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INTRODUCTION

The present day population pressure on land has necessitated 
maximum exploitation of each and every available cent for 
agricultural production. In developing countries where small 
farms and labour intensive operations predominate, to get best 
results in agriculture a desired agronomic information and a 
rational approach is needed so that productivity can be 
maximised.

Cultivating vegetables in summer rice fallow is a common 
practice throughout the developing tropics because of several 
advantages especially under limited moisture availability. It 
is estimated that the vegetable production in Kerala is only one 
third of the vegetable requirement for the state. Hence it is 
imperative to get a considerable quantity from the neighbouring 
states. Since the availability of cultivable land is limited in 
the state, summer rice fallows offers new vistas for vegetable 
production. Among the various vegetable crops grown in Kerala 
cowpea occupies a prime position. It can be cultivated either as 
an upland crop during rainy season or as an irrigated crop in the 
summer rice fallows. The recent varieties of vegetable cowpea 
released from Kerala Agricultural University are suitable for 
both the situations.

The high cost of fertilizers and timely scheduling of 
supplemental irrigation are the major constraints in the 
intensification of vegetable cowpea cultivation in the summer 
rice fallows. The new improved varieties have considerable
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variations in yield and growth characters under different 
management conditions. Being a pulse crop, it responds well to 
the application of phosphorus. For the proper establishment of 
rhisobium a sufficient quantity of available phosphorus is 
required in the soil. Cultivation of leguminous crops results in 
improvement of nitrogen status of the soil due to rhizobium 
fixation of nitrogen, which helps in increasing the yield of base 
as well as succeeding crop. Vegetable cowpea varieties branches 
profusely and hence it is necessary to find out the optimum 
densities of plant under varying situations. At present, only a 
general recommendation of irrigation, nutritional aspects and 
plant density of grain cowpea is available. Since the growth 
habits and prolonged harvest period of vegetable cowpea varies 
from grain cowpea, the response pattern of applied inputs may 
also vary. The productivity of vegetable cowpea can be maximised 
only by optimum level of irrigation, fertilizers and plant 
density.

Taking the above points into consideration the present study 
was conducted with the objectives of studying the effect of 
phosphorus on vegetable cowpea variety Malika under varying 
moisture levels and plant densities and also to work out the 
economics of different treatment combinations.
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REVIEW OF LITERATURE

The results of the experiments conducted in India and 
elsewhere on the growth, yield, yield attributing components, 
nutrient uptake and contents, soil moisture studies and economic 
analysis of cowpea and related crops as influenced by graded 
levels of irrigation, plant density and phosphorus and their 
interaction effects aî e reviewed here.
2.1 Effect of irrigation

The increase in growth and yield characters of crops 
irrigated at an optimum schedule could be ascribed to the optimum 
moisture condition in the root zone (Trivedi al.,1994). The
plant nutrients remain in a more soluble and easily available 
form and their transport to the root surface is faster than under 
rainfed conditions besides a better root growth (Rajput 
&1.,1991).
2.1.1 Effect of irrigation on growth characters
2.1.1.1 Plant height

Singh and Lamba (1971) reported that a higher regime of 
available soil moisture (ASM) in the root zone resulted in an 
increase in the plant height in cowpea. Ahlawat ei al.(1979) 

also noted a significant increase in plant height in cowpea by 
irrigating the crop at 75 per cent ASM compared to irrigating at 
50 and 25 per cent ASM. Vegetable cowpea grown as summer crop 
gave an increase in plant height at 80 to 100 per cent ASM in 0
30cm soil depth as compared to 60 to 100, 40 to 100 and 20 to 100 
per cent of ASM (Patel, 1979). Increasing the frequency of 
irrigation increased the plant height at all the growth stages
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and the optimum IW/CPE ratio appeared to be 0.50 in summer cowpea 
(Balakumaran, 1981). Farghaly s£ &1.C1990) observed that in the 
cowpea cultivars an increase in irrigation interval from one week 
to three weeks decreased the plant height. Similarly, Kher at 
&1 . (1994) noticed a higher valtie for plant height when summer 
cowpea was irrigated according to a schedule based on the IW/CPE 
ratio of 0 . 8  as compared to 0.4 and 0.6 IW/CPE ratios. In a 
recent study conducted on vegetable cowpea grown as summer crop, 
Jyothi(1995) also observed a favourable influence of frequent 
irrigation on plant height.

Increase in plant height due to higher levels of 
irrigation has been reported in other pulse crops viz., green- 
gram (Ali and Alam,1973 ,Prasad si al.,1991, Trivedi st ill.,
1994),blackgram (Rao si si-,1991, Singh and Tripathi, 1992, 
Jeyaraman, 1994), redgram (Ramshe and Surve, 1984), pea (Yadav 
et al.. 1990) and cluster bean (Meena si al.,1991).
2.1.1.2 Number of leaves

In cowpea, Singh and Lamba (1971) observed that 
irrigation at a higher ASM in the root zone enhanced the number 
of leaves per plant. According to Ali and Alam (1973), soil 
moisture stress reduced the number of leaves per plant in green- 
gram. Significantly higher number of leaves was documented in 
summer cowpea irrigated at an IW/CPE ratio of 0.5 as compared to 
lower levels of moisture (Balakumaran, 1981). Kumar st al.(1992) 
learned that in lentil the number of leaves for plants irrigated 
at an IW/CPE ratio of 0.6 was higher as compared to lower levels 
of irrigation. A decrease in leaf number due to lower levels of
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moisture was also reported by Manning e_t &1.(1977) in peas, 
Henrique at &1. (1978) in soybean and Kuhad at al- (1988) in 
chickpea. In a recent study Jyothi(1995) observed that in 
vegetable cowpea the number of leaves was appreciably increased 
by irrigating the crop at 75 per cent ASM in summer season.
2.1.1.3 Number of branches

Summer cowpea grown in rice fallows showed 
significantly lower level of branching in early stages with 
increase in moisture supply (Balakumaran, 1981). In another 
experiment conducted with a green gram variety K 851, irrigation 
at an IW/CPE ratio of 0.7 recorded significantly more number of 
primary branches per plant compared to irrigation at an IW/CPE 
ratio 0.5 (Trivedi ai.,1994). An appreciably higher number of 
branches per plant was noticed in summer black gram given 
frequent irrigations at an IW/CPE ratio of 0.8 as compared to the 
ratio of 0.4 and 0.6 as observed by Singh and Tripathi (1992). 
Similarly in summer vegetable cowpea, Jyothi(1995) noticed a 
significant reduction in branching with lower levels of moisture 
supply.

Unlike the above observations, Ramamurthy ei al. (1990) 
in cowpea and Pani and Srivastava (1990) in pea opined that the 
number of branches per plant was not significantly influenced by 
irrigation.
2.1.2 Effect of irrigation on yield attributing characters
2.1.2.1 Flowering

In most of the pulse crops it was observed that 
the retardation of growth and yield was most drastic due to lack 
of soil moisture at the flowering stage, especially in grain
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cowpea (Hiler at al.,1972). Ali and Alam (1973) reported that 
Soil Moisture Stress (SMS) reduced the initiation and retention 
of floral buds in green gram. In summer planted moongbean, 
irrigation, at an IW/CPE ratio of 1.0 significantly delayed 50 
per cent flowering by six days as compared to irrigations at 
IW/CPE ratios of 0.4 and 0.6 and by two days as compared to an
IW/CPE ratio of 0.8 ( Yadav and Warsi, 1988). Chandrakar et
al.(1994) observed in an experiment with sesamum that lesser 
number of flowers were formed and maximum flower abortion was
observed when irrigation was given only twice, i.e.,at branching 
and pod forming stages in comparison with plants irrigated at an 
IW/CPE ratio of 0.5 upto pod formation and 0.7 thereafter and
plants irrigated at an IW/CPE ratio of 0.7 throughout the crop 
growth. In summer vegetable cowpea early flowering was noticed 
when moisture availability was higher during the early growth 
stages (Jyothi, 1995).

Controversial to these reports the influence of varying 
moisture regimes on days to attain 50 per cent flowering was 
documented as insignificant by Balakumaran (1981) in cowpea and 
Ramshe and Surve (1984) in pigeonpea.
2.1.2.2 Other yield attributing characters

Ahlawat & ± . (1979) observed in spring cowpea 
that a higher level of ASM in the root zone during the cropping 
season by irrigating at 75 per cent ASM resulted in a significant 
improvement in the number of pods per plant over 50 and 25 per 
cent ASM. Increased wetness significantly increased the number 
and weight of pods in summer cowpea (Balakumaran, 1981) and an

6



IW/CPE ratio of 0.5 was the optimum. A field experiment 
conducted on summer vegetable cowpea revealed that the soil 
moisture regime of 80-100 per cent ASM appreciably increased the 
number and weight of green pods per plant as compared to 60- 
100,40-100 and 20-100 per cent ASM (Patel, 1979). But
Subramanian al. (1993) noted a significant influence of
irrigation on pod length and number of seeds per pod in vegetable 
cowpea. In a field trial with vegetable cowpea during the summer 
season an increase in the number and length of pods and number of 
seeds per pod was noted with increase in soil wetness (Jyothi,
1995).

Irrigation at an IW/CPE ratio of 0.8 favoured the 
formation of maximum number of pods and grains per pod as against 
wetter and drier regimes in summer mung (Yadav and Warsi.,1988). 
Prasad and Yadav (1990) refex's to a decline in the yield
attributes like pod number per plant and 1 0 0 0 grain weight in 
green gram and black gram when irrigation was given at an IW/CPE 
ratio of 0.6 and 0.4 as compared to 0.8. A significantly more 
number of pods per plant, pod length, grains per pod and test 
weight was reported by Trivedi al. (1994) in green gram when 
irrigated at an IW/CPE ratio 0.7 as compared to a ratio of 0.5. 
An increase in the pods per plant and test weight in summer black
gram irrigated at an IW/CPE ratio of 0.8 over the ratios 0.6 and
0.4 was reported by Singh and Tripathi (1992). In another 
experiment with rice fallow black gram, Jeyaraman (1994) reported 
significantly higher values for number of pods per plant and pod 
length for plants irrigated at an IW/CPE ratio of 0.7 over plants 
irrigated at IW/CPE ratios of 0.5 and 0.3.
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2.1.3 Effect of irrigation on yield
In cowpea , a higher level of ASM in the root zone 

increased the dry matter production (DMP) per plant (Singh and 
Lamba,1971). Ahlawat si si.(1979) also noted that maximum grain 
yield was obtained by irrigating cowpea at 75 per cent ASM at 
0-30cm depth over 50 and 25 per cent ASM. In another experiment 
conducted on summer vegetable cowpea, Patel (1979) learned that 
a soil moisture regime of 80 to 100 per cent of ASM gave 12.87 
per cent higher yield of green pods compared to a moisture regime 
of 60 to 100 per cent ASM. Grain yield was significantly higher 
with wetter soils in summer cowpea and an IW/CPE ratio of 0.5 was 
recorded optimum (Balakumaran, 1981). Farghaly si si- (1990) 
from an experiment with 5 cowpea cultivars opined that 
lengthening the irrigation interval from one week to 3 weeks 
reduced the 3eed yield. In another experiment conducted with 
vegetable cowpea cv CO-2 at Bhavanisagar, it was reported that 
irrigation at an IW/CPE ratio of 1.00 gave maximum vegetable 
yield and was on par with 0.8 IW/CPE and was also significantly 
superior to 0.6 IW/CPE (Subramanian si si-, 1993). In summer 
cowpea, maximum grain and fodder yield was recorded under IW/CPE 
ratio of 0 . 8  which was significantly superior over the ratios of 
0.6 and 0.4 as noticed by Kher si si-,1994. In a recent study on 
summer vegetable cowpea, Jyothi (1995) noticed an increasing 
trend in pod and haulm yields as well as dry matter production 
towards wetter regimes.
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Significantly high grain yield was observed in 
summer mung by Yadav and Warsi (1988) by irrigating the crop at 
an IW/CPE ratio of 0.8 as compared to wetter and drier regimes. 
Gupta and Rai (1989) recorded the favourable effect of 60 per 
cent ASM in the root zone on yield as compared to 20 and 40 per 
cent ASM. Irrigation application at an IW/CPE ratio of 0.8 
produced highest biological and grain yields of green gram as 
compared to IW/CPE ratios of 0.6 and 0.4 (Prasad and Yadav, 
1990). Scheduling irrigation at 0.5 and 0.8 IW/CPE ratios being 
on a par gave significantly higher seed yield than irrigating at 
branching and pod formation stages in summer green gram (Dwangan 
et &1.,1992). In comparison with irrigation at 0.5 IW/CPE ratio, 
irrigation at 0.7 IW/CPE ratio recorded significantly more 
DMP,grain and stover yields in summer green gram (Trivedi ei 
al.,1994). From antoher experiment on green gram, Vijayalakshmi 
et al.. 1994 opined that irrigation at 0.6 IW/CPE ratio gave
higher yield compared to irrigation at 0.45 and 0.75 IW/CPE 
ratios.

Varughese ei al.(1986) concluded that irrigating black 
gram at an IW/CPE ratio of 0.5 was adequate since higher ratios 
did not influence the yield. From an experiment with summer 
black gram, Singh and Tripathi (1992) noted that maximum DMP and 
grain yield was got by irrigating the crop at an IW/CPE ratio of 
0.8 as compared to 0.4 and 0.6 ratios. In another experiment 
with rice fallow black gram, Jeyaraman (1994) found that 
irrigation at 0.7 IW/CPE in comparison with 0.5 and 0.3 ratios 
gave significantly higher grain yield. But Vijayalakshmi and
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Aruna (1994) reported that irrigating blackgram at an IW/CPE 
ratio of 0.6 resulted in higher grain yield over 0.75 and 0.9 
ratios.
2.1.4 Effect of irrigation on moisture- extraction pattern 

(MEP),consumptive use (Cu) and water-use efficiency (WUE)

Ahlwat s£ si.,(1979) found that the Cu and WUE of 
cowpea increased with increasing levels of irrigation. The 
maximum values were recorded by irrigating at 75 per cent ASM as 
compared to 50 and 25 per cent ASM. Another trial conducted on a 
summer crop of vegetable cowpea revealed that the WUE increased 
with increasing levels of soil moisture regimes, ie., from 20 to 
100 per cent ASM to 80 to 100 per cent ASM (Patel, 1979). 
Subramanian si &1.,(1993) observed that the vegetable cowpea crop 
irrigated at an IW/CPE ratio of 1.0 consumed more water than 
those irrigated at 0.6 and 0.8 ratios. In summer cowpea 
scheduling of irrigation based on an IW/CPE ratio of 0.8 gave 
significantly higher Cu of water over rest of the levels of 
IW/CPE ratios, i.e.,0.4 and 0.6 while different ratios did not 
exert any significant influence on WUE (Kher si al.  , 1994).

Mohanty and Sharma(1985) observed that the Cu of water 
and WUE were higher under two irrigations at 30 and 45 DAS as 
compared to one irrigation at any one stage in green gram during 
the summer season. A field trial on mungbean variety PS-16 with 
various irrigation schedules (IW/CPE ratios of 0.2,0.4 and 0.6) 
revealed that IW/CPE ratio of 0.2 gave higher water use 
efficiency over the other treatments along with greater soil 
moisture extraction from lower soil layers, i.e., more than 45 cm
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depth (Arya and Sharma,1990). Bachchhav gi al. (1993) reported 
that in summer green gram, the lowest Cu of water was observed 
with irrigation at critical growth stages (seedling, 
branching,flowering,post-flowering and pod development stages) 
and the highest with scheduling of irrigation at 50mm CPE. 
However WUE was highest with irrigation at 100mm CPE and least 
with 50mm CPE. In another study on mungbean, soil moisture 
contents and moisture use from the top 45cm increased with the 
frequency of irrigation. The maximum water use was recorded by 
irrigation at 200mm CPE and lowest by unirrigated treatment,
whereas the maximum WUE was recorded by unirrigated plot and the 
lowest by irrigation at 200mm CPE (Pannu and Singh, 1993).

Singh and Tripathi (1992) opined that in summer
black gram Cu of water was maximum when irrigated at an IW/CPE
ratio of 0.8 compared to 0.4 and 0.6 IW/CPE. This crop receiving 
maximum number of irrigations utilised more moisture from the 
upper layers (0-30cm) than the lower ones (30 - 60 cm). But a 
reverse phenomenon was observed when frequency of irrigation was 
low. For rice fallow blackgram, irrigation at an IW/CPE ratio of 
0.3 recorded maximum WUE compared to irrigation at 0.5 and 0.7 
IW/CPE (Jeyaraman, 1994). Similarly, Vijayalakshmi and Aruna
(1994) reported that irrigating blackgram at an IW/CPE ratio of 
0.6 resulted in higher WUE over 0.75 and 0.9 ratios.

2.1.5 Effect of irrigation on nutrient composition and uptake

Subramanian si ill. (1993) obsei'ved that in cowpea, there 
was no significant difference in P content due to irrigation but
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uptake of P was maximum by scheduling irrigation at an IW/CPE 
ratio of 0 . 8  compared to both lower and higher levels of 0 . 6  and
1.00 IW/CPE ratios.

Bachchhav ei al. (1993) found that the nitrogen uptake 
in the seed and straw of green gram was significantly more with 
irrigation scheduled at 100mm CPE and critical growth stages than 
with 50 and 75mm CPE. Singh and Tripathi (1992) reported that 
the highest uptake of 121.7 kg nitrogen/ha,11.2 kg phosphorus/ha 
and 5.8 kg potassium/ha were recorded for irrigation application 
at an IW/CPE ratio of 0.8 and was significantly superior to the 
uptake at an IW/CPE ratio of 0.4 in black gram.

Parihar and Tripathi (1989) observed that in chickpea, 
there was no significant effect of irrigation treatment on the 
nitrogen content of the grain but its phosphorus and potassium 
content increased with the increase in moisture level when 
irrigation was given at IW/CPE ratios of 0.4,0 . 6  and 0.8. But 
total nitrogen uptake was significantly reduced when irrigation 
water was supplied at an IW/CPE of 0.8, whereas the uptake of P 
and K was not appreciably affected by the different irrigation 
schedules.
2.1.6 Effect of irrigation on the economics of cultivation

In a study conducted on summer vegetable cowpea, Patel
(1979) learned that the highest net profit (4165 Rs/ha) was 
obtained by maintaining the crop at 80-100 per cent ASM, while, 
the lowest net profit (Rs. 1426/ha) was obtained by maintaining 
at 20-100 per cent ASM. Patel and Patel (1994) in an experiment 
with redgram observed that the highest net realization of Rs.
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5104/ha was obtained for the treatment with an irrigation 
schedule of 0.25 IW/CPE ratio compared to 0.50 and 0.75 IW/CPE 
ratios. In lentil, Lai e± al., 1995 noted highest net
return per hectare (Rs. 6905) and return per rupee invested (Rs 
4.04) with 2 irrigations at 45 and 80 days. The treatment 
combination of 20 percent ASMD with 60kg P2 0 5 /ha produced the 
maximum pod yield and net realization in clusterbean ( Bhatt, 
1983). The net profit (Rs/ha) and benefit-cost relationship 
(Rs/Re investment) increased due to different water regimes in 
groundnut on the order of 1.2 IW/CPE >0.9 IW/CPE > 0.6 IW/CPE
(Katre al-,1988) Geethalakshmi at al. (1994) also observed
that optimum number of irrigations for irrigated summer groundnut 
is nine giving maximum net returns.
2.2 Effect of plant density

With the introduction of short duration and high 
yielding varieties of cowpea there is wide scope for obtaining 
high yields of a new variety given optimum spacing and manuring 
(Subramanian at al-, 1977). Closer spacing between and within 
the rows increased the yields of cowpea (Ezodinma, 1974). This 
response may be attributed to the optimum exploitation of space, 
moisture, light and nutrients. The growth habit of the new 
varieties may be another reason for the response to optimum plant 
densities.
2.2.1 Effect of plant density on growth characters

In blackgram, Saharia (1988) noted an increase in 
plant height at a spacing of 30cm compared to 40cm row spacing. 
In black gram, the maximum values of primary root length and
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root: shoot ratio were obtained at a row spacing of 15cm followed 

by 20cm in an exper 1 nment with row spacings 15,20,25 and 30cm as 

treatments (Kumar and Sharma, 1989). The number of primary 

branches per plant in summer blackgram was minimum at a row 

spacing of 30cm compared to 15 and 22.5cm (Singh and Yadav. 

1994’. But Thakuria and Saharia (1990) noted that the effect of 

plant density on plant height in summer greengram was non 

significant. A significant improvement in the plant- height and 

number of branches per plant- was also noted in red gram by Fadhi 

'1995' at a closer spacing of 30cm compared to 45cm.

2.2.2 Effect of plant density on yield attributing characters.
Saharia (1988) reported that in blackgram a wider 

row spacing of 40cm produced more number of pods per plant 

compared to a narrower row spacing of 30cm, but the effect on the 

number of seeds per pod and 100 seed weight was non-significant.

n greengram and blackgram all the yield contributing 

characters including pod number per plant and 1000 grain weight 

exhibited increasing trend with decrease in the inter-row 

spacing from 30 to 15cm except grain number per pod which was not 

affected by inter-row spacing (Prasad and Yadav, 1990). In 

summer blackgram, maximum number of pods per plant, 1000-seed

weight and seed weight per plant was attained with 30cm row

spacing compared to 22.5 and 15cm ■:Singh and Yadav, 1394 "w

Faulii ’1995) also noted significant decrease in the 

number of pods per plant in red gram by increasing the row

spacing from 30 to 45cm but the effect on other yield attributes

was not remarkable. The relationship between optimum plant 

density and yield attributing characters were also reported in
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French bean (Pwivedi ej: al. , 1994), cluster bean (Bhadoria and 

Chauhan, 1994), Indian butter bean (Patel , 1994) and rice

bean (Prasad £t &1-, 1994).

2.2.3 Effect of plant density on yield
In cowpea, Subramanian gi &1. (1977) observed that 

the effect of differential spacing on yield was significant. A 

closer spacing of 60 X 15cm (1,11000 pts/ha) recorded the highest 
grain yield and was superior compared to other spacings, 60 X 
20cm (86,000 pts/ha) and 60 X 25 cm (67,000 pts/ha). Jain and 

Chauhan (1988) noted a significantly high grain yield and harvest 

index at a spacing of 30cm, compared to higher and lower spacings 

of 15. 22.5 and 37.5 crns in mungbean. In green gram genotypes 

Thakuria and Saharia (1990) opined that grain yield was 

significantly higher at a plant density of 330 x 10'"' compared to

ower density of 220 X 10'"’. In summer green gram, Dwangan et

al. (1992) learned that a closer spacing (20cm) significantly

increased the seed yield compared with wider row (30cm) spacing. 

Kumar and Sharrna (1989) noted in blaekgram a significantly high 

grain yield per plant, as well as dry weight of roots and shoots 

at 30cm row spacing compared to closer spacings. In both 

greengram and blaekgram, Prasad and Yadav (1990) observed 

significantly high grain yield and biological yield at an inter

row spacing of 22.5cm compared to closer spacing of 15cm and 

wider spacing of 30cm. In summer blaekgram, the seed and straw 

yields recorded at 22.5cm and 30cm row spacings were 

statistically on par but showed significant increase over 

15cm spacing (Singh and Yadav, 1994).
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Significant influence of plant density on yield has 

been reported in other crops also like redgram (Nivedita and 

Reddy, 1990, Tripathy and Chauhan, 1990), french bean 

(Haldavanekar £l al-, 1992, Pwivedi e£ al.,1994), cluster bean 

(Bhedoria and Chauhan, 1994), Indian butter bean (Patel eg

al.,1994), rice bean (Prasad si si., 1994), lentil (Watt and

Singh, 19921 pea (Yadav si al. , 1990, Yadav al - ,1993).

2.2.4 Effect of plant, density on moisture - extraction pattern 
(MEP), consumptive use (Cu) and water-use efficiency (WUE)

Not much work has been done regarding this aspect. 

However, in summer green gram, Dwangan cl al-, 1992 observed that 

a closer row spacing of 20cm showed a higher W E  compared to a 

wider spacing of 30cm. Also the crop planted at a closer spacing 

extracted, more moisture from the upper layers of 0-30 cm.

2.2.5 Effect of plant density on nutrient composition and uptake
Jain and Chauhan (1988) observed a higher protein 

content in green gram eultivars spaced at 22.5cm over 15cm but 

was on par with 30cm which was attributed to more uptake of

nitrogen at a. wider spacing. The protein content was maximum at

the medium (111.1 X 10'"’ pts/ha) than at the lowest (83.3 X 10’" 

pis/ha) and the highest (166.7 X 10'*’ pts/ha) plant densities in 

pigeonpea as reported by Tripathi and Chauhan (1990). In Indian 

butter bean. Patel at al, '1994) observed that the maximum grain 

protein content was got when the crop was sown 60 cm apart than 

at a closer spacing. Chavan and Kalra (1983) in groundnut variety 

TG-1 reported that wider rows of 45cm, recorded higher content 

of N.F.K while uptake of these nutrients was higher at a closer-
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srac ing of 30cm as the DMP was higher in this spacing. In

soybean, Rajput al al- (1991) observed that there was a 

significant increase in the N,P and K contents of grain and straw 

with every increase in row width except P content of straw. But

the total uptake of nutrient significantly decreased with the

increasing row width in both grain and straw since there is a 

corresponding decrease in yield also. Prasad al al. (1993) also 

reported a higher protein content in soybean seed due to better 

availabitlitgo and uptake of nutrients at the lowest level of 

population of 167,000 pts/ha compared to 200,000, 250,000 and

333,One pts/ha.

2.2.6 Effect of plant density on the economics of cultivation
Singh al al. (1978) reported that in pigeonpea, 

the net return was higher at 50cm (Rs.3965.65/ha) than at 75 cm 

of row spacing. In french bean, net returns was significantly 

higher with 400,000 pts/ha (30 cm row spacing) compared to

286,000 pts/ha (45 cm row spacing ) and 200,000 pts/ha (60 cm row 

spacing) as reported by Dwivedi al al- (1994). In Indian butter 

bean, Patel eg al- (1994) noted maximum a net return of Rs.

3092/ha under 45cm spacing. Both the net return and return per

rupee invested decreased markedly due to reduction in plant 

density from 333,000 to 1,67,000/ha in summer sesamum (Ghosh and 

Patra, 1994).

2.3 Effect of phosphorus
The significance of judicious application of 

phosphorus to legumes has been recognised by different workers 

from-different parts of the world. Application of phosphorus to 

pulses has improved the growth, yield and quality of the crops
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and fixed varying quantities of atmospheric nitrogen resluting in 
restoration of soil fertility. Differential response of P can be 
attributed to its uptake efficiency and its utilization, which in 
turn is greatly influenced by environmental factors (Abbas si 
a l . . 1994).
2.3.1 Effect of phosphorus on growth characters

Phosphorus is a major constituent of plant cell 
nucleus and growing root tips which helps to absorb more plant 
nutrients and water from the deeper layers of the soil and
ultimately results in better growth of the plant.

Application of phosphorus had significant
influence on plant height only at the early growth stages in
summer cowpea as reported by Balakumaran (1981). Singh (1985) 
also observed an increase in plant height in summer cowpea when 
the level of applied phosphorus was higher (60kg P2 0 5 /ha)
compared to lower levels (20 and 40 kg/ha). But no clear trend 
was noted in the number of branches per plant.

A better value for the length of main shoot in cowpea 
with a phosphorus level of 40kg/ha compared to 20 and 60 kg/ha 
and no phosphorus was noted by Jain si si. (1986) but the 
difference due to different levels of applied phosphorus was non 
significant. But with respect to the number of branches, the 
highest was with 60kg which was on a par with 40kg but both 
levels gave significantly higher values compared to lower levels. 
An exactly similar trend was noticed with the number of leaves 
per plant also. Kher si si.(1994) recorded that phosphorus at 40 
and 80kg/ha did not differ practically with respect to growth
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parameters (plant height and plant spread) in cowpea but was 
apparently higher over the control. In summer cowpea fertilizing 
with P2O5 @ 50kg/ha improved the growth attributes like plant 
height, leaves per plant, canopy area significantly compared to 
0 and 25kg and was on a par with 75kg/ha (Rajput, 1994).

Plant height was found to be significantly increased 
with 50kg P2 0 5 /ha over other treatments (0,25 and 75kg/ha) in 
green gram (Arya and Kalra, 1988). A phosphorus level of 30kg/ha 
was found to increase the plant height and number of branches per 
plant compared to control by Singh and Chowdhary (1992) in green 
gram. A significant increase in the plant height and number of 
branches per plant by the application of phosphorus upto 60kg/ha 
was reported by Singh and Tripathi (1992) in black gram. Plant 
height at 45 DAS and at harvest and primary branches per plant in 
blackgram showed significant response to application of 30 and 
60kg P20g/ha compared with the control. The two levels were 
found to be on a par (Shah al. , 1994).
2.3.2 Effect of phosphorus on yield attributing characters

Kumar and Pillai (1979) reported that the 
application of phosphorus upto 40kg P2C>5/ha profoundly influenced 
the number of pods per plant, number of seeds per pod and the 
length of pods in cowpea. The highest number and weight of green 
pods per plant, was noted by the application of 60kg P2 0 5 /ha in 
summer vegetable cowpea by Patel (1979) in comparsion with lower 
levels of 0,20 and 40kg/ha. Jayaram and Ramiah (1980) reported 
that the application of phosphorus in cowpea increased the number 
of pods per plant and the number of grains per pod in both summer 
and kharif seasons upto 37.5 kg and 25kg P2C>5/ha respectively.
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If found that cowpea responded to P’hoiyhorus upto 50kg P°'5f •

ha and influenced all the yield contributing characters, viz.. 

the number of pods per plant, seeds per pod and 100 grain weight 

<’ Geethakumari and Kun.ju, 1984). A further increase in dose upto

62.5 kg /ha caused a reduction in all these yield contributing 

attributes. The maximum weight of pods and the total green pod 

weight per plant in cowpea was noted with the application of 60kg

PoC’g/ha. but the* increase in the number of seeds per pod 'was

significant only upto 40 kg/ha (Jain el al., 1986). In cowpea. 

maximum number of pods, pod weight per plant and seed yield was 

recorded by the application of 50kg PcOpp'ha (Ramamurthy ef al. , 

1990 :. Subramanian el al• fl‘993) reported that in vegetable 

cowpea the application of graded levels of phosphorus had nc 

significant effect on the pod length and number of seeds per pod. 

In another study on the response of summer cowpea to phosphorus 

Kher al al. <1994 > noted that the application of 40 and 80kg/ha 

phosphorus did not differ practically in respect of yield

attributes like the number of grains per pod, length of the pod

and test 'weight but was apparently higher over the control. In 

cowpea, Rajput (1994) also found significant effect of P on yield 

attributes like the number of pods per plant and seeds per p--od 

upto 50kg:' ha which was on par with a higher level of 75kg/ha.

• In summer green gram, Gupta and Rai ( 1989 /jointed

out that the vield attributes like the number of effective pods 

per plant and seeds per pod were significantly improved by P 

application upto 15 kg/ha and uplo 30 kg/ha for 1000 grain 

weight. In another experiment with summer green gram it



was found that the yield attributes like the pod number, 
pod length, grains per pod and 1 0 0 0 grain weight were 
significantly influenced by P application upto 80kg/ha (Sarkar, 
1992). Mishra (1993) also reported a significant increase in 
yield attributes like the pods per plant, seeds per pod and 
1 0 0 0 grain weight upto 60 kg/ha in black gram.
2.3.3 Effect of phosphorus on yield

Application of 60kg P2 O5 /ha markedly increased 
the seed yield in cowpea whereas higher doses decreased the 
yields (Malik e l  a l - , 1972). Maximum grain yield in cowpea was 
got by the application of 40kg P0 0 5/ha but the difference with 
20kg/ha was not significant (Viswanathan el al.,1978). Ahlawat 
et al.. (1979) also found that the highest grain yield was got by 
applying phosphorus @ 60kg/ha compared to 30kg and no phosphorus 
but the increase over 30kg was not significant. In summer 
vegetable cowpea, Patel (1979) noted that application of P @ 
60kg/ha gave significantly higher pod yield over 20 and 40kg/ha. 
From a field experiment conducted at TNAU, Jayaram and Rami ali
(1980) concluded that a linear increase In grain yield was 
observed in cowpea upto 37.5kg P2 0 g/ha in summer and 25kg/ha in 
kharif. The grain yield increased linearly in grain cowpea from
12.5 kg to 50kg P2 0 5 /ha (Geethakumari and Kunju,1984). 
Muthuswamy al &1-(1986) from another experiment on rainfed cowpea 
pointed out that there is a significant positive response in the 
grain yield for P application compared to no phosphorus but the 
difference between the effects of different levels were 
insignificant. In cowpea, Ramamurthy a l  al-  (1990) observed 
highest yield at a P level of 50kg/ha. Gandhi al al-(1991) also



reported significantly higher yield when cowpea was fertillzed 

with 50kg FpOp ha. In summer cowpea, maximum grain and fodder 

yield was obtained by applying P @ 80 kg/ha (Rat and Patel.. 

1991'. Better expression of yield was got in cowpea with higher 

level of P ■'30kg'ha) compared to 15kg (Philip.1993> . In 

vegetable cowpea, maximum DMP and vegetable yield was obtained at 

an applied P level of lOOkg/ha which was on par with 50kg/ha 

(Subrarnanian get al-- 1993). Kher at al- (1994) noted that in 

summer cowpea application of phosphorus at 40 and SOkg/ha did not 
differ practically with respect to yield but was significantly 

higher over the control. Highest seed and stover yield of cowpea 

was obtained by P application © 7'5kg/ha which was on par whin 

oOkg/ha < Ra.iput, 1994 ) .

In green gram genotypes, Thakuria and Cali at- is. 

(ISO1/; observed the highest grain yield with 30kg P'-Of./ha which 

was on par with higher doses. But Dubey yt al. j1393) noted no 

significant effect of applied P on green gram yield, whereas 

Dwangan et 3,1- > 1993 > obsei-ved that phosphoi‘us ® 6dkg/ha gavt. 

3 igni f i? ant 1 y higher yield. Sarkar ( 1993) reported Linear 

in or-ease in gr a m  yield oi green gram unto 80kg P^Or./h ;i. 

Appl i'oaticiji of 3'dk.g P2-55-'' ha recorded signif icantia higher yic ie 

■ever the oontr jL bat -vac on par with 60kg/ha Singh -no 

Chaudharv, 1993 . Sharma ef ol. (1934 > observed that dry matte >

partitioning indicated significant response of crop to P for dr y 

matter of leaf and stem upto 60kg PgOn/ha. Singh y_l 

also observed significant increase in seed yield by p a pi a. ic-at ion



@ 30kg/ha in comparison with the control but the effect of a 
higher dose was not significant.

Rao si al- (1990) also observed a positive 
relationship between yield and phosphorus application in 
blackgram upto 60kg/ha beyond which it decreased. An increase 
in yield and DMP of summer black gram by the application of 
phosphorus upto 60kg/ha was also reported by Singh and Tripathi 
(1992). Mishra (1993) also found that grain yield increased 
progressively with an increase in the level of P and the maximum 
response was at 60kg/ha in black gram. Phosphorus application 
was reported to increase the grain, straw and biological yields 
as well as the DMP at harvest in blackgram upto 30kg/ha beyond 
which the increase was not significant (Shah si al-, 1994).
2.3.4 Effect of phosphorus on moisture-extraction pattern (MEP), 

consumptive use (Cu) and water-u3e efficiency (WUE)
In spring cowpea, an increase in the Cu of 

water and WUE was observed with the application of phosphorus by 
Ahlawat si si. (1979). However, the differences between 30 and 
60kg P2 0 5 /ha were not perceptible. But, Subramanian si al.(1993) 
reported that phosphorus application linearly accentuated the 
water use efficiencies of cowpea in both kharif and summer 
season. In another experiment with summer cowpea, application of 
phosphorus at 40 and 80kg/ha did not differ practically in 
respect of Cu of water and WUE but was apparently higher over the 
control (Kher si si-,1994).

In summer green gram, phosphorus @ 60kg PcOg/ha 
showed maximum WUE (Dwangan si si-, 1992). The Cu of water was 
reported to increase by 31.4mm with increase in level of
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phosphorus from 0 to 60kg /ha in summer black gram (Singh and 

Tripathi. 1392';. A favourable influence of P on moisture use in 

chickpea upto 45kg/ha was noted by Joseph and Varrna < 1994 > ,

2.3.5 Effect of phosphorus on nutrient composition and uptake
In summer cowpea, N content significantly 

decreased with increase in P but P content showed a positive 

response to applied P whereas K content was not influenced by

graded P application (Balakumaran, 1981). In grain cowpea.

uptake of P was significantly influenced by P application

( Geethakumari and Kun.iu, 1984 ) . Muthuswamy e..t a l-  (1986 ) observed 

an increasing trend in the uptake of P in cowpea with the 

increasing levels of applied P from 0 to 40kg/ha. Available P 

status of the soil was also higher after the experiment with th--- 

highest level of P. A significant decrease in N content with 

increasing levels of P was noted in cowpea along with a positive 

response in P content with applied P. But uptake of N and X did 

not show any significant relationship whereas P uptake increased 

with applied P (Philip, 1993). Subramanian £±. &1.• (1303; also 

observed that P uptake increased with increase in applied P upto 

100 kg'ha which was. on par with 50kg/ha in vegetable cowpea.

Uptake of N by green gram was significantly high 

at a P level of 100kg which was on par with 50kg (Reddy, 1986) . 

In green gram. a significant increase in the N uptake of grain 

and straw and F uptake of grain was noted with 30kg PpOe/ha 

oomp.ared to control but the effect of a higher dose was non

significant whereas the P uptake of straw and total P uptake was 

significantly high at 60kg Pc0^/ho (Singh s± -. 1994). A
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significant increase in the total N,P and K uptake was noted due 
to application of P upto SOkg/ha in black gram (Shah 
al.,1994)
2.3.6 Effect of phosphorus on the economics of cultivation

In summer vegetable cowpea, Patel (1979) 
reported that the highest net profit of Rs.4577/ha was obtained 
by the application of highest level of phosphorus i.e.,60kg/ha. 
From another study on cowpea, Jayaram and Ramiah (1980) reported 
that the economic optimum dose of P was 26.9 kg/ha. Among the 
different treatments, application of 25 kg P2 0 g/ha gave 
comparatively higher net return in both summer and kharif 
seasons. Among the different levels of P tried in cowpea, 75 
kg/ha gave the highest gross, net returns and benefit-cost, ratio 
of Rs.19,216, Rs.7832/ha and 1.69 respectively owing to higher 
yields (Ra,iput, 1994). In summer mung, Arya and Kalra (1988) 
calculated the economically optimum dose of P from response curve 
as 43.63kg/ha and 44.20kg/ha for two consecutive years. Pal and 
Jana (1991) found that the benefit-cost ratio was maximum (5.47) 
at 30kg P2C>5 /ha and diminished to 1.51 at 60kg P2C>5/ha in green 
gram.
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MATERIALS AND METHODS

The investigation was carried out with the objective of 
assessing the effect of phosphorus on vegetable cowpea var. 
Malika under varying moisture regimes and plant densities and to 
work out the economics of different treatment combinations. The 
materials used and the methods adopted for the study are briefly 
described below.

3.1 MATERIALS

3.1.1 Experimental site
The experiment was conducted at the Instructional 

Farm(IF), attached to the College of Agriculture (COA), Vellayani 
located at 8.5®N latitude and 76.9^E longitude at an altitude of 
29m above the mean sea level.

3.1.2 Soil
The soil of the experimental area was sandy clay loam 

in texture. The data on the physico-chemical properties of the 
soil of the experimental site are furnished in Table 3.1.

3.1.3 Cropping histroy of the field
During the previous two seasons,bulk crop of rice was 

cultivated in the experimental area.
3.1.4 Season

The study was conducted during the summer season 
(period extending from the second fortnight of December to the 
first week of April of 1994-95).
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Table3.1 Physico-Chemical properties of soil 
A. Mechanical Composition
Cl no Constituent Content in 

soil (%)
Method used

1. Coarse Sand
2. Fine Sand 
0. Silt
4 . 01 ay

13.82 
32.75 
28.25 
24.88

Bouyoucos
Ply d r cine t e r me t hi o d
(Bouyoucos.1962"

Textural Class - Sandy clay loam

B. Important Soil Physical Constants

Depth
Particulars

of Soil layer (0-45c;rn)
Method used

0-15 15-30 30-45

Field capacity 23.5 
(per cent'

20.5 25.0 Core sampler methoc 
(Dasthane. 196- '

Eu1k 4ens i t v 1.30
; Msy'm'"’>

1.33 1.35 (Dakshinamurthv ant 
Gupta. 1968

C. Chemical Composition

SI No Parameters Content Rating Method used

1. Available N 

(Kg/ha
430 Medium A 1kaline pot a ss i urn 

permanganate meth
od (Subbiah and 
A s i j a , 105 6 )

2. Available P205
( Eg/ha':

34 Medium Br ay c o 1 o r i me 1. r i c 
method(Jackson,1273}

3. Available K-0 
Kg'/ha > -

197 Medium Ammo n i uu ; a c e ta t e 
methodf. Jackson, 1273 >

-1 . t 4.3 Acidic meter with glass
tl^C t V C■■ d 11- i ‘Jci Ck & 1 i T
1 O *7 o \



3.1.5 Weather data
The meteorological data including weekly averages of 

temperature, evaporation, relative humidity and weekly totals of 
rainfall during the cropping period was collected from the 
Agrometeorological observatory attached to the Department of 
Agronomy, COA, Vellayani and are presented in Table 3.2 and 
Fig.1.
3.1.6 Crop and variety

Vegetable cowpea cv. Malika was selected for the study. 
This variety was released from COA, Vellayani and found suitable 
for cultivation in the red sandy clay loam soils of Kerala, 
especially during the summer rice fallows. The morphological 
characters of the variety are given in Table 3.3.

3.1.7 Source of seed material
The seeds for the experiment was obtained from the IF, 

COA, Vellayani.

3.1.8 Manures and Fertilizers
Well decomposed and dried farm yard manure (FYM) 

obtained from the IF, COA, Vellayani was used in the study. 
Along with that, fertilizers of the following analysis were used 
as sources of nitrogen, phosphorus and potassium respectively. 
Urea - 46 per cent N 
Mussoriephos - 22 per cent P2O5 

Muriate of potash - 60 per cent K2O
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Fig. 1 W eather data during the cropping period(1994-1995)
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Table 3.2 Weather data during cropping period

Period Standard Maximum Minimum Rainfall Evaporation Relative
week temper

ature
( ° C )

temper
ature
(°C)

(mm) 
(weekly 
total)

(mm) 
(weekly 
total)

humidity
(%)

52 31.8 2 2 . 2 0 12.5 77.93
1 31.7 2 2 . 6 0 24.0 80.79
2 31.9 23.2 8.4 25.0 74.93
3 31.0 23.1 0 27.0 81.43
4 30.9 2 1 . 6 0 24.0 73.79
5 31.8 2 2 . 8 0 28.0 70.93
6 32.3 23.0 0 28.0 69.93
1 31.5 23.3 0 26.0 73.79
8 31.9 23.1 0 34.0 72.36
9 40.0 2 2 . 8 0 30.0 72.43

10 32.3 23.1 0 34.0 74.71
11 32.6 23.6 4.0 33.0 70.79
12 33.4 23.7 0 35.0 69.79
13 33.4 25.7 1 . 0 39.0 71.86
14 32.9 25.0 38.6 27.5 76.42
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Table 3.3 Morphological characters of vegetable cowpea cv.Malika

Parentage

Growth habit
Petiole colour
Stem colour
Peduncle colour
Pod attatchment to peduncle
Immature pod colour
Dry pod colour
Seed shape
Seed colour

Days to 50 percent flowering
Length of pod
Number of seeds per pod
Weight of 100 seeds
Productivity
Duration

Single plant selection from 
'Trivandz'um local'
Twining and climbing
Light green
Light green
Light green
Pendent
Light green
Straw
Kidney-shaped
Brown colour with a white speck 
of irregular shape at one end
45 to 50
43.5 cm
17.1
16.1 g
9.8 t/ha 
100 days
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Fig. 2 Layout plan of the experim ental plot

I - Irrigation 
levels(3)

11 - Irrigating at
10 mm CPE 
value

12 - Irrigating at
15 mm CPE 
value

D -Plant density 
levels(3)

Di - 22,222 pts/ha
(0.75X0.6 m)

D2 - 16,667 pts/ha
(1X0.6 m)

D:) - 13,333 pts/ha
(1.25X 0.6m)

P - Phosphorus 
levels(4)

Po - No 
phosphorus 
Pi - 30 kg/ha P2O5 
P2 - 45 kg/ha P2O5 
Po - 60 kg/ha P2O5

I 2D ,Po 12D , P 2 I.3D1P1 I.,D 1P3 I .D .P a 1 1D1P0

I 2 D I P 1 i 2d ,p . , i 3d , p „ I3D  | P 2 1 |D 1 P:i I .D .P ,

I 2D ;!P , I 2D:,P 0 I3D3P,, I3D 3P, I ,D::P:>. I ,D.:P 1

I 2D:,PI I2D3P2 I ,I I.3D3P2 I ,D:,P0 1 1D3P2

i 2d 2p«, I2D2P, I3D2P, I3D2P2 I1D 2 P , I.DaPa

I2D2P3 I2D2P2 I3D2P3 I3D2P0 I1D 2P1 liD aPa

I2D3P, I2D3P0 I1D3P2 I1D 3P3 1 ,1)., P . I3D3P2

12 D .P , I2D3P2 I.D :,P , IID3P0 I3D3P 1 I3D3P 0
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i 2d , p 2 h D , P , I 1D 1P 1 1 1D1P0 1 :.D |P 2 I3D 1P1

I2D1P0 I2 D ,P , i , d , p 2 I .D .P :, I:,D,Po I:,D 1 P.,

I3D IP1 I3D 1P3 I , D , P 3 i , d , p 2 I 2DiPo I2D 1P ,

I3D1P0 I3D jP  2 IID 1P I I .D .P o I 2D |P 3 I 2D , P 2

IaDaPs I3D2P, I1D2P0 I1D2P2 I2D2P2 I2D2P3

I:tD2Po I3D2P2 I ,D 2.P, I.D 2P3 1 2 T)a Pi I2D2P,,

1 ,1) 4 ’ :, I:,!):,!’ . 1 . 1):,P 2 Ill):,P.. 1 ,1) .1’ ■ ly.l):,!’ ,,

I3D3P2 I.iD'iP 0 1 ,D., P., 1 iD :,P , I2D3P, I2D.3P3

Strip-Split plot design
Gross plot size - 6 x 4.8m 
Net plot size - 4 x 3.6m



3.2 METHODS
3.2.1 Design and layout

The field experiment was laidout in Strip-split, plot 
design with three replications. The layout is presented in 
Fig.2.
3.2.2 Treatment details
Treatment combinations- 36
Main plot combinations (9) - Combinations of three levels of 
irrigation and three levels of plant density in horizontal and 
vertical strips.
Sub plot treatments (4) - Four levels of phosphorus in the 
subplots (split, plots) within the cross-section plots.
Irrigation levels
1 1 - Irrigating the crop at 10mm CPE value
12 - Irrigating the crop at 15mm CPE value
(Depth of irrigation 20mm for 1^ and I2 )
13 - Farmer's practice (Light irrigation of 10mm everyday)
Plant density levels

- 22,222 plants/ha (0.75 X 0.6m)
D2 - 16,667 plants/ha (1 X 0.6m)
D3 - 13,333 plants/ha (1.25 X 0.6m)
Phosphorus levels 
Pq - No phosphorus 
Pj[ - 30 kg/ha P2 O5

P2 - 45 kg/ha P2O5

P3 - 60 kg/ha P2O5

31



3.2.3 Size of the plot
Gross plot, size - 6 X 4.8m
Net plot size - 4 X 3.6m
3.3 FIELD CULTURE
3.3.1 Land preparation

The experimental field was ploughed with a power 
tiller, stubbles were removed and levelled properly. The field 
was then laid out into blocks and plots. Liming was done to 
neutralize the acidity of the field @ 250 kg/ha.
3.3.2 Manures and fertilizers

FYM @ 20 t/ha was applied uniformly to all the plots
and mixed well with the top soil. A common dose of 30 kg/ha N
and 10 kg/ha K2O was given to all the treatments. Phosphorus was 
applied in the form of Rock phosphate. Full dose of phosphorus 
and potash and half of nitrogen was applied basally one week 
after sowing and the remaining half of nitrogen in three equal 
split doses 20, 30 and 40 DAS as soil application.
3.3.3 Sowing

Furrows of width 30cm were taken along the length 
of the plot at 1, 1.25 or 0.75m distance according to treatment 
and seeds were dibbled at the rate of three per hole at a depth 
of 5cm in the furrows and at a spacing of 60cm between plants.
3.3.4 Aftercultivation

Uniform germination was obtained in the field. Five 
DAS gap filling was done in a few plots. The crop was thinned 
one week after emergence and the plants were trailed on 
standards. The crop was given regular weedings throughout the



cropping period. Earthing up was also done after top dressing of 
N. Thirty DAS , five plants were selected randomly from the net 
plot area and tagged as observational plants.
3.3.5 Irrigation

The differential irrigations according to the
treatments were started 10 DAS. Soil samples were taken
periodically from each plot, and moisture content was calculated 
by gravimetric method and also by using Sentry 200 AP, an 
instrument giving values of soil moisture content, at varying 
depths based on the high dielectric constant of water and the 
moisture depletion pattern was studied. Measured quantities of 
water was given to the plots according to the treatments at a 

CPE value of 10 and 15mm respectively in treatments 1^ and Ic 
at. a depth of 2 0mm and daily irrigation treatment given to 1 3 at 
a depth of 1 0mm.
3.3.6 Plant protection

BHC 10% dust was applied along the furrows and also 
around each individual plot after sowing to prevent the attack of 
ants feeding on seeds and also grasshoppers cutting the young 
seedlings at the collar region. Dusting was repeated every week 
till one month. Quinalphos at 0.3% and Phosphamidon at 0.1% were
sprayed at 20 and 30 DAS as a prophylactic measure against
aphids and shoot, borer. Spraying of Neem kernel suspension was 
given thrice from flowering stage to about 80 days stage to 
protect, the plant, from the American leaf miner found serious in 
the field.



Soil drenching with Fytolan 0.3% was done 2-3 days 
before sowing as a prophylactic measure against pre-emergence 
damping off. Regular spraying of the fungicide was repeated at
intervals of two weeks upto 45 DAS.
3.3.7 Harvesting

Vegetable picking commenced 50 DAS. Subsequent harvests
of immature pods from the net plot area was done in alternate
days uniformly from all the treatments upto 100 DAS and fresh 
weight and dry weight recorded seperately. After the crop period 
when the vegetable yield had fallen well below the economic
level, the plants were pulled out from the net area and bhusa 
yield recorded. After that the same was sundried and ovendried 
and dry weight was recorded.
3.4 BIOMETRIC OBSERVATIONS
3.4.1 Height of the plant

The mean value of the height of 5 randomly selected
observational plants from each net plot were computed at 30, 45,
60, 75 and 90 DAS and recorded. The height was taken from the
base of the plant, to the terminal leaf bud and expressed in
centimetres.
3.4.2 Number of branches

The mean values of number of branches per plant were
computed from 5 observational plants at 30, 45 and 60 DAS and
recorded.
3.4.3 Number of leaves

The mean values of number of leaves per plant, were
computed from 5 observational plants at 30,45,60,75 and 90 DAS
and recorded.
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3.4.4 Drymatter production (IMP)
DMP was recorded during five growth stages vis., 30, 

45,60,75 and 90 DAS. One plant was uprooted from the 
destructive row at each stage carefully without damaging the 
roots and seperated into leaves, stem and roots. These were 
dried under shade seperately and then oven dried at 65^0 for 10 

hours till two consecutive weights coincided. The final weights 
were totalled and expressed in gram per plant.
3.4.5 Days for 50 per cent flowering

The date of flowering of 50 per cent of the net 
population was recorded for each treatment, and the period taken 
was recorded as number of days.
3.4.6 Number of pods per plant

Pods collected from 5 observational plants per net plot 
were counted seperately and averages were worked out.
3.4.7 Pod yield in kg/ha

Yield of vegetable obtained from each net plot was 
recorded seperately and totalled up at the end of the cropping 
season and expressed in kg/ha
3.4.8 Earliness of harvest

Observations on the day of first harvest, protracted 
pattern of maturity of pods for* early harvest treatmentwise were 
done.
3.4.9 Haulm yield

After the pods were picked from each net plot the 
plants were uprooted, sundried uniformly, and weighed. The 
weight was expressed in kg/ha.
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3.4.10 Number of picking
Number of vegetable pickings from each net plot during 

the total crop period was recorded treatmentwise.

3.5 SOIL MOISTURE STUDIES
3.5.1 Moisture depletion pattern

The average relative soil moisture depletion from each 
soil layer in the root zone was worked out for an interval of 
15days for each treatment. The total loss from each layer was 
determined on percentage basis at the end of the cropping period.

3.5.2 Water use efficiency (WUE)
Field water use efficiency was calculated by dividing 

the economic crop yield by the total amount of water applied in 
the field (WR) and expressed in kg/ha/mm.
3.6 ANALYTICAL PROCEDURES
3.6.1 Soil analysis

Soil samples were taken from the experimental area 
before and after the experiment. The air dried soil samples were 
analysed for available N, P2O5 and K2O content. Available N 
content was determined by Alkaline KMnC>4 method (Subbiah and 
Asija, 1956), available P2O5 content by Bray Colorimetric 
method (Jackson, 1973) and available K2O by Ammonium acetate 
method (Jackson, 1973).
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3.6.2 Plant analysis
Plant samples were analysed for N,P and K content at 3 

stages of crop growth viz, 30, 60 and 90 DAS. Samples were
chopped and dried in an oven at 80 ± 5®C till constant weights 
were obtained. Samples were ground and sieved through 60 mesh 
sieve. The required quantity of samples were then weighed out 
accurately in an electronic balance and used for chemical 
analysis.
3.6.3 Uptake studies

Total uptake of N, P and K at 30, 60 and 90 DAS was
computed based on the content of these nutrients in plants and
the dry matter produced (Jackson, 1973).
3.7 ECONOMIC ANALYSIS

The economics of cultivation of the crop was worked out 
and the net income and Benefit- Cost ratio(BCR) were calculated 
as follows:-

Gross Income
BCR = -----------------------

Total Cost of Cultivation
3.8 STATISTICAL ANALYSIS

Data relating to each character was analysed by
applying the Analysis of Variance technique (AN0VA) (Gomez and
Gomez, 1984).
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RESULTS

A field experiment was conducted at the Instructional 
Farm attached to the College of Agriculture, Vellayani during the 
summer season of 1995 to study the response of vegetable cowpea 
cv.Malika to phosphorus under varying moisture levels and plant, 
densities. The experimental data collected were statistically 
analysed to find out the effects of graded levels of irrigation, 
plant density and phosphorus as well as their interaction 
effects. The results obtained are presented below.

4.1 Growth characters
Plant growth was measured in terms of plant height, 

number of leaves and branches per plant at fortnightly intervals 
commencing from 30 DAS.

4.1.1 Plant height
Plant height as influenced by irrigation, plant density 

and phosphorus are presented in Table 4.1, 4.1.1, 4.1.2, 4.1.3
and 4.1.4.During all the different stages of crop growth, plant 
height was significantly influenced by irrigation, plant density 
and phosphorus and their interactions.

The irrigation treatments, 1^ and Ig gave a marked 
increase in plant height over 1 2 - I3 was also significantly 
superior to I^. The same trend was noticed upto 90 DAS. A 
plant density level of D2 recorded a significantly higher plant 
height over D^ and D3 during all the growth stages. A marked 
reduction in plant height was also noted with D^ compared to the
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other plant density levels. The phosphorus level of Po was 
significantly superior to all the other levels with respect, to 
the height of plants. The trend remained the same throughout the 
crop growth. With a no phosphorus level (P0 ) a significant 
reduction in plant height was noted compared to all other levels. 
In general, a significant increase was noted in plant, height with 
increase in the level of phosphorus upto P2 whereas a further 
higher level P3 showed a significant reduction.

The interactions of irrigation and plant density, 
irrigation and phosphorus and density and phosphorus exerted 
remarkable influence on plant, height. The combinations I3D2 . 
I3P2 and D2P2 gave appreciably taller plants than other two 
factor combinations.

The combined interaction of the three factors, 
viz.,irrigation, plant density and phosphorus was also 
significant with respect to the plant, height. The treatment 
combination I3D2P2 was superior to all other treatment 
combinations during all the stages of crop growth except at 30 
DAS when I]_ was on a par with I3 at the same level of density and 
phosphorus, D2P2 -
4.1.2 Number of leaves per plant

The mean number of leaves per plant as influenced by 
irrigation, plant density and phosphorus are presented in Table
4.2 , 4.2.1 , 4.2.2, 4.2.3 and 4.2.4. Generally the number of
leaves increased progressively upto 75 DAS. Thereafter a 
reduction in the number of leaves per plant was observed. The
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Table 4.1 Effect of irrigation, plant density and phosphorus on
plant height(cm)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

Irrigation
II 103.03 175.71 237.23 296.24 356.09
Io 92.35 151.61 217.79 278.70 333.38

13 103.69 177.02 238.70 297.00 357.68

f 2 ,4 11667** 58974** 13074** 5141.33 **

SE 0.059 0.059 0 . 1 0 2 0.144 0 . 0

CD (0. 05) 0.231 0.231 0.401 0.567 0 . 0

Plant density
Dl 97.86 164.69 228.12 287.28 345.43

*>2 101.18 171.21 234.58 293.84 352.70

D3 1 0 0 . 0 2 168.43 231.03 290.82 349.03

f 2,4 * *1639.00 1230.80** ** 1556.00**
SE 0.042 0.093 0 . 0 0.083 0 . 0

CD (0. 05) 0.164 0.366 0 . 0 0.327 0 . 0

Phosphorus
F0 94.50 157.29 2 2 2 . 0 1 280.67 338.71
Pi 97.20 164.63 227.28 286.56 344.59
P2 104.26 176.11 238.92 298.95 357.70
P3 102.79 174.43 236.74 296.40 355.21
f3 ,54 6036.59** 10793.57** 14210.31** 17685.00** **

SE 0.059 0.085 0.067 0.064 0.0
CD (0. 05) 0.168 0.240 0.189 0.181 0.0
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Table 4.1.1 Interaction effect of irrigation and plant density
on plant height (cm)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

II Di 100.64 171.31 233.35 291.77 351.63

II 02 105.14 179.69 241.53 300.48 360.56
II I>3 103.30 176.14 236.48 296.47 356.09
12 Di 91.58 150.11 216.68 277.46 331.75
12 ^2 92.59 153.09 218.80 279.78 334.98

l 2 d3 92.88 151.62 217.89 278.88 333.43

13 Dl 101.36 172.67 234.33 292.60 352.90
I3 D2 105.82 180.85 243.40 301.28 362.56
13 d3 103.88 177.53 238.38 297.12 357.58
f 4,8 **112.57 ** 348.00** 42.00
SE 0.095 0 . 0 0 . 1 0 2 0 . 0 0.270
CD (0.05) 0.311 0 . 0 0.333 0 . 0 0.881
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Table 4.1.2 Interaction effect of irrigation and phophorus on
plant height (cm)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

IlPo 96.53 162.20 226.54 284.44 343.07
IlPl 99.77 171.12 231.70 289.76 350.62

IlP2 108.76 185.64 246.58 306.97 367.03

IlP3 107.06 183.89 244.08 303.79 363.66

I2P0 90.24 146.22 2 1 2 . 1 0 272.56 328.47

l2Pl 91.42 150.06 216.87 279.27 331.02

I2P2 94.63 155.31 221.59 281.90 337.56
l2p3 93.09 154.83 220.61 281.09 336.49
I3P0 96.72 163.43 227.40 285.00 344.61

I3P1 100.40 172.70 223.28 290.67 352.11
I3P2 109.39 187.37 248.60 307.99 368.52

J3P3 108.23 184.57 245.53 304.33 365.48

f 6,54 544.39 712.29** 825.92** **1497.00
SE 0.103 0.147 0.116 0 . Ill 0.0
CD(0.05) 0.290 0.416 0.327 0.314 0.0
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Table 4.1.3 Interaction effect of plant density and phosphorus
on plant height (cm)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

DlP0 93.52 155.23 220.28 279.28 336.66
D1P1 96.10 161.27 226.59 284.64 342.64

DlP2 101.52 172.11 233.94 294.01 352.40

DlP3 100.29 170.17 231.67 291.17 350.01

P2 po 95.34 159.16 223.61 281.94 340.81

D2 P1 98.49 167.47 228.27 288.42 346.89
D2 P2 106.01 180.07 244.07 304.02 362.90

D2p3 104.89 178.16 242.36 300.99 360.19

D3p0 94.63 157.47 222.16 280.78 338.68

D3 P1 97.00 165.14 226.99 286.62 344.22

D3p2 105.24 176.14 238.76 298.82 357.81

P3 P3 103.20 174.97 236.20 297.06 355.42

f 6 ,54 66.29** 45.43** 401.54** 315.00**
SE 0.103 0.147 0.116 0 . 1 1 1 0 . 0

CDC0.05) 0.290 0.416 0.327 0.314 0 . 0
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Table 4.1.4 Interaction effect of irrigation, plant density and 
phosphorus on plant height (cm)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

11 Di Po 95.20 159.47 224.80 283.30 340.77
IlDiPi 98.37 167.13 230.83 287.53 348.73

IlPlP2 105.53 180.07 240.53 299.93 360.00

IlPlP3 103.47 178.57 237.23 296.30 357.03

I1D2 P0 97.57 164.53 228.03 285.60 345.10

IlD2Pl 101.23 174.97 233.23 292.37 353.07

IlD2p2 111.73 190.73 253.13 313.93 373.93

i1d2p3 110.03 188.53 251.70 310.03 370.13

i1d3p0 96.83 162.60 226.80 284.43 343.33

I1P3P1 99.70 171.27 231.03 289.37 350.07
I1D3 P2 109.00 186.13 246.07 307.03 367.17

i1d3p3 107.67 184.57 243.30 305.03 363.80

i2 d1 p0 89.90 145.23 210.63 270.63 327.20
I2 Dipi 91.17 148.63 217.03 278.30 330.00

x2DlP2 92.80 153.63 219.90 280.80 335.60

i2d 1p3 92.43 152.93 219.17 280.10 334.20

I2 d2 p0 90.70 147.17 213.10 274.13 329.70

l2D2pl 91.80 151.30 215.97 279.80 332.00

l2D2p2 94.20 157.17 223.57 283.03 339.63

l2D2p3 93.67 156.73 223.57 282.13 338.57

I2d3p0 90.13 146.27 212.57 272.90 328.50
I2 D3 P1 91.30 150.23 217.60 279.70 331.07

i2d3p2 96.90 155.13 221.30 281.87 337.43
i2d3p3 93.17 154.83 220.10 281.03 336.70
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Treatments

i3d 1p0
I3 D1P1

I3l)lp2
Js^iPs
l 3 V 2 ? 0

I3I)2P1
l3l>2p2
I3 P2 P3

l3D3p0
I3 D3P1

I 3 P3 P2

l3D3P3
F12,54
SE
CD(0.05)

30 DAS

95.47
98.77 
106.23
104.97
97.77 
102.43 
112.01
110.97 
96.93

100 

109.83 
108.77 
18.00 
0.178 
0.503

45 DAS

161.00
168.03
182.63
179.00
165.77
176.13
192.30
189.20
163.53
173.93
187.17
185.50

5.25
0.255
0.720

60 DAS

225.40
231.90
241.40
238.60 
229.70
235.60 
255.50 
252.80 
227.10 
232.33
248.90 
245.20
50.19** 
0 .200  

0.567

75 DAS

283.90 
288.10 
301.30
297.10
286.10
293.10
315.10
310.80 
285.00
290.80 
307.57
305.10 
96.75 
0.192 
0.544

90 DAS

342.00
349.20
361.60 
358.80 
347.63
355.60 
375.13 
371.87
344.20 
351.53 
368.83 
365.77

0 . 0

0 . 0
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irrigation treatments influenced the number of leaves per plant 
during all the growth stages. The I3 treatment produced the 
highest number of leaves per plant and it was minimum with 1 2 - 
The differences between the irrigation treatments were 
significant except I3 and 1^ which were on par only at 90 DAS. 
A plant, density level of D2 gave significantly higher leaf number 
as compared to D3 which was also significantly superior to . 
The trend remained the same upto 90 DAS. The graded levels of 
phosphorus also gave an appreciable increase in the number of 
leaves upto P2 but. a significant reduction in the character was 
noted with a higher dose of phosphorus, P3 .

The interaction between irrigation and plant, density 
was significant with respect to the number of leaves from 45 to 
90 DAS. A higher leaf number was noted with the I3 treatment 
at a plant density level D2 . But at the same density level D2 , Ii 
and I3 levels of irrigation were found to be on a par with each 
other with respect, to the leaf number during all the growth 
stages expect at 75 DAS when I3D2 was significantly superior to

I P 2 -
The interaction effect of irrigation and phosphorus was 

also significant. The irrigation treatment I3 gave the highest 
number of leaves per plant, at a phosphorus level of P2 during all 
the growth stages except at 45 DAS when I]_ was superior at the 
same level of phosphorus. But I3P2 was found to be an a par with 
IjP2 during all the stages except 45 DAS, with I3P3 at 30,75 and 
90 DAS and with 1 ^ 3  at 30 and 90 DAS.
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The interaction effect of plant density and phosphorus 
on the leaf number was significant. The phosphorus level P2 at. a 
plant density of D2 gave the highest leaf number at. 30,45 and 75 
DAS whereas P3 was superior at 60 and 90DAS at the same plant 
density. But the two combinations were on par with each other 
during all the growth stages except 45 DAS and also with D3P3 at 
75 DAS. So, the P levels P2 and P3 were on par at the density 
level Do during all the stages except 45 DAS.

The interaction of all the three factors, irrigation, 
plant density and phosphorus was also significant in case of 
number of leaves per plant upto 90 DAS. The irrigation levels 1̂  

and 13 and phosphorus levels P2 and P3 at a plant density of 1>2 

were on par and superior to other combinations and recorded 
higher leaf number at 30, 60, 75 and 90 DAS. was
significantly superior to all other treatment combinations at 45 
DAS. At 75 DAS, the combinations I1D3P3 , I3 D3 P3 and I3D3 P2 

were found to be on par with the superior combinations.
4.1.3 Number of branches

The influence of differential levels of
irrigation,plant, density and phosphorus and their interactions on 
the number of branches per plant from 30 to 60 DAS is presented 
in Table 4.3,4.3.1,4.3.2,4.3.3 and 4.3.4. During all the three 
stages of crop growth observed the number of branches was 
significanty influenced by irrigation, plant density and 
phosphorus and their interactions.
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Table 4.2 Effect of irrigation, plant density and
phosphorus on number of leaves per plant

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

Irrigation
II 18.95 39.54 73.88 80.88 67.46

12 15.12 34.95 71.09 78.04 64.89

13 19.16 39.65 73.97 81.01 67.50

F2,4 11214.12 22058.00 ' J- *6176.00 ** 5154.00**
SE 0 . 0 2 1 0.018 0 . 0 2 1 0 . 0 0 . 0 2 1

CD( 0. 05) 0.084 0.071 0.082 0 . 0 0.082
Plant density
Dl 17.34 37.39 72.52 79.73 66.28

d2 18.24 38.78 73.40 80.21 66.96
I>3 17.64 37.97 73.02 79.98 66.59
f2,4 * *708.18 ** ** ** **

SE 0.017 0 . 0 0 . 0 0 . 0 0 . 0

CD (0 .05) 0.068 0 . 0 0 . 0 0 . 0 0 . 0

Phosphorus
Po 16.23 36.33 71.79 78.84 65.60
Pi 17.59 37.50 72.50 79.68 66.23
? 2 18.63 39.31 73.92 80.74 67.36
P3 18.51 39.05 73.71 80.64 67.26
F3,54 751.47** 5515.09** 2390.40** 1339.71** 1671.30**
SE 0.04 0.019 0 . 0 2 1 0.024 0 . 0 2 1

CD(0.'05) 0.114 0.053 0.059 0.069 0.059
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Table 4.2.1 Interaction effect of irrigation and plant density 
on number of leaves per plant

Treatments 45 DAS 60 DAS 75 DAS 90 DAS

IlDi 38.86 73.32 80.58 67.07

11^2 40.37 74.42 81.18 67.83

IlP3 39.39 73.91 80.88 67.47
l2Dl 34.43 70.81 77.86 64.71

i2d2 35.48 71.31 78.19 65.13
j2d3 34.95 71.15 78.06 64.82

I3 D1 38.88 73.44 80.73 67.08

i3d2 40.50 74.47 81.28 67.93

i3d3 39.57 73.99 81.01 67.49

f 4,8 11.33** 40.00** 4.00** 12.67
SE 0.049 0.026 0.026 0.031
CD (0.05) 0.161 0.083 0.083 0.102
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Table 4.2.2 Interaction effect of irrigation and phosphorus
on number of leaves per plant

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DA!

iiPo 17.37 37.69 72.39 79.42 6 6 . 2 2

IlPl 18.79 38.81 73.37 80.58 67.03

IlP2 19.87 40.93 75.03 81.80 68.32

IlP3 19.77 40.72 74.73 81.72 68.24

I2P0 13.53 33.28 70.42 77.39 64.23

l2Pl 14.90 34.64 70.77 77.81 64.58

X2 P2 16.10 36.20 71.61 78.54 65.42

I2P3 15.93 35.69 71.56 78.40 65.31

^Po 17.80 38.02 72.54 79.70 6 6 .36
l3Pl 19.08 39.03 73.37 80.64 67.07

I3P2 19.91 40.79 75.11 81.88 6 8 .33
I3P3 19.83 40.74 74.84 81.80 68.23
F6,54 2.90 42.00** 107.1 0** 57.21** 44.55
SE 0.070 0.033 0.036 0.042 0.036
CD(0.05) 0.198 0.092 0 . 1 0 1 0 . 1 2 0 0 . 1 0 1
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Table 4.2.3 Interaction effect of plant density and phosphorus
on number of leaves per plant

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 d a ;

DiPq 15.70 35.83 71.52 78.57 65.34
DlPl 17.31 37.28 72.26 79.49 6 6 . 0 2

DiPp 18.21 38.34 73.26 80.56 66.90
D1P3 18.13 38.10 73.06 80.29 66.87

DpPo 16.73 36.76 72.03 79.13 65.90

I>2 Pl 18.00 37.77 72.78 79.90 6 6 .43

P2 P2 19.20 40.49 74.34 80.96 67.74

DpPs 19.03 40.11 74.43 80.87 67.78
D3p0 16.27 36.40 71.80 78.81 65.57
D3 P1 17.46 37.44 72.47 79.64 66.22
D3p2 18.47 39.09 74.16 80.71 67.43
D3 P3 18.37 38.94 73.64 80.77 67.14
f 6,54 *2.44 **166.09 46.80 % t3.86 13.05
SE 0.070 0.033 0.036 0.042 0.036
CD (0.05) 0.198 0.092 0.101 0.120 0.101
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Table 4.2.4 Interaction effect of irrigation, plant density and
phosphorus on number of leaves per plant

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DA;

IlDlPo 16.60 37.30 72 .00 79.10 65.90
IlDiPi 18.50 38.73 73.10 80.40 66.77

IlDlP2 19.50 39.80 74.20 81.57 67.90

I1D1P3 19.20 39.60 73.97 81.27 67.70
I1D2P0 18.00 38.17 72.80 79.87 66 . 53

1 1 d 2 p 1 19.20 39.00 r7  O  f~71 0 . 1 u 80 . 80 67 . 30
IlD2 P2 2 0 . 50 42.30 75 . 57 82.03 68.67

Ilr)2p3 20.50 42 . 00 75 . 60 82.00 68 . 83
I1D3P0 17.50 37 . 60 72 . 37 79 . 30 66.23

IlD3pl 18.67 38 . 70 73.30 80.53 67 . 03

i1d3p2 19.60 40 . 70 75.33 81.80 68.40
IlD3p3 19.60 40.57 74.63 81.90 6 8 . 2 0

i2d 1p0 13.00 32 . 73 70 . 27 77.17 64.10

l2 plpl 14.60 34 . 50 70.63 77 . 80 64 . 60
I0D1P0i-j A. t-, 15.70 35.50 71.27 78.37 65.03

I2D1P3 15.80 35 . 00 71.07 78.10 65.10

l2 D2 p0 14.00 33 . 60 70 . 60 77 . 43 64.43

I2 D2 P1 15.50 34 . 90 70 . 77 77.87 64.63

■̂2 P2 P2 16 . 60 37 . 10 71.87 78.87 65.80
IoD'-'Fqi-a yj 16.20 36.30 72.00 78.60 65.67

l2p'3p0 13.60 33 . 50 70.40 77.57 64.17

I2P3P1 14.60 34 . 53 70.90 77.77 64.50
I^DqPoL* \J i-> 16.00 36.00 71.70 78.40 65.43



Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

I2 P3 P3 15.80 35.77 71.60 78.50 65.17

I3r)lp0 17.50 37.47 72.30 79.43 66.03
I3 D1P1 18.83 38.60 73.03 80.27 66.70
I3 D2P2 19.43 39.73 74.30 81.73 67.77
I3D1 P3 19.40 39.70 74.13 81.50 67.80

I3 D2 P0 18.20 38.50 72.70 80.10 66.73
I3D2 P1 19.30 39.40 73.87 81.03 67.37

I3 D2 P2 20.50 42.07 75.60 81.97 6 8 .77

l3D2p3 20.40 42.03 75.70 82.00 68.83
l3Dspo 17.70 38.10 72.63 79.57 66.30
I3D3pi 19.10 39.10 73.20 80.63 67.13

l3D3p2 19.80 40.57 75.43 81.93 6 8 . 47

l3D3p3 19.70 40.50 74.70 81.90 68.07

f 12,54 *2.36 11.46 4.95** * *4.50 2.03
SE 0 . 1 2 1 0.056 0.062 0.073 0.062
CD(0.05) 0.342 0.160 0.176 0.208 0.176



of branches per plant, showed pi i f i ■■■ ,=t
one differential irrigation. reatsne:

significantly higher value compared to Ij which was agai- 

ouperior to ly • The varying levels of plant density was ale. 

found to influence the number of branches. D2 gave the highest 

number and was significantly superior to Do which was age if 

superior to Dy. Additional increase in P was found tw result P 

an additional number of branches upto Fo whereas a higher ' '
p. I’tSUX ted in a reduction in branching. The differences

3 i;gnif icant.

The number of branches was significantly influenced by 

the interaction of irrigation and density. At the density lei el 

Do - 11 and In levels of irrigation were on par with each o ther 

at 30 DAS whereas ly dominated during all other stage3 .

The interaction of irrigation and phosphorus was airs 

found to influence the number of branches. At a yhoophorus lew! 

Py . irrigation level la gave the highest- number -T branches w.

30 E'Ao and I] at 45 and 60 DAS. But at a phosphorus level r2 - " 1 

end ly were on par with each other at 30 and 45 IAS and aim

with the combination lyPy at 45 DAS.

The number of branches per plant was also signeticantiy 

influenced by the interaction of plant density and phosphorus. 

At a plant density of Dy. phosphorus at a level Py showed

superiority from 30 to 60 DA5. At 45 DAS, Py was ob 

on par with Py at the density level I- with reaper! 
iumber

ier ' 0 0
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Table 4.3 Effect of irrigation, plant density and phosphorus on
number of branches per plant

Treatments 30 DAS 45 DAS 60 DAS

Irrigation

II 3.89 5.88 7.83
I d 2.34 4.28 6.17

13 3.95 5.93 7.90

f 2,4 23293.86 *10202.27 8562.79**
SE 0.006 0.009 0 . 0 1 1

CD (0.. 05 ) 0.023 0.037 0.042
Plant density
Dl 3.24 5.20 7.10
Dd 3.58 5.54 7.47

3.36 5.34 7.33

f 2 ,4 145.01** 166.32** 274.53**
SE 0.014 0.013 0 . 0 1 1

CD (0..05) 0.055 0.051 0.045
Phosphorus
F0 2 .80 4.75 6 . 6 6

Pi 3.20 5.17 6.98
Po 3.84 5.79 7.84
P3 3.74 5.74 7.73
f3 ,54 1056.01** .sk2121.40 2802.61
SE 0.015 0 . 0 1 1 0 . 0 1 1

CD (0. 05) 0.042 0.031 0.030

55



Table 4.3.1 Interaction effect of Irrigation and plant
density on number of branches per plant.

Treatments 30 DAS 45 DAS 60 Di

11D 1 3.75 5.73 7.58

Il&2 4.10 6.08 8.04

Il03 3.82 5.83 7.88

l2Dl 2.24 4.13 6.01
I0 D0e~i w

2.47 4.40 6.31

i2d3 2.33 4.31 6.20

I3 D1 3.74 5.75 7.71

i3d2 4.17 6.13 8.07

i3d3 3.95 5.89 7.93

f 4,8 **10.71 11.72** 6.83
SE 0.018 0.013 0.016
CD(0.05) 0.059 0.044 0.051
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Table 4.3.2 Interaction effect of irrigation and phosphorus 
on number of branches per plant

Treatments 30 DAS 45 DAS 60 DAS

iiPo 3.13 5.09 6.88
IlPl 3.69 5.72 7.43

IlP2 4.40 6.42 8.62

IlP3 4.33 6.30 8.40

I2p0 2.00 4.03 6.01

l2 Pl 2.12 3.99 5.99

^2P2 2.70 4.56 6.37

•̂2P3 2.56 4.53 6.32

I3 P0 3.27 5.12 7.10
I3 P1 3.80 5.79 7.52

I3 P2 4.41 6.40 8.52

^ 3 4.33 6.39 8.46
f 6,54 35.17** 132.64** 326.88**
SE 0.026 0.019 0.019
CD (0.05) 0.073 0.053 0.053
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Table 4.3.3 Interaction effect of plant density and phosphorus on
number of branches per plant

Treatments 30 DAS 45 DAS 60 DAS

D lp 0 2 . 6 8 4.70 6.54
D1P1 3.00 5.01 6 . 8 6

Dip2 3.69 5.60 7.57
Dip3 3.61 5.50 7.43

D2 p0 2.93 4.86 6.74

D2 pl 3.49 5.36 7.06

02 p2 4.02 5.99 8.14

°2P3 3.87 5.96 7.94

p3p0 2.79 4.69 6.70
D3pi 3.12 5.13 7.03
D3 p2 3.80 5.79 7.80

p3p3 3.74 5.77 7.80

f 6,54 6 .1 0** 14.69** 33.90**
SE 0.026 0.019 0.019
CD(0.05 ) 0.073 0.053 0.053
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Table 4.3.4 Interaction effect of irrigation,plant density and
phosphorus on number of branches per plant

Treatments 30 DAS 45 DAS 60 Bi

ipiPo 3.00 5.03 6.57
IlDiPi 3.47 5.47 7.27

IlDlP2 4.30 6.27 8.47

IlDlP3 4.23 6.17 8.03
I1D2 P0 3.37 5.27 7.03

IlP2 Pl 4.03 6.03 7.57

i1d2 p2 4.53 6.57 8.93
I1D2 P3 4.47 6.47 8.63
I1D3 P0 3.03 4.97 7.03
I1D3 P1 3.57 5.67 7.47

i1d3P2 4.37 6.43 8.47

IlP3p3 4.30 6.27 8.53
I2 DiP0 2.03 4.03 6.03
l2 PlPl 2 . 00 4.03 5.97
i2 d1 p2 2.50 4.27 5.97
i2d 1p3 2.43 4.17 6.07
i2d2 p0 1.97 4.03 5.97
I2 D2 P1 2.23 3.97 6.03
I2 P2 P2 3 . 0 0 4.83 6.67
I0 D0 P3 2.67 4.77 6 .57
l2D3p0 2 . 0 0 4.03 6.03
I2 D3 P1 2.13 3.97 5.97
I2 D3 P2 2.60 4.57 6.47
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Treatments 30 DAS 45 DAS 60 DAS

1 2D3P3 2.57 4.67 6.33

i3d 1p0 3.00 5.03 7.03
l3plPl 3.53 5.53 7.33

i3d 1p2 4.27 6.27 8.27

I3d 1p3 4.17 6.17 8 . 2 0

l3D2po 3.47 5.27 7.23
i3d2p1 4.20 6.07 7.57

4.53 6.57 8.83
4.47 6.63 8.63

i3d3p0 0 O O - OO 5.07 7.03

I3d3p1 3.67 5.77 7.67
l3p3p2 4.43 6.37 8.47
l3D3p3 4.37 6.37 8.53
F12,54 6.36 15.68** 15.89
SE 0.045 0.032 0.032
CD (0.05) 0.127 0.092 0.091
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The interaction of all the- three factore, irrigation 

riant density and phosphorus together was also found to inf luenc* 

the growth character significantly. The combination IiPpPp an 

I0 D2 F2 was observed to give maximum branching at 30 DA3 air: 

I^tV’F'c alone at 45 DAS where as at 60 DAS IjDpPp alone geo/-, 

maximum number of branches. However at 45 DAS Ii and Ip was footr:

Par with each other at a density and phosphoric 1

D~P-. Also these combinations were on par with IcD^Pg. But at 
30 DAS.Fp and Pp levels at IiPp and I3Do combinations and Dp and 
Dp at IpPp were found to be on par, i.e.- IfDpFD * IlP2p3 • I s M f  - 
IpD^Pp sn.-| gave similar response in branching effect.

4.1.4 Days for 50 per cent flowering
The mean number of days taken for attaining 50 percent 

flowering is given in Table 4.4. It was noted that 

differential irrigation exerted significant influence in 

attaining 50 percent flowering. The number of days taken for 50 

Percent flowering was minimum for Ip treatment which was on par— v_>

with 11 However, the plant density did not influence in attaining 

of 50 percent flowering. Phosphorus application at all. levels 

induced early flowering than no application of phosphorus. Pp was 

the earliest to flower. The interaction effect of different

treatment combinet ions was not seen with respect to the character

4.1.5 Total dry matter production (DMP)
The data on total DMP at different growth stages as 

influenced by the treatments and their interactions is summarised 

in Table 4.5. 4.5.1, 4.5.2, 4.5.3 and 4.5.4. The d, 

revealed that irrigation, phosphorus, plant densi’
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interaction of these factors significantly influenced the total 
DMP. The DMP was found to increase progressively upto 90 DAS.

The irrigation level of I3 recorded maximum DMP at all 
the growth stages and was superior to other levels except 1  ̂ at 
45 DAS. A plant density level of Do was observed to give maximum 
DMP and was significantly superior to the other treatments 
uniformly upto 90 DAS. A significant increase in the total DMP 
was manifested throughout the crop growth with increase in the 
level of P upto P2 but thereafter a significant reduction was 
noted.

The interaction between irrigation and plant, density 
had a significant influence on the DMP throughout the crop. At
the plant density level D2 > I3 gave maximum value for the
attribute and was significantly superior to all other 
combinations except at 45 DAS when Ij_ was found to be on a par 
with I3 at the density level D2 .

The irrigation treatment I3 at P2 level of phosphorus 
recorded maximum DMP and was remarkably superior to all other 
combinations upto 90 DAS establishing the interaction effect of 
irrigation and phosphorus on the total DMP. The significance of 
the interaction of plant density and phosphorus was clearly 
established by the data showing superiority in the total DMP by 
the plant density level D2 at P2 level of phosphorus above all
other combinations upto 90 DAS. However the response to P'2 and
P3 at the density level D2 was similar at 45 DAS.
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Table 4.4 Effect of Irrigation, plant density and phosphorus
on days for 50 percent flowering.

Treatments Days for 50 percent flowering 

Irrigation
11 42.41
12 43.99
13 42.38
F2 , 4 23.2 1 **
SE 0.192
CD (0.05) 0.752
Plant density
D x 43.11
Do 42.75
D3 42.92
F2 , 4 2 .98
SE 0.104
CD(0.05) 0.409
Phosphorus
Pq 43.57
Pi 42.99
? 2 42.57
P3 42.58
F3 , 54 13.80
SE 0.127
CD (0.05) 0.358
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Table 4.5 Effect of irrigation, plant density and phosphorus
on total DMP (kg/ha)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

Irrigation
II 179.46 1987.90 2268.75 3352.58 4421.18
lo 160.60 1885.06 2134.55 3116.91 4129.54

13 180.72 1989.96 2277.34 3366.78 4436.08

f 2,4 18285.50** 8092.00** 9616.67** *16805.00
SE 0.083 0.667 0.816 0 .0 1.333
CD (0.05) 0.327 2.617 3.205 0 . 0 5.234
Plant density
Dl 170.53 1899.53 2205.381 3244.23 4285.66
D2 176.64 1983.67 2248.03 3313.73 4377.88
D3 173.61 1979.72 2227.23 3278.32 4330.26
F2 .4 1787.33** -¥ * 1358.00 '* 511.50
SE 0.072 0 . 0 0 . 0 0.943 1 . 8 8 6

CD (0.05) 0.283 0 . 0 0 . 0 3.701 7.403
Phosphorus
Po 164.21 1865.68 2164.47 3173.48 4203.29
Pi 170.50 1974.64 2200.93 3247.23 4291.61
Po 180.86 1989.64 2278.39 3357.93 4423.49
P3 178.80 1987.28 2263.73 3336.38 4397.34
f3 ,54 49281.43** 80514.00** 18612.00** 6327.69* * 8352.00
SE 0.035 0 . 2 1 0 0.392 1.068 1.109
CD (0.05) 0.098 0.593 1.109 3.022 3.136
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Table 4.5.1 Interaction effect of irrigation and plant density
on total DMP (kg/ha)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

IlDi 175.58 1981.56 2240.48 3314.98 4373.63

i1 d2 183.40 1993.65 2295.15 3391.15 4469.58
I1D3 179.39 1988.50 2270.63 3351.60 4420.33

l2 l>l 159.29 1733.18 2125.58 3089.23 4096.28

X2 D2 161.76 1961.93 2143.15 3144.25 4160.35

x2d3 160.75 1960.08 2134.93 3117.25 4132.00
I3 D1 176.73 1983.85 2250.08 3328.48 4387.00

X3D2 184.75 1995.44 2305.80 3405.78 4482.73

x3d3 180.68 1990.58 2276.13 3366.10 4438.45

f 4,8 7956.00** 360.00*51 1 0 . 0 0 ' 29.00
SE 0 . 0 0.816 0.577 2 . 0 0 1. 633
CD (0.05) 0 . 0 2.663 1.883 6.522 5.325

65



Table 4.5.2 Interaction effect of irrigation and phosphorus
on total DMP (kg/ha)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

iiPo 167.53 1969.79 2188.07 3237.43 4286.27
IlPl 175.50 1981.11 2234.97 3315.37 4378.30

IlP2 188.84 2001.77 2337.03 3441.63 4525.33

IlP3 185.94 1998.95 2314.93 3415.87 4494.80
I2P0 156.37 1655.81 2109.20 3031.03 4025.00

l2Pl 159.06 1957.96 2124.57 3098.53 4104.10
I2P2 163.88 1963.70 2155.01 3175.40 4204.50

I2P3 163.10 1962.79 2149.43 3162.67 4184.57
JsPq 168.73 1971.43 2196.13 3251.97 4298.60

I3P1 176.94 1984.84 2243.27 3327.80 4392.43

I3P2 189.86 2003.46 2343.11 3456.77 4540.63

^ 3 187.34 2 0 0 0 . 1 0 2326.83 3430.60 4512.67
f 6,54 3621.86** 50157.00** 1674.00** 81.69** 78.43
SE 0.060 0.363 0.679 1.850 1.920
CD (0.05) 0.170 1.026 1.920 5.234 5.431
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Table 4.5.3 Interaction effect of plant density and phosphorus on
total DMP (kg/ha)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

DlPo 162.61 1663.92 2153.47 3146.37 4171.53

DlPl 168.36 1971.13 2186.27 3224.87 4262.23

PlP2 176.59 1983.50 2248.02 3314.13 4367.57
D1P3 174.58 1979.57 2233.77 3291.53 4341.30

P2 P0 166.03 1967.96 2174.63 3200.20 4233.67

P2 Pl 172.58 1977.45 2215.37 3270.30 4318.47
D2 P2 184.98 1994.96 2308.97 3401.10 4477.57

P2 P3 182.96 1994.33 2293.17 3383.3 4453.83
D3P0 163.99 1965.16 2165.30 3173.87 4204.67

D3 P1 170.57 1975.33 2201.17 3246.53 4294.13
d3p2 181.01 1990.47 2278.17 3358.57 4425.33

P3 P3 178.86 1987.93 2264.27 3334.30 4396.90
F6,54 **492.43 54702.00** 228.86 40.15** 61.71
SE 0.060 0.363 0.679 1.850 1.920
CD (0.05) 0.170 1.026 1.920 5.234 5. 431
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Table 4.5.4 Interaction effect of irrigation, plant density and
phosphorus on total DMP (kg/ha)

Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

IlDiPo 165.90 1967.43 2172.60 3211.30 4253.40
IlDiPi 172.80 1976.60 2214.40 3293.50 4347.30

IlDlP2 183.10 1993.40 2298.80 3391.80 4461.60

IlDlp3 180.50 1988.80 2276.10 3363.30 4432.20

IlD2 p0 169.70 1972.17 2201.30 3262.10 4317.80
IlD2 pi 178.10 1985.43 2252.20 3337.90 4408.10
IlD2 p2 194.50 2008.90 2374.00 3492.40 4591.90
I3.D2 P3 191.30 2008.10 2353.10 3472.20 4560.50
IlL>3po 167.00 1969.77 2190.30 3238.90 4287.60

IlD3pl 175.60 1981.30 2238.30 3314.70 4379.50
I1D3P2 188.93 2003.00 2338.30 3440.70 4522.50

IlD3p3 186.03 1999.93 2315.60 3412.10 4491.70

l2 Dlp0 155.43 1055.23 2104.10 3001.10 3999.70

I2Dlpl 158.03 1957.10 2118.80 3075.50 4077.50

x2d1 p2 162.30 1960.60 2142.13 3147.40 41‘35.50
i2d 1p3 161.40 1959.80 2137.30 3132.90 4142.40
I2 D2 p0 157.10 1956.50 2113.60 3059.30 4052.10
I0 D0 P1Lu £-* X 159.97 1959.00 2130.40 3120.50 4127.50

165.30 1966.30 2167.40 3203.40 4240.10
I2 D2 P3 164.67 1965.90 2161.20 3193.80 4221.70
i2d3p0 156.57 1955.70 2109.90 3032.70 ■ 4023.20
i2d3p1 159.17 1957.77 2124.50 3099.60 4107.30
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Treatments 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

i2d3p2 164.03 1964.20 2155.50
I2 D3 P3 163.23 1962.67 2149.80

i3d 1p0 166.50 1969.10 2183.70
i3d 1p1 174.23 1979.70 2225.60
l3plp2 184.37 1996.50 2303.13

I3I)lp3 181.83 1990.10 2287.90

I3r)2p0 171.30 1975.20 2209.00
l3D2pi 179.67 1987.90 2263.50

l3D2p2 195.13 2009.67 2385.50
192.90 2009.00 2365.20

l3D3p0 168.40 1970.00 2195.70

I3D3pl 176.93 1986.93 2240.70

I3D3P2 190.07 2004.20 2340.70

I3D3P3 187.30 2 0 0 1 . 2 0 2327.40
f 12,54 69.43**< 57613.50 23.14
SE 0.104 0.629 1.176
CD (0.05) 0.294 1.778 3.326

3175.40 4207.90
3161.30 4189.60
3226.70 4261.50
3305.60 4361.90
3403.20 4475.60
3378.40 4449.30
3279.20 4331.10
3352.50 4419.80
3507.50 4600.70
3483.90 4579.30
3250.00 4303.20
3325.30 4395.60
3459.60 4545.60
3429.50 4509.40

6 . 92*51< 5.79
3.205 3. 326
9.065 9.407
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Significant interaction between irrigation. plant 
density and phosphorus was recorded throughout the crop growth. 
The combination I3 D2 P0 produced maximum dry matter. and was 
superior to all other levels except at 45 DAS when P'2 and P3 and 
11 and I3 were on a par with each other and their combinations at 
the density level D2 - Also at 90 DAS, Ij_ recorded a response 
similar to I3 at the density and phosphorus level D2 Pp-
4.2 Yield and yield attributes
4.2.1 Number of pods per plant

The data on the mean number of pods per plant ere 
recorded in Table 4.6 ,4.6.1 and 4.6.2. The irrigation,plant 
density and phosphorus treatments and their interactions 
significantly influenced this character.

Irrigation levels had a profound influence on the 
number of pods per plant. I3 treatment gave maximum number of
pods which was significantly superior to all other levels. A
notable reduction in this character could also be observed with 
the I2 treatment. A plant density level of D2 significantly 
increased the number of pods per plant than D^ and D3 . An 
appreciable increase in pod number was noted with increasing 
levels of applied P upto P2 , but a higher dose resulted in a 
decline in pod number. A significantly lower pod number was
obtained with no phosphorus as compared to all other levels.

The significance of interactions betwen irrigation and 
plant density, irrigation and phosphorus and density and 
phosphorus in effecting the number pods per plant, was confirmed 
from the data. The combinations I3D0 , I3P9 and D0P0 retained



Table 4.6 Effect of irrigation, plant density and phosphorus
on the number of pods per plant

Treatments Number of pods

Irrigation
II 98.58
Io

£_>
77.45

13 100.39

f 2,4
SE 0.0
CD(0.05) 0.0
Plant density
Dl 87.92

D 2 96.68

d3 91.83

f 2,4
SE 0.0
CD (0.05) 0.0
Phosphorus
F0 80.70
Pi 86.36
Po£-1 102.19
P3 99.31
FS , 54 615537.00''
SE 0.013
CD (0.05) 0.037
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Table 4.6.1 Interaction effects of irrigation and plant density, 
irrigation & phosphorus & plant density & phosphorus 
on the number of pods per plant

Treatments Number of pods Treatments Number of pi

IlDi 92.85 I3P3 110.78

I lD2 104.55 f6 ,54 92351.25**
IlD.3 98.34 SE 0.023

i2Di 76.34 CD (0.05) 0.064

i2d2 78.63 DlPo 79.37

i2d3 77.39 D1P1 84.54
l3Dl 94.57 DiP2 95.29

13^2 106.85 PlP3 92. 49
I3D3 99.74 D2p0 82.60
f 4,8 4062.67*^‘ DaPi 88.78
SE 0.044 d 2p2 108.77
CD (0.05) 0.144 d 2p3 106.56

I1P0 83.49 P3P0 80.14
IlPl 90.74 D3P 1 85.76
IlP2 111.97 D qPo 102.52
IlP3 108.12 D3P3 98.88
I2 p 0 74.46 f 6 ,54 +. *16715.25
I2Pl 76. 6 6 SE 0.023
I0 P0i—i 79.68 CD(0.05) 0.064
l 2 ? 3 79.02
I3 P0 84.17
I3 P1 91.68
!3P2 114.93
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Table 4.6.2 Interaction effect 
and phosphorus on

of irrigation, plant 
the number of pods per

density
plant

Treatments Number of pods Treatments Number of pods

IlDlpO 81.90 I2P3P3 78.73
IlDiPi 88.27 l3Dlp0 82.63
IlDlp2 102.77 I3 D1P1 89.17

IlDlp3 98.47 I3 B1P2 105.07

IlD2P0 85.57 I3 P1P3 101.43

i1d2p1 93.93 l3D2p0 86.70
I1D2 P2 120.50 I3 P2 P1 95.30

i1d2p3 118.20 l3D2p2 124.70
I1D3 P0 83.00 I3 P2 P3 120.70
I1D3 P1 90.03 I3 P3 P0 83.17
I1D3 P2 112.63 I3D3 P1 90.57

:1d3P3 107.70 I3 P3 P2 115.03
I2r)lpl 73.57 I3 P3P3 110.20
l2PlPl 76.20 p12,54 2983.50;
I0D 1P0 ̂ J . <_ 78.03 SE 0.039
I2Dip3 77.57 CD (0.05) 0. Ill
i2d2p0 75.53
I2 D0 P1 77.10
I0D0 P9i—i i—j 81.10
I2D2P3 80.77
I2d3p0 74.27
i2d3p1 76.67
i2d3p2 79.90



their superiority with respect to this character throughout the 
growth of the crop. Also among the interactions of all the three 
factors together, I3 D2 P2 gave a remarkably higher pod number.
4.2.2 Pod yield

Data pertaining to the green pod yield and haulm yield 
are presented in Table 4.7, 4.7.1, 4.7.2, 4.7.3 and 4.7.4.
Varying levels of irrigation, plant density and phosphorus and 
their interactions exerted noticeable differences in pod and 
haulm yields.

Differential irrigation had significant influence on 
the green pod and haulm yields with I3 giving superior values as 
compared to Ij_ and I2 - 1 2 recorded the lowest yields.
The plant density level D2 resluted in an appreciable increase in 
the pod and haulm yields as compared to D^ and D2 - 
A marked reduction in the yields was also noted with D^ in 
comparison with the other two. Similar to the number of pods per 
plant the green pod and haulm yields also increased with 
graded doses of P upto P2 but a higher dose resulted in decreased 
yields.

The interaction effects of irrigation and plant 
density, irrigation and phosphorus and plant density and 
phosphorus on pod and haulm yields were also significant. The 
combinations I3D2 > 13P2 anc* ^2^2 g&ve better results. Also the 
three factor combination of I3D2P2 was superior to all other 
combinations with respect to the green pod yield.
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Table 4.7 Effect of irrigation, plant density and phosphorus
on pod and haulm yield (kg/ha)

Treatments Pod yield Haulm yield

Irrigation
II 8323.38 16668.75

12 7290.85 16189.06
1.3 8385.09 16694.42
f2,4 15182.29**
SE 4.99 0 . 0

CD (0.05) 19.586 0 . 0

Plant density
Dl 7882.77 16449.83
D2 8114.41 16585.50
D3 8002.14 16516.89
f 2 ,4 754.40** 161.00
SE 4.216 5.333
CD (0.05) 16.553 20.938
Phosphorus
Po 7605.73 16305.74
Pi 7892.74 16445.89
Po 8279.14 16681.56
P.3 8221.48 16636.45
f3 ,54 3134.83** 10800.00**
SE 5.591 1.676
CD (0.05) 15.812 4.74
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Table 4.7.1 Interaction effect of irrigation and plant density
on pod and haulm yield (kg/ha)

Treatments Pod yield Haulm yield

IlDi 8186.55 16592.00

Ill>2 8455.60 16745.00
IlD3 8327.98 16669.25

l2 Dl 7224.75 16140.50
12^2 7356.71 16239.00
I2r)3 7291.09 16187.67
I3 D1 8237.02 16617.00
l 3*>2 8530.91 16772.50
I3 D3 8387.34 16693.75
f 4,8 30.17'**
SE 8 . 0 0 0 . 0

CD (0.05) 26.09 0 . 0
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Table 4.7.2 Interaction effect of irrigation and phosphorus
on pod and haulm yield (kg/ha)

Treatments Pod yield Haulm yield

IlPo 7809.67 16430.00
I1P1 8200.03 16583.33

xlp2 8668.17 16861.67

IlP3 8615.63 16800.00

I2 P0 7136.21 16034.89

l2 pl 7218.42 16147.67
I0 P0 7425.73 16298.00

7383.03 16275.67

l3p0 7871.30 16452.33
I3pl 8259.78 16606.67
I3p2 8743.51 16885.00

I3p3 8665.77 16833.67

F6,54 256.85** 252.00
SE 9.683 2.903
CD (0.05) 27.388 8 . 2 1 1
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Table 4.7.3 Interaction effect of plant density and phosphorus
on pod and haulm yeield (kg/ha)

Treatments Pod yield Haulm yield

plp0 7513.23 16257.33
D1P1 7808.53 16394.33
DiP2 8137.02 16594.33
d1p3 8072.30 16553.33
DpPo 7701.05 16350.67
DpPi 7980.01 16502.00
DpP 2 8402.20 167 6 8 .00
D2p3 8374.37 16721.33
D3p0 7602.90 16309.22
D3pi 7889.69 16441.33
D3 p2 8298.19 16682.33
p3p3 8217.77 16634.67
f 6,54 **11.23 58.50
SE 9.683 2.903
CD (0.05) 27.388 8 . 2 1 1
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Table 4.7.4 Interaction effect of irrigation, plant density
and phosphorus on pod yield (kg/ha)

Treatments Pod yield Treatments Pod yiel

IlDlPo 7677.60 i2d3p3 7371.30
IlDiPi 8097.20 x3d 1p0 7741.40

IlDlp2 8532.40 I3D1P1 8134.60
I1D1P3 8439.00 I3plp2 8573.87
I1D2 P0 7947.90 I3Dlp3 8498.20
IlD2 pl 8314.10 8002.70
IlD'2 p2 8765.70 J3D2P1 8383.03
i1d2p3 8794.70 i3d2p2 8907.60
IlD3 p0 7803.50 i3d2p3 8830.30

8188.80 x3d3p0 7869.80
Ilp3p2 8706.40 i3d3p1 8261.70
I1D3 P3 8613.20 i3d3p2 8749.07
I2 Dlp0 7120.70 i3d3p3 8668.80
1 2P lp 1 7193.80 F12,54 2.78:
i2d 1p 2 7304.80 SE 16.772
l2pip3 7279.70 CD (0.05) 47.437
l2p,2p0 7152.53

I2D2P1 7242.90
I2P2P2 7533.30
l2D2p3 7498.10

l2D3p0 7135.40
I2D3P1 7218.57
I2 P3 P2 7439.10
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The effect of varying levels of irrigation, plant 
density and phosphorus and their interactions on the uptake of 
nitrogen, phosphorus and potassium by the crop is summarised in 
Table 4.8, 4.8.1, 4.8.2, 4.8.3, 4.8.4, 4.9, 4.9.1, 4.9.2, 4.9.3,
4.9.4, 4.10, 4.10.1, 4.10.2, 4.10.3 and 4.10.4.

Irrigation levels profoundly influenced the nutrient 
uptake at all the stages of growth. I3 registered maximum uptake 
and was significantly superior to I]_ and 12 - The lowest, uptake 
was noted with 12 constantly upto 90 DAS. The plant, density 
treatments also resulted significant var'iations in the uptake of 
all the three nutrients. D2 recorded highest and D^ lowest for 
the uptake values from 30 to 90 DAS. The uptake of N, P and K 
was found to increase constantly with increase in applied P upto 
a level of P2 and thereafter, a higher dose resulted in reduced 
uptake. The differences were analysed to be statistically 
significant at all the growth stages observed.

Among the different combinations of irrigation and 
plant density, irrigation and phosphorus and density and 
phosphorus, I3D2 , ^3P2 an(̂  P2 P2 exhibited remarkably higher
uptake of nutrients, except for K uptake at 60 DAS when IiP!2 

reached on par with I3D2 and also gave highest uptake. Also 
!3D2P2 ’ on comparing the different three factor combinations 
profoundly increased the nitrogen uptake, at 30 and 60 DAS. 
But at 90 DAS IiD2 p 2 recorded maximum N uptake. However at 30 
and 90 DAS, 1^ was on par with I3 at the density and 
phosphorus combinations of D2 P2 and was significantly superior to 

all other combinations. But for P uptake, the combination

4.3 Nutrient uptake
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I3 D2 P? showed higher uptake compared to other combinations only 
at 90 DAS. At 30 DAS the combination was also on a par with 
I3D2P3 . But, at 45 DAS, I3D2P3 was noted as significantly 
superior to all other combinations. In case of K uptake, 
however, I3B2 P2 gave profoundly higher uptake at 30 and 90 DAS. 
At 60 DAS I1D2 P2 was the combination resulting maximum K uptake. 
At 90 DAS, P2 was found to be on a par with P3 at an irrigation 
and density combination I3 D2 .
4.5 Soil analysis

The mean values of available N, P2O5 and K2 O contents 
of the soil after the experiment are presented in Table 4.11, 
4.11.1, 4.11.2, 4.11.3 and 4.11.4.

It is revealed from the data that irrigation exert a
significant influence on the soil nutrient status. I2 recorded
maximum content of available N,P2 0 5 and K2O followed by I^_ 
The density levels also manifested appreciable effect, on the 
nutrient status of the soil. Dp recorded the highest N,P2 0 5 and 
K2 O contents in the soil followed by D3 . The nutrient content
of the soil was found to decrease with increasing P levels upto
P2 after which there was a slight increase with P3 .

The soil nutrient status after the experiment was also 
found to be profoundly influenced by the interaction of 
irrigation and plant density, irrigation and phosphorus and 
density and phosphorus. The combinations 12^1 > ^2^0 anc* BpPn 
recorded higher values of N, P2O5 and K2O contents compared to 
other combinations. Similarly the combination I2Dj_Pq recorded
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Table 4.8 Effect of irrigation,plant density and phosphorus
on the uptake of nitrogen by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

Irrigation
II 13.30 48.25 44.96
I2 12.54 38.81 35.34

13 13.33 48.77 45.48

f 2,4
-Jp s i'289716.00 27335.82**

SE 0 . 0 0 . 0 1 0.035
CD (0.05) 0 . 0 0.041 0.136
Plant density
Dl 12.97 43.86 40.48

d2 13.15 46.69 43.41

D3 13.06 45.28 41.90
F2 , 4 614.00 t:>(<6129.33 6588.00**
SE 0.004 0.018 0.018
CD (0.05) 0.014 0.071 0.071
Phosphorus
Po 12.72 41.06 37.55
Pi 12.97 43.86 40.50
P2 13.30 48.46 45.38
P3 13.24 47.71 44.29
F3,54 53802.00** 159310.30** 23123.42**
SE 0.001 0.009 0.024
CD (0.05) 0.003 0.024 0.067
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Table 4.8.1 Interaction effect of irrigation and plant density
on the uptake of nitrogen by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

IlDi 13.20 46.50 43.15

IlD2 13.39 49.99 46.82
IlD3 13.30 48.25 44.92
12^1 12.46 37.99 34.51

12^2 12.63 39.66 36.15

12^3 12.55 38.77 35.36

l3Pl 13.24 47.09 43.78
13.43 50.41 47.25

I3 D3 13.33 48.81 45.42
f 4,8 ** ** 383.60
SE 0.0 0.0 0.029
CD (0.05) 0.0 0.0 0.093
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Table 4.8.2 Interaction effect of irrigation and phosphorus on
the uptake of nitrogen by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

IlPo 12.92 43.21 39.68
I1P1 13.19 46.48 43.12

Ilp2 13.57 52.01 49.22

I1P3 13.51 51.28 47.83

I2p0 12.27 36.31 32.84

l2pl 12.47 38.03 34.64

!2p2 12.73 40.72 37.23

:2P3 12.70 40.18 36.64

l3p0 12.97 43.67 40.13

l3pl 13.23 47.07 43.72

l3p2 13.59 52.67 49.67

l3p3 13.53 51.67 48.39
f 6,54 **558.00 6797.57** 1138.33
SE 0.002 0.015 0.041
CD (0.05) 0.006 0.042 0.116
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Table 4.8.3 Interaction effect of plant density and
phosphorus on the uptake of nitrogen by the crop
(kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

D lp0 12.65 40.08 36.63
DiPi 12.89 42.88 39.48
DiP2 13.20 46.69 43.38

plp3 13.12 45.80 42.42

D2P0 12.80 42.01 38.46

P>2P1 13.05 44.83 41.45
D2p2 13.39 50.16 47.52

02 p3 13.36 49.75 46.19
D3p0 12.71 41.10 37.57

d3p1 12.96 43.88 40.55

P3P2 13.31 48.55 45.22

D3p3 13.26 47.59 44.24

f 6,54 153.00** 1229.14 218.42'
SE 0.002 0.015 0.041
CD (0.05) 0.006 0.042 0 .116
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crop (kg/ha)

Table 4.8.4 Interaction effect of irrigation, plant density
and phosphorus on the uptake of nitrogen by the

Treatments 30 DAS 60 DAS 90 DA;

IlDlPo 12.87 42.08 38.73
IlDiPi 13.10 45.34 41.73

Ilr)lp 2 13.47 49.82 46.63

IlrT p3 13.36 48.76 45.52

I1 D2 P0 12.98 44.29 40.60

IlD2 pl 13.28 47.62 44.28
1 1 E>2 P2 13.66 54.01 52.21
I1 D2 P3 13.64 54.03 50.19
I1 D3 P0 12.91 43.26 39.71
I1 D3 P1 13.19 46.49 43.35
I1 D3 P2 13.59 52.19 48.82
I1 D3 P3 13.52 51.06 47.78
IpDlPo 1 2 . 2 0 35.56 32.03
I2 Dlpl 12.41 37.42 34.17
I2 D1 P2 12.64 39.71 36.24

l2Dlp3 12.59 39.28 35.59
l2 D2 p 0 12.35 36.97 33.52
I2 P2 P1 12.53 38.65 35.21
10 E'o Po <_• 12.83 41.78 38.20
1 2 E)p P.3 12.80 41.23 37.68
I2 D3 P0 12.27 36.39 32.97
l2P)3Pl 12.48 38.01 34.55
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Treatments 30 DAS 60 DAS 90 DA:

l2D3p2 12.74 40.66 37.26
I2D3P3 12.70 40.03 36.64

i3d 1p0 12.89 42.59 39.13
I3 Dipi 13.16 45.87 42.54

I3 Dlp2 13.49 50.53 47.27
I3 Dip3 13.41 49.36 46.16

I3 D2 p0 13.07 44.77 41.25

i3d2p1 13.33 48.21 44.87
13.67 54.68 52.16

I3I)2P3 13.63 53.99 50.71

l3D3p0 12.95 43.65 40.02
I3 D3pi 13.21 47.13 43.76
I3 D3 P2 13.62 52.79 49.59

I3D3P3 13.56 51.67 48.31
F12,54 27.00 **146.57 30.89'
SE 0.003 0.026 0.071
CD (0.05) 0 . 0 1 0 0.073 0 . 2 0 0
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Table 4.9 Effect of irrigation, plant density and phosphorus
on the uptake of phosphorus by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

Irrigation
II 3.01 43.31 30.10
I2 2.70 36.78 21.44
13
F2,4

3.04
16532.04

43.78 
8298.35**

30.50 
161046.00

SE 0.001 0.43 0.013
CD (0.05) 0.006 0.169 0 .05
Plant density
Dl 2.81 40.42 26.42
r>2 2.97 42.13 28.36
d3 2.92 41.33 27.25
f2,4 2916.00** * +1455.83
SE 0.001 0.0 0.026
CD(0.05) 0.004 0.0 0.10
Phosphorus
Po 2.77 38.69 23.63
Pi 2.86 40.39 26.40
P2 3.03 43. 22 30.01
P3
f3 ,54

3.01
11022.35**

42.86 
30575.57 * *

29.34 
11204.81**

SE 0.001 0.012 0.028
CD 0.003 0 .035 0.078
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Table 4.9.1 Interaction effect of irrigation and plant density
on the uptake of phosphorus by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DA;

IlDi 2.95 42.24 29.00

i1d2 3.08 44.21 31.21

U D 3 3.01 43.48 30.09

i2d1 2.68 36.34 20.66

2̂̂ *2 2.72 37.23 22.16

i2d3 2.70 36.78 21.48

l3l>l 2.97 42.67 29.61

1.3̂ 2 3.10 44.96 31.71

X3D3 3.04 43.73 30.17

f 4,8 215.60** 222.50 54.93
qE 0.002 0.026 0.035
CD (0.05) 0.006 0.083 0.114
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Table 4.9.2 Interaction effect of irrigation and phosphorus
on the uptake of phosphorus by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

IlPo 2.83 40.14 25.57
I1P1 2.93 42.24 28.88
I1P2 3.16 45.69 OO , 1 i
I1P3 3.13 45.17 >-7 rr \J £ , i ■

I2p0 2.64 35.44 19.16
l2f'l 2.68 36.37 20.81
I2P2 2.75 37.81 23.14
I2P3 2.75 37.52 22.63
^Po 2.85 40.50 26.16
I3P1 2.96 42.56 29.49
X3P2 3.19 46.17 33.71
I3P3 3.15 45.91 32.62
f 6,54 925.15 1873.29** 420.92
SE 0.002 0.021 0.048
CD (0.05) 0.006 0.060 0.136
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Table 4.9.3 Interaction effect of plant density and phosphorus
on the uptake of phosphorus by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

* 1 * 0 2.75 38.08 22.67
DiPi 2.83 39.76 25.54

P’lP'2 2.96 42.24 29.19

PlP3 2.93 41.59 28.29

P2P0 2.79 39.18 24.53
DpPi 2.88 41.01 27.27

P2P2 3.10 44.21 31.25

P*2P3 3.09 44.14 30.39

D3 P0 2.77 38.83 23.69

P3Pl 2.86 40.40 26.38
D3 P2 3.04 43.22 29.58

P3 P3 3.00 42.86 29.34

F6,54 205.15** 258.43** **19.45
SE 0.002 0.021 0.048
CD (0.05) 0.006 0.060 0.136
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Table 4.9.4 Interaction effect of irrigation, plant density
and phosphorus on the uptake of phosphorus
by the crop ( kg/ha)

Treatments 30 DAS 60 DAS 90 DA:

1 iI'iPq 2.80 39.23 24.46
IlDiPi 2.90 41.47 27.77
IlDlP2 3.07 44.54 32.43
I1 DiP3 3.03 43.72 31.32
I1 D2 P0 2.85 40.82 26.65
UD2P1 2.97 42.98 29.96
11 Dp P2 3.25 46.62 34.63
I1 D2 P3 3.24 46.43 33.59
IlP3p0 2.83 40.37 25.59
IlD3Pi 2.93 42.27 28.92
I1 D3 P2 3.17 45.91 32.46
I1 D3 P3 O 1 <-> 45.35 33.39
i2 d1 p0 2.63 35.13 18.44
i2 d1 p 1 2 . 6 6 35.94 20.32
i2 d1 p2 2.72 37.25 22.18
I2 D1 P3 2.71 37.03 21.71
I2 D2 p0 2.65 35.70 19.76
IpDpPi 2 . 6 8 36.77 21.30
I2 P2 P2 2.78 38.44 24.03
I2 D2 P3 2.77 38.00 23.57
I2 P3 P0 2.63 35.48 19.29
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Treatments 30 DAS 60 DAS 90 DA

I2B3P1 2.69 36.40 20.81
I2D3P2 2.74 37.73 23.21
Id D^P^

i->  \ J
2.75 37.52 22.62

I3Dlp0 2.82 39.87 25.10

l3DlPl 2.92 41.86 28.52
I3D1P2 3.09 44.93 32.96

I3^1p3 3.06 44.02 31.84
I3D2P0 2.88 41.01 27.19

I3D2pl 3.00 43.27 30.56
I3B2P2 3.27 47.57 35.09

i3d2p3 3.26 47.98 34.01

i3d3p0 2.84 40.63 26.20
I3D3pi 2.96 42.54 29.40
i3d3p2 3.20 46.01 33.07

I3d3p3 3.14 45.72 32.02
F12,54 iiO. 15 68.79 16.71
SE 0.004 0.037 0.083
CD (0.05) 0.010 0.104 0.235
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Table 4.10 Effect of irrigation, plant density and phosphorus
on the uptake of potassium by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

Irrigation
II 11.63 203.10 190.78
* 2 9.32 185.96 171.05
13 11.76 203.76 191.69
F2 ,4

** **

SE 0 . 0 0 . 0 0 . 0

CD (0.05) 0 . 0 0 . 0 0 . 0

Plant density
Dl 10.56 195.11 181.58
D2 1 1 . 2 2 200.43 187.23
P3 10.93 197.28 184.72
f2,4 3272.40** ** 4610.00**
SE 0.006 0 . 0 0.042
CD (0.05) 0.023 0 . 0 0.164
Phosphorus
Po 9.83 190.23 175.78
Pi 10.55 194.54 181.62
? 2 11.71 203.33 190.97

CO 11.51 202.32 189.66
P.3,54

*127222.00 115542.00** 297018.00**
SE 0 . 0 0 2 0.019 0.013
CD (0.05) 0.007 0.052 0.037
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Table 4.10.1 Interaction effect of Irrigation and plant density
on the uptake of potassium by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

IlDi 11.19 199.69 187.68

IlD2 12.05 207.25 193.83

11*3 11.65 202.37 190.83
I2 D1 9.16 184.91 169.01
12^2 9.48 186.96 172.71

l 2®3 9.33 186.00 171.43

l3l>l 11.33 200.73 188.05

i3d2 12.14 207.09 195.14

I3 D3 11.81 203.47 191.89

f4,8 **2320.00 426.00**
SE 0.003 0.072 0.0
CD (0.05) 0.010 0.235 0.0
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Table 4.10.2 Interaction effect of irrigation and phosphorus
on the uptake of potassium by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

IlPo 10.27 194.33 180.84
I1P1 11.20 198.60 186.90

Il?2 12.64 210.21 198.60

I1P3 12.41 209.26 196.76

I2 P0 8.86 181.80 165.80

I2 P1 9.10 184.88 169.27

I2P2 9.73 189.02 174.81
I2 P3 9.59 188.13 174.33
I3 P0 10.36 194.56 180.71

I3 P1 11.37 200.14 188.68
I3P2 12.77 210.77 199.51
I3 P3 12.54 209.59 197.88
f 6,54 9222.00** 6885.00** 12033.00
SE 0.004 0.032 0.023
CD (0.05) 0.012 0.091 0.064
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Table 4.10.3 Interaction effect of plant density and phosphorus
on the uptake of potassium by the crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

DiP0 9.66 188.69 174.06
DiPi 10.27 192.75 179.41
D'lPp 11.27 199.99 187.27

P'l P'3 11.03 199.01 185.58

P2P0 10.02 191.37 177.50
D2Pi 10.82 196.35 183.38

P*2P2 12.08 207.36 194.20

I>2P3 11.98 206.65 193.82

d3p0 9.82 190.64 175.78
D3pi 10.57 194.51 182.07
E>3p2 11.79 202.65 191.45

D3p3 11.53 201.32 189.57

f 6,54 1039.00** 1872.00** 2727.00
SE 0.004 0.032 0.023
CD (0.05) 0.012 0.091 0.064
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Table 4.10.4 Interaction effect of irrigation, plant density
and phosphorus on the uptake of potassium by the
crop (kg/ha)

Treatments 30 DAS 60 DAS 90 DAS

IiDiPq 10.06 192.65 179.64
IlDiPi 10.81 195.71 184.35
IlDlP2 12.09 205.50 194.28
I1 D1 P3 11.80 204.89 192.43
IlDpPo 10.50 196.12 182.24
IlDpPi 11.57 201.43 188.76
IlDpPp 13.13 216.01 202.76
I1 D2 P3 13.02 215.42 201.54
I1 D3P0 10.26 194.23 180.64
I1 D3P1 11.21 198.65 187.60
I1 D3P2 12.71 209.12 198.76
I1 D3 P3 12.41 207.46 196.32
IpDlPo 8.80 180.42 164.12
X2D1 P1 8.99 184.03 168.45
IpPiPp 9.49 187.96 172.23
I2D1 P3 9.36 187.21 171.25
P2D2 P0 8.92 182.56 167.31
l2D2pl 9.21 185.98 170.04
I2D2 P2 9.95 190.33 176.66
I2D2P3 9. 82 188.98 176.83
l2D3p0 8 .8 6 182.43 165.97
I2D3pi 9.08 184.63 169.81
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Treatments 30 DAS 60 DAS 90 DAS

I2D3p2 9.75

l2 D3p3 9.60

I3D1P0 10.13

I3D1P1 11.02
I3D1P2 12.22

I3D1P3 11.94

I3D2P0 10.63

I3D2P1 11.68
IqDqPo 13.17

I3D2p3 13.09

I3D3P0 10.34

I3D3P1 11.40

I3D3P2 12.92

I3D3P3 12.59

p12,54 53.50

SE 0.007

CD (0 .05) 0.021

188.76 175.55

188.19 174.90

192.99 178.43

198.50 185.42

206.52 195.29

204.92 193.06

195.43 182.96

201.65 191.33

215.73 203.18

215.55 203.10

195.25 180.73

200.26 189.30

210.07 200.05

208.30 197.48

477.00** 283.50

0.056 0.039

0.157 0 . I l l
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Table 4.11 Effect of Irrigation, plant density and
phosphorus on the soil nutrient status after the
experiment

Treatments Available N Available P2O 5 Available K
content content content
(kg/ha) (kg/ha) (kg/ha)

Irrigation
II 539.87 44.06 73.80
lo 609.37 47.95 77.77

13 536.33 43.85 73.60
F2 , 4 30532.00** ** 12734.00**
SE 0.236 0 . 0 0 . 0 2 1

CD (0.05) 0.925 0 . 0 0.082
Plant density
Dl 571.02 45.86 75.58
Do 553.09 44.73 74.55
d3 561.45 45.27 75.03
f 2,4 1447.00** 1481.00 614.00
SE 0.236 0.015 0 . 0 2 1

CD (0.05) 0.925 0.058 0.082
Phosphorus
Po 590.62 46.90 76.79
Pi 571.04 45.81 75.65
p2 540.33 44.03 73.72
P3 545.43 44.40 74.06
f3 .54 23358.86** 11952.00**
SE 0 . 0 0.009 0.013
CD(0.05 ) 0 . 0 0.024 0.037
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H U 5 3

on the soil nutrient status after the experiment
Treatments Available N Available P9O5 Available K2O

content content content
(kg/ha) (kg/ha) (kg/ha)

Table 4.11.1 Interaction effect of Irrigation and plant density

I lD 1 550.73 44.78 74.36

x1 d2 529.75 43.33 73.24

IlD3 539.13 44.08 73.79

l2 Dl 615.30 48.21 78.19
10 Do 603.28 47.63 77.33
i2d3 609.53 48.00 77.78
I.3D1 547.03 44.59 74.20
I3 D2 526.25 43.23 73.09
i3d3 535.70 43.74 73.51
f 4,8 ** 65.33**
SE 0 . 0 0.031 0 . 0

CD (0.05) 0 . 0 0 . 1 0 2 0 . 0
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Table 4.11.2 Interaction effect of irrigation and phosphorus on
the soil nutrient status after the experiment

Treatments Available N Available P2O5 Available K2O
content content content
(kg/ha) (kg/ha) (kg/ha)

I1P0 573.59 46.19 75.63
I1P1 549.94 44.69 74.51

I1P2 515.18 42.48 72.31
I1P3 520.77 42.89 72.73
12^0 628.63 48.56 79.33
l2Pl 616.57 48.28 78.18
l2?2 594.03 47.37 76.66
I2P3 598.23 47.59 7 6.90
I.3P0 569.63 45.97 75.41
I3P1 546.60 44.48 74.26

1—1 CO to 511.77 42.26 72.19
I3P3O vJ 517.30 42.71 72.54
f6,54 1992.86 63.00
SE 0.0 0.015 0.023
CD (0.05) 0.0 0.042 0.064
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Table 4.11.3 Interaction effect of plant density and phosphorus
on the soil nutrient status after the experiment

Treatments Available N
content 
(kg/ha)

DlPo 597.53
D1P1 577.77
Dip2 551.41
DlP3 557.37

583.97
D2Pi 563.98
DcPot— 530.72
Dp P3 533.70
D3P0 590.36
D3P1 571.37
D3P2 538.84
D3P3 545.23
f6,54
SE 0.0
CD (0.05) 0.0

Available PoOr Available KoO
content content
(kg/ha) (kg/ha)

47.31 77.17
46.16 75.98
44. 78 74.37
45.20 74.82
46.47 76.44
45. 44 75.30
43.40 73.11
43.60 73.36
46.93 ac *-7 '-7I 8 . ( :

45.84 75. 6'/'
43.92 73.68
44.39 74. 00

216.00** 74.250
0.015 0.023
0.042 0.064
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Table 4.11.4 Interaction effect of irrigation, plant density
and phosphorus on the soil nutrient status after
the experiment.

Treatments Available N Available PpOb Available Kpt 
content content content
(kg/ha) (kg/ha) (kg/ha)

IlDiPo 582.00
IlDiPi 557.70
I1D1P2 527.83
IlDlp3 535.40
I1D2P0 565.50
IlD2pl 542.13
1^DpPp 504.57
11 Dp P.? 506.80
*1P3P0 573.27
IlD3pl 550.00
Ilp'3p2 513.13
i1d3p3 520.10
IpDiFo 632.70
I2P1P1 621.30
2̂P1P2 601.80
!2Dlp3 605.40
IcDcPfi 625.20
I2D2pl 610.90
IpDpPp 586.40
IoDcPo 590.60
I2D3PQ 628.00
I0D3P1 617.50

46.67 75.90
45.07 74.80
43.50 73.13
43.90 73. 60
45.60 75.33
44.23 74.20
41.60 71.53
41.87 71.90
46.30 75.67
44.77 74.53
42.33 72.27
42.90 72 .70
48.67 79.83
48.50 78.53
47.77 77.03
47.90 77.37
48.40 78.90
48.07 77.80
46.90 76.20
47.17 7 6.40
48. 60 79. 27
48.27 78.20
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Treatments Available N Available P2O5 Available K2O 
content content content
(kg/ha) f kg/ha) (kg/ha)

I2D3P2 593.90 47.43 76.73
I2D3P3 598.70 47.70 76.93
I3D1P0 577.90 46.60 75.77
I3D1P1 554.30 44.90 74.60
I3P1P2 524.60 43.07 72.93
I3D1P3 531.30 43.80 73.50
I3P2P0 561.20 45.40 75. 10
isPpPl 538.90 44.03 73.90
I3D2P2 501.20 41.70 71.60
I3P2P3 503.70 41.77 71.77
I3D3PQ 569.80 45.90 75.37
I3D3P1 546.60 44.50 74.27
I3P3P2 509.50 42.00 72.03
I3D3P3 516.90 42.57 72.37
F12.54 ** 32.79 19.13
SE 0.0 0.026 0.039
CD (0.05) 0.0 0.073 0. Ill
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maximum values for N, P2O5 &nd K2O. But with respect to P2O5 
content Dg was found to be on par with at I2P0 level of
irrigation and phosphorus.
4.6 Moisture studies
4.6.1 Water-use efficiency

The data on WUE as influenced by irrigation, plant 
density and phosphorus and their interactions is given in Table 
4.12, 4.12.1 and 4.12.2. Significant effect of the treatments
and their interactions is evident from the tables.

The highest WUE was recorded with Ig and was found 
superior to all other treatments. A marked reduction in WUE was 
noticed with I3 . I2 recorded 181.05% increase in WUE over 1.3 
(farmers practice). The density levels also exhibited significant 
influence on WUE. D o was efficient than the other two levels 
followed by D3 . In general, an increasing trend was noted in WUE 
with increase in P levels upto P2 but a further higher dose 
resulted in a significant lowering of WUE.

Appreciably higher efficiency of water use was found 
with the combinations l2F2’ ^2F2 an<̂  ^2^2 oF irrigation and plant 
density, irrigation and phosphorus and density and phosphorus 
respectively revealing the significance of interaction effects on 
the character studied. Also, the three factor combination l2F2F2 
registered comparatively more efficiency of water use.
4.6.2 Moisture _ extraction pattern (MEP)

The moisture extraction pattern from the different, soil 
layers is presented in Table 4.13, 4.13.1, 4.13.2, 4.13.3 and
4.13.4 which clearly reveals the effect of irrigation, plant
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density and phosphorus and their interaction effect on the 
character.

The percentage extraction of moisture from the top 
layer (0-15cm) was found to be higher with wetter regimes with a 
maximum at I3 followed by Ii and least with 13. But from 15-30 
and 30-45 cm depths, the percentage extraction increased with 
drier regimes. The plant density level D2 resluted in the highest- 
percent, age extraction from the top layer while extracted more 
water from deeper layers compared to the other levels bringing 
out the significance of plant density in the MEP. Depletion o1 
moisture from the top 15cm increased progressively with 
increasing levels of phosphorus up to P2 but. a higher dose 
decreased the extraction. However absence of P gave the highest 
percentage extraction from the lower layers.

Comparing the MEP from different depths by the crop- 
treated with various coimbinations of irrigation and plant 
density, irrigation and phosphorus and density and phosphorus, 
remarkably higher percentage of moisture depletion from 0-15cm 
depth was noticed with I3D2, I3P2 an^ ^2^2 while 12^1’ 1 pPo arid 
D]_Pq extracted more moisture from 15-45 cm depth. Also, the three 
factor combination I3D2P2 was observed to extract most of the 
moisture from the top 15 cm soil layer while the deeper- layers 
were more exploited by the combination I2D1P0 - The differences 
were statistically relevant except for the similar response of Dp 
and D]_ at a combination level I2P0 f°r the 15-30 cm soil layer.
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Table 4.12 Effect of irrigation, plant density and phosphorus
on water use efficiency (WUE) (kg/ha/mm)

Treatments WUE

Irrigation
1 1 11.90
12 15.19
I.3 8.39
F2 ,4
SE 0.0
CD(0.05} 0.0
Plant density
D 1 11.66
Do 11.99
D3 11.82
r, *' %r 2 ,4

SE 0.00
CD(0.05) 0.00
Phosphorus
P0 11.30
Pi 11.67
P2 12.21
Po 12.12
f 3,54
SE 0.0
CD (0.05) 0.0
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Table 4.12.1 Interaction effects of irrigation and plant
density, irrigation and phosphorus and plant
density and phosphorus on water use efficiency
(WUE) (kg/ha/mm)

Treatments WUE Treatments WUE Treatments WUE

IlDi 11.70 I1P0 11.16 Dip0 11.18

I p o 12.11 IlPl 11.72 Dipi 11.56
I lp3 11.90 Ilp2 12.43 d 1p2 11. 99

l2l>l 15.05 Ilp3 12.31 Dips 11 .91

1 2d2 15.33 l2p0 14.87 I>2p0 11.42

I2D,3 15.19 l2pl 15.04 D2pi 11.78

I3D1 8.24 10P0 15.47 Do Pn 12. 42

13D2 8.53 l2p3 15.38 D2p3 12.84

l3l>3 8.39 I3p0 7.87 p3p0 11.29

CO<3* ** I3pl 8.26 P3P1 11.67

SE 0.00 l3p2 8.74 P3P2 12.23
CD(0.05) 0.00 I3p3 

p6 ,54

8.67
**

p3p3 
F6 ,54

12.11

SE 0.00 SE 0.00

CD(0.05) 0.00 CD (0.05) 0.00

109



Table 4.12.2 Interaction effect of irrigation, plant density
and phosphorus on water use efficiency (WUE)

(kg/ha/mm)

Treatments WUE Treatments WUE

IlDlPo 10.97 l2D3p2 15.50
IlDiPi 11.57 I2P3P3 15.36
11 Dj_ ?2 12.19 I3D1P0 7.74

Ilr)lp3 12.06 I3plPl 8 .  13
IlD2P0 11.35 I3D1P2 8 . 57

IlI>2Pl 11.88 I3Dlp3 8.50

IlP'2P2 12.66 I3D2P0 8.00
IlD2P3 12.56 I3D2Pi 8.38
I1D3P0 11.15 I3D2P2 8.91
i1d3p1 11.70 l3D2p3 8 . 83
IlP3P2 12.44 I3P3P0 7 .87
i1d3p3 12.30 l3D3pl 8.26

i2d1p0 14.83 I3P3P2 8.75

l2DlPl 14.99 I3P3P3 8.67'
I2D iP2 15.22 F12,54
i2d 1p3 15.16 SE 0.0
i2d2p0 14.90 CD (0.05) 0.0
I2D2Pi 15.09
I2D2P2 15.69
I0D0P0C-> 15.62
I2P3P0 14.87
I2D3P1 15.04
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Table 4.13 Effect of irrigation, plant density and phosphorus
on moisture extraction pattern (MEP)

MEP (per cent)
Treatments Soil depth (cm)

0-15 15-30 30-45

Irrigation
Ii 68.98 21.19 9.83
Io 61.88 26.79 11.33
13 69.36 20.80 9.85
F2,4 81820.00** 207161.00** *18243.00
SE 0.015 0.007 0.006
CD (0.05) 0.058 0.029 0.025
Plant density
Dl 65.57 23.79 10.64
d2 67.94 22.01 10.04
d3 66.70 22.97 10.33
F2 ,4 0 ■! p 0iilo 1 . OO 5816.00** t ¥285.09
SE 0.026 0.012 0.018
CD (0.05) 0.100 0.046 0.069
Phosphorus
Po 63.67 25.61 10.72
Pi 65.67 23.96 10.37
p2 69.19 20.72 10.09
P3 68.43 21.41 10.16
P'2.4 100686.00** 35466.67** A M371.85
SE 0 .008 0.012 0.015
CD (0.05) 0.023 0.034 0.042
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Table 4.13.1 Interaction effect of irrigation and plant density
on moisture extraction pattern (MEP)

MEP (per cent)

Treatment
Soil depth (cm)

0 - 1 5 15 - 30 30 - 45

IlDi 67.60 or? 00C-i u > LiL7 10.11
IiD2 70.35 20.05 9.61
I1D3 69.00 21.23 9.77
12 Pi 61.17 27.14 11.69
!2d2 66.64 26. 43 10.93
j2d3 61.82 26.80 11.38
I3D1 67.95 21.94 10.11
x3d2 70.84 19.57 9.59
x3d3
F2,4

69.29 20.88
2619.00**

9.84
* *17.80

SE 0.0 0.009 0.020
CD (0.05) 0.0 0.029 0.065
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Table 4.13.2 Interaction effect of irrigation and phosphorus
on moisture extraction pattern (MEP)

MEP (per cent)
Treatments ________________________________

Soil depth (cm)

0 - 1 5  1 5 - 3 0  30 - 45

IlPo 65.45 24.56 9.98
UPI 67.70 22.56 9.74
I1P2 71.33 18.36 9.81
I1P3 70,94 1 9 ^7 9.79
l2p0 59.81 27.90 12.29
I2Pi 61.32 27.18 11.50

I2p2 63.41 25.89 10.70
IcPs 62.98 26.18 10.84
I3P0 65.74 24.36 9.90
I3P1 68.00 22.12 9.88
I3P2 72.33 17.92 9.75
I3 P3 71.37 18.77 9.86
p6,54 3204.00** %%3130.83 228.07
SE 0.014 0.021 0.026
CD (0.05) 0.039 0 .059 0 .073

113



Table 4.13.3 Interaction effect of plant density and phosphorus
on moisture extraction pattern (MEP)

Treatments MEP (Per cent.)
’.oil depth (cm)

0-15 15-30 30-45

26.00 10.91DiP0 63.09
PlPl 64.97

DlP2 67.38

DlP3 6 6 . 8 6

DpPo 64.24

D2Pl 6 6 .34
DcPo 71.08

C’2P3 70.12

0.3 p0 63.68

D3Pl 65.72
D3 P2 69.11

D3P3 68.31

f6,54 2205.00

SE 0.014
CD(0.05 ) 0.039

24.52 10.52
21.94 1 0 .68

22.71 10.44

25.16 10.60

23.30 10.35

19.47 9.45

2 0 . 1 2 9.76

25.66 10.66

24.05 10.24

20.77 10.13

21.40 10.29

450.83** 100.56

0 . 0 2 1 0.026

0.059 0.073
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Table 4.13.4 Interaction effect of irrigation, plant density
and phosphorus on moisture extraction pattern (MEP)

MEP (per cent) 
Treatments _______________________________

Soil depth (cm)

0 - 15 15 - 30 30 - 45

IlDiPn 64.83 25.08 10.09

I1*1Pi 66.31 23.18 9.91

I1*1* 2 69.62 19.93 10.45

11*1*3 69.04 20.98 9.98

I1*2 PO 6 6 . 00 23.98 1 0 . 0 2

1 1 * 2 * 1 63.42 21.82 9.76

1 1*2 * 2 74.01 16.76 9.23
I1*2 * 3 72.96 17.62 9.42
I1*3*0 65.53 24.63 9.84
I1*3*1 67.77 22.70 9.54

I1*3*2 71.87 18.38 9.75
11*3*3 70.82 19.21 9.97
I2 *l* 0 59.24 28.00 12.75
I2 *i*i 60.76 27.41 11.83
1**1 * 2 62.52 26.42 11.06
I2*1*3 62.17 26.73 1 1 . 1 0

I2 *2 * 0 60.37 27.79 11.85
12*2 * 1 61.38 26.94 11.17
I o Do P9 64. 41 25.33 1 0 . 26
I2*2* 3 63.92 25.65 10.43
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Treatments
MEP (per cent)

I2 D3 P0

I2D3P i

I2D3 P2

I2 P3 P3

I3D1P0

I3 D1P1

I3D1P2
I3D1P3

l3c>2 p0

I3D2P1

I3^2P2

I3P3P0
I3D3 P1

l3D3p2
I3D3P3

F12,54
SE

Soil depth (cm)

0 - 1 5  1 5 - 3 0  30 - 45

59.83 
61.32 
63.30
62.34 
65. 19 
67.23 
70.01 
69.37
66.35 
68.71 
74.82 
73.48 
65.69 
68.06 
72.15 
71.26

0.024 
0.068

27.90 
27.19
25.93 
26.17 
24.92 
22.96 
19.46 
20.41
23.73 
21.15 
16.32 
17.08 
24.43 
22.26
17.99 
18.83 
32.08** 
0.036 
0.102

12. 27
11.48 
10.78
10.99
9.89 
9.81
10.53 
10.23
9.93 
10.13 
8.86 
9.44
9.89 
9.70 
9.86 
9.91

* *28.73 
0.044
0.126

116



Economics of different treatments presented in Table 
4.14, 4.14.1, 4.14.2, 4.14.3 and 4.14.4 indicated that net
returns and BCR were significanlty influenced by irrigation, 
phosphorus, plant, density and their interactions.

The irrigation treatment Ii gave the maximum net 
returns and the BCR and was significantly economic compared to 
other levels. A plant density level Do was observed to be most 
profitable with the highest net returns and BCR. An appreciable 
increase in net returns and BCR was recorded with increase in 
doaaa of V upto f'2 tut- 5. higher dose was found less economic.

Among the different combinations of irrigation and 

plant density, irrigation and phosphorus and density and 
phosphorus tried, IlD2’ ^1^2 anc* £>2̂ 2 were more profitable 
giving more net returns and higher BCR substantiating the
significance of interaction effects on the economics oi
cultivation. Also comparing the different combinations of the-
three factors, I1D2P2 was computed to be most economic while 
I3D 1P0 gave the lowest net returns and BCR.

4.7 Economics of cultivation
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Table 4.14 Effect of irrigation, plant density and phosphorus
on economics of cultivation

Treatments Net returns 
(Rs/ha)

Benef it.-ci

Irrigation

II 19161.48 1.62
I2 16414.57 1.60

13 10789.78 1.27

f 2,4 67394.43** 179962.00**
SE 16.438 0 . 0

CD (0.05) 64.535 0 . 0 0 2

Plant density
Dl 14127.87 1.45

^2 16421.91 1.53

03 15816.06 1.52
F ‘2 ,4 4731.91 4630.00**
SE 17.282 0 . 0 0 1

CD (0.05) 67.847 0.003
Phosphorus

Po 13415.36 1.44
Pi 14805.41 1.48
Pot-i 17080.49 1.55
P3 16519.86 1.53
F2,4 8230.18** 39762.01**
SE 18.40 0.0
CD (0.05) 52.04 0.001
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Table 4.14.1 Interaction effect of irrigation and plant density
on the economics of cultivation

Treatments Net returns Benefit-cost ratio 
(Rs/ha)

IlDl 17672.50 1.56
11^2 20318.85 1.66
I1 D3 19493.10 1.64
X2D1 15427.75 1.55
i2d2 17018.17 1.63
i2d3 16797.78 1.62
I3 D1 9283.35 1.23
x3d2 11928.70 1.30
i3d3 11157.30 1.29
f4 ,8 **136.88
SE 26.128 0.0
CD (0.05) 85.208 0.0
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Table 4.14.2 Interaction effect of irrigation and phosphorus
on the economics of cultivation

Treatments Net returns Benefit-cost ratio
C R s / h a )

1ipo 16361.00 1.54
I1P1 18408.13 1.60
rlp2 21270.00 1.69

Ilp3 20606.80 1.66

l2p0 15846.27 1.59

I2P1 15933.42 1.59
IcPoL-i 17141.40 1.62
I2P3 16737.18 1.61
l3p0 8038.80 1.21
l3pl 10074.67 1.26

C-]CO 
!—1 12830.07 1.33

l3p3 12215.60 1.31
f6 ,54 875.02 4872. 60:
SE 31.868 0.00
CD (0.05) 90.136 0.001
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Table 4.14.3 Interaction effect of plant density and phosphorus
on the economics of cultivation

Treatments Net returns Benefit_cost ratio
(Rs/ha)

D lp0 12242.40 1.40
DiPi 13719.13 1.44

plp2 15543.13 1.49
Dip3 15006.80 1.47
E>2pf) 14251.27 1.47

p2pl 15518.96 1.51
D2p2 18216.20 1.58

P2P3 17701.20 1.57

P'3P0 13752.40 1.46
p3pl 15178.13 1.50
d3p2 17482.13 1.57
p3p3 16851.58 1.54
f6 ,54 p <->Dii. ob 442.80
SE 31.868 0.00
CD (0.05) 90.136 0.001
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Table 4.14.4 Interaction effect of irrigation, plant density
and phosphorus on economics of cultivation

Treatments Net returns Benefit-

IlDlPo 14950.60 1.48
IlDiPi 17173.00 1.55

IlP'lPp 19637.40 1.62
I1D1P3 18929.00 1.60

ElE’pP'O 17454.40 1.58
I \ C'2 P1 19356.60 1. 63

ElPpPp 22519.20 1.73
IlDpPg 21945.20 1.71

El^Po 16678.00 1.55

TlD3Pl 18694.80 1.61
I iP’3p2 21653.40 1.71
I1D3 P3 20946.20 1 . 6 8

EpP’lPo 15135.20 1.55
I2Dipi 15278.80 1.55
I2 D1P2 15797.80 1.56
EpP’l P3 15499.20 1.55
i2r>2Po 16208.20 1.61
I2D2Pi 16122.07 1.61
12 Pp P2 18050.80 1 . 6 6

IpDpPs 17691.60 1.65
EpPsPfJ 16195.40 1.61
IpP.pPi 16399.40 1.61
IpPpPp 17575.60 1.65



Treatments Net returns
(Rs/ha)

Benefit-cost, ratio

l2D3p3 17020.73 1.63

I3plp0 6641.40 1.17

I3Dlpl 8705.60 1 OO x « x>
l3plp2 11194.20 1.28

I3Dlp3 10592.20 1.26

is^Fo 9091.20 1.23
l3D2pl 11078.20 1.28
I3 D2 P2 14078.60 1.36
IsFpFs 13466.80 1.34
I3d3p0 8383.80 1.22
l3p3pl 10440.20 1.27
l3D3p2 13217.40 1.34
l3D3p3 12587.80 1.32
F12,54 6.07** 49.50
SE 55.197 0.001
CD (0.05) 156.121 0.002
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DISCUSSION

response of vegetable cowpea to phosphorus under varying moisture 
regimes and plant densities are discussed below.

5.1 Growth characters

Plant height increased progressively upto 90 DAS. Eight 
from the beginning, the plant height was significantly influenced 
by the irrigation treatments. The irrigation levels 1^ and Ig 
resulted in a marked increase in plant height over Ig- The trend 
remained the same upto the end of the cropping period
indicating that frequent, light irrigation is more beneficial for 
crop growth.

In general, a progressive increase in the number of

leaves per plant was noticed upto 60 DAS. Thereafter-, a reduction 
in the number of leaves was noticed. The irrigation treatments 
showed an appreciable influence on the leaf number during all the 
growth stages. The Ig treatment, i.e., daily light irrigation 
produced the highest number of leaves followed by I]_ and Ig i.e., 
irrigaion at 10 and 15mm CPE.

The number of branches per plant also showed a n

increasing trend upto 60 DAS. Differential irrigation had its 
influence on the growth character with Ig giving significantly 
higher extend of branching than I^ and Ig -

The results of the experiment conducted to study the
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Better observations on growth parameters with 

frequently irrigated crop might be due to the uninterrupted 

moisture supply which might have helped in maintaining the

turgidity of the cells favouring cell enlargement and cell 

division resulting in increased plant height (Begg and Turner. 

1976'. The reduction in the rate of leaf initiation and cell 

division might have caused the production of lesser number or 

leaves under dry soil conditions. Leaf senescence was also 

accelerated by stress which leads to a fall in the leaf 

number (Balakumaran.1981>. Frequent and better availability of 

water might have resulted in optimum and early availability oi 

nutrients and moisture enhancing the growth and developmental 

characters (Mohanty and Sharma, 1985, Prasad o_t iLL-- 1991 ). 

Absence of moisture stress at the critical stages might be

ano t. her factor for better growth at higher moisture regimes

(Chatter.iee and Bhattacharya. 1986). In general, these results 

corroborated with the findings uf Jeyaraman \ let'4 ano. 

Trivedi ei al- (1994).

Throughout the crop growth the plant density level Tp 

tried at a spacing <of 1 X O.G m showed its superiority in plant 

height -ever its lower and higher densities. A marked reduction 

in p-Iant height was also noticed at a spacing of 75 X SO cm ; lb . 

The other growth characters. vis. , number of leaves and hr an chee

per plant also indicated a similar trend.

Compared to a low density treatment (Lip a higher is-, el 

of competition i-..r light might have made the plants taller in the
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iun i-'ccif trc-atme-nt D--1 > Chandler. 1969 ' . But tor the '“is1': 

densitv treatment I'm it, must be assumed that the ~-ompet.it ion was 

sc severe that there was reduction in the growth characters of 

individual plants. Increased plant density limits the

availabilitv of space per plant and hence root configuration

affecting crop growth (Abuja, 1994).

The taller plants of the Pg treatment might have maJ.e 

cptiffium use of the available resources like space, iic.nl. 

nutrients and moisture resulting in better expression of other 

growth characters. Higher level of evaporation irom the a-n 

surface which contributes the major part of moisture needed for 

crop growth and higher level of weed interference might be other 

possible reasons for depression of growth in the low density,- 

treatment with inadequate can,., gy coverage. Ihe results, ax-e n. 

agreement with the findings of Gingh al. 1981) , Fra sad ±L 

&1. (1993 - . Dwivedi eit &1. (1994'- and Padhi ( 1995 >.

In general, the graded levels of phosphorus gave a.u 

appreciable increase in the growth attributes upto the level ig,

i.e., 45 kg/ha beyond which a significant, decline in growth was

m a n i f e s f e >. \.

Phosphorus being an essential constituent of cellular 

proteins and nucleic acids, encourages the mt-xistermati,. 

activity in plants (Black. 1969). Increase in growth might en

due to hastened merisLemati: activity, better root growth and 

better absorption of nutrients by increased application of 

F'(Philip, 1993 : . The translocation of ph o t o s y n t h ates, Ly the



'n :>f i also effected an impreveieent in carious growth

parameters (Verma and Saxena, 19955. The infection of Rhizobium 

bacteria depends on their interception with the root hair. Under 

adequate phosphate application, nodulation increases due to high 

bacterial infection on account of properly developed rooting 

system and increased density of nodule bacteria (Srivastava and 

Varma, 1985 ). Increased nodulation imp1ies greater symbiotic

fixation of atmospheric N which also helps in cell division ana 

root extension which might have resulted in vigorous plant growth 

and plant height ■ Deshpande and Bathkal, 19G5, Singh, 1985 m

Similar results have been reported by Meena aJ,. Cl991 ) In

cluster bean and Joseph and Varma >' 1994) in chickpea. The

highest level of P f6Qkg/ha) caused a significant reduction in

growth parameters which might be attributed to the nutrient 

imbalance in the soil-pi ant systems (Kumar and Agarwal, 1993 > . 

A declining trend in some growth parameters studied in frenehbean 

at highest levels of P compared to lower levels was also noted by 
Verma and Saxena<1995).

5.2 Days for 50 per cent flowering

The differential irrigation and phosphorus application 

showed significant influence on earliness of attaining 50 per

cent flowering whereas density had no influence on the character. 

The number of days was minimum for Ip and Po levels of irrigation 

and phosphorus and was on par with 11 and Pp. Absence of 

phosphorus and lesser irrigation also delayed the flowering. An 

optimum density level Dp also showed favourable effect on early 

flowering but did not reach a level of significance.



Fig. 3 Effect of Irrigation on total DM P (kg/ha)
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Influence of F in hastening maturity is well documented 

The stimulatc-rv effect of F on growth might have resulted in 

early flowering. The trend of early flowering under higher 

levels- of P was also noted by Balakurnaran (1981 > and Philiv 

-1333- in cowpea. Better exploitation of phosphorus under higher 

moisture regimes was reported by Sharma si &1. < 1984') and darker 

'1033> in green gram.

5.3 Total dry matter production (IMP)

In general the total PMF increased progressively upt;

90 PAS with the highest rate of increase from 45 to 00 PAS. 

Varying levels of irrigation, plant density and phosphorus m o  

their interaction had significant influence on PMP through out 

the crop growth period.

Frequent light irrigation (Ig) produced maximum -.u > 

matter and was superior to the other treatments except If at 41 

D A . m e  j.easi PMP was noticed with Ic during ail t-he grownr 

stages (Fig.3 .

Maintaining a higher level of ACM in tlie re vt 

could have resulted m  adequate soluoii m a t  ion, mobilisation am. 

trans locat ion of native as well as applied nutrients \ Gupta and

Rai. 1383 "i . The higher levels oi irrigation might also Ira /•_-

favour abl y influenced the cell elongation, turgidity and prom.t-.-i 

various physiological processes including the up-take _-0 

nutrients. leading to improved plant growth ■: Mur-art, 138:. u 

Higher uptake of nutrient s. in the frequently irrigated treatment.



Fig. 4 Effect o f Plant density on total DMP (kg/ha)
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fr tables 4.8. -1.9 and 4.10 and has ctm j cue 1' 

resulted in better growth (Tables 4.1,4.2 and 4.3) and thereb'

enhanced DMP. Similar positive correlation between nutrierc

uptake and DMP was reported by Savithri (1980) in green gram 

Higher DMP by the favourable influence on the production :: 

rhotosvnthatoe in frequently irrigated crops has also bee: 

reported bv 3ubramanian si al. ' 1993 > and Jyo+.hi (.1990: k

vegetable cowrea. Similar results were also reported by Arya an

in green gram and Rao et g. 1. ( 1991 •< in tj ack gram.

During the different stages of crop growth a 

densitv level Dp <1 X 0.6m: gave significantly superior DMP 

other levels. However at higher plant density a drastic red 

in DMP was noticed (Fig. 4 b

.ant
•I ty r

The result might be attributed to maximum exploits? 

of natural resources including apace, light. nutrients 

moisture under optimum density. An increased riant lent 

limits the avail ability of apace per plant and hence > 

sonfiguration and plant productivity ;Ahusa. 1984:. Better gr: 

of ml ants under medium density treatment, as evident from fal

4.1.4.3 and 4.3 might have resulted in the highest DMP. A si: 

deer ease in the values of growth parameters at low densit y )o 

which might be due to higher level of moisture loss and grec 

extend of weed interference as discussed before might also Ice 

reason for lower DMP. Beneficial effect of optimum density

matter accumulation have also bean reported bv . ingh ana

Yadav (1994 ' in summer black gram and Dwivedi ei al. ( 1’



Fig. 5 Effect of Phosphorus on total DMP (kg/ha)
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cpre toat ton of graded levels of phosphorus 

significant increase in the total dry matter upt>: 

thereafter a marked decrease was noted (Fig.5).

Favourable effect of P on a wide range of 

functions of the plant might have lead to increased dry weight as 

shown by increases in plant height, number of .leaves and branches 

under higher levels oi F ; Balakurnaran. 1981 > . Better root growth 

in crops grown in phosphated soils resulting in higher nurri-m 

uptake and the favourable effect, of P on nodulaticn .u',crcacinv !I 

availablilitv might have also contributed to the high BMP.

5.4 Yield and yield attributes

5.4.1 Number of pods per plant

With an increase in soil moisture a gradual increase in 

the number of pods per plant was recorded and it reach-d maximum 

with the daily light irrigation treatment ;h  U  A remarkaol- 

reduolion in the character could also be noticed with tlx 

driest regime of Ih-.

Water deficits generally induced changes 1 Liu_- 

reiai dation ox floral primordia developmen t., reduction h, tlx
riumber of flowers produced and fruits set and flower and earl/ 

fruit abscission oil of which lead to a devi-esse in the number .1 

pods per r iant rreduced ; Ksufmaun. ibbf>. A higher le vel .. f 

avail able moisture cn the soil might have maintained better sc 1 i■

plant -water balanc e and the scorching effect of adce summer



_nterfered with the norm

and Singh- lyf4 '> . Higher number of pods per plan

int. met aooiisn

irrigated treatment might be attributed to the above 

Better growth of the plants observed .X!

treatment as noted from tables 4. 1,4.2 and 4.2 might- have 

direatlv reflected on this major yield attribute also. Those

a Y' Ex 1

cowpva and Jvothi ( 1095) in vegetable cowpea.

The medium density level had a favourable influence

on the numoer 

higher donsitie 

with the high density treatment

f pods per plant in comparison with lower end 

A significant decline in pod number was noted

Higher BMP per plant and efficient grain filling by 

better translocation of photosynthat.es from the vegetative parts 

to the oink might have improved the yield components (Singh and 

Yadav, 1994). Reduced crop competition and optimum exploitation 

of natural resources might be the reason for better growth and 

DMP under medium density treatment. These results corroborat- 

with the observations of Singh op al. t1331} in green gram, Ahuia 

■' 1984 ■ . Tripathi and Chauhan '1990: and Singh st a 1. '1 9 9 4 : j r. 

pigeon pea and Dwivedi ei al-<1994) in french bean.

evident from the results of the experimen 

"hat there was an appreciable increase in the number of mods pc

with increasing levels of applied P upto 

p- •• beyond which a decline was nek iced.
■ f 4‘



This increase in yield attributes might be a 1 inert 

sense suenco of growth characters like plant height and number of 

leaves and branches (Tables 4.1. 4.2 and 4.3 ) and also better 

vast also of nutrients ■< Tables 4.0. 4.9 and 4.10';. An adequate 

supc-Iv of F is important in laying down the prinwrdla for the 

rerToductive parts of plants. It is also considered important in 

the formation of fruits and seeds. The presence of easily 

available P seems to have stimulated plants to produce more pods 

in grain eowpea (Philip, 19931. Phosphorus, being a mat-o 

constituent of plant cell nucleus and growing root tips also 

helps in cell division and root proliferation enabling the plant 

to absorb more nutrients from the deeper soil layers. Moreover.

shotscvntheois and this tended to increase the number of cods per 

slant ■dvothi. 13951. The medium P status of the experiment =,:

field might be one of the reasons for the lack -of response at 

higher doses which could have resulted in nutrient imbalances in 

the soil. These findings corroborate the reports of Phookan ana 

chads qua ! 1994 ) in pea. Prihar (1999 ) and Sarkar set. aj.. (1995 5 is 

chickpea and Abbas e£ al. * 1994) in soy bean.

Effect, of interactions between the treatments were alas 

significant on the production of pods per plant. Among the 

various combinations of irrigation and density. irrigari.cn and 

phosphorus and density and phosphorus the two factor combinations 

Ipl>. Igpc and DoFo maintained their superiority from tire



Fig. 6 Effect of Irrigation on pod and haulm  yield (kg/ha)
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4- V. gs

5,4.2 Yield

he ireouen11 v lrri gated treatment ; It '

■it pod. and h 
had signifb
t hne a n

minimum vi ,- i

This increase in peel and haulm yields in fr . 
irrigated plots might lie a direct reflection of the imj
growth Tables 4.1. 4.2 and 4.8) number of pods
also nutrient uptake ■' Tables 4.8, 4.9 and 4.10') in the

treatment. Similar relationship' of growth parameters. yieb
•contributing- characters and nutrient uptake with yield has beei 
reported by hher e_t, &1. f 1994) in summer cowpea. Varughese an. 
Iruthovaral ''1993' in greengram and Jeyaraman •: 1994 ■ ii 
blackcram. Order unsaturated soil moisture environment a vapou; 
oar would be formed around the roots by their turgor pressure 
under water stress. Such a g a p  if ever present would reduce th- 
availahi1itv of nutrients to the rents probably due to lessei 

contact between roots and water particles causing drast 0. 
reduccion in dry matter production and uptake of anriant..
brill bus, 1966 Thi might be the major reason

arid haulm yields of crop experiencing moisture st.ress . 
yield under low moisture stress treatments might be due 
adequat e moi sture a• ■• ar 1 alt1111y fin ougl'i out the 
resulting in letter growth and development of yield attributes

b'Otl. p

Optimum moisture supply might hav s . i l u b i l i s c - d . J i i o b i l i :



Fig. 7 Effect of Plant density on pod and haulm  yield (kg/ha)
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and 'b-d tpa native aa v*elJ as argdied H and -a1

nutrients resulting in greater green pod and haulm yeiIds. 

general, these results are in confirm!ty with the findings 

Mshanty and Sharma )198f), Misra and Gangwar < 1987 , Eachohhav 

al. 1990 b varughese and Iruthayarco (1993) and Trivedi et ; 

i 1994 •> in greengram. Eao al. ( 1991 > and Jeyaraman ( 1994 >

black gram and -Jvothi (1993) in vegetable cowpesa .

Oignifleant influence of plant density treatments 
the green pod and haulm yields was also noticed troiii table s. 
The density level Dy resulted in appreciably high marketable p 

and haulm yields as compared to In and Dg. A ina: ked decline 
the yields was also effected by the Ti (high density treat me.

Better growth as expressed by the plant height. numb--r 
C'l leaves and brandies Tables 4.1, 4. _ and 4. d , m  crease -.1 
uptake cf nutrients (Tables 4.0. 4.9 and 4. It1) and more- BMP and 
number of peds per rdant 'Tables 4.9 and 4.G) might have rt suites 
in higher ireen pad and haulm yields' under the L'w level of plant 
density. Maximum exg-loitai Lon of resources vis. space, light, 

nutrients and sail moisture and reduced competition result lug i.c 
vigorous growth, DMP and bet,ter translocation of photos.vnt.hat e s 
from vegetative parts to the sink improving the yield eonipjnento 
as- a cumulative effect of proper developisient, oi roots and she s., t e 

in suitable riant geometry leading to better uptake and 
tranelocation of nutrients under medium density treatment might 
be the reason for bet ter yields under I>“ . Higher yields at



Fig. 8 Effect of Phosphorus on pod and haulm  yield (kg/ha)
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dium density followed bv low (Do1 and high density 

eatments proved the parabolic realtionship between

nave aiso been reported by Prasad (1988) and Singh gt a.l

density and yield. Higher yield of both pod and haulm un
medium density treatments compared to higher and lower deneit.

1  j. _  K ...

in green gram, Sondalia gt al.(1988 o Hivedita and Reddy * 19 
and Tripathi and Chauhan '1990) in pigeon pea. These results 
also in c anfirmity with the reports of AICPIP ; 1988, 1990 ;• . 
beneficial effect of medium density treatment over high lem 
might also be due to better light penetration and nig 
phot-synthetic efficiency resulting in better development

V. !

ter

plant canopy mao soi. i\i.,ldo6). Similar
rets i-ted by Si-shadri (195th and Nara v anan and

Different ial apgl icat ion of P was observed hi 9 - 
signif le ant influence ec the marketable pod and haulm iel .i;
PpOg T 45kg. ha ?P2 ! g a m  highest yield while higher and h.m 
doses resulted in significant decline. Absence of P applicate

r- :gi in both rwd and haulm yields F

Although the phosphorus requirement g r a m

recommended for. Keral: -no it ions is kg/ha (KAb ,1993''
staggered ’pattern of harvesting during the period cf one and a 
half to two months might have increased the nutrient requirement 
of the vegetable crop. The higher vegetable and haulm viol is u-. 
a d-se of 45 kg Py^gp'ha might be the direct, effect of imp rev-~d 
growth, nutrient uptake. PMP and yield attribuLes Tobim

/• i  r-\ - p
.  tw'Ukii ct - ' po s- 1 1 k t

relat icnship betwee>..ween vie. an;.■d yield components have been

1 CF



y - i - . -  gi av, i i 005 \ c.n,-i jyntbi ■ 1 995 * iri 

Arya and Kalra (1988) in green gram and Singh and Tripat hi 

'1992). Mishra '1998) and Shah ei &1,(1934) in black gram. At 

the highest level of P a decrease in both pod and haulm yield was 

noticed. This lack of response above 45 kg/ha might be due to 

the medium status of P in the experimental field. Application of 

P increases the concentration of P ions of the soil solution and 

ulitimately effects the formation of more nodules, vigorous root 

development . better iJ fix at ion and over all development of tin 

plant (Abbas yt a.1-- 1994'' . Increased availability of N end 1' to 

the plants leads to better plant growth resulting in better-

flowering and fruiting iSingh and Chaudhary, 1992) and increased 

photosynthesis < Phookan and Shadeoue. 1994). Beneficial affect 

of P -an flower primordia initiation and seed formation have bran 

discussed before. An increase in the pot.ent.icJ for- e-xp-i.. it atnn 

of soil resources by the elongated root system might have _Js-_ 

helped the plants to express butter growth which ultimately

reflected in increased haulm yield.

The treatment comb in at ions loT'm 1 uPo and In P'"- arnencL* •_> C-, *_• <_■ '  '

the various combinations of irrigation and density, inigati x. 

and phosphorus and density and phosphorus and the three fact.r 

eombinat ion I;;I •; F-; retained signifi rant superior ity throughout

the crop compared to other combinations with respect to the 

marketable vegetable an .1 haulm yields.

High moisture regimes rendered P sm,re s.Jublo u_;d 

accordingly an increase in F availablity c-ooured at the v,ett~st 

regime < Pharma ef nl. , 1984 . This might be the reason f.r the



Fig. 9 Effect of Irrigation on the uptake o f nitrogen by the crop
(kg/ha)
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Fig. 12 Effect o f Irrigation on the uptake o f phosphorus by the
crop (kg/ha)
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Fig. 15
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More number of irrigations applied frequently at critical at a.) 

of water need coupled with ample supply of P might be ascribed 

greater uptake and subsequent assimilation of P leading 

maximum expression of yield attributes, which in turn resulted 

higher yield in green gram (Sarkar. 1992). These results are 

close oonfirmity with Agarwa1 it al .(1976) in green gram. Far]- 

at al.«1995 » in chickpea and Singh and Tripathi i1002■ in bl;

The response to applied P tended to in-: 

yield with increase in plant population as reports 

Kalra ■: 1983 :• in ground nut . Significant interact ion effeet 

phoather us and density has also been observed in the yit Id 

french bean ' Haidavanekai- it al. (1992).

5.5 Nutrient uptake

Irrigation treatments profoundly influenced the apt a 

of N.P and K during all the growth stages. The maximum uptake w 

noted with Ip. the daily light irrigation treatment foilowed 

I and Io i.e. , irrigation at 10 and it tarn OPE >: Fig. 9 . Fig. 

and Fig. if .

This might be due to the increased total DMP rec or d 

in frequently irrigated plots (Table 4 .5 ). Higher up)ake 

nutrients due to higher PMF under frequently irrigated ti-eatmen 

was also observed by bin~h and Tripathi (1pp2 - in summ 

b lackgrsm and Rajput ef a.1. ( 1991 ) in soybean. Doth 

availability of tho nutrients, due to solubilisation, mo!, ii isat .D



Fig. 10 Effect of Plant density on the uptake of nitrogen by the
crop (kg/ha)
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Fig. 13 Effect of Plant density on the uptake o f phosphorus by the
crop (kg/ha)
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Fig. 16 Effect of Plant density on the uptake o f potassium  by the
crop (kg/ha)
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adequately moist soil conditions resulting in higher level of 

absorb!ion and content in the plant parts may also be the reason 

for hicher nutrient uptake under frequently irrigated conditions. 
These results are also in corroboration with Bacbehhav eg 

al. 1900 ■ . The reasons attributed in section 5.4.2 for the 

reduced uptake of nutrients and DMP under moisture atressed 

■ronditions resulting in lower yields (Phillips, I960) holds 

here also.

The uptake of nutrients showed significant variation: 

due to differences in plant density. The medium density lev el 3- 

showed significantly higher uptake of nutrients- than L.w<-r .ml

higher densities. The high density treatment recorded mirniue 

values fir uptake cf nutrients (Fig. 10, Fig1;. 13 and Fig. 13'.

These results might be a direct consequence ■: £ t h. 

increased IMF recorded in this treatment rTable 4.3m Incrm-ased 

plant density limits the availability of space e-r plant. an.!

hence root configuration and upt-ake of nutrients where ai a iivrn. 

densitv level recults in moisture less from the empcsei o-cii .■n- 

to inadequate raim-py cm erage affecting the availability _ i 

nutrients and else a higher extend c.f weed mterserenco wi.i.n 

compete eve;, mine ef f icient ly with the cm.-p plants I n  the

nutrients. Singh and Yadav (1994 > also noted better uotake an !

transls.cslicn cf nutrient e in blacker am under medium and him. 

dens.it;-- treatments as ccmpared to h e  density treatment .

1 OP.



Fig. 11 Effect of Phosphorus on the uptake of nitrogen by the
crop (kg/ha)



Fig. 14 Effect o f Phosphorus on the uptake o f phosphorus by the
crop (kg/ha)
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Fig. 17 Effect of Phosphorus on the uptake o f potassium  by the
crop (kg/ha)



The retake of all the throe nutrient elements was f-un 
to increase' regularly with the increase in the level c 
phosphorus upto 45kg/ha (P2 > and thereafter a significan 
reduction was noted. Absence of phosphorus recorded least uptak 
of nurtients «Fig.11.Fig.14 and Fig .17).

This trend might be attributed to the increased TMF a 
the marticular level of P (Table 4.5k Similar relatbsnshi 
between DMF and nutrient uptake has also been observed bv Kuma 
et al.-'137S;, Ealakumaran (1381) and Philip < 1398 ; in grai 
;owroa and Jvothi (1995) in vegetable cowpea. Rule of F in prere 
roct development. nodul-ation. nitrogen fixation, meni.stem at :i 
act ivitv and tranolocation is well known and this explains it 
influence on the uptalce of nutrients. Higher uptake of N , P and 
following P application might be a cumulative effect of increase 
PMP and nutrient content on account of higher availability «. 
nutrients .Dashers and Jain , 1994).

5.8 Soi1 nutrient status after the experiment

The significant influence of differential irrigation 1 

evident from the data presented in table 4.11. The +rearmen 
that received lose irrigation * Ip> registered maximum contents : 
available H.P and K followed by Ii and the minimum contents wer 
recorded in the daily light irrigation treatment 'In) indicat in 
that the soil nutrient status after the experiment decreased a. 
the frequency of irrigation increased. The higher level 0 

available soil moisture might have enhanced the uptake of N.P an-



Fig. 18 Effect o f Irrigation, Plant density and Phosphorus on
water use efficiency(W UE) (kg/ha/m m )
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K (Tables 4.8, 4.9 and 4.10) which might have resulted in lower 
contents of available N,P and K in the I3 treatment. These 
results confirms the findings of Rajan (1991) and Jyothi (1995).

The density levels also manifested appreciable effect 
on the nutrient status of the soil. The high density treatment 
(D^) recorded maximum contents of N,P and K in the soil followed 
by the low density treatment (D3 ). The lowest nutrient content 
was observed with D2 , the medium density treatment (Table 4.11). 
The inverse relationship between nutrient uptake (Tables 4.8 ,4.9 
and 4.10) and soil nutrient content is observed here also.

The nutrient content of the soil was found to d e c r e a s e  

with the increasing levels of phosphorus upto P2 after which 
there was an increase in the status. This might be attributed to 
the increased total DMP and uptake of N,P and K at higher dose of 
P(P2 ). The increased nutrient content at a still higher dose 
might be due to lower DMP and uptake due to the nutrient 
imbalance caused by overdose of P (Tables 4.5, 4.8 ,4.9 and 4.10) 
These findings corroborate the report of Jyothi (1995).

5.9 Moisture studies
5.9.1 Water use efficiency

Varying levels of irrigation was observed to have 
significant influence on the efficiency of water use by the crop. 
Maximum WUE was noted with l2 > the least frequent irrigation 
treatment followed by 1  ̂ and the least value with the daily 
irrigation treatment, l3 (farmer's practice) clearly indicating 
that the WUE was higher in less frequent irrigation schedules
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WUE is likely to increase with decrease in soil 
moisture supply until it reaches the minimum critical level 
because the plants may try to economise water loss in the range 
from minimum critical to the optimum soil moisture level, ie, 
under limited water condition (Raghu and Choubey, 1983). 
Considering the availability of soil moisture, proportionately 
higher yield was obtained from less frequently irrigated crop 
increasing the WUE. Major portion of the water above the optimum 
level might be lost in the form of excessive evaporation, 
transpiration or even as deep percolation. Lower leaf number and 
area might have been responsible for the lower rate of 
transpiration from the lesser irrigated treatment and this might 
also have reflected in the higher WUE in I2 though the yield was 
less in this treatment. Increased WUE due to less frequent 
irrigation was also reported by Pal and Jana (1991), Bachchhav st 
al-(1993) and Pannu and Singh (1993) in green gram, Vijayalakshmi 
and Aruna (1994) in black gram, Dobariya si si- (1985) in 
chickpea and Jyothi (1995) in vegetable cowpea. Evapo- 
transpiration is always at a near potential rate when water 
supply is adequate, whereas yield which is a complex phenomenon 
depending on several factors may not be optimal (Slatyer,1967) .

The density levels also recorded marked influence on 
the WUE. D2 -the medium density treatment recorded superiority in 
the efficiency of water use over the lower and higher density 
treatments, whereas the high density treatment resulted in the 
minimum value for this character (Fig.18). This might be a 
direct reflection of the trend in yield which followed the same

(Fig.18).
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iV .

higher vie Id will naturally result in higher water use efficient-' 

or in turn, optimum exploitation of soil moisture and thereto 

nutrients by the proper development of roots and shoots is 

suitable plant geometry might have increased the yield in thi 

treatment. In the low density treatment, a higher rate o 

evaporation from the exposed soil surface due to inadequate 

canopv coverage and profuse growth of weeds which transpire hag. 

quantities of water compared to crop- plants might have- -da, 

c o lit a- ibii t. ed. t o the lower WUE . Higher ef lioienoy -at water ine 

under- cg'Cimun plant densities has also been observed by Pwcingai 

ai..1992) in summer green gram.

Significant differences were observed in WUE v,d d 

varying levels oi phoshorue ■ Increase in P level iq 1 P--

resul red in increase in WUl after which, a notable ieauctio; 

:-soared with po 'Fig.13d

o +-H.

This increase In the efficiency of water use might to 

due to higher yield corresponding to the treatment compared U 

other treatments ■: Table 4 . d  Phosphorus might hare helped in tin 

formation of an extensive loot system which could have expicd te

rn o 1 st-are even from deec■ r .  i he soil thus increasing; th-.
yield and thereby the efficiency of water use. An

WUE with higher level >Iso reported by Subramaninan
u ,1QQC'« ^  ■ 4. ' w •_1 qd ct I i U I -’W yi j J d, 'fl ] J c~ t- iliX- •- IdcPw .11



Fig. 19 Effect o f Irrigation on moisture extraction pattern
(M EP)(per cent)
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5.9.2 Moisture extraction pattern (MEP)

t +- i_ r- evident from the data prese-nt-ed in t ab 1 e 

the percentage extraction of moisture from the t op layer 

vac higher with wetter regimes and was maximum with 

iany irrigation treatment(I3 ) and minimum with ly. the 1

frequently irrigated treatment. But the extraction of mois 

from the deeper layers increased with moisture stress f Fig.13

Frequent wetting of the upper surface layer to.posed 

the hot atmosphere created a higher vapour pressure gradi 

between the crop canopy and the atmosphere which might 

caused a relatively larger loss of water from the S o i l  aux. 

than in less frequent irrigation schedules resulting in a hi 

moisture deplecivn from surface layer in frequently irrig 

schedule. 9 substantial shift in the rooting pattern of the 

to the deeper layers with moisture stress might be the 1 

for higher extraotion from deeper layers under less freque 

irrigated condition « Pannu and Cingh 1393). Black ;1373) 

observed that root grows: deeper into the soil in search of •/.• 

when the moisture supply is not adequate in the surface Biye; 

soil. Ihese results arc in coi'roboration with the iindings 

Arya and Sharma (1930) and Eachchhav -± ai. ■; 1993; in green 

and Singh and Trirathi 1992) in black gram. It was also n 

that the crop extracted avast of the moisture required from 

top soil layer - 9- 15 cm). This might be due to the addi 

effect if higher transriration from the increased leaf area



Fig. 20 Effect o f Plant density on moisture extraction pattern
(MEP) (per cent)
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i-.---i-._-  ̂t.--- v- t r.jr- from t-h e soil surface through v-’riPor-Eitio:’!. Thi ?

is in agreement with the findings of Jvothi ( 1005). similar

results have also been reported by Nayar and Singh c1985 ■ is 

chiokrea. Khade e± a.1. - 1936 '■ and Arya and Sharma (1990 ; in green

r r am and -3 inha and Pal M . w S l i n  blacker am

piaiii.

vji i at is n in the moisture ■■extraction pattern. The. dtiito iee-_ 

Dy resulted in the highest percentage of mosi ture extras tion f-xm 

the top layer followed by Dy, while Dy extracted more water ix- .-m 

the deeper layers (Fig.2 2 :.

The higher -degree of compe tit ion among t he crop plants 

in high density treatment, as observed by Singh etc si- -1391 ( .

green -cram, Kumar and Sharma ; .1989 - in black gram and Trio si!.; 

a no o hauhan IdaO > in pi.gecn pea might, have rosul icd nr a co.*i . 

in the resting density and Proliferation towards deeper' a ..hi 

layers in search of available mositure. This explains the high-n

ext end cf mositure uptake from deeper soil layers in Pi . In cas- 

of loo; density treatment, loss of huge volumes of moisture by w._;, 

of evaporation from exposed surface soul and transpiration by c._- 

P-rofusely growing weeds might have resulted m  lesser vv1 ume . 

a'-raliable moisture for crop, exploitation from surface la/n m.l 

t hereby increased uptake from deeper layers. Tim. medium den si I -. 

treatment with proper development of roots and shoot s in 

suitable plant geometry having adequate canopy coverage and a 

healthy le-rel of competition among crop- plants ocuid abscn b s 

higher percentage .of moisture reguireiiient from the surface soil. 

Dwangan g-t &1. (1992' also noted that closely spaced crop
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Fig. 21 Effect of Phosphorus on moisturq extraction pattern
(MEP) (per cent)
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r. — f  - l +- .-1 j-,-,,- T'-. "f“ |"j 1̂ . f-nv ]

Percentage of moisture de-Plotion from the top 15cm sot

layer increased progressively with increasing levels ;

’Phosphorus upto 45 kg/'ha f P2 > but a higher dose decreased th-

extract ion from top soil layer (Fig.21). Improved growth of cps 

plants under the optimum level of phosphorus, already identifiw- 

as 45 kg-'ha may have resulted in significant increase in th- 

yield of green matter which means greater quantity of organ) 

matter added to the soil conserving mositure of the surface iaye. 

thereby increasing the mositure extraction from the top lave)- b;

5.10 Economics of cultivation
It was evident from the economic analysis that the n-.-

returns and benefit-cost ratio (BCR) were higher with the 1 

treatment. Even though higher yields were obtained with th* 

daily irrigation treatment. 13 it was computed «s least eccnc-mie 

This pr:>ves that the increase in labour cost for irrigating lari 

could not be compensated by the increase in green pod yield. Th-. 

lower yield under I3 treatment resulted in low net returns an 

BCR ;Fig.22 -.

Among the different levels of plant density tried. Lh: 

medium density level Pp was identified as meat, economic with th-. 

highest net returns and BCE while Id was noted as least e.Oic-mi. 

!Fig.22 -. This might be a direct reflection of the increase. 

yiel:l and lower cost of cultivation due to less seed requiremen: 

in this treatment compared to the high densit/ treatment la.
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Fig. 22 Effect of Irrigation, Plant density and Phosphorus on
economics of cultivation

Irrigation Plant. Hen.si tv  Phosphorus □  Net returns

□  Bemfit-cost ratio



is.ble increase in the net returns and

also reC'Srded with increase in the doses of P upto 45 kg,-'he 

due to high -sield of marketable pods, but a higher dose was 

to be less economic due to a decline in yield. Absent 

phosphorus drastically reduced the net returns and BOR du 

lower !>--] yield r Fig. 22 '<.

Among the various combinations of irrigation and 

density - irrigation and phosphorus and plant density 

rlrocphorus the combinations 1 1  P!2 * -pPp and B2 P2 was compute 

most economic while I0 D 1 . PsFp. and D^Pp was least economic. 

three factor combination JuI'pPp Save highest net returns an J 

while I0 D1 Po gave the lowest values for the parameters.

fo u r  d

plant
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t—i
SUMMARY

A field -xperiment was conducted in the summer 
fallows at the Instructional Farm attached to the College 
Agriculture. Vellavani during 1994-'95 to study the response 
vegetable eowpea to phosphorus under varying moisture levels 
plant density. The soil of the experimental field was sandy 
loam in texture with a bulk density ranging from 1.30 to 1.33 kg 
acidic in reaction and medium level in the status of avail 
nitrogen, phosphorus and pottaaium. The quantity of rain 
received during the cron growth peroid was meagre. The expert 
was laid out in strip- split, plot design with three replicafi 
The treatments comprised of three levels of irriva 
' 11 - Irrigating the crop, at 10mm CPE value to a depth of 3 
12- Irrigating the crop- at 15mm CPE value to a depth of 20mm 
p■ Daily light irrigation to a depth of 10mm !. three levels 

riant density < Pi - 22,222 pts/ha (0.75x0.6m^ , D- -16.66'7 rt 
,1.0x0. Cm' and Do •• 13,333pts/ha : 1.25x0.6m) and four levels 
phosphorus (P,- -no phosphorus. - 30 kg/ha P2O5 . P2 -45kg/ha P 
Eg - GOkg-ha PgOg - • Observations were made on growth. yield 
oualitv characters of the crop-, 
and the results of the study are summer i;
1. It was observed that the plant height increased progre 

unto 30 DAO. The irrigation levels I3 and Ix showed a 
increase in slant height over Ip. Ip was also signif

. r] f h f=*
:-ror-Pina poriou. A p 1 -3.nt density Dr- showed s
higher value for plant height while D]_ gave the lowest values.

14r



. - ' - - - i . T - y . i j y j c  significant 1 v superior' to all other Icel 

with resoeet. to the height of plants while with Fq a signifi'ar, 

'••itv-f lor. In r iant height was noted. The other growth paramc'’ er 

like the number of leaves and branches followed the same trend.

2. The davs for 50 per cent flowering was also influenced ? 

irrisaion treatments . Early flowering was observed with Ip and : 

and delaved flowering with 1 3 . However, piant densitv did n 

influence in attaining of 50 per cent flowering. Phceple-rv 

applic-ation at all levels induced earliness in flowering and I* 

level gave earliest flowering.

2, The total BMP of the crop increased progressively upto 9 0 M 7

The irrigation level Ip recorded maximumDMP during ail the gr ■■•we 

staves. A plant density level Do gave maximum BMP uniformly arts A 

PAP. A significant increase in the total BMP was manifest-: 

throughout the crop growth with increase in the level of P uptc 1 

but a higher dose resulted in significant reduction in BMP.

4. The number of pods per plant was substantially increased c 

frevuent irrigation giving a maximum value with Ip level - 

irrigation which was significantly superior over other levels. A Is 

a plant density level Bp and a phosphorus level P3 resulted 

significantly higher number of pods compared to other levels.

5. Differential irrigation had significant influence on the

of vreen pod and haulm with I3 giving superior values compared 7 

Ii and Ip. I3 recorded lowest yields. A plant density level Dp an 

a rhosphorus level Pp resulted in highest yields compared to otbr

ieve Is of plant density and phosphorus.
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With I ̂ 1 fv-'- 1

cf N.P and K by the crop was significantly 

irrigation. level of plant density and P-

norue compared to other levels of irrigation 

phosphorus. The soil nutrient status after the

sionificant 1 l i l the treatments

'Pt-rimeno was

recorded nv

N.P and K compared to other le

ir rig-at ions. Also Ip and Po levels of plant density and 

recorded maximum values for the character.

^ . Th r h 1 ĵI'j O c-1 6:1 fi C 1 Oi'iO V of VJ-Ci t- O T WSO l-JBS

■>|v: r

i:ro y .ion oy ‘ 1 a. t .L id n W tt -r I G W*r S t

. i.er use

■'-n f] t"d ■

. . . . . .  i
e-2 t" 1

Ip also showed maximum

.evelr .

i.e.. I2 level and 

l-lant dense tv it

£ ervencage vvtiictioii evx■ ut
.“ . , 7  ' tv , .-- -

that the isrientagt of o.-u..paction from the to 

increased with wetter regimes and was maximum with ip

ieepcr layers mere used 
plant density level Dp and phosphorus levs

showed significantly higher extend of extraction of mol

lb It was evident from the results that an irrigation 

plant density level Pp m d  phosphorus level Pp was sms'

with the highest net retuns and BCR and was significant! ■
i 1 La .

ther treatment, levels

i C  j j i_ nL

h e n t a t e  w i t h  a BCE

:iVt i.iaciit am

a BCE of i.od. Comparin

me nig!! 
o f 1.Cf . 

income L-l

ixe c
rtlSK.fi

10421.-1



resulted in maximum net returns

the overall trend in the study revealed that it 

profitable to irrigate the crop at a CPE value of 10mm to a depth 

during the entire period of crop growth. It is also oboer 

a Plant, density level of 16.66^ pts/ha and a phosphorus J e 

sf 45kg ha is St t I . th- :ultivation

in summ allows in Southern Per-
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ABSTRACT

An experiment was conducted at the Instructional 
Farm attached to the College of Agriculture, Vellayani in the 
summer rice fallows during 1994-'95 to study the response of 
vegetable cowpea cv. Malika to phosphorus under varying 
rivMsture levels and plant density. The experiment was laid out 
in strip-split plot design with 3 replications. The treatments 
1 noluded three levels each of irrigation and plant density and 
four levels of phosphorus.

The study revealed that the crop responded to 
irrigation, plant density as well as phosphorus levels. The
biometric characters like plant height, number of leaves and
branches per plant, earliness in flowering, total DMP and yield 
attributing characters like number of pods per plant were 
favourably influenced by giving daily light irrigation of 10mm 
(farmer's practice'' throughout the crop period. The maximum 
values for the above said characters were also observed at a 
plant density level of 10,667 pts/ha (1 .0x0 .6m) and a phosphorus 
level of 45kg/ha compared to the other levels.

The- maximum yield of green pods and haulm was obtained 
by daily light irrigation with 10mm water and a plant density 
of 16,667 pts/ha. The crop responded upto 45 kg/ha PyOy
application. The uptake of major nutrients N,P and K by the
crop also followed the same trend.

But the water-use efficiency was highest for the least 
freqently irrigated treatment viz. irrigating at 15mm CPE and was
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-ound to decrease with increase in the frequency of irrigation, 
plant density level of 16,667 pts/ha and a phosphorus level . 
45kg/ha also recorded maximum water— use efficiency. Soil moistm 
extraction pattern showed that less frequent the irrigaticr.
more the percentage of absorbtion from deeper soil layers. A plan 
density level of 16,667pts/ha as well as a phosphorus level 
45kg/ha also gave maximum absorbtion from top soil layers where as 
higher plant density gave maximum absorbtion from the deeper soi. 
layers.

The available N,P and K contents of the soil after the 
experiment indicated a decrease in the soil nutrient status with an 

increase in the moisture level of the soil. The highest nutrient 
status was also noted with a density level of 16,667 pts/ha and 5 

phosphorus level of 45kg/ha.

The results of economic analyisis revealed that the net 
income and benefit-cost ratio was maximum by irrigating the crop at 
10mm CPE, at a plant density of 16,667 pts/ha and a phosphorus level 
of 45kg/ha.
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