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INTRODUCTION

Pulses are the most suitable crops for cultiva-
tion under drought conditions as they have the unique
capacity to grow well under such situations by virtue
of thelr efficient, deep root system. The role of
legumes in the recuperation of soil fertility is uni-~
versally recognised. Inclusion of legumes in every
known system of farming all over the world bears testi-

mony to this fact.

The production of pulses in Indlia during 198081,
a good weather year, 1is only 140,16 mill. tonnes which
is far below the requirement in the country. The answer
to achieving a higher level of pulse production lies
in increasing the yield per unit area per unit time
through the adoption of a higher level of agricultural
tecﬁnology.‘ Due to the rise in the price of fertilizers,
increasing fertilizer use efficiency to maximise the
return per unit of fertilizer is of paramount importance
in India. A modest increase in‘fertilizer use effici-
ency by 10-15 percent can‘meén é considerable saving
in fertilizer bill and favourable output/input ratio to
the farmer. More receptly, fertilization of legumes with
phosphorué'and/or nitrogen has made great contribution

to the technology of crop production.



Blackgram (Vigna mungo (L) Hepper) is a very
important pulse crop as it forms an essential component
of the vegetarian diet in India. The importance of
blackgram to our agriculture also stems from the fact
that it has a high digestibility co~efficient of 70-91
percent (Patwardhan, 1912) and has a protein content
of 23 percent. But the total acrage and productleon of
this pulse in a year is only about 2 million hectares
and 0,7 million tonnes respectively with an average

vyield ranging from 350-850 kg. per hectare.

To achieve a substantially high yield of this
pulse crop, considerable'research efforts are to be
made to evolve situation specific fertillzer managecment
practices like ident%ficatién of soils where specific
fertilizer materials will be most suitable, manipula-
tion of application technique, balanced application for

synergestic interactions etc.

Although legumes symbiotically fix nitrogen, it
has been recognised that application of a small quantity
of nitrogen enhances early vegetative growth (Dart et al
1977). Also the leaves are known to serve as a nitrogen

reservoir for developing seeds when the nitrogen uptake



by roots declines during reproductive growth when the
symbiotic nitrogen fixation activity is rapidly decre=
asing (Sinclair and De Wit, 1979). So the leaves should
be supplied with enough nitrogen at flowering so as %o
enable them %0 translocate encugh nitrogen to the deve=-
loping pods. Moreover, applying the entire quantity of
nitrogen through the soil in a single dose is not a
feasible practice as it is associated with a low produ=
ction efficiency of the fertilizer used. Even split
application 'through soil at different growth stages 1is
not advisable in dry lands since the moisture content
in the soil is insufficient for its complete absorption.
So experiments must be conducted ts find out the feasiw-
bility of foliar application of nitrogen to legumes at
different growth stages.

Legumes are known to make high demands of phos=
phorus for the production of 'several enzymes of which
phosphozus is an important constituent. But phosphozrus
is readily fixed in most of the soils and recovery is
relatively low. {(Dean, 1956)., During flowering and
fruit development stages of many crops the supply of
phosphozus is inadequate in most of the soils and this

may seriously reduce crop yields (Skinner and Purvis,

1949). Also the short duration of the crop makes it



impossible to completely utilize the fertilizer phos~
phorus supplied through soil.

It has been well established that the fertiiizer
elements that are absorbed!through roots can be well
absorbed through the foliage (Rajat De, 1969). According
to wittwer et al (1963). "Once a crop's primary nceds
have been met through soil application, follar fertili=
zation can poscibly play a supplementary role during
critical stress periods when plants, for a variety of
reasons cannot absorb enough nutrients through the
roots®,

But so far, no attempts have been made to find out
the relative efficlency of soll and foliar application
of nitrogen and bhosphorus to blackgram. So the present

study was.undertaken with the following objectives:

1 To evaluate the comparative efficlency of soil
and foliar application of N,P. and their combi-
nations on the growth, yield and quality of

blackgram.

2. To workout the cost benefit ratlo as influenced
by different methods of fertilizer application.

3. To assess the possible extent of fertilizer

saving.
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2. REVIEW OF LITERATURE

An investigation was conducted to assess the effect
of N, P and their combinations applied in the soil and
through the follage at critical stages on the growth,
yield and quality of blackgram. A review of research
work done on the related aspects of blackgram and other

legumes are given in the following pages.

A. NITROGEN.

i) Effect of nitrogen on growth and growth characters:
a« Soil application:-

Shukla (1964) reported that in bengalgram (Cicer
arietinum L.) the vegetative growth of plant was stimula-
ted very much by the application of nitrogen.

Singh (1970) observed little stimulatory effect on
the growth of bengal gram (Cicer arietinum) plants by the
application of nitrogen. |

From identical growth chamber experiments with Pisum
arvense and Pisum sativum, Rinno et gl (1973) noticed
that single nitrogen application at the onset of flowering
significantly increased aerial yilelds of P.arvense and
P.sativum,

Huxley et 2l (1976) reported that application of
mineral nitrogen (20 and 179 ppm) to both inoculated and
uninoculated soya bean increased vegetative growth and

dry matter content.
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Bhangoo =t al (1976) noted that grain and vegetative

matter yield of Lee Soybean isolines increased significa-
ntly due to applied nitrogen.

From an investigation conducted by Sij gt al (1979)
on Soybean cv. Bragg, it was found that 'starter' N did
not significantly infiuence leaf area, plant height or
fresh welght of soybean plants. Encugh N was apparently
available from cotyledons, rainfall, soll and nodule to
allow maximum vegetative development during the initial
seven weeks of gzrowth.

Rabie et gl (1979) based on thelr studies on soybean
concluded tha; nitrogén applied to the surface and mixed
with the spil increased the dry weight of plants.

It was shown by Richards and Soper (1979) that
aerial ylelds of Vicia fabg was not affected by nitrogen
fertilizers upto 600 mg N/pot applied at seeding, by
300 mg N per pot appligd in four 735 mg portions nor by
single mid season application of 300 mg N per pot. Only
the highest rate of nitrogen, employed,’$900 mg N/pot, at
seeding significantly increased faba bean field. the
increase being 13.2 percent.

Haystead gt al (1980) found that 10 percent more
of carbon fixed per day was available for growth in
white clover plants supplied with combined nitrogen. The
rate of root growth and shoot growth were greater in the

plants supplied with a moderate level of combined nitrogen.



According to‘Maag and Nosberger (1980) providing
nitrate nitrogen to Irifolium pratens enhanced shoot
growth, reduced root weight/total dry weight ratio, short-
ened the time until the onset of lateral shoot growth and
increased the leaf area of individual leaves.

Minchin et a1 (1981) had shown that providing inor=-
ganic nitrogen to nodulated cowpea resulted in more leafy

p;ants.

b. Foliar application:~-

Varma and Rao (1974) reported that foliar applica=-
tion of 2.5 and 5 percent solutions of urea to 15 and 30 |
days old Phasedlus aureus :(\_I_:i._g_r_r_g_ radiata) seedlings inocu=-
lated with an efficient strain of rhizobium, reduced plant
growth. -

ZPatrq (1974) from an investigation on the response
of ground nut to foliar aﬁplication of urea at pegging
stage repoxted that spraying of urea had no effect on the
growch of plants because normally growth rate beyond the
stayje at which urea was applied gradually déclines.

Rabie et al (1978) observed that 20 cm® of 1 per=-
cent urea solution applied as a foliar spray to 18 day

old soybean plants increased the drymatter accumulation.



ii) Effect of nitrogen on yield and yield attributes:

as Soil application:-

Norman and Krampitz (1945) found that in soybean
increased yields and higher total nitrogen contents resul-
ted from the application of mineral nitrogen.

Singh (1970) observed marked increase in the seed
yield of gram (Cicer arietinum) by the application of
22.5 kg.N/ha.

In soybean (Glycine max.L) application of nitrogen
at the rate of 85 Kg/ha either at the time of planting or
at flowering gave the highest seed yield. (Ghorashy et al
1971).,

Venugopalan and Morachan (1974) observed no signi=
'ficant increase in the seed yield of green gram by the
application of nitrogen;

Summerfield (1975) found an increased sced yleld in
cowpea ¢Ve Prima cdue to an increase in the number of pods
per plant and average seed weight by the application of
inorganic nitrogen.- ‘

Huxley et ai (1976) noticed that the seed yields of
soybean was only slightly increased by mineral niirogen
application (179 ppm N).

An experiment conducted by Samckhunalov and Panin
(1976) on nitrogen nutrition of pea showed that fertilizer
nitrogen applied to meet 25 to 50 percent of the nitrogen

requirement for pea markedly increased seed yields.



Penk (1977) observed an increase in seed ylelds,
seed N content and sead oil content and oil yield of soy-
bean by thesupply of nitrogenous fertilizers.

The highest seed yields in cowpea was obtalned by
the application of 67 percent of N at’ sowlng O{MEPCgﬁys
after sowing and 33 percent at flowering. (Haqueh1978).

From trials conducted on soybean Sorensen et al and Pens
(1978) obtainad variable results on soybean yields by
nitrogen fertilization. Seed yleld, plant N c¢ontent and
saeed sizo were generallv lineraly related to rate of N
application.

Brevedan et a) (1978) reported that increasing the
supply of N to soybean plants during the period from ini-
tial bloom to the end of bloom increased yields by 33 pere
cent in the green house and 28 to 32 percent in the field,

Highest yleld of dwarf kidney bean (Zhasgolus
vulgaris) was given by providing N at all growth stages
with the greatest increase being rewarded by the applie
cation at mid flowering to pod elongation, followed by
early pod £filling to maturity (Hasega§v%f§£—gif%g$gﬁ.

Hoshi et gl (1978) from their studies on the effect
of top dressing N fertilizers on the growth and seed yleld
of gsoybean concluded that yields increased with delay in
application of nitrogen and it was pointed out that N
should be applied after flowering. He also found that pod

production was higher with ammonia N than with nitrate N.
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Mudholkar et-al (1978) reported that application of
A ,
25 kg.N/ha to bengalgram (“icer arietinum) had no effect

on yield.

Seed ylelds of cowpea cv, Lfe Brown increased signi-
ficantly by the application of mineral N.(Osiname,,1978),

Sij et al (1979) showed that ‘starter N' did not
significantly :infiluence the yield of soybean(Glycine max.)

Stivastave ahq Varma (1981) observed significant
increase in the grain and straw yield of greengran (Phase-
olus aureus) by the application of N and seed inoculation
‘over control. Minchin“gg,gg (1981) reported that provid-
ing inorganic N during vegetative period produced larger
number of potential reproductive sites and larger seed
yields than those dependant on nodules before flowasring.
Applying inorganic N during the reproductive period
improved seed yields significantly compared to plants
dependant on nodules throughout growth.

b. [Foliar gpplication:-
In a study conducted by Peeran gt gl (1970) it was

observed that applying half nitrogen before sowing and
the reminder as a foliar spray in 2 split QOses, 4 and 6
weeks after sowing increased the average seed yields, to
1411 Kg pods/ha compared to 1308 kg/ha by the soil appli;
cation of entire quantity (22 Kg N/ha)s Yield increases
were sSmaller whers the full N rate was applied as foliar
spray in 2 or 3 split doses dne month after sowing and

subsequently at fortnightly intervals. than OTFQIQ? nitroge

pt\lf“j ‘wao.tgi\ SD'J cmCJ PWJ‘[X Jr{aouaf« ~Fo(\'q3€-
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Patra (1974) repoxted that foliar spray of 4 per-
cent urea increaéed the yield of groundnut lineraly by
46 percent over control. The number of mature pods per
plant and consequently the grain yield also increased by
50 perwent. Urea spraying at pegging had increased the
f1lling quality of pods by 3 pexrcent because of better
absorption of nutrients particularly calcium by the pegs.
It was shown by Kalashnik (1976) that on podsolized
chernozem soils in the Ukraine, peas that were given 150 kg
Kainite + 59 kg Nitrophoska and a folliar spray of 10 kg N
as urea per ha at the tendril formation stage produced
on the average seed yields of 4.04 t/ha compared to the
yield of 3.58 t/ha in peas which did not receive any
nitrogen.

Foliar application of 20 cm3

of 1 percent urea solu-
tion to 18 day old soybean plants increased the number but
not the weight of pods.({Rabie et 31 1979).
In a trial conducted by Pancholy and Guy (1979)
urea was applied to the groundnut leaves at 0, 10, 20 and
40 1b N/acée. Urea increased the grain yield but the
highest rate of application had a negative effecf on yield.
Syverud et al (1980) reported that foliar fertili~
zation of soybeans with nitrogen increased the yield and
seed weight. In trials with soybean, application of

20 kg N/ha as ammonium sulphate at flowering increased
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yields by 7.5 percent while foliar application of urea
increased it by 8.1 percent+Foliar application of urea at
early pod formation stage increased seed yleld by 5.3 per

cent (Cheng,1980).

Antony and Katre (1980) had shown that the supply
of 20 kg N/ha as a basal dose alone and in combination
with 2 percent urea applied at flower initiation failed

to give a significant increase in the yield of groundnut.

111) Effect of pitrogen on nodulations

a) Soil applicationi-

De Souza (1969) found that application of 100 1b N/
acre increased seed yields in non-inoculated plants but
decreased them in inoculated plants of soybean. Applica-
tion of 22.5 kg N/ha markedly increased nodulation, nitro-

gen fixation and ylield of gram (Cicer arietinum). N incre

eased nodulation more by increasing the number of nodules.
(Singh, 1970), ‘
Hashimote (1976) had shown that application of N

(100 ppm) decreased the nitrogen fixing activity of soybean

but with 40 ppri N the decrease was negligible from abOUtcyuenwk
an !

10 days after the beginning of flowering. Yagodina etal

(1978) reported that drymatter accumulation by root nodules

of yellow lupin was inhibited with mineral N supply. Saadat

et al (1978) observed a decrease in th; number of nodules

per plant in soybean by the application of N (0 or 100 kg N/ha)
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Sundaram et al (1979) opined that with increase in
the N level of the soil, nodulation was significantly re=-
duced in bengalgram (Cicer arietinum). Maximum number of
nodules was recorded at zero nitrogen level as well as
at 50 kg N/ha. The results suggested that the applica=
tion of nitrogenous fertilizers to bengslgram at more
than 50 kg N/ha adversely affect both nodulationand nitro=~
genase activity of the nodules which is likely to reduce
the fixation of atmospheric nitrogen by the crop. Accord-

ing to Awonaik et a) (1980) Phaseolus VUlgaris induced

Jess nodular tissue and lower nitrogenase activity per
plant when nlmrogen was applied.
' @anzexs‘ef\

Scherer eh~§; (1980) reported that in VYicia fabg
_ given 0 to 800 mg N/pot nodule weight per pot at the
start of flowering was higher without than with nitrogen.
At later stages nodule weight was similar with 0, 100 and
200 mg N/th N uptake attributed to microbial N fixation
was greatest when 100 mg N/pot was applied.

Islam et fd gif%:éso) found that application of 120
kg N/ha reduced nedule formation in all cultivars of
lentil though the reduction was smaller in the lower nodu-
lating ones. It was shown by Minchin g% 31 (1981) that
providing inorganic N to cowpea during vegetative'pariod
stimulated nodulation and nitrogenase activity than those

dependant upon nodules before floweringe. Applying inorganic
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nitrogen during reproductive period impaired nitrogenase
activity and restricted symbiotic longevitiy compared to
plants dependant on nodules throughout growth. Khurana
and Dudeja (1981) observed that in chickpea inoculation
and or applied N had no significant effect on the number
of nodules per plant. Inoculation increased nodules dry

welght and applied N decreased it.

b) Foliar apnlications

From an investigation on foliar application of urea
at pegghing stage to groundnut Patra (1974) observed that
nodulation gradually decreased with increase in concene
tration of urea spray.

Rabie et gl (1979) reported that in soybean nodule
dry weight decreased by the foliar application of 20 ml.
of 1 percent urea solution to 18 day old plants.

Field experiments conducted by Balan gt gl (1980)
on soybean with or without seed inoculation fertilization
with O = 90 kg N/ha as NH,NO5 or urea applisd at sowing
or as foliar spray during growth showed that seed Yields
were higher at 5 sites out of 14 with than without N,
and at 12 sites out of 14 with than without inoculation,
Higher seed yields were obtained with selected native

Rhizobium japonicum strains and N was unnecessary when

very active strains were used.
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iv) Effect of nitrogen on protein:
as So0il application:=

Singh and Singh (1968) reported that application of
10 kg N significantly increased the protein content of -
grain by 2.23 pexcent in soybean. |

Singh et 31 (1969) observed a progressive increase
in the protein percentage of pea grains with an increase

in the level of nitrogen from 0 to 22 kg/ha.

Singh (1970) noticed that in gram (Cicer arietinum)
application of éé kg N/ha increased the protein content to
16.3‘peégént'compared to 14.73 percent with no nitrogen
application. 7

Increase in the protein content of soybean was
observed with increase in the level of N (Kesavan and
Mﬁiachan. 1973). Rajendran QL.AL (1974) reported that in
bla;kgram the entire proteinlcontent of seed in@reased
from 22.8 to 28 percent with increase in_ievels of nitrogen
(0, 30 and 60 kg N/ha). Punnose and George (1974) also
noticed dn increase in .the seed proteiﬁ content with incr-
ease ;n the levels of nitrogen (0, 10 and 20 kg N/ha) in
groundnut. An ihvestigation carried out by Saadat and
Firuzeh (1976) had shown that the protein content of
soybean increased with increase in the levels of nifrogen.
A be. Foliar spplication:=- | |

From the trials on the bodsolized chernozem soils

in the Ukraine with peas given 150 kg Kainite + 50 kg
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Nitrophoska/ha, foliar spray of 10 kg N as urea in 400
litres of water/ha at the tendril formation stage increased
seed protein content'ﬁvMO.S to 2.92 percent (Kalashnik,1976)

Pancholy and Guy (1979) observed no differences in
the protein content and characteristic protein profile of
groundnut seeds with the foliar application of urea at
0, 10, 20 and 40 1b N/acre.

Lysenko (1979) reported that a foliar spray of nitro-
gen a8 urea or ammonium nitrate to pea at the end of the
vegetative growth period increased the seed protein content
by.- 4.2 percent N appliﬁé to leaves was accumulated in
globulins. .A similar late topdrsing increased the leaf
protein content and N as urea was more e¢ffective than N
as ammonium nitrate. Syverud gt gl (1980) observed an
increase. in the percentage of nitrogen in soybean seaeds by

the foliar application of nitrogen.

v) Nitrogen content and uptake of nitrogen:
a. Soil application:-

Norman and Krampitz (194%) reported that in soybean

higher nitrogen content was resulted from the application
of available combined nitrogen. Geo.D.Thornton (1946)
observed that a greater proportion of combined nitrogen
added to soybeans at planting was recovered in tops and
roots wﬁere as a higher proportion of that added at mid

season was found in the seed. Gnetieva (1971) reported
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that N uptake by beans (Phaseolus vulgaris)was highest

at @he bud formation and early flowering stages and
decreased during grain formation and grain ripening stages.
The highest content of nitrogen occured in the pods follo=~
wad by leaves and stems. Application of NPK irrespective
of thelr rates and proportions in a fertilizer mixture
markedly increased the N content and had little effect

on P and K content of seed.

Huxley et al {?976) observed increased nitrogen
content of soybean plants by mineral nitrogen application.
It was shown by Bhangoo et 3zl (1976) that in nodulated
and non-nodulgted Lee soybean N content and total
nitrogen.uptake increased significantly from applied
nitrogen. Sorensen and Pensas (1978) found that at
7 sites out of 13 plant nitrogen concentration of soybean
increased by N application (0-224 kg N/ha) and that the
nitrogen content of plant was generally linearly related

to the rate of N application.

Hoshi et al (1978) observed that in soybean uptake
of ammonia nitrogen was more rapid than the uptake of

nitrate nitrogen. There was an increase in the total N
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content per plant in chickpea with inoculation and or

applied nitrogen (Khurana and Dudeja, 1981).

be Foliar application:-

Gorde and Kibe (1973) observed the greatest uptake of
N by china mung crop (Phaseolus aureus) by a single foliar
application of 20 lb N/acre on the 25th day after sowing.
251b N per acre applied in 3 split applications on 25th,
35th and 40th days after sowing also gave promising results.
Application of 90 Kg N=60 Kg N at sowlng + 30 Kg N as a
foliar spray at the start of flowering - increased the seed
nitrogen content of soybean by 7 percent over control
(Penk, 1977). '

Rabie et al (1979) reported that soybean plants given
20 ml of 1 percent urea solution applied as a foliar spray
to 18-day o0ld plants increased the total nitrogen accumula-
tion in plants. Reddy et al (1981) had shown that application
of 15 or 30 Kg N/ha in the form of urea elther basal or both
basal plus foliar application at physiological stages to
groundnut increased the N content in vegetative and repro-
ductive parts. Soil application increased N content in
plants significantly over foliar épplication.

B, PHOSPHORUS:

i) Effect of phosphorus on growth and growth characters:-
a) Soil application:=
Bhattacharya (1971) reported that in horsegram
(Dolichos biflorus) the vegetative growth of the crop in

respect of length of vine and number of branches per plant was
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significantly influenced by phosphorus application both
with and without lime, however the effect was more prono-
unced in lime dressed soil.

With increase in the levels of P (30, 60 and 90 Kg
Pé05/ha) plant height and number of branches significantly
increased in Pusa baisakhi mung. (Panda, 1972).

Kesavan and Morachan (1973) obsaerved a significant
negative effect of the increased levels of P (0,50 and 100
Kg/ha) on the height of soybean plants. Gill and Cheema
(1976) noticed that there was no response to added phose
phorus with réspect to vegetative growth and plant height
in summer munge.
| Kandaswamy et al (1977) found that the drymatter
yield of Sirsa=I lucerne increased by phosphorus application.
Shallan et al (1977) reported that in broad beans (Vicia faba L)
plant height was significantly increased by increase in P
levels (0, 36, 72 or 108 Kg Pboslha). Number of branéhes per
plant was significantly increased by the.highest level of |
P application. Sachidanand et al (1980) reported that appli=-
cation of P (80, 160 or 240 ppm) significantly increased the
overall drymatter yield in soybean and maximum yield was given
by the lowest level of P application (80 ppm).

It fas shown by Singh st al (1980) that various growth
attributes iilke plant height, leaf number, branch number and
plant dry weilght were significantly increased in fleld pea
by the increase in P levels (0 to 100 kg. P,05/ha).



b. Foliar applicationt
An cxperiment carried out at the XARI to study the

response of soil and foliar application of phosphorus
applied alone or in combination with B, Mo, Cu and Mn on
agronomic characters of peas had shown that the treatments
did not cause any significant difference in any of the
characters studlied, viz, height of the plant, leaf area
index and dry weight. (Kherde and Yawalkar, 1966).
Duraiswamy Reddy and Palaniappan (1979) reported that
phosphorus application through soill increased the plant
height in CO-2 greengram on 45th day and at harvest but
foliar application decreased it. Leaf area index w. s not
influenced by phosphorus application.

Malakandaiah and Razjeswara Rao (1979) observed that
when phosphorus was supplied through foliage to groundnut
plants under saline conditions, there was an increase in
dry weight, leaf areaz and stomatal frequency and this

increase was more marked when plants received P for 2
'periods, vizy, 20 to 25 days and 30 to 35 days after éowing.
ii) Effect of phosphorus on vield and vield attributes:w
ae So0il application:-

In pot trials with urd (Vigns mungo), mung (Vigna
radiata) and soybeans (Glycine max)Ravankar and Badhe (1975)
observed that application of 80 Kg P,05/ha to mung and
soybean and 120 Kg P,05/ha to urd gave the highest seed yields.
Applied P increased the 100 seed weight also. In trials

under rainfed conditions with gram (Cicer axietinum) given




various levels of P, seed ylields were lncreased from
1.57 t/ha without P to 2.28, 2.84 and 3 t/ha with 25, 50
and 75 Kg P,0z/ha respectively. (Rath and Singh 1976).
Zeyada (1976) observed a significant increase in the
vyield of straw, pods and seeds of fieldbean with the
application of 150 Kg P fed as calcium super phosphate.
In one of the trials conducted by Jones et al (1977)
'~ soybean was given P (0, 15, 30 and 60 Kg/ha) elther
alone or along with K (0 and 112 Kg/ha). It was seen
that elther P or K applied alone increased pod formation.
Shallan et al (1977) reported significant increase -
in pod weight, seed weight and number of seeds per plant
in broadbeans (Vicisz faba L) by P application (0, 36, 72
or 108 Kg P,05/ha). Seed yields increased from 1.01 t/ha
to 1.52 t/ha with increase in P05 application from O to
108 Kg/ha. Studies conducted by Subbtah (1978) on
Pusabalsakhi greengram (Viqna radiatg) showed that seed
yields were higher with 26 Kg P,0g5/ha than without b or
soaking seeds 19 1 percent KH,PO, solutlion for 12 h;urs.
Alhawat et al (1979) opined that application of P had
marked effect on cowpea in increasing the yield attri-
butes viz, number of pods per plant, length of pod,
hundred grain weight, and grain yield. However higher
levels of P (60 Kg P,05/ha) did not cause additional
increase in any of the plant characters and grain

yield over lower level of P (30 kg P,05/ha).
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Mudholkar and Abhlawat (1979) noticed that the yield
components and seed yields of gram (Cicer arietinum)
grown on calcareous sandy loam solls were increased with
40 Kg P,05/ha applied at sowing but yield was not
increased further with 80 Kg P,0g/ha. It was shown by
Singh et al (1980) that pod number was significantly
increased with increase in P levels (0 to 100 Kg), 60 Kg
9205/ha giving the highest seed yields. Devarajan et al
(1980) reported that grain yield of redgram, blackgram and
greengram increased significantly due to phosphorus
application at 25 Kg P,0g5/ha. It was also reported by
Haque gt al (1980) that the seed ylelds and number of
pods per plant were significantly increased by P levels in
‘@oybean.

b. Foliar application:=—

Kherde and Yawalkar (1966) observed that soil and
foliar application of phosphorus (44.8 Kg Péoslha) to peas
either alone or in combination with Mo, B,Ca and Mn
caused no significant difference in grain yleld, straw
yield and their ratio. However, there were trends of
increase in yield due to foliar application compared to
soil application.

Studies conducted by Gill et al (1971) on cowpea showed
that phosphate application either to soil (0, 25 and 50 Kg .
P,05/had or as foliar spray (0%25 Kg P,05/ha) increased
the seed yields of cowpea and that 25 Kg P§05/ha given
as a foliar spray applied at flowering was on par with
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50 Kg P,0z/ha applied to soil at sowing, The highest
seed yleld was obtained with 50 Kg P,0z/ha applied to
soil at sowlng followed by 25 Kg Pboblha given through
follage at first flush of flowering.

Singh et al (1971) reported that application of 22 Kg
P/ha as single super phosphate in 2 equal follar sprays to
chickpea (g;ggi arietinum Linn) at the peak vegetative and
flower initiation stages or 33 Kg P as a single follar
spray at the peak vegetatlve phase resulted in averége
grain yields of 1.72 and 1.77 tonnes/ha respectively
compared with 1.61 tonnes/ha is plots given band appli-
cation of 45 Kg P/ha. Nalamwar et al (1972} observed
an increase in the yield of groundnut {Arachis hxggggg)
by the application of 22 Kg Péos/ha either through soil
or through follage.

From the trials with peas (Pisum sativum L.) Iswaran
and Sen (1973) found that seed inoculation with an
efficient strain of rhizobium and 4 follar sprays with
2 percent P solution applied at ten days interval begine-
ning three weeks after sowing increased the number of
seeds per pod, seed yield per plant and plant P content
compared with inoculated and uninoculated controls. 1It
was shown by Shardma et al (1975) that foliar application
of 25 Kg Pboslha or applying 50 Kg Pb05/ha in 2 equal

split dressings, before sowing and as a foliar spray
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increased the yield of gram (Cicer arietinum) by 13.7 and
34.4 percent respectively. '

Shukla (1975) reported that on acid clay soll soybeans
when given a foliar spray of 15 or 30 Kg/ha of P gave
higher yields than its soll application. Protein content
of graln was also significantly increased by the treatment.
Phosphorus was applied to blackgram elther through soil
(0, 25 and 50 Kg P,05/ha) or through foliage (6.25 and
12.5 Kg Pbos/ha). Maximum grain yield was obtained with
25 Kg P205|ha through soil + 12.5 Kg Péoslha applied as a
foliar spray. (Subramaniam et al 1977).

Reddy and Palaniappan reported that application of
10 to 40 Kg P,05/ha to the soil and/or as a foliar spray
had no significant effect on yield components and seed
Yield of Phaseolus aureus cﬁ. Co=2 grown on a soil of
medium P status.

In gram (Clcer arietinum) application of 25 Kg PyOg/ha
increased average seed yields by 256 Kg. Combining the
soll application of 25 Kg P,05/ha with a follar spray
of 1 percent P,0y + 2 percent N increased yield by 4.62 Kg/h
over those obtained with foliar spray applied alone.
(Suryawanshi.and Chaudhari, 1979) Subramaniam and
Palaniappan (1981) observed that in blackgram variety
Co-2 follar application of 6.25 and 12.5 Kg P,05/ha gave
about the same yleld as soil appliction of 25 or 50 Kg
P205/ha.
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In a field trial by Srivastava and Varma {1981)
green-gram was given 3 levels of P, viz, 20, 40 and :60 Kg
P,05/ha applied either fully through soil or half through
soill + half as a follar spray. Though the split appli-
cation of P showed increasing trends in yleld and yileld
attributes it did not reach the level of significance.

11-1) ngect of phospigrus on nodulation and nitrogen fixation

a. Soil applicationse
Rewari et al (19@5) observed that the amount of

nitrogen fixed by the cluster bean crop (Cyasmopsis tetra-
gonalobus (L) Taub) treated with different phosphates was
positively and significantly related to its phosphate uptake
from the soil. Khare and Ral (1968) reported that legumi~
nous crops when treated with phosphorus increased the
nitrogen con:ent of soll significantly in the order soybean,
dhaincha, urd, cowpea, moong and sunhempe The total
amount of N (plant and soil) fixed symbiotically in the
phosphatg treated pots over control was more than double
in each cases It was found by Nair et al (1970) that in
groundnut lack of P resulted in the greatest reduction in
nodulation and nitrogen fixation, compared to the
effects of Ca, Mo, Mg and Kg

Singh (1970) oplned that response to P application
was very conspicuous in gram (Cicer arietinum) and growth,
nodulation and N fixation were stimulated significantly.
P increased nodulation more by increasing the weight

of nodules. P significantly increased the number and
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dry weight of nodules and N fixation in gram. (Sindha, 1971)
Ravankar gt al (1972) found that application of 120 Kg P,04/he
for urd (Vignz munge) and 80 Kg P205/ha for mung (Vigna

radiata) were optimum for increasing nodulation and
nitrogen fixatiion. '
Jones et al (1977) reported that elther P or K
applied alone increased the number of nodules pez fl;g&kj Sing
and per unit volume of soil in soyjbean. YadavaA?1978)
had shown that applicition of 30 or 60 Kg Py0z/ha signifi-

j

cantly increased nodule number ~ ~ over oontrol,

Haque et al (1980) observed a moderate positive linear
effect of rates of P on number of nodules and a highly
significant linear effect of P upon nodule weight in soybean.
b. Foliar appllications~

In one of the trials by Despande and Bathkal (1965)
mung was given P elther through soil (0,20, 40 or 60 lb
Py05/ha) or through foliage {10 1b P,0./ha). Increase
in nodule number was noticed with increase in phosphate
levels and there was no significant diffezence between
20 lb P50z supplied through soil and 10 1b P,0; supplied
through foliage.

Iswaran and Sen (1973) observed that in peas
(Plsum sativum L) seed inoculatlon with an efficient strain
of thizobium and 4 foliar spray of solutions containing
2 percent P applied at 10 days interval beginning three
weeks after sowing incroased the number of nodules per

plant compared with inoculated and uninoculated controls.



Ive Effect of ph us :
a. Soill applicationi~
Singh et al (1969) reported that application of
phosphoric acid (0 to 90 Kg/ha) to pea varieties did not
influence protein content in grain. Garg et al (1971)
observed an increase in the protein content in grains of

peas due to P application at 20 and 40 Kg P,0z/ha.

Malik et 21 (1972) in a tria=l with cowpea observed
that application of P had no effect on seed protein

content.

Kesavan and Morachan {1978) showed that protein
yield of soybean varieties increased by the increase in
the rate of P,0y application. Ravankar and Badhe (1975)
observed that application of 80 Kg Péosfha to mung and
soybean and 120 Kg Péesfha t0 urd increased the seed

protein content.

b) Foliar applicationi=-

_ Shukla { 1979) observed that on acid clay soil
‘'soybean when given a foliar application of 15 or 30
Kg/ha P increased the protein content of grain signifi-
cantly, compared to its soil application.

Belikov and Burtseva ( 1967 ) reported that
application of powdered superphosphate at 100 Kg/ha or
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500 ml/ha of a superphosphate solution containing
2 percent Pr0g at the beginning of pod formation to

leaves increased the protein percentage of soybean seeds.

V. Phosphorus content and uptake of phosphorus:.

a) Soil applicationi~
Sinha (1971) reported that in gram, applifation of

a starter dose of 10 Kg N/ha gave higher uptake of total

P by the plant at all stages of growth. With 10 Kg N/ha

as basal'dressing, 30 and 60 Kg P205/ha showed an increasing

trend in the uptake of total and fertilizer P in favour

of the latter. Rajendran and Krishnamoorthy (1975) from

the trials with blackgram reported that the uptake of P

in the shoot, seed and husk samples were significant for P

With increase in levels of P the uptake of P also increased.
Ravankar and Badhe (1975) noticed that in urd, mung

and soybeans given 0 to 120 Kg Pbos/ha; applied P increased

N and P uptake by plants at different growth stages. It

was shown by Kandaswamy et al (1977) that application of

P significantly increased the uptake of N, P, K and Ca in

lucerne variety Sirsa=-l.

Singh and Saxena {1977) observed that although P
concentration in plant parts was reduced owlng to nitrogen
fertilization and inoculation, the uptake was considerably
increased in soybean. In redgram, greengram and blackgram
application of P increased the P content in grain and straw.
(Devarajan et al, 1980). Sachidanand et al (1980) reported
that application of phosphorus to soybeans (80, 160.or 240
ppm P,05) significantly increased the P content in plants.



A trial conducted by Cassman et 3) (1981) to find
out the phosphorus requirement of soybean and cowpea as
affected by the mode of N nutrition showed that the P
concentration of N fixing soyvean plants was signifi-
cantly lower than that of N supplied plants at all
levels of applied P fertilizer.

b) Foliar applicationg=
Belikov and Burtseva (1967) observed that application

of powdered superphosphate at 100 kg/ha or 500 ml/ha of a
super phosphate solution containing 2 percent P,0q applied
at the beginning of pod formation of soybean leaves increasec

the total and organic P content of grain.

Nalamwar et al (1972) reported that the percentage
uptake of P,0; was more ‘when the crop was fertilizer with
phosphatic fertiligzer, either through soil or thfough
follage than its zero level. When blackgram was given
phosphorus either through soil (0, 25 or 50 Kg P205/ha)
or through foliage (6.25 or 12.5 Kg Py0/ha)it was found
that follar application of P at the rate of 12.5 Kg P,05/ha
had significantly increased the uptake of P. (Rajamannar
et a1, 1979)

I1l. Combination effect of N and P
i) Qﬁ growth apd arowth characters:

a) Soil application:-
From an investigation conducted on gram (Cicex

arietinum) variety BR 77, Shukla (1964) concluded that
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application of 20 1b N + 30 1lb Pboslacre gave maximum
response of almost all plant characters viz, height of
plants, number of branches per plant etc, compared to
the sum of thelr independant effects. Ezedinma (1965) found
that plant height and number of leaves per plant were
increased by the combined apblication of N and P
(20 1b N + 40 1b P,05/acre).

In Pusabaisakhi mung, Panda (1972) observed increase
in plant height and number of branches per plant with
increase in levels of N and ‘R The economic level was

found to be 30 Kg N + 30 Kg P,05/ha.

Cassman (1978) found that at the four lowest P levels
(.005, .02, 0,05, 0.2 ppm phosphate P) ritrogen provided
in the nutrient solution did not increase the plant
dryweight. At all P levels plants recycling upon
symbiotically produced nitrogen as thelr sole N source
had a smaller root percentage of total weight than
plants provided with nitrogen.

b) Foliar apglication,

Badillo = Feliciano et al (1977) observed no
difference in the plant height of pigeon pea (Cajanus gajan)
by the follar wapplication of nutrileaf at 2.24 Kg/ha
glven at 1 week, 2 week, 3 week or monthly intefvals or
N and P as uiea and $Upérphosphate respectively applied

at equivalent amounts at 2 week intervals. 1In blackgram



Plant height at harvest was not influenced by either
nvater spray or 3 percent diammonium phosphate spray.
Spraying diammonium phosphate twice (at flowering and a
fortnight later) recorded significantly higher drymatter
production after pod maturation stage. (Ramaswamy and

iamaiah, 1980),

ii. On _yield and vield attributess=
a) Soil application:~

Sen gt al (1962) observed better response in
serseem yleld to the addition of nitrogen and phosphorus
compared to the addition of phosphorus alone. Shukla (196
from an investigation on gram (Cicer arietinum) pointed
out that increasing the dose of N in the absence of P
slightly depressed grain yleld but in combination with P
increase in the dose of N, particularly 20 lb N/acre, had
3 positive relationship with yield. The straw yield incre
ased with increase in N supply when it was used in combi-

ration with P.

Singh and Singh (1968) opined that in soybean combine
3pplicéion of 10 Kg N and 80 Kg P,0Oz/ha significantly
Increased grain yleld by 36.23 percent over control.
lajagopalan gt al (1970) observed that in blackgram appli-
cation of 2 tons of compost in combination with 20 1b

505 and 10 1b N/acre gave increased yields over no manure
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plots. .With increase in the dose of N‘and P yleld of
grain and bhusa, length of pod and average welght of seeds
per plant increased in Pusabaisakhi mung. The level of
30 KgN+ 30Kg P,0g/ha was the most profitable and econo-
mical dose (Panda, 1972),

Rajendran et al (1974) noticed an increase in the
seed yfeld of blackgram (Phaseolus mungo L) with increase
in the level of N and P. Significant increase in the seed
vlelds of soybean was obtained by the combined application
of N and P. Seed yield was highest (0,74 t/ha) with 150 Kg
N + 225 Kg P,0;/ha, 0.71 t with 200 Kg N + 300 Kg P,0:/ha
and 0.70 t with 200 Kg N/ha compared with 0,27 t/ha without
applied fertilizer.@ﬂgg@g et §L197+)

Agarwal and Narang (1973) reported that the combined
application of 20 Kg N + 80 Kg P205/ha gave maximum
average seed yields of 1.72 t/ha in soybean.

From the trials cgonducted on soybean (Glycine hispida
maxim) Axinte (1975) obtained highest seed yields by the
combined application of N and P followed by N alone and
no fertilizer application. 754 Singh gt al (1975)
obtained significantly higher grain yleld with 25 Kg N + 50 kg
Ph05/ha over the untreated control in moong. From a
trial conducted at the Rice Research Station, Pattambi ' -
Viswanathan gt gl (1979) obtained maximum yield of cowpea
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with 37.67 Kg N and 37.37 Kg Fbob/ha. The economic
doses of fertilizers were 23.12 Kg N and 23.5% of Kg
P205/ha )

bf Foliar application:= o

Application of 2 percent N, 2 percenﬁAand 2 percent
K increased the seed ylelds of soybean by 240 Kg/ha over
control. (Axinte, 1973).

Badillo~Feliciano et al (1977) noticed no difference
in seed welght and grain pod ratio of pegeon peas'by
follar application of nutrileaf at 2.24 Kg/ha given at
1 week, 2 week, 3 week or monthly intervals or N and P as
urea and super phosphate respectively applied in equivalent

quantlties at 2 week intervals.

In field trials in Florida by Robertson et al (1977)
vields of soybean cultlvars were not affected by 1 to 5 foliar
application (beginning at podset) of 170 litres per
hectare of a solution containing 28, 2.9, 8.4 and 1.2 Kg/170
litre of Ny, P, K and S respectively. Garcia (1977) observed
that the optimum rate of NPK and S for foliar fertiliza=-
tion of soybean at filling was 80, 8, 24 and 4 Kg/ha res=-
pectively which gave yields 1.04 t/ha higher than that

in control plots.

Herbert and Daugherty (1978) observed that foliar
application during seed filling totalling 80 Kg N.
8 Kg P, 24 Kg K and 4 Kg S/ha generally decreased yields
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in lupin. Lysenko (1970) reported that foliar sprays
with ammonium nitrate to pot grown peas at the end of
flowering increased seced ylelds where a basal dressing
of 1g Péos/pot was applied and slightly decreased yields
where basal dressing was 0.5 g, but foliar spraying of
urea increased ylelds in the pots given a basal dressing

of 0,5 g P50

It was shown by Suryawanshi and Chaudhéri (1979)
 that combining the application of 25 Kg 2265/ha with
foliar spréy of 1 percent P§05 + 2 pexcent Njincreased
yields by 462 Kg/ha over those obtained with the same
follar spray applied alone. A follar spray of 2 percent
. P+ 2 percent N or 1 percent P + 1 percent N gave

" similar yields,

Keogh et al (1979) found that foliar fertilization
of soybean with 60 1b N, 14.4 lb P505, 21.6 1b K50 and
3.5 1b S/acre reduced ylelds to 52.1 bushels per acre
compared with 57.7 bushels in untreated plots.

Subramaniam and Palaniappan {(1980) observed that
follar application of 12.5 Kg P/ha was as effective as
the combined foliar applicatioﬁ of 10 Kg N + 12.5 Kg
P/ha in increasing the yield of blackgram, but maximum
yield was recoxrded by fhe combination,
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Pillai et al (1980) from an experiment on cowpea
variety C=152 obtained highest seed ylelds by the soil
gpplication of half the recommended dose of N (10Kg/ha)
as basal dressing and a foliar spray of 2 percent diammo-
nium phosphate (D.A.P.) solution, 20 and 30 days after
sowinge. In a field experiment conducted by Ramaswamy
and Ramaiah (1980) 3 percent D.A.P. was sprayed on
blackgram variety Co.4 once at the commencement of
flowering and a fortnight later as compared with water=
sprays at the corresponding stages. It is found that
spraying D.A.P. twice increased the number of pods
per plant, shelling percentage, 100 grain weight and ultie
mately resulted in increased grain yield.

13i1) On nodulationi=

Ivanov (1979) observed that the application of
60 Kg/ha each of N, P,0; and K,0 alone and in different -
combinations had no significant effect on growth and

nodulation of lupin, grown on grey=brown forest soils.

iv) On protein content:~
Tej Singh et al (1975) observed significant increase

in the protein content of moong (Phaseobus aureus Roxb.)

over the untreated control by the application of 25 Kg N +
50 Kg P205/ha. It was suggested that P application -

‘may stimulate nodule production and thus higher rates of

N fixation.
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Application of N and P increased the seed protein
content of soybean varieties Pb No.I, Bragg and Clark 63,
compared with the untreated control. (Agarwal and Narang, 1975,

Ivanov (1979) reported that in white lupin, application
of 60 Kg/ha each of N, P50g and K50 had no significant effect
on drymatter and crude protein yields.

Dekov and Losanchels Alvares (1980) reported that
in rainfed trials, application of N, P, K and Mo at various
levels to 4 Phaseolus Vulgaris cultivars increased the
protein and starch content in seeds. The optimum rate

was 40 Kg N + 80 Kg P,0y + 30 Kg K,0 + 100 Kg Mo/ha.

V) On N & P uptake:

From the studies conducted on greengram, Yadava
and Chokhey Singh (1978) observed that thec application of
N and P increased the uptake of N by the crop and the

fixation of N in the soil over control.

. eee
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2. MATERIALS AND METHODS

A field experiment was conducted to
evaluate the comparative efficiency of soil and
foliar application of N, P and their combinations
on the growth, yield.and quality of blackgram.

LOCATION:

The experiment was conducted in the summer
rice follows of the Rice Research Station, Kayamkulam

which comes in the Onattukara tract.
MATERIALS:

Soil:

The soil of the experimental area was sandy
loam. The data on the analysis of the soil before
starting the experiment is given in Table=1.

Table - 1
Analysis of the soil before starting the experiment

Content
Total nitrogen (Kg/ha) 1260
Available P,0g(Kg/ha) 45
Available K50 {Kg/ha) 63

pH 23




SEASON AND CLIMATE:

The experiment was conductad durcing summen
season of 1981-82, The crop was sown on 30th January

and the harvest was completed by 19th April 1982,

The meteorological parameters such as temperature
rainfall, relative humidity and sunshine hours were
recorded during the above perlod. The weekly averages
of temperature, relative humidity and sunshine hours
and weekly total of rainfall during the ¢ropping
periéd and the previous five years were recorded and

are given in figure 1 and Appendix.ic

CROPPING HISTORY OF THE FIELD:

The experimental slte was undeg bulk crop of
paddy during the first and second crop seasons of
1981~1982,

VARIETY AND SEED:

Blackgram variety T9 evolved at CeZ.Azad
University of Agricultural Sclences, Kanpur was used
for the study. It is a high yielding variety of appro-
ximately 90 days duration. Plants are erect with dark

green leaves. Seeds are dark and medium in size.
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Seeds with 96 percent germination was obtalned

from M/s.Super Seeds, Colmbatore - 2.

FERTILIZERS:

Urea(analysing 46 percent N), Super phosphate
(analysing 16 percent P§05) Diammonium Phosphate
(analyging 18 percent N and 46 percent Péos)-and Muriate
of potash (analysing 60 percent K,0) were used for
the study. Fresh urea solution of 2 percent concen-
tration and 3 percent solution of D.A.P. were used

for foliar application.

METHODS &
Design and layouts

The experiment was laid out in Randomised Block
Design. The layout plan of the experiment is given
in Fig.2.

Ireatments:

There were fifteen treaiments as given belows=

Ty = N full basal as urea (20 kg N/ha as per the Package
of Practices recommendations
of K.A.U., 1980)

T, = Y2 N basal + ¥2 N through foliage at flowerings
Ty = ¥2 N basal + ¥4 N through foliage at Veg.phase +
Y4 N through foliage at flowering.

Ty = Y3 N basal + ¥3 N through foliage at Veg.phase +
¥3 N throuah foliasage at flowerinn.



40

Ig = Y2 N basal + V4 N throhgh follage at flowering.

Tg = P full basal (30 kg P205/ha) as super phosphate.
(as per package of practices
recommendations of K.A.U.)

T7 -?32 P basal + Y2 P through foliage at flowering.

Tg = Y2 P basal + ¥4 P through foliage at Veg.,phase +
¥4 P through foliage at flowering.

Tg = ¥3 P basal + Y3 P through foliage at the Veg. phase +
~ ¥3 P through foliage at flowering.

Tig = ¥2 P basal + Y4 P through foliage at flowering.

Tyq = N and P full basal as Diammonium Phosphate (D«A.P.) +
Urea

Tyo = Y2 N and P basal + Y2 N and P through foliage at
fdowering

Ty3 =-¥2 N and P basal + ¥4 N and P through foliage at the

veg. phase + ¥4 N and P through
foliage at flowering.

T44 - Y3 N and P basal + Y3 N and P through foliage at the
veg. phase + Y3 N and P through
foliage at flowering.

Ty5 = Y2 N and P basal + ¥4 N and P through foliage at

flowering.
No. of replications - 3
Total number of plots - 45
Gross plot size - S5M x 4M
Net plot size - 4.6M x 2.6M

Spacing - 20 cm x 10 cn.
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CULTURAL OPERATIONS:

Eleld preparation:

Experimental area was tilled using a power tiller)
stubbles were removed, clods broken, field levelled and

§
laid out into blocks and plots.,

Fertilizer application:
Dolomite was applied at 400 Kg/ha one week

prior to sowing. Pbtassium at 10 Kg/ha as Murgiate

of potash was given in each plot as a basal dose, at the
time of field preparation. For basal application of
Nitrogen and phosphorus required quantities of Urea,
super phosphate and diammonium phosphate were weighed
separately as per treatments and thoroughly mixed with
the soil. Foliar application was done twice~during the
vegetative phase and at flowering. For this 2 percent
solution of urea, 6,25 percent solution of super phosphe
ate and 3 percent solution of diammonium phosphate

were used.

Seeds and Sowings

Seeds were treated with rhizobium culture and wer
dibbled at the rate of 2 seeds per hole at a spacing of
10 cm. in shallow furrows taken 20 cm. apart and covered
with a thin layer of soil, and planked. Germination was
completed in five days.

Aftercare:
' Hand weeding was done twice during the growth
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period of the crop. Spraying with 0.25 percent.
malathion was done once against aphids and leafrollers.

The general stand of the crop was satisfactory.

Harvest:

The dry pods from the net area were picked
thrice, dried and threashed plotwise. At the last
picking, plants from the net area were uprooted and
sundried. The grain, husk and bhusa from the net plot

were separately welghed and recorded.

Samplings
Two rows of plants were left out on all sides
as border rows. One row next to the border row on one
side was left as destructive row for taking sample plants
for leaf area determination, chemical analysis etc.
Again one row next to it was left out as a border
row. The net plot area was 11.96 m2. From the net
area ten plants were selected randomely, tagged and

biometric observations were recorded till harvest.
OBSERVATIONS RECORDED:
A. Obserxvations on growth charactezs:

1« Helght of the planis

The height of the tagged plants were measured
from the cotyledonous node to the tip of the growing
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point at the feur growth stages viz., 20th, 40th and 60th
day after sowing and also at harvest. The mean plant

height was worked out and expressed in €ms.

2. No. of leaves per plant:

The number of green leaves present in the obser-
vational plants were counted at the four growth stages and
mean number of leaves recorded.

3. Leaf area indexs

This ebsérvation was also recorded at four
growth stages of the plant. Leaf area was calculated
using the punch method (Winter et al 1956). Five
plants were removed from the destructive row, leaves
were spparated and punched. The discs as well as
the remaining leaf portions were dried in a hot air
oven at TS.i 10°C and their respective dry weights
were recorded. From this leaf area, and LA1 were
worked out.

4, Number of branches per plants

The total number of branches in the observatlional
plants were recorded at harvest time and the average
worked out,

5. Number of nodules per plants-

At flowering five plénts from each plot were

pulled out from the destructive row, soil washed off,

nodules counted and average worked out.
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6. Dry weight of nodules per plant:

The nodules separated for nodule count were

ovendried and the average weight recorxded.

Observations on yvield and yield attributes:-

1« Number of pgds per plants
The total number ¢f pods produced by the obser=

vationél plants were counted and the average worked out.
2. Length of pod:

From the abservatignal plants in gach plot, 20
pods were randomly selected, length measured and the

average length was worked out and expressed in cm.

3. Number of seeds per pod:

The total number of seeds in the selected twenty
pods wére counted and the average number of seeds per

pod was worked out.

4, Sged yield per plant:

S —

The pods harvested from the observational plants
in each piot were sundried, threashed, winnowed and
weighed at 12 percent moisture level. The average seed

yield per plant was then worked out.

5. 100 seed weights
Weight of 100 seeds selected at random from the
observational) plants in each plot was determined,

and expressed in grams.
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6, Grain yleld:
The pods obtained from the net plot were dried,
threashed, winnowed and the weight of grain was deter~

mined at 12 percent molsture and expressed in Kg/ha.

7. Husk yield:
The husk obtained from each net plot was also

dried and weight determined and expressed in Ka/ha.

8e Haulm yield:
After plcking pods the plants from the net

plot were pulled out, dried for 3 days, welghed and the
vleld of bhusa was expressed in Kg/ha,

9. Jotal drymatter productiont~

After sundrying, the samples were dried to a
constant weight in a hot air oven at 80°C + 5% for
' 48 hours and weight was recorded. Based on that, for
each treatment drymatter production was computed and

expressed in Kag/ha.

10. ngvgst index:
Based on the yield of graln, and total drymatter
in each net plot, harvest index was worked out using the

formula

Economic vield x 100
HeI (%) = To%al Biological yisld
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CeChemical Analysist
a) Plant Analysiss:

Samplos taken for chemlcal analysis waereo ovendried
at 80°% 1 5°C, ground in a Wileymill and used for chemical
analysise, The Ny P and K content of the plants were

apalysed separately.

i) Nitrogon contentis

Nitrogen content in plant samples was determincd
by modified micracjeldahl. . method (Jackson, 1967).

1i) Phosphorus contents Fhosphorus content in plant
samples was determinaed by Vanado Molybdo Phosphoric
yoellow method (Jackson, 1967) using Klett Summerson

Photoclectric coloxrimeter.

i1ii) Potash_contont:

Potassium content in plant samples was determined

using *EEL® flame photometoza

iv) Uotake studiesi-

Nitrogen, Phosphorus and potassium uptake eof
plant at harvest were determined by multiplying the
content of these nutrients in plants with the dry
welghts of plants and expressed in Kg/ha.
be Soil analysiss :

Soll samples collected from individual blocks

before the staxrt of the experimeni and from sach plot
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after the experiment were analysed- fbr total N, avallable
phosphorus and available potassium content of the soil.
Total nitrogen content in soll samples was determined by
modified micro-kjeldahl method (Jackson, 1967) and availe
able phosphorus by Bray's method (Jackson, 1967).
Avabilable potassium was . idetermined by Ammonium acetate

method {(Jackson, 1967).

De Quality charactersi-
i) Protein content of the gggigim

Protein content of grain (percentage) was
calculated by muliiplying the nitrogen percentage of grail
by the factor 6.25 (Simpson et al, 1965).
| 1i) Grain protein vield:

' Grain protein yield was calculated by multiplying
the protein content of grain with its total dry weight
and expressed in Kg/ha.

iii) Protein content of bhusa:-

By multiplying the nitrogen content (percentagé)
of bhusa by the factor 6.25, the percentage of protein
in bhusa (Simpson gt al, 1965) was computed.
E.Statistical Analysis:=—

The data obtained were statistically analysed by
employing the method described by Panse and Sukhatme
(1978) and important correlations were also worked out.

The data were analysed with the help of a Micro
2200 Hindustan Computer at the College of Agricultuzre,
Vellayani.
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4. RESULTS

A £ield experiment was carried out in the
sunmer rice fallows of the Rice Research Statlon,
Kayamkulam duzing 198182 to find out the influence
of methods of application of N and P on the growth,
yield and quality of blackgrome The resulis obtained in
the present study along with the statistical analysis
are presented belowt=
Ae Growth characterst

1+ Helaht of plants
Data on mean helght of plants recorded at 20th,

40¢th and 60th days after sowing and at harvest are
presented in Table 2 and the analysis of variance in
Appendix II.

The height was/significantly influenced by the
treatments on the 20th day., But the treatments had
significant influence on plant height during the subse=-

quent stages.

T 14 recorded the maximum height at all the three
astages {40th and 60th day after sowing and at harvest).

. T 14 was on par with T 15, T 4 and T 3 at 40th day and

the minimum helght was recorded by T 6 which was on pax
with 18, T9, T‘op T¥1 and T7.
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Table 2

Height of plants (cm) at different stages of growth

20 days 40 days 60 days
Treatments after - after after at harvest
- m e em-oSSoWing | sowing _ _ _ _sowing _ _ _ _ .. ..

T4 5.73 13.83 17,33 23.21
T2 5497 ©15.07 24,47 26.29
T3 5.78 1563 26.17 26.28
T4 5.67 17.73 27417 28,0
5 545 " 14.8 19,53 23.60
T6 5.42 10,7 13.97 17.66
T7 6.03 13.03 18.17 22.71
T8 5.0 ' 12.2 18,70 22,42
T9 5,2 2.2 1767 20,73
T10 5,62 . 12.4 18,67 19.87
T11 5462 12,77 18.57 20,43
T12 5083 15.17 22,13 23,94
T13 5457 15.23 23.63 27.03
T4 6 .85 18,43 27.67 28.58
Ti5 6.07 18,23 24,20 25,93

F test NeS sig. | §1g. Sig.

C D (.05) vse 2.93 3.12 4,08
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On 60th day T 4 and T 3 were an par with T 14
and the minimum height was shown by T 6. At harvest,
T14wasonparwith T4, T 13, T 12, T 3 and T 15 and
T 6 was on par with T 10, T 11 and T 9 which recorded
the minimum height.

2. Number of leaves per plant: |

Observations on the number of leaves per plant
were recorded on 20th, 40th and 60th days after sowlng and
at harvest. The data on mean number of leaves are given

in Table 3 and the analysis of variance in Appendix 1II.

Significant effect of treatments an leaf number
was noticed only on 60th day after sowing. Maximum
number of leaves was observed in T 13 and this treatment
was on par with T 14, T 4, T 3,T 12, T 15, T 2 and T 5,
whereas T 6 produced the least number of leaves per

plante T 9, T 8, T 7 and T 10 were on par with T 6.

3. Leaf area index:

Leaf area indices were also determined on
20th, 40th and 60th days after planting and at harvest.
The mean values are presented in Table 4 and the

analysis of variance in Appendix II.

The treatments had no significant effect on the
leaf area index at the first two stages of growth and
at harvest. But on 60th day, the leaf area index varied
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Table 3
Number of leaves per plant at different stages of growth

20 days 40 days 60 days
Treatments  after after after at harvest

sowing sowing sowing
T1 4,23 9.06 11.0 9.20
T2 4.30 10.03 12.4 11.24
T3 4.30 10.16 - 13.20 11.92
T4 4,30 10,43 13.60 13.34
15 4,33 i0.13 . 11.80 12.59
T6 4.03 8,93 8.27 9.03
17 4.07 9.43 9.35 11.18
T8 4.17 9.36 9.33 10.84
T9 4,23 9420 8.97 9,90
T1C 4.2 9.53 9.47 9,90
™ 4,2 _ 8.47 11.14 9.41
T12 4.4 10.36 13.2 13.14
T13 4.47 10.43 14.5 13.77
T14 4.57 11.57 13.9 15.57
T15 4.43 10,36 12.8 11.30
F test N.S. NeSe Sig. NeSo

CD (05) . .. ve 2.66 os



Table 4

Leaf area index at different stages of growth

O an S 4D Gn wp T S S S SN O = Nl A o R Sk R A0 SO O SAF SR T S0 ER ) EE AR WS A oy 0 S

20 days 40 days 60 days
Treatments after after after at harvest

sowing sowing sowing
T1 «16 0,66 2.09 1.75
T2 17 1.23 2.66 2.61
T3 17 1.47 2.62 2.55
T4 17 1.28 2.62 2.55
5 «17 1.33 2.66 2.44
T6 .16 0.97 1.83 1.61
17 .16 1.05 2,30 1,99
18 .13 1.01 2426 2.01
T9 «16 1.0 2.13 2.03
T10 14 1.02 1.86 1.85
Ti1 «15 0,96 2.07 1.94
T12 w17 155 2.61 2.26
T13 a17 1.14 2.45 2.05
T14 +18 1.57 3.67 2,28
T15 21 1.27 253 2.36
F test NeS. N«S Sig. NeS.

CbD (-05) ‘.9 ow 0,87 6e
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significantly due to treatments: T 14 recorded the
maximum value and it was significantly superior to the
other treatments. T 6 had shown the lowest index.
4., Numbe branches per nti=

The number of branches per plant was recorded
at maturlty and the mean values are given in Taéle 5

and the analysis of variance in Appendix II.

There was no significant difference between ‘
treatments in thelr effects on the number of branches
per plant.

5. Nupber of nodules per plant:

The mean number of nodules per plant at flowering
is presented in Table 5 éﬁg the analysis of variance in
Appendix II.

It was observed that the number of nodules per
plant varied significantly due to treatments: The
highes® number was found in T 12 which was on par with
T 15, T14; T8 and T 9. T 1 recorded the lowest
nodule number and there was no significant var;ation

among T 1, T4, T10, T 3, T8, T 11t and T 2.

6. Dry weidght of nodules per plants
Data on the dry weight of nodules per plant is
furnished in Table 5 and the analysis of variance in

Appendix II.

The treatments varied significantly in thelir
effects on nodule dry weight.  Maximum dry weight was
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‘Table S

Number of branches, Numver of nodules
and dry welght of nodules per plant.

No. of No. of Dry wt. of
Treatments branches nodules nodules per
per plant per plant plant (mg) _
T 2,28 19.50 33.42
T2 2,93 23,50 37 .47
T3 3.20 21.30 34.83
T4 3.27 20,80 34.15
5 2.60 24,2 35.14
T6 - 2.31 24,5 41.23
T7 2.97 22.13 38.43
T8 3.37 26.30 45,37
T9 3.28 25,40 46.72
T10 2.58 20,83 39.71
Ti1 2.48 T 23410 37.14
T12 3.15 28.41 46.83
T13 a 3452 27.3 44.37
T14 3.63 26.9 44,87
T15 3.07 27 .52 : 45.92
| F test N.Se Sig. Sig.

C D (.05) cae 3.80 2.72
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recorded by T 12 which was on par with T 9, T 5, T 8,
T 14 and T 3. T1 recorded the lowest value.

Bs Xleld and yield gttributess

1s umber of pods per nts

Data on the number of pods produced per plant
at harvest 1s presented in Table 6 and the analysis of
variance in Appendix III.

It is found that the number of pods per plant
varied significantly due to treatments. T 14 recorded
the maximum number and it was on par with T 13, T 8, T 4,
T7 and T 15. T 1 was found to produce the least number

of pods per plant.

2. Length of podg:

Pod length was measured at harvest and the mean
values are given in Table 6, and the analysis of varliance
in Appendix I1I.

The treatments were found to be non significant

in their effects on pod length.

3. Numbe f seeds per podi=
Data on the number of seeds per pod is given in

Table 7 and the analysis of wvariance in Appendix IIIX.

There was no significant diffexrence among the
treatments in the number of seeds per pod. However, T 14

recorded the maximum number of seeds per pod.



Table 6

Number of pods per plant. Number of seeds per pod,
length of pod, seed yield per plant and 100 seed welight

No. of No. of length of seed yield 100 seed

'Teatment pods per seeds pod (cm) per plant welght
plant per plant (g9) L _(g?_ .
T 8.68 5.73 3.77 2,38 3.74
T2 13.70 6.23 4.27 3.06 3.95
T3 12,57 6.33 4,40 2,92 3.78
T4 19,30 6.0 4,07 3.93 3.97
1] 16.54 5493 4.03 3.08 3.95
T6 1.77 5.73 4,10 2,01 3,68
7 18.57 6.0 3.97 4,67 4,04
8 19.90 5.8 4.0 4,64 4,01
9 12,74 6.0 4,07 2.79 3.86
T10 11.77 5487 3.87 2.71 3.89
T 10.17 5427 3.70 2,70 3.78
T12 18.51 6.33 4,20 3.81 4,01
T13 20,92 6.13 4,17 5.15 4,02
T14 21,11 6437 4,17 4,92 4,04
T15 15.65 5,97 4.10 4,12 4.01
F test Sig. N.S. NeSe Sig. Sig.

C D (.05) 7.15 e e 1.56 0.25
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4, Sged yield pexr t:

The data on the seed yield per plant is given
in Table 6 and the analysis of variance in Appendix III.

The effect of the treatments on seed yleld per
plant was significant. T 14 recorded the maximum seed
yield and it was on par with T 13, T 7, T 8, T 15, T4
and T 12. The minimum seed yield was in T6.

O« Hundred aoced weighti:

The mean values are iurnished in Table 6 and
the analysis of variance in Appendix III.

Treatments showed significant influence on
hundred seed wgight. The highest value was recorded
by T 7 which was on par with T 14, T 13, T 15, T 8,
T12, T4, T2, T5 T10 and T 9. T & recorded the
minimum value.

6. Grain yield:

Data on grain yield are presented in Table'T
and the analysls of variance in Appendix III.

Grain yield varied significantly due to trecatments.
T 14 recorded the maximum yield and it was on par with T 13
which inturn was on par w;th T4, T8 T 15 T 7. The

lowest value was recorded by T 1.

7. Haulm yield:
Data on haulm yleld are given in Table 7 and

the analysis of varlance in Appendix III.



Table 7

a8

Grain yleld, haulm yleld, total dry matter yleld

and harvest index.

e A S W WP A G EF T WD G e Em wn S ow W B @y YR ab S WP S s W 90 AU A an

Treatments Grain yield
kg/ha
Tt 688
T2 978
T3 111%:
T4 1257
15 1169
T6 882
T7 1154
18 1252
T9 975
T10 957
Ti1 841
T12 1036
T13 1407
T4 1631
T15 1193
F test Sige
CD(«09) 276,51

Haulm yield Total D.M.
kg/ha yield
kg/ha
1303 2245
1858 3193
2054 3467
2005 3748
2163 3774
1299 2444
2173 3695 4
1866 3682
2202 3516
1678 2997
1343 2434
1797 3100
2284 3794
2553 4742
1719 3222
NeSe Sige

1254.82

Harvest
index

«30
31
«33
«39
«31
136
.31
*35
«32
*33
«35
34
«38
35
+40

NeSe

b
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The effect of the treatments on haulm yield
was not significant. However, the maximum value was
recorded by T 14.

8. Iatal drymatter productions

The data are presented in table 7 and the
analysls of variance in Appendix III.

The data showed that the drymatter ylield
vary significantly due to treatments. The maximum
value was recorded by T 14 which was on par with
T13, T 7, T8 T9, T 12, T 15, and T 4. The lowest
dry matter yleld was given by T 1.

9. Harvest indexg-—

Data on harvest index is given in Table 7 and
the analysils of variance in appendix I1I.

There was no significant change in harvest
index due to treatments.

Ce Chemical Studies:

a. Uptake studies:
t. Uptake of nitrogen:
Data on nitrogen uptake by plants are given
in Table 8 and the analysis of variance in Appendix IV.
Nitrogen uptake by the plants varied signifi-
cantly due to treatments. T 14 recorded maximum »
uptake and it was on par with T 13. The minimumgﬁég
given by T 1.
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Table 8
Uptake of nitrogen, phosphorus and potash (Kg/ha)

Uptake of N Uptake of P50g Uptake of K50

Treatnents {Kg/ha) (Kg/ﬁa) L ﬁ(Kg/ha) _
T1 44,49 5432 11.77
T2 82,02 9.50 20,42
T3 95,02 9.50 22.62
T4 93.75 12,28 20,71
‘TS 96,71 11.35 25,33
T6 44,99 6409 14.90
T7 88.64 114871 28,52
8 91,53 12.43 39.85
19 101.36 10.72 22,43
T10 75 .20 9.83 - 17.83
T11 52.59 6,34 12,20
T12 87.96 11.21 24.16
T13 121.69 13.86 34.85
T14 149.12 22,28 47.52
Ti5 90,93 13.08 - 22,25

F test Sig. : Sige : Sig.

. C D (.05) 39.78 3.72 14.62



2. Uptake of phosphorus:
Data on phosphorus uptake by plants at harvest

are given in Table 8 and the analysis of variance in
Appendix IVi
The treatments differed significantly in their
effects on phsophorus uptake. Maximum uptake was by
T 14 T 1 recorded the minimum uptake value,
3. Uptake of potassiums
Data on potassium uptake at harvest are presented
in Table 8 and the analyslis of variance in Appendix 1V. .
With respect to potash uptake also the treatments
varied significantly. T 14 recorded maximum uptake
and 1t was on par with T 4, T8 and T 13« T 1 gave the
minimum value, -
bs Soil analysis
t. Téta) nitrogen content of the soil after the experiement:

The mean values are furnished in Table @ and the

analysis of variance in Appendix IV«

There was no significant difference between the
treatments in their effect on the total nitrogen content
of the soll after the experiment. However, T 12
recorded the maximum value. .

‘2. vailable phosvhorus content of the soil:

The data on available phosphorus content of soil
after the experiment are presented in Table 9 and the

analysis of variance in Appendix IV.:
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Table 9

Total nitrogen, available phosphorus and
avallable potash contents of soil after the experiment

W OOhR gy W R en Sy S Ep T AP AR SR E Mk GE OGP W WA AT wh M GE SR SR AU SR SR Sy am W wB W

Total N Avallable . Available
. Treatment conEent o Bontong Boné (Kaha)
R - L I ..
! 800 | 44,00 44.0
T2 1033 46,67 38.67
T3 1000 46.67 41,33
T4 1167 47.33 33.33
i 800 44,67 49.33
T6 500 50,67 49,33
17 700 53,0 34,0
8 500 61.33 35,33
T9 600 58.0 34.67
T10 500 48.0 34,67
Ti1 767 46,0 36,0
T12 1467 50,0 36.0
T13 1100 57.33 34,00
T14 950 5440 45.33
T15 950 52.67 46.67
F test NeSe Sig. N.S.

CD (005) e 9.85 ess
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The treatments varied significantly in their
effect on the available phosphorus content of soil. The
maximum value was recorded by T 8 which was on par with
T9 T13, T14, T 7, T 15 and T 6. The minimum valuse
was given by T..1.

vailable potassium content of the soils

Data on availlable K content of the soil after
the expe:iméht are glven in Table 9’and the analysis
of variance in Appendix IV.

The effect of the fiéétments on available K

content of the soil was not significant.

é. lity characters
1. Protein content of grain:

Data on protein confent of grain are givén in
Table 10 and the analysis of variance in Appendix Ve

There was significaht difference between'treat-
ments in their effect on this quality character,
Maximum protein content was recorded by T 14 which was
significantly superior to all other treaéments. T 13
gave the next value and it was on par with T 12, T 15,
T3 T9 T2, T8, TS, T 10, T i7,, T 11« T 6 recorded
the lowest value.:
2. Graih protein yvield:

Data on grain protein vield are furnished in
Table 10 and the analysis of variance in Appendix V.
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Table 10

Protein content of grain, grain protein yield
and protein content of bhusa.

Protein content Grain protein Protein content
Treatment . of grain . yield of bhusa

| (percent) (Kg/ha) - (percent)
T1 17.02 113.04 11.29
T2 24.17 237.14 12.88
I3 24,36 269.02 14.77
T4 24.85 312.46 16.13
TS5 23,57 279.28 13.73
T6 14.94 134.72 10.98
7 21,81 256.73 13.06
T8 23.92 298,31 13.83
T9 24.29 239.36 11.63
T10 23.19 222,35 11.64
T 21.406 180.44 9.9
T12 25.11 259,33 14.84 -
T13 25,19 354,38 16.17
T4 29,90 481.91 15.5
T15 . ;24.98 297,13 14.4
F test "Sige. Sige N.S.

C D (.05) 4.69 66.22 vee



Grain protein yield of the crop varied
significantly due to treatments. T 14 was signifi-
cantly superior to all other treatments. T 13 recorded
the next higher value and was onh par with T 4, T 8 and
T 15. The minimum grain protein yield was recorded
by T 1.

3. Protein content of bhusas

Data on protein content of bhusa are given 1n
Table 10 and the analysis of variance in Appendix V.

No significant difference between treatments
was observed in their effect on this character.
Correlation Studiesi=

Correlation étudy was conducted between yield
and yield compondnt§ protein content of grain and
protein content of bhusa and also between total dry=-
matter yield and uptake of nitrogen, phosphorus and
potashs The values of simple correlation coefficients

are presented in Table 11,

Grain yleld was significantly and positively
correlated with yield components like number of pods
- per plant, number of seeds per pod, length of pod,
seed yield per plant and the uptake of nitrogen, .phos=
phorus and potash. The correlation co-efficients were
0.4853, 0,3438, 0.3345, 0.3845, 00,6603, 0.8637 and
0,6904 respectively.
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Table 11

Values of simple correlation coefficients

fﬁ-n-u----*---n—-Hﬂﬁ------—----—ﬂn

Sg: Characters correlated Egzﬁgigzéggs
2 Grain yield x Number of pods per plant 0.4853 #
2. Grain yield x Number of seeds per pod 0,3438 *
3, Grain yield x length of pod . 04,3345 #
. Grain yield x seed yield per plant 0.3245 %=
S, Grain yield x N uptake 0.6603 #
6 Grain yield x phosphorus uptake 0.8637 =
7. Grain yield x potash upfake ' 0.6904 *
8. Protein content of grain x protein

content of bhusa 0,3117 *
9. Dry matter yield x Nitrogen uptake 0.92 =
10, Dry matter yield x phosphorus uptake 0.7266 *

11, Dry matter yield x potash uptake 0.7891 #
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Protein content of grain was positively and
significantly correlated with protein content of
bhusa with a correlation coefficlent of 0.3117.

Total drymatter yield was also positively
and significantly correlated with uptake of nitrogen,
phosphorus and potash and the values of correlation

coefficient are 0.92, 0.7266 and 0.7891 respectiwvelv.
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5, DISCUSSION

The results of the investigation to evaluate
the comparative efficiency of soil and foliar appli=-
cation of nitrogen and phosphorus on the growth, yield

and quality of blackgram are discussed below.

Ae Growth characters

1, Height of plants

An appraisal of Table 2 showed that the plant
height varied significantly due to treatments in all
. the stages of growth except the first ie, 20 days

after sowing. On 20th

day there was no significant dif-
ference in plant height by the application of eilther
nitrogen or phosphorus alone or both nitrogen and
phosphorus either /as a single basal dose or partly
through soil and partly through foliage. But as the
season progressed application of small doses of

nitrogen alone and combined application of nitrogen

and phosphoxus, through the leaves at various stages

of growth enhanced plant height. But the application

of phosphorus, even though the leaves had no significant
effect on plant height. Similar nonsignificant effect
of phosphorus application was noticed by Gill and Cheema °

(1976) in summer mung.
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In general, plants which received both nitrogen
and phosphorus were superior to those which received
either nitrogen or phosphorus alone. This is in agree=
ment with the findings of Shukla (1964).

Regarding the method of application, combined
application of nitrogen and phosphorus in three equal
split doses == at sowlng as a basal dose, through the
foliage at the vegetative phase and at floweriﬁg - 1o,
(T14) was found to be the best treatment. However
there was no significant difference between this treat=-
ment and application of nitrogen alone in two (at sowing
and at flowering) or three {(at sowing, at the vegetative
phase and at flowering) equal split dressings. Here
top dressings were given through the foliage. The nitro=-
gen applied through the leaves at the. ¥egetative phase
and at flowering might have increased the nitrogen
content in the vegetative parts resulting in increased
plant height. Reddy gt al (1981) also obtained similar
results.

Plants which recelved the full amount of nitrogen
or phosphorus or both in a single dose at sowing were
comparatively shorter. This may be due to the reduced
activity of the nitrogen fixing bacteria in the root

nodules resulting in reduced nitrogen fixation.
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But applying a small quantity of nitrogen and phosphorus
was found to be beneficial in the earlystages of crop
growth. Sij et al (1979) also obtained similar results

in soybean.

2. Number of leaves per plant

It can be seen from Table 3 that the treatments
had significant effect on the leaf number only at one
stage, ie, 60 days after sowing., Comblned application
of nitrogen and phosphorus resulted in more leafy plant:
compared to the application of nitrogen of phosphorus
alone. However even the‘combination was insignificant
in its effect on this character, in the early stages of
crop growth. Regarding the method of fertilizer
application, applying the nutrients partly through soil
and partly through foliége wa® found to be more
effective,

Maximum number of leaves was found in the
treatment T 13 where nitrogen and phosphorus were
given half through soll as a basal ;dose and the
remaining half in two equal split dressings ==
at the vegetative phase and at flowering == through
the foliage. However there was no significant

difference between this treatment and treatment Ti4



where the application of nitrogen and phosphorus in
three equal split doses = the first through soil as
basal and the remaining through follage at the vege=
tative phase and at flowering and also when nitrogen alone
was gpplied half through soil + half through foliage
in two equil split dressiné ie, T3 treatment or ¥3
through soil and 2/3 in two equal split dressing through
the follage ie, T4 treatment. This might be due to the
" fact thét nitrogen applied to the follage might have
been immediately absorbed aﬁd utilised for leaf
production. Siﬁilar beneficial affects of nitrogen
application on leaf number was noticed by Minchin gt al
(1981) in cowpea.

It was also observed that phosphorus when applied
alone did not have much influence on leaf number but
when applied aiong with nitrogen it increased the
number of leaves per plant significantly. This is in
agreement with the findings of Ezedinma (1965) in
cowpea and Annamma George (1980) in blackgram.

In all fhe treatments tried, the leaf number
was found to be less at the maturity stage compared to

the other stages. This might be due to the increased
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senescence of leaves at this stages as a result of the
mobilisation of nutrients to the developling pods.
However the treatments which received a follar spray
of nitrogen at flowering retained more leaves compared
to the others.

3. Leaf area index

The table 4 revealed that the leaf area indices
varied significantly due to treatments only on the 60th
day after éowing, ie{ pod development stage. Thomas
George (1981) also obtained similar results in cowpea.

Heré also combined application of nitrogen and
phosphorus was better'than applying each nutrient indi=
vidually. Regarding the method of nutrient application -
applying nit;ogen and‘phosphorus in three equal split
dosess == first as a basal dose and the subsequent
dressings aé follar spray was the best one. Maximum
leaf area index was recorded by the treatment T14
(Nitrogen and phosphorus ¥3 as basal + 2/3 in two equal
split dressiﬁgs through the foliage, at the vegetative
phase and at'flowering). This is due to the higher
number of leaves they possessed. Similar results were
obtained by Thomas George (1981) in cowpea.

Although the combination effect alone was
significant, application of nitrogen alone partly through
soll and partly through foliage also recorded comparatively
higher values of lea® area indices. This is due to the



higher number of leaves recorded by these treatments.

But the application of phosphorus alone either
through soil or through soll and foliage did not have
any favourable influence on leaf area indéx. While stu-
dying the response of soil and follar application of
phosphorus on peas Kherde and Yawalkar (1966) also
obtained similar nonsignificant effects of phosphorus
on leaf area index. According to Duraiswamy Reddy
and Palaniappan (1979) leaf area index of greengram
was not influenced by phosphorus application.

4. Number of branches per plant

It was evident from Table 5 that the application
of either nitrogen or phosphorus alone or both nitrogen
and phosphorus did not have any significant effect on
this growth character. The method of fertilizer appli-
cation too was insignificant in its effect on branch
number.

Shukla (1964) and Bhattacharya (1971} found no
significant variation in branch number due to nitrogen
application in gram. - Annamma George (1980) observed
no significant difference in branch’@nt;l:bte; the appli-
cation of different levels of phosphorus in blackgram.
5. Number of nodules per plant

" Data presented in Table 5 showed that the

number of nodules per plant varied significantly due to

treatments. Here also combined application of nitrogen
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and phosphorus was found to be better than applying
nitrogen or phosphorus alone. As far as method of
application was concerned, applying a portion of the
nutrients through soil and the remaining part through
foliage was more effective when compared with the soil
application of the entire quantity of nutrients.

Maximum number of nodules was noticed in the
treatment T12 where nitrogen and phosphorus were given
Y2 through soil as basal dose and ¥2 through foliage
in two edual split dressihgs at “the vegetative phase
and at flowering. The nitrogen applied along with
phosphorus might have enhanced the development of nodula
“*issue resulting in better nodulation and nitrogen
fixation.

The results also pointed out that application
of phosphorus alone (Half through soil and the remaining
Y2 in two equal split dressings through the foliage
or ¥3 through soil and 2/3 in two equal split dressing
through the foliage) was as effective as the treatment
T12, This is in line with the findings of Nair et al
(1970), Sinha (1971), Jones et gl (1977), Singh (1977)
and Haque gt al (1980)

Table 6 also showed that nitrogen application
either through soil or through both soil and foliage
did not have any significant effect on the number of
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nodules per plant. This is in agreement with the
findings of Singh (1968) and Saadati et al (1978)

in soyabean, Sundaramgt al (1979) in bengalhran and
Annarma George (1980) in blackgram. Nitrogen applied
to the plants in the early stages of growth might have
retarded the activity of nodule bacteria thus reducing
the number of nodules per plant.

6., Dry weight of nodules per plant
It was evident from Table 5 that the treatments

differed significantly in their effect on the dry weight
of nodules. Maximum value was recorded by T12 (nitrogen
and phosphorus ¥2 through soil + Y2 through foliage at
flowering). Here also combination of nitrogen and
phosphorus was superior to the individual effects

of ®ither nitrogen or phosphorus alone. The favourable
effect of the combination on nodule number might have
contributed to the increased nodule dry weight‘alsa.

Regarding the method of fertillzer application
applying the fertilisers in a single dose through the
soil at sowing time recorded the minimum dry weight
of nodules. But nutrient application partly through
80ll and partly through follage was the best method
tried.

Application of phosphorus alone partly through
sol) and partly through foliage (T8 and T9) increased
the dry weight of nodules significantly. Despande
and Bathkal (1965) observed no significant difference



between 20 1b POy supplied through soil and 10 1bP,0y

supplied through follage in their efféct on nodules
dry welght.

In the case of nitrogen, Table 6 indicated that,
applying a meagre quantity through soil at the time of
sowing and the remaining portion through the foliage
at the vegetative phase and at flowering when there
was pgak demand for nitrogen, increased the nodule dry
welght significantly. The quantity supplied in the
initial stages might have helped in better plant
establishment and the follar applicationswere done when
there was much demand for this nutrient. Minchin gt al
(1981) obtained similar results in cowpea.

Bo Yield and yield attributes

1. Number of pods per plant
It was evident from Table 6 that the treatment

had significant effect on the number of pods per plant.
Combined application of nltrogen and phosphorus was more
effective than applying either nitrogen or phosphorus alon¢
This is in agreement with the findings of Ramaswamy and
Raé}ah (1981). Regarding the method of applications,
applying Y3 of the nutrients through soil and the
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remaining 2/3 in two equal split doses through the
foliage at the vegetative phase and at flowering was
the iest method.

Maximum number of pods was recoxded by the
treatment T14 (Hitrogen and phosphorus ¥3 through
soil + 2/3 in two equal split applications through
the foliage at the vegetative phase and at flowering).
But the treatment T13 (nitrogen and phosphorus Y2
through soil + ¥2 in two equal split dressings through
the foliage at the vegetative phase and at flowering),
T8 (phosphorus 72 through soil + J2 in two equal split
dressings through the foliage) and T7 (phosphorus }2
through soil # /2 through foliage at flowering) were
on par: with Ti4.

The result showed that even though N and P
combinatlions recorded maximum value in pod number,
application of phosphorus alone (partly through
s0il and partly thpough foliage) also had significant
influence on number of pods per plaht. This may be due
to the indirect effect of phosphorus on pod development
by increasing the number of nodules per plant which in
turn might have fixed adequate quantity of atmospheric n
nitrogen. The ebservation in the present study was
in agreement with the findings of Jones gt al (1977)
in Soybean and Singh gt al (1980) in field pea.



Fig,3 Number of pods per plant
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Table 6 also showed that T1 {nitrogen full
dose as basal)recorded the minimum value. But T4
(nitrogen ¥3 through soil as basal + 2/3.1n two equal
split dressings through foliage) was on par'with T14,
This may be due to the fact that in T# only a meagre
quantity of nitrogen was given at the time of sowing
Just enough fo; plant establishment, and the remaining
portions were given at stages when there was peak
demand for nitrogen for the formation and development
of reproductive structures. This is in line with the
findings of Patra (1974), Summerfield (1975), Rabie
et a1 (1979) and Minehin et al (1981)

2. Length of pod
It was evident from Table 6 that the application

of nitrogen or phosphorus or their combination either
completely through soil or partly through soil and

partly through follage had no significant effect on the
length of pods. Thus it was evident that the combination
effect of nitrogen and phosphorus was equal to that of
their individual effects. Applying the nutrieénts
completely through soil and partly through soil and
partly through foliage also had similar influence on

this yield attribute. This is in confirmity with the
findings of Reddy and Palaﬁiéﬁpan (1979) in greengram and
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Annamma George (1980) in blackgram.

3. Number of seeds per pod
An appraisal of Table 6 showed that all the

treatments under trial were uniform in their effect
on the number of seeds per pod. So there was no
significant differencebetween treatments in their
effect on this yleld attribute,

Application of nitrogen and'phosphorus either
alone or in combinationuere equal in their effects on
the number of seeds per pod. Regarding the method of
applicatlion, applying the nutrients either fully through
soil or partly through soll and partly thiough follage
were equally effective in increasing the number of seeds
per pod. Since there was no significant difference
between treatments in their effect on the length of pod
the number of seeds per pod was also unaffected by the
treatments. Similar results were obtained by Annamma

George (1980) in blackgram.

4. Seed yleld per plant
Data presented in Table 6 revealed that the

treatments had significant effect on the seed yield per
plant. The treatment Ti14 (nitrogen and phosphorus ¥3
through soil + 2/3 through foliage in two equal split

) dressings.at the vegetative phase and at flowering)

recorded the maximum value. Since maximum number of pods
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was recorded by this treatment, highest seed yield
noted could be justified. This regult showed the
superiority of combined application of nitrogen and
phosphorus over their individual effects. The split
application of nutrients partly through soil as basal
and partly through follage at different,growth stages
was found to be better than applying the entire quantity
as basal dose. .

However the treatments T13 (nitrogen and phosphorus
¥2 through soil + ¥2 through foliage in two equal
split: dressings at the vegetative phase and at flowering)
and Ti2 Lnifrogen and phosphorus J2 thréugh 5911 + ¥2
through foliage ét flowering) were equally effoctive.
This is in 1ine with the findings of Panda (1972).

However treatment T7 (phosphorus ¥2 through soil
+ ¥2 through foliage at flowering), T8 (phHosphorus ¥2
through soil + ¥2 through foliage in twp equal split
dressings at the vegetative phase and at flowering)
and T4 (nitrogen ¥3 through soil + 2/3 in two equal split
dressings at the vegetative phase and at flowering) were
on par with Ti14. These results indicated the favourable
effect of split application of nutrients through soil
and foliage at different growth stages compared to their
soil application in a single dose. Similar resulis were

obtained by Peeran gt gl (1970)



These results also emphasised that.the application
of phosphorus or nitrogen partly through soil and partly
through foliage also gave singnficantly, higher seed
yield although their combination recorded the maximum
value. Small amounts of nitrogen and phosphorus given
might have enhanced the nodulation and nitrogen
fixation rgsulting in higher seed yield. It was shown by
Subramonian and Palaniappan (1980) that in blackgram
foliar application of 12.5 Kg phosphorus per hectare
was as effective as the combined foliar application of
10 Kgs nitrogen and 12.5 Kg phosphorus per hectare. |
Iswaran and Sen (1973) also obtained similar results.

S+ Hundred seed;weight

Table 6 showed that the hundred seed weight varied
significantly ¢ué‘£o treatments. 17 (phosphorus ¥2
through soil + Y2 through foliage at.flowering) recorded
the maximum value. This is in agreement with the
findings of Ahlawat (1979) in cowpea. Other treatments
like T14 (nitrogen and phosphorus ¥3 through soil as
basal + 2/3 in two equal splii doses through foliage),
T13 (nitrogen and phosphorus ¥2 through soil as basal
+ Y2 through foliage in 2 equal split dressings), T15
(nitrogen and phosphorus J2 through soil as basal + J4
through foliage at flowering), T8 (phosphorus J2 through
soil as basal + J2 in two equal split doses through
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follage), T10 (phosphorus ¥2 through soil as basal + ¥4
through foliage at flowering), T4 (nitrogen ¥3 through
soil + 2/3 in two equal split doses through foliage)
and T2 (nitrogen ¥2 through soil as basal + /2 through
foliage at flowering) were on par with it. These
results showed that the application of nutrients either
alone or in combination through the foliage at the
later stages of crop growth is effective in increasing

the hundred seed weight.

6. Grain yield

Data presented in Table 7 revealed that the
treatments differed significantly in thelr effects
on grain yield. Here also combination of nitrogen
and phosphorus was superior to their individual effects.
Regarding the method of fertilizer application, applying
a small quantity of nutrients through the soil at the
time of wowing and the remaining portion in split doses
through the foliage at later stages was found to be
the best method. |

Maximum grain yield was recorded by T14 (nitrogen
and phosphorus J3 through soil + 2/3 in two equal eplit
doses through the foliage) and it wa® on par with T13



Fig. & Grain yield (Kg/ha)
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(nitrogen and phosphorus Y2 through soil + 72 in two
equal split doses through the foliage). Yield contribu: '
ting factors like number of pods per plant, seed yield
per plant, hundred seed weight etc, were also higher
for these treatments which might have led to the
higher seed yields in theme Similar significant
effects of combined application of nitrogen and phos—
phorus on grain yield was noted by Shukla (1964),
Pillai et al (1980), Ramaswamy and Ramaiah (1980) and
Subramonian and Palaniappan (1980).

7. Bhusa yield
The nonsignificant effect of the treatments

on bhusa yield was evident from Table 7. This may be
due to the nonsignificant effect of the treatments on
most of the growth characters studied, at the time of
harvest. However, T14 (applying nitrogen and
phosphorus together partly through soil and bartly
through foliage) recorded comparatively higher bhusa
yield than applying either nitrogen or phosphorus alone.

8. Iotal drymatter preduction
An appraisal of Table 7 indicated that total

drymatter yield varied significantly due to treatments.
Combination of nitrogen and phosphorus was superior to
the individual effects of either nitrogen or phosphorus

alone. As far as method of application is concerned,



applying a part of the nutrients through soll as

basal dose and the remalning part thmzough the follage

in two equal split dressings at the vegetative

phase and at flowering was found to be the best method.
The treatment Ti14 (nitrogen and phosphorus ¥3

through soil + 2/3 in two equal split dressings through

the foliage) recorded the maZimum drymatter yield.

This may be because of the significant influence of this

treatment on grain yleld and yield promoting characters.

9y Harvest index

Data presented in Table 7 indicated the non=
significant effect of the treatments on harvest index.
This result explains the unfavourable influence of the
treatments on the economic yleld of the crop. However
T15 {nitrogen and phosphorus /2 through soil as a basal
dose + Y4 through follage at flowering) and T13
(nitrogen and phosphorus ¥2 through soil + ¥2 through
follage -indtwo equal split dressings at the vegetative
phase and at flowering) showed a slight increase in
the rgtiq though it did not reach the level of signi-

ficance.



C«Chemical studies

a, Uptake studies

1. Uptake of nitrogen

Nitrogen uptake by the plants varied significantly
due to treatments. Combined application of nitrogen
and phosphorus resulted in better nitrogen uptake compared
to the application of each nutrient independently. T14
(nitrogen and phosphorus Y3 through soil as basal + 2/3
in two equal split dressings through the foliage)
recorded maximum nitrogen uptake. Enhanced drymattex
production might be the reason for better uptake.

This is in accordance with the findings of Yadava and
‘Chokhey Singh (1978) in greengram who observed increased
uptake of nitrogen due to the combined application of
nitrogen and phosphorus.

T1 (nitrogen alone completely given as a basal
dose) and T6 (phosphorus alone given in a single basal
dose) recorded the minimum values of uptake of nitrogen,
But the application of nitroagen alone, partly through
soll and partly through foliage also recorded relatively
higher values of nitrogen uptake. These results
emphasised the favourable effect of split application

of nutrients through soil and foliage on nitrogen

uptake.



2. Uptake pf phosphorus
The treatments differed significantly in thelr

effect on phosphorus uptake (Table 8). Among the treat=-

ments T14 recorded maximum uptake and it was significantly

superior to all other treatments. This may be due to

the significant influence of this treatment on total

drymatter yield. Table 11 showed the positive

and significant correlation between total drymatter

yie;d and phosphorus‘uptaké. This is in line with the

findings of Annamma Geérge {1980)

3. Uptake of potagsium

The Table 8 revealed that the treatments varied
slgnificantly in their effect on potassium uptake.
Maximum uptake was by T14 and it was on par with T4, 78
“anid T13. As shown in Table 11 there was positive and
significant correlation between potassiuh uptake
and total drymatter yield. The higher uptake of-
potassium by these treatments may be due to
thelr significant influence on the drymatter yileld.
Annamma George (1980) also obtained similar results

in blackgram.

b. Soil analysis

1. Total nitrogen content of soil after the experiment

The result on the content of nitrogen in the

soil after the experiment indicate that the treatments
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have not significantly affected the residual nitrogen
in the post harvest soil samples. This might be due
to the insufficiency of the kjeldahl nitrogen
determinating method to monitor the small differences
in total nitrogen content of soil and also due to the
difference between treatments in their effect on sym=-
biotic fixation and excretion of nitrogen into the
soil.

2. Avallable phosphorus content of soil

An appraisal of Table 9 showed that the
available phosphorus content of soil was significéntly
inflﬁeﬁéed by the treaiments. T8 {(phosphorus }2 through
soil as basal + J2 through foliage in two equal split
dressings) recorded maximum value. Since nitrogen was
not given in this treatment, in the absence of nitregen
phosphorus might not have been completely utilized

resulting in increzsed phosphorus content of soil.

3s AV ble ssium content of soi

The availzble potassium content of soil was not
influenced by the treatments. The available potassium
statue of the soil remained uniform showing the nonsigni-
ficant effect of the various treatments on this characte: .
Potassium was supplied uniformly in all the plots.
éeing a mobile cation, a major portion of applied
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K might have been lost through leaching. The crop
also removed sufficient quantities of this nutrient.
S0 the relatively small gquantitiy of applied potassium
could not produce any significant effect on its
content in the soil. Similar results were obtained
by Annamma George (1980).,

D+ Quaility characters

1. Protein content of grain

Data presented in Table 10 revealed the signi-
ficant influence of the treatments on the protein
" content of grain. In this case also combination of
nitrogen and phosphorus was superior to the individual
effects of each nutrient. Regarding the method of
application, applying the nutrients partly thrOUgh
soil and partly through foliage was the best onee.
T14 (nitrogen and phosphorus ¥3 through soil as basal
+ 2/3 through foliage in two equal split doses)
recorded maximum protein content of grain and it was
supecior to all other traatmenté. The higher protein
content in grain was atittibuted to the higher nitrogen
content in them. Similar resulis were obtained by
Tej Singh gt al (1975) and Agaxwal and Narang (1975).
2. Grain protein yield

An appraiéal of Table 10 showed that grain
protein yield varied significantly due to treatments.

1
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Protein content of grain was influenced by the treatments
and hence the grain protein yield also showed the same
tread. Maximum value was recorded by T14 which wés
significantly superior to all other treatments. T13
(nritrogen and phosphorus J2 through soil + ¥2 through
foliage in two equal split dressings) gave the next
lower value. These results indicated the favourable
effect of combination of nitrogen and phosphorus on
grain protein yield compared to their individual effects.
Also the favourable effect of nutrient application partly
through soil and partly through foliage was shown here.
3. Protein content of bhusa

The table 10 on protein content of bhusa pointed
out that this quality character was not influenced by
the treatments under trial. This may probably be due
to the nonsignificant effect of the treatments on
nitrogen content of bhusa as the nitrogen and protein
content are directly related.
Economics of production

A maximum net profit of B5.3247.80 per hectare
was obtained by the treatment which received both
nitrogen and phosphorus Y3 through soil as a basal
dose + 2£3 in two equal split doses through the
foliage at the vegetative phase and at flowering;
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The next lower values of the B,2905.60. £.2537.90
and %5,2243.52 par hectare were recﬁrded by Ti15, T13 an
T4 respectively. The treatments which received either
nitrogen or phDSphorﬁs alone .ox both nitrogen and
phosphorus through soil in a éingle dosa 1ley, T1, T6
and T11 obtained the lowest net profits thus emphasi~-
sing the favourable éffect of applying the nutrients

partly through soil and partly through foliage
(Table 12},

9.0 8N oy
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6. SUMMARY

An experiment was conducted in the rice follows
of the Rlce Research Station, Kayamkulam during the
summer season of 1981~82 (30.1.1982 to 19.4.1982) to
find out the influence of the method of application of
N and P on the growth, yield‘and quality of blackgram.
The experiment was laid out in Randomised Bleck Design
with fifteen treatments, replicated thrice. The results

of the study are summarlsed below.

1+ The plant height was not significantiy inriluenced by
the treatmenté at the first stage ie, 20th day after
sowinge. But during the subsequent stages ie, 40th day

after sowing, 60th

day after sowing and at harvest,
plant height showed significant difference due to
treatments. Combined application of nitrogen and
phosphorus ¥3 through soil as a basal dose + 2/3 in
two equal split dressings through the foliage at the

vegetative phase and at flowering recorded the maxtmum

plant height.



2e Significant influence of the treatments on

the number of leaves per plant was noticed only on

the 60th day after sowing. Here also combination of
nitrogen and phosphorus was the best treatment, compared
to their individual effects, recording maximum leaf
number.,

3. The treatments had significant influence on the
leaf area index only on the soth day after sowing. Com=
bined application of nitrdgen and phosphorus ¥3 through
soll as basal + 2/3 in two equal split dressings thréugh
the foliage, recorded the maximum value.

4, Neither the individual effects of nitrogen and
phosphorus nor their interation were significant in
increasing the number of branches per plant.

5. The number of nodules also varied significantly
due to treatments. Maximum number was recoxrded by the
treatment given both nitrogen and phosphorﬁs Y2 through
soll as a basal dose + Y2 through foliage at flowering.
Application of phosphorus alone partly through soil
and partly through foliage (T8 and T9) also favourably

influenced this character.
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6. - In the dry weight of nodules per piant also,
combined application of nitrogen and phosphorus y2
through soii as a basal dose ¥ }J2 through follage

at flowering recorded the maximum value and it had

significant effect on this character.

To Yield attributing characters like length of

pod and number of seeds per pod were not significantly
influenced by elther nitrogen or phosphorus or bothe.
But the number of pods per plant, seed yield per

plant and hundred seed weight were significantly
affected by the treatments. In the case of number of
pods and seed yleld per plant combined application of
nitrogen and phosphorus }Y3 through soll as a basal dose
+ 2/3 in two equal split dressings through the foliage
recorded the maximum value. But regarding hundred

seed weight, application of phosphorus alone J2 through
soil + ¥2 through foliage at flowering recorded the
highest value.

8. Graln yleld was significantly influenced by

the treatments. Here also combined application of
nitrogen and phosphorus partly through soil as basal
and partly through foliage at different growth stages
gave the highest value.
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Oe Neither the individual effects of nitrogen
and phosphorus nor their interaction had any signi-

ficant influence on haulm vyield.

10, Total drymatter production varied significantly
due to the treatments and the maximum drymatter

yield was recorded by the treatment given both nitro-
gen and thSphorus'V3 through soil as basal + 2/3 in
two equal split: doses through the foliage.

11, Harvest index was not significantly affected by
the treatments.

12. Combined application of nitrogen and phosphorus
either 72 or Y3 through soil as basal and the remain=-
ing portion in two equal split doses through the
foliage, alone were significant in increasing the
uptake of nitrogen by the plants.

13. Phosphoius uptake also varied significantly due
to treatments. Combined application of nitrogen and
phpsphorus ¥3 through soil as basal + 2/3 in two equal
split dressings through the foliage recorded the maxi-
mum uptake.

4. Individual effect of nitrogen and phosphorus

as well as their combinations were significant in
increasing the uptake of potash when the nutrients
were supplied partly through soll as basal and

partyly through foliage at different growth stages.



15. The total nitrogen content of soil after the
experiment was not influenced significantly by the

treatments.

16. Available phosphorus content of the soil
differed significantly due to treatments and maximum
content was recorded by the treatment which was given
phosphorus alene ¥2 through soll as basal + Y2 through
foliage in two equal splits.

17. Available potassium content of the soil was

not significantly iniluenced by any of the treatment.

18. Combined application of nitrogen and phosphorus
¥3 through soil as basal. + 2/3 in two equal split
doses through the foliage alone was significant in

increasing the protein content of ¢rain.

19. | Grain protein yield followed the same pattern

as that of the protein content of grain.

20, Meither the individual effects of nitrogen and
phoschorus nor thair combination were significant

in increasing the protein content of bhusa.

21. Grain yield was significantly and positively
correlated with the yleld attributes; nitrogen uptake
phosphorus uptake and potash uptake.



Drymatter yield was also positively and
significantly correlated with the uptake of nitrogen,
phosphorus and potash.

22, The maximum net profit of Rs.3254.80 per hectare
was obtained with the application of both nitrogen and
phosphorus ¥3 through soil as basal + 2/3 in two equal
split doses through the foliage at the \rec_:;eta1::1.w.9,ﬁahilds‘l
at flowering.

The present investigation indicated that black-
gram requires combined applicatlion of nitrogen and
phosphorus ¥3 through soil as a basal dose and 2/3 in
two equal split doses through the foliage at the vege=
tative phase and at flowering for giving higher yield

in the rice follows of Onattukara tract.

Future_line of work:-

The present study shows that blackgram requires
combined application of nitrogen and phosphorus partly
through soil and partly through foliage at vegetative
phase and at flowering for better growth and yield.
This can be tested in other pulse crops like greengram,
cowpea, horsegram etc. The influence of nutrient
spray appllication at pod filling stage also needs

investigation.,-
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APPENDIX

I

Weather data during the crop period and the average for the last five years

S‘Eggg:rd pertod Tem earanture {eC) Relative Humfldity] Sunshine hours| Rainfall (mm)
(N,) ) 1982 Avg. 1982 Avg, 1982 B Avg, 1982 Avg.| 1982 Avge.
5 20 Janu == 4%Feb, 33.4 33.3| 21.3 21.9| 88 87. | 0.6 0.4 .. 0.08
6 50 — 11%peb, 32.8 33.8| 21.6 22.3] 93 91 | 10.8 9.4 5.3
7 12® w= 18%WFeb, 33.4 33.3] 21.0 22.2] 92 88 | 10.9 10.1 1.16
g 1990 - 25MFeb, 33.6 33.5] 22,1 22.4] 90 91 | 10,5  o.d 2,04
9 26 - 4ar, 34,4  34.2| 22,4 22,8 93 92 ! 10,6  10. 1.96
10 5% - 11Mar, 34,2 34.3] 23,2 23.6] 93 92 | 10.3 9. 9,28
11 198 ~— 5P Mar, 34,3 34.3] 23.0 24,3} 93 92 | 9.5 9. 1,92
12 190 w= 25%Mar, 33.7 344 23,5 24,3 9 oh | 9,6 9.3 84,2 10.6
13 26"Mar. == ISFapril 33.6  35.1 23.5 24.6 ok g1 | 9.2 9¢F  33.2 3.4
14 2 - 8%pr11 34,4, 344 25,0 25,3 o1 91 | 10,0 8if  we 22.64
15 gt — 15Mspri134.6 34,3 25.0 25,7 89 92 | 9.6 8.2 .. 10,92
16 16 wm 22%%p011 34,1 34.3]  23.6  25.2 91 92 .9 9.4 40  21.65




APPENDIX

II

Abstract of analysis of variance table for growth characters

Mean squares

,Sl. Growth character -Eigck Treatment Error
No. (2) (14) (28)
T Height of plants (cms.) :
20 days after sowing 0.55 055 0,48
40 days after sowing 9.075 16 .62%¥% 3.06
60 days after sowing 3,26 51 LO¥#* 3.48
At harvest 6.76 31.12%* 5.96
2 Number of leaves per plant
20 days after sowing «132 0.06 4,06
40 days after sowing 11.779% 1.858 1.449
60 days after sowing 1.99 12,33%% 114
At harvest 2.50 10.85 10.57
3 Leaf area index :
20 days after sowing 0,0032 0.00%2 0.002
40 days after sowing 0.33 03156 0133
60 days after sowing 2.08## 0.603% 04273
At harvest 04326 0+39 0.344
4 Number of branches per plant 2,63 0,56 0,798
5 Number of nodules per plant 1.85 2395% % 5.45
6. Dry weight of nodules per plant 88,97 T3.47# 27.03

Figure in paranthesis indicates degrees of freedom.

##% gignificant at 0.01 levelfd
# Significant at 0,05 level,



APPENDIX III
Abstract of analysis of variance table for yield components

and yield.
Sl. Mean squares
No. Block Treatment Error
(2) (14) (28)
T Yield components
i) No. of pods per plant 109 49 ** 49 ,15* 18.25
ii) No. of seeds per pod 0.882% 2.50 2,22
iii) Length of pod (cm) 0.38% 0.11 0.072
iv) Seed yileld per plant (g) 6.50%% 2,99% o874
v) Hundred seed weight (g) 0,016 0,054% 0,022
2e Grain yileld (Kg/ha) 218991, 36## 166863,78%* 27343,62
5. Bhusa yield (Kg/ha) _ 514436 .42 451334.51 457455411
4, Total drymatter yield (Kg/ha) 1245438,95 . 1270158.,45% 563107.48
5. Harvest Index 04,01 0,002 0,007

Figure in paranthesis indicates degrees of freedom,
** Significant at 0,01 level
* Significant at 0.05 legel.



APPENDTIX Iv

Abstract of amalysis of variance table for nitrogen, phosphorus and
potash .uptake and total nitrogen, avallable phosphorus
and avallable potassium contents of soil
after the experiment

Sl Mean squares
No. .
Block (2) Treatment Error
(14) (28)
1. Uptake of nitrogen (Kg/ha) 104 44%  2235,26%% 566,04
2, Uptake of phosphorus (Kg/ha) : 10,09 L8,81%% 4.94
3. Potash uptake (Kg/ha) 45,09 339.,10%* 76.42

4, Total nitrogen content
‘of the soll after the

experiment (Kg/ha) 80888.,89 232103.17 762465 ,03

De Avallable phosphorus
content of the after

the experiment (Kg/ha) 58,69 82,59 34,64
6. Available K content of
the soil after the
: experiment_(Kg/ha) 45 .87 106 451 174 44

Figure in paranthesis indicates degree of freedom.
##* gSienificant at 0,01 level : ‘

# 8Significant at 0,05 level



APPENDIX v

- Abstract of analysis of variance table for quality characters

Sle ———iGEn SOuares ..
No. Block Treatment Error
(2) (14 (23)
1. Protein content of grain (%) 13.21 3724 *# 7.88

2. Grain protein yield (Kg/ha} 21395.:90%* 23596.41 1567.99

3, Proteln content of bhusa (%) 0,951 11 .43 8467

i
1

Figure in paranthesis indicates.degrees of freedom.

¥ Significant at 0,01 level,
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ABSTRACT

An exporiment was conducted in the xice follows
of the Rico iHesearch Station, Kayamkulam during the
sunmer season of 1981:82 to study the influsnce of the
method of application (soil and foliar) of N and P
on the growth, yield and quality of blackgrans

| The experiment was laid out in Randomised Block
Design with fifteen treatments replicated thrice.

The study revealed that the height of the plant
at the last three stages of crop growth was significane
tly influenced by the combined application of N and P,
partly through soil-and partly through folliagee A# one
etage alone the number of leaves per plant and leaf
area index were significantly affected by the applie
cation of N and P combination partly through soil aﬁd
partly through foliage, The maximum values were re¢oxded
by the treatment given both N and P Y3 through so{[
as a basal dose + 2/3 in two equal spilt doses through
~ the follage. None of the treatments had any singi
significant influence on the number of branches per
plant. Nodule number and dryweight of nodules per
plant were significantly influenced by the application
of phosphorus alone J2 through soil as a basal dose
and 1/2 through foliage at floweringe



Yield and yield attributes were significantly
influenced by the combined application of N and P
partly through soil and partly through foliage.
Maximum grain yield of 1631-kg§-per hectare was
recorded by the treatment given N and P Y3 through
soil as basal # 2/3 in two equal split doses through
the foliage. The total drymatter producfion also
significantly varied due to the combination effect.

Combined application of N and P partly through
soi)l and partly through foliage alone was significant
in increasing hitrogen uptake and in the case of
phosphorus and potash uptake also this treatment
recorded the maximum value.

Combined application of N aﬁd P Y3 through soil
and 2/3 in two equal split doses through the foliage
alone, was significant in increasing the protein
content of grain and grain protein yield. But none of
the treatments had any significant effect on the
protein content of bhusa.

Positive and significant correlation between
grain yield and yield attributes like number of pods
per plant, number of seeds per pod, length of pod and
seed yleld per plant and also between grain yield and

the uptake of nitrogen, phosphorus and potash were notec





