (1980) reported thab there wa2 no significant intoraction

between nitrogen and phogphorus in spap bgand,
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Upadhaya and Szharia (1977) etated that yiglds were
similar even when nitrogen and phosphorus were applied to
lemtil,

addy (1975) from glasshouse and £ield trisle in cowpea
concluded that application of mitrogen and phosphorus in the
early wet Beason had no significant effect on seed yleld;
thovgh applied nltrogen tended to inerease it slightliy,
phosphorus tended t0 decrease it.

?rials by Raikhelkar gt a1 (1977) found that there was

no significant differcnce on vecd yleld of benzsl gram dug to
the appllication of nltrogeh and phosphorus,.

{b) 2.x K interaction.

Rodriguez (1976) found that in dry beans maximum yield
a8 obbained by applying 225 kg 9205 slong with 40 kg Kao per

heatare.

Roporto by Fordonski gt al (1980) showed that increasing
the rates of applied phosphovus and potassiuas had 1ithle effact
on the emergencs but inersased the yield of straw, soed and
erude protein in field beans.

Porto gt al (1979) conocluded that application of phosphorus
with potassiua increased plant height, number of nodes, stem
digmoter aml numbsr of daye to naburity in soyabean. Shahidulleh
et al (1979) reported that combination of 40 ks PEOS and 40 kg
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320 per hectare rosulted in maximum height in soyabeans, ab
the sam $ics puubor of branchss per plant wae not afZected
by the axe fertilicsr combingbiomd.

Arglyuis of date frzon pk triale by Bhattadhorya and
Dasgupta (1976) chowd that in horse grao the ocononlo optinun
rateo was 51,8 kg of P205 and 10.6 kg to k50 per heotare.

But Gretieva (1972) meported that phosphorus ard
posassinm had no effect on tho yield of broad bheand,.

Reports by Teizeira gf d), (1979) chowd that applicotion
of phoopharus $ozether with potassiua had no offect on the

orude protein oontent of soyaboans,

(c) Nz PaxXintoracion.

Incroaged =oed yleld xron bean was mporbed duws to the
application of N, 2205 ond 450 by Chages andVieira (1975).
Similavly Detkor (1975) received maxinmum ylsld shion &
combination of 80 kz §, 80 kz 2205 and 60 kg 1:20 wore amplised
to beand por heciare. In field tridls by Mrtiks (1979) showed
that a combimtion of 100 kz sath of &, P205 and .§20 per hocicre
gave tho mazlmum yield of smap beans. Dokev el al (1950)
rgcormended 40 Iy K, 80 ug 3205 and 30 k5 K;0 per heubavo as
the optimum fortilizer combimibion far gnsp beaus.

Igue (1969) roportod that in beans sigmficnt
it oracticns wore most £roguent vhere the effects of individunl,
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nutrients @re significant, DBut at low levels of appliesd
nutrieato the interactions were relatively low.

Aeman gt al (1976) concluded that in soyabean secd
yielde ware highest with highost rate of NPK fertilizers.
Significant increase in Beed anl crude protein yield was
reported by Daminov apd Hrmatova (1980) zn soyebean by the
application of 60 kg N, 40 kg P,0; and 45 kg K,0 per hectare.

Graman (1978) ewmphasized the impdrtance of balanced
nutrlition for maximuo yisld in horse boan.

Fontes g% £l (1979) roported that maxiumm yleld and
feed quality were obtalrned in pea from the plote recgeiving
15:75:30 kg of K, 2,05 arl K0 respoctively.

Gowda ard Gowda (1973) obtained maximum yisld of green
grea by the appliecation of 30 kg N, 60 kg 2205 and 20 kg KZO

per hactare,

However thipman and Ifac Dadiern (1977) found no response
to applied I, PEOS and K,0 in snap beass. Similarly Kozera
(1977) observed that application of N, 2,05 and X,0 hod no
effect on Pean yield aven in plamts receivinz no ovganic
fertilizers., Eolarowa (1978)concluded that application of 40 kg
N, 60 kg PZOE and 30 kg 1{20 per hectare es sinzlet and in



combination had no effeet in snap bean Yield.

Aleman and Frenco (1976) found thet higher dosen of I,
192(35 and K20 had no imberaction effect in the yileld ani guality

of aoysbean,

In winged bean Chandol'and Jhoshi (1980) conducted
exmurimntd at LRI and meported that 40:100; 40 kg HPK Tpor
hectare projuced econcaic ylelds. Ingavale and Rajput (3 u81})
reparted that in vinged beah application of 40 kg nlirozen,
50 kg phosphorus ond 50 kg pobassium per heckars gave tho
maxinum yleld.
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MATERTATS AND M3THODS

The present iuvestigation was carried out to study
the effect of varlious levels of nlirogen, phosphorus amd
potassium on the growth attribubes, yield and quality of
winged bean (Bsophoczrpus tetragonolobus (L) IC.) under
the s0il and climatic conditions of Vellayani. The materidls
empl oyed and the methods adopted in this investigation are

given below.

Materials

1.  Experimgntal Site.

The experiment was 1azid out in the Imstructionzl Farnm
attached to the College of Agriculture, Vellayani. The area

Selected was even and upiform in soil conditions and free
from any shedg.

2. Soil.

The 8oil of the experimsnbszl area belongs to red loam,
The nutrient stetus of the soil praior to thse commencement of

this experiment i8 given in Table 1.
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Table 1. Chemical Analysis of Soil befare

the Exmriment.

Constituents Conbent in Soil Moth ods uzed
T otal nitrogen 0.1 per cent  Modafied
microk jeldahl 's
nethod
Availablo P205 89.5 kg/ha Bray's methoed
Avallable K20 62.4 kg/ha Ammonium acetate
meth od
pH 5:3 1:2.5 soil

gsolution ratio,
using pH meter

3. Scason and climte.

The best scason for sowing of the crop is during the
period between segcond fortnight of Juns to early sugust.
Aince this is a short day plant, Accordingly this oxzperiment
was laid out during July aml the crop was sowm on 27th July,
1982 and the harvest of the crop was finally completed on
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1 Th January, 1985. The meteoorological parameters such as
rainfall, maximm and minimum temperabures aml relatlve
humidity prevailsd durins the growth period of the arop were
racorded. The average manthly valuss from Soving to harvost
were worked out and presented in Appendiz 1 and Fig.l.

4. Cropplnz histo of tho experims nta] site.

The experimontdl area scleched was under fallow for the

past two years.

5. Soeds.

The seeds uweed in the experimnt was type "Pattambi®
with 98 percemt germination. The seeds were obtaimed froem
the College of Horticultum, Vellaniliara, Trichur., The type
"Pattanbi® possesses ths folloring characters:

It is a ssason bound Hype having 5 to 6 months duration
and is fourd *to be suitable for groving under irrigated and
rainfed conditions, It is a short day plant. The plant is
hardy and twiny with plenty of branches. The inflorescence
is axiliary in nature and are produced in the axils of main,
segcondary as well as tertiarry branches. The {larers are
bluich vhite in colouwr. Flowering comuences usually from
40th day after souing @=d combtinues for abous 100 to 130 days
with an average of 5 to 8 fiowers in an inflorescence. The
setting perceutage ranges from 25 to 35, The green pods of
15 to 18 days maturity is most ouited as a vegetable. I}
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takes about 45 %o 50 days for the full maturity of the pods.

On ripening the colour of the pods becomses greyish black.

The average length of the pods varies from 16 4o 18 cm and

girth 6 to 7 cm., The shape of the pod is linegar and guadrangular
with four correred wings. The protein conmtent of the pods
ranges from 20 to 30 per cent on dry weight basis.

6. Manures and feriilizers.

Lime at the rate of 500 kg per heotare was uniformly
spread in the experimentszl area and wgs incorporated Well with
the third digging.

Farmyard mapure was applied uniformly at the rate of 10
tomnes per hectare in the planting pits. The analysis of the

farmyard manure is given below.

Tobat MNirogen 0.48 per ceut
Available phospharic acid(ons) 0.29 per cenmt
Available potassium (K20) 0.46 per cent

In this experimen® nitrozen, phosphorus apé pobassium
were glven as amuonium sulphate, single superphosphate and
ruriate of potash with the following composition.

Aummoniun Sulphete 20,5 per cent N
Single Superzhosphate 16 psr cent P205

Huriate of potash 60 per ceat E,0
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Mathods

A. Degign and Lay Ouk.

{a) Treatmsmts and Treabtment combinations.

A factorial combination of four levels of phosphorus

and three levels each of nitrogen aml potassium were used

a8 treatments in this experiment.

are given hereunier.

i, Mtrogen - 3 levels
No
m
»

i1i., Phosphorus - 4 levels

Po
Pt

P2
P3

iii. Pobtash = 3 levels
Ko
X1

Ky

The levels of each nubtriemt

Zero kg pitrogen/ha
i5 "
30 "

Zero kg phoaphorustha

30 "
60 »
90 "
kg potash/ha
LIo} "
30 "
60 "
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There are 36 treatwemt combinations as given below

BP o ngp ok, nop gk,
8P % m 2y n,P Ky
n<>pokZ n1Pok.’2 nzpokz
n Pk, by ok, nypik,
ngpyky ny Pyky 1, Pyky
nopyky nlpky nypyky
nopoky Pk, nypok,
D Poky B4y Pokty B,k
noPpky 1y Bolep npok,
noPsky o) P5, nprsk,
1Py 04 Pgley By P54
BP3ka 1y P5kcy BaPsks

(k) Experimgntal technique.

The deaign adopted for this investigation was 4 X 32
factorial experiment, confounding I\KE in pobh vreplications.
The layoul plan i5 given in Fig.2. The details of the layout
are furnished below
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TREATMENTS
LEVELS OF NITROGEN LEVELS OF PHOSFHORUS LEVELS OF FOTAaSIUKM
n, - o kg N/ha Py = © kg P05 /ha ko - o kg ko ha
np - 15 kg N/ha Ps ~ 30 kg ROL/ ha Ky - 30 kg k;0ha
ny - 3o kg N/ha Pa - 60 kg ROg/ ha ky - Go l<g kao/ha
Py - 90 kg P05/ ha
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Number of treatment combimations %6

Number of replicati ons 2

Number of blocks 6
Number of plots per block i2

Gross plet size 5% 4.5 H
Net plok size 2x3 M
Spacing 100 75 e
auabar of plants in gross ploh 30
Humber of planis in net plob 12

Number of observatiocnal plaute 3

B. Field Culturg.

(a) Preparatory culiivation,

The experimznicl =rea was dug thrice and the stubbles,
grasses and other veeds were removed. Limg at the rate of
500 kg per hechare was spread unifoymly and thoroughly
incorporated. The blocks and plots were then 12id out as per
the design. Shallow pits of 30 cm diamster were taken at a

distance of 100 cm betyesn rows aml 75 om in the rows.

{b) Sowing.

Two seeds each were dibbled in the pits on 27-7-1982
at uniform depth, Thinaning was done fourteen days after
germinntion and a single healthy plant was retained in each pit.
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Irrigation was given to the crop during the cropplnzg period in
the absence of rain.
(¢) HManuring.

Lime was applied by troadecasting and well incorporated.
Cattle manure was dried, powdersd and mixed well with the soil

in the planting pits before dibbling.

The fertilizers were applied 20 days after the dibbling
of Seeds to protect the germinating Seeds ..from fertilizer injury,
Ammonium suvlphate, single superphosphate and muriate of potash
were applied in the pit by band placement, 5 cm deep and 15 cm

apart from the base of the seedling.

(a) General Condition of the Crop.

Germirmation was ndbiced from 5ih day onwards. Germination
count was taken after 2 weelt and il was found to be more 1 han

50 per cemt. The vigour of germination was found to be good.
Subsequent observations on growith coniitiom® of the crop were

mafe at weekly intervals and the crop condition was totally good.

(e} Aftercultivation.
Weelding was done as anl when renuired. Interculturing
was dons systematically at fortnishtly inbervals. \hen the plants

wvere about to twine pandals were raised with stzkes. The planis
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were allowed 40 trihl over the pandal without permitting to

inberturne each other by carsful managerent so that the

mgasurements of biometric observations were made feasible and

eady.

(£} Plant proteetion.

No serious incidence of pest or disease was noticed in
the crop during the crop periol and henoe plant protection
measures vere not necessitated. The stakes used for pandal
was protected from termite attack by dusting with B.H.C. 10

per cenb.
(z) TFiowering.

The first flowering of the crop was noticed on the 44th
day of dibblinz. Thouzh the inivlal rate was comparatively less
1t progressively increased #ll about 90 days after first
fiovering and then decrsased, Formation of pods was founk 4
days after the opening of flowers and the pods were rea,d.yfmi)id:ing

for vegetable purpose sfter fourteen days.

{h)} Harvest.
The pods were harvested green a fortnisht after the
formation of pods and the harvesting was done by hand picking.

The harvest was commenced on the 2nd of October, 1982 and



subsequent harvestiny was dons at weekly intervals.

Seventeen hargests were dona in total to collsct the ontire
green pods and the harvesting was over by 1Tth January, 1983,
The pods harvented from the three observation2l plants were

kept Beparately for further oheervations and analysis, 4after
completing the collection of pods the observatioml plante

wore puwlled oub, the tubere and haulms were separated and dried

in tho sum for a weok for furthor anilysia.

c. Obsgrvations Rocorded,

One line of planta in tho bordsr of each plot was {eft
out and 12 plants wore maintalned in the net plot. Froa the
12 plants in the net plot three plants were tagged at randonm

for blometric observatdom,

(a,j Observation bn the growth characters.
1. Height of plants
The height of esach observational plant was
neasured on the 40th day after germinmation. The height was
neasurcod from the base of the plant to its apex and recorded

in co, Tho obsorvaticn on the height of the plant was done

only once as the crop was about to tr2il over the pandal after

40 dayﬂ -
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id. famber of leaves
The number of leaves produced psr plani was recorded
progressively at monthly intervals starting from 50th day

after germimation 111 final harvest.

iii. Npmber of branches

The number of branches produced was counted and

recorded at monthly inbervals from 50th day after germination

t1ill fipal harvest.

iv. Rarlinsss in flowering

The nunber of dayd teken for attaining flowering in
50 por cent of the 12 plants in the nst plot was recorded amd

from this earlinsses in flowerinz was worked out.

v. Numbgr of flowers produced

Number of flowers produced per plant was recorded on
every alternate day from the opening of the first flower %ill

T days before the finzl harvest of the pods.

vi, Number of pods per plant

The number of pods harvested from each observational
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rlant was separately recorded and from this data the total

number of pods produced per plant was calculated.

vii. Setting percentage

The setting percembage was worked out from the total
nunber of flowers produced per plant and the total number of

pode harvested.

viii. Length of pods

Five pods from the observational plants from each harvest
was taken at random and the average length of pod was worked out.
Then the average of the 17 harvests was also worked out to

express the mgan longth of the pods in cm.

ix. Tield of green pcds
The total weight of green pods harvested from the 12 not
plants in 17 harvests wers recorded separately. The yield per

hectare was thon worked out in kg per ha for ecach treatments.

X Bhusa yleld

The plants were dug oul, tubers separated and weight of

bhusa taken and expressed in kg per hectare,
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xi, Tuber yield
After separating bhusa the tubers left wers weighed and

expressged in kg per hechars.

xii. Harvest index

The harvest index vas worked out based on the pod and
bhusa yleld obtaineéd from the net plot using the following
formula and expressed in per cemb.

H.I(%) == Economic yield x 100
Biological yield

H.I(%) _ Weight of pods x 100

Welght of pods + Weight of
bhuga +weaizht of Hubers.

xiii.Total dry matter production

The sampled were drisd in the sun and fwrther in the air
oven at a temperature of 80 t5° C for 48 hours to attain a
constant weight. Dry matter content was computed inm kg per

hectare for each treatuent.

(b) Soil anelygis.

S0il from each exporimgm$al plot was Laken and the

composite sample from each plot was analysed for total nitrogen,

&vallable phosphorus and available potassium. It was then



cempared with the anaiytical data of the soil prior to the
comms ncement of +the experiment. Total nitrogen was determninsd

by modified micro-kjeldshl method (Jackson, 1967) and availdile
phosphorus by Bray's method (Jdackson, 1967). Available potassiun

was determined by Ammonium acetate method {Jackson, 1967)

(e) Plant analysis.

Samples of green pods were taken at random from each

harvest. I1 was when drisd, groumd, powdered and representative

samplet were taken to analysis. The samples of leaves, hawlus,
and roots were tsken for anslysis at the time of final harvest.
Samples collected Were oven dried at 800C % 5, ground in o wiley
mill and used for chemical analysis. The mitrogen, phosphorus
anrd potassium contents in rodss, leaves, haulms and pods wers

separately anmalysed,
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REGULTS
The biomestric and chemical analysis of the plant and
g8oil samples under study were subjected to statlsticyl analysis
and the results are given bslow. The mean values are pressated
in Table 2 $o 34. The analysis of variance i8 given in Appendix
II to XVI. The economics of nitrogen, phosphorus and potassium

application is given in Table 35.

I Growth Characters

1. Height of Planbs.

The observation on height of plaxts recorded on the 40%th
day after germination were analysed and the mean values ave
pressnted in Table 2 and the analysis of variamss in Appendix
Il.

There were significant differences in the height of plants
due to different levels of nitrqen. The height was increased
significantly and progressively with higher doses of nitxozen
upto 30 kg per hectare. The mean height of the plante de to
B, and n, levels of nitrogen were 105.04, 145.44 and 182.61

cm respactively.

The effect of phosphorus and potassium levels on the



Tableg 2
Height of the plant on 40th day after germimtion (cm)

P205 kg/ha

0 30 60 S0 liean

i o 91.72 112,00 102.78 113.66 105.04

XEg/ma 15 134.44 138.83 152,83 . 155.66 145.44

30 168.16 180.00 200.33 181,94 182.61

£.0 0o 129.22 148.39 146.16 134.1% 139.60

Kgﬁha 30  121.39 126.89 161.05 156.33 141,42

60 143.72 155+05 148.72 160.83 152.08

gan 131 ¥} 143.62 151 «98 '50042

¢.D.{0,05) for N = 25,420
S‘B.I‘I far X = 80924
S.B., far P = 10.306
S.E.u for I or PK = 17.850

Lb
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height of plants were not founmd significant. The interactions
of nitrogen and phosphorus, and vhosphorus and potassium wers

2lso not significans.

2. Mumber of lgaves.

The observations on mumber of leaves per plant were
recorded on 50th, 80+th and 110th day after gexminatiomn and
2% harvest. The debtz were analysed separately and the Esan
valuss are presented an Table 3(a) to 3(d). The analysis of

variance is given im Appendix III.

The effect of nitraqsen on the number of leaves produced
at 8ll the successolve stages of observation were found to be
significant. 4pplication of 15 and 30 kg sitrogen per hachare
were found to be significamtly superior to control and were on

par at all stages of observation exzcept on 80th day.

Fhosphorus and potassium levels did not show any marked
influence on leaf production of wingled bean on all the
observations. Tha inberactlon effects between nitrogen and
phosphorus, and phesyhorrs and potassium Wwere also not

significait .



Pable 3 (=) Table 3 (b)

Number of leaves on 50th day after fMumber of leaves on 80th day after
germinati on germination
F0; ks/hd P05 k&/ba
0 30 60 90 Hean | 0 30 60 90  Hean
N kg/ha N kg/ha
0 21,55 42.27 26.T2 2%.44 29.00 0 50,17 T4.61 60.87 538.11 60.94
15 33.22 32.94 34.66 3T7.61 34.62 15 6T.61% T2.44 B2.44 T6.78 7T4.90
30 36.05 39.61 43.05 4i1.16 39.97 30 . BB.22 T5.61 104.00 93.05 90.22
K,0 kg/ha E50 kg/ha
0 31.72 33.05 36.94 38.61 35.08 0 .78 61,22 88.72 80.50 7T5.56
30 31.11 46,22 31.72 34.16 35.80 30 69.66 88.11 68.61 T9.83 T6.55
60 28.00 35.55 35.77 31.44 32.69 60 64455 T3.33 90.33 67.61 T3.96
Hean 30.28 38,27 34.81 34.74 Isan 68.66 T4.22 B82.55 T5.98
C.D.(0.05) for N = 5,485 CeD. (0.05) for K = 13.065 N
SoE-H far X = 1,926 S.E.ﬁ for K = 4.587 do}
S.E.I‘I for P = 2.224 S.E.r_i for P = 50297 ’

S‘o:‘:‘.}tz& for I or PK

fl

34852 . S.B.y for P or PK = 9,174



Table 3{c)

Table 3(4)

Tumber of leaves on 110th day after - Fuzber of leaves at the time of final
germinqtion harvees
£05 Eg/ea FQ ¢ Eg/Ea
0 50 60 S0 Hoan 0 30 @0 90 ban
I kg/ha ¥ kz/ha
0 83094 9?.1 6 1 09.28 i04383 %080 0 1 33083 166 983 167. 50 1 51 -83 1 55000
'15 122,39 137.17 148.06 131.16 134.70 I5 17B.66 184,05 203.61 183.11 182.61
30 13%3.94 142.66 154.0  140.61 142.80 30 183.27 199.44 245.28 211.89  2aB.07
K50 kg /ha E,Q kg/ha
0 110,61 95,94 133,28 115,16 113,75 0 155.00 151.28 216.61 182.39 176.32
30 113.33136.39 12T.11 138.0 128.71 30 172.22 205,16 215.44 186.94 194.94
60 116.33 144.67 150.94 123.44 133.85 60 169.50 193.89 189.39 177.50 182.32
Haan 113.42 125,67 137.11 126.53 Mean  16%.24 183.44 207.15 182.28
C.D.(0.05) for N = 28,3526 CeDo (0.08) foxr K = 25,688 N
S’E.'E‘i fOI‘ K 9!945 ScE‘K f(}l‘ K = 9.019 =
S.E,M for P = 11.484 S.E.M fer P = 10.414
S‘E‘E-I for NP or PK = 19,891 SoEom Lar 1P or PK = 18.038



S, ¥umber of branches.,
Data on the moan number of branches per plant are
presented in Table 4{(a)} to 4(d) and the analysis of variance

is given in Appendiz IV,

In the case of nitrogen 15 kg level per hectare gave
significantly higher number of branches per plant than zero

level. However the higher levels wers on par except at the
final stage of harvest where 30 kg nitrogen per hectare was
significantly superior to 15 kg nitrogen. In general, higher

the levels of nitrogen higher the number of branches producsd.

The effects of phosphorus and potassium wers not

significant. The interaction effects were also not sigrnificant

in all tke stages.

4, Mumber of days for 50 per cemt flowering.

Number of day taken for attaining 50 per cent flowering

in the 12 mmber of net plamhs wers subjected t0 statistical
analysis and the mean values avre presented in Table 5. am the

analysis of variance is given in Appendix V.

It can be seen from the table that nitrogon levels had

gignificantly imuced earlimesg in flowering over zero level



Table 44a)
lfunber of branches on S0th day aftes

Table 4(b)

Fuvhsr of branchos om 80th day afior

gersiaation georrnination
P05 Kalho ROy Kgiha
0 30 60 20 lisan Y] 3G 60 90 Hag

5 kgfho O kefha

0 3.166 3.666 4.166 5,666 3,666 O 7333 10.833 6,555 6,883 7889

15 5.111 5.166 6.000 6,553 $.T09 15 10.38% T611 115882 10.444 10.083

3¢ 5.666 G.l4d4 B.444 5.544 6.125 30 11.000 10.944 15,000 11,000 11.986
£,0 ke/fha E50 kg/ha

o Sed4d 4,566 6,166 8.511 5.222 9  9.722 T«50 13.444 9,055 9,930

30 4,500  4.500 4e444 5.495  4.355 30 10833 $2.222 17.889 9.2 10 056

60 4,00 6.11 6.000 6,055 5.542 60 8.166 9.666 12,111 9.944 9,972
llean 4.5648 5.092 5,537 5,337 ran 9.574 3.79¢ 11,148 8.426
C.De{0.05) for I = 1.066 CaD.(0.05) for H = 2,332 o
S-E.;I ft}l" K = 0.374 SOE.:I fOI.‘ E = 0.836 o
SeBey Lor P = 0.432 B.Bep fOr P = 0.966
SZ.&'.M for P or PK = 0.742 SeBojq for [P or PK = 1.672



Pable 4(c) Tableo 4(d)
Rumber of branchos on 110th day afbsr. Tanmber of branchas at final harvest
gceraination
Pgﬁg ﬁ(@‘m le)s kglhn
o B0 oG 90 foan 0 30 50 20 ¥zan
N kg/ha I kz/ha
s} 10.278 18,111 14.166 12.388 12.436 0 14.111 16.339 18.055 14.166 15,689
15 12.833 16.611 13,222 16,555 16.306 15 18.002 17.555 20.444 19.389 16.847
30 16,388 17.056 19.000 18.111 17.639 30 21.2T8 19.777T 25.500 20.335 21.722
K50 kg/fos £50 kg/he
0 13.353 11.333 17.888 15,222 14.444 C 16,055 14,555 23.278 18.166 18.0%t4
29 14,611 16.333 16.27T 17.3%3 16.159 30 19.944 20.2T 19.835 18.444 19.625
50 12.555 19.111 17.222 14.500 15.847 50 17.389 18.839 20.889 17.273 18.611
Hean 13,500 15.592 17.129 15,585 Hgan 17.796 17.097 21.333 17.963
C.D.{0.05) for ¥ = 2,539 UeDe (0.05) for ¥ = 22547
S'E&I‘i‘ fOI' K = 0.891 S-ﬂ.lq f{}z‘ K = 0.&394 } m
. &)
5.8.y for P = 1.029 Saday Lor I = 1,032
S.E.M for NP or PK = 1,933 SeBep £or P or PK = 1.738
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wherein 50 per cenmt Iflowering was achleved 6 days zhead to that
of the control. The Iy and n, levels were not found o be

significant over each cther.

It was further observed that both phosphorus and potassium
had no significant influsnce in the time taken for abttaining

50 per cemt flowering in winged beans. The lnteractlon effects

were also not found to be sigrificant.

5 Humbgr of flowers produced.
The mean vaiugs of number of f£lowers produced per plamb
arg shown in Table 6.and the anslysis of variance is given in

Appendix VI.

The total number of flowers produced per plant was on

the increase at all stages ard also in the total oounts. It

vas found that the effect ¢l levels of nitrogen was significantly
superior to each other;the highest nitrogen level (ie. 30 kg
nitrozen per hectare) had proluced a mean numbsr of 277.23
flavers per plant, while H ani .'E-J% levels (15 kg and 0 kg per
hectare) had produced only 2%6.92 and 193.58 flowers per plant

respectively,



Kumber of days taken for 5075 fLlowering

Pable 5

Py0s Bylh
50 " KR

0 90 lloan
X kg/ha
v} 68.00 6211 62.94 65.22 65.4T
i5 61,55 55.5% 60.16 56.61 59.47
30 61,05 6G.83 60.28 56.16 59,33
K50 kg /ha
0 62.13 59,00 59.39 59.61 60,03
20 60,83 61 .61 60,39 59.28 60.32
60 6%.66 641 .85 £3.01 59.1% €63.07
Moan 63.53 60.35% 61.13 59.33
C.D.{0.05) for H = 2,506
S.n.lx for K = 1 -&26
B.E.I‘I for P = 1.‘78
8.5ey Lor 1P or PK = 2,040
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The number of flovers produced per plant was not found
to be influenced by either P or K levels.

However nitrogen-yhosrhorus interaction was found to be
significant at higher levels in meximisinz f£lower production.

The maximun number of flowers (292.61) was produced by +the
combination AT (30 kg N and 90 kg P205 per hectars) while

Bp, had produced only 168.55 flowers per plant, Phosphorus-

potassiun interaction was not found to be significant.

6. Humber of pods per plant.
The mean values on the numbsr ¢f pods produced per plant
are furnished on Table 7-and the amalysis of variance in Appendix

vI.

Arplication of 30 kg nitrogen pser hectare recorded the
naxinum numbgr of pods, Howyever the increase was not st:%:ﬁ.callv

significant over the n, lavel, though both were sauperior to zsro

level. The maximum pods produced per plant for nos 4 anfl n,
levela of nitrogen per hechare werg 61.61, 74.91 and B85.55
respectively. No significant effect on the number of pods per
plant was noticsd in the case of P and £ levels uscd in this

investigation.



Table 6 - Table 7

Namber offlowers per plant Fumber of pods per plant
8,05 Rg/ha B0s Kg/ha ’
0 30 60 90 HMean 0 30 60 90 Mean
N kg/ha N kg/ha
0  168.55 226.11 209.89 $69.77 193,58 0 45.33 T7.16 T72.7 51.11  61.6]
15 212,11 198.22 259.78 277.55 236,92 .15  71.33 57.94 88.61 81.77 T4.91
30 286.22 250.44 279.66 292.61 277.23 30 87.67 T4.01 91.27 89.27 ~ 85.55
K0 kg/ha | . E,0 kg/ha
0 208.83 232,05 241.39 234.05 229.08 - 0 69.83 54.28 76.33 72.89 68.33
30 237 .05 193.94 268.55 244.16 235,93 30 69.83 T3.72 97.50 81.44 80.62
60 221 .0 248.78 239.39 261.72 242.72 60 64.66 81.11 .83 67.83 T3.11
Hean 222,29 224.92 249.78 246.64 Mean 68.11 69.71 84.22 7T74.05
¢.D.0.05) for N = 29.270 C.D.(0.05) for N = 11.30 o
S.E.y for K = 10.276 S.Bey for K = 3.068 ~
S)-E.:M for P = 11.866 S-Eo'm for P = 40582

[

C.D.(0:05) for NP 58.%47a C.D. (0-05) foy NP =R2.601
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Anong the treatment combinations np imberaction alone

was found to be aignificant,

T. Sethinz percenbags.

The mean velues om percznhage of setblng are given in
Table 8. and the analysis of variance in Apprendix VI.

There was no algnificant difference ir the setling
percentage elther dwe to individual effeets of different

nutrients or their imberactions,

8. lenzth of pods.

The data regarding the lenzth of pods under various
treoatmonts were analysed and the meen length of pods
corresponding to differemt treatment is given in Table 9.

and the analysis of variance in Appendix VII.

Higher levels of nitrogen had significantly increased
the length of pods, Application of nitrogen at the levsls
of 15 kg and 30 kz per hectare had signlficant influence
over comicol but was found to be on par with each other.
However aa the level of nitrogen increased from El to N2 the
length was decreased slightly.



Table 8
Setbing percentege of pods

P2'05 kg/ha
0 30 60 a0 Hean
¥ kg/ha
0 26.26 27.16 35.17 29.74 29.58
15 33.44 28.84  34.93 29.47 31.67
30 30,99 30.89 32,07 30.45 31.10
E,0 kg/ha
0 32.44 22,72 31.91  30.38 29.36
30 28.68 30.69 36.94 32.69 32.25
60 29.57  33.48  33.32 26.60 30.74
Hean 30.23 28.96 34.06 29.89
S.Bepy for Nor K = 1.593
S.Bey for P = 1.839
S.i.p; for W or PE = 3.185

Table 9§

Length of pods (cm)

;9205 kz/ha
0 30 60 90 oan
H kz/fpa
0 16.60 16.83 16.48 16.33 16.54
15 16.90 16.98 17.56 16.88 17.08
30 17.04 16.80 16.T70 17.37 16.98
E,0 kz/ha
0 16.15 15.98 16.00 16.48 16.15
30 17.04 17.32 17.13  17.15 17.16
lean 16.81 16.87 16.91 16.85
¢.D.{0.05) for N or K = 0,308 a
S.E-FI fer P = 0.125
= 0.216

BuBey for PK

C:D (0.05) for NP

0.616
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the data further showed that the length of pods was
not significantly influenced by phosphorus levels.

But higher levels of potassium significantly increased
the length of pods, MNeximum length of 17.28 cm was recorded
by the application of 60 kg K20 per hectare and was on par with

30 xg X,0 per hectara.

Among the interaction np interacition was found to dbe
gignificant. The maximum length of 17.56 cm was recorded by
24P, irteraction (15 kg W and 60 kg ]?205 per hectare). However

vk interaction wes not significant.

9. Yield of green pods per plent.

The yield of green pods obtainsd from the 17 harvests
Were grouped into four according to the number of pluckinzs per
month (1 toc 5, 6 to 2, 10 to 13 and 14-17) 50 a8 to arrive the
norbhly yield per plant, They were analysed separately and
the wmean valuesd ares presemted in Tables 10(a) to 10(d) ani the
analysis of variance in Appendix VIII., The to%al yield por
rlant from all the harvesis were analysed ard the mean yield

presensed in lable 10(e) and the analysis of varizrce in



Appordiz VIII. Ihe yield por heocbare was compubed and was

anlysed and the msan yield in kg per heobtars is presented
in Table 10(f) and analysis of variance in Appendix VIII.

From the data analysed it vas founl that the yleld
obtained in the first month grouped as 1 (1=5 harvest) with
levels of nitrogen significantly increas'ed the yields The

levels of 15 kg and 30 kg mitrogen per hectare signmficantly
inereased the yield over control, but not found to be
significantly superior to ons andther. Phosphorus anmi
potassium lovels and the interactions were not Tound to be

significant.

In the case of second grouping (the harvest from 6 to
9) ie. during the socond month of harvest application of

nitrogan at tho rate of 30 kg per hechare producsd tho highest
yield though it was fourd o be on par with its immediate lower

level. However both n and B, lovels shoved significamt yield

increass over the control.

With regard to phosphorus 60 and 90 kg 2205 per hedtare
significantl y increased pod yield over 30 and Zero level of

I’205 per hectare. Hovever, 60 and 90 kg 9205 ver hecbare were



Table 10(a)

Yield of green pods per plant for the
first month (harvest nunber 1=5)

(g/plant)
- Paos kz/ha )
0 30 60 . 90 Mean

i} kgfha ‘

0 45.28 81.53 88,71 TS5 67.66

) ™~

15 79.29 83.54 131,60 108.40 105,21
30 128,13 U7 .5 150.00 125.T72 130.34
K0 kg/ba

0 94.65 95.70 106.89 110.03 101.82
30 88.06 85.83 126.18 113,13 10%.3
60 87.99 101.04 117.25 86.07 98.09

tlean 90.23 94.19

116.77 103.08

CoDe (0s05) for N
S.Buyp for K

S.Bepe for P
S.E.M. for I or PK

|| ) B

533.374
11.717
13.530
23.435

Table 10(b)
Yield of green pods per plant for the

second month (harvest number G-9)

(g/plant)
0 30 60 Q0 Moan
N kg/ha
0 131.95 175.63 243.47 165.67 179.18
15 210.79 220.42 276.11 248.06 238.85
30 223.68 202,57 276.39 321.74 256.10
K0 kg/he
0 203.82 144.24 228.33 263%.79 210.05
30 189.86 181.39 322.43 300.28 248.49
60 172,74 272.99 254.21 171,39 215.58
¥an 188.81 199.54 265.32 245.15
coDo(0-05) for K = 42-782 n
C.D.{0.05) for 2 = 49.400 %)
CaDe (0005) for PK = 85,563 '
S.B.pe for K = 15,020
S.Eom:a fOr h@ = 30-041
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on par. Application of potassiumn had no significant effect
on the yield of green pods. The imberaciion between phosphorus
and potassium was significant and the maximum yleld was nocted in

the imberaction of 60 kg P205 and 30 kg KZO per hectarg,

In the third month (10-13 harvests) also nitrogen,
phosphorus and pk interaction had significamtly influenced the
yield. Application of 30 kg nitrogen per hectare was fourd to
produce maximum yield of green pods which was on par with 15 kg

nitrogen per hectare. The level of 60 kg 9205 per hectars
recorded the maximum yicld amd was significantly superior to

its lower level . Fhosphorus-potassium interaction was
significant and the maximum yield was noted in P3K1 interaction

viz.90 kg P205 ani 30 kg K20 per hectare.

In the fourth group is. harvest from (14-17) it was
found that all the individual nutrients N, P and K and the

interactlon pk were significantly affecting the yield of green
pods. The level of 15 kg nitrogen per hectare gave significantly
higher yiwll over zero level and was on par with 30 kg rnitrogen
per hectare. The maximum yield of grecn pods was produced by

60 kg P205 per hectare and it was significantly superior to all

the otaer levels. The effect of potassium was also significant



Pable 10 (¢) Table 10 (4)

Yield of green bods per plant for the " Yield of green pods per plant for the 4th
3rd month (harvest nunber 10-13) nonsh (harvest aunber 14-1°7)
(g/plant) (g/plant)
PZFS kg/ha 2,05 kg/ha
0 30 60 90 Mean 0 30 60 90 fean
¥ kg/ha ) N kz/ha
0 146.81 207.79 230.42 206.46 198,37 0 104.51 151,81 166,46 113.89 134.17

15 27,8 199.10 3T75.63 286.67 269.80 15 173.75 131.95 229.58 173.82 177.28
30 265.0 256.11 267.15  300.70 272.24 50 160.31 140.70 208.47 1328.89 162.09

K50 kg/ha K50 kg/ha
0 195.21 165.56 301.74 256.53 229.76 0 131.49 94.63 158.13 134.72 129.59
30 248.20 196.60 287.92 307.85 260.14 30 162.02 124.95 222.08 175.97 171.25
60 196.18 302.85 283 .54 229.45 250.51 60 145.07 205.49 224.31 115,90 172.69
Hean 209.86 221.67 291.07 264.61 flean 146.19 141.48 201.51 142.20
C.D. (0.05) for N = 41 .867 C.D. (0-05) Zor § or K = 290263 o
C.D.(0.05) for P = 48,344 C.D.{0.05) for P = 33,79 ad
C.D.(0.05) for PX = 83,725 ¢.D.{0.05) for PX = 58.527
S‘E5f40 for K 14-700 SDE.;\I for HP = 20.548

S oHuy Ta® TP = 29.399



and the maximum yield was obbainsd from the plots rcecivad
60 kg E,0 per hootare thouza it was on par with the immsdiate
lower lavel of 30 kg Kao per hectam . The np interaoction was
not significant while pk interaction wes significant and the
meximun yield of 224.31 g per plant wes received Zrom the
combiration of 60 kg 2205 andl 60 kg K,0 per hsotars.

When the total yickd of gresn pods per plant from atl
the harvests wes computed amd analysed it was revgaled that
nitrozen, rhosphorus amd pk interactions only were significamtly
affocting the yield,

Witrogzen at all levels increased the yield progressively
at each harvest upto the peak perlod of harvest in the 3rd month
but the differonce in yleld due to the hizher doses were no¥
significant,

Whon the total yield of groen pods per hootare from all
the harvests was computcd and analysed it was observed that
nitrogzen, phosphorus and pk interaction were sigrillicantly
influencling the yield., The lovol of 15 kg N per hectare rosufted

in significantly higner yicld than zero level and was on par

with 30 kg por hoctars. Application of 60 kg P205 per heatare
wes found signliicantly superlor to the lower doses. pk
interaction was significant and maximun yleld vas realiced from
a combination of GO kg 2205 and 30 kg KEO per hegttare.



fable 10 (o)

Total yield of green pods per plant

Table 10 (£)
Total yield of green pods per hectere

(z) (k)
ﬁﬁgos kz/ha P05 kz/ha
0 30 - 60 90 a2 an 0 30 60 90 Mean
N kg/ha B tg/ha
0 428.54 618.75 696.56 561.11 576.24 C 5T713.91 8249.78 9286.69 7481.49 7682.82
15 699.61 635.0 1012.92 817.64 T791.29 15 9328.13 8466.64 13503.75 10901.84 10550.08
30 778.36 J02.99 902.01 887.04 817.60 30 10378.11 9373.13 12026.86 11827.22 1090%.33
K50 kg/ha H,0 kg /aa |
0 625.17 485.63 795.07 T765.07 667.T4 0 8335.53 6474.98 10600.96 10220.93 8903.10
30 688.13 538.75 946,11 896,53 779.72 30 9175.00 7849.98 12612.938 11972.20 10402.54
60 593.22 882,36 8T0.31 604.20 737.52 60 T909.62 11754.60 11602.75 8037.42 9328.60
Hean 635.50 652.25 8T0.50. 755.26 Hoar8475.88 8696.52 11605.56 10070.18
C.D.{0.05) for H = 124. 39 C. 0.05 for N = 1650 .63
C.D,{0.05} far P = 149, C 0.05{ for P = 28%58.97 =L
CeDs(0.05) for PK = 248.877 C D. 0.05} for PK = 3301.25 0
.-ﬂl'o Y K = 43-690 h'JoE. for K = 5790(528
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10. Bhusa yield.

The mean yield of bhusa calculated in kg per hectare
is presonted im Table 11 and the analysis of variance in
Appendix IX.

Nitrogen, potassium and the np inberaction significantly
increased the yleld of bhusa. A total green matter yield of
3728.94 kg per hocterg was obtained with 30 kg level of nitrogen

per hectarc tkich was om par with 15 kg altrogen. Phosphorus

&id not affect the bhusa yield significantly. Application of
30 kg pobassium per hectare resulted in a total bhusa yield of
3651.74 kg per heotare thich was the secord to altrogen levels,

The bhusa yleld was the maximum under the combinatlon effect

of 15 kg N end 60 kg P205 per hoctare ard it was 4469.07 kg/ha.

t1. Tuber yield.

The yield of tuber in kg por hechare was also computed
and analysed statisbically. The hean valuss are presented in
Table 12 and the analysis of variance on Appendix IX,

It was seen that application of nutrients individually

or in combination had no significant effect on the yield of tuber.



Table 11
Bhusa gield (kg/ha)

Pable 12

Tuber yield(kz/ha)

P205 kg/ha 2205 kg /ho
9 =0 6.0 a0 Jlann 0 30 60 80 [ban

N kg/ha H kg /ha

0 2044.67 3491.31 2655.31 2521.47 267B.17 o] 755.33 886,93 818.40 6Ti.33 T53.00
15 53571.33 2629.60 4469.07 3589.5F 3563.13 15 836.00 911.33 1145.87 819.73 928.23
30 3931.87 3812.67 3762.535 3403.67 35728.94 30 T80.80 T50.53 1026.93 1037.87 894.03
E,0 lg/ha E,0 kgfha

0 2993.33 2530.00 3433.20 2767.86 2949.60 0 652,80 T11.07 B812.80 932.53 859,80
30 3962.93 3T72.53 3436.66 3785.33 3651.74 30 782.4 934.00 882,13 848.00 861.63
60 2991.60 3530.80 3957.60 2959.33 3374.83 60 T5T7.07 383.60 1196.40 59.53 858.%0
lloan 3188.65 3311.15 3623.95 3170.88 Hean 790,70 842.93 997.09 809.66

C.D. {0.05) for N er K = 4T70.74 8u8.pp for Nor K = 5767 -
C.D.(0.05) for Ip = 941.45 Seeyy Tor P = §6.59 @
8 .Gepq fOor P = 190,84 8.B.y for I or PK =115.34
S.E.ﬂ for PK = 330,55
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i2. Harvest lndex.

The mean values of the harvest index are presented in
Table 13 and the analysis of varlance in 4pperdix X.
Neither the individual effect of nitrogem, phosphorus and

potassium na thelr interactioms was found 0 influence the

harvest index significantly.

13, Total dry matter produciion.

The data on the total dry matber production in kg per
hectare was analysed s tatistically and the mean valven in kg
per hectare are presemted in %abls 14 and the analysis of

variance in Appendlx X,

Higher rates of nitrogsen application had gignificant
effect in increasing the dry matter production. Though
application of 30 kg nltrozen per hsotare produced the maximum
dry patter yleld of 2622.39 kg per hectare it was on par vith
15 kg nitrcgen vhich produced 2411.59 kg of dry matier ylold
per hectare.

Phosphorus had significant effsey in increasing the dry
patter production. A maximum dry matter yield of 2643.59 kg



Table 13

Harvest intex (5

onsﬂkgfﬁa
o 30 60 20 oan
;I kg/ha
0  65.83 65.12 72,42  68.52  67.98
15 67.90 66,94 68,37 0.7  68.35
30 67.  65.10 68,351  T1.32  68.13
K50 kg/ha
0  67.44  63.55 68.95 T0.79  67.68
B9  G6.68  62.84  73.02  T0.57  68.23
60 67.40 7T0.78  67.16  63.656  68.50
Noan 6717  65.72  69.70 49,01
SeBuy for Nov K = 1.253
Sl Tor P = 1.499
S'E"H fcr P or PK = 2.596

Table 14
Total dry aabter production (kg/ha)

P,0. LE/he
0 2’5
30 60 90 lisan

N g /ha

0 1544.33 2286.76 2101.31 1746.47 1920.23
15 2413.00 1072.3% 2359.58 2401.45 2411.59
30 2491.60 2403.91 2069.69 2624.16 2622.39
320 o /he

0 2228.36 1763.40 2680.82 2295.47 2227.01
30 2365.82 2275.36 2676.84 2532.80 2462.21
60 1854.76 2623.22 26335.11 1945.80 2264.97
Maon 2149.64 2221.66 2645.59 2257.36
C.De (0.05) for N = 239.74
GeDo (0s05) Lor I = 276.83 E§
5.B.y for K = 84.17

S.E"I‘i Tor P = 168,35




71

per hectare was obtained with the lewl of 60 kg :9205 per

hectare and thls wao significantly sweria to all other
phospharus 1evals.

The effoct of potassium in incrsasing the dry matter
production was the least and wvas not sigmificant. The

interaction effects wro also not signficant,

11 Quelity Characters

(a) Protein content of tender mods,

The pods matured optimum for vegetsble purpose were
apalysed for protein and the amlysis of variznce is given

1n Appendiz XI and tho Oean Value® in Table 15. It was
observed thal neither the indiviiual nuirients nor their
interactions had any significant effect on the sprotein
consent of pods,
(b) Zrotein contgnt of tubgr.

The data on the protein content of twer was stabistically
analysed and the mgan wlucs @re given in Table 16 and the
andl, ysis of varlance in Appendix XI.

It was ncted that nltrogpn, phodphorus,; and pk interaction
had signlficant effect in incrcasing the protein conteoms of
tubsr, Application of 15 kg nmitrogon per hectare resulted in
the maximum protein content which was on par with the highest



Protsin content of tender pods(perceatage)

Table 15

P,Usz kg/ha
=05 K8/

Y 30 90 Hoan
N &kg/he
0 20,777 21.081. 21,007 20,872 20.902
is 2G.293 21143 2A.715 21,152 21.076
30 20.72 20,448 20.303 21.575 20. 701
K50 kz/foa
0 20.573 21.018 20.585 21.582 20.940
30 21,435 20.72 21.29 2t.008 2t.113
50 19.722 20.865 21.15 21.007 20,686
ban 20.977 20.868 21.003 2t.199

3‘E.I1 for N o K
BeBupy vor P

S.E.H for ¥ or PK

1

0.314
0.363
0‘ 6%

it

Gl



Protein content of tuber(percentago)

Table 16

T 0, Fa/ha
G 30 £0 20 flean
-;T ke /ha
0 ig.990 18.T19 17.719 19,156 18.646
1 21.854  18.719  1u.983  21.427 20.146
30 20.575 t€.427 17.708 20.2713 19.287
R0 ke/ba
0 19.844 18.573 i7.58% 21,146 19.287
3C 21.573 17.854 17.708 21.146 19.570
60 20.9 19,438 18.7:9 18,973 19.18
Hean 20.472 iB.622 18.004 20.2%
ctD. (0.05) f()r N = 1907"
C.D.(0.0SO) fOrP = 1.237
C.D.{0.05) or EK = 2,143
8.8.y for £ = 0.376
S.5.y for M = 0,752

€L
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level of 30 kg nitrozen per hectare. Application of 90 kg
PEO5 per hectare gave a protein comtent of 20.288 per cent
which was significantly superlar to 30 ard 60 kg 2205 per

hectars. Potassium hzd no effect on the protein content of

A
tubers.

III Uptake Studies

(a) Uptake of nitrogen.

The mean values on the uptzke of nitrogen due to
application of NPK at different levels on the Boil avg
pressnted in Table 17 end ths amlysas of vaviance in Appendix
XII.

The effect of nilrogen, phosphorus amd pk interaction

were found to influsnce the uptake of niltregen giznficantly.
Nitrogen ot 30 kg per hectave rocorded an uptake of T6.614 kg
nitrogen per hectare, which was on par -7ith its immediate lovwer
level but hoth wore significantly supericr to the lowest level of

nitrogen. ZFPhogphorus at 60 kg P per hectarg recorded 2

205
higher uptake of T8.892 kg of nitrogen per hoectare which was
significantly supecicr to all other levels of phusphorus.

Ec%gssiva by itself has not influsnced nibtrogen uptake. OFf
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the interactions mp interaction had remarkable effect on the
uptake ~of nitrogen but phosphorus-potassium interaction was
significant and the maximum uptake of 85.456 kg nitrogen per
hectare was obtained by a combination of 60 kg P205 and 30 kg

K20 per hectare .

(b} DUpbake of phosphorus.
Phe uptake of phosphorus by the plant was &lso analysed
statistieally and the mean values are presembed in Table 18

and the anal ysis of variance in Appendix ¥II.

diznificant incrmease in the uptake of phosphorvs mas
noted by the application of nitrogen and phosphorus. 49 the
nitrogen level has #Hncreased from zZero to 15 kg and from 15
to 30 kg hectare, the uptake rates of P was signlficantly
higher over ons another. Application of 60 kg phosphorus per
hectare resulted in the maximum uptake of 18,352 kg 9205 per
hectare which was gignificantly superior to all obher levels.
Potassivm application 2rdl the irberaction effects were uot founl

to have signifi cant influence in the uptake of phosphorus.



Table 17 Table 18

Uptake of nitrozen(kg/ha) Uptake of phosphorus (i’aosukg/ha)
P05 kKg/ha P05 ‘Kg}ha
0 50 60 90 Moon 0 30 60 20 Hean

E kg/ha S ¥ kg/ha

0 43.045 59.422 66.5i1 50.067 54.761 . 0 11.080 14.475. 15.132 11,200 12.97%

15  69.778 56.427 84.222 2.200 7T0.657 15 15.678 13.014 18.536 14.602 15.457

50 72.711 67.866 85.944 79,339 7T6.614 30 17,567 15.131 21.387 18.832 18.329
K0 kg/ha : ' | E,¢ kz/ha

0  65.556 50.756 T5.7i1 T0.822 65.711 0  15.809 11.502 18.603 16.129 15,511

30 68.956 56,356 85.456 T5.267 T1.659° 30 16.299 14.541 19.503 16.035 16.524

60 51.022 776.004 75.511 56.111 64.662 60 12,617 16.576 16.949 12.470 14.653
Hean 61.844 61.24 79.893 67T.400 Hean 14.908 14.207 18.352 14.878
C.D.(0.05) for ¥ = T.463 C.D.(0.05) for U = 1.952
C.D.(0.05) foxr P = 8,617 C.D.(0.05) for P = 2.254 ~J
C.D.{0.050) for PK - =14.926 | ‘ SeB.yp Tor K = 0.685 &3
s. EnfOYIK - 2620 S.Bi; for WP or DK = 1,371

0.E:xm for WP -~ 5240
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{c) Uptals of potassium

The mean valugS on the upbdte of pobasoium are presented

in Zeble 19 and the anzlysis of variance in Appondix XIIe.

Applicasion of nitrogen and potassium gave significanmt
inerease in the ugbale of potesslum, INtrogen at the rato of
30 kg por hectare wad found to result in a comparatively higher
uptalte of 61.826 kg K,0 per hectare which vae howovor on par
with its imediate lowsr leveld viz. 15 kg and both lewels
were supericr to the zero level. Application of 30 kg K20

por hectare gave a mximum upbtake of 64.743 kg K,0 per hectare
and was on par with the level of 60 kg per hechbars. Phosphorus
by itself anl the imbteraction effect of N, P and K had no

significant influence in tle wpbtake of polassium.

IV JPK conbent in Plant Parsvs

(a) Jotrogen content in polg.

The data on the nitrogen content of pods were analysed
and the mean values arec presented in Teblo 20 and the analysis
of variance in Appendix XI1I,

It was seen thei neither ths irdividual nor the



Table 19

Uptake of Potossiun

(E,0 - kg/na)
3} 30 69 9% foan
N ke/ha
4] 40,909 62.291 54.648 40.923  48.691
15 63,044 50.648 66.344 61.63T 60.768
30 63.653 58.638 68.002 57.007 61.826
Kao zgfha
0 51.465 41.303 61,648 46.111  50.133
30 64.594 60.869 67.075 66,434 64.7T43
GO 52,445 69. 400 60.773 47.022 57410
Hloan 56,168 5%.192 63.165 53.189
CoD.{0.05) for Hanl X = B,181
S.E.II fCr P = 3!317
S.8ey for 2 or PX = 5.745

84
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interaction effect of nutrients had significantly influenced

the nitrogen content of pods..

6. Nitrozen content in tuber.

The analysis of variance is presented in Appendix XIIXI

and the msan values in Table 21

Nitr ogen, phosphorus and pk interaction had =zignificant
effect in increasing the nitrogen content of tubor. The
nitrogen content of tuber was 3.223 per cent dus to 15 kg
nitrgzen per hectare vhich was on par vwith 30 kg nitrogen per
hecbare and both were superlar to the zero lewvel. TFhospharus

at the ravte or 90 kg per haotare gave 3.246 per cenl nitrozen
in the Hudber whirh was superior to 30 and 60 kg P205 per hectara.
Pobtasslun and ny iobernction had no significant effect in

inflvencing the nitro.en coutent of %uber.

(c) IKitrozen content in leaf.
The mean values on the nitrogern comsent of leaves ars
Ziven in Teble 22 gard the anglysis of variasce in Appendrx XIII,
Neilther the individual effect nor the interaction effect
of nubtrisnts hed sigrificamtly influsnced bths nisrogen content

¢t leavee,



Q2able 20
M+trogen coantont in pods
{(Porcentage of N)

Table 21
Mitrogen content in Tuber
{(Peveeniege of I

P205 e /ha 1’205 kg/ha
] 30 60 90 ¥can 0 30 60 90 flean

N kg/ha N kg/he

o 3.318  3.362 3,362 3.34 3345 0 3033 2.89%5 2.835 3,005 2.883

15 3.247 3,383 3.475 5.38%  3.573 15 3.4537  2.995  2.973  D.428  B.2F

30 3.318  3.272 3.248 3.452 3.322 30 3.292 2.948 2.833 3.245 3.080
X,0 kz/ha K50 kg/ha

o 3.252  3.363 3,295 5.453 343550 0 3.175 2,972 2.813 3.383 3.08%

30 3.45 3315 3,407 3.362 3.3 30 3.452 2.857 2.833 3.383 3.1351

60 3.i55 3.333 3.385 3.562 3.310 60 3.260 3.11 2.995 2.372 Z.070
Mean 3,292 3,339 3.362  3.392 Iban 3.276 2,980 2.880 3.246

S.E.M for I or PX

0.05C0
0.0530
0.7010

o

C.D.{0.05) for B
CoeTe{Ce05) for 2

tgnon
[olwNeYelw)
4« & 3 298
Yo 1T Rackan
3
08

C.D.(0.55) for PX 44
S5y for IR 203



(d) | Hisrogen conmtent in hauvlms.

The data on the nitrqzen content in haulme were amlysed
and the mean values ars presented in Table 25 and the amlysis
of variance in Appendix XIII.

Potassium and pitrogen-phosphorus interaction had
significantly influsnced the nitrogen content of haulns, The
potassium at the rate of 30 kg per hectare resulted in the
maximum content of nitrogen in the havims which was on par with
its lower levels. However the dose of 60 kg K,0 per hg chare

showed a significant decrease in the nisrogen content of haulms,

(c) ©Phosphorus conteni in pods,

The mean values of Phosphorus content in pods are

presented in Table 24 and the analysis of variance in Appendix XIV.
Helther the individual rno: the idieraction offect of

nutriemts wore found to be Gigniticant in Ancreasinz the

vhosphorvs convent in pods.

(£) ©Phosphorus consent in ituber.
The data on the phosphorus comtemnt in {uber were
statistically analysed and the analysie of variance 18 given in

Appendix XIV and the mean values in Table 25,



Tabla 22
Mtrozen content in leaves
(percentaze of W)

P205 kg/ha
0 =0 GO 9C ¥oan
N kg/ha
0 AT 3477 3.292 0 3048 3,231
15 3.702 3.315  3.408 3.975 3475
30 2,995 3.362 3.7 3,202 3.219
E~0 kg/ha
0 3.132  3.545 3.407 3.383 - 5.367
30 3.383 3.065 3.225 3,453 3.232
60 3.360 3.543 3.383%5 3.013 3.327
Hear 3.292 3.384 3.338 2,285
S oBay Tor N oor £ 0. 0845
S.Be; for P 0.0977
' S.E.M for P cr PX 0.1692

Table 23
Htrozen content in haulm

{(percontage of N)
1.3205 kg /ha
¢ 30 60 90 ilean
N kg/u= ‘
0. 1.823 2.218 2.583 . 2.218 2212
15 2.103 2.173 - 7192 2.22 2.104
30 2.24 2.127 2.025 2.105 2.157
K,0 kg/ha
0 2.24 2.127 20103 2.105 2.144
30 2.08 2,287 2.445 2.287 2.275
60 1,352 2.1905 2,15 2,152 2.065
Mean 2.057 2.173 2.,23% 2,181
CeDs(0.05) for X~ = 03 43 o
SuBey for P = 0,057 i
coDn(OeGE}) f':ll‘ -:;E = 0-285
S'E.Z‘I fOI" N — 0-0501
S'EQI{{ YTor BK = 0Jl0 02



Table 24 Table 25

Phoaphorus content in pods Phosphorus content in tubox
(Percantage of P) | (Porcentage of P)
o0 /ha ' - ' 2,05/ ha
o 30 60 900 tepn 0 30 60 90 Man
N kg/ha 3 B - N kg/ha
0  0.436 0,102 0.431 0,386 0.426 C 0,354  Cud2  0.398 C.328  0.3T
15  0.411 - 0.409 = 0.367 0.369 0.359 15 C.338  0.390 0.398  0.352 0,382
30 0.440  0.333 0450 '0.419 0.424 30 0,394  0.402 0.338 0,333 0.368
£,0 kg/va : X0 Eg/na '
0 0.473 0. 400 0,450 0.388 0.428 0 G.354 0.386 0.27T0 0 .342 0,566
30 0.436 0.404  C.41T  0.359 0.404 30 0,375 0,394 0.352 0.344 Q.37
60  (.423 0.394  0.381 0.427 0.407 60 0.407 Ced04  0.3T 0.352  0.378
Hean 0,450 £.599 0.416 0,391 | Heai0,372 | G338 0.378 0.339
S ubay, for 8 or K = 0.0158 C.D.(0,05) for N = 0.,0200
Seiiey for P = 0.0!82 Sekey for K = 0.0037 X
8.B.y for WP or BK = 0.0315 : SeLeyy for P = 0.0ti2 i
S.Eor,! fc‘r -HE' oy .PK = 0-01 9.‘-'2.
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Application of phosphorus alons was found to be
8fznificamly affecting the -hosphorus coatent of Huber. IMaximum
phosphorus comient of 0.398 psr cent was noticed when 50 kg
PZOS was applied per heclarc.

8. Phosphorus contemt in lsaf.

The mean values oh the phosphorus content of leaves arve

presented in Table 26 and the amalysis of variance in Appendix XIV.

None of the treatasent offect was found to be significam

in incressing the phosphorus comtent ln lsaves.

(h) Prhosphorus corfens in haulm,
The amlysls of variance of {the phosphorus content of

hanlms are gsiven in Apperiix XIV ard the mwean values in Table 27.

fieither the indlviducl nor the wnieraction gffects were found

to b significant in irfluencing the phosphorus cemtent in hawlms.

(i) Potassium combport in pods.

The mean velues on bis potassium content on pods wers

presented in Table 28 and the analysis of variancs in Appeadix XV.

dpplication of potassinm slone influenced the potassian

conltent in pods and 60 kg K 0 per hectare resiulted in the meximum



Tadble 256

Fhosphorus contznt in leaf

Table 27
Phosphorus content in hawlm

I>205 kg/na 2205 kz/ha
0 30 60 90 Mean 0 30 60 90  Hean
N kg/ha N kg/ha
0 0,240 0.277 0.242 0.265 0.256 0 0.150 0. 150 0.139 0.155 0.143
i5 0.263 0.256 0.29C 0.236 0. 260 15 0.125 0.144 0.144 0.155 0Jd 42
30 0.233 0.273 0.244 0.245 0.249 30 0.163 0.144 0.?57 0.146 0.1%52
K50 kg/ha K50 kg/ha
0 0.233 0,284 0.250 0.288 0.264 O 0.165 0.145 0.131 0.142 01 48
ol
S50 0.261  0.27% 0.269 0.233 0,250 30 C.144 0.152 0.148 0.167 0.153
60 0.242 0.244 0.257 0,227 0 .241 60 0.129 O.14D 0.159 0.146 0.143
Hegan 0.24% 0.267 0.259 0.249 Hean 0.146 O.145 0.1 46 0.152
S.8.y for W or K = ©.0095 S.8.;; for § or K = 0.0059
S;oi:;-r‘l fO’.!‘ P = 000110 S‘GE‘I"I fOZ' 3? = 000068
8.B.y for ¥ or PK = 0.0190 Selfay, £for P or PK = 0.0117
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potassium content of 2,513 per cent in the pods which was on par

with 30 kg K40 per hectare.

(i) Potagsium cortient in tuber.

The data on the potassium content of tuber was analysed
statistically and the analywis of variance is given in Appendix XV

and the mean values in Tabls 29,

None of the treatment was found to be sism.ficamtly

affecting the potassium contars of tuber.

(k) ©Polzeusium contenl .n leaves.

The analysis of variance on the pobassium content in leaves

ig presented in Appendix XV and the mean valugs in Table 30.

Application of potessium only had significontly and

pregreceively increassd t e potassiul consent in lsaves. Potassium

at the rete of 60 kg per hectars rezulted 1n & content of 1,397

per cent pobtassium in leaves.

{1} ©Ppotassium_content in houlm.

The data on the potassium content in banlm were analysed
for statistical inference and the analysis of variance iB

presegnted 1n Appendlz XV ard the means in Taplo 3t.



Pobassium comseny in pods
(Percontage of X)

Pable &8

Potassiun conbent in Tudber

° Pablg 29

(Porcentage of K)

Fy05 kz/ha 2,0, ke/ha
0 30 60 S0 Hean 0 30 60 90 - Maan
F kg/ha 8 kg/ma
0 2.300 2.600 1.917 2,185 2.250 0 1.550 1.300 1.330 1.467 1.413
15 2,500 2.067 2.233 2.380 2.295 15 1.383  1.737 1.267 1.350 1.433
30 2.438 2117  2.417 2.087 2.2M 30 1.433  1.350 1.117 1.483 1,356
EZO kg /a K50 kgz/he
0 2.083 2.000 1.98% 1.817 1,97 0 1,467 1.583 1.233 1.400 1.421
30 2,333 2,333 2.1335 2.535 2.333 30 1.450 1.457 1,200 1.450 1.392
60 2,867 2.450 2,450 2.2833 2,513 60 1.450 333  1.283 1.450 1.379
Hean 2,423 2,261 2.i89 2.211 Maan 1.456 1.461 1.239 1,433
SeBey Lo N = 0.1184 B.ep Tor Nor K = 0,0566 co
Sy for P = 0.1368 S by fOr P = 0.0654 ~
8.B.y for Il or PX = 0.2370 Sefa; for NP or EX = 0.1133




Zable 30

Potassiuu content in leafl

(Povecorsage of X)

Table 31

robasoinm content in haudm
{porcnotese of B

9205 kg/ha 33205 sg/he
0 30 60 90 Hean o 39 60 20 Mzan

I kg/ha i rg/ne

0 1.217 1.230 1,142 1,295 1,221 0 2,40 2.567 2.533 2.117 2.404

15 1,373 1.263 1.358 1.562 1.340 15 2.567 2.533 2,217 2,517 2.458

30 1.080 1.045 1.i83 1,183 1.124 20 2,400 2.480 1.957 2.383 2.303
E,0 kgfua L0 kg/na

G 0.967 1.068 1.183 1.1c0 t.080 0 2,317 2.567 2.300 2.417 2.400

30 1,367 1.092 1.250 1,125 1.209 30 Z.567 2,533 2,200 2,483 2,446

60 1.338  1.38B 1.250 1.620 1.397 60 2.483  2.483  2.217  2.117  2.325
Maan 1.224 1.179 1.228 §.,242 slzan 2.456 2,523 2.239 2,339
S-E L3534 for N = Oa0626 S'BOM Tor I or s = 000875 o
S.5.; for P = G.0723 BeLay Tor B = 0,1010 o
SeEey for P or BL = 0.1252 S.dey; Tor WP oor LK = 0.1750

cd. {005 & R O- 1780

It



89

None of the individugl effects of the treatments nor their

interaction was obsorved to be significamb in influencing the

potassium combent of hawlms,.

V Soil Amalysis

(a) |Eitrozen conmtert of the 3011 sfter the experiment.

The mean values are prefSeiied in Yable 32 and the analysis

of variarce in Appendix XVI.

The tobal nitrogen content of the soll was not directly
influenced by any of the level of nikrozen, phosphorus anl

potassium used in the expcrimeni. Bubt the imteraction of

nitrugen and phosphorus was found t0 bs significant.

(b) Availsble phosvhorus cenigat in the 803l after the

S.xpesimont.

“hy mean valued are presentad xn Ta%le 3% and the analysis

of varisnce in Appendix XVI.

None of une treanbmont was found to significantly affect

the phosphorus contermt of tha soil aftcr the experiment,



Pabla 32

Iitrogen comtent on the scil alfter tho ©zperimandé
{Porecntcge of H, )

0 30 &0 G0 tlean
N kgz/ha
0 0.092 0.031 C.C3538 0.0978 0.08¢92
15 0.0383  0.0965 ©.096% 0.0322  0.0901
30 0.0523 0.0978 0.0 7 0.0860 0.0394
K30 kg/ha
0 0.0806 0.0941 0.0018 0.0507 0.0907
30 0. 0951 0.0918 0,093 c.0032 0.0915
&¢ 0.0935 0.0382  0.03%2 0.0372 C.03273
Ii&"‘:n‘l 0-08?5 0.0917 030913 0’08'87
SLE.H for Bov X = 0,0026
S‘E'M fOl‘ PK = 0»0052

06
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(e) Availeble pobassium content in the soilld after the
exporiment .

The andl ysis of variance is given ik Appendix XVI and

the mean values in Table 34.

Pobagssiun and pk interaction were found to be
aignificantly affecting the pobassium combent in the soil.

Eeonomicy of fertilizer application.

The gconomies of fertilizer application for the
estimated yleld at variomus 1levels of mitrogen, phosphorus

and potassium are given in Table 35. The meximun profit was
obtained due to the individual application of 60 kg P205_30ng,
and 30 kg K0 per hectare vhon compared o the profit from

the lorer levels.

The optimum combination of H, .‘E>205 and Kao was found
to be 18, 48 and 36 kg/ha respsctiwely. But the economic
optimun was 16 kg I, 42 kg P205 and 29 kg K0 per hecihare,



Avallable FPhosghorus conbend in the seil

Table 33 Table 34

available Beotasginn content in the soil after

aftar the exXperiment ibe experivent
(2 kg/he) (& Zg/had
2,05 kg/he P05 ke/ha
kpfan K izfpa
0 95.52 95,76 85.T4 94.77 92.95 o 103,56 102.23 90.24 98,91 9. 91
15 79.8C¢ 8740 111,23 135.75 104.08 15 09.62 B83.64 80.32 110.20 90.%4
30 g2.30 93.79 89.08 123.25 99,61 30 9%.6 93.25 30,95 92.94 91.44
E,0 kzifha G Lg/he
0 B2.77 84.63 95.7¢ 110.34 93.59 (v} 92.27 i2'.43 B5.00 B33.64 90.6%
30 107.27 96.26 97.99 122,52 3106.01 30 T6.34 76.34 89.62 90.28 83.14
60 T7.58 95.76  92.30 123,35 99.43 60 118416 B5.30 97.58 128,12 107.54
Hean 86.21 92.22 95,35 H18.3¢ Taan 95.59 94.70 84.08 100.68
S-S-M for S or K = 6:1979 B 17 {foy & = 4.925 o
SaByy for P = 8.059 CeDa{0.,08) I 2K =14.023 N
Scdey for B2 or PE =13.953 C.D.(0.050) Lor PK = =25.056
Colive 1 for ¥ = 5.685
S.B i1 for IP = 9.847



Table 35

Boonouies of fertilizer application

Proiit due

Incroasc or Cost of %0 the
Tield of Vaiue of dgerease fortilizers forsilizer
Treatmonts pods in produce over the [§: 2205 or agrplication
kg/he lovest level Kn0) over the
lowest loveld
B5eP3 e lsePS8s BePSe FeEPB e
0 kg H/ao %682.82 11524.23 - - —
ig =» 10550.08 15828.12 4300.89 135.00 4165.89
30 °© 10901.33 16352.00 282777 270.00 4557.77
50 7 8696.52 13004.78 355496 171,00 162.96
60 v 11605.56 17408.34 4697.52 342.00 4355.52
30 " 10070.18 15405.27 2394.45 513.00 1881.45
0 kz Kaolha 8903.10 13354.65 - - -
30 " 10402.54 15603.81 2249.16 66.00 2183.16
60 " 9323,.60 14742.90 1388.25 132.00 1256.25
Cmtof 1 kg of & = 549,00
Cost of 1 kg of 2205 = Be5.70

= 13.2.20
= Re.1 5O

Co3t of 1 kg of Ks0
tost of 1 kg of Bd

£6
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DISCUSSION

The present investigation yae an attempt to find
oubt the effect of nitrogen, phwpharus and potassium on
growth characters, yisld attributes and yield and quality of
winged bean grown in red lcam soils of Vellayani . The

results obtained from the atudy are discussed below.

1. Growth Characteristics

1. Heishi of plants.

(Teble 2, dig. 3, Appenliz II)

It i8 seen from the mesults that highsr levels of
nitrogen hed sigwif icant anfivence on the height of plants.
This was cue to the role of nitrogen in erhancing the
vegetative grov th of plante. Russel (1977) stated that
nitrogen inorease the size of plant cells, promotes leaf
growth and thus brings about enhanced photosynthesis waich
asgists the grovth processce, The significant increase in
height obtmnsd by 211 Lavels of mtrogen zn this

investigation is in confomity snth ihe resulis obtaimed by
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Bdje ot a) (1975) in snap bean and Sazdati and Sanadl (1978)

in Soybean.

The wesults also indicated that the effect of phosphorus
was nat so marked as that of nitrogen. The lack of response
for graded levels of phogphorus as compared te nitrogen was
not due o the unavailabilisy of phosphorus as indicated by
the data on Soil enzlysis (Table 33), but might be dus to the
fart that phosphorus doss not Airvectly invdve in enhaneing

whe vegetative growth as conpared wlth nitrogen. lHoreover,

Black {1965} reported thatv the rdie of phosphorus 18 nwre

tovards the developoent of productive attrabutes rather than
the vegeibative characteclstics of a ecrop. It has been reported

by Reheja (1966) thot the leguminous crops like gram and
pigeon pea are able to tap even the subsoil phesphorus protty
effectively wrth thelr desp extensive voot system. Soil

anal ysic dat;a of the experims ntal plot also have shown that
t1e s0il wes adequatsly gupplied withphesphorus ard planmts
uers hepce able 1c¢ derive their vegulreme nte from the natlve
phospha@us .

The observavion on the height of plants with higher

doses of nitrogen in the present study i3 in conformity with
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the results obtained by Singk gt gl (1589) and lmhatanya

(1976) with similar crops.

The height of plants wes not significantly influenced
by the application of potassiwm, This 18 in line with the
gererel role of potossium in the growth of planbs.
Tovestigations conduched on similar crops to study the effect

of potagaium on vegeliatd v grouth have aiso ahorn only very

8light increase in the hesight of the plants (Sasidnar, 1969)

No sigrifacant ipcrease in heighv of plants was noticed

with diffevent coubinetion of nitrogen amd phosphorus.

2. Sauwber of lesves.

rraae

{Pables3(a) wo 3(d), Pig. 4, Appendix III)
Tbl9 sesn ihat nitrogen levels had significant offect
in al jering the nunber of lsaves iln &ll the steses of erep
grovth. Almesi 21l siudies cavried ouwb in differvnt lsguminous
crops showed that applicatioa of nitrogen had & berefioial
effeoct in dncseasing the genecrdl growth and vigour of fe plant
including the nuoborand Size of lsaves. On 80th day after

germiration application of 30 g nitroger por hectare had
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significant inflwence in the production of leaves over 15 kg
nitrogen per hactare and both were superdior to the control
but in all other atages 15 aadl 30 kg nitrogen per heciare
were on par, This was in conformity with the trials of
Hasegawa and NHomura (1978) who cbserved that the efficiency
o nitrogen was low during early grouwth, then inereased upto
the end of pod olongabion but was low during pol filling in
dwarf kidmy beans, So &lso Hilderbrand gt al (1981)
conclvied that higsher nitrate appliecatioa resulted in greater

growth of all plant party except roots in winged bean.

Ihe effect of diffgrent levels ol phasphorus and
potassivn vas nol sigmilceant in influsneing the lsaf peoduchion
at aasy goval veriods studied, Howsver, <the general trend
revealed thal the medlum dose of phosphorus ie. 50 kg PEO5
per hectare was found to produte hizhar number of 1gaves
as cobopared to the other levels beyckd 8CGth day after

gerninetion, In the case of potassium a similar trend oan be

obferved £ ron tha results pretonwed. Heve 1n all the sStages
of geowth ezespt oa 1i0th day, 30 kg E,0 per hectars had a

benerlclal effect in the lesf production of the crop. The
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lack of resporse obtained in the vegetative growth for the
higher levels of phospharus and pcbassium above certaln levels
a8 seen in the study may be due %o the fact that this crop
may not be requiring phepharw apd posassium»60 g PZOS and
30 kg K20 per heotare respectively for increasinz the

vegaetative growth.

The combinationsof the nutrient did not show any
influence in increasing the nubiber of lezves., This is an
indlcation that phosphorus and potassium had shown their
desired effect in regiulating the weeitative grovth of the
plant and uvn the nunber 0f leavee® prcoduced per plant as

compared wriihr the nl arogen ferilazailon.

3. Xprmber of brerches.
{(Peblev 4(a) vo 4(d), #a1g.5, Appondiz IV)

It is veen tiat te production of branches was
signiticantly araf luenced by the application of nitrosrer. This
may bo due to the estsblished eifeet of nitrogen in incraeasing
Lhe blometrie characters of the plents, Inorsagse in she

nusber of braonches in lupins due 0 nutrogen applicaiion was
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reparted by Moursli gf al (1976). In the cass of wingsd
bean an lrcrease ln vhe grouth of all plant parts ezxcept
root growth was noticed by Hilderbrand et gl (1981) vhich
is in agreeme nt with the findinzs of the present

investigation.

The various levels of phosphoris and pofassium under
study have not influenced this character significantly. Thie
nay be due %o the fact thot the added phosphorus aid potassium
had theilr influence in regulating growth of plants especially
undsr vhe situations of a higher lesvel of nitrogen supply by

way of added fertilizers,

Produwetion of branches was also found %o be limited
and controlled under the combined effect of the nubrierts
which has been revealed by the data on the interaction effects
of hmtrients. ©Shehidullsh gt gl (1979) reported that though

the combination of 40 kg phoephorus and 40 kg potassium per
hactare resulted in the maximum height of soybeans, the
nuaber 0f branches per plant was not affsected by the same

fertilizers., Similarly Cancy and Pehm (1980) noted that
np irteraction had no sigmificant effect in influencing the

number of branches in nungo.
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4. Barlinggs in flodering.
(Teble 5, Fig.6, Appendix V)

The Tesult® given in Table 5 revealed that the added
nitrozen had induwed earliness in flovering by six days. The
increased vegetative growth amd other grouvth attributes

contributed by the addition of nitrogen might have induced

garliness in flosering also,

Eventhough the addition of phosphatic fertilizers induced
a notlcegble reductlion in the number of days takten for f£lotering

the results observed were not significant.

The offect of potassium on eariinses in flogering was not
signiiicant. Though tidis »eooult i8 in comtrary o the results
reported by Cutcliffe and Munro (1980) the negetive resulie
noticed here can be dwe to0 the effeoct of added nitrogen in

cffsetting the influence of potassium a® postulated by hastur
{1962). The interaction effects were also not found sigpificant.

B5e Manber cf floyers produced.
(Table 6, Fig.7, Appendiz VI)

The resulbts given ih Pable 6 revealed that diffsrent

levels of nitrogen had significant effect in increasipg the
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number of f1ouere prodiced per plant. The number of flowers
produced progressively ancreased with higher levels of

nitrogen anl it was sigmificant at all levels. This indicates
the favourable effect of nitrogen in influencing the

ovrodvctive chareciers in addation to its influence on growbh
cheracteristics. The result of this investigation isln
confornity with ome reported by Kogure gt al (1977) where the
nunber of floweys aend £ owering ncdes were inccgased in
broad bean with the cpplication of nitrogen. Flan s supplied
with greded doses of nitrogen have producsd corresponding
increase in the number of buds. Almeida gt a1 (1973) also
emphaaised the importance of nitrogen Pfor flowering emd

’

&ocd yields.
The bensficial effesct of phephorus in flowsr
productlon was reprted by Xogure gt 2l (1977) in broadbeans,
The present study vith winzed bean also revealed that thers
was progressive increase in the flower produciion with the
hilgher levels of phusphorus upte 60 kg per hectare alihough

it was not statistically significant.

A slight inereesc in the flower prodwetion was also
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observed due to the higher levels of potassium. Kogure
et at (1977) reported similar e¢ffeot of potassium in

increaging the flower productlon in broadbean.

The application of nitrogen and phosphorus in
different combination had sigmilicant 1afluence in the
flower production of winged bean. Frou the wean table it
can be seen that higher lavels of nitrogen with higher levels

of phosphorus had marked influcnce in flowsr production,

6. Tumber of nods per plant.

(Pble 7, Fig.8, Appendix VI)

The rosults clearly rewedled the bemeficial influence
of mitrogen ia increasinz the numbsr of pods per plant. The
haigher levels of this nutrient have given significantly higher
number of pods at each level of application. The main effect
of nitrogen on @1l t+he other yield attributing characters

such as number of leaves, number of branches and number of
flowers would have resulted in the increased production of
pods. Similar resullts have been reported by EdJe et 2l {1975)

in snap beans and thmad and Shafi (1975) in field peas.
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The effect of phosphorws in the production of pods was

founl to be not sigpificant, thaigh progressive increass in
preductlon of pivds was nobiced with each addition orf

phosphorus upto 60 &g per hectare. This might bg dus o0 the
fact that with increased levels of adled phosphorus the rate
of crop removel was #iso correSpondingly increased which

Tesulie 4 in higher production of pode. Bub at the highest
level of 90 kg P?05 per hectare fried in this dnvestigation,
the yisld of pode was found to be demressed. The lack of

redSporse in the production of pods due to phosphorus application

at the highest level of 90 kg per hectare misht tot be due to
the non availability and uptake, rather, phosphorus beyond a
certain lewel in the plant might not have further Lnfluence

in the initiatlion of flover buds. Hovever, the role of
phosphorus camot be canpletel y ruled out since a tremd %o
increase the yield has been noticed at each levels of phosphovus,
It would therefore be clear that the optimum requirewmsnt of
phosphorws might be probably slightly above the conbrol bub

lorer than that of other troatne nts.

Potassium application also showed a similar trond as
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evinced by phosphorus, This was in conformlty with the
reaulte of Sasidhar and George (1972a) in lab-lab beans

and Viswanathan gt al {1978) in coupea.

Nitren-phosphorus inberaction was found to be
significant, This mighi be the result of the cumulative effect
of other yield attributing characters in the number of pods

produced per plamt, Hasg et al (1978) also reported that in

snap beans np inberaction increased the pod numbar per plant.

7. Setting percentass.
(Table 8, Fig.9, Appendix VI)

¥rom the results presented it can be veen that nitrozen
had no significant influence in ths sebtting percentage of pods,
Nitrogen 1a directly related to the vegetative growth of the
plants. Eventhough the nucber of f£lowers and the number of pods
per plant have been inoreased by the application of nitrogen,
the setting percentagy almost remained comstant. This indicates
that with the addition of nitrogen the increased number of flowsrs
alone contributed ths correspiniing increase in pod yield but

not the increesed setting of flowers to pods. Moursi et al (1975)
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reparted a similar finding in snap beans where ammoniuw sulphabe
have po marked effect on the percenmtage of fruit set but

increased the sotal number of flowers and fruits per plant.

Aoy

The effect of phosthorus in increasing the setting of
pods was also not sigmificant. This may be due to the fact that
the increase in the number of pods by the applicatlion of

phosphorue was mainly due to the increased number of flowers

produwed anl not due to the imcrease in the setting percentage

vhich was fcund to be more or less constant.

As Been in the case of nitrogen and phesthorus, the
effect of potagsium in Enflvencing the setting porcentage was
aitso not found to be signifarcant in winged bean. The increase
in the number of pods was corresponding to the increase in the
nutber of flowers produced par plant but not dus o the

infiuence of higher setting percentage.

8. Lenzth of pods.
(Pabie 9, Fig.10, Appendix VII)

Significant increase in the length of pods has besn
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obtained by the influsnte of nitrogen. The role of nitrogen
in the syuthesis of projein and yrobtoplasm is well established.
With adequate gquantity of nlitrogen application, more protoplasn
would have been producsd which in turn would have increaved
the succulence of pods amd thereby the increased lenzth of pods
(fisdate and lelson, 1975). This 138 ir confomity with ths
results of Hasegawa and Nomura (1978) who found that the
efficiency of nitrozen was more upto the end of pod elongation
but was lor during pod £illing. Here, it was observed that the
application of phosphorus did not rnfluencs the lengih of pods.
The poor reosphnse of applied vhesphorus aay be dve to ibe
contribution towards the dewelopme nt of reots rather than the

growth apmd development of pods,

The main effect of potassium was found to be significant
in increaging the length of pods. Potassium is directly
related to the formation anl devel opmont of repr odwetive organs
and thus application of pobassium might have resulted in the
increased length of pods. The inmteraction of nitrogen and
phospharus was fourd to be sigrificant, Of the np interactions

nitrogen at 15 kg and phaphorus at 60 kg per hectare g ave
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maximuem length of pods while the other levels gave varied

results.

9.  Xield of green pods peT plant.
(Tsblies10(a) to 10(2), Fig. 11{a) and 11(b)
Appendixz VIII)

The rosults rewaled that addition of nitrogen at 15 kg
per hectare gave sigrificant increoase in yleld per plant over
control at each stage of harvest as well as the total yield
per plant, though the highest level of 30 kg nitraqgen per
hectars was found to be on par with the level of 15 kg per
hectare. The conbributing effects of graded doses of nitrogen
in increasing height, branching, numbsr of leaves, number of
flowers, length of pods and number of pods gtc. might have
resulted in an increase in the tobtal yield of pods per plant.
The relative lov response at the highest level of 30 kg over
15 ke ?er hectare may bo due to the fact that 15 kz nitrogen
per hectars would have been sufficient to produce the maximum
yield of green pods. Trials conducted by shmad and Shafi
(1975), Hamissd*(1975), Gretisva (1978), Hasegawa and Nomura

(1978) and Haque gt 2l (1930) on other legume crops confirfs d
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the above finding in winged bean, -

The data dlso revealed that phosphorus application at
60 kg per hectars had gigniflcant influsnce on the yield of
pods in al) the months except the first. The pooled analysis
of the data also showed significant influence of phosphorus
on the yield of green pods at 60 kg per hectare. The ebove
finding agrees with\‘hhe results reparted by Pande ek 81{1974),
Ahmad and Shafi (1975) and Hamissa gt al (1975). Prummel gt &)
(1975) also coneluded that in Snap beans yleld was much higher
by increasing the level from 30 to 200 kg 2’205 per hectare, but
the yield increase cwrve ms flattencd out when the level of
2205 was increased abowe 120 kg per hectez'g. The reason for
the low respomse of phesphorus at the Lfirst month of harvest
night be that 14he crop utilised the adled phosphorus fully
only during the peak periods ol harvesi and hence its

manifestations at later stages.

The comparatively lof response o phasphoarus over 60

kg per hectare might be due to the fact that for a legume
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crop lilke winged bean highsr doses above 60 kg per hectare

might not be requived Zor higher produciion.

The results indicabed that the graded doses of potassium
had no significant offect in imeressing the yield of winged
bear ezcept at the iash momth where a gignifiennt! difference

vas noticed for 30 kg perhectare. In all obther stagos
though the differeonces wers unot signidicant bthevc wad aa

apparenmt incroase in the yleld of podis. The lack of significance
at the higher levels mizhit be dwe to the faot that it does

not directly involve in increcasing the yield and also dus to
the sufficiewsy 02 potaosium ot lower levels, Similar results

wore alao chbained by Sasichar and George (1972b), Braga gf al

(1973), /hmad apd Sha?d (1975) and Almedia gt gl (1980) with

ovher leguninous erousS.

Neptuam ¢t al (1978) apd Hiden gi al (1980) reported the
bon-significant interaciion betueen nisrogen and phosphorus
in veans. Addy (1975) Irom glass house and ficld trisls in
cowpea concluded that application of niirozen ard phosphoarus

in the parly vot scason had no significant effect on
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Beed yleld, though the applied nitrogen tended to inerease

it elightly phosphorus tended to decresse it.

As agalnst this pk interaction was found to be

significant. In general application of 60 kg 1’205 and 30 kg

Kao per hectare had a significant influence in increesing the

pod yield when compared 10 other levels.

10. Bhusa yisld.

(Tabls 11, Fig,12, Appendix IX)

The results revealed that Jifferent levels of nitrogen
had significant influence in increasing tho bhusa yield of
winged bean., Nitrosen is the element which is required for

the vegetative growth of the plant. Thus bhusa yield was

inereased by the higher doses of nitrogen, but there was no
significant difference between the 15 and 30 kg nitrogeh per
hectare. Similar results were reported by Mc Lean gb 21(1974)

and Woursi gt al (1976).

Phosphorue applicailon was not fTourd to affect the

bhusa yleld of winged boan. Eventhough 60 kg 1’205 per hectare



112

incregased the bhusa yield it was not significant over ths

lower level of 30 kg per hectare. This is in conforaity with

the results obtained in the experims nts of Staud (1974) who

has reported that phophate level had no significant eoffect

on the yleld componsnts such as vline, pod etc. in peas., The
comwparative poor response of higher level of phosphorus viz.

60 kg 1"'305 per hectare can be athiributed to the fact that
though phosphorus is beneficial for the general growth and

yield as evidenced by various results of field experiment
conducted at dlfferent places in the couniry, the response
cf legumes t o0 phoSphorus has been conspicuous ornly in soils

poor in available phosphorus.

Significant influsnce in the bhusa yield was obtained
by the application of potessium in wanged bean. I was observed
thal application of potassium at 30 kg per hectare produced
the maximum bhusa yleld beyond which the yleld was decreased.
Results of exporimonts conducted by Peck and Buren (1975) and

Bl-Teboudi gt 21 (1974) also showed that applicatioa of
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potassium upto 100 kg per Acre increased the vegetative growth

of snap beans and hence the bhusa yield. This migh% be dus to
the fact that potassium is not direcily involved in the vegelative
growth of the plant anl hence the highest dogse had quadratic

T eSpouse.
The imberaction effect of nmitrogen and phosphorus was

fourd t0 influence the bhusa yield significanmtly. This shows

that 15 kg N and 60 kg 1’205 per heotare would be & sultdble

combination of nitrogen and phosphorus over other combinations.

11, Tuber yisld.
(Table 12, Fig. 135, Apperdix IX)

The results indicated that the levels of nutrients
either individually or in combination had no significant
influence in the production of Hubers. Accordiang to Naticnal
Acadeny of Sciences (1975),Zor tuber development in winzed
beans, its vegetative growth should be reduced and it should

not be allowed %0 develop pcds. In the present study the crop

wes grown as a2 Vegetable crop permitbing increased wvegetative
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growth and formalion of pods which might have curtalled the
fomation of tubers and hence no response to nutrients either
individually or in combination. The report of Hilderbrand
et al (1981) was that higher nitrate application resulted in
greater growth of all plant parts except roots in winged bean

and is corroborative to the present observation.

12, Dry matter produmchion.

(Table 13, Fig. 14, Appendix X)

From the results i% was clear that nitrosen and
phosphorus had significant influence in increasing the dry
matter production of winged bean. Significant positive rosponse
of nitrozen to height of plants, number of branches, number of
leaves, mumber of flowers and number of pods was recorded
earlier vhich might have resulted in the increased dry matter
production. Studies by fkutan (1970) in Suap beans, thmad
and Shafi (1975) in peas andd>adar (1979) in Snap beans resulted

in sinllar findings as discussed above.

Phosphorus is an element ®mssentlal for better root
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growth enabling Migher uvptaks of mubtrlents. This migkt have

rosulted in the higher vegetative growth end cosseguent dry
natter yreld of winged bean, £xperiment conducted by Agboola

and Cbigbesar (1977) in coures, Degaduen (198C) in winged bean,
Sipsh et el (1980) in £isld bean ard M1 gt al {1231) in bread
bean also revealed 4hat phosphorus application resulled ia

ineroased dry matter yisld.

The gffect of potassium was not significant. Pobassinm
23 g plant nwdrieut doss not direesly involwe in inereasing
the vegebtative grogbh of cho crop bul ouly offess resigiance
$0 pest and diseases in plants apd hastens its maturity. It
dogs not fora an inbogrel pard of plant compounsnts such a8

protoplesan, fais, celluloss oto.

13. Harvesy index,
(Iable 14, Fig.15, Appendix X)

Noms of the tresiments wes foumd to anfiuence the

harvest indax in winged bean. Harvest index was caloulated



ONE~—"

c

MO=" = JOXS“ N JTCD 5 ==

X P

- A xVC&T ~N[O

2700

2600 _

2500 _

2400 _

2300

2200 _

2100 _

2000 -

1900.

1800 _

69

68 -

67

66 -

64

EFFECT OF NITROGEN

FtG 14 TOTAL DRYMAT7ER.

Fie 15

HARVEST

Pi

INDEX

n2
EFFECT of phosphorus

PRODUCTION

Ps

EFFECT or POTASSIUM

"p- O *Q N/Iftfc
nl k3 N/ha
30 | 3 n/K&

Po © k3 7~°5/K3.
p,~ 30 k6 P-"5/Ka
P2 60 g PAS/h*
<y 90 K

*og O kg =2Aa
kI 30 k3 Ki’ZK&
Kj. 60 kiO/Ka



115

from the economic yield and biological yield. The biological
yield includes both economic yisld viz. pods and vegetative
yleld viz. bhusa and tubsr. Both the blolegical and economical
yield of the crop were increased with higher levels of Iy and
X tried in this experiment and hence the harvest index was not

altered much sesulting in non sagnificance.

Chemical Analysis

A, ality Characters.
(a) Proteln content of pods.

(fable 15, Fig., 16, Appendix XI)

From the data presentsd it ie clear that none of the
treatments had grgnificantly influenced the protein eontent
of pods., Thouzh application of nitrogen ani phosphorus at
higher levels increascd the uptake of nitrogen by the plant

i+8 influznce cnr the probeln content of the pods was noi
conspicuous. This might be dus to the faet thavy the pods were
harvested as vegetable a¥ hal? maturity in its active development
phase. Hencs the possibility of accumuiation of protein is

naturally less. Himilar resulte have 2180 beeh reported by



116

Richards and Boper (1979) in field neans and Bishop gk al

(1976) in Soyabean.
(b) Protein content of tubsr.

(Pable 16, Fig. 17, Appendix XI)

The effact of niirogen, phosphorus ard the phosphorus-—
potagaiun interaction were found to influwence the protein
content of subar., Winged bean is a crop that is mainly grown
for its tendsr pods to be used as a vegetszble, #hen it is
grown a3 vogetable crop not much tuber development is possible

a8 vegetabtive grouth and pod formatiom are not ceuriailed.
Ir the case of tubers the effeet of nitragen, phosphorus mad

potassiua or protein content could be fully expressed as the

tubers were permitted to grow to its £full maturity and there
was adequate time for the synthesis, formation and accumulation

of protein ik the tubers.

B. Uptake Studies.

(a) Upbdke of pifrogzon.

(Table 17, Fig.i8, Appendix XII)
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The result reveszlod that with increased level of nlirogen
supplied %o the arop the uptake of nitrogen by the plant was
alsBo correspondingly ircreased significantly. Thus the higher
amount of nitrogen shsorbed by the plamt had 1ts influence in

the growth and yisld attributes viz. number of leaves, ranches,
flovers, pole ard bhusa as shorn in this experiment. El-Balkry
(1980) also meported that higher rates of niirogen increased

the nitrozen upbake by theplants,

Phosphorus appllcation resulted in the higher upteke of
nitrogen. Nasidhmr and George (1972a) and Ninch gt al (1981a)

also recorvdod similar results when phophorus was applied to
legumigous crops., It can be inferred that ke offect of
phosphorus 1n incwasing bthe roob growth and development might
have resuvlted in higher uvtake by the rlant 2s well as uptake

from a vide spctrum ¢f the soil.

The influence of potavsium in the upiake of nitrogen
was not significanu., Yhe pk interaction was sigalfican. and
the combination of 60 kg ?205 and 30 kg E,0 per hectare resulted

in the maximum uptake of nitrogen. The highsr root growbh
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at higher level of phosphorus coupled with the beneficial
l1nfluence of pubassium as a carrier nutrienmt might have
resulted in higher leaf production, production of assimilates

and £inally the uptake of nitrogen.

(b) Uptake of thosphorus.

(Pable 17, Fig.19, Appendix XII)

From the tabls it is clear that application of nitrogen
at hoth the higher leovels hed resulted in a significant incrsase

in the uwptaké of phesphorus. Tho dlrect effect of nitrogen in
increasing the vegetative growth of plants night have resulted
in a corresponding higher uptalie of phosphorus. Sarkar and
Jones (1980) obbains@ higher tvranslocation of phosphorus from
root to tho shoot when nitrogen uas applied to0 snap beans. This
translocation of phesphorus by applied nitregen might have
resulted in the higher uphske of phosphorus in winged bean.
Similarly Posypanov and Knyaseva (1974) found that in peas
application of mimeral nitrogen resulied-in the highar upiake
of nitrogen, phoophorus and potassium and synthesised more

organic matter and raw protein than those limited %o

symbiotic nitrogen. Similar positive influence of nltrozen
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in increasing the phosphorus uptake of plant was reported by

Bl-Bakry et al (1980) in snap beans.

Results showed that 60 kg P205 per hectare was found

t0 be giving the maximum uptake of phosphorus. The sagnificant
effect of phosphorus im the uptake of phosphorus might be due

to0 the significant influence of this nutrient in the growth and
yield attribubes of the crop. This is in conformity with the
findings of Amer (1978) in beans and Ali gf gl (1981) in lentil,
In addition Singh gt gl (1981b) received the marinum yicld and
uptake of nitrogen and phosghorus when 60 kg P205 per hectare

was applied., Similarly Ealyan and Prasad (1976) found that in

red gram, increasing the phosphorus rates from zero to 100kg per
hectare increased Seed nitrogen and phosphorus uptake in Seeds

and stem,

The non significant influence of potassiuam in inoreasing
the phosphorus upbtake shows that potassium had no direet influence

on the uptake of phosphorus.

(e) Uptaks of potassium

(fable 18, Fig.20, Appendix XII)



Htrozen had significanily ipncreased the uptake of

potasslum in wanged bean. In this trial application of
nitrogen had resulted in the higher pumbar of pods, brauches

£l orers, pol yileld, bunen vield and ths dry madtaer yield.
All these night have resulked in the higher uptske of
posasasiwil, Asif and Greig (1972) also found vhal higher
leveis of pitrqzen hed resulted in higher upbtake of potassiuvm
in enap beans, Similarly Posgpanov and Kuyaseva (1974)
obeerved that peas provided with miparsl nitrogen took up
moire nitrogen, phosphorvs a4 potadsiui arnd gsynihesissd acre
organic matter end rair protsln then {iese lamibed to

s yubicvie albrozsn.

itene je (1966) reported that potassium uptake of
plants is normally independent of the concermration of
available or to%2l phodphosus sn the s0il. The non-
sigpificant effect of phosphorus on pobassium uptake

observed in this sludy in . . agreenent vith the above £inding.

Phe pcbasaium ugbake of plants increased significemtly
vith the Ligher levels of potassium. The significarmt



F|<5 18 UPTAKE. OF NITROGEN

A 75
3>
vy
7
i 70
0
0
a
b 65 _ nr
z
L
0
u SO
*
I .
L 55
50
FIG 19 UPTAKE OF PHOSPHORUS
19
18
0 _
Jf
Joo17
a
g s _
z
D
0o 15 _
X
D
u
0 14
u
*
<
H 13
1
0
12_
n o
y<—,
RIG 20 UPTAKE OF POTASSIUM
™
1 65
5
3
w 60 -
n
<
P
0 .
Q55
It
0
u 50-
X
<
h
a
3 as
no « f n2 Pc Pt Pz P3
EFFECT OF
~FFECT O EFFECT OFPHOSPHORUS EEEECT OF
POTASSIUM
N0 - O kg N/ka* @P- O kg FOs/W y<0 - C kg K~o/Ka,
. o~ N
tti - (5 kg N/ ha, p, _'3°Kg f~os/ka. I<t '30 kg KAO/ha
n2-30kg N/ka Pa- 60 kg frOgj/ha, Kj - So kg kj.o/ Kfti

p3 -90 k3



121

incremss inthe pod yield and bhusa yield by potassium is
a clear indication of potasaium uptake. Further, the
higher content of potassium in leaves and pods with highor
doses of potagsium might have contributed to higher uptake
of these dlements. Mo over, the luxuary consumption of
potasaiur is a well known phenominon noticed ir crop planis
under higher levels of potassium. These factors together

might have resulted in the higher upteke of +this nutrient.

Simllar results have also been reported by Johnson and Evans
(1975) in southern peas and Singh and Saxena (1978) in

3 oyabean.

c,. MPE_content in plant paris,

(a) Nitrogen content in paoda.

{Table 20, Appendix JIII)

The non significant effect of mitrogen, phosphorus,
potassium and tholr interaction in the nitrogen contont of
pods might be due to the non accumulation of this elesment in
the pods as the pods were hervested at half maturity, Bub

an increasing trend was noticed on the mitrogen contenmt of
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pods dus to the higher levels of nitrogen from zero to

15 kg per hectare,

Application Jof phospharus slightly increased thg
nitrogen content of pods showing the favourable influence
of this nubrient, though tho effect was not significant.
Similar non significant effect of phosphorus om the nitrogen
content of winged beanr pods wal also reported by Dagaduan
(1980)., Similar to nitrogen and phosphorus, levels of
potassium and the imteraction of nuiriente also have not
influenced the nitrogen content of pods significamtly.

Though the effect of nitrogen, phosphorus and potassium on

the nitrogen content of pods was not found to be significant,
the total nitrogen content in pods due to the higher lavels
of niirogsn, phosphorus and potassium was substantially

high vhen the t otal harvest of pods was taken into accoumt.

(b) IHtrogen content of tubsr.

(Teble 21, pendix XIII)
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4s the nitrogen levels were raised increase in the
nitrogen content of ituber was significent. The reduced
pumber of tubers and the sufficlency of time for synthesis
and accumulation mizht have contributed to increased content
of nitrogen in tubers, This is in sgreement with the findings

of Posypangv and Kmyaseva (1974).

The effect of phosphorus was found to significanmbly
influence the nitrogen content of tubers vhich might be dus
t o better abmorption of the nutrient by the well developed

root system of the plants with the addition of phosphorus.

Though the individual effect of pobtassium was nod
significant the pk imberaction was found significant. This
may be due to the combined effact of phosphorus and potassium
in increasing the nitrogen conmtent of tuber by increased root

fomation and tubsr developmens.

(¢) Htrogen content of leaves.

(Teble 22, Appendiz XIII)
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Phough the nitrogen applicavion resulted in highey
number of leaves per plant, the nitrogen combtent in the leaves
vas not significantly affected. Thephosrhorus and potassium
levels also had no significant effect in increasging the
nitrogen contermt in leaves, This may be due to the fact that
though the nitrogen ebsorption by the plant was increased,
with the application of various nutrients the ab@orbed
pitrozen was bebbter utilised for incrsasing the number of
leaves, branches otc. thus keeping the niirogen content ab

a ninimun.

(d) Mitrogen content of haulms,
(Table 23, Appendix ¥III)

Application of nitrogen and phosphorus did not show
any significant effect in the nitrogen contenmt of haulams,
This might be due to the effect of nitrogen and phosphorns
for highgr production of hawins rather than in increasing the

nitrozen contenmt in haulms,

(e) Phosphorus content of pods.

(Table 24, Appendix XIV)
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The results revealed that the epplication of mutrients
had no significant offect in the phosphorus ocomtent of pods.

Eventhough application of nitrogen and phosphorus had produced
increased growth and upbake of phosphorus, the content in the
pods Tgmained more or less Same. There was no changein the
phospharus content of pods dwe to potassium as seen earlier.
This is quite natural as the level of potassium could noi

influence the uptake of phosphorus. '

(£) Phosphorus content of tuber.

(Pable 25, Appendix XIV)

Application of phosphorus alone was found to be
significanty influencdng the phosphorus content of tuber amd
the maximum conteat of 0.393 per cent phosphorus was nobed
vhen 30 kg P205 was applied per hectare. In the uptalke
ctudles, it was scen that the phosphorus upbtake wes increoased
by the application of nitrogen and phosphorus. Though the
nitrozen enhanced the qbsorption and translocabion of
phosphorus from root 0 shoot resulting i1n inorecased

abscrpobion and vegetative growth ab earlier stages,
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phosphorus might not have been effectively translocated
Lrom rocts 0 shoots at the later sisges of crop maturity
and might have accumulated in the tubers. Pobassium application

had no significant effect in vhe uptake of phosphorus.

(g) Phosphorus comtent of leaves.

(Pable 26,Appendix XIV)

From the table it is clear that none of the treatment
was found to be significant in influencing the phosphorus
content of leaves. Though nitrogen and phosphorus applicalbion
had resubted 1n increazsed tobtal uptake of phosphorus, it was
better ubtiliced for higher vegotative growth and yield rather
its accumulatlon in the leaves. dJohnson and Evans (1975)
and Boudreauz (1979) reported +that phosphorus application
had no effect on the phosphorus content of leaves. ZThe non
gsignificant influence of the levels of potassium on

phosphorus uptake was observed in the case of leaves &Lso.
(h) Phosphorws content in haulms,

4Table 27, Appendix XIV)
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None of the treztments was found t0 be influencing
the phosphorwd content in haulns, Applicetion of nitrogen
and phospharus though resulted in the higher uptake of
phosthorus the simultansous increase in vegetative growvth
due b0 nitrogen ard phosphorus application kept the
phosphorus level in heulms without slgnificant variation.
pstassiun had no significant influsnce on the accumulation

of this mutrient.

($) Potassium content in pods
(Table 28, Appeondlx XV)
There was no significant effect by nltrogen levels -

in the potassium contert of pods. BEl-Iebowdl gt sl {1976)

reoporved that nltrogen had no effect or the potassium content
in seeds of snap beans. Dalal and Quilt (1977) also have

reported a similar fanding in pizeon pea.

Polassiun uptakke of planbs is normally independent of

the concentration of available or Hotal phosphorus in the
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s80il as reported by Rabisja (1966). The non significant
effect of phoaphorus in the potassium content of pods

obServed in this study is in agreement with the above report,

The potassium content of pods increased with higher
levels of potassium. The increase on the potassium uptake

observed between successive levels of potassium indicates

the continusd absorption of this nutrient upto the highest
level aprlied. Horeover the luxuary consumption of potassiun
by plants is well known. The higher absorption of potassium
might have vesulted in the higher content of this nutrient
in pods, Earlier experiment have also shown that application
of pobtassium increased the potassium content of Seeds in

broad beans (Furlan, 1977).

(N Dotosgium coatent of tuber,
(Table 29, Avpendix XV)

Potasslum content in the tuber yas not influenced

by any of the treatments. The main fuvction of nltregen is
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%0 imcreass the vegetative grovth thereby lpcreasing the
photoaynethtic area., Similarly phosphoru? applicalion
resulted in the increased root growth ampd better absorphion
of mutrient. Sipce the crop was mainly grown for vegetable
purpose and an increase in the absorption of potassium by
nitrogen and potassium application would have been utilised
nore for vegebeble growth and yield rather than storing lo

the roots.

(k) ©Potassium contert of leaves.

{Iable 30, Apperdix XV)

The appliczbion of nitrogen auzd pobassium had ne
szgniticant influence in the pobassium contens of leaves.,
However there was an increase an pobassiuk content in Loaves
by potassimm Levels wnich 0 o Cotidon phencimnon with ligher
lovels of potassiuwm. Higher potassiun content in the lzaf

was L850 obvained by Yuan gk &1 (1979) shen potesgium vaa

applicd to eouthern peas.
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(1) Potassium content in haulms,
(Table 31, Appendix XV)

None of the treatmsnt was found t0 be influencing
the potassium contemt in hawims, The pobassium that has
beon absorbed in to the planis might have been translocated

t 0 ths leaves and pods as was obderved in the experimems,

Sol) Amalysis

{a) LTotal nitrozen content in the goil after the
axperimens.

(fable 52, Appendixz XVI)
The results revealed that the total nitrogen conbent
of the scil after tho expeoriment was not influshced by any
of the treatments., [Though tho uptake of nitrogen by the plant
wad increased significantly with applied mltrogen, thils loss
would have been made up by the enrichuent of nitrogen by the
root nodules of uwirged bean. Thus the initial ststus of soil

niitrogen almost remained vhe same alfter the ¢ Xperimont.

The efiect of phosphorus on the residual nibrogencentent



of the s0ll was not significant which may be due Lo the

fact that with increased level of phosphorus and upiake

of phosphorus, the uptake of nitrogen vas zlso corirespondingly
lncroased. But in the plot with zero level of nitrogen the
crop removal was less resulting in the level of soil nitrogen

4+ 0 almost same before the experiment.

Potasaium applleation had no significant influence in
this respect. 45 pobassium did not influence the uptake of
nitrogen it could not make any change in the so0il status of

ritrogen also.

(b) Availshle phosphorvg in the soil affer &
gxperimont.
{lable 33, Appendix XVI)
The non significant influence of nitrogen, phosphorus,
polassium and their interaction of the available phosiaorus

content of the soil after the experiment revealed that the
treatments under this trial had no influence on the

regidual availability.
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The data on the P content of the soil at the time of
fipal harvest Substantiates tlat deep rocted begums are
capable of converting the unavailable subsoil P .#nto available
form. According to Raheja (1966) sulsoil contain adequate quantities
of P vhich the deep rooted crops ere able to tap and make wuse
of in the growth. The reoults of this prosent investigation

substantiate the unique ¢aarackter of deep rooted legumes., So
also upbaks of P was also imerecsed with hicher levels of P
application. Potassium had no signifioant inflvence in the
uptake of P ami total dry matter production,

(e) Avsileble potassium in the 8oil afier thg experimant.
(Table 34, Appondix XVI)

The data on the avallable potassium xevealed that
increme nt doses of nitrogen from zero to 15 kg and 30 kg peor

hectare depressed the available potassium content in the soil.
This might be dwa to the fact that by higher levels of nltrogen
the vegetative crowth was increased and the plant might have
absorbed muck of the pobassium from the potassium reservbir of
the eoll resulting in the pobassium depletion.

Application of 60 kg Kao por hectare resulted in the
highest content of potassiwn in the sail while, addition of
30 kg per hectare depleted the avallsble potassium. Thie is
in agreement with the results obtained by Sasidhar (1969).
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Eeconomic znd Optimum roguiregngnt of feriilizers,

Yield response of HNitrogen, phospharwd and potassium
vas compubed statistindlly and is repmsenthd as

¥ = 68,5045 + 43.5413 N + 28,3726 P + 8.0995 K - 1.1916

~ 0.2816 2% - 0.086 K% + 0,0056 1@ - 0.0396 PK

Since K- inberaction is confounded in the experimemnt,
NE fterm iz eoxdluded from the recyonse fungtion., The optimum
combination of N, on5 and E,0 was found to be 18, 48 and 36 kg/ha
respectively. Bubt the economic optinum was 16 g N, 42 kg
1’205 and 29 kg K0 wsing the prices of per‘kg pitrogen, phosphorus
and potassiun as 9.00, 5.7¢ and 2,20 rupees respectively and
that of beans as rupees 1.5 per kg.

The economice of fertilizer application for the estimated
yields & various levels of nitrogen, phosphorus and potassium
are given in Tzble 35. Tho mazimum profit was cbtalnod dwe to
tlbe individual application of 30 kg, N, 60 kg 9205 anl 30 kg
Kao per hectare when compared to the profit from the lowsr levels.
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SUMMARY

An imwvestigation was under teken in the Instructional

Farm attached to the College of Agriculture, Vellayani,
Trivandrum during the period from 27th July, 1982 to 1Tth

January, 1983 to £ind out the effeot of graded docses of
nitrogen (0, 15 and 30 kg/ha), phosphorw (0,30, 60 and

90 kg P205/ha) and pohassiun (0, 30 and 60 kg K20/ha.) on
growth characters, yield and yield attributes, quality
characters, chemical composition and uptake of macronutrients
in winged bean (Psophocarpus tetragonolcbus (L.) IC.).

A4x 32 confounded factorial experiment was laid out

confourding NKZ and higher order interactions in both the

replications. The msoults of thg study are sunmarised below.

1. Differsnt levels of nitrogen had signmificant
effect on the height of plants at 40th day after germination.

2. Significant increase in the number of leaves per
plant was noted when 15 kg nitrogen was applied per hectare

at &1 the stages except on 80th day where 30 kg nitrogen per
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hectare dlso incroased the nuuber of leaves significantly.

3. Significant imrsase in the number of branches
per plant was observed shen 15 kg N was applied per hectare
in all stazes except at final harvest where 30 kg nilrogen

also significantly influsnced this character.

4. Application of nitrogen induced earliness in
attaining 50 per cemt flovering in the plants significantly

by sbout six days.

Se Application of nitrogen as well as g combination
of 30 kg H and 90 kg onslha resulted in highe» production of
£l owers per plant,

6. Mitrogen at 15 kg per hectare and a combination

of 30 kg N and 60 kg P205/ha had sigrificantly increased the

aumber of pods per plant,.
Te No sigmificant change in the setbinz percentage
wad noted dus 0 any of +the nutrients.

8. 4Application of 15 kg nitrogen, 60 kg potassium

and a combination of 15 kg N and 60 kg ?205/ha had significantly
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incrgaced the lensth of pods,

9. Htropn at 15 lg/ha phosphorust at 60 kg
Pgoslha and a combimtion of 60 kg 2,05 and 30 kg K 0/ka

had oignficantly dncreaved the ylold of pods per pland,

10. Applicabion of 15 kg Ii/ha, 30 kg Kaojha
and a couwbination of 60 kn 2205 and 60 kg E’.EO/ha had

oignificant influcnce in inorgasing the hauvlm yield,

11. Application of nutriente individually or at
variouo combination had no cignificant effect on the

yield of tubor.

12, Ikither the individual effect of nitrozon,
phosphorus and potassiuvg nor thoir combination wore found

t0 bo pignificant in influencing the harvest index.

13. Idtrogen ot 15 kg anml 60 kg PaDslha only had
aignificant influente in the total dry matter production.

14, Igithor the individusl mutriomts nor thoir
combinations had sigrificantly affected tho protein contort
of podo,.
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15, Application of 15 kg N and 90 kg P205/ha was

found to influsnce the protein content of tuber significantly

over the other levels.

16, The uptaks of nitrogen was significantly increased
by an applicatlon of 15 kg N, 60 kg 2205 and a combination of

60 kg 9205 and 3 kg K20 per hectare.

17. Signifieant increase in the uptaks of phosphorus
was observed by an application of 30 kg N aa well as 60 kg

B,05/ha.

18. Iitragen at 15 kg =nd potassium at 30 kg per ha

inflvenced the uptake of potassium significantly.

19. I» significant change in the nmltrogzen content of

pods was observed dus to any of the nutrients,

20.  Applications of nitrogen (15 kg/ha) and phosphorus
(90 kz per/na) were observed to give significamt increase in

the nitrogen content of tubsr.

21. Ieither the individual eZfect nor the combination

of nubtrients had significantly imfluenced the nidrogen content

of leaves,
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22, The level of 60 kg K20/ha. showed a significant
reduction on the nitrogen content of haulms.

23, Io significant change in the phosphorus content
of pods was observed due to any of the nutrients or their

combinations.
24, Application of 90 kg 1?205/118. had sigoplficantly

reduced the phosphorus comtent of tuber,

25. None of the treatments was found to be
significant in inersasing the phosphorus contont of leaves

and haulms.

26. Application of 30 kg Kaolha sl one had infliuenced

the potassium content of pods significantly.

217. None of the treotme nts was found to be significantly
affecbing the potassium content of tuber.

28. Pobassium application signif¥icantly influenced the
potassium content of leaves.

29, No significant influence in the potasadwm content

ofbaulms was observed dus to any of the treatnemts.

30, The totsl nitrogen content of 8o0il after e
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exparitont was not dirsotly influsrcod by tho levola of

nutrients,

31. Tho availoble phoephorus coatont in ths soil
aiter the cxperimomb wes not ioflusaced by the individual

cffoots of nutrionts or tholr combinations.

32, The available pobasoiun contont dn the oall afier
the exporitont woo influwwneed by the dndividud effoct of
potacsiun and pk ideraction.

33, A coabination of 16 kg &, 42 kg 9205 and 29 ¥g
En0 wod found to be the ecencnie level of mulrisnis for
obbaining waxinna profit fron wirnged bean .;rown for green

tender pods,

34, Sho opbtimua requirszent of I, P2°5 apd £,0 was

fourd to be 18, 48 and 36 kg per hectare reopsctivoly Lo

gotting oaximmn yisld of pole Lros winged boan.
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APPENDLX I

Woather data Quring the crop year and its variation from ths past 25 yoars

(Fob.1982 - Jan.1933)

lonths
lagimum tempgr aturs ©C Mipimun tempsr ature °C Rainfall (nm) Relative humidity
T 2 2 Avar

R B Imt Gre T R G T Dmi oo Rt e
Teb 31.76 31.35 40, 44 20.67 22.78 =2,11 - 35.20 =35.20 7120 82.49 =9.29
Kar 32.43 32,16 +0.27 22,62 23,97 wt 355 16.5 34.34 -17.84 73.00 81.62 -8.62
Apr 32,97 32.21 +0.76  24.20 24.96 -0.76 3.0 94.27 =21.27 7T4.12 83.54 =9.42
IIay 32.21  31.77 +0.44 23.73 24.87 -1.14 254.0 195,31 +60.69 T79.17 85.27 =6.%0
Jur  29.65 30.46 «0.75 22.77 23.89 -1.,12  500.5 299.01 +201.49 81.52 85.57 =4.05
Jul  30.16 29.73  +0.43 22,51 23.44 ~0.93 120.0 217.08 = 97.08 81.82 87.43 =5.61
Aug  30.05 29.77 +0.28 21.25 23,21 -1.96 91.0 143.82 - 52.82 81.95 80.30 =4.35
Sep 30.48 30.09 +0.39 22.12 25.29 ~1.17 66.0 156.75 = 90.T5 T79.65 86.12 <=5.47
Oct 350.99 29,70 +1.290 22,50 23%.69 -1\.19 181.5 266.97 - 85.47 80.64 87.68 =7.04
Nov 31,03 29.95 +1,08 22,36 23.77 -1.41 149.0 209.85 =60.85 82.40 87.24 ~4.84
Dec 31.30 30.62 +0,68 20,70 23.19 -2.49 19,5 69.44 =49.94 B.02 84.78 ~5.76
Jan 31.58 30,91 +0.67 20.54 22,41 -1.87 - 33.55 =33.55 69.20 80.28 -10.38

Positive sign (+) shows increase over the average data and

negative sign (=) the docrease.



APPENDIX II
Abstract of anzlysis of variance table for height of

plants (cm}
Mean Square
Source af
Helght of planta
{om)
¥* %
Block 5 7552.24
¥ 2 18070.40"
P 3 1574.06
2 1092.75
P 6 883,10
PK & B67.21
Srroy 47 1911.68

#3% Jianifieant at 0.01 level
* Skgnificant at 0.05 level



APPENDIX 1IX

Abstract of analyslis of variance table for number of leaves peor plant a8t 4 stages

Mean Square

S ource ar
HNumbar of leaves Number of leaves NMumber of leaves Iunber of leaves
per plant on 50th wner plant on 90th per plant on 110th per planmt at the
day after day after day after time of finmal
goernination germination. germination harvest

Block 5 18,054 627.100 3595.14 15740.76

N 2 722,389 " 5146. 430" 135193.80"" 18435.30

k3 3 183.488 589,583 1685.T3 5332,.66

X 2 63.59 41,180 2616.40 2172.35

Np 6 192.263 556 .255 84.90 711 .66

BK 6 125.742 774.696 1077.1% 1578.68

Error a7 89.017 504.959 237%.81 1952.26

*% Significant at 0.01 level
* Bignificant at 0.05 level



APPENDIX IV

dbstract of analysis of variance table for number of branches per plant at 4 sfoges

Mgan Sguare

S ource af
fumber of branches Huaber of branches Number of branches liuobsr of
per plant on 50th pe™ plant on 30th per plant on 110th  branches per
day atftcer day after day after plant ot the time
gevainatlon gernlnation germination of final harvest
Block 5 16.54256" " s24.67482" 41.2072 B.7048
¥ 2 A.s4185 " 100.89280 171,675 " 219.1805 "
P 3 2.76210 11.21943 40,1800 53.4773
2 5.10240 0.13735 19,6995 15.9205
RP G 1.018'76 2{.96978 15.4543 9.5688
PK [ 3.81166 34.96385 32,5526 27.2958
Error 47 3.35957 16,79279 19.0645 19.i881

%% Significant at 0.01 level
* Hignificant at 0.0% level



APPENDIX V

Abstract of apalysis of variance table for earlingss
in flowering
(number of days taken for 50% flowering)

Hean Square

8 ource art
Humber of days taken for
50% Tlowering

Block 5 57. 78200
¥ 2 203.45500"
b 3 54.51330

K 2 63.84000
PK 6 22.53660
NK 6 20, 05000
Error 47 24.972

#%* Significant at 0.0 level
% Bignificant at 0.05 level



APPENDIX VI

Abstract of analysis of variance table for total number of £lowers per plant,
nuzmber of pods per plant and Setting percentage of pods

llsan Square

Source df
T otal number of Total numbgr of Setting
flower per plamt pods per plant percentage
Block 5 7729.80" 3500,91™* 321,829"°
o 2 42010.35 " 345857 18.589
P 3 3685.20 995.T5 90.797
K 2 1098 .95 921,38 50.070
P 6 6001.80" 989.14° 33543
PK 6 2536.93 457.07 85.752
Error 47 2534.51 377.85 60.874

** 3ignificant at 0.01 level
¥ Bignificant at 0.05 lovel



ARPPENDIX VII

Abstract of analyois of variance table for length of pods
(em)

Hoaa Sguare

Source art
Levgwh of pods (cm)
e
Bliock 5 2.79140
2 2.0645¢"
3 0.03260
X X
X 2 9,27400
5P 6 0.7t183"
PK 6 0, 42085
Brrox A1 0.28034

*% Jignificant at 0.0 level

* Bignificant at 0.05 lsvel



APPii NDIX VIIL
Abstract of analysis of variance table for yield of green pods per plant

lsan Sguars

Sourcs as

Yield of zreen Yield of gresen Yield of green Yleid of green Total yield of Tobal yiled

pods in fryst pods in sccond pods in third pods in fourth green pods of grechy

moath (g/pians) month(g/vlant) -acnth(z/plant) wonid (y/plent) (g/plant) rods (kg/ha)
Block 5 10903.43 28285,70°  160410.78  55798.52°  5©94900.00 "~ 105776000
N 2 23884.33" 39102.00 ©  42256.95 «  11478.05  420812.50 74815000 "
P 3 2491.52 23945.55 25657.53°  18320.76° "  212074.007 37576666 -

2 172,97 1057525 5777.80 14384.70" 7700000 13730000

e é 1520.19 5823.55 11400.90 2945.25 39220.00 7385000
PE 6 715,91 1967076 * 14038.21" 7008.48°  1180is.50f  2ticesm T
Error 47 3295.17 5414.75 5185, 76 2535, 42 4581151 8060468

*% Slgmficant abt 0.01 level
®* Sigpificant a% 0.05 level



APPAIDIX IX
Abstract of analysip of variance tzble for Bhusa
and Tuber yiecld({kg/ha)

Mean Sguave

W Curee af

Bhuss gield Tube.r yiled

{zg /ha) (ks /ha)

31.ock 5 2162600 210%22.20"
N 2 7566000** 218035.5
P 3 627000 167666.66
K 2 2757500 24930.50
¥ 6 2619666 11594450
PK 6 876500 161736.16
Srvor 47 655574 T5818.55

#* Jigmficant et 0.01 level

* Significant at 0.05 level



APPENDIX (X

Abstract of analysis of variance table for harvest
indexy§ total dry matter production

Hean Square

Source af
Harvest index Total dry
matter
() produetiovn

(g/ha)
Block 5 426.9945" 5253200.00" ©
w 2 0.9350 4563500.00"
P 3 76.217 884333.33
K 2 4.355 383500. 00
NP 6 19.742 5166.66
PK 6 58,250 567533.33
Error 47 40.440 170042.55

** Significant at 0.01 level
* Significant at 0.05 legvel



APPENDIX XI

Abstract of analysis of variance table Lor protein convent
on pods and tuber

Hean Sguars

Sources art
Protein eontent of Protein con-
of tender pads(per tent of tuber
centage) (percentage)
Block 5 3.6750000 7.62720
N 2 0.5960000 13.67550"
P 3 1.2360000 26.90050
K 2 1.1095000 0.36800
NP 6 1. 4401700 2.69883
PE 6 1.6406700 7.9521 7"
Error 47 2.3680212 3.39570

*% Qagnificant at 0.01 levol
* Bignificant at 0.05 level



APPENDIX XII

Abstract of analysis of variance table for uptcoks of nitr@en,
Phosphorus & Pchbassium

llean 3quare

Source it
Upteke of pitrogen Uptake of Uptake of
by the plant Phosphcorus patasiziun
(¥ = xg/ha) by the the plant
plant (£, ~ kg/ha)
(P20 -kg/ha)
Block 5 482,18 " 265.0358" " 2322.9460
*E it *%
N 2 3062.75 172.5015 1084. 4450
P 3 1205.35" ° 63.0633 ©  315.1300
E 2 342,53 22.7195 1280.6400"
NP 8 295.92 18,3013 404.9833
PK 6 679.37 25.5275 381.8067
Brror 47 164.77 11.2740 198.0176

*# Bignlificant at 0.01 level
*  Significant at 0.05 level



APPEINDIX XIII

Abatract of analysis of variance table for nitrogen content in poda tuber, leaf and haulm

(Percentage)

llsan Squere

Sguyse arf
MHtrogon content litrogon contond M. tragen content Mtroten.conbant
in pods in buber in leaf in haulm
(Percantage N) (Percontage K) (Percontage N) (Percentage M)
* *¥%
Bloclk 5 0.094348 0.188060 0. 418592 0.210156
N 2 0.015540 0.350100" 0.092843 0.070460
P 3 0.031943 0.688626 0.038610 0.093790
K 2 0.028530 0.0244770 0.043395 0.269940"
Jiry 6 0.036950 0.069105 0.201966 0.299476"
PK 6 0.042382 0.203593" 0.306090 0.052340
Srror 47 0.060304 0.087572 0.1 7829 0.060259

*# Bignificant at 0.01 level
* Sagnificant af 0.05 level



APPERILX. XIV

Abstract of analyeis of variance table far phospharus coantent in pods, tuber, leafand
hHauln(porcentage of P)

Mean Sguare

Source af
Phosphorus content Phewphorwy conmtent Fhoophorus content Phosphorus content
in pods in tuber in le in haulm
(percentage of P) (percentage of P) (psrcentege of P) (percemtage of P)

Block 5 0.000403 0.002036 0.00594116" 0.00216714"

N 2 0.010611 0.001340 0.00066645 0.00065560

P 3 0.010369 0.010881"" 0.001 73756 040001 4646

S 2 0.003969 0.001087 0.00361750 0.00055740

NP 6 0,004654 0.003318 0.00256476 0.00076 443

PK 6 0.004664 0.001 460 0.00261 268 0.00125650

Brrow 47 0.005969 0.002265 0.,00217i108 0.00082635

*# Gienificant at 0,01 lovel
* Jignificant at 0.05 levsl



APPENDIX XV

Abstract of analysis of varisance tablg for pobossium content 1k pods, tuber,

jeaf and havim(Percentuse ol K)

Isan Square

Sourcs az
Potagagivm conteak Potassipm content DPobaiasiunm content Potassium contont
in pcds in tuber £ Ipaf of haulms
{Perceutage of ¥ (Pereconboge o X) (Percentage of X) (Percenmsage of K)
Block 5 0.725222 0.0996565 0473918 6.14806"
N 2 0.012640 0.0501 40 0.281845 0.4358475
P 3 0.210000 0.2031 50 0.031526 0.292360
2 1.827640" " 0.0109T5 0.610350 0.089305
np 6 0.373195 0.145508 0.019035 Q.220138
PK 6 0.198195 0.032925% 0.130783 0.083195
Brror 47 0.337009 0.07699 0.094097 0.125642

wk

%

Significont at 0.0 level
Slznificant at 5.05 level



APPE NDIX XVI

Abstract of the anilysis of variznce tablo for the conbent of tcbtal
nitrogen, available phosphorus and available potazssiuwm in the soil
after the ezperiment

(kg /ha)
Iban Square
S ource asg
Total nitrogen content Phosphorus content Potassium conbent
in the Boil atter the in theg s0il after i1a the soll after
experirent the experiment® the expsriment
(N - kxg/he) {P-kg/ha) (¥-kg /na)
Block 5 0002306 4 50846. 776 1410.414
N 2 00002045 T2 .540 477.935
P 3 « 00007420 3267. 420 874.530
e 2 00012345 100 4645 3749.890
R
¥p 6 « 00040433 1284.636 559. 430
PK 6 . 00003595 577456 2492.210" "
Errar 47 00016117 1169,112 581,765

*#* Significant at 0.01 level
* Significant at 0.05 level
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ABSTRACT

An experiment was conducted in the Instructional Farm
attached to the College of Agriculture, Veilayani during
1982 - 1983 to study the effect of fowr levels of phosphorus
(o0, 30, 60 and 90 kg P205/ha) and three levels each of nitrogen
(0, 15 and 30 kg/ha) and pobassium (0, 30 and 60 kg K,0/ha) on
growth, yield, quality, uptake and chemical couposition of the
plant parts in winged bean (Psophocarpus tetrasonokbus (L.)IC.)
The field trial was laid out as a # x 32 confounded factorial
experiment confounding NK2 and higher order interactions in both
the replications.

The study revealed that application of nitrogen at higher
levels only had significant influence on the heizht of plant,

nuamber of laaves and the number of branches.

The yield and yicld attributes revesled significant increase
with the increase in the levels of nitrogen. Higher levels of
nitrogen induced earlinsss in flovering, increased the number
of flowers, pods, yield of green pods, bhusa and total ary
mat ter production. Application of phosphorus at 60 kg 29205 per
hectare had significant influence on the yield of pods and total
dry matter production. The length of pods and the bhusa yield
were increased by potassium application. N x P interaction was
fouad %o be significantly influencing the production of flowers,
pods and the length of pode. BSimilarly P x K interaction was
found to be significant in the yleld of green pods and bhusa
yield.



Tho protein contont of winged bLean tuber which is
tnown o Lo odible was influenced by the application of
nitropen ord pholthorud. Rooulftse revoalcd ihat the upboke
of nitrogen and phosphorus wore sigoiiicantly increaced
with tho hichor lovolo of Lhose clements, So aloo the
agplicction of nitrogen ard posaosiun ircrpagsed the upioke

of potosclum,

Highor nitrocen content vas obtailmsd in tho tuber by
the application of nitregenm buv it reduced the phosphomus
contont. The potascium content of pods and loaves ware
influgneced by the application of potascium. The total
nitropen cnd avellable phoophorus in the 8oll aftor tae
oxpariment worp not dirsctly influonced by the lewls of

nitrogon, phoophorus and poboosium,.

A dose of 16 kg i, 42 & 2205 and 29 kg 2:20 wag fourd
t o be the ccononic lewsl of nuirionds for uinjod boan rowz
for the groon tondor pods., Dut the orfimum requiremsnt was

found to be 18 Iy L, 48 kg 2205 and 36 &2 K0 per ha@lares.



Tho protoln contont of winsed boan fuber uhich is
known 0 by ¢dlble was influenced by the anplicaticn of
nitroen ard phospharws. Rooults revoal.d that the uptale
of pitromen ard phosphoruo wore ocignificantly irersaced
with tho hicher lovolo of thees olementa, &o also tho
acplicction of nitrogen ard poebaltoium incroased the uploale

of pokascium.

Hisher aitro_en contens vap obbainod in the tuber by
{he application of nitrogen but it reduced the phosphorus
content. The potacolum content of pods and leaves Here
infiuonced by the application of potascium. The total
nitropen ond availwole phouphorus in tho soll aftor the
eZparinent wure not diroctly iniluonced by tho lowlo of

nitrogon, phoophoruds and pobassiun,.

A dose of 16 kg U, 42 k3 P205 and 29 kg K50 was fourd
4 0 be the ocononic level of nutrionte for winsed beoan croun
Lor tho groon tondor podn., Dut the opbloum roquiromemt wnd

found to be 18 ks I, 48 kg 2205 and 36 kg K50 por hoctare.





