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INTRODUCTION



INFRODUCTION

Palses form an important part of Indian dletary,
Thay supply vegetanrle proteins and sssential adjuncts to

predominently starchy foods.

For vegetarians and a3 also those, who cannot
afford the costly nrotein rich animal foods lsgures are
the "ost imsortent source of protein in the dietary. ILegume-~
aretein provide certain essentlsl amino-aclds which cersal
prot-ing are deficiont and there py enhonee the over all

nutritive value of arotbc lng in the rixed diet,

in economically advanced counnurics, the sverage
ingoke of orovela 18 genorous end the proteln of cnlmal
origin make up nsarly half the totzl nrovein, Diet surveys
carriecd out in Indi- have shown thot tulk of the food in
Indlan disturies is form-d by cereals, which supply about
80% of the total cnerpy, are the major source of dietary
>roteans, Pulses hdve nigh protein content of 17 to 26
per coent and the corresnonding figures for esreal being
G,14 per cent only. (Protein conteat of cowpea is 28,80 to

24,10 per cent),
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Consumption of fruits, vegetables, pulsas,
eggs, fish and meat is thoroughly inadequste in India.
The protein squivalent in India is 51 which compares
poorly with the corresponding figures of 60 for under-
developed countriss and 80 for the developed countries,
According to Aykroyd and Doughty (1964) the daily
requirement of pulses of one adult is 3 ozs. to Xeep the
diet 2 balenced one. Based on this standard sbout 14
miliion tons of pulses would be required in Indis per
annum, But the present preoducticn is roughly 10 million
tons, a fact which emphasise the necessity for increased

production of pulses,

Cowpea, due to its adanbability to the
agroclimatic conditicnc of Xerals, is extensively grown
cthroughout the State., Total area under this crop is
spproximately 14600 hectares. The per hectare yield is
comparitively low (250 kg, per hectare),.

Prials conducted so far have revesled that the

variety 'New-Lra' is the most suited to local conditions.

Cowpea has been recognised as one of the most

imrortant crops in the rotational sequence of paddy.



Turther its capacluy to susply organic matter and nitrogen

to the soll nesds no emphasis,

Only vory few studles have heen conducted to
determine the nutritional requircwsnt of this crop under
Kerala conditions. Jagicial apalication of hoth mejor
and traceplerents nave found to iucrease both yleld and

asrotein content of pulezs s2lcewnsre,

The presens laveccipgntion was therefore undere-
taken to determine the requirement of nltrogen, notissium,

boron and molyhdenum of this crop under Vellayani conditions.



REVIEW OF LITERATURE
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HEVIEW OF LITERATURE
Experiments condaetod in India and ocutside have
shown that legumes ressonds well to menuring,

Vhige, Hilsson-leisener and Trumble (1953) have
stated that aport from nitrogsn, the mutrients required
by legumes are phosphorus, npotassium, ecalcium, magnesium,

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

NITHOGEN

(1) EPffect of nitrogen on yield

Sines most of the legurinous plunis are capable
of obtaeining their nitrogen supply through thelr symbiosis
wWith nitrogen fixing bacteriz it is considered shat niltropan
anplicarion to legumes 18 penerally unnecessary. Bukb
tounkin Jester ond Toadley (1050) have renorted iacreased
yields in peas by the nitrogen level of fertilizer O o

6 per csnt, Proporiion of small peas wes also reduced.

Delver (19.2) nas shown that dwarf beans require
considerable gquantities of uitrogen and ohosphorus but

compapitively little wotacsium,
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Martin (1960) has resorted substantial incrsase

w1 yiglde of dwarf be-ne when nitrogen was:supoliod at 40 kg

por heclare,

Bicpme, Vanubisseling and Bom (1960) reported
that the yield of haricot beans has inereased at the rate

of 5 Hilopram ner kilogram of nitrogen spnlied.

llester, Hoadly and Smith (1261) have obtalned
good resconse for botn nitrogen and potassinm in peas., They
found ocut a autrient ratio of 1:1:1 and that grain yisld
ineressed upto the point =¢ vhich snlt concentration injured

geraniasiion,

Fgedinma (1964) cbserved that cowpea saedlings
grown in sterile sand inoculsted with Bhiizobium ctrains
regponded well to light dressings of nitrogen. [e is of
onlnion tnat light dressings of nitrogen were nveferable
to seed incculavion owing to the chort growing neriod of

the erop.

Shpkla (1964) has reported that apnlication of
20 1bs. of nitrogen ser aere to gram (cicer arietpnum) had

produced maximum responss to Sll plant characterigtics.

Kataghi and Panchatti (1968) has reported that



nitrogen at the rete of 10 lbsg, and 20 1bs, rer acre has
increased ylelds by 147 1bs, and 180 lbs. respectively
in proundnut durling 1856-57, However they did not get
similar resulis Quring 198782,

Ehong (19€8) reported that couwpea ressonds well
to fertilizers including a small dosage of anltrogen at
the soedling stage.

On the contrary many other workers have reported
taat nltrogen mey exercise a depressing effect on yield
in legumes. Blngh and Sahasrabudhe (1057) reoorted slight
decrease in yleold in red gram when nitrogen was applied
at 20 lbe,. per acre, The decrease in yleld was not satie
stically significant,

Triels by Sharma and Misra (1961) have given
more or less similar results in peas under rainfed conditions.

Bitrogen at 20 1ke, per acre depressed the yield.

Singh (1962) hao steted thet nitrogen st 15 lbs,
per acre did not increase grain yield in 'moone' even thouph

there was incroase in straw yleld.

Klacan (1862) has recorted that at very low
concentrations of anitrogen cenning peas produced fewar pods,

and peas per pod.



Reviewing an extensive series of field trials
in the ecastern countries in Eaglond Czne (1863) concluded
thar applicction of nitrogencus fertilizer Lo poas was

seldom worth wnile,

Mpolani and Jana (1965) have veported that
nitrogen at 25 Kg, per hoctacre cansed & per cent reduaction
ia the asuwher of pods prodvced and the gquantity of grein

yield in gram,

Bair (19€6) did not ret any significani yield
in cowpen by the application of nitrogen at 20 kg, per

hectacre,

{11) Lffect of nitrogsn on gualiiy of legumes

Thornten (19£6) and Martin (1959) have shown thet
theve was iancrease in the protein content when red and

swoet clovar was manured wita nitrogen fertiiizer,

Dubey (1963) reported improvewsac in quality of
pea in respect of L1ts protein content when nltrogen was applied

ot the raie of 10 1bs. and 20 1lbs. per acre,

logek (1965) obeerved increased protein conteut

in 21f=z1P8 when nitrogen war given as Ssray fertilizer,



{111) Bffect of nitrogen on nodulavicn

Lipman and Blair (1014 & 1818) have shown Lhat
application of nitrogenocus fertllizers did not depress the

nodulation in eoys beans,

Richardson, Jordan and Ssrrard (1957) have
shown that nltrogen at the rate of 0.5 ond 12 ppm, increased
nedulation in lueerne when given as amponium ion but
decressed nodalation when glven as nitrate nitrogen, But
in = not eulture study with cowpea Ezedinma (1964)
obgerved incroased noduluiion with appliicstlon of nitrate
anltrogen, Huwber and welght of nodules decreased above

100 ppm. of nitrate nltrogen.

Janseon and Toretensson (1285) nave reporied
that application of ammonium nitrate lowered nitrogen

fixation ln peas,

Yamuels and Lemdrau (Jr.) (1552) observed
reduection 41 aunber of nodules ia tropicel hudzu manuraed

with Armoniur Sulpnate,

Cartwrignt (1659) reported that highor levels
of nitrogen depre-ged nodulorion in several legumes prown

in sand eultures.



vowling (1861) Pound decrease of weight of root

nodules in whete clover menured with altrogenous fertilizor,

Tewari (1968) nais resorsed thet increcsed levels
of nitrogen depresced the forma.lon of effective and in-

effeceive nodules in cowpea,

Hair (1966) resortea nerstive resyouse to nodulntion

by addliiion of nitrogen to 4 v.ristles of coupea.

POPASSIUM

(i) Lffect of Potassium on yield in lepumes

Comparitively very few studies seem to have bson
carried out on the effect of potassium on the yisld of

logumes.

Rosslter (1947) has reported tuat KCL at the
rate of 1 cwt. por acre producsd highly significesni lncreass
in yield of subierapnean clover. ¥ield in luplues and

other pasiure speclias wes depressed with ad ltlon of povessium,

Wado (1965) reported reduction in the incidenes
of spnanemyces T00t rol in poa plants with KC1 2t 4 cuts,

per acre.
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Yield of ranger alfalfs was lncrassed with
increasing potsssium upto a content of & per ceat in
the slant iu sand culture exnoriments by Wallacs and
Bear (1950)., Boron deficlency was exyerienced in »slangs

5
grown in solusions containing pot%?ium.

Vargaes {1957) obeserved olgaificant incresce
in yielde in baans by the applicetiocn of potassium though
the soil was moderately, rich im potassium, Highest
yleld wss obtained with €0 kg, of potash per hectacre.

Wu (1962) cbserved increzsed yields in soys beans
by the applicaiion of potassium both 4in plot treatsed with

nhesphorus or inoculated.

Fadorov and Podjapoljssja (1980) rezorted that
reduecing potassium in sand culture mediume reduced ylelds

and sleo reduced the welght of nodules formed in legumes,

Dxperimonts conducted by Delver (1952) indicated
that dwerf beans reguires only comparitively little potaesium

than nitrogen and phosphorus.

Lin (1952) reported depressing effects with
potassium on heipht of planis, weight of tops, roots,
nawber of leaves and ¥illers per -lant in yellow lupine.

Potassium depreeced the zbsorption of caleium also,
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havaskl and Banahatti (1968) have ravealed that
ayylication of sotassium sulphate to ground nut to give
100 and 200 1bs. K 0 per acre hed advorse sffect on the

yields,

of
(11) Gffect,.potaselum in nodulation

Iowari (19¢5) reported that addition of n»otassinm

had no effects on the formavion of nodules in cowpea,

BORCN

(x) Role of Boroan in nlants

Horon was found to be 3 constituent of nlants
by Willstein ond Zpoiger ag early as 1857 (as stated by
Yoghe, Mathur and Talati 1966), Although Jay (12968) had
suggested that boron wight ke fouwnd in all nlonts, litsle
attention was pald until the research wor of Aginhon (1910)
and brenenley son the relation of the element to crop
production, Warrington (1223) was the firat to establish

the esgsentliallty of boron in plant grouth,

Dlfferent funetione have teen attrituted to
boron in »lents. Valla ce {1948) gno Hose (1845)as guoted
by Hoghe,Mathur and Talatl (19€6) have stated shat planus
need relatively very small amount of boron and different

saecres of oslants very as regurds their roranh requirement,



Brenchley and Thoranion (1228) have sugrasted that
effects of boron on legumes 28 rogpsrds itrogen fization
ies through lts effect more on the host plant rachar than on
the bacteria or symbiotic system, <srenchley and YVerringson
{1227) noave stated that boron does not replace any of the
gssential eloments but 2¢ arscclated with the absorption ond

utilizatica of calcium,

Boboko, Matveova and Syvorotkin (1$33) have
calned that boreon is concerned with ¢fficlent assimilation

of iron and utilization of nitrogen and wineral matter.

Reeve and Shive (1944) have siated that boron

plays z port in the zbcorpiion of ooisosium.

Hass (1744) atressed the lmportamunce of boron in

cell flvision of werigtamotvic tissucs in nloucs,

iisdale and Helson (1886) have nlso suggested
that & deficlency of toron may srevent the formatcion of
vaseular ticsues necessary to supply the aodulo organiams

with carbohydraies necessery for their actlvity,

Bussel (1961) is of opinlon that boron effects

cell division, nitrogen and carbohydrate meiabolisom,
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pelien germlastion, Tlowaring, frultiog, absorption of
minerals and actlon of norpones and werer relaticns in

plants,

{i1) ~ffect of boron on yield,

piland, Irelsnd and Pelensner {1944) reported
that addiivion of 25 lbe, of Dorax per acre lncrsaged the
vield o1 ssede by 120 1ke. in crimson clover, 7Tne incresese
in yield wee artributed to the growth of & vigorous type
of seed head and the grouth of fully maturaed »lump soad

in the apieal porticns of tne head,

Rogers (1947) obtalned zn inerease of 58 per cent
in lucerne angd 104 per ecent in bureclover in the hay ylelds
by the apollearion of boron. Seed production wae incroased
by 282 1bs. ner acre. .le ecoancluded thet boron way stimalats
seed oroduction in o numb@roaegum%e which show no vegetaiive

THSPONSE .

Reznilova (1080) resorted thet trestmenc of lunin
seed with Porax Lefore sowing and addicion of 3 ke, of
Horaz per nectre to the smoll increased the yield of lupln

on a medius podzol soll py about 10%,

Higher green matters yleld in sunhemp was obtauned
at Bangalore by the aldiilon of boron in ex-erimente con-

ducted by Gopal hoo and Govindsrajen (151,
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Ancerson (1962) reported that in subteranaan
clover and lucerne the respense for boron was more when

molybdenum also was applied in wolybdenum deficient soll,

patta and Gurubasaveraj {(1953) cobtained
significant respouse in fodder yield, seed yield, and
nodulation in berseem when boron and molybdenum carrying
fertilizers wore applied. Their results indicated that
effects of applled nuirients becams more nrousunced as the

romoval of major nuirients from th2 soll iacreaszed.

Shende and Sen (1958) pot 381 per csnt increase
in green matter when boron and molybdenum were applied to

goar along with phosphate,

Litynskl and Kaczkowska (1960) in a three year
trial with soyas bean 4¢id get favourahle effect with & kg.
of Boramx per hectare only in one yesr, Uigher dozes of

Borax restrained growth and reduced eeed ylelds.

Ballel and Natu (1961) obteined 32 per cent
inerezse in groundnut yields with 4 1lhe. of Borax per acre

singly or in combination with mengznese.

Jaychendran (1766) has found that geound-nut
responded markedly to the application of 20 kg, per hectare

of boron under Vellayani - conditicus,



arris, Fledeoe and Clerk (19F4) 4414 not obtain

reshonss for boron in coupea,

Zimmermonn (1061) reportod that thers wes no
response for boron in clover waen Boroy at the rate of 30 kg,
per hectare was applied to the sell, Vhen the same guantity
of Borax was given as foliar spray the growth was depressed

and yields reduced,

(i14) ILfPset of boron on guality in lepusos

Fulkey (1842) has resorted favourable effacts of
boron on proteln content and slight incresse in ash coavent

in soya beans,

Wa snd Hsing (188P) obtained increased orotein

contont in soya beans i(r~ated with boron,

{iv) vPfoct of boron on nodulation

Hoschind (1951) Cound thst appliecation of 'Fersin!
a# fertilizer conialning mainly boron at the rute of § gtls.
per nectare fevourably affected nodulation and growth in

broad beans,

Hsterban Velaseo and Lachicagerrido (1962) have
resorted that noculation was incressed only slightly by the

apnlication of borom in btroad beaus, Po.ash tended to
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decrease the number of nodulssg and potash boron inter
action was significant Joron increassd the aumbher of

flovers but the number of pods were markedly reducsu,

MOLYBDENUM

(1) FHole of molybdenum in plants

Bloloplcal iwportance of wolybdenum wes not
realised until 1820 vhen Bortels (1980) snowed thst the

element was highly beneficial in the fixation of gaseous

nicrogen by Azotobscter chroosogoum.

The first svidence of the fact that the physio-
logical role of wolybdenum 45 noi arsociamted with
nlirogen fixation alone was provided by the vork of Stelnberg

inicially reported in 198G,

Bgsentially of molybdenun for higher nlants was

established by fArnon and Steut (1889).

Evans (1956) states thot molybdsnam 18 involved
in the reduction of nitrates and in tho process of altrogsn
fixosion in legumes. He states that the onzyme hydrogenase
is ultimately associsted with the aitrogen fixation iun
certain free living ritrogen fixing wicro organlsms.

Molybdenur has besn shown to be an essentisl constituent
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of thies enzyme., IHe further states that g wolybdoflavo=
protein analogous to hydrogenass plays a prominent part

in the nitrogen fixation by bacteris in leguminous plants,
It is convincingly concluded that molybdenum functione as
an slectron cerrier in the flavo protein nitrate reductases

recently lsolated from soya boan leaves and neuroaspora.

There is strong evidence that molybdeuum may play
a role in the inhibition of plent phosphotases, but the
relation of the element to ascorbie meid accumalaiion and
diminished ecapaecity for dye reduction and to iron mctabolism,
all of which have heen assoclated witn deficiency of the

element remsine ohscure.

From the faect that root noduls bacteria in molybdenum
deficient solls sve ansble to fix nitrogen, though plants
grow in such soils Busssll (1961) coacluded that molybdenum

ig primerily concorned with nitrogen fixation in legumes, !

Research work with molybdenum on the yleld,quality
and nodulation in legpumes though of recent oripin is quite

npmerong.

(i1) Effect of molybdenum on_the yisld of legumes

fnderson (194B) obhtained merked growth and develop-
ment in subteranean clover by adding 2 ounces of molybdenum
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trioxtde pey acre, He 15 of opimion that probably one
ounce per acre would have been sufficient, He further
obzerved that response of legumes may be dus to improved

nitrogen fixation,

Heklyadove (1288) obtained iucrecsed yleld in
peas by the addition of wolybdenum at one kilogram per

hectare,

Jengen (1959) observed that yileld of lucerne was
doubled by the sddivion of sodium wolybdste at the rate
of 2 Xp. per haectare, Thors war ineroasre in the nicrogen
content of iLhe plante. Higher dozes of molybdenum aroduced
furtner slight increase,

Adzupiete {(1959) reported shat wolybdennm increzged
the hay yield of red clover by 22.5 per cent. MNolybdenum
and boron glven together did not increase yisld nmuch more
than molyhdenum alone did. Molybdenum imcreased chlorophyll,

ceroteng, and Vitemin 'C' content of the leaves.

Minine (1964) resorted an incresse of 9.2 h.kg.

per hectare in forage and incroased proteln content ian the

soeds of forsge beans to which molybdenum was applied.

Mehrotra and Gangwer (1968} obtalned increased
¥lelds in berseem fodder to the extent of 7 ond § per cent
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at Puga and Buharifarms respectively by the addition of
0.56 kg, sodium molybdate per hectars, A4t 0.28 kg, per
hectare level it failed to show bensficiol effect at
Pusa, At Kali howaver inerecased yields of the order of
E per cent were chtained. A combination of molybdenum
end boron hag not chown any improvement over that of

molybdenum alone,

Jayachandran (1566) observed favourable cffects
of molybdenum on the yleld, height of nlante, number of
pods per plant and pods per hectare though the increase

wag not statistically significant.

ilarals, BPledeoe and Clark (1954) did not get
inecrease in yleld in cowpeas by the addition of molybdenum

though they noticed improved colour,

Vital Rao and Venkat Reju (1565) falled to get
any variation in tne yield of alfelfa by the application
of voreon and molybdenum individually or in combination.

Both soil snd foliar mpplication had no response,

(111) Effect of molybdenum on guglity of lesymes
Heklyudov (1556) obtained incressed protein

content of the eeeds and vitamin 'C' content of plants,

when molybdenum was added to peas. He also noticad
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increase in namber of nodulebacteriz particularly in

limed solls.

Zurovaka (1960) reportaed that molybdenum epplied
alone or in combinacion with boron increased enzyms
activity, the contents of soluble sugare, protein and yield

in peas,

Martyneanks and Ivanova (1962) observed sn increase
of 4.5 to € por ecent in the protein content of grain in
peas, Sosd creatment with molybdenum gave betier reosulis

than soil or follar application of tne element.

{(iv) Lffect of molybdenum on nodulation

Mulder (1948) sbuwerved that root nodules on peas
grown in water cultures with molybdentm in tha absence of
fixsed nifrogen were sink in c¢olour, while iLhe wolybdenum

deficlent onos were palay or yellow brown.

Biomefield (1854) reporied that resoconse to
addition of molyhdenum at the raie of two ounces per acre
was obsorved in neas, Compared wiih the untreated »lants,
the treated »lancg had bstver colour, were sligntly
taller, and had pinkish nodules which were larger than ithe
greyish nodules on the control plota. The trested >lants
were more resistant to collar roi and yilelded thrice than

the uatraatad plants.
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Lliever ond EKennedy (1960) revealed that logumes
1iks birds foot, trefoil, lucerne, ladinoclover and red
clover responded well to added sodium molybdate. The gize
of the individual nodules were increased. But itheve was a

reduction in the number of nodules.



MATERIALS AND METHODS



MATERIALES AND MOTHGDS

The preesent investipation was undertaken to
dotermine the effect of nitrogen, notassiom and the trace-
elements borom and molybdenum on the yield of cowpea,

varisty 'Naw-Lra‘',

l. Egperinentsl site

The field experiment wae laild out in the garden
lande of the ferm attached to the Agricultoral Colloge
and Hesgarch Institute, Vellayami, The scil 1s red loam
with medium fertility. The soil wae analysed for its

nutrient status and the data are glven in fpnendix I,
2, Eeason

The experiment was conducted during dugust to
Hovember 1266, Vhether condition prevailed during the

gpason is represgnted in the takle given as Appendiz 1I.
3. Soed materi

The variety used was ‘Hew-Era', The seeds ware

obtained frow the Agricultursl College Farm, Vellayani.
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'How-tra' i1s a North Fhodesian veriety of approximately

70 days duration., It is a bushy plant with light green

medium sized leaves, The flovwers are with purple petals

and gresn calyx, 7The pods are of wmodive size with purple

tips seeds are chocolate coloured with mottlings,

4, Mannreas and Tertilizers

Uniform dose of cettle manure, lime snd supers

phogphate wae given to &1l plots.

Kitrogen =25 Amwmoniuwm Sulphate, nhosphorus as

Super-phosphate, potassium as Muriate of notssh, boron

ag Borax and molybdenum as Sodium molybdate was epplied.

Cattle manure and fertilisere used analysed as

follows:

Ampmoniam sulphote
Super phosgahate

Muriate of potash
Time

Cartle mmpura

20.5% H.
16.00% PgOg

54.,00% Ko0
54.30% Ca0

0.41% ¥
0.30% Pg0g
0.20% B0
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&5, Layout and design

The trial was laid out as a split plot experi-
ment with 3 replications, The whols plot treatments
were combinations of anitrogen and ootassium at 3 levels
each. Ihe interaction BK was confounded in replication

11 and BK® in replications I and T11.

The stb-plot treatwents were combinations of

beron end wolybdenum at 2 levels each,

Fhus the three ropliecstions were lald out in
9 blocke, each block consipted of 3 whole plots and each

vwhole plot containing 4 sub-olots.

&, lsvels of treatments

Lzvels of nitrogen

i. np - No nitrogen

2. ny - 10 kg N/ha,

3. ng - 20 kg H/ha,
levels of potassium

1. Ko - Ho potassian,

2, Ky - 20 kg KgO/ha,

3. Kg - 40 kg Kg0/ha,
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- Ho boron

- 10 kg ®orax/bha,

Lavels of molybdenum

1. ¥0g
2. Hoq

Sizs_of plots

¥hole plot
Gross subeplot

Het plot

Spaciﬂg,

- Ho Molybdenuw
- 1 kg Sodium molyb date/ha,

D.6 x 9.6 metres
4.5 % 4,6 #

3.9 % 3.8 "

4 spaclng of B30 om. sither way ag recommended by

Krishnaswaml gt ale. (1945) snd Dungsu sud Ross (1987) was

follioved,
9, HNumber of slants in the sub-nlot

10,

Gross plot

Het plot

-= 225 plinte
- 169 "

Preparatory cultivation

The expeorilrentsl site was nlougied thrice, clods
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broken and all the weeds and stubbles wore removed. The

field was then laid out.

11. Manuring

Well powdered calcium hydroxide at 1680 kg/ha.
was applied bofore starting the preporatory cultivation,
Caitle manure at the rate of 5600 Xg per heotsre was
applied a fertnignt after the lime was applisd but before
the completion of the preparatory cultivation., The
dosas of caleium hydroxide and cattle menure were fixed
on the basis of recommendations mede by Halr et al (1957)

for leguminous crops undsr Kerala conditions.

The fertillzers were glven as hasal dose, a day
prior to sowing. 4mmonium sulphate, Mariate of potash,
Borax and Sodium molybdate were mixed well and applied as
broad cast, Super phosphate to supply &5 kg Pg Oy was

gilven in bands 30 cm. apart and 10 cm., deep.

12, Sowing

Seads selected for sowing was tested for germi-
naticn cspacity and it was found to be 80 per cent.
Healthy, well developed, plump seeds were selected for

sowing. Iwo seeds per hole were dibbled in lines of
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30 cm, botn ways on 28-B.66, Thinning was done & week

after sowing, allovwing only one seedling per hole,

13, GQencral condition of the crop

Good rains were received on the previous day
of sowing und the day sfter sowing, Oermination was
observed on the third day and cowplsted within a week's

time,
14, After cultivation

flots were hand waeded twiea on 12-9-66 and
3=10-€66, Baorring s wmild attack of epilachna beetles the

crop was free of insect pestB. One gyrayiag with

Folidol 605 was given on 5-10-866.
15, Harveet

Becauge of the heavy rains during the growing
period the vegetative phase of the crop was a little

prolonged. ‘larvesting was completed on 28-11~66,

The border rows and plont selected for biometric
observations were harvested separately, The grain ylsld

of the net plots was recorded at 12 per cent molsture., The
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bhusa were pulled ont and dried under sun for 3 days snd

weight recorded.

16.

Observations made

ine following chrractors vere studied.

(1) Helght of nlants at maturity

Plunts were eelected at randon in each
sub-plot after leaving one border lifte on all the
four sides. The heicht was taken from the cotyledonary

node to the terminal node.

(11) Humher of nodules

A1l tne neodulss on the roots of the plants
selactad at reandom in cach sab=-plol vere counted and

avernge vorked out,

(111) dumbar of pods ner plant

Humber of pods on the egelected nlants vere

notad and averaps determined,
{iv} Length of pods

20 podes taken at pandom from nods collected
from the selected planis were moasurcd and average

Jongih worked ont.
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{(v) luwber of seeds ner pod

Pode used for measuring the length were
threshed separately and the number of seeds in each

pod was counied znd the aversge worked out.

{vi) W¥eirnt of dry sosds

Pods harvested from each sub-plot was dried,

threshed and the welght recorded at 12 per cent moisture,

{vil) Ueipght of dried bhusa

Immediately after the completion of horvest
of pods, the plants were pulled cut drised unifermly

and thelr welight recordsd.

(viii) Welght of 100 seede

100 seede from eack sub-plot wore drawn at
random, after thoroughly wixing the sesds and ths

wolght was reeorded using o physical bealance.
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RESULTS

The biometrie observations, namely height of
plants at maturity, number of root nodules, number of pods
per plant, length of pods, number of seeds per pod, welght
of dry seeds, welght of dried bhuga and weight of 100 seceds
taken at preharvest and post-harvest stapgss of cowpea
variety ‘New Era' was agalysad statistically% The analysis
of variance tables are given as appendix III to X, WHean
values of the difforent observatlons are given in Tables I
to VIII.

1. #Height of plants

The data on the height of plants at maturity was
analysed statistically and 1s given in Appendix III,

Mean helght of plants under various treatrents

are represented in Table I a, b angd c.

-

It 1s observed that the heipht of plants increased
significently due to the addition of nitrogen, Rffect of
potassium also 1s significant, the influence teing negative.
Interaction between nitrogen aend potassium is not significant.
Addition of boron has also increased the mesn height of
plants, Nons of the other treatments weres significant,
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TABLE 1(a)

Mean height of plants (in cm) at maburity

Ho ﬁl NE ¥ean
I{O 23,95 41,31 44,87 38,97
Ky 34,04 35.34 42,63 37.34
Kz 34419 35,53 41,89 37.60
Hean 34.06 37.39 43.06

CD (0.08) Tor levels of H = 1.425
CD (0.08) for lovels of X = 1.425
CD (0.05) combinations of I ana K = 3.1156

TABLE I(b)
Bo Bl Mean
HDO 37.62 38.42 38,02
i‘«i()l 38,02 38,62 38432
Mean 37.82 38.52
CD (0.05) for levels of B = 0.6054
" MO = 00,6054
CD (0.08) for combinations of B and 110 = 0.8516



TABLE I(e)

Hean height of plants (in ecw) at maturity

BolOg  BMOL B1MO, ByHoy Hean
HoKo 33.82 34,12 33,18 34,69 33.96
NgKq, 34.21 33.78 34,30 34,07 34,04
“WoKy 33.23 33.85 34.75 34.82 34,19
KiK, 39.91 41,73 41,32 42,87 4131
Nq¥y 34.61 36.18 36.28 36,358 35434
Ri¥s 36.28 35.27 38,07 35,47 36.83
Hokey 43444 44,31 45.58 45484 44,67
3Ky 42.26 42,36 42.85 43,04 42,63
NoKgo 40,88 41.48 42,66 4256 41.89
Hean 37,88 38,02 38,42 38,62
CD (€.05) for vhole plot treavment = 38,1156
ecmbinations
Chb (0.,08) for sub-plot treatnent = 0,8516
combinations

X
X
I
X
CD (0.03) for comparison between X
s beplot treatwents L - a.5722
within the same wholo I *
plot treatment X
1
X

CD (0.05) for compaxdson bebuesen
91 b=plot treatments not
wathin the same whole-
plot treabment

= 4.4019



Maximum mean height of 44,67 cm, was recorded in
the trestmeut combination REKO and the minimum of 33.82 om.

in the treatment combination of HglgBMO,.

2, Bumber of nodules

fnalysis of warleance for the number of nodules

pcr plant is given in Appondix IV,

It 13 szen {rom the Tables II a, b angd e, that
nitrogen at all levels were significant, the iaflueties being
nogative, Combinations of nitrogen and potassium has also
significantly reduced the number of nodules per plant, Potassium

did not show any significant response.

Applicatieon of beron end molybdenum hae significantly
increasced the mesn nurter of rodules per plant, The effect of
corbination of boron and molybdenum is oignificant and positive
Highest muwmber of nodules 1s noticsd in the whole plot troat-

ment corblination NoX, and the lowsst in the combination NoKy.

3. HNumber of pods

Data on the number of pods per ploat was analysed
and the analysis of varience 18 piven in fppendix V. It 1e

agen that nitrogsen, potassium, borcn and wolybdenun alone or
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TABLE 1X(2)

Hean number of nodulss produced

Hey Hy e Mean
Ko 24,71 19484 15.83 20,08
Ky 24438 20442 15.72 20,17
Ko 23.08 21,35 16.11 20.48
Menn 24e00 20443 15.88
D (0,08) for levels of o = 0,8060
# K = (,8949
JD (0.05) Por conbirations of R and K =  1.5549
TAELE II(b)
By Bl Mean
¥0g 18.26 21,67 19,96
M0y 18,77 20,66 20.21
Hean 19.01 21.16
CD (0.08) for levels of B = 0,81228
¢ {0.08) for levels of MO = 0.2122
0.22806.

D (0.08) for comblnation of
B and M0

dom ot
i



TABLE IT(e)

amber of nodules produeed

Bqlio,, Bglidy ByHO, Bi0;, tean
RO 2811 23.81 £7.18 25.74 24,71
iioKl 22,34 £3.22 26483 25,06 24,38
HpKe 22,18 22.81 25,93 24411 23,98
HqK, 17,561 20,33 20,83 2348 10,54
{419 15.38 20.03 22,60 20467 20,42
ﬁlKE 19,36 20.88 R2.56 21.32 21,36
fotoN 13430 15483 15,31 15,98 15,83
I]gKl 13,36 15,71 18.23 15,83 18,72
Notio 15,80 15,33 16,58 1€.78 18,11
Mean 18.26 19,77 2167 20,606
gD (0,05) for whole plot treatment I 7
combinatlions y & 1858
Chb (0.08) for sibe-plot treatment I = o,9086
conbingtion 2
0D (0.08) for comparison between i
subw-plot treatments within i = 00,9889
the same vhole plob vroat- i
hicles 1 i
D (0,05) for comparison between X
@.be-plot trveatments nob % = 1.8711
i

within the same vhole plot
treatnent



in combinatien have not increased the moan number of pods

per pnlant,

There 1s a irend towards increase ir the mean number
of pods for nitrogen ac 10 kg. sor hectare, Potacssium at

20 kg. per hoctare and combination of these two hava shown the

same trend,

The mean nurmber of pods under varioue hreatmnenis are

glven in Table III a, b and c.

4, length of pods

Date regarding the length of pods under various
treatmente were statistically anelysed and the anslysis of

varianice is gilvea in fppendix VI,

Mean length of pods under various treatments is

plven in Table IV a, b and c.

It is sgen ffom the tables that nitrogen and notassium
alone or in combinatlon have not significontly influencesd the

lsnpth of pods,

Addition of boron has influenced the leapgth of pods
significantly, the sffect being positive, Interaction of
boron and molybdenum is also sighificent and positive.
¥olybdenum has not shown any influenco. The interactions NB,
KBy, Wx X2 MOy, K x MO and N x3B x MO were also significent.



TABLE II1 (a)

Moan number of pods per plant

wa
S

Np Hy 8, Mean
B,y 8.96 - 9,92 2426 8.438
Ky Q480 10.38 D57 3,85
Kg DeB7 .28 10.30 8.86
Hean 9040 10.17 89,71
Cb (0.,08) for lovels of ¥ = 0.8474
u K = 00,8474
Ch (0.03) for combinations of N&Ko 1.4682
TABLE III (b)
BO El Hean
MO, 9,60 9,85 9.73
HOJ. 9.69 9091 9080
Hean D65 D408
€D (0.08) for loveis of B = 0,333
) ¥ MO = 0,333

SD (0.,08) for coubiuatlons of B and HO = 0,4725
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PABLE I1I (e)

Mean number of pods per plant

Egh0,q BoMO4 B3O, B3My Mean
Hoko 8.68 8.83 F.41 9,00 B8.9€
K3, 9,87 0.17 10,04 D50 9.80
N2 0,46 8,58 10.29 Fe16 937
zalKo 10,16 9.87 9,79 9,87 9,92
18] D7D 1004 10,83 10,256 10.22
oKy 8.62 9.7 9,16 9.54 9.26
Heks .36 16,08 8,87 9,96 9457
Hegns G.60 9,68 .85 9,91
CD (0408) for whole plot treatuent I = o
' conbination X 1.4682
¢D (0,05) for comparisen between sube I
plot treatments within the { = 1l.4161
sane whole plot treatment i
CD (0406) for sub-plot treatment i &
combination ( 0.4725
0D (0.058) for comparison betuwesn zube i
plat treatments not within j = 2.2184.
the sane wvhole plot treatment X
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8. lNumber of se~d ner pud

Analysis of variance for the number of geeds per

»6d is presented in &ppendix VII,

It is geoen that none of the treatments infiuenced

the numbey of seeds aer pod.

Mean number of ssede undep varicus treatments are

given in Table V a2, b and c.

€, Jeld of sced

Deta on the welight of seeds per net slot was stati-
stically enalysaed and the analysis o virianee is presented

in Appendix VIII,

It is seen that applicavion of both nitrogen and
potaseium singly or in combinacion has not significantly
influonced tho yield of sred. 4monp differant levels, nitrogen
at 10 kp, per hectare has given the highest yleld of 930.30 kg.
of seed., Bimilarly in the cese of potassium highest yiecld of
seed 1s cbiained for the apnliecation of Ko O at 20 kg. wer
hoectare, The treatment combinerion NqK; hae given the highest
vield. The treatwent combinatlon Npg, depressed the yield of

saed,

Among the sube-plot treetmrnts boron has eipnificant
effect in increasing tho yield of sced, Hone of the other
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IV (a)

Mean length of pod (in ew}

N0 Nl ﬁa Hoan
KO 15,62 15,49 15440 1H,80
3 15,48 15.42 15,34 15,41
Kg 15,78 15048 1£440 15,65
Mean 15,62 15.46 15458
Ch (0.08) for levals of N = (1.2166
b R = 04,2166
Ch (0.,06) for combinavion of ¥ and K =) , 3757
TABLE 1V (D)
BO Bl Mean
MOq 18,44 15,81 15447
MDl 16,38 15455 15.46
Mean 15,41 15.83
OB (0.08) for ievels of B = 0,082
" 0 = 0,082

GD (0.05) for combined levels of B and MO = 00,0115



TABLE 1V (e)

Mean length of pod (in ecmy

da

plot treataments not within

EoH0g oMoy ByHO, B0,  Memn
HaKg 15,80 16,79 1538 15.72 15,82
HoKq 15,93 16,83 15449 14.89 15.48
RoXo 15,73 18,02 15,78 15.61 18,78
1K, 15,37 15.43 15,69 15,46 15.42
Bikq 158,41 15,67 15447 15.148 16.42
YN 16417 15,88 15,67 15,19  15.48
Holg 15,19 15,46 15,36 156,88 15,40
HoKq 15,21 15.38 15.32 15.44 15,34
HeKo 15.39 15446 15,39 15.39 15,40

Mean 15.44 15.38 1581 156.853

Ch (0.08) gg;b:ggégoglot treatment % = 0,3757

Gh (0,05) for sub-plot treatment i = 0,0115

comblnation £

CD (0.,05) for comparison between 1

subeplot treatments within thel] = 0,0353
same vhole plot treatment X

GD (0.08) for comparison lotueen Sube % = 7.9495,
g

the samoe whole plot treabtuent
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affects produced significant results, The rean ylseld ner
plot under different treatments coalculated as prr hectare

basis is piven in Tzbls VI 2, b end e,
7. ¥Yield of bhuga

Analysie of varisnce for the yicld of bimsgs per

nlot is oresenited in Appendix IX,

It 13 seen that nitrogen significently increascd
the yleld of thusa. Potassium did not chow any significant
response., It is scon that nitrogen and potassinm at the
nighest 1»vol procuerd the highest yield of 56084.45 kg. However
the offset of combination of nitrogen end potassium wos not
significans,

Boron and molybdenum alohs and in cowbination bave
significantly increased the yisld of bhusa. The interaction

N % B x M0 has also influencod the yisld of hhuea significsntly.

The wean yi314 of bhuss ooy plot ealculated as per
haetare basie ie given in Table VII &, b end c.

8. 100 ssad welght

The snalyeis of variance of welght of 100 seed is
praosented in #Aypendix X,



TAELE V (a)

Hean numbor of geeds por pod

Ny Hy lip Moan
o 1b.13 15641 15.83 15,35
Ey 15,42 15.08 15,60 15,83
52 1@338 15654 15.08 1303:3
Mean 15,33 1oe34 15,21
Ch {0.08) for levels o § = 1,313
" K = le313
CD (0.05) for combination of ¥ and X = 1.724.
PABLE V (b)
By By llean
Mog 15.38 15441 15439
1Oy, 15.09 15.68 15436
Mean 15.23 15,51
0D (0.08) for levels of B s 0,381
W MO = 0.,8321
oD (0,05) for esubinatlon of B and H = 1,023,



TABLE ¥ (o)

¥ean number of seeds per pod

Ak

plot treatments not within

Hoko 15,21 15.18 15,08 15,11 15,13
NOK]‘ 15.41 15.& 15.38 1;5.42 1,5.42
loko 18,32 1441 16,08 15.68 15,38
NyKo 15,35 15.52 15,38 15.41 15,41
Nlﬂl 15.98 15,99 15,34 15,02 16,08
Rle 15,40 15,58 15.62 15,56 15.54
Hoko 14.96 15.58 16400 15,61 15,83
HgKy 14.83 15,01, 15,00 .01 15,00
Hean 15,38 15,09 18, :1 15.62
€D (0.05) for whole plot treatment ¥ = 1.724
ecombinations X
CD (0.05) for subeplot treatment i
* combinations i = 1,023
CB (0.08) for comparison between X
subeplot treatments within i = 2,983
the same whole plot ‘reate i
ment 1
0D (0.05) for comparison betwesn Sube % = 4,533
i

the same whole plot treatuent
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Nitrogen and potaseiom along or in cowbination

414 not influsncs significantly the 100 ssed weight,

Boron end melybdenvm slone or in combination did

not significantly inflnence the 100 seed welght,

The interaction 4B, KB and BMO, § x B % M0 and

K x B x M0 were slgnificant,

100 seed weight, under different treatmwents are
glven In Table VIII a, b and c.
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TABLE VI (a)

Heagn yield of gesd in kg, per beetare

Hy Hy B, Mean
Xa 680,06 743,20 GlE.34 6EB, 53
Ry 735426 980,30 797,04 707,63
Kg 652,17 824,32 845,03 77481
tean 679.83 832,62 728414
¢h (0,05} for lovels of I ] 14842
u il = 148/2
S (0.08) for combination of ¥ and K = 396,86

TABLE VI (b)

By e ) Mean
M0, 721,16 748410 704,82
10y, 728,78 786.88 758,33
Hean 7285446 767 .49
Gb (0,08 for lovels of B = 3549
" MO = 39.9

¢h (0.08) for combination of B and MO w 85,3
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TABLL VI (e)

Mean yield of seed da Kg. por hogbare

A7

Batity Bgliog LgHo, BaMo,  Mean
239750 §89,65 B881. 13 85784 obeBL 680,06
Fe’af,:l TiLe43 #4383 P02 38 822,01 735,26
dgln G428, 13, a0 431 E62,65 870,61 wB4,17
Nty BES 7 730,08 80524 T3 T3 FAT B0
Eiliﬁl f05.48 1038.79 010,58 DGE T 9030
gzli‘ig TS7a71 TERL 13 P14 $oB 8D 824,32
Hgﬁo 820,07 577 A8 G33,35 Gi0.34 S12.34
Holtq 746,21 714043 741,85 WE.67  TRI04
:‘5:;[:2 32@90@ ?‘380@1 ;9@5 % 909,48 8‘?\150@5
Mozn 721615 722,78 F484 10 TG, 88
OB (0.08) for whols plst treatment i = 80G.5
eombinasion i
B (0.08) for s.beplist treal ant i 5 B5.8
corbination X
GD (0.08) for op sarison bebtusen sube i
nlot creatnents vithan the ¥ = 25,6
sarie sacle plot treabtoont £
GO (0.0} £or gornarvison bebtween sube i .
nlok treatrieats mot hithin i = 614.00
the sane vhole pint trxosbuent



TABLE VII (a)
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Hean vield of bhusa in Kge per hectave

By iy T Mean
o 3142487 83740.96 5384,08 4089,43
Ky 3865,93 4122,29 541749 4268.90
Ko 333333 A73%432 5634.45 4234,05
CD (0.05) for levels of N = 501,60
" K = 801,60
D (0,05} for combination of Nand K = 872,80
TABLE VII (b)
By By Moan
M0g 8500, 13 4280.24 4040.13
HO 1 4338,67 4372,12 4352,39
Hean 4066.28 4AR386,13
OB (0.03) for lovels of B = 157.80
" MO = 157.80
Ch (0.05) for comblualion of B aad 0 = 223,00
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TABLE VIY (e}
Mean yield of bhusa in kge per hectare
ByM0g Bylioy byMO,  BgMO;  ltcan
NGKO £919.,13 3241.28 3136.09 3287.31 3142.67
Hoky 2068,57  3418,80  3053,06 333,33 53266.93
figilo 3241.88 31956.20 337278 3804,87 3333.,33
#1Ko 3099,07  4123.01 3727.81  5727.81  3740.96
Hiky 3484.54  4123.01 4247.20  4490.46  4122,29
ngg 3174.88 4049,96 3747.863 3004448 ST34e39
HQKO 4738.72 55428.,40 55642,40 5719.91 53B4.6R
NeKy 4030496 5542,40 5430,63 0735494  4A17.42
Hel 5213,67 £786,32 5082,80 L588,70 5634445
Mean 3800, 13 4332.67 4280,14 4372,12
€D (0.08) for whole plot treatment i :
eonbination i = B72.80
D (0.08) Por sibeplot treatment i :
combinalion j T 220
oD (0.08) for comparison tetween subeplod ¥ -
treatmente within the sane j = 6705
whole plot treatuent. i
CD (0.08) for comparison bstween siteplot i
treatments not within vhole % = 507.8

plot treatueat.
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TABLL VIII (a)
100 seed wolght in gramme

HO 3‘51 Nz Moan
K, 10,56 10.87 10,53 10.64
Kl 10.81 12,03 10.80 11.21
Kg 10,78 11.086 1l.32 11.056
Mean i0.71 11.32 10.88
Ch (0.08) for levels of H = 0.6324
" E & 0.6384
CD (0.08) for conbinatinn of B and K = 1.8710
TabLE VIII (b)
BO Bl Hean
Mog 10488 11.01 10.95
10y, 10,96 11.04 11.00
Hean 0,96 llooa
Ch (0.08) for levels of b = 0.130¢9
11 = Gn 1809
CD (0.08) for eowbination of b andi M0 = 0,2662



TABLE VIII (o)

100 seed welght in gramme

Bolt, BoMOy, Baiog  ByMOy Mean
HoRq 11,20 10.53 10,47 10,08 10.86
HyKy 10,80 10.87 11.00 057 10,81
Hoke .07 10,13 10,80 11.20 10.78
Ky 10,20 1120 11,83 10.77 10.87
Hikq 11.60 11.80 12.30 12,87 12.03
L) 10.63 10,73 11.87 11.50 11,06
HaRy 2 L83 11.17 10,33 10,77 10,83
Holq 11.03 11.17 10,23 10,77 10.80
Nollg 11,63 10,90 1,50 11,27 11,32
Hoan 10.88 1¢.96 13,01 11,04
Ch (0.08) zggbgigéfagmt treatnent % = 1.2710
gD (0.,08) for subeplot treatnment X = 0.2562
combination i
B (0.05) for comparison between sube 1
plot treatwents within the i = 0,7687
same whole plot trealments ¥
CD (0,05) for cozparison Letwesn sube 1
»lot treatasats not within % = 3.5110

ithe same whole plot treatnents
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ULSCUSSION

An investigation was carried out at the Agricultural
Colleps end Reszarch Instituts, Vellayani, to study the effect
of nigrogen., potassivm, boron and molybdenum on cowpea variety

‘New Era',

The data recorded on the height of plants at
maturicy, numbsr of root nodules produced, aumber of pods per
slant, nuwher of seeds por pod, ylold of ssed, and hhusa and
100 zeed velght were statistiecally snalysed. The results arc

disenased in the followlng pages.
1. Helght of nlant

As evident from Table I (&) nitrogen has elgnificently
inereased the helight of plents ot maturity., It is seen that
nitropen both at 10 kg. and 20 kg, per hectsre has lnereased
the helght significantly. Fole of nitrogesn in the vegetative
prowth of plante is well %nown. Russel (1P61) has stated
shat ailtrogen increases the sizs of colls, promotes lsaf
growth and thus bring about enhanced photosynthesis wiich
assist the growth process, Tisdele snd Nelson (195G) associate

nitrogen with vigorous growth in plants,



According to Russel (1961) amall guantities of

nitrogen are deslrahle for the early growth of legumss.

Repults of the prescnt invastigstion are in apree-
ment with the findings of Shukla (1964) in gram, ?2edinme (1964)
and Hair (1866) in cowpea.

dpplication of potocsium at all levels has signi-

ficantly reduced the mean height of plants,

Tledale and Helson (1856) opined thet potsssium
is required chiefly for production and translocation of

carbohydrates,

Rusesl (1961) states that wotassium is imaortent
in photosynthetlic activity in plsnts, He also states thal
with moderate dressings of nitrogen as Amoninm sulphate,
potagslum doubles the woipght of roots but has only a very smail
effect on the yield of tops. DRusscl further observes that
axcees of potassium in the coil as brought about by too high
& level of notassium manuring will reduce vevy considerably
the amount of other cations the crop can take up, and this
may lead to crop growth belng badly upset by thesge inducad
deflciencies of other cations, The reascn for potassium shove
ing & depressing e2foct on tho holght of plants at maturlty

could be attributed Lo the sbove mantionsad reasons,



Results of this investigation ars in sccordance
with the findings of Lin (1359) who also observed a dopresse
ing effact on height by the applieation of potmesium to

yellow lupin,

Among the micro nutrients tried boren alons has
shown significant reeponse in ineressing the helght of plants
at maturity (Peble I (b)),

According to Russel (1861) bhoron 1s neccssary for
the meristems or actively dividing tissues and boron applie
cation will bring about increased meristametic activity,
Another function attributed to boron is that 1t helpe in the
uptale of ealelum by the roots end efficient use in the plant,
Calclum also is cssentizl for the growth of wmrristems., Haes
(1944) =2lspo har stresssd the positive role of boron in cell
division in merictematic ticsues of plants. Bobko Matveva
and Syvorothkin (1923) have opined that beron 1s concerned with
the efficient mssimilation of iron and utllization of nitrogen
and rineral matter. I=21 and Reo (1054) has opined that
influence of boron on prowth of stem is more than that on

lcaves or roots.

Increase in height of plants at maturity by the

anplication of boron along with calclum in the sresent investi-
gation could be due to the aforesaid reason, Slmilesr findings



in lepumes have besn recorded by Piland, Ireland snd
Relsnansy (1944) Govindarajan (1951) Datta and Gurubasaveraj
(1952), Shende and Sen (1982) and Jayachandran (1966).

2, Humbsr of nodules

As seen from Pable II nitrogen applied at the rate
of 20 kg. per hectars producad the least number of nodules.
Hitrogen at the lower level also reduced the mean nuwber of

nodules significantly.

Whyte, Nilsson-leissner and Thrumble (1963) states
that if combined nitrogen is spplied to legum~s ng fertilizer
the uptake of nitrogen by plant may sustain such a narrow
carhon/nitrogan ratio that fixatlon is donresssd and 1f this
1s centinued for long, degeneraiion of ncdule bepins., The
carbon nitrogen ratio also affects the development of nodules
by the plant. A high level of combinsd nitrogen in the soil
will preovent deformstion of the roote and hence entry of the
bacteria will be precludsd end no nodules formed. According
t0 Gibson (1951) one of the optimuw conditlons for nodulation
is a rostricted supply of nitrates in the soil, Russell (1961)
hag also exprecsed similar vievs. Thess might be the reasons
for dopreseion chsorved in the number of nodules caused by

the application of nitrogen in the present lnvestigation.
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Siwilar resulis have been obtained by Jansson and Toostensson
(1956) in peas, Samuels and Landru (jr) (1952) in tropicel
hudzu, Cartwright (1969) in several legumes, Cowling (1961)
in white clover, fewari (1965) and Hair (1966) in cowpea,

It is scen from the Table I that potassinm had no

affact on nodulation,

Andrev (1962) has opined that potassium alone does
not affect nitrogen fixetion. Russel (1861) stated that for
actlve nitrogen fixetion though aotassium 1s required logumes
differ conslderably in the reguirement of this autrient.
Landru and Semuels (19598) found no influence in nodulation
derived from potagsium application to Lajsanus grisn.

Tewari (1965) alsc has obtained eimilar results in cowpea,

Combined apslication of nitrogen and potassium also
significantly reducad the nunber of nodul.s, The effsct aof
combined apnlication of nitrogen and potessiun can be explained
by the fact that since potassiur 1s having no influsace on
the number of nodules, the gensral depressing effect of nitregen

on nedulation is showing its sxpreesion,

Effact of both boron and molybdenum singly and in

combination is significant (Table II(yn),
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Brenchley and Thornton (1928) has sugpested that
adequate supoly of %oron is eseential for the dovelopmeat of
vasenlar system which ls easentiasl to supply the nodule
bacteria with carbohydrate. The offect is movre on the host
nlant than on the bacteria or the symbiotlic systen,
Vhistington (1858) stated that primary affects sre cossation
of prowsh and enlargemont of the apical celle when boron
wag apnlled to field beans. Russsl (1961) has opinod that
molybdenum is primarily concerned with nitrogen fixuztion,

Fesults of the present invostigotion are in con-
formity with the findings of Datta and Gurubasavorsj (1952)
and Moschini (1951).

3. lMumber of pods

it is seen that none of the trestmente had any
gignificant ¢ffect on the moan numwber of pods per plant

(Zable III =2, b snd ).

“itrogen at 20 kg. per hectare had & depreseing
offect on the mean number of pods when compared with nitropen

at 1¢ kg. per hectare,

Hitrogen is assodioted vith vigorous vegstatlve

growth and execssive awount of this eloment way prolong
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vegatative phase and there by reduce the number of pode.
(Tisdale and leison (1956)), Similar views in this regard
is expressed by Ruseel (1961) &lso.

lack of response to nitpogen in yield of nod
could be due to the fact that applied nitrogen might have
helped jin increasing vegstative growth only, Similar
results were obtalned by Moolani and Jznz (10€5) and
Hair (1966). Those workars observed depressing ~ffact of
nitrogen at 25 kg, per hoctare and 20 kg, per hectare in

pmogng and cowpea reepectively.

Potassium also has not influsnced the mezn nunber
of pods significently., However, there is 2 trend towards
increase in the mean number of pods with increasing levels

of potassium,.

Rossiter (1947), and Vergas (1957) have revorted

lacreased yields in logumes by the opeifcstion of potvasalum,

Bussel (1061) has reported that excoss application
of potascsic fortliizers to soil may bring sbout a decrease
in the macnesium concsutration in plants resulting 1n noor
vields. This ohenorena is especlally imnortant in acidic solls,
Probably failure of added potassium to incrosse the number

of vods significently way be due to this reason. AMnother



possibillity may be that potassium being used up for the

vegetative growth induced by excessive nitrogen.

Mplicution of boron and molybdenum also head no
slgnlficant effect cn the mesn nurber of pods per plant
though there was a irend towards increase 1n the mean nuwber

of nods,

Datta snd Gurubasavaraj (1952) Shende eng Sen (1888),
Ballal and Natu (1961) have obtained increascd yislds in
different legumes by the application of boron, Heklyudove (1956)
and Mehrotra and Gangwer (1965) by the spplication of molybdenum.
Jayachandran (196¢6) obtalned significant increace in the
aumber of pods in groundnut by the applicnation of boron when
applied at the rote of 20 kg. borax per hectare, the increase
for 10 kg, borax psr hectare being not signifieont, The
abgence of response in the prosent study may ba due to the

low doze of borax tried,

In the case of molybdenum the lack of response can

be attributed to its low avallability unier the acidlc

resctlon gf the soll in which the iavestigation was carrded

out.

4. Icngth of pods

Application of niirogen ond potassium has not signle

ficuntly increzsed the mezn length of »ods. Combined ~ffect
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of nitrogen and potassinm also is not significent. HNair (1966)
have renorted that length of pode in cowpea wes not signie-
fieantly influenced by the espplication of nitropen at 20 %g.
per hectare. It should be assured that length of pod is

more of a varletal charactor not influenced by fertilizer
treatrments. The rssults only indicate that this is a varietal

charzctor then anything else,

Boron sluply ond in combination has increased the

wean length of pods significently.

Lal and Bao (1054) have opined that boron may
influ-nce favourdbly the size of osods, Boron in general may
ald in sbsorption and utilization of calcium more than
others. Chosphorus transport sleo ig improved in the prescnce
of boron. Boron by virtue of its physiologiesl role in csll
divigion may increase the size of pods. (Ial snd Rao (19541).
Halr (19€6) has recorded jncrease in mean lanpth of pods
in cowpea by the application of D205 at 65 kg. por hectara,
¥yen though the lazngth of pod is believed to bz 2 varietal
charactor the offect of boron in increasiag the nod length
can be explained by the fact that applicetion of 55 kp. of
2205 glven ag basal dressing sleng with boron influenced
the utilization of nhosphorus favourably bringing sbout an

increase in the mean leugth of pod.
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5. Number of ssed

It 1s observed that none of the treatmwents wore
significant in increasing the number of seeds per nod.
It 1s to te asrumed that nurber of seeds psr pod is a varietal
charactor, HNalr (19€6) also di@ not get any sipnificant
differenes in the mean huwber of sseds por pod by the eppli-

catlon of nitrogan vo cowpea.
€. Yield of seed

It is cvident from the Teble VI that none of the
main plot ireatments significently inflseanced the yleld of

seed per hectare,

Tisdele and Nelson (1986) 1s of opinion that
nltrogen is associated with virogous vegetative growth
and excessive quantlty of nitrogen may prolong the prowing
veriod end delay maturity,., OGane {(1963) while revievwing on
exienslve serics of Tield trials for fi~1d beans has
concludod that spplication of nltrogen for sced production
is not worthwhila. From the Tsblas 4t 1s clear that
nitrogen alone, 8t the highest lsvel decreased the yleld
by 47,72 kg, per hectare, Contrary to this thore was an
increase of 92,14 kg. for the treatment of 10 Kg. nitropen

per hoctare. BRussell(1961) hos opined that small incremsnts
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of nltrogen for lesgumes may promote early prowth, Ehong
(1966) also has reported favoursble affect on yield for
amall dossge of nitrogen in cowpea, A reductlion in yield
is alsp notiepd at 20 lg of nitrogon per heghtare compared
b 10 ke of nitrogen per heetare, This way ho dug to the
excesslve evepetative growth ccecuring ot hilgher levele

of nltrogen (Table VIII (a}, This is in conformity with
the findinge of “ingh and Sahasrsbudhe (1867) Fharms and
Yiara (1961) Moolami and Jana (19€5) and Hair (1968),

fppiication of »otassium has shown < trend tovards
Inersase 1n yielde with a slight denressing effeet at the
highest leval., Too high 2 level of »otassium mey reducs
the upteke of other cations snd may unfevourably effoet
the crops. Ihe depressing effoct noted may he atiributed
to this, Depressing influence of higher lovels of potassiup
has boen recorded by Kataski snd Benshatti (1965) in pround

nurt.

The treatment combinatlion of ¥3Ky has given the
meximn yield of 980,30 ¥%g por hectarz. Combinations of
nitrogen and potassium other than HpXy end NoKg recorded
increased yields thouph tho differsnees wers not significent,
An increase tou the tune of 194,92 g 1= noticed for the

treatment combination of Ng¥s over that of HpKp. Some
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trend is noticed in the case of NgEy elso. This 1o in
conformlity with the statement of Ruseell (1961) thsat
potassiup acts @2 a corrective to the harmful effects of

nitrogen when piven &t incraased lavels,

The lack of sighiflcant rosponse of nitrogen and
potassium in influsnclng yield may thus be attributed to
the fact that nltrogen and potassium were utilized for
asromoting vegstatlive growth rather than for production of

sead,

0f the sub-plot treatments boron alone has sighi-
fleantly increased the yleld of sced per hectare. Boroa
is indispensible in the production of sred. Roron is
concernad with cerbohydrate transformation and utilization.
Boron has favourable influsnhce in the uptslke and utilization
of celciur and phosphorus (Ial and Rao 1284) Ruesell{1961)
also has stresssd, that primary functicng of boron in the
uptake snd utiligation of calcium in plants, Heonee the
increass in yield of seed noticed in the present investi-
gation by the application of boron could be due to its
influence on efficient uptake and utilisation of ealcium
and phosphorus, besides the physiclogical role of meristamatic
aetivity end regulation of water relation of plants (Lal sond
Rao 13554). Increass in sced yleld obtained due to the
application of boron, by Pilsnd, Ireland and Reimenauer (1944)



in cripson clover uss attributed to the growth of a
vigorouse type of soed head aud the formagion of metured
plum; sead, Regults of the present investigsiions are
in aerreesent with thet of Bellal and latu (19€1) and
Jayachandran (1966),

Mylybdenum, though foiled to rogloter a signie-
Picant influence la che yleld of seed has shounl & trend
touvardes increase in yleld, The lack of significant influsnce
may be attribited to the non avallablliity of molybdenuwm
partieulariy under soils of acidie veacticn g reported by

Pisdale mnd Neleon {1966).
Te ¥icld of Phusg

Highly significent jucrenss in y'»ld Phuga has been
recorded by the asplicatlior of nitroeen at all Isv~is
(fable VIIT (a)) Role of nitroeen in the arovotion of vogow
tative provth 1g well ¥nown. The swocessive vegaiitive
growth even at the ~xsenss of seed predaction could have
resulted in high yield of dhugz. Thie ls In conformiiy

with the findines of Nalr (18656) in eowpes,

Povassium though not incersased the yleld of thuss
signifrcantly has chown a distinetive traud towvards increas-
ing the yield of bhpga, Pussell(1961) has opined that
potaselvm hes got only srall sffect on the yield of hbusz.
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He stutes thal initial effect of porassivm on the growth

of leaves diesppoars as the crop reaches maturity. Heaults
of the present investigation 18 in conformity with this
finding,

interaction of nitrogen and potassium also is not
slpnificant. The reason for this may be that only nitropen
clene is sipnificent in iIncreasing the bhusa.  yield.
towover the treztment combinacione have showa a trend towards

lncreace in bhusa yleld.

fpnlicetlon of rvoron and molybdenum singly and in
combination have sipnificantly inoreased the yleld of thusa.
The fevouratle effects of horon may be due to its influcnce
on the uptake and utilizaclon of calelum and shoeshorus and
due to its phyeioloplical role in e2ll division and moristae
natle tiseues as supggested by Russell {1961) and L2l and Rao
{1956), TNesulte of the prescnt investigation are in conformity
with the findings of Gopal Ruap and Govindarajan (1851) who
cbtained increased green marter yleld in sunhemp, Datta aqd

Gurubasavaraj (1252} in barceem and Shende snd Sen (1858)

in guar.

Though molyhdenum 18 concorned primarily with
altrogon fixation in lepumes (Fusgellif6l), Evans (1856) has
actributed the role of ¢leetron carrier in the nitrogen

metebolisn in plants as evidenced by the accumulatlon of
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nitratos in tissycs of Hlaonts deficicnt in nitrogen,

Plents recelving molybdenum show rich green colour, largs
size of leaves end warved riss in dry waight. (4rnen

and Stout 1938). Andersen (1948) states that response to
molybdenum by legumes may be due to improved nitrogen
fixetion., More over, molybdenum deficiency may lead to
nitrogen daficiency also, Increase in the yield of bhugs

in the present lnvesiigation may be attributed to thees
effects of molybdenum. Anderson (1948) Jensen (1959),
Mzupete (1959) Minina (1964) and Mehrotra and Gangwar (1965)

have obtalned simllar results.

Molybdenum in combination with boron improves
size of plants. (Lal and Reo 1854). Andersonm (1952) reported
that In subterranean clover and lucesrne the response was
riore when molybdenum was applied together with horon in
molybdemnn deficient soll. This is in conformity with the

findings of the present Iinveotigation.

8. 100 secd waight

It is soen that none of the main plot treatments
has any significant influence on the 100 seed weight
(Table VII1). However the treatments have shown a trend
towards incroase in 100 sead weight. Probably the
plumpin~eg of secds might have contributed towards increase

in por ascre ylelds. ‘'lowaver the exceselve vepatative
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growth caused by nitrogen application mipht have resulted
in masking the effect of the nutrients in 100 ssed weight.
Heir (1966) did not get significent influence Por nitrogen

in this factor,

In the sube-plot treawments boron and molybdenum
siaply and in combisation has not shown any significant
influence on the 100 ssed weight. All thae same these elemente
singly end in combination have shown & trend towards
increasing the 100 seed weight. This tendoney is evidenced

in the per acre yield of seeds also (Table VI).



SUMMARY AND CONCLUSION
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SUMMARY AND CONCLUSIONS

A £1014 exporiment waes laid eut in the farm
attoched to the Agricultural College and Hessarch Institute,
Vellayanl during 1267 to study the effsct of nitrogen,
sotaselum, boron aad molybdenum on cowpsa varisty, 'New Sra',
The treatments comprised three levels of nitrogen, 0, 10
and 20 kg. por hactare, 3 lavels of potacsium, 0, 20 and
40 kg, por hecters, 2 levels of horon as O and 10 kg.

Borax peor hectare and two lavels of molybdenum as ¢ and 1 kg,
Sodium molybdats por hectere, Uhe main findings sre

surmarisad below,

I (a)} Application of nitrogen aignificantly
inercaosad the rean heipght of nlants, Nitrogen st 20 kg.

per heectare rocordsd the raximum height,

(b) Thers wzs a reductlon in the mean height

of plants by the application of potacsium,.

{¢) Boroz has sisnlficantly incressed the mean

helght of nlants,

2 (a) Hitrogen spplication at 10 and 20 kg, per

hectare had an adverse effeect on nodulation,
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{b) Potassium had no <ffect on nodulation.

(e} Bovon end molybdenum alone aad in combi-

nation has significantly incrossed the nusber of nodules.

2., HNitrogen, Potessium, boron and wolybdenum
dld not exert any sipnificant influence om the nanber of

pOds.

4, {a) Moan longth of pods were not influenced

by the application of nitrogan and notassium,

(b} Eoron has significently influenced the

mean length of nods.

5, (a} The y1n31d of sced was not affected by
the applicatlon of nitropan and potassinm. 20 kg. of

aitrogen per hectare tendsd to decrence the yield of seed.

{b} Boron as 10 kg. borax ner hectare signie-

fleantly increassd the yisld of seed.

6.{a) Tffeet of nitrogen was highly significant
in increasing the yield of hhausa,

{b) Potezsh bhad no effect on the yield of bhnga.

{¢) poron =nd molybdsnum alone and in corbinetlon

aipgnificantly incressed the hhugs yield.
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Resulte of the oresent investigation fndicate
that there ls no respouse, under Vellaysni conditions,
in yield In cowpea over at 10 kg. nitrogen and 20 kg. potas-
sium per hectare. fthe study algo rovealed the necessity
of applicetion of boron to increase the yield of cowpea.
Further studies are necessary to determine the trace elamsnt

autrition in logumss,
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APPERDIX I

{hemieal Charectoristies of the soil from the
exporim=ntal field

Totu) nitrogen 0,087 psr cent
Total Pgig 0.035 "
Available Po0g 0.0022 "
Total Kg0 0.,0700 "
Availeble potash 0.,00087 ¥

pH Sal




APPENDIX 1IX

Moteriologleal dsta recorded at the Agricultural College
Form, Vellaysnl, during the perliod of crop growth

Temperature °F  Delasive Total rain-
tonth cemmcennmsenevens  Bumidity £all in mm
Yazimum Vinimum

Anguet 86 74 87.6 341
Sep tember &6 74 88,7 768
{ctobar &8 74 89,0 120

Noverber 86 74 99,0 100




APPERDIY IIX

{analysis of variance)

HRICHT OF PLANTS
Soures BeBe D.%. Variance Pe
Total 1865,00 167
Bloeks 102,83 L 12481 1.14
21 1283,88 2 541,69 57.34¢#
K 175.97 2 87.98 ToBE*®
8K 28,40 2 13.20 l1.18
HKE® Z2D.856 e 18,92 1.78
Brrar l) 111.80 10 11,19
B 13.18 1 1318 Ge53%
HO 2437 i 237 <1
B x MG 0,27 1 0.%27 <1
NB 3.62 2 1.81 <1
KB C.19 e Qu38 <1
HxRxB 8.36 4 2.09 <1
MO 0,09 2 0,045 <1
HxEKz¥0 2,72 4 0.68 <3
HxBx M 0.92 2 0.46 <1
KX E XN 0.24 e 0u07 <1
HNxXx3BxHO 0.18 4 0.08 <3
Error (2) 128411 54 2.38

» Signiflcant at 1 per cent level.

7 n



APPENDIX IV

{Anelysis of variance)
NUMBER OF HODULES

Sourece Se5e DF, Variance Fe
Total 161.59 107

Hlocks 3-25 8 0.40 <31

i 3875 2 19,37 BeZ2%%
K 12.74 2 9.37 3.87
HK 34,28 2 17,19 7.92% %
NKS 7481 2 3.90 1.7
sreer (1) 23445 in 2.3b

B 3450 1 S50 12,06=x
MO 2,83 i 2.83 D, 7HE
L x HO 1.31 1 1.31 4,51
B 1.28 2 0.84 1.2
KB 0,98 2 0.49 147
BhxK B 0.83 4 0.21 <31
MO 1.31 2 0.56 1.93
KHO 1,03 2 G822 1.79
NxEx M 1.01 4 0,22 <1
HxBx MO 0.83 2 0,42 1.48
LxBxM 0.91 2 Q.46 1.49
NxKxbBxHio 0.51 2 0.25 <1
Error (2) 18.08 54 0,33

26 gignificant at 1 per cent lavel.



APPUEDIX V
(inalysis of variance)

JUMBER OF POUS

Source GeBe D.F, Variance ¥a
Total 127.43 07

Dlsceks 17.91 8 2483 <1
i 10,77 2 538 2,16
K TeOl 2 3.98 1.89
BE 2.67 2 1.33 <3
1KE 2.24 2 .12 <1
Brror (1) 24,83 hie) 2448

B 1.45 i 1,45 2,01
MO 0415 i G 15 <1
Bz MO 0.03 1 0.01 <1
BB 0,09 2 0404 <1
B 3,06 2 153 2e12
NxhxpB 0.74 4 018 <3
jtict) 3042 2 1.74 2437
MO 4,83 2 a4l 3.03
§x£ ¥ MO 1.07 4 Q.84 <1
HxbhxMO 2,08 2 1.02 1.4
Kx B=xH 3653 a 1.7 Zed
HxKxBxHD 1.90 4 0,47 <1
arior (2) 32.89 54 0,73




APPENDIX VI
(Analysis of wariance)
LERGTE OF POD

Bouree SeSe DFe Varlange P,
Total 11,65 107

Blocks 1.72 8 G.21 1.3

i 1.18 2 0,59 346
K 0,40 2 0,20 1.2
1.4 0,03 2 ¢,01 <1
e 0,05 2 0.02 <1
Brror {1) 1.61 10 0.16

B 0.21 1 0,21 5.2%
Mo 0.05 1 0.05 1.2
B x MO [ ) i Q.65 1G4 1%
NB 064 2 0,32 8,0%%
KB 0.31 2 0,15 3.7*
NxK=xB 0.27 4 0,07 1.7
MO C.12 2 3.06 1.5
Mo G.37 2 0.18 4,5*
HxK=x ¥ 0.656 4 0018 4,0%
HxbBxNM0 0,57 2 0.28 TO**
Kx P xHO 0434 2 0,17 4,2+
HxKxBx M 0,09 4 0,02 <1
Brror (2} 2,30 54 0,04

=¢ 3ignificant at 1 per cent level.



APPENDIZ VYII
(analysis of variznee)
MRBER OF SIEDS PAR POD

Source 345, DP. Varianes B,
Toval 188,53 107

Blocks £5.81 8 3.22 Z1
I 10.54 2 5,17 1.21
jid 12,37 2 518 1445
HE 6,63 2 3,31 <1
o3 4,11 2 2,06 <1
Srror (1) 42,6 10 4,85

B 0.81 1 G.81 <1
He 0,63 1 G.88 <3
B x MO 3,81 1 0.51 <3
i) 1.01 2 0,50 <1
BB 0.83 2 [s 95 § <3
NxEKEzxB 0,00 4 0.02 <%
RO 066 e 0233 <1
EMO (.08 2 0,49 <1
Hz Kk x ¥ 061 4 (4 Pe <1
HxzBxH0 1.1 2 087 <1
KxRBx Mo 0,43 ] 0.21 <1
NxXxBzx¥ Tell 4 0,03 <3
grror {(2) 49,10 54 0,91




AFPPENDIX VIII
{(Analysis of variasnce)
YIULD OF SEED PCR BET PLOT

HSource Sede D.¥F. Varlance g
Total 8188677 107

Blooks 2136962 8 26700645 <1

N 1014897 2 8507448,5 1.66
K 787340 2 383670 <1
K 34640 2 17320 <1l
K2 17837 2 8019.6 <l
Error (1) 3041548 10 30454.8

B 103818 1 103912 S48
WG 38ali2 1 3g91e 1.80
B x 48 16397 1 186397 <1
HB 7?1940 2 35970 1.70
A8 10124 2 §0B2 <
AxKxB 84026 4 21006,5 <1
WMo aA835 2 3487, 5 1.5
340 16030 2 8015 <1l
¥ x K xH0 126622 4 31630.5 1.6
HxbxMo 83216 2 43608 1.8
KxEBx¥ 56278 2 28139 1.2
HxKxBxH 228684 4 57146 2445
Brror (2) 1266163 54 23262,27

# Signifiecant at 6 per ceant lovel.



APPOHOIE IX
(4ualysis of varienco)

YIBLD OF BEUSA PER NIT PLOT

Source Sade BaFe Variance Fe
Potal 268,94 107

Bliocks 1.94 5} 0.24 <31

3 E31.49 2 1i0.72  128,76%**
8] 1,48 2 Q.74 <1

318 1.08 2 0o <1
B D484 2 0.2 <1
frioe (1) 8,54 10 .86

4] Earg> 1 G024 D5, 59
¥n 6,18 1 6. 16 AR B
B ox WO 3.18 1 Be lé 154614
aB 1) 2 0.22 .80
fos] 0.22 2 V.13 0.7
NxXabd 0.95 4 0423 1e43
ety 0,74 2 Ge37 231
MO 0,26 ] 0,15 <1
Hxasx HO 0.81 2 Q.20 L.28
a2 x B xio l.64 2 0.82 Do l2%¥
ExBx M 0,01 2 0,04 <3
NxEzBzxMd 0.0 4 0.002 <4
Brior {2) 886 54 0,18

wi Significant at 1 per cent 1ovele



APPENDIX X
{inslysis of varianco)
100 sugb UBIGHT

Bouree 5eBe DeFe Varianece B,
Total S1.47 07

Blocks 27.20 8 Se40 1.78
N 7,08 2 3.54 i.86
X 5.94 2 2.97 l.56
HK 5,03 2 2451 le32
K2 1,00 2 0450 <1
Srror (1) 19,01 10 1.001

B 0430 1 0,30 1.4
Mo 0.07 1 0,07 <1
B x HD 0,01 1 0.01 <1
uB 1.88 2 0,84 Go4T¥
KB 1.49 2 074 3,52+
BzK=xpo L34 4 0.88 276
MO 1.76 2 0,88 e JO¥
KMo 077 2 0.38 1,80
$x B x MO 2,19 4 0.55 2461
HNxbxio 1.42 2 0,71 S.38¢
Kz Bx Mo 1.88 2 0.04 Q4%
ExEzxzkxM 0.63 4 0.31 1.47
Brror (2) 11.67 84 0.21

*# gipnificant at S per cent level,



