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INTRODUCTION

Pulses form an Important part o f  Indian d ietary . 

They supply vegetable proteins and essen tia l adjuncts to  

predominantly starchy foods.

For vegetarians and aa also those, who cannot 

a fford  the costly  oroteln  rich  animal foods legumes are 

the ’lost lmoorfcgnt source o f protein in  the d ie tary . Legume- 

protein arovide certain essen tia l amino-acids which cereal 

p ro t 'in s  are d e fic ien t and there cy enhance the over a l l  

n u tritive  value o f jro t* in s  In the mixed d ie t.

In economically advanced countries, the average 

intake o f orotein  i s  generous end the protein o f animal 

o rig in  make up nearly ha lf the to ta l urotein. Diet surveys 

carried out in  India have shown that bulk o f the food in 

Indian d ie ta r ies  is  formed by cerea ls, which supply about 

80S> o f the to ta l energy, are the major source o f d ietary 

iro te in s . Pulses have nigh protein content o f 17 to 25 

per cent and the corresponding figu res fo r eereal being

0.14 per cent only. (Protein content o f eowpea is  22.20 to 

84.10 per cen t).



Consumption o f fru its, vegetables, pulses, 

eggs, fish and meat is  thorou^ily inadequate in India. 

The protein equivalent in India is  51 which compares 

poorly with the corresponding figures of 60 for under­

developed countries and 90 for the developed countries. 

According to Aykroyd and Doughty (1964) the daily 

requirement o f pulses o f one adult is  3 oze, to keep the 

diet a balanced one. Based on this standard about 14 

million tons of pulses would be required in India per 

annum. But the present production is  roughly ,10 million 

tons, a fact which emphasise the necessity for increased 

production of pulses.

Cowpea, due to its  adaptability to the 

agrocliaatic conditions of Kerala, is  extensively grown 

throughout the State. Total area under this crop is  

approximately 14600 hectares. The per hectare yield is  

comparitively low (250 kg. per hectare).

Trials conducted so far have revealed that the 

v&rlety ' iiew-Era1 is  the most suited to local conditions.

Cowpea has been recognised as one of the most 

important crops in the rotational sequence of paddy.



3

nirther i t s  capacity to supply organic waiter and nitrogen 

to the s o il needs no emphasis.

Only very few studies have been conducted to 

determine the nu tritiona l requirement o f  th is crop under 

Kerala conditions. Ju d icia l application o f  both major 

and traee|olerenfcs nave found to increase both y ie ld  and 

oroteln  content o f pulses eleewnere.

The present investigation  was therefore under­

taken to determine the requirement o f nitrogen, ootassium, 

boron and molybdenum o f th is crop under Vellayani conditions.



REVIEW  OF LITERATU RE
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REVIEW OF LITERATURE

Experiments conducted in India and outside have 

shown that legumes responds well to manuring.

Whijte, Miisson-Leissner and Trumble (1963) have 

stated that apart from nitrogen, the nutrients required 

by legumes are phosphorus, potassium, calcium, magnesium, 

iron, sulphur, copoer,zinc, manganese, boron and molybdenum.

fJITHOGEH

( i )  Effect of nitrogen on yield

Sine© most of the leguminous plants are capable 

of obtaining their nitrogen supply through their symbiosis 

with nitrogen fixing bacteria it  is  considered that nitrogen 

application to legumes is  generally unnecessary. But 

lounkln Hester and loadley (1050) have reported increased 

yields in peas by the nitrogen level of fertilizer 0 to 

6 per cent. Proportion of small peas wes also reduced.

Delver (1913) nss shown that dwarf beans require 

considerable quantities of nitrogen and phosphorus but 

eomparitively l it t le  potassium.



-----
„ _ l/BRAM *

Martin (1960) has reported substantial increase 

m yields o f dwarf be-ins when nitrogen was spo iled  at 40 kg

por hectare.

Biepma, Vanbiii sealing and Bom (i960) reported 

that the y ie ld  o f haricot beans has increased at the rate 

o f 5 kilogram per kilogram of nitrogen applied.

Hester, Hoadly and Smith (1961) have obtained 

good resoonse for botn nitrogen and potassium in peas. They 

found out a nutrient ra tio  o f i s l t l  and that grain y ield  

increased upto the point at which sa lt concentration Injured 

germination.

Fsedmma (1964) observed that cowpea seedlings 

grown in s te r ile  sand inoculated with BUizobium strains 

responded well to ligh t dressings o f nitrogen, tie is  o f 

opinion tnat ligh t dressings o f nitrogen were preferable 

to seed inoculation owing to the short growing ueriod o f 

the crop.

Piiukla (1964) has reported that application of 

20 lbs . o f nitrogen jer acre to gram ( eicer arletenum) had 

produced maximum reeoonse to a l l  plant characteristics.

EataeM, and Bench at t i  (1966) has reported that
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nitrogen at the rate of 10 lbs, ana SO lbs. >ev acre has 

increased yields by 147 lbs. and 160 lbe. respectively 

In groundnut during 1966-57, However they did not get 

similar results during 1957-88.

Ebong (196S) reported that cowpea responds well 

to fertilisers including a small dosage of nitrogen at 

the seedling stage.

On the contrary many other workers have reported 

tnat nitrogen Bay ester else a depressing effect on yield 

in legumes. Sin^i and Sahosrabndhe (J.8S7) resorted slight 

decrease in yield in red gran when nitrogen was applied 

at 20 lbe. per acre. She decrease in yield was not sati- 

stlcally significant.

Trials by Siaraa and Kisra (1961) have given 

sore or less similar results in peas under rainfed conditions. 

Hitrogpn at SO lbs. per acre depressed the yield.

Siagh (1962) has stated that nitrogen et IS lbs. 

per acre did not increase grain yield la  ' twoong' evert though 

there was increase in straw yield.

Klacan (1862) has reoorted that at very low 

concentrations of nitrogen canning peas produced fewer pods, 

and peas per pod.
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Reviewing an extensive series o f f ie ld  tr ia ls  

in the eastern countries in England Cans (1963) concluded 

that application of nitrogenous fe r t i l iz e r  to peas was 

seldom worth wnile.

Moolani and Jana (1965) have reported that 

nitrogen at 25 kg. per hoctacre caused 6 per cent reduction 

in the number o f pods produced and the quantity o f grain 

y ie ld  in gram.

Hair (1966) did not get any significant y ield 

in  cowpea by the application o f nitrogen at 20 kg. per 

hectacre.

(11) Of feet o f nitrogen on quality o f legumes

Thornton (1966) and Martin (1959) have shown that 

there was increase in the protein content when red and 

sweet clover vras manured witu nitrogen fe r t i l iz e r .

Dubey (1963) reported improvement in quality of 

pea in respect o f i t s  protein content when nitrogen was applied 

et the rale o f 10 lbs . and 20 lbs . per acre.

loeek (1965) observed increased protein content 

In a l f a l f a  when nitrogen vac given as to ray fe r t i l i z e r .
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( i l l ) E ffect o f nitrogen on modulation

IAptnan and B lair (1014 & 1915) have shown that 

application o f nitrogenous fe r t i l iz e r s  did not depress the 

nodulation In soya beans.

Bichardson, Jordan and Garrard (1957) have 

shown that nitrogen at the rate o f 0.5 and 12 ppm.increased 

nodulation in lucerne when given as ammonium ion but 

decreased nodulation when given as n itrate nitrogen. But 

in  a pot culture study with cowpea Ezedinraa (1964) 

observed increased nodulation with application o f n itrate 

nitrogen. Humber and weight o f nodules decreased above 

100 ppm. o f n itrate nitrogen.

Janssen and i ’orstensson (1955) nave reported 

that application o f ammonium n itrate lowered nitrogen 

fixation  in peas.

Samuels and Lantfrau (J r .) HC52) observed 

reduction in aunber o f nodules in tropica l Budzu manured 

with Airmonaup Sulpnate.

Cartwrigat (1559) reported that higher leve ls  

o f  nitrogen depressed nodulation in  several legumes grown 

in  sand cultures.
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bowling (1961) found decrease o f weight o f root 

nodules in white clover manured with nitrogenous fe r t i l is e r .

Tewari (1966) hds reported that increased leve ls  

o f nitrogen depressed the form a-ion o f e ffe c t iv e  and in ­

e ffe c t iv e  nodules in  cowpea.

Hair (196®) reoorfcea negative response to nodulation 

by addition of nitrogen to 4 v ir ie t ie e  o f cowpea.

POfASStOM

( i )  e f fe c t  o f Potassium on y ie ld  In legumes

Comparitively vary few studies seem to have been 

carried out on the e ffe c t  o f potassium on the y ie ld  of 

legumes.

Kosslter (194?) has reported teat Kct at the 

rate o f 1 cwt. per acre produced highly s ign ifican t increase 

in  y ie ld  o f subterupean clover, l is ld  in lupines and 

other pasture species wee depressed with ad 'Itlon  o f potassium.

v/ado (1986) reported reduction in the incidence 

o f aonanomvees root rot in poa plants with KC1 st 4 cwts. 

per acre.
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Sield of ranger a lfa lfa  was increased with

increasing potassium apto a content of 3 per cent in

the plant la sand culture experiments by Wallace and

Bear (1950). Boron deficiency was experienced in plants
s

grown in solutions containing potasium.

Vargas (1957) observed significant Increase 

in yields in beans by the application of potassium thou# 

the soil was moderately, rich is  potassium. Highest 

yield was obtained with 60 kg. of potash per iieetacre.

Wu (1963) observed increased yields in soya beana 

by the application of potassium, both in plot treated with 

phosphorus or inoculated.

Fedorov and Podjapoljasja (1960) reported that 

reducing potassium in sand culture mediums reduced yields 

and also reduced the weight of nodules formed in legumes.

Experimonts conducted by Delver (1952) indicated 

that dwarf beans requires only comparitively litt le  potassium 

than nitrogen and phosphorus.

tin (1959) reported depressing effects with 

potassium on height of plants, weight of tops, roots, 

number of loaves and tille rs  per -ilant in yellow lupine. 

Potassium depressed the absorption of calcium also.



11

hataskl and Banahatti (1966) have revealed that 

explication o f ootassium sulphate to ground nut to give 

100 and 300 lbs . K^o per acre had adverse e f fe c t  on the 

y ie lds.

of
( i i ) Effect^ potassium In nodulation

lewari (1966) reported that addition o f oofcaseium 

had no e ffe c ts  on the formation o f nodules in cowpea.

BORON

( i )  Role o f Boron in slants

boron was found to be a constituent o f  olants 

by W lllstoin  and Apoiger as early  as 1857 (as stated by 

f'oghe, Mathur and Ta lati 1966). Although Jay (1896) had 

suggested that boron sight lie found in a l l  a lonts, l i t t l e  

attention was paid until the research work o f Aglnhon (1910) 

and brencnley on the relation  o f the element to crop 

production. Warrington (1923) was the f i r s t  to establish 

the essen tia lity  o f boron in olant growth.

D ifferent functions have been attributed to 

boron in ilants. Walls ce (1940) ana Hass (1946)as quoted 

by t*oghe»Mathur and Ta la ti (1966) have stated that plants 

need re la t iv e ly  very small amount o f boron and d ifferen t 

species o f plants vary as regards their boran requirement.



Brenchley and Thornton (1925) have suggested that 

e ffe c ts  o f boron on legumes as regards nitrogen fixa tion  

i® through i t s  e f fe c t  sore on the host plant rather than on 

the bacteria or symbiotic system, ^rsnchlsy and Warrington 

(1927) have stated that boron does not replace any o f the 

essential elements but is  acsociated with the absorption end 

u tiliza t io n  o f cal cluse.

Bofcoko, Matveeva and Syvorotkln (1933) have 

oaincd that boron is  concerned with e f f ic ie n t  assimilation 

o f iron and u tiliza t ion  o f nitrogen and mineral matter.

Reeve and Shlve (1944) have stated that boron 

plays a part in the absorption o f potassium.

Hass (1944) stressed the importance o f boron in 

c e ll d ivision  o f raeristamatic tissues in plants.

Tisdale and Heleoa (1856) have also suggested 

that a deficiency o f boron may orevent the formation of 

vascular tissues necessary to supply the aodulo organisms 

with carbohydrates necessary for their a c t iv ity .

Russel (1961) is  o f opinion that boron e ffe c ts  

ce ll d iv is ion , nitrogen and carbohydrate matabollsom,
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pollen germination, flowering, fru itin g , absorption o f 

minerals and action o f hormones and weter re la tions In 

plants.

( i i )  E ffect o f boron on y ie ld .

Piland, Ireland and Belsnauer <1944) reported 

that addition o f 26 lbs . o f Boras per acre increased the

y ie ld  oi seeds by ISO lbs . in erirasoa clover. Tne increase 

ia  y ie ld  wsa attributed to the growth o f a vigorous type 

o f seed head and the growth o f fu l ly  matured plump seed 

in the apical portions o f tne head.

Sogers (1947) obtained an increase o f 58 per cent 

in lucerne and 104 per cent in bur-clover in  the hay y ields

by the apolieatlon o f boron. Seed production was increased

by 259 lb s . per acre. .Ie concluded that boron may stimulate
o f-

seed production in a number legumes which show no vegetative

response.

Reznlkova (i960) reported that treatment o f luoin 

seed with Boras before sowing and addition o f 3 kg. o f 

Borax per nectre to the s o il increased the y ie ld  o f lupin 

oa a median podzol s o il oy about IOC.

Higher green matters y ie ld  in eunhemp was obtained 

at Bangalore by the addition o f boron in esnerimento con­

ducted by Copal Eino and Govindarajan ( l c51).



An tier son (1952) reported that ia  subteranean 

clover and lucerne the response fo r boron was sore when 

molybdenum also was applied la  molybdenum deficient s o il.

Datta and Ourubasavaraj <1953) obtained 

significant response in fodder yield* seed y ie ld , and 

nodulation in berseem when boron and molybdenum carrying 

fe r t i l iz e r s  were applied. Their results indicated that 

e ffe c ts  o f  applied nutrients became more pronounced as the 

removal o f major nutrients from the so il increased.

Shende and Sen (1958) got 31 per cent increase 

in  green matter when boron and molybdenum were applied to 

guar along with phosphate.

Litynski ana Kaezkowska (i960) in a three year 

t r ia l  with soya bean did get favourable e ffe c t  with 5 kg. 

o f Borax per hectare only in one year. Bigher dozes o f 

Borax restrained growth and reduced seed yields.

B alle l and Natu (1961) obtained 32 ner cent 

Increese la  groundnut yields with 4 lbs. o f Borax per acre 

singly or in combination with manganese.

Jaychandran (1966) has found that ground-nut 

responded markedly to the application o f 80 kg, per hectare 

o f boron under Vellayani - conditions.
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Harris, ^ledeoe and Clark (1954) did not obtain 

response fo r boron la  cowpea.

Zlmmermann (1561) reported that there was no 

response fo r boron in clover wnen Barox at the rate o f  30 kg.

per hectare was applied to the s o i l .  When the same quantity 

o f  Borax was given as fo l ia r  spray the growth was depressed 

and yields reduced.

( i l l )  E ffect o f boron on ga s lity  in legan-.ee

Fulkey (1943) has reported favourable e ffe c ts  o f 

boron on protein content and e l ic i t  increase in ash content 

in soya beans,

Vm and Using (196P) obtained increased orofcein 

content in  soya beans treated with boron.

(xv) rff«*ct o f boron on nodulation

Moschini (1951) found that application o f 'P ers ia ' 

a f e r t i l i z e r  containing mainly boron at the rate o f 3 q tls . 

per hectare favourably affected nodulation and growth in 

broad beans,

Seterban Velasco and bachlcagarrido (1962) have 

reported that noaulation was increased only s lig h t ly  by the 

application o f boron in  broad beans. Potash tended to
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decrease the number o f nodules and potash boron la te r 

action was s ign ifican t Boron increased the number o f 

flowers but the number o f pods were markedly reduces.

MOLXBDSIiOM

( i )  Sole o f  molybdenum in plants

B io log ica l importance o f molybdenum was not 

realised u n til 1930 when Bertels (1930) snowed that the 

element was highly benefic ia l in the fixa tion  o f gaseous 

nitrogen by Azotohacter ebrooeocum.

The f ir s t  evidence o f  the fact that the physio­

lo g ica l ro le o f molybdenum is  not associated with 

nitrogen fixation  alone was provided by the work o f Steinberg 

in i t ia l ly  reported in 1936.

Essentia lly o f molybdenum for higher alsnts was 

established by Araon and Stout (1939).

Evans (1956) states that molybdenum is  Involved 

in the reduction o f n itrates and In the process o f nitrogen 

fixa tion  in legumes. He states that the enzyme hydrogenase

is  ultim ately associated with the nitrogen fixation  in 

certain free  liv in g  nitrogen fix in g  micro organisms. 

Molybdenum has been shown to be an essential constituent
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o f this enzyme. He further states that a molybdoflavo- 

protein analogous to hydrogenase plays a prominent part 

in the nitrogen fixation  by bacteria in leguminous plants.

I t  is  convincingly concluded that molybdenum functions as 

an electron carrier in the flavo protein nitrate reductases 

recently iso lated from soya bean leaves and neorospora.

There is  strong evidence that molybdenum may play 

a role in the inhibition o f plant phosphatases, but the 

relation  o f the element to ascorbic acid accumulation and 

diminished capacity fo r dye reduction and to iron metabolism, 

a l l  o f which have been associated with deficiency o f the 

element remains obscure.

From the fact that root nodule bacteria in molybdenum 

defic ien t' so ils  are unable to f ix  nitrogen, thou^i plants 

grow in such so ils  Bussell (1961) concluded that molybdenum 

is  primarily concerned with nitrogen fixation  in  legumes. '

Research work with molybdenum on the y ield ,quality  

and nodulation in legumes though o f recent oripin is  quite 

numerous.

( i i ) E ffect o f molybdenum on the y ield o f legumes

Anderson (1948) obtained marked growth and develop­

ment in subteranean clover by adding 2 ounces o f molybdenum
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trioxid® per aero. Be is  o f opinion that probably on® 

ounce per acre would have been su fficien t. He further 

observed that response o f legumes may be due to improved 

nitrogen fixation .

Weklyudove (1966) obtained increased yield in 

peas by the addition o f molybdenum at one kilogram per 

hectare.

Jensen (1959) observed that yield  o f lucerne was 

doubled by the addition o f sodium aolybdate at the rate 

of 2 kg. per hectare. There was increase in the nitrogen 

content o f the plants. Higher doses o f molybdenum produced 

furtner slight increase.

Ai2upiete (1969) reported shat molybdenum Increased 

the hay y ield o f red clover by 82.6 per cent. Molybdenum 

and boron given together did not increase yield much more 

than molybdenum alone did. Molybdenum increased chlorophyll, 

carotene, and Vitamin *C' content o f the leaves.

Minina (1964) reported an increase o f 9 .3 h.teg, 

per hectare in forage and increased protein content in the 

seeds o f forage beans to which molybdenum was applied.

Mehrotra and Gangwar (1966) obtained increased 

yields In berseem fodder to the extent o f 7 and 9 per cent



at Puipa and Buharifarms respectively by the addition of

0.56 fcg. sodium aolybdate per hectare. At 0.28 kg. per 

hectare leve l i t  fa iled  to show beneficial e ffe c t at 

Pusa. At Kali however increased yields o f the order o f 

8 per cent were obtained. A combination of molybdenum 

and boron baa not shown any improvement over that o f 

molybdenum alone,

Jayachandran (1966) observed favourable e ffec ts  

o f molybdenum on the yield , height o f plants, number o f 

pods per plant and pods per hectare though the increase 

was not s ta tis tica lly  sign ificant.

Ilarnis, Bledsoe and Clark (1954) did not get 

increase in yield in covpeas by the addition o f molybdenum 

though they noticed improved colour.

Vital Bao and Venkafc Baju (1865) fa iled  to get 

any variation In tna yield o f a lfa lfa  by the application 

o f boron and molybdenum Individually or in  combination. 

Both so il and fo lia r  application had no response,

( i l l )  IffeLct_of_molybdeaBia-Qn .qu3lity. of. legumes

heklyudov (1956) obtained increased protein 

content o f the seeds and vitamin ’ C  content o f plants, 

when molybdenum was added to peas. He also noticed



increase in number o f nodulebacteria pa rticu la r ly  in  

limed s o ils .

Zurovska (I960) reported that molybdenum applied 

alone or in combination with boron increased enzyme 

a c t iv it y ,  the contents o f soluble sugars, protein  and y ie ld  

in  peas.

Martynenko and Ivanova (1968) obseived an increase 

o f  4.5 to 6 por cent in the protein content o f grain in  

peas. Soad treatment with molybdenum gave better resu lts 

chan s o il or fo l ia r  application o f  tne element.

( i v )  L ffe c t  o f molybdenum on nodulatlon

Mulder (1948) ©bs-ervod chat root nodules on peas 

grown in  water culiures v ith  molybdenum in the absence o f 

fix ed  nitrogen were pink In colour, while the molybdenum 

d e fic ien t onoe were paler or yellow  brown.

Blomefield (1964) reported that resoonse to 

addition o f molybdenum at the rate o f two ounces per acre 

was observed in  seas. Compared with the untreated plants, 

the treated plants had better colour, were s lig n t ly  

t a l le r ,  and had pinkish nodules which were larger than the 

greyish nodules on the control p lo ts . The crested plants 

were more res istan t to co lla r ro t and yielded thrice than 

the untreated plants.

20
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K liever and Kennedy (I960) revealed that legumes 

l ik e  birds fo o t, t r e f o i l ,  lucerne, ladinoelover and red 

clover responded w ell to added sodium molybdate. The size 

o f  the Individual nodules were increased. But there was a 

reduction in  the number o f nodules.
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MATERIALS AS0 METHODS

The present investigation was undertaken to 

determine the e ffect o f nitrogen, potassium and the trace- 

eleaents boron and molybdenum on the yield of cowpea, 

variety 'Hew-Cra'.

1. Exneri mental site

She fie ld  experiment was laid out in the garden 

lands o f the ferra attached to the Agricultural College 

and Research Institute, Vellayani. The so il Is red loam 

with medium fe r t i l i t y .  The aoll was analysed for its  

nutrient status and the data are given in Appendix I .

2. Season

The experiment was conducted during August to 

November 1966. Whether condition prevailed during the 

season is  represented in the table given as Appendix I I .

S. Seed material

The variety used was ’ Kaw-Bra'. The seeds ware 

obtained from the Agricultural College Farm, Vellayani.
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'llew-Era* is  a North Rhodesian variety o f approximately 

70 days duration. I t  is  a bushy plant with ligh t green 

modin® sized leaves. The flowers are with purple petals 

and preen calyx. The pods are o f mediae size with purple 

tips seeds are chocolate coloured with mottling®.

4. ».amir.ea...and_.Fertilizere

Uniform dose o f cattle manure, line and super­

phosphate was given to a ll plots.

Nitrogen as Ammonium Sulphate, phosphorus as 

Super-phosphate, potassium as Muriate of potash, boron 

as Borax and molybdenum as Sodium molybdate was applied.

Cattle manure and fe r t ilis e rs  used analysed as

follows!

■AmmoaiQHi sulphate - 20.5$ S.

Super phoeohate -  16.00$ PgOg

Muriate of potash - 54.00$ KgO

lime - 54.20$ CaO

Cattle manure - 0.41$ N

0.30$ PgOg

0.20$ KS0
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6, Layout and design

The t r ia l  was la id  out as a sp lit  plot experi­

ment with 3 replications. The whole p lo t treatments 

were combinations o f nitrogen and ootassium at 3 leve ls  

each. The interaction NK was confounded in replication 

IX and NK® in  replications I  and 111.

The sub-plot treatments ware combinations o f 

boron and molybdenum at 3 leve ls  each.

Thus the three replications were la id  out in 

9 blocks, each block consisted o f 3 whole p lots and each 

whole p lo t containing 4 sub-clots.

6. Levels o f treatments

Levels o f nitrogen

1. no - No nitrogen

3. nx -  10 kg H/ha.

3. a2 -  30 kg H/faa.

Levels o f potassium

1 . Kq - Ho potassium,

2. %  - 20 kg KgO/ha,

3. Kg - 40 kg KgO/bs.
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Levels o f boron

1. Bo .

2. Bx -

Levels o f molybdenum

1. P00 -

2. H0X -

So boron

10 kg Borax/ha.

So Molybdenum 

1 kg Sodium molyb date/ha.

7. Size o f plots

Whole p lot 

Gross sub-plot 

Set s lo t

9.6 x 9.6 metres

4.6 x 4.5 "

3.9 x 3.9 »

8, Spacing

A spacing o f 30 cm. either way as recommended by 

Krishnaswami gt a l .  (1945) and Dungati and Boss (1957) Was 

followed.

9. Number o f plants in the sub-plot

Grose plot — 225 plants

Met plot — 169 "

10, Preparatory cultivation

The experimental s ite  was plougied th rice , clods



to

broken and a l l  the weeds and stubbles r  re removed. She 

f ie ld  was then la id  out.

11. Manuring

Well powdered calcium hydroxide at 1680 kg/ha. 

was applied before starting the preparatory cu ltivation . 

Cattle manure at the rate o f 5600 kg per hectare was 

applied a fo rtn l^ it a fter the lime was applied but before 

the completion o f the preparatory cultivation . The 

doses o f calcium hydroxide and ca ttle  manure were fixed 

on the basis o f recommendations made by Nair g t aj. (1057) 

fo r  leguminous crops under Kerala conditions.

The fe r t i l is e r s  were given as basal dose, a day 

prior to sowing, tanonium sulphate, Muriate o f potash, 

Borax and Sodium molybdate were mixed w ell and applied as 

broad cast. Super phosphate to supply 55 kg Pg Og was 

given in bands SO cm. apart and 10 cm. deep.

12 . Sowing

Seeds selected for sowing was tested fo r germi­

nation caaaclty and i t  was found to be 90 per cent. 

Healthy, w ell developed, plump seeds were selected for 

sowing. Two seeds per hole were dibbled in lines of
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30 cm. teotn ways on 88-8-66. Thinning was done a week 

a fter sowing* allowing only one seedling per hole.

13. General condition o f the crop

Good rains were received on th© previous day 

o f sowing and the day a fter sowing. Germination was 

observed on the th ird day and completed within a week's 

time.

14. A fter cu ltivation

P lo ts were hand weeded twice on 18-9-66 and 

3-10-66. Barring a mild attack o f epilachna beetles the 

crop was free o f insect pests. One spraying with 

Folido l E605 was given on 6-10-66.

15. Harvest

Because o f  the heavy rains during the growing 

period the vegetative phase o f the crop was a l i t t l e  

prolonged. Harvesting was completed on 83-11-66.

The border rows and plant selected fo r  biometric 

observations were harvested separately. The grain y ie ld  

o f the net p lo ts  was recorded at IS per cant moisture. The
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bhusa were nulled out and dried under sun for 3 days and 

weight recorded.

16. Observations made

Ine  fo llow ing characters were studied.

( i ) Height o f plants at maturity

Plants were selected at random in  each 

sub-plot a fte r  leaving one border lin e  on a l l  the 

four sides. The height was taken from the cotyledoaary 

node to the terminal node.

( i i )  dumber o f  nodules

A ll tne nodules on the roots o f the plants 

selected at random in each sub-plot were counted and 

average worked out.

( i i i )  duster o f oods ser plant

Number o f pods on the selected slants were 

noted and average determined.

( i v )  Length o f pods

20 oods taken at random from pods co llected  

fro® the selected plants wero measured and average 

length worked out.
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(v ) Humber o f seeds per pod

Pods used fo r  measuring the length were 

threshed separately and the number o f seeds in  each 

pod was counted and the average worked out.

(v i )  Weight o f  dry soeds

Pods harvested fro® each sub-plot was dried, 

threshed and the weight recorded at IS per cent moisture.

( v i i )  Weight o f  dried bhusa

Immediately a fte r  the completion o f harvest 

o f  pods, the plants were pulled out dried uniformly 

and tholr weight recorded.

( v i i i )  Weight o f ICO seeds

100 seeds from each sub-plot were drawn at 

random, a fte r  thoroughly mixing the seeds and the 

weight was recorded using a physical balance.
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RESULTS

' The biometric observations, namely height o f 

plants at maturity, number o f root nodules, number o f pods 

per plant, length o f pods, number o f seeds per pod, waigfrt 

o f dry seeds, weight o f dried bhuaa and weight o f 100 seeds 

taken at preharvest and post-harvest stages o f cowpea 

variety ’New Era' was analysed sta tis tica lly^  The analysis 

o f variance tables are given as appendix 111 to X. Mean 

values o f the d ifferent observations are given in Tables I  

to V III.

1. Height o f plants

The data on the height o f plants at maturity was 

analysed s ta tis tica lly  and is  given in Appendix I I I ,

Mean height o f plants under various treatments 

are represented in Table I  a, b and c.

I t  is  observed that the height o f plants Increased 

sign ificantly due to the addition o f nitrogen. E ffect o f 

potassium also is  siga ificant, the influence being negative. 

Interaction between nitrogen and potassium is  not sign ificant. 

Addition o f boron has also increased the mean height o f 

plants. Hone o f the other treatments were significant.



TABLE 1(a)

Mean height of plants (in cm) at maturity

Ko W1 Mg Mean

Kq 33.95 41.31 44.67 39.97

*1 34.04 35.34 42.63 37.34

Kg 34.19 35.53 41.89 37.60

Mean 34.06 37.39 43,06

CD (0.05) fo r  le v e ls  o f I  = 1.425 

CD (0.05) fo r  lo v e ls  o f K = 1.425 

CD (0,05) combinations o f IT ana K = 3.1156

TABLE 1(b)

®o S1 Mean

M0q 37.62 38.43 38.02

M01 38,02 38.62 38.32

Mean 37.82 38.52

CD (0.05) fo r le v e ls  o f  B = 0.6054

’’ MO = 0.6054

CD (0.05) fo r combinations o f B and ?10 = 0.8516
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TABLE 1(c)

Mean height of plants (in ess) at maturity

BoM0o BoM0X BiMQ0 BlM0X Mean

H0K0 33.82 34.12 33,15 34,69 33.95

V i 34,21 33.78 34.30 34.07 34,04

33.23 33.98 34.75 34.82 34.19

»1*0 39.91 41.73 41.32 42.27 41.31

®ls l 34.61 35.18 36.28 36.35 35.34

h1k2 36,29 35.27 35,07 35,47 35.53

% % 43.44 44.31 45.58 46,34 44.67

h2k1 42.26 42.36 42.85 43.04 42.63

SJglCg 40.88 41.48 42.66 42.65 41.89

Mean 37.62 38.02 38.42 38.62

CD (0.05) fo r  whole p lo t treatment 
combinations

CD (0.05) fo r  sub-plot treatment 
combinations

CD (0.05) fo r  comparison between 
s b-plot treatments 
within the same wholo 
p lo t treatment

CD (0.05) fo r  eompaxlson between
si b-p lot treatments not 
within the same whole- 
p lo t treatment

H = 3.1166

| = 0.8516

I
| = 2.5722

X

I
I *  4.4019
I



Maximum mean height o f 44.67 cm. was recorded in 

the treatment combination Hg% and the minimum o f 33.82 cm. 

in  the treatment combination o f HoKgBoM0o .

2. Humber o f nodules

Analysis o f variance for the number o f nodules 

per plant is  given in Appendix IV.

I t  is  seen from the Tables I I  a, b and e, that 

nitrogen at a l l  leve ls  wore sign ifican t, the influence being 

negative. Combinations o f nitrogen and potassium has also 

s ign ifican tly  reduced the number o f nodules per plant. Potassium 

did not show any significant response.

Application o f boron end molybdenum has sign ifican tly  

increased the mean number o f nodules per plant. The e ffe c t  o f 

combination o f boron and molybdenum is  oignlfleant and positive 

Highest number o f nodules is  noticed in the whole plot trea t­

ment combination N0K0 and the lowest in the combination N8Kj .

3. Number o f pods

Data on the number o f pods per plant was analysed 

and the analysis o f variance is  given in Appendix V. I t  is  

seen that nitrogen, potassium, boron and molybdenum alone or

33
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TABLE 11(a)
Mean number of nodules produced

% % % Mean

Ko £4,71 19.54 15.83 20,02

% 24.38 20.42 15.72 20.17

k2 23.98 21.35 16.11 20.48

Mean S4i#G0 20.43 10.88

CD (0.05) fo r  Levels o f ;} = 0.3969

K a 0.8969

CD (0.05) fo r eoafeinatio&s o f H and K *  1.5549

TABLE 11(b)

®1 Mean
Oo

IS .26 21.67 19.96

w »i 19.77 20. £6 20.21

Mean 19.01 31.16

CD (0.05) fo r  leve ls  o f B «  0.2122

CD (0.06) fo r  leve ls  o f MO = 0.2122

CD (0 .OS) fo r cojablnatloa o f I = 0.2986.
B and MO I
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;umbsr o f nodtJ.es produced

TABLE IJ(e)

Bo?i0o V ° 0 Mean

V o 22.11 23.81 27.18 25.74 24.71

»oKl 22.34 23.22 26.83 25.06 24.38

If0Kg 22.18 22,81 25.93 24.11 23,98

V o 17,51 20.33 20,81 20.34 10.54

V l 18.38 20.03 22.60 20,67 20,42

% k2 38.35 20,88 22.66 21.32 21.35

SgKo 13.31 15.83 16.31 15.98 15.83

IISKi 13.36 15,71 16.23 15.83 15.72

a2f.g 15.80 15,33 16.58 16.78 16.11

Mean 18.26 19.77 21.67 20.66

UD (0.05) fo r  whole p lot treatment 
combinations

CL (0.05) fo r  sub-plot treatment 
combination

SO (0.05) fo r  comparison between
sub-plot treatments within 
the same whole p lot trea t­
ment

CD (0.05) fo r  comparison between 
S'.b-plot treatments not 
within the same whole p lo t 
treatment

jj = 1.5549

| = 0.2986

I
t  = 0.9869
I
I

I
| = 1,8711
t



in combination have not increased the mean number o f pods 

per plant.

There is  a trend towards increase in the mean number 

o f  pods fo r nitrogen at 10 kg. nor hectare. Potassium at 

SO kg. per hectare and combination o f these two have shown the 

same trend.

The mean number o f pods under various treatments are 

given in Table I I I  a, b and c.

4 . length o f pods

Data regarding the length o f pods under various 

treatments were s ta t is t ic a lly  analysed and the analysis o f 

variance is  given in Apnendtx VI.

Moan length o f pods under various treatments is  

given In Table IV a, b and c.

I t  is  seen ffom the tables that nitrogen and notassiura 

alone or in combination have not s ign ifican tly  influenced the 

length o f pods.

Addition o f boron has influenced the length o f pods 

s ign ifica n tly , the e f fe c t  being p o s it iv e . Interaction o f  

boron and molybdenum is  also sign ifican t and oo s it iv e .

Molybdenum has not shown any influence. The interactions NB,

KB, N x & x MO, K x MO and N x B x MO were also s ign ifican t.

38
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SABLE III (a)
Mean number of pods per plant

% %  h Mean

£o 8.96 ' 9.92 8.26 9.33

% 9.89 10.38 9.57 9.95

% 9.37 10.22 10.30 9.96

Mean 9.40 10.17 9.71

OB (0.05) fo r  le v e ls  o f U 

" K

»  0.8474 

= 0.8474

CD (0.05) fo r  combi stations o f H&Ko 1.4662 

SABLE I I I  (b)

Bo 1̂1 Mean

M0o 9.60 9.85 9.73

m x 9,69 9*91 9.80

Mean 9.65 9.88

OB (0.05) fo r  leve ls  o f £ e 0.383
- «  MO •s 0.333
OB (0.05) fo r  combinations o f B and MO = 0.4725
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ZABLS III (c)
Kean number of pods per plant

Bo«0o BoMOl BlM0o B # ! Mean

NqKo 8.68 8.83 9.41 9,00 8.96

H0Kl 9.87 10.17 10.04 9.60 9.89

V 2 9.46 8.S8 10.89 9.16 9.37
HxKo 10,16 9.87 9.79 9,87 9.92

10.54 30.08 9.33 11.54 10.38

«# 2 9.79 10.04 10.83 30.25 10.22

Hg^o 8,62 9, VO 9.16 9.54 9,26

9.36 10.08 8.87 9.95 9.57

m2£2 10.00 9,91 10.91 10.37 10.as

Means 9.60 9.69 9.85 9.91

CD (0*06) fo r whole p lot treatment X
combination X

CD (0.05) fo r  comparison, between sub- X
plot treatments within the X
same whole p lot treatment I

CD (0.06) fo r  sub-plot treatment X
combination X

CD (0.05) fo r comparison between sub- X
plot treatments not within X
the sane whole plot treatment I

1.4682

1.4161

»  0,4785

«= 2.2134.



5. Number a f ss«g per pod

Analysis o f variance for She number o f seeds per 

ood is  presented in Appendix V II.

I t  is  seen that none o f the treatments influenced 

the number o f seeds oer pod.

Mean number o f seeds under various treatments are 

given in Table V a , b and c.

6. Yield o f seed

Data on tbs weight o f soeds per net plot was s ta ti­

s t ic a lly  analysed and the analysis o f variance is  presented 

in Appendix V III.

I t  is  seen that appli cation o f both nitrogen and 

potassium singly or in combination has not s ign ifican tly  

influenced tho y ie ld  o f seed. Among different le v e ls , nitrogen 

at 10 kg. oer hectare has given the highest y ie ld  o f 930.30 kg. 

o f seed. Similarly in the case o f  potassium highest yi<=ld o f 

seed is  obtained for the application o f %  0 at 20 kg. per 

hoctaro. The treatment combination has given the highast

y ie ld . The treatment combination N2Ko depressed the y ie ld  o f 

seed.

Among the sub-plot treatments boron has significant 

e ffe c t  in increasing tho y ie ld  o f scad, Hone o f the other

3H
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TABLE IV (a)
Mean length of pod (In cm)

»o »1 »2 Mean

*o 15.62 15.49 15.40 15,50

% 15.48 15.42 15.34 15.41

% 1S.7S 15.48 It .40 15.55

Kean 15.62 15.46 15.38

CD (0.05) fo r leve ls  o f  N a 0.2166
n K «  0.2166

#■*
* o • o p w fo r  combination o f N and K ee0.37S7

TABLE IV (b)

Bo H Mean

M0o 15.44 15.51 35.47

MO! 15.38 15.55 18.46

Mean. 15,41 15.83

CD (0.05) fo r leve ls  o f B * 0.032
« MO 3 0.082

CD (0.05) fo r combined leve ls o f B and MO =; 0.0115
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SABLE 17 (c)

Mean length of pod (la cm)

BoM0o BqHOi BxM0o B1K0X Mean

V o 15.50 16,79 15.33 15.72 15.62

V l 15,93 15.63 15.49 14.89 15.48

V s 15.73 16.02 15,76 16.61 16.78

V o 15.37 15.43 15.69 16,46 16.49

»1 £1 16.41 16.57 16.57 15.14 16.42

V s 15.17 15.88 16.67 16.19 15,48

V o 15.19 15.46 15.36 16.68 16.40

¥ i 15.31 16.38 16. 32 15.44 IS . 34

15.39 15.46 15.39 15.39 16.40

Mean lb . 44 15.38 16.51 15.63

CD (0.06) fo r  whole p lo t treatment I
combination I

CD (0,05) fo r  sub-plot treatment I
combination I

CD (0.05) fo r  comparison between I
sub-plot treatments within theI
sane whole p lo t treatment I

00 (0.05) fo r  comparison tetwees sub- 1
p lo t treatments not within ]
the same whole p lo t treatment X

= 0.3757 

a 0.0116

«  0.0363

a 7.9935.



offsets produced significant results. The trean yield per 

plot under different treatments calculated as prr hectare 

basis Is given In Table VI a, b and c.

7. Sleld of bhasa

Analysis of variance for the yield of bhusa par 

plot is  orosented In Appendix IX.

It is  seen that nitrogen significantly Increased 

the yield of bhusa. Potassium did not show any significant 

response. It is  scon that nitrogen and potassium at the 

highest l^vcl produced the highest yield of 5634.46 kg. However 

the offset of combination of nitrogen and potassium was not 

significant.

Boron and molybdenum alone aid in combination have 

significantly increased the yield of bhusa. The interaction 

N x B s MO has also influenced the yield of bhusa significantly.

The mean yield of bhusa p«'r plot calculated as per 

hectare basis is  given in Table VII a, b and c.

8. 100 sssd weight

The analysis of variance of weight of 100 seed is  

presented in Appendix X.
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TAbLB V (a)

Mean number of seeds per pod

% us Mean

Kq 16.13 15,41 15,53 15,36

15.42 15.08 15.00 15,23

% 16.38 16.54 15.09 lo.33

Mean 16.33 lo.34 15.21

CD (0.06) fo r  le v e ls  o f IT e 1.313

" K a 1*313

CD (0.05) fo r  combination o f  N and K = 1.724.

IABI.B V (b)

B i I loan

MQq 15.38 lo.41 15.39

HGl 16.09 15. 6S 16.36

Mean 15.23 15.61

CD (0.06) fo r  le v e ls  o f B »  0:«321

"  MO = 0.83S1

CD (0.06) fo r  combination, o f  B and HO = 1.023.
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TABLE ¥ (c)
Mean number o f seeds per pod

w > S0MQi ElM0o BjMOa. Mean

V o 15.21 15.38 15.08 15.11 15.13

¥ 1 15.41 16.50 15.38 15.42 15.42

b0k2 15.39 16.41 15.05 15.68 15.38

%Ko 15.35 15.52 15.38 15.41 16.41

»# 1 15.98 15.99 15.34 15.02 15.08

•*1̂ 2 15.40 15.55 15.64 15.56 16.54

H2K0 14.96 15.56 16.00 15,01 15.53

®2% 14.83 15.01 15.00 lb .01 16.00

KgK2 15.00 18.01 15.26 15.12 15.09

Mean 15.38 15.09 15. *1 16.62

CD (0.05) fo r  whole plot 
combinations

treatment I
3t

= 1.724

CD (0.06) fo r  sub-plot treatment 
combinations

I
1 0 1.023

to0•0§

fo r  comparison between 
sub-plot treatments within 
the same whole p lot treat­
ment '

X

\
X

** 2.983

CD (0.05) fo r  comparison between sub- I 
plo t treatments not within 1 
the same whole plot treatment I

s 4,,53:3
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Hltrogsn and potassium alone or in combination 

did not Influence s ign ifican tly  the 100 seed weight.

Boron and molybdenum alone or in combination did 

not s ign ifican tly  influence the 100 seed weight.

The interaction ilB, KB and BMO, II x B x MO and 

K x B x MO were s ign ifican t.

100 seed weight, under d iffe ren t treatments are 

given in Table V2IX a, b and c.
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IABLE ?l (a)
Moan y ie ld  o f seed la  kg, per hectare

% % %

... 1 1
Mean

Ko 650,06 743,20 612.34 668,53

% 735,26 030.30 727.04 707.63

% 654.17 834,32 845,05 774.6X

Kean 679.83 832.63 788,14

CD (0,05) for leve ls  of 3 ss X4SJ2

" K c: 148.8

CD (0,05) fo r combination o f 0 and K ’S 396^6

2ABL8 VI (b)

®o % Kean

M0O 731,15 748.30 734.02

HOi 729,78 786.88 758,33

Mean 735,46 767.49

CD (0,06) for levels of B ss 39.9

" MO ss 39.®

CD (0.05) for eonbiaatlon of B and MO » 85.8
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fABLG n  (a)

Mean, y ie ld  o f seed, la  k e. poi tooetar©

BoW09 BqMÔ Mean

llg&O 659,66 681.18 557,74 aOb.81 660.06

% % 771.43 643.SI 708,08 824,01 735.26

figKg 042,11 644.31 669,05 670.61 oS4.17

626.7? 710.05 896,34 740.73 743.80

006.43 1038.79 910,58 905.37 930.30

j-jjSg 797.71 768.13 771.4.0 9*9.89 824.32

Jlgijj <329,0? 577.46 633,35 610.34 612.34

M i&# ■—* 746,21 714.43 741.83 705.67 72?.04

c. <u> 820.09 798.81 886,20 909,43 846.05

Koaa 781.16 789.78 748.10 786,88

m  (o .o s ) fo r  whole p lo t 
CQtabluatloa

treatment 1
I

s 306.5

CB {O.OS) fo r  cufc-plat trea t ant 
co.tbioatlen

I
I

a 85.8

00 (O.OS) fo r  eo >*arisoa 
c lo t  troatneafcs 
sane unols c lo t

between sufc- 
- udLtlun th's*
; treafci’ont

i
i
t

~ 264.6

CO (O.Ow) £ w  comparison 
'dofc treatments 
the saoe whole

between sub- I 
not i. i l ia n  I 

p lo t troat'ient I
= 614.00
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SABLE V II (a )

Mean yield  o f bhusa in kg. per hectare

% % Mg Mean

K0 3142.67 3740.96 5384.68 4089.43

% 3066.93 4122.29 5417.49 4268.90

KS 3333.33 3734.3® 5634.45 4234.05

Mean 0347.64 3865.88 5478.87

CD (0.05) fo r leve ls  o f H a 601.60
n K s 601.60

CD (0.05) fo r  combination o f H anti K » 872.80

Sable v i i  (b)

B0 % Mean

M0o 3800.13 4280.14 4040,13

M01 4332,67 4372,12 4352.39

Mean 4066,35 4326,33

CD (0.03) fo r leve ls  o f B a 157.30
ts MO a lo7.SO

CD (O.OS) fo r combine'Ion of B aafi HO = 223.00
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Mean y ie ld  o f bhusa in  kg. per hectare

TABLE ?I1 (e)

V !°1 * # 0 o B1M01 Moan

V o 8919.13 3841.88 3136.09 3807.31 3142.6?

% K1 2958.5? 3418.80 3363.05 3333.33 3266.93

•V s 3241,88 3195.85 3378.78 3604.87 3333.33

NlKo 3399,07 4183.01 3727.81 3727.81 3740.96

»1K1 3484.54 4183.01 4247.20 4490.46 4122.29

^1KS 3174.88 4049.96 3747.53 0964.49 <^724.59

«2% 4733.78 5542.40 5542.40 5719.91 5384.68

&2&1 4930.96 5542,40 5430.63 5755.94 -417.49

flglig 5823.6? 5786.38 5982,80 5568.70 5634.45

Mean 3800.13 4332,67 4280,14 4372.12

CD (0.05) fo r  whole plot treatment X
combination I

CD (0.06) fo r  sub-plot treatment
combination

CD (0.05) fo r comparison between sub-plot X
treatments within the same I
whole plot treatment. X

a 878,80

| = 883.60

o 670,5

CD (0.05) fo r  comparison batwean sub-plot X
treatments not within whole 1 -  507.6
p lo t  trea tn e .it . X
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2ABL& V II I  (a)

100 seed weight in  graasae

u0 “ l H2 Moan

K0 iO.56 10.87 10.53 30.64

% 30.81 18.03 10.80 11.21

Kg 30.78 11.06 11.32 11.05

t'ean 10.71 11.32 10.88

CO (0.05) fo r lev e ls  o f S ~ 0.6384

" K a 0.6384

CD (0.05) fo r combination o f B and £ = 1.8710

TAbLS V II I  (b)

®1 Mean

M0o 10.88 11.01 10,95

H°X 30.96 11.04 11.00

Mean 10.96 11.03

CO (O.OS) fo r leve ls  o f 5 s 0.1809
<t = Q.1BQ9

CD (0.05) fo r combination o f b and MO = 0.2562
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IABLB V III Co)

100 seed weight In gramme

B0Mo BoMOi BXH0o B1M°1 Mean

tJoK0 11.20 30.53 10.47 30,03 10 56

30.80 20.87 11.00 10.57 10 81

80Kg 30.97 10.13 30.80 11.20 30 78

%Ko 10.20 11.20 11.33 10.77 30 87

11.50 11.00 18.30 12.67 12 03

11xKq 30.63 10.73 11.37 11.50 11 06

%;<o 9 .93 11.17 10.33 10,77 10 53

11.03 11.17 10.23 10.77 10 80

W#2 11.63 10.90 11.50 11.27 11 32

Mean 10.88 10.96 11.01 11.04

CD (0.05) fo r whole plot treatment 
combination 1 ■

1.2710

CD (0,06) fo r  sub-plot treatment 
combination.

I *  
I

0.2562

CD (0,05) fo r  comparison between sub­
plot treatments wittoia the 
east© whole p lot treatments

I
I  *  
I

0.7687

CD (0.05) fo r  comparison between sub­
plot treatments not within 
the same whole plot treatments

\
I  = 
I

3.6110
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DISCUSSION

An Investigation was carried out at She Agricultural 

College end Research Institute, Vellayani, to study tho effect 

of nitrogen, potassium, boron and molybdenum on cowpea variety 

'Hew Era'.

The data recorded on the height of plants at 

maturity, number of root nodules produced, number of pods per 

plant, number of seeds per pod, ylold of seed, and bhusa and 

ICO seed weight were statistically analysed. The results arc 

discussed in the following pages.

1. Height of plant

As evident from Table I (a) nitrogen has significantly 

Increased the height of slants at maturity. It is  seen that 

nitrogen both at 10 kg. and 20 kg. par hectare has increased 

the height significantly. Role of nitrogen in the vegetative 

growth of plants is  well known. Hussel (1961) has stated 

that nitrogen increases the size of cells, promotes leaf 

growth and thus bring about enhanced photosynthesis which 

assist the growth process. Tisdale and Kelson (1956) associate 

nitrogen with vigorous growth in plants.



According to Russel (1961) amall quantities o f 

nitrogen are desirable for the early  growth o f legumes.

Results o f  the present invastigation are in agree­

ment with the findings o f Shukla (1964) in gram, s'sedinma (1964) 

and Hair (1966) in cov/poa.

Application o f potassium at a l l  le v e ls  has s ign i­

fican tly  reduced the mean height o f plants.

Tisdale and Kelson (1956) opined that potassium 

is  required ch ie fly  for production and translocation o f 

carbohydrate s .

Russel (1961) states that notassiura Is  Important 

in photosynthetic a c t iv ity  in plants. He also states that 

with moderate dressings o f nitrogen as Ammonium sulphate, 

DOtaesium doubles the weight o f roots but has only a very small 

e f fe c t  on the y ie ld  o f  tops. Russel further observes that 

excess o f potassium in the s o il as brought about by too high 

a le v e l o f ootassium manuring w i l l  reduce very considerably 

the amount o f  other cations the crop can take up, and this 

may lead to crop growth being badly upset by these induced 

defic ienc ies o f other cations. The reason for potassium show­

ing e depressing e f fe c t  on iho hoipht o f olante at maturity 

could be attributed to the above mentioned reasons.
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Results o f this investigation are in accordance 

with the findings o f Idn (1959) who also observed a depress­

ing e ffe c t  on height by tho application o f potassium to 

yellow lupin.

Among thp micro nutrients tried boron alone has 

shown significant response in increasing the height o f nlants 

at maturity (Table I  (b ) ) .

According to Russel (1061) boron ie  necessary for 

the meristerae or actively  dividing tissues and boron appli­

cation w ill  bring about increased meristamatic a c t iv ity .

Another function attributed to boron is  that i t  helps in the 

uptake o f calcium by the roots and e ffic ie n t  use in the plant. 

Calcium also is  essential for the growth o f meristems. Hass 

(1944) also hac stressed the positive sole o f boron in c e ll 

division in meristamatic tissues o f plants. Bobko Katveva 

and Syvorctkin (1933) have opined that boron is  concerned with 

the e ffic ie n t  assimilation o f iron and u tiliza tion  o f nitrogen 

and rinera l matter. Lai and Reo (1954) has opined that 

influence o f boron on growth o f stem is  more than that on 

leaves or roots.

Increase in height o f plants at maturity by the 

application o f boron along with calcium in th° present in vesti­

gation could be due to the aforesaid reason. Similar findings



in legumes have been recorded by Plland, Ireland and

Rei enausr (1944) Govindarajan (1951) Datta and Ourubasavaraj

(1952), Shende and Sen (1958) and Jay&chandran (1966).

2. Humber o f nodules

As seen from fable I I  nitrogen applied at the rate 

o f 20 kg. per hectare produced the least number o f nodules. 

Sitrogen at the lower le v e l also reduced the mean number o f 

nodules s ign ifican tly .

Whyte, Hlleson-Ieissner and Thrumble (1953) states 

that i f  combined nitrogen io  applied to legumes as fe r t i l i r e r  

the uptake o f nitrogen by plant may sustain such a narrow 

carbon/nitrogen ra tio  that fixation  is  depressed and i f  this 

is  continued for long, degeneration o f nodule begins. The 

carbon nitrogen ratio  also a ffects  the development o f nodules 

by the plant. A high leve l o f combined nitrogen in the so il 

w il l  prevent deformation o f the roots and hence entry o f the 

bacteria w ill  be precluded said no nodules formed. According 

to Gibson (1961) one o f the optimum conditions for nodulation 

is  a restricted  supply o f n itrates in the s o il.  Russell(1961) 

has also expressed similar views. These might be the reasons 

for depression observed In the number o f nodules caused by 

the application o f nitrogen in the present investigation.
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Similar results have b°on obtained by Jansson and Toostansson

(19SS) in peas, Samuels and Landru ( j r )  (1958) in tropical 

Kudzu, Cartwright (1953) in several legumes, Cowling (1961) 

in white clover, fewari (1965) and Hair (1966) in cowpea.

It  is  seen from the Sable I I  that potassium had no 

effect on nodulation.

Andrew (1962) has opined that potassium alone does 

not affect nitrogen fixation. Russel (1961) stated that for 

active nitrogen fixation though notassium is  required legumes 

d iffe r  considerably in the requirement of this nutrient.

Landru and Samuels (1959) found no influence in nodulation 

derived fro® potassium application to Calanns paisa.

Tewari (1965) also has obtained similar results in cowpea.

Combined application of nitrogen and potassium also 

significantly reduced the number of noduK s. the effect of 

combined spoilcation of nitrogen and potassium can be explained 

by the fact that since potassium is  having no influence on 

the number of nodules, the general deoressinp effect of nitrogen 

on nodulation is  showing it s  ■'•xoreeolon.

Effect of both boron and molybdenum singly and in 

combination is  significant (fable 11(b).
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Brenehley and Thornton (1925) has suggested that 

adequate aupoly of boron Is essential for the development of 

vascular system which is  essential to supply the nodule 

bacteria with carbohydrate. The offeet is  more on the host 

plant than on the bacteria or the symbiotic system, 

Whittington (195R) stated that primary affects are cessation 

of growth and enlargement of the apical calls when boron 

was applied to field beans. Susssl (1961) has opined that 

molybdenum is  primarily concerned with nitrogen fixation.

Pesuits of the present investigation are in con­

formity with the findings of Datta and Gurubasnvnraj (1952) 

and Moschini (1951).

2. humber of poda

It is  seen that none of the treatments had any 

significant effect on the moan number of pods per plant 

(Table I I I  a, b and c).

hltrogen at 20 leg. par hectare had a depressing 

offset on the taean number of pods when compared with nitrogen 

at 10 kg. per hectare.

Hitrogan i s  associated %/ifch vigorous vegetative  

growth and excessive amount of this element may prolong
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vegetative ohese and there by reduce the number o f pods.

(Tisdale and Melson (1956)). Similar views in this regard 

is  expressed by Russel (1961) also.

Lack o f response to nitrogen in y ie ld  o f nod 

could be due to the fact that applied nitrogen might have 

helped in increasing vegetative growth only. Similar 

results were obtained by Moolani and Jana (1965) and 

Nair (1966). 'These workers observed depressing e ffe c t  o f 

nitrogen at 25 kg. per hectare and 20 kg, per hectare in 

BSaa&g and cowpea respectively.

Potassium also has not influenced the mean number 

o f pods s ign ifican tly . However, there is  a trend towards 

increase in the mean number o f pods with increasing leve ls  

o f potassium.

Bosslter (1947), and Vargas (1957) have reoorted 

increased y ields in legumes by the cpvlication o f potassium.

Bussel (1961) has reported that excess application 

o f potassic fe r t i l is e r s  to so il may bring ©bout a decrease 

in the magnesium concentration in plants resulting in ooor 

y ie ld s . This ohenonena is  especia lly important in acidic so ils . 

Probably fa ilu re o f added potassium to increase the number 

o f oods sign ifican tly  may be due to th is reason. Another
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possibility may be that potassium being used ua for the 

vegetative growth induced by excessive nitrogen.

Application of boron and molybdenum also bed no 

significant effect on the mean number of pods per plant 

though there was a tread towards increase in the mean number 

of pods.

Datta snd GurubasavaraJ (1958) Shende and Sen (1956), 

Ballal and Efatu (1961) have obtained increased yields in 

different legumes by the application of boron* Neklyudove (1956) 

and Mehrotra and Oangwar (1965) by the application of molybdenum. 

Jayachandran (1966) obtained significant increase in the 

number of pods in groundnut by the application of boron when 

applied at the rate of 80 Irg. borax per hectare, the increase 

for 10 leg. borax p»r hectare being not significant. The 

absence of response in the prosent study may be due to the 

low dose of borax tried.

In the case of molybdenum the lac'A of resaonse eon 

be attributed to its  low availability under the acidic 

reaction of the soil in which the investigation was carried 

out.

4. length o f pods

Application of nitrogen and potassium has not signi­

ficantly increased the mean length of node. Combined effect
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o f nitrogen and potassium also is  not s ign ifican t. Hair (1966) 

have reported that length o f pods in eowpea was not sign i­

fican tly  influenced by the application o f nitrogen at SO leg. 

per hectare. I t  should bo assumed that length o f pod is  

more o f a va rieta l charactor not influenced by fe r t i l iz e r  

treatments. The results only indicate that this is  a varieta l 

char act or than anything e lse .

Boron singly and in combination has increased the 

mean length o f pods s ign ifican tly .

Lai and Eao (1954) have opined that boron may 

Influence favourably the size o f oods. Boron in general may 

aid in absorption and u tiliza tion  o f  calcium more than 

others. Phosphorus transport also is  improved in the presence 

o f boron. Boron by virtue o f i t s  physiological ro le  In c e ll 

division may increase the size o f pods. (Lai and Bao (1954). 

Hair (1966) has recorded increase in mean length o f pods 

in eowpea by the application of 9205 at 55 kg. cer hectare.

^ven though the length o f pod is  believed to be a varieta l 

character the e ffe c t o f boron in increasing the nod length 

can be explained by the fact that application o f 55 kg. o f 

?2°5 8lven as basal dressing along with boron influenced 

the u tiliza tion  o f phosphorus favourably bringing about an 

increase in the mean length o f pod.



I t  l e  observed that none o f the treatments wore 

significant in increasing th“ number o f  seeds per ood.

I t  is  to be asrunsed that number o f seeds per pod is  a varieta l 

charactor. Hair (1966) also did not get any significant 

difference In the mean number o f seeds per pod by the appli­

cation o f nitrogen to cowpea.

6. Y ield o f seed

I t  is  evident from the Table VI that none o f the 

main p lo t treatments sign ifican tly  influenced the y ie ld  o f 

seed per hectare.

Tisdale aid Nelson (1956) is  o f opinion that 

nitrogen is  associated with virogous vegetative growth 

and excessive quantity o f nitrogen may prolong the growing 

oeriod end delay maturity. Oane (1963) while reviewing an 

extensive series o f  f ie ld  tr ia ls  for fi^'ld beans has 

concluded that application o f nitrogen for seed production 

is  not worthwhile. From the Tables i t  Is  clear that 

nitrogen alone, at the highest le v e l decreased the y ie ld  

by 47.72 kg, per hectare. Contrary to th is there was an 

increase o f 92.14 kg. for the treatment o f 10 kg. nitrogen 

per hectare. Russell(1961) has opined that small increments

6. Number of seed
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of nitrogen for legumes may promote early  growth. Bbeng

(1965) also has reported favourable e ffect on yield  for 

small dosage of nitrogen in eovpea. A reduction in yield  

i s  also noticed at 20 t g o f nitrogen per hectare compared 

to 10 lig o f nitrogen per hectare, ifcde may ho duo to the 

excessive e vegetative growth oecuring at higher levels  

of nitrogen (Table VIIX (a ) .  This is  in conformity with 

the findings o f elngh and Sahasrabudhe (196V) Pharma and 

Mi era (1961) T'oolsnl and Jana (1965) and Hair (1966).

Application of potassium has shewn a trend towards 

increase in yields with a slight depressing e ffect at the 

highest leve l. Too high a level of potassium rasy reduce 

the uptake of other cations and may unfavourably a ffect 

the crops. The depressing e ffect noted nay be attributed 

to th is . Depressing influence of higher leve ls  of potassium 

has been recorded by Kataskl and Banahatti (1965) in ground 

nut.

The treatment combination of 31% has given the 

maximum yield o f 9SO.SO kg por hectare. Combinations of 

nitrogen and potassium other than and HgKg recorded 

increased yields though tho differences were not sign ificant.

An increase to the tune o f 1S4.99 ►g 1” noticed for the 

treatment combination of SgKg over that o f %Kq , Same
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trend la  noticed in the case o f M2%  ®lso. This is  in 

conform3ty with the statement o f Russell (1961) that 

potassium acts as a corrective to the harmful e ffe c ts  o f 

nitrogen when given at increased leve ls .

The lack o f significant response o f nitrogen and 

potassium In influencing yield may thus be attributed to 

the fact that nitrogen and potassium were u tilized  for 

promoting vegetative growth rather than for production o f 

seed.

Of the sub-plot treatments boron alone has signi­

fican tly Increased the y ie ld  o f seed per hectare. Boron 

is  indlspeneible in the production o f sped, Boroa is  

concerned with carbohydrate transformation and u tiliza tion . 

Boron has favourable influence in the uptake and u tilisation 

o f calcium and phosphorus (Lai and Rao 1954) Russell(1P61 ) 
also has stressed, that primary functions o f boron in the 

uptake and u tilisation  o f calcium in plants. Hones the 

increase in yield  o f seed noticed in the present investi­

gation by the application o f boron could ba due to its  

influence on e ffic ien t uptake and u tilisation  o f calcium 

and phosphorus, besides the physiological role o f  meristamatic 

ac tiv ity  and regulation o f water relation o f plants (Lai and 

Bao 1964). Increase in seed y ield obtained due to the 

application o f boron, by Piland, Ireland and Heinnauer (1944)
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in criDsaa clover was attributed to the growth o f a 

vigorous type o f soed head and the formation o f matured 

plump seed. Results o f the present Investigations are 

in agreement with that of Ballal and Ratu (r°6 l) sand 

Jayachandran (1966).

Mylyhdenum, though failed to register a signi­

ficant influence in the yield of seed has shown a trend 

towards increase in yield. The lack o f significant influence 

may be attrlbutod to the non ava)3a b ility  of molybdenum 

particularly under soils -of acidic reaction as reported by 

Tisdale and Kelson (19663.

7. H e ld  o f Phusa

8‘ ghly significant increase la y!«ld  bhusa has b®en 

recorded by the aoplloatlon of nltrocwn at a l l  1-vols 

(Table VHi (a )) Role of nltrovon in tbs promotion of vege­

tative  growth Is  well known. The =xocessive vegetative 

growth even at the pxiens'’  o f seed production could have 

resulted In high yield of bhuao. This is  la conformity 

with the ‘'indirtffs o f fiair (1P66) in eowpea.

Potassium though not increased tbs yield of bhusa 

significantly has shown a d istinctive trend towards increas­

ing the yield of bhusa. Russell(1961) has opined that 

potassium has got only small e ffe c t  on the y ie ld  o f hbuea.
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He states that in itia l effect of potassium on the growth 

of leaves disappears aa the crop reaches maturity. Results 

of the present investigation is  in conformity with this 

finding.

interaction of nitrogen and potassium also is  not 

significant. The reason for this may be that only nitrogen 

alone is  significant in increasing the bhusa yield.

However the treatment combinations have shown a trend towards 

increase in bhusa yield.

Apolication of boron and molybdenum singly and in 

combination have significantly increased the yield of bhusa.

The favourable effects of boron may be due to its  influence 

on the uptake and utilization of calcium and ohosihorus and 

due to its  physiological role in cell division and morlsta- 

ciattc tissues as suggested by Russell (1961) and I eI and Rao

(1956). Results of the present investigation are in conformity 

with the findings of Copal Rao said Oovindarajan (1951) who 

obtained Increased green matter yield in sunhamp, Batta and 

Gurubasavaraj (1959) in barseen and Fhende and Sen (1958) 

in guar.

Though molybdenum is  concerned primarily with 

aitrogon fixation in legumes (Ruesalll961), Evans (19S6) has 

attributed the role of electron carrier In the nitrogen 

metabolisn in plants as evidenced by the accumulation of
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nltratos In tissues of plants deficient in nitrogen.

Plants receiving molybdenum show rieh green colour, large 

siz" o f leaves and marred rise in dry weight. (Arnon 

and Stout 1938). Anderson (1948) states that response to 

molybdenum by legumes may b» due to improved nitrogen 

fixation . More over, molybdenum deficiency may lead to 

nitrogen deficiency also. Increase in the y ie ld  o f bhuea 

in the present investigation may be attributed to these 

e ffects  o f molybdenum. Anderson (1948) Jensen (1959), 

Aizupste (1959) Minina (1964) and Mehrotra and Gnngwar (1865) 

have obtained similar results.

Molybdenum in combination with boron improves 

size o f plants, (ta l and Rao 1964). Anderson (1952) reported 

that in subterranean clover and lucerne the resoones was 

more when molybdenum was applied together with boron in 

molybdenum deficient s o il. This is  in conformity with the 

findings o f the present investigation.

8. 100 seed weight

I t  is  seen that none o f the main plot treatments 

has any significant Influence on the 100 seed weight 

(Table V I I I ) .  However the treatments have shown a trend 

towards increase in 100 seed weight. Probably the 

plump in»sa o f seeds might have contributed towards increase 

In por acre yields. However the excessive vegetative



growth caused by nitrogen application might have resulted 

in masking the e ffe c t  o f the nutrients in 100 seed weight.

Hair (1966) did not get significant influence for nitrogen 

in this factor.

In the sub-plot treatments boron and molybdenum 

singly and in combination ha a not shown any significant 

influence on the 100 seed weight. A ll the same these elements 

singly and in combination have shown a trend towards 

increasing the 100 seed weight. This tendency Is  evidenced 

in the per acre j ie ld  o f seeds also (Table V I).
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SU M M A R Y A N D  CO N CLU SIO N



SUM-1 AH'S AND CONCMJSIOHS

A f ie ld  experiment was la id  out in the farm 

attached to the Agricultural College and Research Institu te, 

Vellayani during 196? to study the e ffe c t  o f nitrogen, 

potassium, boron and molybdenum on eowpea va rie ty , 'New Sra' 

The treatments comprised three lev e ls  o f nitrogen, 0, 10 

and 20 kg. per hectare, 3 leve ls  o f potassium, 0, 20 and 

40 kg. per hectare, 2 leve ls  o f boron as 0 and 10 kg.

Borax per hectare and two leve ls  o f molybdenum as 0 and 1  kg 

Sodium malybdate per hectare, i'he main findings are 

summarised below.

X (a) Application o f nitrogen sign ificantly  

increased the mean height o f nl ants. Nitrogen at 20 kg. 

per hectare recorded the maximum height.

(b) There was a reduction in the mean height 

o f plants by the application o f potassium.

Cc) Boron has sign ifican tly  increased the moan 

height o f slants.

2 (a) Nitrogen application at 10 and 20 kg. per

hectare had an adverse e ffec t  on nodulatlon.
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(b ) Potassium had no effect on nodulation.

(c ) Boron and molybdenum alone and in combi­

nation has significantly increased the number of nodules.

3. Nitrogen, Potassium, boron and molybdenum 

did not exert any significant influence on the number of 

pods.

4. (a ) Mean length of pods were not influenced 

by the application of nitrogen and potassium.

Cb) Boron has significantly influenced the 

mean length of nods.

5. (a ) The yiold of seed was not affected by 

the application of nitrogen and potassium. SO kg. of 

nitrogen per hectare tended to decrease the yield of seed.

(b ) Boron as 10 leg. borax aer hectare signi­

ficantly increased the yield of seed.

6 . (a ) Cffeet of nitrogen was highly significant 

in increasing the yield of bhusa.

(b ) Potash bad no effect on the yield of bhusa.

(e ) Boron and molybdenum alone and in combination 

significantly increased the bhusa yield.



70

Results o f the oresont Investigation Indicate 

that there Is  no response, under Vellayani conditions, 

in y ie ld  in eowpea oven at 10 kg. nitrogen and SO kg. potas­

sium per hectare, ihe study also revealed the necessity 

o f application o f boron to Increase the y ie ld  o f eowpea. 

Further studies are necessary to determine the trace element 

nutrition In legumes.
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ApoEHDlX I

Chemical Charecteristics o f the so il from the 
experimental f ie ld

Total nitrogen 0.067 per cent

Total PgOg 0.035 "

Available PgOg 0.0083 "

Total K2o 0.0700 "

Available potash 0.00067 •’

PH 5.1



APPENDIX II

Meteriologieal data recorded at the Agricultural College 

Farm, Vellaysni, during the period of crop growth

Temperature °F Relative Total rain-
Honth -----------------—- — humidity fa ll in mo

Maximum Minimum

August 86 74 87.6 341

September 86 74 86.7 768
October 88 74 89.0 120

November 86 74 89.0 100



(Analysis o f variance) 

HEIGHT OP PLANTS

APPENDIX III

Source s.s. B.P. Variance P.

Total 1906.00 107
Blocks 102.63 3 12,81 1.14
ii 1283.38 2 641.69 67.34**
K 176,97 2 87.98 7,86**
HK 23,40 2 13.20 1,13
ffl(S 39.86 2 39.92 1.78
Error (D 111.90 30 11.3®
B 13. IB 1 13.18 6.53*
HO 2.37 1 2.37 <X
b x m 0.37 1 0.27 <X
HB 3.60 3 1.31 <x
KB 0.1® 2 0.38 <1
D 1 K 1 B 8.36 4 2.09 <1
5SMQ 0.09 2 0.046 < 1
KMO 4.62 2 2.31
N x K Z HO 2.72 4 0,68
IS x B z MO 0.93 2 0.46 ^ 1
K x B X MO 0.14 2 0.07 <1
N x K x  B x MO 0.18 4 0.08 ^1
Error (2) 128.11 64 2.38

t\ * i H

** Significant at X per cent level,



APPENDIX IV
(Analysis o f  variance) 

NUMBER DP NODULES

Source S.S. J).F. Variance P.

fa ta l 161.69 107
Blocks 3-25 8 0.40 <1
N 38.75 2 19.37 8.22**
K 19.74 2 9.37 3.97
NK 34.38 a 17.19

* 4S.
7.32

NIC8 7.81 2 3.90 1.7
^rror (1) S3.4S 10 2.36
B 3.50 1 3.60 12.06**
MO 2.83 1 2.83 9.7S**
L x HO 1«31 1 1.31 4.51*
f?B 1.28 2 0.64 1.9
KB 0.98 2 0.49 1.47
ft X K  •• B 0.83 4 0.21 <1
’5M0 1.11 2 0.56 1.93
KMO 1.03 2 0.52 1.79
N x K x MO 1 .0 1 4 0.22 <1
H X B X MO 0.83 2 0.42 1,48
It X  B X MO 0.91 2 0.45 1.49
H x K x B x MO O.SI 2 0.25 <1
Error (2) 18.08 54 0.33

** Significant at 1 per cent level.



APPBHBIX V 

(Analysis o f variance)

JUMEsSK OF PODS

Source 0,3. b.f . Variance F,

Total 127.43 107
Blocks 17.91 8 2.23 < 1
il 10.77 2 6.38 2.16
K 7.91 8 3.9S 1.59
HK 2.67 2 1.33 ■<1
UK2 2.24 2 1.12 -r 1
finror ( l ) 24*83 10 2.48
B 1.45 1 1.45 2.01
MO 0.15 1 0.15
B 2 MO 0.01 1 0.01 -r 1
SB 0.09 2 0.04 ^1
KB 3.06 2 1.53 2.12
N x K X B 0.74 4 0.2S <"1
mo 3.42 2 1.71 2.37
m o 4.S3 2 8.41 3.03
Ef X it x MO 1.07 4 0.54 < 1
N x B x  MO 2.05 2 1.02 1.4
K x  B x MO 3.53 2 1.70 2,4
y x K x B x HO 1.90 4 0,47
Brior (2) 38.89 54 0.73



APPENDIX VI 

(Analysis o f variance) 

ISiiSTK OP POD

Source S.S, D.F. Variance P.

Total 11,65 307
Blocks 1.72 8 0.21 1.3
a 1.18 2 0.59 3.6
K 0.40 2 0.20 1.2
NK 0.03 2 0.01 <1
S&8 0,05 2 0.02 <X
Error ( 3) 1.61 30 0.16
B 0.21 1 0.21 5,2*
MO 0.05 1 0.05 1.2
B x MO 0.65 1 0.65 16.1**
KB 0.64 2 0.32 8.0**
KB 0.31 2 0.35 3.7*
H x K x B 0.27 4 0.07 1.7
KMO 0.12 2 3.06 1.5
KMO 0.37 2 0.3S 4.5*
H x K x MO 0.65 4 0.16 4.0*
H x B x MO 0.57 2 0.28 7.0**
K X B X  MO 0.34 2 0.17 4.2*
H X  K x B x MO 0.09 4 0.02 <1
Srror (2) 2.39 S4 0.04

** Significant at 1 per cent level.



APPSHm VII 
(Analysis o f variance) 

bomber m  sbebs psr pod

Soares s.s. 0.P. Variance P.

Total 158,53 307
Blocks 28.81 8 3,22 •^1
n 10,34 2 5.17 1,21
K 12,37 2 6.3d 1.45
SK 6.63 2 3.31 c l
XiKz 4.11 2 2.06 c l
Error (1) 42.5 10 4.25
B 0.S1 1 0.81 c l
MO 0,53 1 0.53 -cl
B x MO 0.61 1 0.51 < 1
SB 1.01 a 0.50 c l
KB 0.83 e 0.41 c l
K X K x B 0.00 4 0.02 c l
KMO 0.66 2 0.33 <1
AMO 0.08 2 0.49 <1
n 2 K X MO 0,61 4 0.15 <1
H X S X HO 1,15 2 0.5? <1
K X B X MO 0.43 2 0,21 Cl
N X K X B X KO 0 .H 4 0.03 < X
Error (2) 40.30 54 0.91



APPENDIX V III 

(Analysis o f variance) 

YIELD OF SEED PER SEE PLOT

Source s.s . D.F. Variance P.

Total 9188677 107
Blocks 2136062 8 267006.5 < 1
H 1014397 2 507448.5 1.66
K 787340 2 393670 <1
UK 34640 2 17320 <1
MK2 17837 2 8920.6 <1
Error ( 1 ) 3041548 30 30454.8
£ 103912 1 103912 4.44*
K0 38912 1 38912 1.80
B x M0 16397 1 16397 ■<1
Ha 71940 8 35970 1.70
KB 101o4 2 5082 <1
II x  £ x B 84026 4 21006.5 <1
HMD 64235 2 32117.5 1.5
MHO 16030 2 8015 <1
H X X x m 126522 4 31630.5 1.6
a X B X MO 83216 2 41608 1.8
K x B x HO 56278 2 28139 1.2
H x  K X B X MO 228584 4 67146 2.4S
Error (2) 1256163 54 23262.27

* Significant at 5 par cent level.



Mppmaix ix  

(Analysis o f variance)

YIELD OP MfliSA PER ECT PLOT

Source

Total
Blocks

A
»»:
m s

Sri or (1)
B
MT
Is x MO
AfB
KB
II x K x P
3HQ
m o
H x & X MO 
Jt x B X MO 
K x £ x MO 
S x £ x B x MO 
Srxor (? )

S.S. S .".

262.94 107
1.94 C

221.4® s
1.48 2
l.OS 2
0.84 2
8,S4 10
^,24 1
6,16 1
3.14 1
0 .4® 2
0.22 2
0.95 4
0.74 2
0.26 S
0.81 £

1.64 2
0.01 £
0.01 4
8.86 54

Variance F,

0.24 <1
110.74 128.76**

0.74
O.cM? <1
0.42 <1
0.86
4.24 26.5**
6.16 38.6**
3* 14 19.61**
0.84 1.50
0.11 0.7
0.23 1.43
0.37 2.31
0.13 <1
0,20 1.25
0.82 5.12**
0,04 <1
0.002 <1
0.16

«•* significant at 1 per cent level.



APPENDIX X 

(Analysis o f varianco) 

100 SEED iJSIOHT

Source S.S. D.F. Variance P.

Total 91.47 307
Blocks 27.20 8 3.40 1.78
13 7.08 2 3.54 1.86
K 5.94 2 2.97 1.56
m. 5.03 2 2. 51 1.32
u&2 1.00 2 0.50 -<1
Srror (D 19.01 10 1.901
B 0.30 1 0.30 1.4
MO 0.07 1 0.07 C l
B x HO 0.01 1 0.01 -Cl
MB 1.88 2 0.94 4.47*
KB 1.49 2 0.74 3.52*
a x k x s 2.34 4 0.58 2.76
:«so 1.76 2 0.80 4.19*
K£10 0.77 2 0.38 1.80
It X  K X  MO 2.19 4 0.55 2.61
H x B x MO 1.42 2 0.71 3.38*
X x B x MQ 1.88 2 0.94 4.47*
M x K x B x MO 0.63 4 0.31 1.47
Error (2) 11.37 54 0.21

* Significant at 5 per cent level#


