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IHEROKtCSIOii

India has achieved self sufficiency in food production. 

With the introduction of high yielding, input rosponoivo 

varieties of rice and tdiodb olrao mid sizteos, India could 

conquer now horiaonos in food front. ncwowar not much

progress could be achieved in the nutritional improvement

of food otu ff,

P u I o q b  havo a hoy role in  t h e  protein nutrition of 

the people especially in a country like India where the na^or 

population; io- vegetarian. Shis coupled with othor factors 

raafco pulooo iRdloponoablo in  the overall economy of the country. 

13vary plant of pulses toy itoo lf is a oSalfertllisor factory 

which could maintain Indian so il in good hadfch. According

to  conservative eotisatoo pulses add ouch more nitrogen than 

what ia being added through chemical fe rtilize rs .

Pulooo can utilise the isoshaustibla otooh of 

atmospheric aitrogon directly. In India, those crops use 

soma 1 2 lakh tonnes of atmospheric nitron on worth B.250 orereo 

every yoar. Pulses have been popular with formers for

centuries because they f i t  suitably in crop rotations and 

or op mixtures.
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Proteins are the scarcest and the most expensive of 

food stu ffs . Ilan has to  get his proteins in  a round about 

way from animals ihich depend on plants, which build  up 

proteins from the nitrogen, hydrogen, carbon and oxygen 

found in s o il,  a ir  and water, Hgn mostly gets his proteins 

from the seeds o f plants, particu larly  legumes and flesh  

foods. Edible legumes are excellent sources of dietary 

proteins and oils and they fona important conatitu,'snt3 of 

Indian diet. fhey sire responsible fo r ra ising the leve l of 

per capita consumption of energy as well as enriching the 

s o i l  with nitrogen. Among legumes, winged bean offers  

exceptionally good promise and shows a great potential fo r 

easirg the protein malnutrition problem throughout the humid 

tropica.

nutritionally  the winged bean is  equal to soyabean: 

i t s  seeds contain 30 to 48 per cent protein and about 15.0 

to  18.0 per cent o il .  It  i s  considered re latively  superior 

to  soyabean in  the sense that v irtu a lly  the entire winged 

bean plant is rich in food source fo r  man and animals as 

compared to soyabean whose edible portion is  beans only.
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The green pods, green and mature seeds, leaves, flowers 

and tubers a l l  are consumable with ease. The seeds are 

rich  in iron , phosphorus and calcium and do not contain 

trypsin  inhibitor nor urease. The green tender pods 

oontain 20 to 30 per oent protein. Its  tuberous roots 

contain about 20 par oent protein oompared to  1 to  2 per 

cent In cassava, potato, yam and taro . like a l l  other 

parts o f the plant the fo liage  has high protein content 

ranging from 5 to  15 per oent and in  flowers about 5 par 

cent. The protein percentage of drymatter is  reported 

t 0 be as high as 2 5 .6  per cent. Sim ilarly i t  appears that 

the leaves of the winged bean would have one of the highest 

protein contents o f a l l  trop ica l forage legumes.

Currently, winged bean is  grown mainly as a garden 

vegetable. The main consumption areas are South East 

Asia, Indonesia, Nsw Guinea with lim ited use in  West Africa. 

Unfortunately the dietary value of the winged bean has not 

been fu lly  recognised as it  deserves. It would be 

d ifficu lt  to  find another w ell adapted tropical legume 

orop with as many desirable charaoteristics as winged bean.
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The potential of winged bean as a vegetable crop 

capable of supplying the protein requirements should be 

exploited to the fu lle st , particularly in those high 

ra in fa ll areas of the troplos where the commercial 

production of other pulses is d ifficu lt owing to climate, 

terrain  and other Socio ecological factors.

Wot much work has been done regarding the adaptability, 

manurial requirements and quality of winged bean under 

Kerala conditions and as such the present investigation 

was taken up with tha following objectives.

1 . To find out the suitable combination of 

0, P and K for maximum yield.

2. To find out the economic as well as optimum 

levels of If, P and IC as related to the yield 

of green pods.

3. To find out the response of U, P and K on tbs 

growth and yield attributes.

4. To find out the effect of 0, P and K on the 

quality of green pods.





REVIEW CE? LITjiRjaUlB

Although winged bean (Psophooarpua tetragonolobus (i-) DC, )

la  grown allover the tropical world, only vory l i t t le  work has

been done on this crop with regard to it s  requirement of nitrogen,

phosphorus and potassium and their response on growth and yield 

attributes. The available literature on the manorial trials, in 

winged bean and a llied  crops are reviewed here*

Some of the experiments conducted on winged bean showed the 

aecQBslty of application of a ll the three essential elements 

nitrcgen, phosphorus and potassium for obtoinirg higher production 

and quality of produce, Chan del and Jheshi (1930) conducted 

t ria ls  at 1ARI and observed that complete and balanced fertilization  

gave substantially higher yields. National Academy of Sciences

( 1975 ) reported that iS'K application was required fo r the luxuriant 

growth of 1hs tfinged bean under tropical climates.

fiffect of nitrogen

(a )  On growth.

A ll most a l l  works carried out on different leguminous 

crops showed that application of nitrogen was beneficial in  

increasing the general growth and vigour of the plants.

Okutan (1970) noticed that where so il nitrogen was high the 

plant size, fresh and dry weights of beans were increased.
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JSdjs ,gt a l (1975) reported that Leaf Area Index, plant height 

and else were CLosely re lated  to rates o f nitrogen in  snap beans. 

Results of oxperinents conducted by Sader (1979) revealed that 

in  snap bean dry mattor content, l e a f  aroa and Leaf Area Index 

were increased with increase in nitrogen ra tes at a l l  growth at ages 

except at the fu l ly  developed t r i fo l ia t e  le a f  stage. Sim ilarly  

Urban s i  (1930) found that in  ra iny season the straw y ield  

increased with the application of nitrogen but in  dry season 

there was no difference between the nitrcgen treatments.

Saddati and S Grand!, (1973) reported that application  of 

nitrogen o6 the rate  of 100 kg per hectare increased the plant 

height in  soyabean.

Hasegawa and Nomura (1978) observed that the o ffic ionoy of 

nitrogen in  dwarf kidney bean was low during 1he early  grot/th, 

then increased upto the end o f pod elongation but was low during 

pod f i l l i n g  and the rate of pod elongation was increased by 

nitrogen applied during pod elongation.

Moursi a l (1976) found that application of nitrogen  

increased the vegetative growth in lup in  as re flected  in  its  plant 

height, number of branches per plant ard straw y io ld .

Me Lean ot a l  (1974) reported that in f i e ld  peas 

application  of nitrogen increased the plant weight.

Agboola (1978) observed that top growth in  oowpoa was 

increased by nitrogen application.
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IIilderbrand pt (1981) concluded that higher nitrate 

application resulted in  greater growth of a l l  plant parts except 

root in  winged bean.

Cate and Breteler (1972 ) observed that the pattern of plant 

development in bean was unaffected by nitrogen supply and the 

plants did not d iffe r  visually until flowering.

Posypanov and knyaaeva (1974) stated that the different 

leve ls of mineral nitrogen supply had practically no effect on 

plant growth and development of peas.

Zusevios (1991) conducted tria ls  in trlhged bean and found 

that dry matter yield was decreased when 400 mg nitrogen per pot 

was applied in the form of ammonium nitrate in pot t r ia ls . Higher 

nitrogen levels also prevented nodulation and effectiveness of 

other nutrients,

(b ) On flowering and setting percent ago.

Almeida <jt (1973) emphasised the importance of nitrogen 

at flowering fo r increasing the grain yield of beans. Bd^e at a l 

( 19 7 5 ) obtained an increase in the number of pods per plant in  dry 

bean by increasing -cha nitrogen rates; on the other hand Hours 1  

ot al (19 7 5 ) reported that in  beans ammonium sulphate had no narked 

e ffec t  on the tins o f flowering, vhe percentage of fru it  set and 

the total number of fru it  abscission but increased the total, number 

of flowers and fru its  per plant.

Delayed m aturity vas noted in  f i e l d  bean by Roberts and 

y savor (1971) when n itrogen  was ap p lied , figure o t  (1977)
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concluded that when nitrogen was applied number of flowers and 

flowering nodes were increased in  broad beans.

Investigations by Brovedan (1977) revealed that Soyabean 

plants which received higher nitrogen rates during flowering had 

sign ifican tly  increased the number of pods than thoae which received 

the lowest nitrogen rate. The number of pods fin a lly  retained by 

the plant was conditioned by the nitrogen supplying capacity of the 

plant. Another study conducted by him showed that maintaining 

nitrogen supply at the higher levels until maturity had no further 

effect on flower and pod abortion and not sign ificantly  increased 

the number of pods in  soyabean (Brevedan gt a l ,  (1978).

Prom experimental backing Moursi et al ( 1976 ) stated that 

nitrogen f e r t i l iz a i i  did not affect the reproductive characters 

such as the number of days to flowering, number of flowers per plant, 

fru it  setting percent ago, pod abscission per plant and length and 

d i a l e r  of the pod in  lupins.

T r ia ls  conducted by Cut cl i f  fe and Hunro (1980) revealed that 

maturity was s ligh tly  delayed by increasing the rates of added 

nitrogen in pea,

( o) On yield and Quality.

Sistaohs ( 1970 ) reported that the plots that received 

nitrogen yiolded considerably but there was a lower nitrogen 

content in  leavesj and seed3 . Increased pod yield was reported 

by Asif and Grelg (1972) duo to nitrogen application in  snap beans.
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Lopes at aL (1977) observed that application o f 80 leg nitrogen 

per hootaro produced 96.7 per cent of the estimated maximum yield 

in  snap beans. Results of ozp jiimant conducted by Cardoso ^  

(1978) showed that when nitrogen was applied in the fora of urea 

a postive and linear response was obtained in sood yields of snap 

bean. At the same tiua Ounha et a l ( 1 980)obegrved a significant  

increase in  yield of beans by the application of 80 and 120 kg 

nitrogen per hectare. Longo (1S30) in his studies roveolod that 

seed yield of snap beans increased from 1 .1 8  to 2 .3 1 tonnes by 

increasing the nitrogen level from aero to 100 kg per heefcaro.

Duranti and Caroni (1981) indicated a positive response in  dry beans 

when 100 kg nitrogen applied per hectare.

Eamisoa ejj ^  (1975) noticed that nit 'Cgen application at 

the rato of 13 kg per hectare increased the yield of f ie ld  beans 

by 9.4 to 10.5 per cent. Onetieva (1973) found that in f ie ld  beans 

application of nitrogen increased the yield by 410 kg per hectare 

( 1 7# increase).

Aleman and Branco (1976) found that application of 400 kg 

nitrogen por hectare increased the yiold of soyabeans. Greater 

e ffec t  on seed yield was notiosd by Huang (1930) whan nitregon 

was appliod to soyabean.

Results of an experiment conducted by Haflegawa and /femura

( 19 78 ) showed that the yiold of dwarf kidney bean was docroased 

by ■Hie absence of nitrogen during growth period.
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wr&Ban at aJ„ w y7S; noted an aria lease an vne dry mairuor

y ie ld  by 5 .6  and 4.6 per cant when nitrogon levels of 40 and 

80 kg per hectare ware applied to horse beans.

She essentiality of n itronn  application was reported by 

Shekhawat et a,l (1972) who concluded that 50 leg XT per hectare 

was jgcnnoaic in mottt bean.

Uo lean cjt aj, (19 74 ) in his growth room tests reported that 

f i e ld  jboacs showed effic ient conversion of s o i l nitrogen to seed 

protein. Trials by Ahmad and Shafi (1975) revealed that in  peas 

90 kg nitrogen per hectare increased the number of pods per plant, 

pod weight, weight of pods per plot and dry matt or y ield  but the 

numbor of seeds per pod was not oignifioantly altered.

Rhodes (1978) observed that aged yield and plant nitrogen 

content of cowpoa increased with increasing doses of nitrogen 

from aero to 60 kg per hectare. Jlaque ^  a& (1930) obtained 

maximum yiold in cowpoa by 60 kg nitrogon per hectare.

T ria ls  by Bhuiya et a l (1979) showed that application of 

20 kg nitrogen per hootare increased the grain yield and protein 

content in soyabean.

31ugh and Xadav (1971) obtained 12 per cent increase in  the 

yield of bengal gram when 22,5  kg nitrogon per hectare was applied. 

chundawat (1976) recorded an increase in  the yield <£ bengal
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gram by the application of 15 nitrogen per hectare. A 

significant increase in 100 seed weight and seed protein 

content in mung was reported by Kushweha and Srivaetava (1978) 

by the application of nitrogen.

II11 derbrand erfc a l (1981 ) obtained an increase in the 

tota l protein in winged bean by nitrogen application during the 

growth poriod.

However, -Richards and Soper (1979) noted that protein 

content of fie ld  bean was unaffeoted by higher levels of 

nitrogen.

Bishop et a l (1976J obtained only very l i t t l e  effect on 

y ie ld  and seed protein content in soyabean due to application 

of nitrogen upto 56 hg per hectare.

Hoffor and Jaggi (1978) observed a decrease in seed yield 

as a result of higher rates of nitrogen in peas varying from 

zero to 1 50 fcg per hectare.

Panuar et (1976) reported that there was no response 

to  application of nitrogen in raung. Similarly Hudholkar and 

Ah&awat (1979) found that application a? 25 kg nitrogen per 

hoctare had no effect on the .yield of bengal gram.

Zusevioe (1981 ) observed that high levels of nitrogen 
prevented dry matter accumulation, nodulation and effectiveness
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of other nutrients in winged bean.

(d ) On the uptake of nutrients.

A sif and Greig (1972) found that increased nitrogen 

applioat.ion resulted in  higher accumulati on of potassium, calcium, 

magnesium, zinc and nitrogen in the pods of snap beans. On the 

other hand Sl-Ieboudi gt, a l (1976 ) reported that nitrogen had no 

e ffe c t  on fche content of phosphorus and potassium in  snap bean 

seeds. But Bl-Bakry et a l (1930) reported that nitrogen 

application in  fcmans resulted in increased nitrogen content in  

plant parts. So also Sarkar and Jones (1930) obtained increased 

trahslocation of phosphorus from root to Shoot when nitrogen was 

applied to snap beans.

Oassnnn et ^  (1931) noticed that phosphorus concentration 

in  nitrogen fil in g  soyabean plants were a ig rJ.fioaixtly lower -than 

that of nitrogen supplied plants.

Posypanov and knyaseva (1974) found that the peas supplied 

with mineral nitrogon took up moie nitrogen, phosphorus and 

potassium and synthesized more organic matter and raw protein 

than those lim ited to syablotio nitrogen only.

Enikov ard Velchev (1976) observed that rdtrogen application 

increased seed nitrogen content and decreased phosphorus and 

potassium content in  chick pea.

(a ) On growth.

Effect of Phosphorus
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The benefic ia l effects of phosphate on nodulation, y ie ld , 

composition and general behaviour of leguminous crops have bean 

very  well established.

phosphorus plays a very important role in  sustaining the 

s o i l  micorobial population at a higher le v e l. I t  has a definite  

stimulatory effeot on the m ultiplication of rh izobia, which in  

association with leguminous crops f ix  atmospheric nitrogen.

Results of f ie ld  experiments conducted at d ifferent places 

in  the country have shewn that the response of legumes to phosphate 

has been conspicuous in so ils poor in  available phosphorus. In  

phosphate rich s o ils ,  the resu lts have not been s ign ificant.

.Enhanced vegetative growth in bean was reported by Mahatanya

(1976) due to phosphate application at 30 and 60 kg par hectare. 

Mahatanya (1930) also stated that in  bean plants plant height,

L ea f Area Index, pod number and weight of pods per plant were 

increased with increasing the phosphorus le v e l from zero to 30 

and 30 to 60 leg p9r hechare.

Shahlan et al (1977) noticed that the number of branches 

per plant was s ign ifican tly  increased when 108 kg per hectare

was applied in  broad beans.

Zaroug and fkinns (1980) reported that phosphorus deficiency  

caused stunting and chlorosis in  01 ito r ia  ternatea.
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Svoboda (1974) obtained a positive effect of phosphorus 

on growth characteristics of pea. Similarly Singh ot al(l930)

showed that various growth attributes (plant height, lea f number, 

branch number, pod number and plant dry weight) were significantly 

affected when phosphorus application was increased from soro to 

1 00 kg per heotare in fie ld  pea.

Sripathi ot a l ( 1977) found that application of

phosphorus resulted in maximum fresh and dry matter yield in  

oowpea.

Phosphorus application was found to give maximum top and 

root dry weight and plant height in redgram? (Bassire &£ al

(1979). She beneficial effect of phcBphorus in promoting root

and Shoot growth, intensity and volume of nodulation in red 

gram was emphasised by Ahlawat and Saraf (1931).

Increase in drymatter yield of winged bean has been 

observed by Dagaduan (1930) when 60 kg PgClj- was applied per 

hectare.

Parodi ot (1977) reported -that addition of phosphorus

increased relative and total phosphorus content in beans but It

did not contribute to dry matter yield. Shaalan a], (1977)

concluded that in broad beans plant height, pod weight, seed 

weight and number of seeds por plant were not significantly
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ineracsod by increasing phosphorus application even upto 

1 08 kg per hectare.

In an experiment conducted with bush beans i t  was observed 

that application of higher levels of phosphorus decreased the 

root growth (Wallace gt a l ,  1976).

Application of 10 to 40 kg EgO  ̂ per hectare to -the so il 

and or an a fo lia r  spray was found to have no significant effect 

on yield components o f groan gram (Seddy and Eolanlappan, 1979) .

(b ) On flower production.

Almeida gt cl (1973) emphasised the importanoe of 

phosphorus in  beans fo r  flowering.

Koguro et al (1977) concluded that higher levels of 

phosphorus increased the number of flowers, pods and percentage 

podding in broad bean.

She importanoe of phosphorus in the nutrition of peas 

fo r bettor sotting of pede was emphasised by Slriha (1970). 

Investigation by Pother and Kalaidzhiev (1973) revealed that 

in  pea plants total phosphorus content was highest during 

flowering, seed development and ripening indicating the profound 

uptake of til is element at the time of flowering.

Agboolo and Obigbeoan (1977) found that oonvorted bone 

meal and superphosphate induced earliness in flowering by tiro 

weeks in cowpaa.
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( c )  On .yield, fina n n a lItv .

Hlroci g t  a l ( 1970) emphasized the Importanoe of

phosphorus in enhancing the yield of snap beans, Almeida jjt a j 

(1972) concluded that application of phosphorus increased the

yield of snap beans. Significant response to jhoaphorus was 

obtained by JBira et a l (1974) then 79 kg ®er kactare was

applied to snap beans, prummel fjt a l (1975) concluded that in

snap beans yield was ouch higher from 30 to 200 kg P20  ̂ per 

hectare, but yield increase curve flattered out above 120 kg 

per hectare.

Haoiesa et a l (1975) found that application of phosphorus 

increased the pod yield by 9.8  to 1 5-7 per cent In f ie ld  beano 

when phosphorus dose was increased from 36 kg to 72 kg per 

hectare.

Aleaan and Franco (1976) reported that in soyabean 

application of phosphorus resulted in higher yields.

In gear Homer at a l (1972) obtained maximum forage yield 

when 60 kg P2°5  Per hectare was applied. In  cluster bean Chauha 

and Bajpai (1979) obtained maximum yield when 90 kg ?20^ ker

hectare wa3 applied. Bcports by G ill (1979) showed that 

application oS 30 kg I’gOg per hectare gave significant increase 

in  Seed yield and protein content in cluster bean.
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Reports by Panda at a l (1974) sh owed that application

o f 75 to 1 25 kg PgOj. par hectare to franch boan increased tha 

green pod yield per plant and tot si yield .

A ll  et a l  (1981) reported an increase in  orudo protein  

content due to phosphorus application in  le n t i l .

OPiarma (1968) noted a sign ificant increase in the yield  

o f peas when phosphorus was applied upto 66 kg per hectare.

T ria ls  by Ahaad and Shafi (1975) revealed that in  peso 60 or 

90 !tg P2°5 hectare increased the numbor o f pods, weight of 

pods and dry matter yield.

Significant reap on® in  fodder yield of cowpea was 

obtained i&ea 20 kg P0O5 was qpplied por hectare (Paroda, 1973). 

Pubey et a l (1975) obtained higher fresh fodder yield  of oowpea 

by the application of 100 kg PgO  ̂ par hectare. Kuaju ot al 

(1978) reported -that application of 60 kg PgOj. per hectare 

sign ificantly  increased the yield of coupea. The response of 

coupes to phtapkoyss application was studied by Ahlawat £t a l  

(1978) \ho recorded an increase in  yield  liien 60 kg P^O^ was 

applied per hectare.

Fenisgopal and Ilorachan (1374) obtained higher yields when 

20 kg per hectare was e$pi±ed to green gran. Higher seed 

y ie ld  in raung,soyabean and urd were obtained by Ravankar and 

Badho (1975) idion phcsphorus was applied to theao crops. Panwar 

and Sin$i (1975 ) revealed that the yhSd cf moag was increased 

by increasing the phcsphorus rato upto 40 ke per hectare. Badanur
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at al, (1976) obtsiaBd higher yigld of black grtse by the 

application of phcephotic fe rt ilise rs  at tbs rate of 90 

por hectare. Koal and Sekhoa (1976) reported that 40 kg 

*2°5 por hsctara increased the seed yield of aunga. Increase 

in  seaA yield was reported by Rsthi and Singh (1976) tfcan 

phosphor is  was caplied to bengal gran, i'rialo by Rao £1977) 

revealed that in  red gear 90 kg *2°5 per hortere gave highest 

yields. Raaanatithan gt gjj, (1977) obtain'd higher rod graa 

yieldo by increasing the plicaphartie application ISom aero to  

76.5 kg per hectare. Shrivastava (1977) roportod that highest 

sead yield of black graa was obtained when 75 he SgOg was 

applied per hectare.

lilgntfioant yiold responas in  ;aung wno obtained by 

Panwar ot ^  (1973) than jiiosphorua woo applied upto 60 kg per 

hootare. Rofchi end Iripathi (1978) reported that 80 kg i'20~ 

per hectare gavo the aaxicua aeo & yield in rod gras. Eingh 

gt a], (1973) zoooivoa casiDasa yiold o f red grcn when 00 kg 

phoophorta was applied per hootare. Hair and Aiyar (1979) 

ncticad that in  groan craa application o f 1 5 kg P20g per 

hectare increased the sood y ield .

Isoraasod yield of pulses duo to phoophcrue was roportad

by Bovorajan a£. u l  (1930). Kalyan afĉ a l (ISSO) obtained higher

oesd yiold froa rod eras by inoiossad phosphcruo application.

Vaoiaaloi and Subrananian (1900) found that in gioen graa yields

wore significantly increased with 50 kg e2°5 per hectare and 
deeraaaod with further ianreaso in phosphorus levols, ihlavat
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and Saraf (1901) found that phosphorus application la  rod. 

gram rosulted in increased seed yield. Prasad and Sonoria 

(1981) reported that seo (1 protein ooatent was highest when 

1 5 0  PgO,j per hectare wan sp ited  to bansai greo. S ia ji 

ot a l (1931 a ) noted that in rad g?an application of 13 kg 

P20g per hod: ere increased growth, yield attribute a and soad 

yields sigaifioantly and no additional increase was obtained 

when 26 kg PgÔ  per hectbra was given. Increase in  yield was 

reported was Venkateswar Ju at (1981 ) then phosphorus was 

applied at the rate of 15 to 30 bg per hectare to groan

Results of oeperimeate oodieted in gram, lentil and 

pea by Parwar _st al (1977a) convinced the effoot of xhosphorue 

in inoreasing the yield of pulcea,

Reports by Eagaduan (1930) indioafeed that application 

of 60 kg PgOg per hectare inoroasod the pod yield in winged 

bean.

While tbs above n&ntiocsd results showed spectacular 

influsnco of phosphorus in the growth and performance of 

different legumes Bishop (1976) obtained only vory little

effect on the pod yield and seed protein contont in soyabean 

due to phosphorus application.

Further, stand (1974) observed that In peau the different 
phosphate levels had no affect on the yields of vino, pod, seed 

etc.
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Results of experiment conducted by Bagaduan (1980} In 

winged bean oh osed that pod crude protein was not affected by 

phosphorus application.

(d ) On the uptake of nutrients.

In  addition to batter growth in  legumes the phosphate 

application is  also found to Incroase the uptake of phosphorus 

and other nutrionts,

Qasidhar and George (1972a) reported that application of 

phosphorus increased the nitrogen and phcsphorus content of pods 

and haulms in  lablab boon. Kaetari e t (1977) concluded that 

the phcsphorus content of beans increased with increasing the 

phosphorus rates. Higher phosphorus uptake was raportod by Amsr 

(1978) by increasing the rata of phosphorus application in  snap 

beans.

Reports by Browning and George (1981) revealed that there 

was higher concentration of phcsphorus in  pea seeds due to 

phosphorus application. 31n$i r£L (1981b) showed that maximum 

yield and uptake of nitrogen cud phcsphorus were obtained when 

60 kg 1J205 per hectare was applied.

A li £& (1981) concluded that phosphorus application

lnoreased nitrogen and phosphorus contents in  the plant and 

phosphorus uptake in  le n t i l.

iJnlkov and Vol.ohov (1976) concluded that phosphorus 

application increased ash, phosphorus and potassium content
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and had no o ffact in  the nitrogen oontent of bengal gram. Singh

et al (1S31 a) found that in rad gram increasing the phosphorus 

ratas from zero to 100 bg par hectare increased seed nitrogen and 

phosphorus uptahe in  seeds and s ten.

However parodi et a l (1977) observed no significant 

difference between percentage and total phosphorus content of 

bean plants receiving medium and high phcsphorus levels, 

suggesting that plants reached their maximum phcsphorus requirement 

at 50 fee P20g per hectare.

Siriha (1970) reported that the basal dressing of 

phosphorus have not affected the dry matt or production or 

phosphorus up ta la .

T ria ls  in  coupe a by Dalai and quilt (1977) reported 

that phcsphorus increased the total PgOg uptaice but decreased 

the concentration cf sine. Boudreaux (1979) showed that 

phcsphorus application had noi effect on the phosphorus oontent 

o f leaves.

Paredes and Tomer (1975) otatod that an increase in  the 

application of P2°<j from 17  to 35 kg par hectare in  cowpea 

increased the fl and content and Agteks of H.PgOg, £1,0 and

Ca. Johnson and Evans (1975) noted that fe r t i liz e r  phosphorus 

had no effeot on the nitrogen, phosphorus and potassium oontent 

in  oowpea.
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affect of Potassium

( a ) On growth.

Ssonav and Parlapanova (1972) roported that application  

o f  Potassium increased plant growth in  beans, Inorease in  

growth was reported by iSl-leboudi at o l (1974) when 250 kg of 

potassium per hectare was applied in  beans. Peck and Suren

(1975) concluded that snap beans grown with high rates of 

potassium made excessive vegetative growth.

Investigations by eu to liffe  and Kunro (1980) revealed  

that application  of potassium tended to inorease haulm length 

in  green peas.

On flower production, aariin sss  anl setting narajntaae.

Kogure et a l  (1977) concluded that when potassium was 

applied  numbor of flowers and flowering nodes were increased in  

broad beans.

Investigation  by C ute liffe  and Kanro (1980) revealed  

th at application of potassium at the rate  of 90 kg per hectare 

tended to advance maturity period in  green peas.

(c )  On y ield  and qua lity .

T r ia ls  by stanvv and chichsv (1972) in  beans showed feat  

ra is in g  potassium lev e ls  inofoased growth and le a f  area of fee
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plants, where as potassium deficiency reduced the photosynthatic 

intensity. Increase in yield was noted by ift-Ieboudl at a2, 

(1974) i&en 250 kg of potassium per hectare was applied in  

beano. A seven percent increase in yield was reported by 

Krans ot a j  (1976) when 80 kg potassium was applied per hectare 

to  beano in  dry seaBon. Outierrea fit a l (1978) reported tfiat 

potassium deficiency was found to be responsible fo r  reduced 

growth and weight of snap beans.

A twenty percent increase in  protein yield was noticed

by Haghporast and lisngel 097J) then potassium was applied to  

broad beans. Furlan (1977) found that higher doses of potaeoium 

increased seed yield in broad beans.

T ria ls  in  soyabean by Chevalier (1976) revealed that 

application of potassium increased seed yield upto 200 log per 

hectare. Fauconnier (1976) aai E O r r a M S i  (1976) obtained

an increase in the yield of soyabean v&en potassium was applied

a t  the rate of 100 kg each respectively per hectaro. Harkus

(1976) obtained hlghor yields in soyabean riien 150 kg potassium

was applied par hectare. Investigation by Craves ot a l (1979) 

revoalad that potassium fo r t i l is a t i  on genarally increased -Hie

seed yield of soyabean. Higher yield was obtained by Sartain

e t  a l (1979) whan potassium was applied to soyabeans at Hie

ratecflOO kg per hectare.
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Hernandez £lj a l  (19TB) reported that in rod gram

application of potassium had a linear e ffect on the yield

o f dry seed and quadratic effect on freBh seed yiold. 1'hey 

further observed that the highest yield of 4.56 tonnes of

fresh seed was obtained by applying 50 kg per hectare.

Kulkarnl and Panwar (1981) obtained higher yield in  red gram

by the application of 20 kg per hectare.

On ihe other hand factorial tria ls  by Braga glj ^  (1975) 

showed that there was no response to applied potassium evon 

upto 80 bg per hectare in beans. A reduction in  yield was 

noted by Bira ejj a l  (1974) then potassium at the rate of 80 kg

per hectare wos applied to beans.

Results of azperinent conducted by Hamieea ot al, (1975) 

showed that there was no roopoisa to applied potassium in  

f ie ld  beans.

Chevalier (1976) roraaled that application of potassium 

decreased the protein ccatent of ripe seed in soyabean.

Almeflia et a l  (1980) found that potassium application had no

significant e ffeot on the yiold of soyabean.

Reports by Sasldhar and Seorge (1972b) showed 1hat pod 

yio ld  was not affected by potassium application in  lab -lab  boan.

T ria ls  by Ahmad and Shafi (1975) revealed that application
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of 60 kg potassium had no o ff  got on the yield of peas.

T ria ls by Yie warn than ojj a l (1978) indicated that 

response to applied potassium was not significant In cowpea.

Zusovics (1981) found that in winged bean higher rates 

of potassium application decreased dry mattor yield .

(d ) On the uptake of nutrients.

Increase in  the applied potassium was found to site  

increased le a f , seed potash and crude protein content in  broad 

beans (furlan , 1977).

T r ia ls  by Singh and Saxena (1978) found that in  soyabean 

about 55 to 60 per cent of the to ta l potassium was removed by 

stems and husks and the remainder by seeds. Yuan at a l (1 979) 

obtained increased potassium oontent in le a f  vrfaon so il 

applioation of potassium was done in  soyabean.

Johnson and divans (1975) noted higher potassium oontent 

in  le a f when potassium was applied to southern peas.

Interaction Effects

(a )  H i  P Interaction.

Tria ls  by Bolsanallo q£ a l (1975) revealed that in  beans 

the interaction between nitrogen and phosphorus was significant.
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Bl-Bakry g t a l ( I 98O) reported that fo l ia r  application of

0 .5  to  1 per cent o f phcsphorus inoreasad growth especially  

in  conduction with s o i l  nitrogen application in  snap beans.

Smith (1977) concluded that in  snap beans added potassium 

increased wine weight but not y ield  of pods, but this was 

compensated by HP interaction. Roports by Haag ot ^  (1973)

showed that on dry beans h it le r  doses of nitrogen and 

phosphorus increased average seed yield per p lant, pod numbers 

per plant, Seed numbers par pod and single seed weight.

Hamissa (1974) reported that 56 leg nitrogen and 72 kg 

phosphorus per hectare ware found to be the optimum leve ls  fo r  

beans.

fixinte (1975) obtained maximum yield o f soyabeans by 

applyim  43 IJ and 48 bg P2°g Par hectare. In  soyabean the 

highest seed yield was obtained when 60 to 90 leg H was applied 

in  combination with 80 kg ?2°g  P°r  hectare (Hate, 1977) .

5 r ia ls  conducted by Roraosan ejj (1979) concluded that 80 i!g 

tJ in  combination with 40 kg p^Og per hectare gave maximum 

y ie ld s in  soyabean.

Sharma et .a. (1976) obtained highest y ield  in  french 

bean when 40 kg Zf was applied along with 60 kg PgOg per hectare.

Browning and George (1981) reported that np Interaction
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was highly signlfloant in peas with respect to their yields.

Bialik £t al (1972) observed a significant interaction 

between nitrogen and Phosphorus on the yield of oowpea. Kumar 

and F ilia l (1979) obtained maximum yiold of oowpea when a 

combination of 20 kg H and 40 teg P2°g uas applied per hectare. 

Hlghoot yield was obtained by Kumar gj; a l (1979) viian 30 kg 

if and 40 kg P20g por hectare was applied to cowpea.

Reports by Rajendran a£ al (1974) showed that seed 

protein and phosphorus content were inoieased with increasing 

the levels of nitrogen and phosphorus in  black gram, 

bubramanlyan §* (1 973) concluded that application of 25 kg

PgQj. along with 12 .5  kg per hectare increased tho seed yield 

of rod gram. Selvaraj and Oubramaniyan (1931) f  dund that 

application of nitrogen and phosphorus along with I a A gave 

the highest yield in pigeon peas whan i t  was harvested 130 

days after sowing.

On the other hand Asif and Groig (1972) reported that 

application of nitrogon and phcsphorus resulted in lesser 

yields in snap beans. Result of experiment oonductod by 

XfeptMB ot a l (1973) revealed that tbua?o was no interaction 

botween nitrogen and phosphorus on the yield of beans. ilidan 

et a l (1930) reported that there was no significant interaction

between nitrogen and phosphorus in  simp beans.
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STpadhaya and Saharla (1977) stated that yields were 

sim ilar even when nitrogen and phosphorus were applied to 

le n t il .

Addy (1975) from glasshouse and fie ld  t r ia ls  in oowpea 

concluded that application of nitrogen and phosphorus in the 

early  wet season had no significant effect on seed yields 

though applied nitrogen tended to increase it  slightly , 

phosphorus tended to decrease i t .

(Trials by Raikhelkar ,gt (1977) found that there was

no significant difference on seed yield of bengal gram due to 

the application of nitrogen and phosphorus.

(b ) P i t l l  interaction.

Rodrigues (1976) found that in  dry beats maximum yield 

was obtained by applying 225 kg B2®5 alot^  with 40 kg K̂ O per 

hectare.

Reports by Pordonski a l ( I 98O) showed that increasing 

the rates of applied phosphoms and potassium had l i t t le  effect 

on the emergence but inereased the yield of straw, soed and 

crude protein in fie ld  beans.

Porto ^  ai (1979) concluded that application of phosphorus 

with potassium increased plant height, number of nodes, s tern 

diameter and number of days to maturity in  soyabean. Shahidullah 

et al (1979) reported that combination of 40 kg P20^ and 40 kg
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ggO per hectare resulted In maximum height In soyabeans, at 

the sane time nunbar o f branches per plant was not affected 

by the sane fe rt ilise r  combinations*

Analysis of data from jfe tria ls  by Bbattasharya and 

Kasgupta ( 1976) eh ora d that in  horse gran the oconomio optimum 

rate was 21.8 Isg of P20^ and 10*6 hs to KgO por hectare.

But Gretieva (1973) reported that phosphorus and 

potassium had no effect on the yield o f broad beans.

Reports by Seixaira ot Q  (1979) Ghcwsd that application 

of phosphors tcgetfcer with potassium had no of feat on the 

crude protein oontent of soyatoano,

( c )  M a P x  K in te rac tio n .

Increased seed yield iron bean Has reported duo to  the 

application of If, BgOg and Ji,0 by Chagas aatffieira (1975). 

Similarly Detkov (1975) received maximum yield «hon a 

combination of 30 kg IT, 80 kg PgO,. and 6o kg i^O wore applied 

to  beans per hectare. In fie ld  t r ia ls  by Kurtita (1979) shewed 

that a combination of 100 kg each of W, Pg0g and ^ 0  per hectare 

gave the maximum yield o f Bcap beans. Eekcv a l  ( 1980) 

reeocsendoa 40 kg B, 80 an EgOg and 30 kg KgO per hectare as 

the optimum fe rt ilise r  combination for snap beans.

Igue (1969) reported that in boans significant 

interactions wore mast fregnent uhera the affects of individual
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nutrients are significant. But at low levels of applied 

nutrients the interactions were relatively low.

Aleman et a l (1976) concluded -that in soyabean seed 

yields were highest with highest rate of IffiK fe rt iliz e rs . 

Significant increase in seed and crude protein yield was 

reported by Daminov and Krmatova (1980) in soyabean by the 

application of 60 kg ii, 40 kg an“ 45 he Per hectare.

Sraman (1978) emphasized the importance o f balanced 

nutrition for maximum yield in horse bean.

Pontes aj, (1979) reported that maximgro yield and 

seed quality were obtained in pea from the plots receiving 

1 5s75:30 kg of K, PgOg and KgO respectively.

Gowda and Gowda (1978) obtained maximum yield of green 

gram by the application of 30 H, 60 kg 20 kg KgO

per hectare.

However aiipman and llac Dachern (1977) found no response 

to applied II5 PgO  ̂ and KgO in snap beans. Similarly Kozera 

(1977) observed that application of fif PgO  ̂ and KgO had no 

effect on bean yield even in plants receiving no organic 

fe r t iliz e rs . Kolarowa (1978) concluded that application of 40 kg 

If, 60 kg P2°g and 30 kg KgO per hectare as singlet and in



combination had no effect in snap bean ^ ieId ,

Aleman and JTrmco (1976) found that: higher doses of H, 

P2°g and KgO had no interaction effect in  the yield and quality 

of soyabean.

In  Binged bean Chcmdol and dlioShi (1980) conducted 

erc>eri. mints at IAP.I and reported that <50:100; 40 Jig 0PK 'per 

hectare produced economic yields. Ir^arole and Rajput (1381) 

reported that in winded bean application o f 40 Jig nitro.gen.

50 kg phosphorus and 50 Jig potassium per hectare gave the 

maximum yield.
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She present i  sot estimation was carried out to study 

the e ffect of various leve ls  o f nitrogen, phcsphorus and 

potassium on the growth attributes, yieM  and quality of 

winged bean (Psophocsrpus tetragonolobua (L-) 1X3.) under 

the s o i l  and climatic conditions of Vellayani. The materials 

employed and the methods adopted in  th is investigation are 

given below.

Materials

1 . Experimental S ite.

The experiment was la id  out in the Instructional para

attached to the College of Agriculture, Vellayani. The area

selected was even and uniform in  s o i l  conditions and free  
from any Shade.

2. S o il.

The s o i l  of the experimental area belongs to red loam. 

The nutrient status of the s o i l  prxor to  the oomnencement of 

th is experiment is  given in Table 1.
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Table 1. Chemical Analysis of So il before 

the .Experiment.

C onstituents Content in Soil Methods used

Total nitrogen 0 .1  per cent Modified
micr ok jeldahl 's
method

Availablo 22°5 8 9.5 kg/ha Bray's method

Available EgO 62.4 kg/ha Ammonium acetate 
method

pH 5 t3 1 ;2 .5  s o i l  
solution  rat io , 
using pH meter

3. Season and climate.

The best season fo r  sowing of the crop is  during the 

period between second fortnight of June to early  August.

✓Sinee this is  a short day plant. Accordingly this eaperiraent 

was la id  out during July and the crop was sown on 27th July,

1 982 and the harvest of ths crop was fin a lly  completed on
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1 7th January, 1983. She oat ear ologicat. parameters such as 

r a in fa l l ,  maximum and minimum temperatures and relative  

humidity prevailed during the growth period o f the wop ware 

recorded. The average monthly values from sowing to harvest 

were worked out and presented in Appendix 1 and Pig.1.

4 . Oronpinz history of the earegirontal s ite .

The expertiseObal area selected was under fallow fo r the 

past two years.

5. Seeds.

The seeds used in the experiment was type "Pattambi" 

with 96 percent germination. The seeds were obtained from 

the College of Horticulture, Vellanildcara, Tricshur. The type 

"Pattambi" possesses the following characters!

I t  is a season bound type having 5 to  6 months duration 

and ia found to be suitable fo r growing under irrigated and 

rainfed conditions. It  is  a short day plant. The plant is  

hardy and twiny with plenty of branches. The inflorescence 

i s  axillary in nature and are produced in the axils of main, 

secondary as well as tertlarry  branches. The flowers are 

bluish white In colour. Plows ring commences usually from 

40th day after souii^ aid continues fo r about 100 to 130 days 

with an average of 5 to 8 flowers in an inflorescence. The 

setting percentage ranges from 25 to 3 5 . The green pods of 

1 5 to 18 days maturity is most suited as a vegetable. It
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takes about 45 to 50 days for the fu l l  maturity of the pods.

On ripening the colour of the pods becomes greyish blaok.

The aver'age length of the pods varies from 16 to 18 cm and 

girth  6 to 7 cm. The Shape of the pod la linear and quadrangular 

with four cornered wings. The protein oontent of the pods 

ranges from 20 to 50 per cent on dry weight basis.

6 . Manures and fe r t i l iz e rs .

lin e  at the rate of 500 kg per hectare was uniformly 

spread in  the experimental area and was incorporated well with 

the third digging.

Farmyard manure was applied uniformly at the rate of 1 0 

tonnes per hectare in  the planting p its. The analysis of the 

farmyard manure is given belts;.

Total Eltrogen 0.48 per cent

Available phosphoric acid(P20^) 0.29 per cent 

Available potassium (KgO) 0.46 per cent

In this experiment nitrogen, phosphorus ani potassium 

were given as ammonium sulphate, single superphosphate and 

muriate of potash with the following composition.

Ammonium Sulphate 20.5 per cent N

Single Superphosphate 16 per cent P20,-

Muriate of potash 60 per cent Ê O
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Kathode 

A. Design and Lay Oat.

( a )  Treatments and Treatment combinations.

A fac to ria l combination of four levels of phosphorus 

and three levels each of nitrogen and potassium were used 

as treatments in  this experiment. The levels of each nutrient 

are given hereunder.

i .  mtrogen -  3 levels 

No 
HI

H2

Zero kg nitrogen/ha 

15 "

30 «

i i i .  Potash

4 levels

Po Zero kg phcsphorus^ha

Pi 30 tt

P2 60 n

P3 90 n

3 levels pctash/ha

So *0 "

£ 1 30 M

K2 60 n
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Thera are 36 treatment combinations as given below

V c £ o n4*o*o n2*o*o

V A “1*0*1 “ 2*0*1

“ 0*0*2 “1*0*2 “ 2*0*2

“ o*1*o “1*1*0 “2*1*0

“ <?1k1 “1*1*1 n2P^1

“0*1*2 nl k2 “2*1*2

“ o*2*o “1*2*0 “2*2*o

“ 0*2*1 “1*2*1 “2*2*1

“ o*2*2 “1*2*2 “2*2*2

“ o*3^o “1*3*0 “2*3*0

“0*3*1 n1P5k1 “2*3*1

Q o*3*2 “1 *3*2 “2*3*2

(b )  Experimental technique.

She flaaign adopted for this investigation was 4 Z 3  ̂

fa c to r ia l experiment, confounding IE2 in  Doth, rep lications. 

The layout plan is  given in F ig .2. The details of the layout 

are furnished below



K1C5 2  L A Y  O U T  P L A N  -  C O N F O U N D E D  F A C T O R I A L  C X  F=>E«\ M  E  *-VT

■ 5 R O S S  S 'Z E  OF" P L O T  5 X 4 5 M

T R .E A T M E M T S

L E V E L S  O P  N IT R O G E N LE V E LS  O F PH O SPH O RUS LEVELS OF RO TAaS IU M
n0  -  o  k g  H/ha. P o  -  °  *3  P i p s / * * k o  -  o  k g  ka.cy’ KaL
n| -  15 kg N/h& P j - 3 0  Fi<>s/h & k  f -  3 0  k g  k2o / k a
r t j  -  3 0  k g  N/h&. P a  -  6 0  k ,  P3Oe/ K ft k j  -  <So [<3 k2o / h *

-  SO  k j  PaOs/  hA
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Humber of treatment combinations 36

Humber of replications 2
Humber of blocks 6

Humber of plots per block 12

Gross plot sias 5 x 4 .5  M

Het itLafc size 3 x 3 M

Spaciig 100 x  75 om

number o f plants in gross plot 50

Humber o f plants in net plot 12

Humber of observational plants 3

D. Field Culture.

(a )  Preparatory cultivation.

f  he experimental area was dug thrice and the stubbles, 

grasses and other coeds cere removed, lime at the rate of 

500 kg per hectare was spread uniformly and thoroughly 

incorporated. She blocks and plots were then la id  out as per 

■Hie design. Shall a: pits of 30 cm diameter were taken at a 

distance of 100 cm bgtwean rows and 75 cm in  the rows.

(b )  Sowing.

Swo seeds each, were dibbled in  the pits on 27- 7-1982 

at uniform depth. Shinning w u b  done fourteen days a fter  

germination and a single healthy plant was retained in  each p it .
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Irr ig a tion  was given to the crop during the cropping period in  

the absence of rain.

(c ) Manuri ng.

lime was applied by broadcasting and w ell incorporated. 

Cattle manure was dried , powdered and mixed w e ll with the s o i l

in  the planting p its before dibbling.

She fe r t il iz e rs  were applied 20 days a fter -the dibbling 

of seeds to protect the germinatii® seeds (.from fe r t i l iz e r  injury,

Ammonium sulphate, single superphosphate and muriate of potash

were applied in  the pit by band placenent, 5 om deep and 1 5 cm

apart from the base of the seedling.

(d ) General Condition of the Crop.

Germination was noticed from 5th day onwards. Germination 

oount was taken after a week and i t  was found to be more than 

50 per cent. The vigour of germination was found to be good.

Subsequent observations on growth conditions of the crop were

made at weekly intervals and the crop condition was to ta lly  good.

(e } After cultivation.

Weeding was done as and when required. Interculturing 

was dons systematically at fortn ightly in terva ls. Uhen the plants 

were about to twine pandals were raised  with stakes. She pi ante
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were allowed to trgr.l over the pandal without permit tirg  to

intertwine each ether by careful management ao that the 

measurements o f biometric observations were made fe as ib le  and

easy.

( f )  Plant protection.

No serious incidence o f pest or disease was noticed in  

the crop during the crop period and hanoe plant protection  

measures were not necessitated. The stakes used fo r  pandal 

was protected from termite attack by dusting with B.H.C. 10 

per cent.

(g )  Flowering.

The f i r s t  flow eriig  of the crop was noticed on the 44th 

day of d ibb ling. Though the In it ia l  rata  was comparatively le ss  

i t  progressively increased 1 1 1 1  about 90 days a fte r f i r s t  

f lo u e r irg  and then decreased. Formation of pods was found 4

fol"'days a fte r the opening of flowers and the pods were ready. picking 

fo r  vegetable purpose after fourteen days.

(h ) Harvest.

The pods wer© harvested green a fort night a fte r the 

formation of pods and the harvesting was done by hand picking.

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



subsequent harvesting was done at weekly intervals.

Seventeen harvests were dona in  tota l to collect the entire 

green pods and the harvesting was over by 17th January, 1983.

I  he pods harvested from the three observational plants were 

kept separately fo r  further observations and analysis, after 

completing the collection o f pods the observational plants 

wore pulled out, 1he tubers and haulms were separated and dried 

in  the sum for a week for further analysis.

C. Observations Recorded.

One line  of plants in  the border of each plot was ieft

out and 12 plants wore maintained in  the net plot. From the

1 2 plants in  the net plot three plants were tagged at random 

fo r  biometric observatiors.

(a,^ Observation bn the growth characters.

1 . Height of plants

She height of each observational plant was

measured on the 40th day after germination. 2he height was

measured from the base of the plant to it s  apex and recorded

in  cm. ifeo observation on the height of the plant was done

only once as the crop was about to t r a i l  over the pandal after 

40 days.

41
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i i .  Humber of loaves

The number of leaves produced per plant was recorded 

progressively at monthly intervals starting from 50th day 

a fte r  germination t i l l  fina l harvest.

i i i .  Number of branches

The number of branches produced was counted and 

recorded at monthly intervals from 50th day after germination

t i l l  fin a l harvest.

iv .  .Earliness in  flowering

The number of days taken fo r  attaining flowering in  

50 per cent of the 12  plants in  the net plot was recorded and 

from this earliness in  flowering was worked out.

v . Humber of flowers produced

Number of flowers produced per plant was recorded on 

every alternate day from the opening of the f i r s t  flower t i l l  

7 days before the fin a l harvest of the pods.

v i .  Number of pods per plant

The number of pods harvested from each observational
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plant was separately recorded aid. from this data the tota l 

number of pods produced per plant was calculated.

v i i .  Settire percentage

The setting percentage was worked out from the tota l 

number of flowers produced per plant and the total number of 

pods harvested.

v i i i .  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 mean length of the pods in  cm.

lx .  Yield of green pods

The to ta l weight of green pods harvested from the 12 net 

plants in  1 7 harvests were recorded separately. The yield per 

hectare was then worked out in  kg per ha for each treatments.

x . Bhusa yield

The plants were dug out, tubers separated and weight of 

bhusa taken and expressed in  kg per hectare.
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x i .  Tuber yield

After separating bhusa the tubers l e f t  were weighed and 

expressed in  kg per hectare.

x i i .  Harvest index

The harvest index was worked out based on the pod and 

bhusa yield obtained from -foe pet p lo t using the follow ing  

formula and expressed in  per cent.

H .I(jS ) m= Hconomio y ie ld  x 100

B io lo g ica l y ie ld

H .I (^ )  _ Weight cf pods x 100

Weight of pods + weight of 
bhusa +• weight of tubers,

x i i i .T o t a l  dry matter production

The samples were dried in  the sun and further in  the a ir  

oven at a temperature of 80 -  3 C fo r  48 hours to atta in  a

constant weight. Dry matter content was computed in  kg per

hectare fo r  each treatment.

(b ) S o il analysis.

S o il  from each experimental p lot was taken and the 

composite sample from each plot was analysed fo r  to ta l nitrogen,

ava ilab le  phosphorus and available potassium. I t  was then
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compared with the analytical data of the so il prior to the 

commencement of the experiment. 1?otal nitrogen was determined, 

by modified micro-kjeldahj method (Jackson, 1967) and availdxle

phosphorus by Bray's method (Jackson, 1 967). Available potassium

was determined by Ammonium acetate method (Jackson, 1967)

(c ) Plant analysis.

Samples of green pods were taken at random from each

harvest. I t  was vixen dried, ground, powdered and representative 

samples were taken to analysis. She samples of leaves, haulms,

and roots were taken for analysis at the time of f in a l harvs^t.

Samples cdieoted were oven dried a t 80°0 i  5, ground in  a wiley

m ill and used for chemical analysis, ^he nitrogen, phosphorus

and potassium contents in roots, leaves, haulms and pods were

separately analysed.





RESULTS

The bioastrie and chemical analysis of the plant and 

so il samples under study ware subjected to statistica l analysis

and the results are given below. The mean values are presented

in  Table 2 to 34. The analysis of variance is given in  Appendix

I I  to XVI. The economics of nitrogen, phosphorus and potassium

application is given in  Table 35.

I  Growth Characters

1 . Height of Plants.

The observation on height of plants recorded on ihe 40th 

day after germination were analysed and the mean values are 

presented in Table 2 and the analysis of variance in  Appendix 

I I .

There were significant differences in the height of plants 

due to different levels of nitrcgen. The height was increased 

sign ificantly  and progress! vely with higher doses of nit Posen 

upto 30 kg per hectare. The mean height of the plants die to 

nQ, Oj and levels of nitrogen were 105.04, 14 5 .4 4  and 182.61 

cm respectively.

The effect of phosphorus and potassium levels on the



Tafcla 2
Height of the plant oa 40th day a fte r gornim tion (can)

0 30
P20g Iig/ha 

60 90 Hearn

IT 0 91.72 112 .0 0 102.73 113.66 105.04
Eg/ha 15 134-44 133.83 152.83 , 15 5 .6 6 145.44

30 168.16 180.00 200.33 181.94 182.61

0 129.22 143.39 146.16 134.11 139.60
2U 

Kg/ha 30 121.39 126.89 161.05 156.33 141. 42
60 143.72 1 55-05 148.72 160.83 152.08

'lean 131.44 14 3 .6 2 151 .98 150.42

C.D.{0,05) for H = 25.420
fo r K = 3.924

S.S.fj fa r  P = 10.306

3 #2J fo r  HP or PIC = 17.850
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height o£ plants were not found significant. She interactions 

of nitrogen and phosphorus, and phosphorus and potassium were 

a lso  not significant.

2. Ifcnbsr of ldaves.

She observations on number of leaves per plant were 

recorded on 50th, 80th and 1 1 Oth day after genainatioa and 

at harvest. She data were analysed separately and the mean 

values are presented in  Sable 5 (a) to 3 (d ). She analysis of 

variance is  given in  Appendix I I I .

She e ffect of nitrogen on the number of leaves produced 

at a l l  the successive stages of observation were found to be 

s ign ifican t. Application of 1 5 and 30 kg nitrogen per hectare 

were found to be significantly superior to control and were on 

par at a l l  stages ctf observation except on 80fch day.

Phosphorus and potassium levels did not show any marked 

influence on lea f production of wijigied bean on a l l  the 

observations. She interaction effects between nitrcgen and 

phosphorus, and phosphorus and potassium were also not 

significant .



Sable 3 (a )

Ĵ uaber of loaves on 50th day a fte r  
genai nation

0

P20g teg/h.a

30 60 90 Mean

N kg/ha

o 21*55 42*2? 26.72 25.44 29.00

15 33*22 32.94 34*66 37.61 34.62

30 36*05 39.61 43.05 41.16 39.97

KgO kg/ha

0 31.72 33.05 36.94 38.61 35.03

30 31.11 46.22 31 .72 34.16 35*80

60 28.00 35.55 35.77 31.44 32*69

Ho an 30.28 38.27 34.81 34.74

C.D*(0.05) fo r  H 5.485
S cE.m fo r K = 1*926
S fo r  P 2*224
Si.iS.̂ 2 fo r  UP or PS =: 3.852

S a b l e  3  ( b )

Jftimber o f  loaves on 80th day a fter 
gem inati on

I‘205 kg/ha

0 30 60 90 He an

U kg/ha

0 50.17 74.61 60.87 58.11 60.94

15 67.61 72.44 82.44 16.18 74. 90

30 88.22 75*61 104.00 93.05 90.22

Kg0 kg/ha

0 71 .78 61.22 88.72 80.50 75.56

30 69.66 88.11 68.61 79.83 76.55

60 64.55 73.33 90.33 67.61 73.96

Mean 68.66 74.22 82.55 75.98

C.D. (0-05) fo r  If = 13.065 ^
fo r  S = 4.587 ca.

S.iS.j.j fo r  P 8 5*297
S.S«H fo r  i® or PK = 9*174



Tabl© 3 (c )
Uhsber o f loaves on 110th day a fte r

geraination

p foc kg/ha
0 30

I? kg/ha.

0 83.94 97J6

15 122.39 137.17

30 133.94 142.66

KgO kg/ha

0 110.61 95.94
30 113.33 136.39
60 116.33 144.67

Kean 113.42 125.67

C.D.(0.05) fo r  U 
3.J3.U fo r  £
S .S .jj fo r  P
S .S .g  fo r  lap or PE

6 0  9 0  I % a n

109.28 1 04.83 98.80

148.06 131.16 134.70

154.0 140.61 142.80

133.28 115.16 113*75
127.11 138.0 123.71
150.94 123.44 133*85

137.11 125.53

«  28.326 
= 9.945 
= 11.484 
= 1 9.891

Table 3 (d )
I'Jusber o f leaves at its. a time o f f in a l

harvest

” -----------~ -------------— ----------P ^ p E g T H a ------------------------ ------------------ -----------

0 30 60 90 $9311

IT kg/ha

0 133.33 166.83 167.50 1 51.83 155*00

15 178.66 184.05 203.61 183.11 183.61

30 183.27 199.44 245-28 211 .89 209.97

K g O  k g / h a

0 155.00 151.23 216.61 182.39
30 172.22 205.16 215.44 186.94
60 1 69.50 1 93.89 189.39 1 77.50

I'fean ' 165.24 183*44 207.15 182.28

G.D.(O.og) fo r  IT =J 25-688
S.B.-. fra? K = 9.019

t-**

S.K.j’ fc r  P x3 10.414
3.S.JJ fee? UP or PS ~ 18.038

cn
o

176.32 
194.94
182.32
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§, Humber of branches.

Data on the mean number of branches per plant are 

presented in Table 4 (a ) to 4 (d) and the analysis of variance

is  given in  Appendix 17.

In the case of nitrogen 1 5 kg leve l per hectare gave 

sign ifican tly  higher number of branches per p la it than zero

le v e l. However the higher levels were on par except at the

f in a l stage of harvest where 30 kg nitrogen per hectare was

sign ificantly  superior to 15 kg nitrogen. In  general, higher

the levels of nitrogen higher the number of branches produced.

The effects of phosphorus and potassium were not 

sign ificant. The interaction effects were also not significant

in  a l l  -Hie stages.

4. Humber cf da.vs for 30 per cent flowering.

Number of days taken for attainir® 50 per cent flowering

in  the 12 number of net plants were subjected to sta tist ica l 

analysis and the mean values are presented in  Table 5- and the 

analysis of variance is given in  Appendix 7.

I t  can be seen from the table that nitrogon leve ls  had 

sign ifican tly  induced earliness in  floweritg over aero level



Eablo 44a) 2able 4 (b)
Ifunibar of branchss on 50th day a fte r  ifuabar o f tranchos on SGth day aft or

Germination garnination

P.O5 kglhtt <%0sr Kg I ha
0 30 60 90 Its an 0 30 60 90 Jfeaa

H kg/ha B kg/ha

0 3.166 3.666 4.166 5.666 3 .6 6 6 0 7.333 10.833 6.555 6 . 883 7.889
15 5.H1 5.166 6.000 6.553 5.709 15 10.389 7.611 1 1 ^88® 10 . 444 10.083
30 5 .666 6.-144 6 .  444 5-944 6 .12 5 30 It.COO 10.944 15.0 0 0 11.000 1 1 .9 8 6

KgO kg/ha £}0 kg/ha

0 5.444 4.566 6.166 4.511 5-222 0 9.722 7.50 13.444 9.055 9.930
30 4.500 4.500 4.444 5-495 4.735 30 10.833 12 .2 2 2 7.889 9. 27B 10. 056
60 4.00 6 .1 1 6.000 6.055 5.542 60 8.166 9.666 1 2 .1 1 1 9. 944 9.972

its an 4.643 5.092 5.537 5.337 ifcan 9.574 9.796 11.148 9. 426

C.B . (0.05) fo r n = 1 . 066 C.D. (0.05) fo r  H t=r 2 . 382 C/i
s .b . it f  03? K S3 0. 374 S . i j . ,j fo r  K = 0 . 336 ro
a .s .,j fo r  P 0  0 . 432 a . s . fo r  P s  0 . 956
a.js.jj fo r  HP or p£ £3 0 . 74S a.B . t~* 

i

0 ** or PK = 1 . 672
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Table 4(0)
lumber of brandies on 110th day after.

g e r m in a t i o n

0 30 50 90 lifean

N kg/ha

0 10.278 18.111 U  .166 12.338 12.486
15 13.833 16.611 18,222 16,556 16.306
50 160388 17.056 19.000 18.111 17.639

SgO kg/ha

0 13.333 11.333 1 7.883 15,222 1 4. 444
39 14.611 16,333 16.277 1 7.333 16.139
60 12.555 19.111 17.222 14.500 15.347

He an 13.500 15o  92 17.129 15.635
-

C.D* (0.05) fo r  IT = 2.539
3.B.J- fo r  K s  0.891
S.B.jj fo r  P s 1.029
S.jS.gg fo r  HE? or PS = 1 .733

4

Table 4(d)
Shmber o f branches at f in a l hardest

0 30
PjjOg- | ha 

60 90 i'Se an

JET kg/ha

0 1 4 . 1 1 1
15 18.000 
30 21,273

16.339
17.555
19*777

18.055
20.444
25.500

14.166
19.389
20.333

15.680 
18,847 
21.722

Ko0 kg/ha

0 16.055 14*555 23.278 13.166 18.014
30 19.944 20.273 19.633 18.444 19.625
60 17.339 18.839 20.889 17.273 18.611

Hbon 17.796 17.097 21.333 17.963

0.3 .(0 .05 ) fo r  X
s 5 .i3 .^  f o r  ic 

S-.iS.-jT f o r  px-U
3.13... fo r  N ? or PKI'i

= 2.547 
= 0.894 
«  1.032 
=  1 . 7 8 8

cn
C O
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wherein 50 per cent; flowerirg was achieved 6 days ahead to that 

of the control. She aj and ng leve ls  were not found to be 

sign ificant over each other.

It  was further observed that both phosphorus and potassium 

had no significant influence in  the time taken fo r  attaining

50 per cent flowering in  winged beans. The interaction effects

were also not found to be significant.

5 . Uumber of flowers produced.

The mean valuas of number of flowers produced per plant 

are shown in Table 6. and ths analysis of variance is  given in

Appendix VI.

The total number of flowers produced per plant was on

the increase at a l l  stages and also in  the total oountB. It  

was found that the e ffect c f levels of nitrogen was significantly

superior to each other;the highest nitrogen leve l (ie . 30 kg

nitrogen par hectare) had produced a mean number of 277.23

flowers per plant, while lij and levels (15  kg and 0 kg per

hectare) had produced only 236.92 and 193.5S flowers per plant

respectively.



Iab le  5
JSimber of days taken for 50^ flowering

0
ho,} Kglfca. , 

30 60 90 I lean

S kg/hu

0 68.00 62.11 62.94 65.22 65.47

15 61.55 53.55 60.16 56.61 59.47

30 61 .05 6C.33 60.28 56.16 59.33

K20 leg/ba

0 62.11 59.00 59.39 59.61 60.03
30 60.83 61 .61 60.39 59.28 60.32
60 67.66 61,85 63.61 59*11 63.07

lie an 63.53 60.83 61.13 59.33

C.D. (0 .05) i'or II = 2.306
S . j j . ^ f o r K  =1 .0 2 0
3 .ii .jj fo r  P = 1 .178
3 .u .n fo r  HP or PE = 2.040
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She number of flewers produced per plant w aB  not found 

to be influenced by either p or K leve ls .

However nitr og e n- ]3i ospitorus interaction was found to be

significant at higher levels in  maximising flower production.

She maximum number of flowers (292.61) was produced by the 

combination Bgpj (30 kg H and 90 kg per hectare) while

q qP0 had produced only 168.55 flowers per plant. Phosphorus-

potassium interaction was not found to he significant.

6 . Humber of pods ver -plant.

She mean values on the number of pods produced per plant 

are furnished on Sable 7-and the analysis of variance in Appendix 

VI.

Application of 30 kg nitrogen per hectare recorded the
t.

masimum number of pods. However the increase was not s ta t ic a lly

significant over she U| level* though both were superior to zero 

le v e l. 2he maximum pods produced per plant for nQ, and

leve ls  of nitrogen per hectare were 61.61, 74.91 and 85.55

respectively. Ho significant effeot on the number of pods par

plant was noticed in  the case of E and j£ levels used in  this

investigation.



Tabl© 6 
Humber ofblowers per plant

0 50
Sg/fcia.
60 90 Mean

N kg/ha

0 168.55 226.11 209.89 £69.77 193.58

15 212,11 193.22 259.78 277.55 236.92

50 286.22 250.44 279.66 292.61 277.23

EgO kg/ha

0 208.85 232.05 241.59 234-05 229.03

50 257 .05 195.94 268.55 244.16 235.93

60 221 .0 248.78 239.59 261.72 242.72

Mean 222.29 224.92 249.78 246.64

C.D.(0.05) fo r  H = 29.270
S.H.pj fo r  K = 10.276
S.B .jj fo r  P = 11.866
S.E.jj fo r  PIC = 20.553
0*D* (0*DJ?) f0j. jjp -  98=542

Table 7 
Humber o f pods per plant

0
ŜOs Kg/ha 

30 60 90 Mean

JJ kg/ha

0 45.33 77.16 72.78 51.11 61.61

15 71.33 57.94 88.61 81.77 74.91

30 87.67 74.01 91.27 89.27 85.55

KgO kg/h.a 

0 69.83 54.28 76.33 72.89 68.33

30 69.83 73.72 97.50 81.44 80.62

60 64.66 81 .11 78.83 67.83 73.11

Mean 68.11 69.71 84.22 74.05

C.D.(0.05) fo r  ff 
S.E.M fo r  IC 

fo r  P 
f  oc PIC 

('o-03) for jfp

= 11.30 
= 3.068 
= 4.582 
*  7.936 
-22*601

cn
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Among the treatment combinations np interaction alone 

tras found to be significant.

7. S e t t im percentage.

Tho mean values on percentage of setting are given in 

Table 8 . and the analysis of variance in  Appendix VX.

There was no significant difference in  ths setting 

percentage either due to individual effects of different

nutrients or their inter act! or®.

8 . length of nods.

The data regarding the length of pods under various 

treatments were analysed and the mean length of pods 

corresponding to different 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 levels 

of 15  kg and 30 kg per hectare had significant influence 

over control but was found to be on par with each oilier. 

However as -the leve l of nitrogen increased from Hj to Hg the 

length, was decreased sligh tly .



Table  8 
Setting percentage o f pods

0
P

30
g05 kg/ha 

60 90

IT kg/ha 

0 25.26 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

KgO 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

Tie an 30.23 28.96 34.06 29.89

S.E .h fo r  U or £ = 1.593

S.E.^ fo r  P s 1 .839

S .E .h fo r  HP or PE = 3*185

S a b l e  9  

length of pods (cm)

0
PgO^
30

kg/ha
60 90 an

H kg/ha

0 16.60 16.83 16.49 16.33 16.54

15 16.90 16.98 17.56 16.88 17.08

30 17.04 16.80 16.70 17.37 16.98

Kg0 kg/ha

0 16.13 15.98 16.00 16*48 16,15

30 17.04 17.32 17.13 17.15 17.16

60 17.27 17.32 17.61 16.92 17.28

I3?an 16.81 16.87 16.91 16.85

O.D.(0.05) fo r  U or K

fo r  3?

S.E.h fo r  PK 
Crp. (0-05)-for UP

«  0.3C8

= 0.125 

»  0.216 

“  0*616
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The data further eh owe d that the length of pods was 

not sign ifican tly  influenced by phosphorus leve ls .

But higher levels of potassium sign ifican tly  increased 

the length of pods. Maximum length of 17.28 cm was recorded 

by the application of 60 kg &20 per hectare and was on par with 

30 leg &20 P®r  hectare.

Among the interaction np interaction was found to he 

s ign ifican t. She maximum length of 1 7 .5 6  oa was recorded by 

n^p2 interaction (15 A® ft and 60 kg ?2 °5  P01 bsetare ). However 

pk interaction was not s ign ifican t.

9 . Yield cf green pods per plant.

The yield of green pods oDtainad from the 17 harvests 

we no grouped into four according to the number of plucking a per 

month (1 to 5 » 6 to 9, lo to 13 and 14- 1 7 ) so as to arrive the 

monthly yield per plant. They were analysed separately and 

the mean values are presented in  Tables lo (a ) to  10(d) and the 

analysis of variance in  Appendix V III, The to ta l y ie ld  par 

plant from a l l  the harvests were analysed and the mean yield  

presented in  Table 1 0 (e ) and the analysis of variance in



Appendix VIII. She yield per hectare was computed and was

analysed and the mean yield in kg per hectare is presented 

in  Table 10(f) and analysis o f variance in Appendix VIII.

from the data aoaiysod it was found that -the yield 

obtained in the first month grouped as 1 (1-5  harvest) with
I

levels o f nitrogen significantly increased 1he yield. The 

levels of 1 5 kg and 30 kg nitrogen per hectare significantly 

increased the yield over control, but not found to be 

significantly superior to one another. Phosphorus and 

potassium levels and the interactions ware not found to be 

significant.

In the case of second grouping (the harvest from 6 to

9) ie. during the second month of harvest application of

nitrogen at the rate of 30 kg per hectare produced tie highest 

yield though it  was found to be on par with its  immediate lower

level. However both and u, levels shewed significant yield

increase over the control.

With regard to phosphorus 60 and 90 kg P2°5 per hectare 

significantly increased pod yield over 30 and aero level of 

PgOg per hectare. However, 60 and 90 kg PgÔ  per hectare were



(g/plant)

Tabl© 10(a)
Yield of gre©a pods per plant fo r the

f ir s t  month (harvest number 1-5)

0
P

30
205 kg/ha 

60 90 ifean

H kg/ha

0 45-28 81.53 08.71 75.1 67.66

15 79.29 83.54 131 .60 108.40 105.21

30 128.13 117 .5 150.00 125.72 130.34

k 2o kg/ha

0 94.65 95.70 106.89 110.03 101 .82

30 88.06 85.83 126.18 113.13 103.3

60 37.99 101.04 117.25 86.07 98.09

Mean 90.23 94.19 116.77 103.08

C.D. (0.05) fo r  u = 35.374
S .i) ,f_|. fo r  K = 11.717
S.E.J^ f  or £ ~ 13.530
S.E .m. fo r  I© or PK = 23.435

Table 10(b)
Y ie ld  of green pods per plant fo r  the 

second month (harvest number 5-9)

(g/plant)

0
P2Ĉ  kg/ha

30 60 90 l%an

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

KgO kg/ha

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

C.D.(0.05) fo r X? =s 42.782 a?
C.D.(0.05) fo r = 49.400 ro
C.D. (0.05) fo r PK = 85*563
3.E.J..J* fo r  K = 15.020
3 «£ . f  or SP = 30.041
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on par. Application of potassium had no s ign ifican t e ffe c t  

on -Hie y ie ld  of green pods. The interaction between phosphorus 

and potassium was significant and the maximum y ie ld  was noted In

the interaction of 60 kg P20^ ^  30 kg &,0 per hectare.

In  the third month (10-13 harvests) also nitrogen, 

phosphorus and pk interaction had s ign ifican tly  influenced the

y ie ld . Application of 30 kg nitrogen par hectare was fourfl. to

produce maximum yield o f green pods which was on par with 1 5 kg

nitrogen per hectare. She le v e l of 60 kg P2°5  Per hectare 

recorded the maximum yieLd and was s ign ifican tly  superior to 

i t s  lower le v e l, phosphorus-potassium interaction was

s ign ifican t and the maximum yield  was noted in  P^E  ̂ interaction

v i s . 90 kg P20g and 30 kg 2^0 per hectare.

In  ths fourth group le .  harvest from (14—1 7) i t  was 

found that a l l  the individual nutrients N, P and K and the

interaction  pk were s ign ifican tly  affecting the yield  of green

pods. She leve l of 1 5 kg nitrogen per hectare gave s ign ifican tly

higher y&fcjil over zero le v e l and was on par with 30 kg nitrogen

per hectare. She maximum yield of green pods was produced by

60 kg P20g per hectare and i t  was s ign ifican tly  superior to a l l

the oiher le v e ls . She e ffe c t  of potassium waB also significant



labia 10 (o)
Ylold of green podB per plant fo r the

3rd aonth (harvest number 10-13)

(s/plant)

0
PpOc kg/ha 

30 60 90 i%an

JJ kg/ha

0 146.81 207.79 230.42 206.46 198.37

15 21 7.78 199.10 375.63 286.67 269.80

30 265.0 256.11 267.15 300.70 272.24

KgO kg/ha

0 195.21 165.56 301.74 256.53 229.76

30 248.20 196.60 287.92 307.85 260.14

60 196.18 302.85 283 . 54 229.45 250.51

I‘2ean 209.86 221.67 291.07 264.61

C.D.C0.05) fo r  N = 41.867
C.D.(0.05) fo r  P = 48 . 344
C ,D.(0.05)-' fo r  PK = 83.725
S .U.h. fo r  J£ = 1 4.700
S .3 .H *<» ®  = 29.399

2able 10 (d)
Yield of green pods per plant fo r  tho 4th 

aonth (harvest number 14-1 7)

(g/planfe )

P2cL  kg/ha
0 30 60 ’ 90 ffean

11 kg/ha

0 104.51 151 .31 166.46 113.89 134.17

15 1 73.75 131.95 229.58 173.82 1 77.28

30 160.31 140.70 208.47 138.89 162.09

e2o kg/ha

0 131.49 94.63 158.13 134.72 129.59

30 162.02 124.93 222.08 175.97 171.25

60 145.07 205.49 224-31 115.90 172.69

lie an 1 46.1 9 141.48 201.51 142.20

C.D.(0.05) fo r  II or K 
C.D.(0.05) fo r  P 
C.D.(0.05) fo r  PK
S.iS.^j fo r  UP

= 29.263 
= 33.79 
= 59.527 
= 20.548
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and tho raasimum yield was obtained from the plots received 

60 kg KgO por hectare iiiou^i i t  was on par with the immediate 

lower level of 30 kg K̂ O per hectare. The np interaotion was 

not significant while pk interaction was significant and the 

maximum yield of 224.31 g" per giant was received from the 

combination of 60 kg anl 60 kg S^O per hectare.

When the tota l yidLd of green pods per plant from a l l  

the harvests waB computed and analysed i t  was revoalod that 

nitrogen, phosphorus and pk interactions only were significantly  

affecting the yield.

IJitrogen at a l l  levels increased the yield progressively 

at eaah harvest upto the peak period of harvest in the 3rd month 

but the difference in yield due to the higher doses were not 

significant.

Whon the total yield of green pods per hectare from a l l  

the harvests was oomputed and analysed it  was observed that 

nitrogen, phosphorus and pk interaction were significantly  

influencing the yield. She lovol of 1 5 kg if per hectare rosal.tad

in  significantly hither yield than aero level and was on par

with 30 kg par hectare. Application of 60 kg per

was found significantly superior to the lower doses, pk 

interaction was significant and maximum yield was realised from 

a combination of 60 kg PgOg and 30 kg KgO per hectare.



Table to  (e )

Total y ie ld  of groan pods per plant

(&)

0 30
kg/ha

60 90 He an

Iff kg/ha

0 423.54 

15 699.61 

30 778.36

618.75

635.0

702.99

696.56

1012.92

902.01

561.11

817.64

887.04

576.24 

791.29 

817.60

KgO kg/ha

0 625.17
30 688.13 

60 593.22

485.63

538.75

382.36

795.07

946.11

870.31

765.07

896.53

604.20

667.74

779.72

737.52

Mean 635*50 652.25 870.50. 755.26

C .D .(0.05) fo r  Iff = 124.439
C.D. (0.05) fo r  P =  t 49.690
C.D. (0.05) fo r  PK ~ 248.877
ii .B.*. fo r  X = 43.690
S.S.j.J fo r  UP = 87.380

T a b l e  1 0  ( f )

Total y ie ld  of groen pods per hoctare

t e )

  P g O ^ k g / f e a

0 30 6o 90 tfe an

M  k g / h a

0 5713.91 3249-78 9286.69 7481.49 7682.82

15 9328.13 8 466.64 1 3503.73 1 0901.84 1 0550.08

30 10378.11 9373.13 12026.86 11627.22 10901.33

H gO  k g / i i s ,

0 8335*53 6474.98 10600.96 10220.93 8903.10

30 9175.00 7349.93 12612.93 11972.20 10402.54

60 7909*62 11764.60 11602.75 8037.42 9328.60

MeacS 473.88 8696.52 11605-56 1 0070.18

C .D .(0.05) fo r  N 
C.D. (0.05^ fo r  P 
C.D.(0.05) fo r  PK
S.K.rj fo r  K 
S.E.JJ f  or UP

= 1650.63 
= 2858.97 
= 3301.25
= 579*528
a  1 1 5 9 .0 5 6
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1 0. Bhusa y ield .

The mean yield of thusa calculated in  kg per hectare 

i s  presented in  Table 11 and the analysis of variance in  

Appendix IX.

Nitrogen, potassium and the np interaction significantly  

increased the yield of bhusa. A to ta l green natter yield of 

3728.94 per hectare was obtained with 30 kg' leve l of nitrogen 

per hectare which was on par with 1 5 kg nitrogen. Phosphorus

did no§ affect the bhusa yield significantly . Application of 

30 kg potassium per hectare resulted in a tota l bhusa yield of 

3651 .7 4  kg per hectare ihioh was ths second to  nitrogen levels.

The bhusa yield was the maxi mum under the combination effect

of 1 5 kg K end 60 kg per hectare and i t  was 4469.07 kg/ha.

11. Tuber yield.

The yield of tuber in kg par hectare was also computed 

and analysed s ta tis t ic a lly . The mean values are presented in

2 able 1 2 and the analysis of variance on Appendix IX.

I t  was seen that application of nutrients individually  

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



Table 11 
Bhusa yield (kg/Iia)

*2Og kg/ha

... 0 .... 30. 60 00 Tin run
IJ kg/ha

0 2044.67 3491 .31 2655.31 2521.47 2678.17

15 3571 .33 2629.60 4469.07 3589*5? 3563.13
30 3931.87 3812.67 3762.53 3403.67 3728.94

E2°  bg/ba

0 2993.33 2530.00 3433.20 2767.86 2949.60

30 3562.93 3772.53 3486.66 3785.33 3651 .74

60 2991.60 3530.80 3967.60 2959.33 3374.83

Iloaa 3188.65 3311.1 5 3628.95 3170.88

C.B. (0.05) for N esc K = 470.74
C .D. (0.05) fo r  EP =941.48
S .^ . j j f o r P  "  190.64
S.B.-j for PE -  330.55

Table 12 
Tubar yield (kg/ha)

0
P20g kg/ho 

60 90 Ifean

S kg/ha

0 755-33 886.93 818.40 671 .33 758.00

15 336.00 911.33 1145.87 819.73 923.23

30 780.60 730.53 1 026.93 1 037.87 894.03

KgO kg/ha

0 632.80 711.07 8 12 .8 0 932.53 8 59.80

30 782.46 934.00 882.13 848.00 861 .6 3

60 757.07 383.60 1196.40 598.53 858.90

Jfeaa 790.70 842.93 997.09 809.66

S.h.rj fo r lio r  K 
8 .B f  or 3?
3.B.a  f  or m  or PK

= 57.67 
= 66.59 
=115.34

03
co
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12. Harvest Index.

Ths 09an values of the harvest index are presented in  

Tahle 13 and the analysis of variance in  Appendix X.

Neither the individual effect o f nitrogen, phosphorus and 

potassium ncr their interactions was found to influence the 

harvest index s ign ifican tly .

13. Total dry matter production.

The data on the to ta l dry matter production in  kg per 

hectare was analysed s ta t is t ic a lly  and the mean vulues in  kg 

per hectare are presented in  Table 14 and the analysis of 

variance in  Appendix X.

Higher rates o f nitrogen application had sign ificant  

e ffe c t  in  increasing the dry matter production. Though 

application o f 30 kg nitrogen per hectare produced the maximum 

dry matter yield of 2G 22.39 kg par hectare it  was on par with 

1 5 kg nitrogen which produced 2 4 11 .5 9  kg of dry matter yiold  

per hectare.

Phosphorus had significant e ffec t in  increasing the dry 

natter production. A maximum dry matter yield of 2643.59 kg



Table 13 
H a r d e s t  I n d e r f ^ )

0
P2

30

0^ kg/ha 

60 90 Moan

if lcg/ha

0 65.83 65.12 72.42 68.52 67.98

15 67.90 66.94 68.37 70.17 68.35

30 67.78 65.10 68.31 71.32 68.13

KgO kg/ha

0 67.44 63.55 68.93 70.79 67.68

66.68 62.84 73.02 70.57 68.28

60 67.40 70.78 67.16 68.65 68.50

Mean 67.1? 65.72 69.70 #9.01 •

3.-3.^ fo r  if or K = 1.2SS.
3.13.M fo r  P =1.499
S.J3.‘j fo r  HP ox* PK = 2.596

Table 14-
Total dry natter production (kg/ha)

0
p2g

30
U kg/ha 

60 90 I-Ie an

If kg/ha -*

0 1544.33 2286.76 2101.31 1745.47 1 920.23

15 2413.00 1972.31 2359.58 2401. 45 2411.59

30 2491.60 2403.91 2969.89 2624.16 2622.39

KgO kg/ba

0 2228.36 1763.40 2680.82 2295.47 2227.01

30 2365.82 2273-36 2676.84 2532.80 2462.21

60 1854.76 2623.22 2633.11 1943.80 2264.97

Ifean 2149.64 2221.66 2643.59 2257.36

C .P .(0.05) fo r  iff = 239.74
C.D.(0.05) fo r  # = 276.83 -nI

0
C.B.(0.05) fo r  PK «  479.49
3,K .rI f  or K a* 84.17
S.K.jj fo r  15? = 163.35
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per hectare was obtained with the lets 1  of 60 kg p9r

hectare and this was significantly superior to a l l  other 

phosphorus levels .

The effect of potassium in increasing the dry matter 

production was tie least and was not significant. She 

interaction effects were also not significant.

I I  Quality Characters

(a ) Protein oon-tent of tender pods.

She pods matured optimum fo r  vegs table purpose were

analysed fo r protein and the analysis of variance is  given

In  Appendix XI and ihe mean values in Sable 15* It was 

observed 1hai neither the individual nutrients nor their 

interactions had any significant effect on the ^protein 

content of pods.

(b ) Protein content of tuber.

The data on the protein content of tttoer was statistica lly  

analysed and the mean values are given in Table 16 and the 

analysis o f variance in Appendix XI.

It  was nctod that nitrogin, phosphorus*- and pk interaction 

had significant effect in increasing the protein content of 

tuber. Application of 1 5 Isg nitrogen per hectare resulted in  

the maximum protein content which was on par with the highest



Table 15

Protein content of tender pods(percentage)

0
P20& iKg/feL 

30 60 90 lie an

if kg/ha 
0 2o.7'< 7 21 .OS 1 ., 21.007 20.872 20.902

15 20.293 2 1 .1 4 3 21.715 21 .1  52 21.076

30 20.72 20.448 20.303 21.573 20.761

Kg 0 kg/ha

0 20.573 21 .0 10 20.585 2 1.5 0 2 20.940

30 21.435 20.72 21.29 21.008 21.113

60 19.722 20.865 21.15 21.007 20 .68 6

Ho an 20.977 20.068 21.003 2 1 .1 9 9

Ei.fi.jj fo r N or £ — 0 .3 H
S .S .jj fo r P = 0.353
S.is.jj fo r J© or PK = 0.628



Table 16
Protein content of tuber (per aa nt ago )

0
p2°5

30
kg7ha

60 SO Mean

S kg/ha

0 18.990 18.719 17.719 1 9.156 18.646

15 ?1.854 18.719 18.583 21.427 20.146

30 20.573 18.427 % 7.703 20 .2  73 19.237

KgO feg/lia

0 19.844 18.573 17.583 21.146 19.237

30 21.573 17.854 17.708 21.146 19.570

60 20.0 19.438 18.71 9 13.573 19.18

Meats 20. 472 i e .622 18.004 20. 2®

C .D .(0.05) 
0 . 0 . ( 0. 050)

fo r  I? 
fo r  P

= 1.071
1.237

C.D.J0.05) fo r  PK =2.143
S .E .n for &. = 0.37S
S.jj.jj fo r  HP = 0.752
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level of 30 kg nitrogen per hectare. Application of 90 kg 

P205 per hectare gave a protein content of 20.288 per cent

which was significantly superior to 30 and 60 kg PgOg per

hectare, potassium had no effect on the protein content of
'f

tubers.

H I  Uptake Studies

(a ) Uptake of nitrogen.

She as an values on the uptake of nitrogen due to 

application of SBK at different levels on the soil aro 

presented in Sable 17 and the analysis of varianoe in Appendix 

XII.

the effect of nitrqgen, phosphorus and pk interaction 

were found to influence the uptake of nitrogen significantly.

Jtfitrogen at 30 kg per hectare recorded an uptake of 76.614 kg

nitrogen per hectare, which was on par with its immediate lower

level but both were significantly superior to the lowest level of

nitrogen. Phosphorus at 60 kg hectare recorded a

higher uptake of 70.892 kg of nitrogen per ho stars which was

significantly superior to a ll other levels of phosphorus.

EoSsssiua by itse lf has not influanoed nitrogen uptake. Of
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the interactions tap interaction had remarkable effect on the 

uptake '.of nitrogen but phosphorus-potassium interaction was 

sign ificant and the maximum uptake of 85*456 kg nitrogen per 

hectare was obtained by a combination of 60 kg PgO  ̂ and 30 kg 

P3p heotare ,

(b )  Uptake of phosphorus.

The uptake of phosphorus by the plant was also analysed 

s ta t is t ic a lly  and the mean values are presented in  Table 18

and the analysis of variance in Appendix 211.

Significant increase in the uptake of phosphorus uaa 

noted by tha application of nitrogen and phosphorus, as  the 

nitrogen level has ^increased from zero to 1 5 kg and from 15 

to 30 kg hectare, the uptake rates of P was sign ificantly  

higher over one another. Application of 60 kg phosphorus per 

hectare resulted in ths maximum uptake of 18.352 kg P20g per 

hectare which was sign ificantly superior to a l l  other levels. 

Potassium application and the interaction effects were not found 

to have significant influence in  the uptake of phosphorus.



3? a b l e  1 7  

Uptake of nitrogen (kg/ha)

PgOg kg/ha

0 50 Co 90 Mean
I? kg/ha

0 45.045 59.422 66 * 511 50.067 54.761 .

15 69.778 56.427 84.222 772.200 70.657
50 72*711 67.866 85-944 79.939 76.614

K20 kg/ha

0 65.556 50.756 75.711 70.822 65.711
50 68.956 56.956 85-456 75.267 71 .659
60 51 .022 76.004 75.511 56.111 64*662

Mean 61.844 61.24 79.893 67.400

C.D. (0.05) fo r  XJ 
C .P . (0*05) fo r  P 
C .P .(0.050) fo r  PK 
s.
5 .E * / *  fo# U p

«  7 . 4 6 5  

=  S . 6 1 7  

=1 4.926 
- JJ.£20  

i5« 2.4-0 ■

Table 18 
Uptake of phosphorus(PgQ^-kg/ha)

0
* 2°

30

j. k g / h a

60 90 Mean

II k g / h a

0 1.1.080 14-475. 15.132 11.200 12.971

15 1 5.678 13.01 4 18.536 14.602 15-457

30. 17.967 15.131 21 .38? 18.832 18.329

KgO k g / & a

0 15.809 11.502 18.603 16.129 15.511
30 16.299 14.541 19.503 16.035 16.594
60 12.617 16.576 16,949 12 .  470 1 4.653

Mean 1.4-908 14.207 18.352 14.878

c .p . (0. 05) fo r  H =  1 . 952
c . p. (0. 05)i fo r  P =  2.254 -sj

S.E fo r K = 0.685 CD

s.E ;r, fo r MP or PS a  1 .,371
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(e ) Uptake of potassium

The naan value3 on the uptake of potassium era presented 

in  Sable 19 and the analysis of variance in Appendix XIIc.

Application of nitrogen and potassium ^.va significant 

increase in the uptake of potassium. Ihtrogen at the rato of 

30 kg per hectare was found to result in a comparatively higher 

uptake of 61.826 kg i£t>0 per hectare which was however on par 

with its ismediate lower levels viz. 15 kg and both levels 

were superior to tho zero level. Application of 30 kg KgO

por hectare gave a maximum uptake of 64.743 kg iC2° Per hectare 

and was on par with the level of 60 kg per hectare. Phosphorus 

by it sell a el the interaction affect of H, P and K had no 

significant influence in tie uptake of potassium.

IV HPix content in Plant Parvs

(a ) Ig.tr0,?an content In pda.

She data on the nitrogen content o f pods were analysed 

and the mean values are presented in  Eablo 20 and the analysis 

o f varianoe in  Appendix X III.

It was seen that neither the individual nor the



Table 1 9
Uptake of Pofcossiua 

(E20 - kg/ha)

kg/ha

0 30 So 90 Mg an

H kg/ha

0 40.901 62.291 54.643 40.323 49. 69I

15 63.944 50.648 66.844 61.637 60. 768

30 63.659 58.638 68.002 57.007 61 .826

KgO ng/ha

0 51.465 41.303 61.648 46.111 50.133

30 64.594 60.369 67.073 66.434 64.743

SO 52.445 69.400 60.773 47.022 57.410

Moan 56.168 57.192 63.165 53.189

C.D.(Q.05) £
S.E.jj fo f  E
S.E .q fo r  a?

o r  IT and K 

or m

= 8 .18 1  
= 3.317 
= 5.745
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interaction effect of nutrients had sign ifican tly  influenced 

the nitrogen content of pode».

6 . M.trogen content in tuber.

The analysis of variance is  presented in  Appendix X III  

and the mean values in  Table 21

Nitrogen, phosphorus and pk interaction had significant

e ffe c t  in  increasing the nitrogen content of tubor. The

nitrcgen content of tuber was 3.2 23  per cent due to 15 kg

nitrqgen per hectare thich was on par with 30 kg nitrogen per

hectare and both wsxis superior to the zero  le v e l. Phosphorus

at the rate o l 90 kg per hectare gave 3.246  per cent nitrogen 

in  the tuber wfei&h was superior to  30 and SO kg PgO^ per hectare* 

Potassium and np interaction had no significant e ffect in

influencing the nitrogen content of tuber.

(c ) nitrogen content m  le a f .

The mean values on the nitrogen concent of leaves are 

given in  Table 22 and the analysis of variance in  Appendix X III.

Ueither the individual e ffec t  nor -the interaction e ffect  

of nutrients had sign ifican tly  influenced the nicrqjen content

of leaves.



Cable 20 
■f&trcgen content ia  pod3

(Percentage of M)

p2°5 kg/ha

0 30 60 90 Moan

H kg/ha

0 3.315 3.362 3.362 3.34 5.345

15 3 .2 4 7 3.383 3-475 5-385 3.573

30 3 .3 1 5 3.272 3.248 3.452 3.322

£20 kg/ha

0 3 .2 5 2 3.365 3.293 3.453 3.350

30 3.45 5.315 3.407 3.362 3.378

60 3.155 3.333 3.385 3.562 3.310

He an 3.292 5.339 3.362 3.292

a . s . rT fo r  
S .E .:i fo r  
S.-S.^ fa r

H or K 
P
Iff or PS » 

ii 
I) 0.0500 

0.0580 
0.1010

Cable 2i 
Nitrogen content l a  Tuber

(Percentage of

P205 kg/ha

0 30 60 90 lloata

N kg/ha

0 3.033 2.395 2.835 3.065 2.983

1 5 3.497 2.995 2.973 3.423 3.223

30 3.292 2.948 2.833 3.245 3.080

S20 kg/ha

0 3.175 2.972 2.813 3.383 3.036

30 3.452 2.857 2.833 3.383 3.131

60 3.200 3.11 2.995 2.972 3.070

Ifean 3.276 2.930 2.8SG 3.246

C .D .(0 .05 ) fo r  K = 0.172
C.E.(0.05J fo r  P =0 .1 7 9  00
C.D.(0.£>5) fo r  PS =0 .2 4 4  o

fo r  K *= 0.0604
S.jJ.JJ fo r  UP = 0.1 2C3



(d ) Hitrocen content in  haulms.

The data on the nitrcgen content in  haulms were aralysed

and the mean values are presented in  Table 23 and the affiHysis 

of variance in  Appendix X III.

Potassium and nitrcgen-phosphorus interaction had 

s ign ific an tly  Influenced the nitrogen content of hauLms. The

potassium at the ra te  of 30 kg per hectare resu lted  in  the

maximum content of nitrogen in  ihe haulms which was on par with

i t s  lower le v e ls . However the dose of 60 kg XgO per hectare

showed a significant decrease in  the nitrogen content of haulms,

( c ) Phosphorus content in nods.

The me an values of Phosphorus content in  pods are 

presented in  Table 24 and the analysis of variance in  Appendix XIV.

Heither the individual nor the interaction e ffe c t  of 

nutrients were found to be significant in  increasitg the

phosphorus content in  pods.

( f ) Phosphorus concent in  tuber.

The data on the phosphorus content in  tuber were 

s ta t is t ic a l ly  analysed and the analysis of variance is  given in  

Appendix XIV and the mean values in  Table 2 5 .



ffabla 22
Ifftrogen contest In l e m m o

(percentage of If)

0

CM
P4

On»

1

05 teg/ha. 

6 0 90 Ho an

If k g ^ i a

0 3 .1 7 3 3 .4 7 7 3 . 2 S2 3 .1 7 3 3,231

1 5 3 .7 0 2 3 .3 1 5 3 . 4C8 3 .  T O 3 .4 7 5

30 2 ,9 9 5 3 .3 6 2 3 .3 1 7 3 . 2 0 2 3*219

£ g 0 k g / h a

0 3 .1 3 2 3 .5 4 5 5 .4 0 7 3 .3 8 3 3 .3 6 7

3 0 3 .3 3 3 3 .0 6 5 3 .2 2 5 3 .4 5 3 3 .2 8 2

60 3 .3 6 0 3 .5 4 3 3 .3 8 5 3 .0 1 3 3 .3 2 7

Mean 3 .2 9 2 3 .3 8 4 3*333 3 .2 8 5

S oEa*, fo rL'l N or K = 0 * 0346
S.S.,. fo r  J? ss 0 .0 9 7 7
S .e .jj fo r SP cr PZ = 0 .1 6 9 2

Sable 23 
M trogea content in  liaula

(percentage o f .If)

0
P2°5

30

kg/ha

60 90 Mean

8 kg/ha
1

0. 1 .823 2.218 2.583 2.218 2.212

15 2.103 2.173 1.92 2.22 2.104

30 2.24 2.12? 2. £25 2.105 2.167

EgO leg/ha

0 2.24 2.127 2.103 2.105 2 .U 4

30 2 .IB 2.287 2.445 2.237 2.275

60 1 .352 2.105 2 „15 2.152 2.C65

Moan 2.057 2.173 2.233 2.181

0.35.(0.05) fo r  X ii o 43 00
S .e . m fo r  P a 0.057 ro

G . D . ( 0 . 0 5 ) f o r  ISF «  0.285
S . I 3 . M f o r  tf =  0 .0 5 0 1

3 . B . " h  f o r  m  3  0 J 0  0 2



Table 24
Phosphorus content in pods

(Percentage of P)

0 30

P2^ / k a

60 90 tie an
U k g /h a

0 0.436 0* 402 0* 431 0.336 0.426

15 0*411 0.409. 0.367 0.369 0*339

30 0.440 ,0.333 0.450 0.4*9 0.424

KgO k g /h a  

0 0.473 0.400 0.450 0.333 0.428

30 0.436 0.404 0.417 0.359 0*404

60 0.423 0.394 0.381 0.427 0.407

Mean 0*450 0.399 0.416 0.391

3 .U.** fo r  IT or K =  0.0153
S .JS.tr fo r  P =  0 . 0182
S * S . rT f o r  SIP o r P £ =  0.0315

T a b l e  2 5  

Phosphorus content in  tabor
(Percentage of P )

■2 o.^r^/ h a

0  5 0  6 0  9 0  f-fe& n

S  le g / h a

0 0,354 c. 402 0.398 0.328 0.371

15 0.330 0.390 0.398 0.352 0* 332

30 0.394 0*402 0.338 0*333 0.363

KgO kg /ha

0 0.354 0.396 0.371 0 *342 0*366

30 0.375 0.394 0*392 0.344 0.376

60 0.407 0.404 0.371 0.332 0.373

Hsan0«379 . 0.398 0.373 0.339

C.D.(0 .05 ) fo r  
S.JS.m fo r  K 
S.S.f'j fo r  P 
S.ii.M fo r  UP or PK

j

It 
il 

li 
11 

I

0.0200 
0*0097 
O.0I I 2 
0. ot 94

CO
CO
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Application of phosphorus alona was found to be

sign ifican tly  affecting the hosphorus content of tuber. Ilaximum 

phosphorus content of 0.338 per cent was noticed when 30 hg 

PgCj was applied per hectare.

8 . Phosphorus content in  le a f .

The mean values on the phosphorus content of leaves ere

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

.Hone erf the treatment effect was found to be significatt 

in  increasing the phosphorus content in  leaves.

(h ) Phosphorus content in  haulm.

The analysis of variance of the phosphorus content of 

haul to are given in  Appendix XIV and the mean values in Table 27.

leather the individual nor the interaction effects were found 

to be significant in  influencing the phosphorus content in  haulms.

( i )  Potassium content in pods.

The mean values on the potassium content on pods were

presented in  Table 28 and the analysis of variance in  Appendix XV.

Application of potassium alone influenced the potassium 

content in  pods and 60 fcg K̂ O per hectare resulted in  the maximum



3? able 26 
Phosphorus content in  lo a f

P20g kg/ha

0 30 60 .9.0 Mean
H kg/ha 

0 0.240 0.277 0.242 0*265 0.256

15 0.263 0.256 0*290 0.236 0.260

30 0*233 0.273 0*244 0.246 0.249

KgO kg/ha

0 0*235 0.284 0.250 0.283 0.264

'50 0.261 0*273 0.269 0.233 0.260

60 0.242 0*244 0.257 0.221 0 .241

He a n 0.245 0.267 0.259 0.249

3.E.m fo r  S cop K = 0*0095
S*J3.h fo r  P = 0*0110
S.J3*H fo r  SB or PK = 0.0190

3? able 27 
Phosphorus content in  hauls

0

P20  ̂ kg/ha 

30 60 90 Hsan

IT kg/ha 
0 0.150 0.150 0*139 0.155 0*148

15 0.125 0.1 44 0.1 44 0.155 0.1 42

30 0.163 0.144 0.157 0.146 0*152

S20 kg/ha

0 0.165 0.146 0.131 0.142 0.1 46

30 0.144 0*152 0.148 0.167 0.153

60 0.129 0.140 Od59 0.146 0.143

Mean 0.146 0.1 -ss 0*1 46 0.152

fo r  S' or K = 0.0059
3.B.h fo r  P s 0*0063

fo r  he or PS =0.0117
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potassium content o f 2 .5 1 3  per cent in  the pods which, was on par 

with 30 kg &20 P®r  hectare.

( 3) Potassium content in  tuber.

The data on the potassium content of tuber was analysed 

s t a t is t ic a l ly  and the analysis  of variance is  given  in  Appendix XV 

and the mean values in  Table 29.

None of the treatment was found to be s ig n ific a n t ly  

a ffec tin g  the potassium content of tuber,

(k ) Potassium content -in leaves.

The analysis o f variance on the potassium content in  leaves 

in  presented in  Appendix XV and the mean values in  Table 30.

Application  ctf potassium only had s ig n ific a n t ly  and

progressive ly  increased thB potassium consent in  leaves. Potassium 

a t the rate of 60 leg per hectare resu lted in  a content of 1 .3 9 7

per cent potassium in  leaves.

{1 ) Potassium content in  haulm,

The data on the potassium content in  haulm ’/ere analysed 

fo r  s t a t is t ic a l inference and the analysis  of variance iB  

presented in  Appendix XV and the means in  Tablo 31.



i'ab le 28 
Potassium consent in  pods

(P«rc©ntag© o f K)

0
p2°5

30

kg/ha

60 90 Mean
B kg/lia

0 2.300 2.6C0 1,917 2.183 2.250

15 2.500 2.067 2.233 2.380 2.295

50 2.438V*U 2.117 2.417 2.067 2.271

KgO kg/a

0 2.083 2.000 1.983 1.817 1 .971

30 2,333 2.333 2.133 2.533 2.333

60 2.867 2.4-50 2,450 2.235 2.513

Mean 2.423 2.261 2.189 2.211

S.iJ.jjj fo r  H 0.1184
S .s .ST fo r  F±:i. =3 0,1368
S.B,,. fo r  II or m = 0.2370

fabla 29
Potassium, content in  Tuber

(Percentage of X)

P205 kg/ha 

0 30 GO 90 Mean

•J kg/ha

0 1.550 1.300 1 .330 1 .467 1.413

15 1.383 1-733 1 .267 1.350 1.433

30 1-433 1.350 1.117 1.483 1.356

ilgO kg/J&a

0 1 .467 1 .583 1 .233 1.400 1.421

30 1 .450 1 .467 U200 U450 1.392

60 1.450 1.333 1.283 1.450 1.379

ifean 1.456 1.461 1.239 1 *433

S.i3*j.fj f  or N o? K 
Sai*i£*£T f o r  P  

iJ.B.jj fo r  HP or FK

= 0,0566 oo
= 0,0654 " J
»  0.1133



? . a b l e  3 0

Potasniuu content In  l e a f
(Percentage of K.)

* 2
0 ^  k g / h a

0 3 0 6 0 9 0 f id  a n

U  k g / h a

0 1 . 2 1 7 1 . 2 3 0 1 .1 -1 2 1 . 2 9 5 1 . 2 2 1

1 5 1 . 3 7 5 1 . 2 6 3 i . 3 5 S 1 . j > 6 2 1 . 5 4 0

3 0 1 . ( B O 1 . 0 4 5 1 . 1 8 3 1 , t S 3 1 . 1 2 4

K g O  L - g / h a

0 0 . 9 5 7 1 . 0 6 8 1 . 1 8 3 1 . t o o 1 . 0 8 0

5 0 1 . 3 6 7 1 . 0 9 2 1 . 2 5 0 1 . 1 2 5 1 . 2 0 9

6 0 » V
J

V
i

CO 1 . 3 7 3 1 . 2 5 0 1 . 6 2 0 1 . 3 9 7

FTe a n 1 . 2 2 4 1 . 1 7 9 1 . 2 2 8 1 . 2 3 2

S.J3.J. fo r  N = 0*0636
S.E..J f o r P  =  0.0723
3 *E *tI fo r  HP or PS = 0.1252
e>B. (o-e^i ^  _  o-i780

Sab le  31
P o t a s s i u m  c o n i o n t  i n  h a u l m

( p o r c n o t a g e  o f  3 )

*205 -s/ha

0 30.. 60 so M$an

-•1 kg/ha

0 2.40 2.567 2.533 2 . 1 1 7 2.404

15 2.567 2.533 2.217 2.517 2.453

30 2.400 2. 480 1.957 2.333 2.303

SgO kg/ha

0 2.317 2.567 2.300 2.417 2.400

50 2.567 2.533 2.200 2.333 2,446

60 2.483 2.483 2.217 2.117 2.325

than 2.456 2.533 2.239 2.339

S fo r  E o r K = O.OS75 CO
8 »L « rj f o r  2 = 0.1010 CO

8 .8 ..j fo r  1© or iK = 0 .17 5 0
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None of tho individual effectB of the treatments nor their

interaction was obsorved to be significant in  influencing the 

potassium content of haulms.

7 Soil Analysis

(a )  Nitrogen content of the s o i l  after  the experiment.

Tho mean values are presented in 'fab le  32 and the analysis 

of variance in  Appendix XVI.

The to ta l nitrcgen content cf the so i l was not directly  

Influenced by any of the le v e l of nitrogen, phosphorus and

potassium used in  vlie experiment. But the interaction of

nit ruga d and phosphorus was found to  be sign ificant.

( b ) Available phosphorus consent in  the soil a fte r tha 

experiment»

The mean values are presented m  Table 33 and the analysis 

of variance in  Appendix XVI. •

None of me treat no nt was found to sign ificantly  affect  

the phosphorus content of the s o i l a fte r the experiment.



nitrogen content in  the s o i l  a fte r  tho vOzyerJaonb
(Porecntcgo of 11 ~.)

Sable 32

0

P2°5 kg/ha 

30 60 so He an

IT Zcg/ha
0 0.092 0.081 0.G358 0.09TB 0.0392

15 0.0383 0.0365 0.0965 0.0322 0.0901 t£>
0

50 0.C623 0.09TB 0.0917 0.0360 0.0894

«*
? 0 h-» 1

0 0.0S6 0.0941 0.09'»Q 0.0907 0.0907

30 0.0351 0.0918 0*093 0.0982 0.0915

60 0.0335 0.0332 0.G332 0.0372 0.03273

He a.ii O.OS75 0.0917 0.0913 0,0887

fo r  N av £ = 0.0026
S .S .^  fo r  2? = 0.0030
S.JS.nj f o r  PK = 0.0032
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( c ) Aval lab la  potassium content in  ths so il a fter fee 

experiment.

She analysis of variance is  given in  Appendix XVI and 

tho mean values in  Sable 34»

Potassium and pk interaction were found to be 

sign ificantly  affecting the potassium content in  the so il.

Soonomies of f e r t i l i zer  application,

The economies of fe r t iliz e r  application fo r  the 

estimated yield at various levels of nitrogen, phosphorus

and potassium are given in  Edile 35* She maximum pro fit  was

obtained due to the individual application of 60 kg 3 0 M,

and 30 kg KgO per hectare when compared to the pro fit from

the lover levels.

She optimum combination of If, P20^ and KgO was found 

to  be 18, 48 and 36 kg/ha respectively. But the economic 

optimum was 16 kg If, 42 kg PgOg and 29 kg 1^0 per hectare.



Table 33
Available Phosphorus content in  1ho s o i l  

after the experiaanb
(P fcg/ha)

P-j 05 kg/'ii&

IT kg/h& 

0 

15 

50

95.52
79.80

92.30

95.76
07.10

93.79

©5.74
111.23

89.08

94.7? 
135.7S 

123.26

92.95
104.08

99.61

KgO fcj/iia 

0 82.77 84.63 95-76 110.34 93.39

30 107.27 96.26 97.99 1 22.52 106.01

60 77. 58 95.76 32.30 523.35 99.43

Ma&a 39.21 92= 22 95.35 118.30

fo r  .1 or E 
a .a .H fo r  p 
S .jj.jj fo r  I© or PE

= 6.979 
= 8.059 
=13.953

Table 34
Available getassfum content in  the s o i l  a fte r  

ibe experiment
(K Es/haO

PgOg kg/ha

E iiJj/ba

0 103.56 102.23 90.94 98.91 98.91
15 89.62 83.64 80.32 110.20 90.94

30 93.6 93.25 00.99 92.94 9U44

ILgQ kg/hi-

0 92.27 121.43 S5.0S 33.64 90.61

30 76.34 76.34 89.62 90.23 03.14

50 118.16 86.30 97.53 118.12 107.54

Hear) 95.59 94.70 84-03 100.68

fox E — 4.923
G„D.(0.05) 1 or K =1 4. 023
C .D .(0,030) fo r  PE =28.056 
£.isM  fo r  3? = 5.635

fo r  IIP = 9.S4T

CO
ro



Sable 35
B o o n o n i o s  o f  f e r t i l i s e r  a p p l i c a t i o n

S r e a t o c n t s
Y i e l d  o f  
p o d s  I n

k g / h a

v a l u e  o f  
p r o d u c e

I n e r o a s o  o r  C o s t  o f  
d e c r e a s e  f e r t i l i s e r s  
o v e r  t b s  ( N ,  E50 K o r  
l o B o s t  l e v e l  K g O )  3

E r o i ' i t  d u e  
t o  t h e  
f e r t i l i s e r  
a p p l i c a t i o n  
o v e r  t h e  
l o w e s t  l o v s l

& .E S . Fj . e s . E3.E S . B s .E s .

0  k g  S / h a 7 6 3 2 . 3 2 1 1 5 2 4 . 2 3 „

1 5  " 1 0 5 5 0 . 0 8 1 5 8 2 3 . 1 2 4 3 0 0 . 8 9 1 3 5 . 0 0 4 1 6 5 . 8 9

3 0  ° 1 0 9 0 1 . 3 3 1 6 3 5 2 . 0 0 4 8 2 7 . 7 7 2 7 0 . 0 0 4 5 5 7 . 7 7

0  k g  k 2 ^ / h o . 3 4 7 3 . 8 8 1 2 7 1 0 . 3 2 - - -

3 0  n
8 6 9 6 . 5 2 1 3 0 4 4 . 7 8 3 3 3 . 9 6 1 7 1 . 0 0 1 6 2 . 9 6

6 0  "  , 1 1 6 0 5 . 5 6 1 7 4 0 8 . 3 4 4 6 9 7 . 5 2 3 4 2 . 0 0 4 3 5 5 . 5 2

9 0  B 1 0 0 7 0 . 1 8 1 5 1 0 5 . 2 7 2 3 9 4 . 4 5 5 1 3 . 0 0 1 8 3 1 . 4 5

0  k g  IL jO / h a 8 9 0 3 . 1 0 1 3 3 5 4 . 6 5 - - -

3 0  " 1 0 4 0 2 . 5 4 1 5 6 0 3 . 3 1 2 2 4 9 . 1 6 6 6 . 0 0 2 1 8 3 . 1 6

6 0  n 9 8 2 3 . 6 0 1 4 7 4 2 . 9 0 1 3 0 3 . 2 5 1 3 2 . 0 0 1 2 5 6 . 2 5

C o o t o f  1 k g  o f S =s Es.9 . 0 0

C o s t o f  1 k g  o f -
i i . 5 . 7 0

C o3 t o f  1 k g  O f  KgO = Ss. 2  . 2 0

C o s t o f  1 E g  o f f t d R s . i  50





Tha present investigation was an attempt to  find 

oat the e ffect of nitrogen, phosphorus and potassium on 

growth characters, y ie ld  attributes and yield  and quality of 

Triaged bean groi/n in red loam so ils  of Vellayani . The 

resu lts  obtained from the study are discussed below.

1 . Grow 1h Characteristics

1 . Height of plants.

(Sable 2, t i g .  3, Appendix I I )

I t  is  seen from the results that higher leve ls  of 

nitrogen had sign ifican t influence on the height of plants. 

Shis was due to the role of nitrogen in  enhancing ths 

vegetativo grcs th of plants, ftusoel (1977) stated that 

nitrogen increase the else of plant c a lls , promotes le a f  

growth and -thus brings about enhanced photosynthesis which 

assists  vhe growth processes. She s ign ifican t Increase in  

height obtained by a l l  le v e ls  of nitrogen in  this 

investigation  is  m  confouaity Tath the resu lts  obtained by

DISCU33I0II
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iSdjo at a l (1975) in snap bean and Saadsfci and Samadl (1.973) 

in  Soybean.

She results also indicated til at the effect o f phcsphorus 

was not so marked as that a£ nitrogen. The lack of response 

fo r  graded levels of phosphorus as compared to nitrogen was 

not due to the unavailability of phosphorus as indicated by 

the data on Soil enalysie (Tabje 53.), but mi^it be due to the 

fact that phcsphorus doss not dixeetly involve in enhancing

the vegetative growth ae compared with nitrogen. Moreover, 

Biack (19C&) reported that the rede o f phosphorus is  acre

towards the devolopneut of productive attributes rather than 

the vegetative characteristics of a crop. It  has been reported 

by Salle3a (1966) that the leguminous crops like gram and

pigeon pea are able to tap even the subsoil phosphorus protty

effective ly  with their deep estensive root system. Soil

analysis data of the experimental plot also have shown that

the so il was adequately supplied withphcsphorus and plants

were banco able to derive their requirements from the native

phosphorus .

The observation on the height of plants with higher 

doses of nitrogen in  the present study i3 in conformity with
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kg * O k g  KjO^/h& 

k f - 3 0  k g  K jP /h A  

ka,- 6 0  k g  k aO/llA
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the resu lts  obtained by Singh gjj a l  (1S30) and ifehatanya 

(1976) with sim ilar crops.

She height of plants was not s ig n ific a n t ly  influenced

by the app lication  of potassium. 2£is is  in  lin e  with the

general ro le  o f  potassium in  the growth o f p lan ts.

Investigations conducted on sim ilar crops to study the e ffe c t

of potassium on vegetative growth have also  shown only very  

s l ig h t  increase in  the height o f the plants (Sasidhar, 1969)

Ho s ign ifican t increase in  height of plants was noticed 

with d ifferen t combination of nitrogen and phosphorus.

£ . ffqabfC o f  .leaves .

(fab les 3 (a ) to 5 (d ), P ig . 4, jlppefidix I I I )

Ib is  seen Slat niirqgen leve ls  had sign ifican t e ffec t

in  a lte r in g  the number o f leaves in  a n  the stages o f crop 

growth. Almcsf a l l  studies carried  out m  d iffe ren t leguminous

crops showed that application  of nitrogen had a ber&f.voial

e ffe c t  in  increasing -the general growth and vigour o f tie  plant

including the numb or and s ise  of leaves. On 80 th day a fte r

germination app lication  o f JO leg nitrogen per hectare had
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s ign ifican t influence in  the production of leaves over 1 5  kg 

nitrogen par hectare and boih were superior to  the control 

but in  a l l  other stages t5 and 30 kg nitrogen per hectare 

were on par, This was xn conformity with the t r ia ls  of 

Hasegawa and Homura (1973) s&o observed that the e ffic iency  

o f nitrogen was low during e a r ly  growth, then increased upto 

the end of pod elongation but was low during pod f i l l i n g  in 

dwarf kidney beans. So also Hilderbrand et a l  (1981) 

concluded that higher nitrate application  resu lted  in  greater 

growth of a l l  plant parts except roots in  winged bean.

i!he e ffe c t  o f d ifferen t leve ls  o f  phcsphorus and 

potassium was not s ign ifican t in  influencing the le a f  production 

a t  any growth. periods studied. However, the general trend 

revealed that the medium dose of phosphorus ie .  60 kg 

per hectare was found to  produce higher number o f leaves  

as  compared to the other le v e ls  beyoSl 80th day a fte r

germination. In  the case of potassium a 3irailar trend can be

observed f  xom the resu lts  presents: d. Here in  a l l  the stages

o f growth except on fiOth day, 30 Jig Kg0 Par hectare had a 

b en e fic ia l e ffe c t  in  the le a f  producti on of the crop. The
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lack cf response obtained in  the vegetative growth for the 

higher levels of phosphorus and potassium above certain levels  

as seen in the study may be due to the fact that this crop

may not be requiring phcsphorus and pofcassium>60 £g ^3^5 anli

3 0 kg &>0 per hectare respectively fo r  increasing the 

vegetative growth.

The combi nations of the nutrient did not show any 

influence in increasing -the number of leaves. Shis is  an 

indication that phosphorus and potassium had shown their 

desired effect in regviLating the vegetative growth of the 

plant and on the number o f  leaves pz-cdueed per plant as 

compared with the nia'ogen fe r i ll iz a ilo n .

3o jfizwbrr of branches.

(Teblea 4(a) vo < (d ), f i g . !>, Appendix 17)

I t  is seen da at the production of branches was

s ign.it icantiy influenced by the application of nitrogen. This 

may bo due to the established e ffect of nitrogen in incraasitg 

the biometric characters of tbs plants. Increase in she 

number of branches in lupins due to nitrogen application was
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r©parted by Moursi et a l  (1976). In  the case of winged 

bean an Increase in vhe growth o f a l l  plant parts except 

root growth was noticed by Hilderbrand et ^  (1981 ) which 

is  in agreeme nt with the findings of th© prasent 

investigation.

The various levels o f phosphoric and potassium under 

study have not influenced this character s ign ifican tly . This 

may be due to the fact -feat the added phosphorus and potassium 

had the ir  influence in regulating growth of plants especially  

under vhe situations of a higher leve l of nitrogen supply by 

way of added fe rt iliz e rs .

Production of branches was also found to be limited 

and controlled under the combined e ffec t  of the nuferienbs 

which has been revealed by the data on the interaction effects  

of hufcrients. Shehidull^i g t  a l (1979) reported that though

the combination of 40 kg phcsphorte and 40 kg potassium per

hectare resulted in  the maximum height of soybeans, the

number of branches per plant was not affected by the same

fe r t i l iz e r s . S im ilarly Canoy and Pehm (19S0) noted that 

np interaction had no significant effect in influencing the 

number of branches in mungo.
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4 . Sarlinasa in flowering.

(2able 5, F ig .6, Appendix V)

The results given in  Table 5 revealed that the added 

nitrogen had induced earliness in flowering by s i *  days. The 

increased vegetative growth and other growth attributes

contributed by the addition o f nitrogen might have induced 

earliness in  flowering also.

Fventhou^i the addition of phosphatic fe rt iliz e rs  induced 

a noticeable reduction in  the number of days taken fo r flowering 

the results observed were not significant.

The affect of potassium on earlinoss in flowering was not 

sign ificant. Though this result is in contrary to the results 

reported by Cufccliffe and Kunro (1930) the negative results  

noticed here can be duo to the effect of added nitrogen in

offsetting the influence of potassium as postulated by Bastur 

(1962). The interaction effects were also not found significant.

5 * Humbar of flowers produced.

(Table 6, Fig.7» Appendix VI)

The results given in Table 6 roveaied that different 

leve ls o f nitrogen had significant e ffect in increasing the
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number ef flowers produced per p lan t. She number of flowers

produced progressively increased with higher leve ls  of

nitrogen and i t  was sign ificant at a l l  le v e ls . This indicates 

the favourable effect of nitrogen in influencing the

productive characters in addition to i t s  influence on growth

characteristics. Tho resu lt o f this investigation lain

conformity with one reported by itogure et a l (1977) where the

number o f flowers and flowering nodes were increased in

broad bean with the application of nitrogen. P la its  supplied

with graded closes o f nitrogjn have produced correspond!^

i  acre.see in the number of buds, Almaid a et ( 1973 ) also

eaiphasised the importance o f nitrogen fo r  flowering and

& ccd yields. '

The beneficia l e ffect o f phcsphorus in flower 

production was reported by Kogure et a l (1977 ) in broadbeans.

The present study with winged bean also  revealed that there

was progressive increase in tbs flower production with the

h i$ ie r levels o f phosphorus upto 60 ig  per hectare although

i t  was not s ta t is t ica lly  sign ificant.

A s ligh t increase m  the flower production was also
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observed due to the higher levels of potasstum. Kogure 

e t  a l  (1977) reported similar e ffeo t of potassium in  

increasing the flewer production in  broadbean.

l'he application of nitrogen and phosphorus in  

different combination had significant influence in  the 

flower production of winged bean. Erosi the mean table i t  

can be seen that higher levels of nitrogen with higher leve ls  

of phosphorus had marked influence in flower production.

6 . Eiimber o f nods -per p lan t.

(fable 7, i'ig .8 , Appendix VI)

She results c lea rly  revealed the benefic ia l influenos 

of nltrcgen in  increasing the number o f pods per plant. She 

higher levels o f this nutrient have given s ign ifican tly  higher 

number of pods at each leve l of application. She main effect 

o f nitrogen on al 1 tho other yield  attributirg  characters

ouoh as number o f  leaves, number o f branches and number of 

flowers would have resulted in the increased production of 

pods. Similar results have been reported by Sdjs et a l (1975)

in  snap beans and Ahmad and Shaft (1975) in  f ie ld  peas.
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The effect o f phcsphorie in the production of pods was

found to be not sdgnificant, though progressive increase in  

production of phds was noticed with each addition of

phfSphorus upto 60 Sg per hectare. This might be dus to the

fa c t  that wite increased levels o f  added phosphorus the rate

o f crop removal was aLs o correspondingly increased which

resu lted  in  higher production of pods. But at the highest 

le v e l of 90 kg P?0^ per hectare tried  in this investigation, 

the y ield  o f  pods was found to be depressed. She lack: o f

response in  the production of pods due to phosphorus application  

a t  the highest le v e l of 90 kg per hectare might ■hot be due to 

the non ava ila b ility  and uptake, rather, phosphorus beyond a 

certain level in the plant might not have further influenoe

in  the in itiation  of flover buds. However, tee ro le  of 

phosphorus cannot be caapletely ruled out since a trend to  

increase the yield has been noticed at each levels o f  phosphorus. 

I t  would therefore be clear that the optimum requirement of 

phosphorus might be probably s ligh t ly  above tee control but 

lower than that o f  other troatne nts.

Potassium application also showed a sim ilar trend as
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evinced by phosphorus. This was in conformity with the 

resu lts of Sasidhar and George (1972a) in lab-lab beans 

and Viswanathan et a l  (1978) in  cowpea.

Mitrcgen-phosphcrus iateraotion was found to be 

significant!. This might be the result o f the oumulative effect 

of other yield attributing characters in  the number of pods 

produced per plant. Haag et, al (1978) also reported that in

snap beans np interaction increased ths pod number per plant.

7. Setting percentage.

(Table 8, Fig. 9, Appendix VI)

From the results presented it  can be seen that nitrogen 

had no significant influence in ths setting percentage of pods. 

Nitrogen is directly related to the vegetative growth of the 

plants, fiventhough the number of flowers and ths number of pods 

per plant have been increased by the application of nitrogen, 

the setting percentage almost remained constant. This indicates 

that with th9 addition of n itro^n  the increased number o f flowers 

alone contributed the correspending increase in  pod yield but 

not the increased setting o f flowers to pods, floursi et, a l (1 97 5 )



reported a sim ilar finding in snap beans xiiere ammonium sulphate 

have no marked e ffe c t  on the percentage o f fru it  set but

increased the toted number of flowers and fru its  per plant.

v

She e ffec t  o f  phosphorus in  increasing "the Setting of 

pods was also not s ign ific an t. This may be due to the fact that 

the increase in  the number ctf pods by the application of 

phosphorus was mainly due to the increased number of flowers

produced and not due to ihe increase in  the setting percentage 

which was found to  be more or le s s  constant.

A3 seen in  the case o f  nitrogen and phcsphorus, the 

e ffe c t  of potassium in influencing the setting percentage was 

also not found to be sign ifican t in  ranged bean. She increase 

in  the number o f  pods was corresponding to  the increase in  the 

number o f  flowers produced par plant but not due to the 

influence o f higher setting  percentage.

8 . Length of pods.

(Sable 9, P ig .lO , Appendix V II)

S ign ificant increase in  the length o f pods has been

105
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obtained by the influence of nitrogen. She role o f nitrogen 

in  the synthesis o f protein and protoplasm is w ell established. 

With adequate quantity of nLtrogen application, more protoplasm 

would have been produced which in turn would have increased 

the succulence o f pods and thereby the increased length of pods 

(Kisdate and ielson, 1 9 7 5 ) .  Ih is is in cozkforaity with the 

results of Hasegawa and Nomura (1978) who found that the 

efficiency of nitrogen was more upto the end of pod elongation 

but waB low during pod fillin g . Here, i t  was observed that the  

application of phosphorus did not influence the length of pods. 

She poor response of applied phosphorus may ba due to its  

contribution towards the development of roots rather than the 

growth, ard development o f  pods.

She main e ffect of potassium was found to be significant  

in  increasing the length of pods. Potassium is  d irectly  

re lated  to the formation and development o f reproductive organs 

and thus application of potaBsium mi$it have resu lted in  the 

increased length of pods. The interaction of nitrogen and 

phosphorus was found to be s ig r if lc a n t . Of the np interactions 

nitrogen at 1 5 tg and phosphorus at 60 log per hectare gave
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maximum length, of pods while the other levels gave varied 

resu lts.

9. Yield of green nods par plant.

(Tables 1 0(a) to 10 (f ) ,  Fig. 11(a) and 11(b) 

Appendix V III)

The results revaalad that addition of nitrcgen at 15 kg 

per hectare gave significant increase in  yield per plant over 

control at each stage of harvest as well as the total yield 

per plant, though the highest leve l of 30 kg nitrqgen per 

hectare was found to be on par with ths leve l of 1 5 kg per 

hectare. The contributing effects of graded doses of nitrogen 

in  increasing height, branching, number o f leaves, number of 

flow ers, length of pods and number of pods etc. might have 

resulted in  an increase in the total yield of pods per plant. 

The relative  low response at the highest le v e l of 30 kg over

1 5 kg per hectare may be due to the fact that 15 kg nitrogen
\

per hectare would have been sufficient to produce the maximum 

y ie ld  of green pods. Trials conducted by Ahmad and Shafi 

( I 975 ) ,  Hamissa (1 975)* One tie  va (1978), Hasegawa and Nomura 

(1 978) and Hague .et a l (1330) on other legume crops confirm} d
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the above finding in winged bean.-

She data siLso revealed that phosphorus application at 

6 0 kg per hectare had sign ificant influence on the yield of 

pods in  a l l  the months except the f ir s t .  Ihe pooled analysis 

o f 1he data also showed significant influence of phosphorus 

on the yield of green pods at 60 kg per hectare. Ihe above 

finding agrees with the reshLts reported by Eande e j a l(l9 74 ). 

Ahmad and Shafi (1975) and Hamissa jjj; SL (1975). Prummel gj; a^

(1975) also concluded that in  snap beans yield  was much higher 

by increasing the leve l from 30 to 200 kg P205 Per hectare, but 

the yield increase curve was flattened out when the leve l of 

P20g was increased above 1 20 kg per hectare. Ihe reason for  

the low response of phosphorus at the f i r s t  month o f harvest 

might tie -that ihe crcrp utilised  the added phosphorus fu lly  

only during the peak periods o f harvest and hence its  

manifestations at la te r  stages.

Ihe comparatively low response to phosphorus over 60 

kg per hectare might be due to the fact that fo r a legume
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crop like winged bean high.gr doses above 60 kg per hectare 

might not be required for higher production.

The results indicated that the graded doees of potassium 

had no significant effsct in increasing ths yield of winged 

bean except at the last month where a signifieaci'i difference

was noticed for 30 kg per hectare, ill a ll  other stages

though the differences were net significant there was an

apparent; increase in the yield of pods. The lack of significance 

at the higher levels might be dug to the fact that i t  does

not directly  involve in increasing the yield and also due to

the sufficiency of pet as slum at lower levelB. Similar results

were also obtained by Sasidhar and George (1972b), Braga et a l

(1973)» Ahmad and Shaft (1975) and Almedia et si (1930) with 

ouher leguminous crops.

Ileptuno ej; a l (19"®) and I«Iidan ^t a l (1980) reported the 

non-significant interaction between nierogen aid. phosphorus 

in  beans. Addy (1975) from glass house and fie ld  tr ia ls  in  

cowpea concluded that application of nitrogen and phosphorus 

in  the early wet season had no significant effect on
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seed yield, though the applied nitrogen tended to increase 

i t  s u b t l y  phosphorus tended to decrease i t .

As against ihiB pk interaction was found to be 

significant. In general application of 60 kg ?^q and 30 kg

KgO per hectare had a significant influence in increasing the 

pod yield when compared to other levels.

1 0. Bhuaa yield.

(labls 11, P ig .12, Appendix IX)

ihe results revealed that different levels of nitrogen 

had significant influence in increasing tbs bhusa yield of 

winged bean, iti.trcgen is the element which is required for 

the vegetative growth of the plant. Ihus bhusa yield was

increased by the higher doses of nitrogen, but there was no 

significant difference between the 1 5 and 30 kg nitrogen per 

hectare. Similar results were reported by Me Lean .gt a l(1974) 

and Hoursi at al (1976).

Phosphorus application was not found to affect the 

bhusa yield o f winged bean. JSvanthaugh 60 kg PgO  ̂ per hectare



increased, the bhusa y ie ld  i t  was not s ig n if ic a n t  over th s  

low e r le v e l o f 30 kg per hectare. Shis i s  in  conformity with

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

has reported that phosphate level had no significant effect 

on the yield components such as vine, pod etc. in peas. Ihe 

comparative poor response of higher level of phosphorus viz.

6 0 kg pa °5  par hsct&Fe can he a ttribu ted  to the fac t that

though phosphorus is beneficial for the general growth and

y ie ld  as evidenced by various re su lt s  o f f i e ld  experiment 

conducted at d iffe ren t places in  the country, the response 

o f legumes to  phosphorus has been conspicuous only in  s o i ls  

poor in  av a ila b le  phosphorus.

S ign ific an t in fluence in  the bhusa y ie ld  was obtained 

by  the app lication  cf potassium in  winged bean. It  was observed 

that application  o f potassium a t  30 kg per hectare produced 

the maximum bhusa y ield  beyond which the y ie ld  was decreased. 

R esu lts  o f experiments conducted by Peek and Buren (1975) and 

Bl-Xeboudi et a l (1974) also  showed that app lication  of
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potassium upto 100 kg per acre increased the vegetative growth 

o f snap beans and hence the bhusa y ie ld . This might be due to 

the fac t  that potassium is  not d ire c t ly  involved in  the vegetative 

growth o f the plant aid. hence the highest dose had quadratic 

response.

Ihe in teraction  e ffec t  o f nitrogen and phosphorus was

found to influence the bhusa y ie ld  s ig n ific a n t ly . This shows

that 1 5  lig s and 60 tg  ®er ile0'fea r 9  would be a suitable

combination of nitrogen and phosphorus over other combinations.

11 . Tuber .yield.

(Table 12, J ig . 13, Appendix IX)

The resu lts  indicated that the le v e ls  of nutrients 

e ith er in d iv idu a lly  or in  combination had no s ign ifican t  

In fluence in  the production of tubers. According to national 

Academy of Sciences (1975),f o r  tuber development in  winged 

beans, i t s  vegetative growth should be reduced and i t  3hould

not be allowed to develop pods. In  the present study ■Hie crop 

was grown as a vegetable crop permitting increased vegetative
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growth and formation of pods which mi^it have curtailed the 

formation of tubers and hence no response to nutrients either 

individually  or in combination. She report o f Hilderbrand 

e t  aL (1981 ) was that higher nitrate application resulted in  

greater growth of a l l  plant parts except roots in  winged bean 

and is corroborative to the present observation.

12. Prv matter production.

(Table 13, Tig. 14, Appendix X)

From the results i t  was clear that nitrogen and 

phosphorus had significant influence in  increasing the dry 

matter production of winged bean. Significant positive response 

of nitrogen to height of plants, number of branches, number of 

leaves, number o f fLowors and number of pods was recorded 

e a r lie r  which might have resulted in  the increased dry matter 

production. Studies by -Skutan (1970) in Snap beans, Ahmad 

and Shafi (1975) in  peas andSadar (1979) in Snap beans resulted 

in  similar findings as discussed above.

Phosphorus is  an element essential fo r  better root
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growth, enabling higher uptake of nutrients. Ill is  might have

resulted in  the higher vegetative growth and consequent dry 

matter yield of winged bean. Experiment conducted by Agboola

and Obigbessu ( 1 9 7 7 } in cowpea, Hegaduan ( 1 9CC) in  winged bean,

Singh et g l (i960) in  f ie ld  bean and A li erg a l (1^31) in  broad

bean also revealed that phosphorus application resulted ia

increased dry matter y ield .

She effect of potassium was not sign ifican t. Potassium 

as a plant nutrient does not d irectly  involve in  increasing 

the vegetative grorith of ;ho crop but only o ffers resistance 

to  pest and diseases in  plants and hastens it s  maturity. It  

dosa not fo ra  an integral part ci' plant components such as 

protoplaeam, fa ts , cellu lose eto.

13. Harvest! index.

(la b le  14, I"ig.l5 » Appendix X)

Hone of the treatments was found to influence the 

harvest index in  winged bean. Harvest index was ealoulated
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from the economic yield and b io log ical y ield . The biological 

y ie ld  includes both, economic yield  v iz . pods and vegetative 

y ie ld  viz. bhusa and tuber. Both the b io log ical and economical 

y ie ld  of the crop were increased with, higher levels of lip and 

K tried  in  this experiment and hence the harvest index was not 

altered much resulting m  non significance.

Chemical Analysis 

A. Quality Characters.

(a )  Protein content of pods.

('fable 15, P ig . 16, Appendix XI)

Prom the data presented I t  is  clear Biat none of the 

treatments had s ign ifican tly  influenced the protein content 

o f pods. Though application of nitrogen and phosphorus at 

higher levels Increased the uptake of nitrogen by the plant

i t s  influence on the protein content o f the pods was not

conspicuous. This might be due to the fact that the pods were

harvested as vegetable at h a lf maturity in  it s  active developmenfc

phase. Hence the po ss ib ility  of accumulation of protein is

naturally leas . Similar results have also been reported by
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Richards and Boper (1979) in f i e ld  Deans and Bishop gj;

(1976) in  Soyabean.

(b )  Protein content of tuber.

(Table 16, i'ig . 17, Appendix X I)

The e ffec t o f nitrogen, phosphorus and the phosphorus- 

potassium interaction were found to influence the protein  

content o f uubar. Winged bean is  a crop that i s  mainly grown 

f o r  i t s  tender pods to  be used as a vegetable. When it  is  

grown as vegetable crop not much tuber development is  possible  

as vegetative growth and pod formation are not curta iled .

In  the case o f tubers the e ffect of nitrcgen, phosphorus aid 

potassium on protein content could be fu l ly  expressed as ihe

tubers were permitted to grow to i t s  f u l l  maturity and there 

was adequate time fo r  the synthesis, formation and accumulation 

o f protein in the tubers.

B . Uptake Studies.

(a )  Uptake of nitrogon.

(Table 17, Fig.18, appendix X II )
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Ihe rsau lt revealed that with increased leve l of nitrogen

supplied to the crop the uptake of nitrogen by the plant was

a lso  correspondingly increased s ign ifican tly . Thus the higher

amount of nitrogen Eh sorbed by the plant had i t s  influence in

the growth and y ield  attributed v ia .  number of leaves, tranches, 

flowery pods and bhusa as shown in  Ihis expariment.Bl-Bakry 

(1980) also reported that higher rates o f nitrogen increased

the nitrogen uptake by theplantB.

Phosphorus application resulted in the higher uptake of 

nitrogen, hasidhnr and George (1972a) and Uli^h et a l  (1981a) 

a lso  reoordod sim ilar resu lts when phcsphorus was applied to 

leguminous crops, Iv can be in ferred  that vhe e ffect of 

phosphorus in  inoteasing the root growth and development might 

have resulted in higher uptake by the plant as w ell as uptake 

from a wide spectrum Of the s o il .

She influenoe o f  potassium in the uptake o f nitrogen 

was not significant;, i'he pk interaction was sign ificant and 

the combination of 60 kg 61113 30 kg ^2°  P®r  hectare resulted

in  the maximum uptake of nitrogen. -Ihe higher root growth
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at higher level of phosphorus coupled with the beneficial 

influence o f potassium aa a carrier nutrient might have 

resulted in  higher le a f production, production of assimilates 

and fin a lly  the uptake of nitrogen.

(b ) Uptake of phosphorus.

(Table 17, F ig.19, Appendix X II)

From the table it  is  clear that application of nitrogen 

at both the higher levels had resulted in a significant increase

in  the uptake of phosphorus. Tho direct effect of nitrogen in  

increasing the vegetative growth of plants might have resulted 

in  a corresponding higher uptake of phosphorus. Sarkar and 

Jones (1980) obtained higher translocation of phosphorus from 

root to tho shoot when nitrogen was applied to  snap beans. This 

translocation of phosphorus by applied nitrogen might have 

resulted in  the higher uptake of phosphorus in winged bean. 

Sim ilarly Posypanov and Knyaseva (1974) found that in  peas 

application of mineral nitrogen resulted-in the higher uptake 

of nitrogen, phosphorus and potassium and synthesised more 

organic matter and raw protein than those limited to 

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

El-Bakry et a l (1980) in snap beans.

Results showed that 60 kg ^2^5 ^er laeG'*'are waS found

to be giving the maximum uptake of phosphorus. The significant 

e ffect of phosphorus in the uptake of phosphorus might be due

to the significant influence of this nutrient in the growth and

yield attributes of the crop. This is  in oonformity with the 

findings of Amer (1978) in beans and A li ej; al, (1981) in len t il.  

In  addition Singh et al (1981b) received the maximum yield  and 

uptake of nitrogen and phosjiiorus when 60 kg psr  hectare

was applied. Sim ilarly Ealyan and Prasad (1976) found that in

red gram, increasing the phosphorus rates from zero to 100kg per

heotare increased seed nitrogen and phosphorus uptake in seeds 

and stem.

The non significant influence of potassium in  increasing 

the phosphorus uptake shows that potassium had no direct influence 

on the uptake of phosphorus.

(e ) Uptake of potassium

(Table 18, P ig .20, Appendix XII)
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I9.tr ogen had B ign ificantly  increased the uptake of

potassium in  winged bean. In  th is  t r i a l  application of 

nitrogen had resulted in  tha higher number o f pcds, branches

flow ers , pod y ie ld , bhusa yield and the dry matter y ie ld .

A l l  these might have reooldtyd in  the higher uptake of

potassium, ABif and C-reig (197=) a lso  found that higher

le v e ls  of Ditrqgon had resu lted  in  higher uptake of potassium

in  snap beans. S im ilarly  Posypanov and Kuyaseva (1974)

observed that peas provided aLth rainsral nitrogen took up

more nitrogen, phosphorus ntd potassium and synihesised ■acre

organic matter and tstj p ro ts ln than those lim ited to

symbiotic nitrogen.

Raheja (1966) reported that potassium uptake of 

plants is  normally independent of the concentration of 

av a ila b le  or to ta l phosphorus j U tho s o i l .  2Uo non­

s ign ific an t e ffe c t  o f phosphorus on potassium uptake 

observed in  th is study in  •. t agreement with the above fin fiirg .

Ihe potassium uptake of plants increased signifioanfely  

with the h it le r  leve ls  of pctaseium. She sign ifioan l
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increase in  the pod yield and bhusa yield by potassium is  

a clear indication of potassium uptake, further, the 

higher content of potassium in leaves and pods with higher 

doses of potassium might have contributed to higher uptake 

of these elements. Moreover, the luxuary consumption of 

potassium is a w ell known phenomenon noticed in  crop plants 

under higher levels of potassium. These factors together 

might have resulted in  the higher uptake of this nutrient.

Sim ilar results have also been reported by Johnson and Bvans 

(1975) in  southern peas and Singh and Soxena (1978) in  

S oyabean.

C. HPK content in plant parts.

(a )  HLtrogen content in pode.

(Table 20, Appendix JELII)

The non significant effect of nitrogen, phosphorus, 

potassium and their interaction in  the nitrogen content of 

pods might be due to the non accumulation o f this element in  

the pods as the pods were harvested at h a lf maturity. But 

an increasing trend was noticed on the nitrogen content of
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pods due to the higher levels of nitrogen from aero to 

1 5 hg per hectare,

Application fo# phosphorus s ligh tly  increased the 

nitrogen content of podB showing the favourable influence 

o f this nutrient, though tho effect was not significant. 

Sim ilar non significant e ffect o f phosphorus on the nitrogen 

content of winged bean pods wafi also reported by Dagaduan 

(i960). Similar to  nitrogen and phosphorus, levels of 

potassium and the interaction of nutrients also have not 

influenced the nitrogen content of pods significantly.

Though the effect of nitrogen, phosphorus and potassium on

the nitrogen content of pods was not found to he significant, 

the total nitrogen content in pods due to  the higher levels 

o f nitrogen, phosphorus and potassium was substantially  

high when the total harvest of pods was taken into account.

(b ) nitrogen content of tuber.

(Table 21, Appendix X III )
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As the nitrogen levels were raised increase in  the 

nitrogen content of tuber was significant. The reduced 

number of tubers and the sufficiency of time for synthesis 

and accumulation might have contributed to increased content 

of nitrogen in  tubers. This is  in  agreement tilth the findings 

of Posypanuv and Knyaseva (1974).

The effect of phosphorus was found to significantly  

influence the nitrogen content of tubers ifoich might he doe 

t o better absorption of the nutrient by the well developed 

root system of the plants with the addition of phosphorus.

Though the individual effect of potassium was not 

significant the ph interaction was found sign ificant. This 

may be due to the combined effect of phosphorus and potassium 

in  increasing the nitrogen content o f tuber by increased root 

formation and tuber development.

(c ) IS.trogen content o f leaves.

(Table 22, Appendix X III )
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Though tho nitrogen application resulted in  higher 

□umher of leaves per plant, the nitrogen content in  the leaves 

was not sign ifican tly  affected. The phosphorus and potassium 

le v e ls  also had no significant effect in  increasing the 

nitrogen content in  leaves. This may be due to the fact that 

though the nitrogen absorption by the plant was increased, 

with the application of various nutrients the abaorbed 

nitrogen was better u tilised  fo r increasing the number of 

leaves, branches etc. thus heaping the nitrogen content at 

a minimum.

(d ) nitrogen content of haulms.

(Table 23, Appendix j a i l )

Application of nitrogen and phosphorus did not show 

any significant effect in  the nitrogen content o f haulms.

This might be due to the effect of nitrogen and phosphorus

fo r  higher production of haulms rather than in  increasing the

nitrogen content in haulms.

(e )  Phosphorus content of pods.

(Table 24, Appendix XI?)
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The results revealed that the application of nutrients 

had no significant effect in the phosphorus oontent of pods.

Eventhough application of nitrogen and phosphorus had produced

increased growth and uptake of phosphorus, the oontent in  the

pods remained more or less same. There iias no changedn the

phosphorus content of pods due to potassium as seen earlier.

This is  quite natural as the level of potassium could not

influence the uptake of phosphorus. '

( f )  Phosphorus content of tuber.

(Table 25, Appendix XIV)

Application of phosphorus alone was found to be 

significant^ influencing the phosphorus content of tuber and 

the maximum content of 0.393 per cent phosphorus was noted 

when 30 kg P20̂  was applied per hectare. In the uptake 

studies, i t  was seen that the phosphorus uptake was increased 

by the application of nitrogen and phosphorus. Though the 

nitrogen enhanced the absorption and translocation of 

phosphorus from root to shoot resulting in increased 

absorpction and vegetative growth at ear lie r stages.
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phosphorus might not have been e ffective ly  translocated  

from roots to shoots at the la te r  stages of crop maturity 

and might have accumulated m  the tubers. Potassium application  

had no s ign ifican t effect in vhe uptake of phosphorus.

(g )  Phosphorus content c£ leaves.

(fab le  26,Appendix XIV)

From the table i t  is  clear that none o f the treatment 

was found to he sign ificant in influencing the phosphorus 

content of leaves. Though nitrogen and phosphorus application 

had resulted m  increased to ta l uptake of phosphorus, i t  was 

better u tilised  fo r  higher vegetative growth and y ield  rather 

i t s  accumulation in  the leaves. Johnson and Evans (1975) 

and Boudreaus (1979) reported that phosphorus application  

had no e ffect on the phosphorus content o f leaves. The non 

sign ificant influence of the levels of potassium on 

phosphorus uptake was observed in  the case of leaves also.

(h ) Phosphorus content in haulms.

<<191)10 27, Appendix XIV)
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Hore of the treatments was fount to he Influencing 

the phosphorus content in haulms. Application of nitrogen 

and phosphorus though resulted in the higher uptake of 

phosphorus the simultaneous increase in vegetative growth 

due to nitrogen and phosphorus application kept the 

phosphorus level in haulms without significant variation. 

JVefcassium had no significant influence on the accumulation 

of this nutrient.

(» i Potassium content in pods 

(Sable 28, Appsndix XV)

There was no significant effect by nitrogen levels ' 

in  the potassium content of pods. El-Leboudi gt tQ. (1976)

reported that nitrogen had no effoct on the potassium content 

in  seeds of Bnap beans. Dalai and Qailt (1977) also have 

reported a similar finding in pigeon pea.

Potassium uptake of plants is normally independent of 

the concentration of available or total phosphorus in the
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s o i l  as reported by Rah'e ja ( I 966) .  The non significant 

e ffect o f phosphorus in  the potassium content of pods 

observed in this study is  in  agreement with the above report.

She potassium content of pods increased with higher 

leve ls  of potassium. The increase on the potassium uptake 

observed between successive levels of potassium indicates

the continued absorption of this nutrient upto the highest 

le v e l applied. Moreover the luxuary consumption of potassium 

by plants is  well known. The higher absorption of potassium 

might have resulted in  the higher content of this nutrient 

in  pods, Earlier experiment have also shown that application 

o f potassium increased the potassium content of seeds in  

broad beans (Furlan, 1977).

( j )  Potassium content of tuber.

(Table £9, Appendix XV)

Potassium content in the tuber was not influenced 

by any of the treatments. The main function of nitrogen is
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t  o increase the vegetative growth thereby increasing the 

photosynethtio area. Similarly phosphorus application  

resulted in the increased root growth and bettor absorption 

o f nutrient. Since the crop was mainly grown fo r  vegetable 

purpose and an increase in the absorption of potassium by 

nitrogen and potassium application would have been utilised  

mare for vegetable growth and yield rather than storing in  

the roots.

(k ) Potassium contenb of leaves.

(Iable 30, Appendix XV)

The application of nitrogen and potassium had no 

significant influence in the potassium content of leaves. 

However there was an increase in potassium content in loaves 

by potassium levels ijnich is  a common phenoufe non with higher 

leve ls  of potaadum. Higher potassium content in the lea f 

was also obtained by Yuan gt g l (1979) * e n  potassium was 

applied to southern peas.
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(1 ) Potassium content in haulms.

(Sable 3t, Appendix Xy)

None of the treatment was found to  be influencing 

the potassium content in  haulms. She potassium that has 

been absorbed in  to  the plants might have been translocated 

t o the leaves and pods aa was observed in  the experiment.

S o il Analysis

( a )  Total nitrogen content in  the s o i l  a fte r the

experiment .

(Table 52, Appendix XVI)

The resu lts revealed that the to ta l nitrogen content 

o f  the s o i l a fte r the experiment was not influenced by any 

o f  the treatments. Though the uptake of nitrogen by the plant 

was Increased sign ifican tly  with applied nitrogen, th is loss  

would have been made up by the enrichment of nitrogen by the 

root nodules of winged bean. Thus the in it ia l  3tatus o f s o i l  

nitrogen almost remained vhe same after the experiment.

The effect of phosphorus on the residual nitrogenceatenfc



of the so il was not significant which may be due to the 

fact that with increased level of phosphorus and uptake 

o f phosphorus, the uptake of nitrogen was also correspondingly 

increased. But in the plot with aero level of nitrogen the 

crop removal was less resulting in the level of so il nitrogen 

t o almost same before the experiment.

Potassium application had no significant influence in  

this respect. As potassium did not influence the uptake of 

nitrogen it  could not make any change in the so il status of 

nitrcgen also.

(b ) Available •phoenhorug la  the so il affer the

3 X D 3 r im a n t .

(Table 53, Appendix XVI)

The non significant influence of nitrogen, phosphorus, 

potassium and their interaction oh the available phosphorus

content of the so il after the experiment revealed that the 

treatments under this t r ia l  had no influence on the 

residual availab ility .
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2ha data on the P content o f the so il at die time of 

f in a l harvest substantiates that deep rooted legumes are 

oapable of converting the unavailable Subsoil P into available  

farm. According to Raheja (1966) Sulsoil contain adequate quantities 

o f p nhich the deep rooted orops are able to  tap and make us* 

of in  the growth. She results of this present investigation  

substantiate the unique <Siaraeter of deep rooted legumes, So 

also  uptake of P was also increased with higher levels of P 

application. Potassium had no significant influence in  the 

uptake of p and to ta l dry matter production.

(c ) Aval lab la not as Blum in the s o il after the emailBiant.

(fab le 34, Appendix XVI)

The data on the available potassium revealed that 

increment doses of nitrogen from aero to 15 kg and 30 kg per

hectare depressed the available potassium content in the so il.

Shis might be due to the fact that by higher leve ls  of nitrogen 

the vegetative growth was increased and the plant might have 

absorbed much of the potassium from the potassium reservoir of 

the s o il  resulting in  the potassium depletion.

Application Of 60 Isg K̂ O per hectare resulted in  the 

highest content of potassium in the s a i l  tiiile, addition of 

50 kg per hectare depleted the available potassium. Shis is  

in  agreement with the results obtained by Sasidhar (1969).
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Economic and Optimum reauirenerrt o f fe r t i l iz e r s .

Y ield  response of I&troQDn, phosphorus and potassium 

was computed sta tistloE lly  and is  repzssentijd as

y = 58.5045 + 43.5413 H + 28.3725 P + 8.0993 K -  1.1916 
B2 -  0.2816 E2 -  0.036 K2 + 0.0056 HP -  0.0396 EE

Since UK2 interaction is  confounded in the experiment,

IK term is excluded from ihe response function. The optimum 

combination of H, PgOg and KgO was found to be 18. 48 and 36 kg/ha 

respectively. Bub tto economic optimum was 16 kg II, 42 kg 

PgOg and 29 kg KgO using the prices o f per kg nitrogen, phosphorus 

and potaBsium as 9*00, 5*7(?iand 2,20 rupees respectively and 

that of beans as rupees 1 . 5  per kg.

The economics of fe r t i l iz e r  application fo r  the estimated 

yields at various levels of nitrogen, phosphorus and potassium 

are given in  Table 35* The maximum pro fit  was obtained due to 

the individual application o f 30 kg, H, 60 kg and 30 kg

EgO per hectare when compared to the p ro fit  from th© lower leve ls .





SUMMARY

An investigation was under take n in the Instructional

Farm attached to the College of Agriculture, Vellayani, 

Trivandrum during the period from 27th July, 1982 to 17th

January, 1933 to find out the effeot of graded doses of

nitrogen (0, 15 and 30 kg/ha), phosphorus (0,30, 60 and

90 kg PgOg/ha) and potassium (0, 30 and 60 kg KgO/ha) on

growth characters, yield and yield attributes, quality

characters, chemical composition and uptake of macronutrients

in  winged bean (psophooarpus tetrag onolobus ( l . )  DC.).
2

A 4 z y confounded factorial experiment was la id  out 

confounding fflP and higher order interactions in both the 

rep lications. The rB suits o f the study are summarised below.

1 . Different levels o f nitrogen had significant  

effect on the height of plants at 40th day a fter germination.

2. Significant increase in the number of leaves per 

plant was noted when 15 kg nitrogen was applied per hectare 

a t aLl the stages except on 80th day where 30 kg nitrogen per
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3. S ignificant increase in  the number of branches

per plant was observed ihen 15  Jig B was applied per hectare 

i n  a l l  stages except at fin a l harvest where 30 leg nitrogen 

a lso  s ign ifican tly  influenced th is  character.

4. Application o f nitrogen induced earliness in

attaining 50 per cent flowering in  the plants s ign ifican tly  

by ab out six  days .

5. Application o f nitrogen as wall as a combination

o f 30 kg H and 90 kg resulted in  higher production of

flow ers per plant.

6 . Mtrogen at 1 5 kg per hectare and a combination

of 30 kg N and 60 kg had s ign ifican tly  increased ifce

number o f pods per plant.

7. Bo sign ifican t change in  the setting percentage

was noted die to any of the nutrients.

8 . Application of 1 5 kg nitrogen, 60 kg potassium

and a combinati on of 15  kg B and 60 kg P ^ / h a  had sign ifican tly

hectare also increased the number of leaves significantly.
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increased the length of pods,

9. IB.tr ojjn at J 5 kg/haiph08phoruni at 60 kg 

PgOjA3 and a eoabiaation of 60 te ^3% an^ •5° **8 -̂ gO/ha

had significantly increased the yield of poda per plant,

10, Application of 15 kg li/h», 30 kg KgO/ha 

and a combination of 60 kg PgOg and 60 kg K^O/ha had 

significant influence in increasing tho hauln yield.

I t .  Application of nutrients individually or at 

various combination had no significant affect on the 

yield oftubor.

12, ifeithor the individual effect of nitrogon,, 

phosphorus and potassium nor their combination wore found 

to  bo significant in influencing tho harvost index,

13. nitrogen at 15 kg and 60 kg P^Og/ha only had 

significant influence in the total dry matter production.

1 4. Maithor the individual nutrients nor thoir 

combinations had significantly affected the protein content 

of pods.
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15. Application of 1 5 kg B and 90 kg P^O^/ha was

found to influence the protein content of tuber significantly  

over fee other leve ls .

16. The uptake of nitrogen was significantly increased 

by an application o f 15 kg B, 60 kg a co^ination o f

60 kg P20jj and 50 kg P®r  hectare.

17. Significant increase in the uptake of phosphorus 

was observed by an application of 30 H aa  well as 60 kg 

P205/ha.

18. liitragan at 1 5 kg and potassium at 30 kg per ha 

Influenced the uptake of potassium significantly.

19. a» significant change in the nitrogen content of 

pods was observed die to any of the nutrients.

20. Applications of nitrogen (15 kg/ha) and phosphorus 

(90 kg per/ha) were observed to give significant increase in  

the nitrogen content of tuber.

21. Jfeither fee individual effect nor the combination 

of nutrients had sign ificantly  influenced the nitrogen content 

of leaves.
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22. The le v e l of 60 kg Kg0/113 Bll0tfea a significant! 

reduction on the nitrogen content of haulms.

23. m  significant change in the phosphorus content 

of pods was observed due to any of the nutrients or their 

combi nati. ons.

2 4. Application of 90 kg P205/ha had sign ifican tly  

reduced the phosphorus content of tuber.

25. Bone of the treatments was found to  be 

sign ifican t in increasing the phosphorus content of leaves 

and haulms.

26. Application of 30 kg £20/ha alone had influenced 

the potassium content of pods s ign ifican tly .

27. Bone of the treatments was found to be sign ifican tly  

affecting the potassium content of tuber.

28. Potassium application s ign ifican tly  influenced the 

potassium content of leaves.

29* Bo significant influence in  the potassium content 

o f  haulms was observed due to any of -the treatments.

30, The total nitrogen content o f s o i l a fter fee
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e xporiconfc was not directly influenced by tho levaia of 

nHfePientB.

31. She available phosphorus coatont in the s o il  

a fte r  tha espartos ct was not influenced by the individual 

©ffeeto of nutrients or thoir combinations.

32. rfhe available petasoiua oontost in tho so il after 

the espoidsont wos influonaeci by tho individual effect c£

potacQlun and p!i interaction.

33. A coabination of 16 kg 2, 42 lss and 29 kg 

KgO woo found to bo tho oeonooic leve l of nutrients for 

obtaining casiaua profit froa winded boan grown for green 

tender pods,

34. She optisua re qeirema nt of ii, P2Og and 4^0 was

found to be 13, 48 and 36 kg per hectare respectively fcr 

sotting oaBiGuQ yield of polo froa aingoa bean.
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APPjSJHEEX I

Woather data during the crop year and i t s  va ria tion  from the past 25 years
(Reb.1982 -  Jan.1983)

Months

Maximum temperature °C Minimum temperature °C R a in fa ll (mm) R elative  humidity

Cron
year

Â flS9 7 ari-  
2 5 years ation

Crop
year

Avar age ± _
to r  t : m atx on 25  years

Crop average ¥a2.,_  

S®® 25 years ati0Q
Crop
year

Average Vari- 

25f ^ a r s  atioE

Teh 31.76 31.35 to . 41 20.67 22.78 -2.11 ■» 35.20 -35-20 71+20 82.49 -9 .29

Ear 32.43 32.16 +0.27 22.62 23.97 -1.55 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 73-0 94.27 -21.27 74.12 83.54 -9 .42

Hay 32.21 31.77 +0.44 23.73 24-87 -1 .14 254.0 195.31 +60.69 79.17 85.27 -6 .10

Jun 29.65 30.46 -0.75 22.77 23.89 -1.12 500.5 299.01 +R0 1 .4 9 81 .52 85.57 -4 .05

Jul 30.16 29.73 +0.43 2 2 .51 23.44 -0.93 12 0 .0 21 7.08 -  97.08 81 .82 87.43 -5.61

Aug 30.05 29.77 +0.28 21 .2 5 2 3 .2 1 -1.96 9 1 .0 143.82 -  52.82 81.95 86.30 -4 .35

Sep 50.48 30.09 +0.39 22.12 25.29 -1 .17 66.0 156.75 -■ 90.75 79.65 86.12 -6 .4 7

Oct 30.99 29.70 +1 .2 9 22.50 23.69 -1.19 181 .5 266.97 -  85.47 80.64 87.63 -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 .8 4
Deo 31.30 30.62 +0.68 20.70 23.19 -2.49 1 9,5 69.44 -49.94 73.02 84.73 -6.76

Jan 31.58 30.91 +0.67 20.54 22.41 -1 .87 - 33.55 -33-55 69.90 80.28 -10.38

Positive  sign (+ ) shows increase over t ie  average data and 
negative sign ( - )  the decrease-



APEEHDIX I I

Abstract of analysis of variance table fo r height of 
plants (cm)

Source i f

3a an Square 

Height o f plants
£ c ra )

B1 oclc 5 7552.24

S 2 18070.40**

E 3 1574.06

K 2 1092.75

m 6 882.10

EK 6 867.21

Error 47 1911.68

* *  S ig n ific a n t at 0.01 l e v e l
*  S ig n ific a n t a t 0.05 l e v e l



APPENDIX I I I

Abetract of analysis of variance table for number of leaves per plant at 4 stages

Source af
Kean Square

Number of leaves  
per plant on 50th 
day a fte r  
germination

Number of leaves  
per p lant on 90th. 
day a fte r  
germination.

Number of leaves  
per plant on 110th 
day a fte r  
germination

Humber of leaves  
per plant at the 
time of f in a l  
harvest

Block 5 48.054 627.100 3595.14 15740.76
* * .  ** , #*•

N 2 722.589 51 46.430 131 98.80
.
18435.30

P 2 183*488 589.583 1685.73 5322.66

Z 2 65.59 41.180 2616.40 2172.25

HP 6 192.863 556.255 84.90 711.6 6

PX 6 125.742 774.696 1077.11 1578 . 68

E rro r 47 89.017 504.959 2373.31 1952.26

** Significant at 0.01 level
* Significant at 0.05 level



apse max iv

Abstract of analysis of variance tab le  fo r  number of branches per plant at 4 stages

Mean Square

S ource d f __________________________________________________________________________________________________________
Kiimber of branches Humber o f branches Humber of branches Humber a£
per plant on 50th per plant on 80th per plant on 110th branches per
day a fte r  day a fte r  day a fter p3 ant at the ticjo
germination germination germination of f in a l harvest

Block 5
A.JL

16.54256 44.67482* 41.2072 78.7048**

if 2 41.54145**
. * *  
1 00.33280 1 71.671 5*“* 219.1805

P 3 2.76210 11.21943 40.1800 53.4773

K 2 5.1 02 40 0.13735 19.6995 15.9205

RP 6 1.01876 2 ( .  96S78 15.4543 9.5688

PK 6 3.81166 31-. 96385 32.3526 27.2958

E rro r 47 3.35937 16.79279 19.0645 19.1881

**  Significant at 0.01 level

* Significant at 0.05 level



Abstract of analysis of variance table fo r  earliaess  
in  flowering 

(number of days taken fo r  50$ flowering)

APPENDIX V

He an Square

S ource df

Number of days taken fo r  
50$ flowering

Block 5 57.78200

N 2 203.45500

p 3 54.51 330

K 2 62.34000

FK 6 22.53660 ,

m 6 20.05000

Error 47 24. 97872

* *  Significant at 0.01 level
* Significant at 0.05 level



APPEJfflIX V I

Abstract of analysis of variance table for to ta l number of flow ers per p lant, 
□umber of pods per plant and setting percentage o f pods

S ource d f

llean Square

X ota l number of 
flower per plant

Xotal number of 
pods per plant

Setting
percentage

Block 5
* *

7729.80 3500.91** 321.829**

3 2 42010.35 3 458 . 37** 18.589

P 3 3685.20 9&5.73 90.797

E 2 1098 . 95 921.38 50.070

HP 6 6001.80* 989.14* 33.543

PE 6 2536.93 457.07 85.752

E rror 47 2534-51 377.85 60.874

**  Significant at 0.01 level

*  Significant at 0.05 level



AEEL'NDIX V II

Abstract of analysis of variance table for length of pods 
(cm)

tie an Square

Source df

Leag-ch of pods (cm)

Block 5 2.791 40*”

U 2 .  **■ 2.06450

P 3 0.03260

K 2 9.27400**

UP 6 0.71133*

PK 6 0.42083

Brrol- *
I 

~
 

1

0.28034

* *  S ig n i f ic a n t  a t  0.01 l e v e l

*  S ig n i f ic a n t  a t  0.05 l e v e l



APPEMDIX V I I I

A b s tr a c t  o f  a n a ly s is  o f  v a r ia n c e  t a b le  f o r  y i e l d  o f  g re e n  pods p e r  p la n t

He an Square

S ource df  __________________ ___________________________________________ _________
Yield of green fie ld  of g-’een Yield of green Yield of green lo ta l y ield  of Sotal yiled
pods in f ir s t  pods in soeond pods in  third pods in fourth green pods of green
month(g/plant) month(g/plant) ’acnth.(g/plant) month (g/plant) (g/plant) pods (kg/ha)

Block 5 !0903.43*
*«•

28285.70 1 COdl 0.73*"
**

55793.52 994900.00** 105776000**

N 2 23884.33** 39102.00 4-2256.95 11478.05* 420312. 50"* 7481 5000

P 3 2491.52 23945.55 25657.33*" 15329.76 212074.00** 37676666**
K 2 1 72.97 10573.25 5777.80 1 438 4.70'* 77000.00 13730000
HP 6 1520.19 5823.55 11400.90 2945.25 39220.00 7385000

PS 6 715.91 196 70.76** 1 4038.21 7008.48* 118018. 50* 211 08353 *

E rro r 47 3295.17 5414.75 5185.76 2533.42 45811.51 8060468

* *  S ig n i f i c a n t  a t  0.01 l e v e l

*  S ig n i f i c a n t  a t 0.05 l e v e l



APPiiiraix ix
A b strac t o f  a n a ly s is  o f  v a r ia n ce  ta b le  f o r  Bhuea

and Tuber y io ld  (kg/ lia )

Sfean Square

S cures d f

Bbusu y ie ld  Tuber y iled
(kg/ha) (kg/ha)

9 lock 5 2162G00* 210322.20

S 2 7566000’' * 218055-5

P 3 627000 167666.66

E O 2757500* 24930.50

EP 6
* *

261 9666 1 15944-50

PE 6 8 76 5 00: 161736.16

g r r o r 47 6 55574 TS818.55

* *  S ig n i f ic a n t  a t 0 .0 1  l e v e l

*  S ig n i f ic a n t  at  0.05 l e v o l



APPEBDIX lX

Abstract of analysis of variance table fo r  harvest 
index^ total dry matter production

Ifean Square

Source df ________

Harvest index Total dry
matter

^  production
(kg/ha)

Block 5
#*

426.9940
it#5253200.00

If 2 0.9350
it*

4563500.00

P 3 76.217 884333.33**
K 2 4.355 283500.00
BP 6 19.742 5166.66

PS 6 53.250
it*

567333.33
Error 47 40.440 170042.55

* *  S ign ifica n t at 0.01 l e v e l
*  S ign ific a n t a t 0.05 le v e l



Abstract o f ana lysis of variance ta b le  f o r  protein concent 
on pods and tuber

APPiSBBIX XI

Source d f

Ifean Square

Protein content of 
o f tender pods (per­

centage)

Protein con­
tent of tuber 
(percentage)

Block 5 3.6750000 7.62720

IT 2 0.5960000 13.67550*

P 3 1.2360000 26.90030**

K 2 1 .1095000 0.96800

BP 6 1.4401 700 2.69883

PIT 6 1 .6406700 7.95217*

JSrror 47 2.3680212 3.39570

* *  S ig n if ic a n t  a t 0.01 l e v o l
*  S ig n if ic a n t  a t  0.05 l e v e l



APPEBDIX X II

Abstract of analysis of variance table fo r uptake of nitrigen, 
Phosphorus & potassium

Ifean Square
S ource i t ________________________________________________________

Uptake of nitrogen Uptake of Uptake of 
by the plant Phosphorus pisi&fi'Siuia

(IJ -  kg/ha) by the the plant
plant (KpO -  kg/ha) 
(P205-k g/h ar

Block 5 4432.18
* *

265.0353
**

2322.9460

N 2
**

3062.75 1 72.5015 i 084.4450**

P 3 1205.35** 63.0633** 315-1300

X 2 342.53 22.7195
X"*

1280.6400

BP 6 295.92 18.3013 404.9833

PK 6 679.37** 25.5275 381 .8067

E rror 47 164.77 11.2740 193.0176

* a S ig n ific a n t at 0.01 le v e l

*  S ig n ific a n t at 0.05 le v e l



APPJi 1IDIX X I I I

Abstract of analysis of variance table fo r  nitrogen content in  pods tuber, le a f  and haulm
(Percentage)

lie an Square

nitrogen content 
in  pods 

(Percentage N)

Kltrogon oontont 
in  tuber 

(Percentage H)

nitrogen content 
in  le a f  

(Percentage N)

ItLtrotan- contenl 
in  haulm 

(Percentage 11)

B1 ock 5 0.094348 0.188060 0.418592* 0.21 0156* *

11 2 0.015540 0.3501 00* 0.092S43 0.070460

P 3 0.031 943 0.688626 0.038610 0.098790

K 2 0.028330 0.0244770 0.043395 0.269940*

HP 6 0.036950 0.069105 0.201 966
* *

0.299476

PS 6 0.042382 0.203593* 0.306090 0.092340

E rror 47 0.06 C304 0.087572 0.171829 O.O60259

* *  S ig n if ic a n t  a t 0.01 l e v e l

*  S ig n if ic a n t  o f  0.05 l e v e l



APPEHEEX XIV

A bstract o f  an a lys is  o f  varian ce  ta b le  f o r  phcsphcris content in  pods, tu ber, l e a f  and
ljaulm (percentage o f P )

Mean Square

Source d f _____________________________________________________________________________________________________
Phcephorie content Phosphorus content Phosphorus content Phosphorus content 
in  pods in  tuber in le a f  in  haulm
(percentage of P ) (percentage o f p ) (percentage o f P ) (percentage o f P)

Block 5 0.000403 0.002036 0.00594116* 0.00216714*
B 2 0.010611 0.001340 0.00066645 0.00065560

P 3 0.010369
* *

0.01 0981 0.00173756 0.0001 4646

X 2 0.003969 0.001087 0.00361750 0.00055740

IIP 6 0.004654 0.003318 0.00256476 0.00076443
PK 6 0.004664 0.001460 0.00261268 0.00125650

E rror 47 0.005969 0.002265 0.00217108 0.00062635

* *  S ig n if ic a n t at 0.01 le v e l

*  S ig n if ic a n t at 0.05 l e v e l



Abstract of analysis o f variance tab ls  fo r potonsiuza content xn pods, tubar,

le a f  and haulm (Percenter© of K)

APPEOTIX XV

Source d£

I'43an Square

Potassium content 
in  pcds
(Percentage of K)

2Jcrfcasnium content 
in  tubar
(Percentcgo of K)

Pot ax slum content 
of le a f
^Percentage of K)

Potassium content 
of haulms 
(Percem age of K)

Block 5 0.725222 0.093656 04V391B 6 .1  4806**

K 2 0.012640 0.0501 40 0.281845 0.138 475

P 3 0.210000 0.203150 0.031526 0.292360

K 2 1.827640** 0.010975 * K0.610550 0.089305

m 6 0.375195 0.14530S 0.019055 0.220138

PK 6 0 . 1 981 95 0.032925 0.130783 0.083195

Error 47 0.337009 0.076996 0.094097 0.183642

XT' Jt Signifleonfc at 0.01 level
* S ignificant at 0.05 level



A b stra c t ofi th e an&ysis o f variance  ta b le  f o r  "His content o f  t o t a l  
n itro gen , a v a i la b le  phosphorus and a v a i la b le  potassium in  the s o i l

APPEHDIX XVI

after the experiment
(kg/ha)

Mean Square

Source df
Total nitrogen content 
in  the s o i l after the 
experiment

(N -  kg/ha)

Phosphorus content 
in  the so i l after 
the experiment

(P-lcg/ha;

Potassium content 
in  the so il a fter  
the experiment

(K-kg/ha)

Block 5 .00025064
•*-*c

503 46.776 1 410. Al 4

JJ 2 .00002045 752 . 540 477.935

P 3 .00007420 5267.420 874-530

K 2 .00012545 1004.645 3749.890**

HP 6 .00040453 1284.636 359.430

PK 6 .00005595 377.456
It-ft

2492.210

.Error 47 .000161 *7 1169.112 581 .765

* *  S ig n if ic a n t  a t  0.01 le v e l  

*  S ig n if ic a n t  a t  0.05 le v e l



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

by

C. BRILL IN

ABSTRACT OF A  THESIS 

submitted in partial fulfilment of the requirement for the degree 

M A S TER  O F  SC IEN C E IN A G R IC U L TU R E  

Faculty of Agriculture 

Kerala Agricultural University

DEPARTMENT OF AGRONOM Y 

COLLEGE OF AGRICULTURE 

VELLAYANI, TRIVANDRUM

1 9 8 4



ABSTRACT

An experiment was conducted in the Irstructional Farm 

attached to the College of Agriculture, Vellayani during 

1 982 -  1983 to study the effect of four levels of phosphorus 

(0 , 30, 60 and 90 kg PgO^/ha) and three levels each of nitrogen 

(0 , 15 and 30 kg/ha) and potassium (0, 30 and 60 kg K20/ha) on 

growth, yield, quality, uptake and chemical composition of the 

plant parts in winged bean (Paophooarpus tatragonolobus (L.)BC.) 

The fie ld  tria l was la id  out as a 4 x 3  ̂ confounded factorial 

experiment confounding and higher order interactions in both 

the replications.

The study revealed ihat application of nitrogen at higher 

levels only had significant influence on the height of plant, 

number of leaves and the number of branches.

The yield and yield attributes revealed significant increase 

with the increase in the levels of nitrogen. Higher levels of 

nitrogen induced earliness in flowering, increased the number 

of flowers, pods, yield of green pods, bhusa and total dry 

matter production. Application of phosphorus at 60 kg PgOg 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. H i t  interaction was 

fouol to  bs significantly influencing the production of flowers, 

pods and the length of pods. Similarly P x K interaction waB 

found to be significant in the yield of green pods and bhusa 

y ie ld .



Sho protein contont o f winged boan tubar which io 

known to be edible was influenced by the application of 

nitrogen and phoaphcris. Roculta revoalcd that the uptake 

of nitrogen aixl phosphorus wore o igcifirantly  increased 

with tho higher lovolo of those oleaonto, So aloo tho 

applied:!oa of nitrogen and pctaaoiua icoisaood the uptake 

o f potaociuei.

Higher nitrogen content was obtained in tho tubor by 

tho application of nitrogen bu'o i t  radueod tho phoophoruo 

contont. She potaooiuo content: o f pods and leavoo were 

influenced by tho application of potasoiua. She total 

nitrogen and available phcaphoruo in tho so il aftor tag 

experiment wore not directly i  n il u on cad by the lovolo of

nitroson, phosphorus and potaooiun.

A doso of 1 6 kg II, 42 kg and 29 kg ilgO «oo found

to  be tho economic level of nutrients for uinjod boun ^vava 

f o r  tho grcon tender podn. Hut ths Optimum requiroaent was 

found to bo 18 kg H, 48 kg P20^ and 36 kg k2o hSdfcBlQi



Iho protein content o f wing ad bean tuber which its 

known to bo edible was influenced by the application of 

u it i’ojcn and phosphorus. Kooults revoalud that the uptake 

o f nitrogen aid phosphoruo wars sign ificantly  increased 

with tho higher lovolo o f those elements, Bo aioo the 

application of nitrogen and potnaaiun incroaaod the uptake 

o f  potassium.

Higher nitro0en oontent was obtained in tho tuber by 

tho application of nitrogen but i t  reduced the phosphorus 

oontoat. Eho potassium content o f pods and leaves were 

influenced by tho application of potasoiua. The total 

nitrogen and avallublo phosphorus in  liio s o i l oftor the 

experiment wore ncrfe d irectly  influoncad by tho lovela of

nitrogen, phosphorus and potassium.

A dose of 16 1:g II, 42 kc  an<i ks HgO woo found

to  be the ocononio leve l o f nutrients for winged boon grown 

f o r  tho croon tender podo. Dufc tho Optlmua roqulroaent was 

found to be IS kg II, 43 kg an<* por l̂oc*:aro*




