
TILLAGE REQUIREMENTS OF COW PEA

BY

RAVI KUMAR P. K.

THESIS

SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENT

FOR THE DEGREE 

M A S T E R  O F S C IE N C E  IN A G R IC U L T U R E  

FACULTY OF AGRICULTURE 

KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF AGRONOMY 

COLLEGE OF AGRICULTURE 

VELLAYANI, TRIVANDRUM

1982



ii

DECLARATION

I hereby declare that this thesis entitled 
"Tillage requirements of cowpea” Is a bonafide 
record of research work, done by me during the 
course of research and that the thesis has not 
previously formed the basis for the award to me 
any degree, diploma, associateshlp, fellowship 
or other similar title of any other University 
or Society*

Velleyanl,
1982.



iii

CERTIFICATE

Certified that this thesis entitled 
"Tillage requirements of cowpea" is a record 
of research work done independently by 
Sri* Ravikum&r, P.K. under my guidance and 
supervision and that it has not previously 
formed the basis for the award of any degree, 
fellowship or associateshlp to him*

(Dr* N. Sadanandan) 
Chairman,

Advisory Committee, 
Dean, Faculty of Agriculture.

College of Agriculture,
Vellayani, , 1932.



±v

Approved by:

Chairmans

Dr, H. Sadanandan

r - ie in b e r s :

2 , Dr, R ,S , Aiyji

a-// *-/ S~1
3 . S r i ,  1C. P. Hadliovaii H air



V

acknowledgement

The author wishes to express his deep sense 
of gratitude and heartfelt thanks to:

Dr* N* Sadanandan, Dean, Faculty of Agriculture, 
Kerala Agricultural University and. Chairman of the 
Advisory Committee for his valuable guidance, 
critical suggestions and constant encouragement 
during the course of this study and preparation of 
the thesis,

Dr* C* Sreedharan, Professor of Agronomy,
Sri* U. Mohsmed Kun^u, Professor of Agronomy and 
Dr* ft. S. Aiyer, Professor of Soil science and Agri­
cultural chemistry members of the Advisory Committee 
for their good counsel and solicitous help,

Sri. X,P. Madhavan Nair, Associate Professor of 
Agronomy and Sri. V. Muraleedharan Nair, Associate 
Professor of Agronomy for their valuable and expert 
advice during the conduct of field experiment,

Dr# V.K. Sasldhar, Professor of Agronomy for 
his invaluable help rendered during the preparation 
of the thesis,



Vi

Sri, A.I, James, Associate Professor (Bot),
Rice Research Station, Pattambi for his whole­
hearted help and for providing the necessary 
facilities during the conduct of field experiment,

Sri, Alexander David, Associate Professor of 
Agronomy, Sri, Baby. P. Schariah, Assistant 
Professor of Agricultural Entomology, Rice Research 
Station, Pattambi for their help and co-operation 
rendered during the conduct of field experiment,

Sri, Sathyanathan, K.M., Sri. Anil Kumar, P. 
and Sri. Harishu Kumar, P. for their help rendered 
at various stages of the research project,

members of the staff and post-graduate students 
of the Department of Agronomy and other friends for 
their encouragement and co-operation; and

the Kerala Agricultural University for awarding 
a resenrch fellowship.

RAVIKUM.AR, P.K.



vii

CONTENTS

Pag©

INTRODUCTION . .  1

REVIEW OF LITERATURE 3

MATERIALS AND METHODS *, 2k

RESULTS .*  36

DISCUSSION . .  110

SUMMARY . .  123

REFERENCES i  -  x v l i i

APPENDICES . .  I  -  X



viii

Table 1 . 1

Table 1 .2

Table 1.3 

Table 1*4

Table 2*1

Table 2*2

Table 2*3

lis t of tables

Page

Effect of tillage and Inter­
culture on soil moisture 
content at flowering (0-50 cm)
Effect of tillage and inter­
culture on soil moisture 
content at pod fomotion 
stage (0-30 cm)

37
Effect of tillage and inter­
culture on soil moisture 
content in percentage at tho 
time of sowing (0-30 cm)
Effect of tillage and inter- 
culture on soil moisture 
content at branching (0r30 cm)

39

40

Effect of tillage and inter­
culture on drymatter content ,? 
of weeds at015 days after 
sowing (g/m^)
Effect of tillage and inter­
culture on drymatter content 43 
of weeds at 30 days after 
sowing (g/m2)
Effect of tillage and inter­
culture on drymatter content 45 
of weeds at 45 days after 
sowing (g/m2)



Table

Table

Table

Table

Table

Table

Table

Table

Table

I x

Page

2#4 Effeet of tillage and inter-
culture on drymatter content 46 
of weeds at 60 days after 
sowing (g/m2)

3,1 Effect of tillage and Inter- /sA
culture on plant height at 
20 days after sowing (cm)

3*2 Effect of tillage and inter­
culture on plant height at 49
40 days after sowing (cm)

3*5 Effect of tillage and inter- 
culture on plant height at 
60 days after sowing (can)

3*4 Effect of tillage and inter­
culture on plant height at 52
harvest (cm)

4*1 Effect of tillage and inter­
culture on number of leaves 54
per plant at 20 days after 
sowing

4*2 Effect of tillage and inter-
culture on number of leaves 55
per plant at 40 days after 
sowing

4.3 Effect of tillage end inter­
culture on number of leaves c,r 
per plant at 60 days after
sowing

4.4 Effect of tillage and inter­
culture on number of leaves *7 
per plant at harvest



Table 5.1 

Table 5.i 

Table 5-2 

Table 6

Table 7.1

Table 7.2 

Table 7*1 

Table 8 .1  

Table 8.2

Effect of tillage and inter** 
culture on drymatter product­
ion at 2 ) days after sowing 
(g/plent)
Effect of tillage and inter­
culture on drymatter product­
ion at ho days after sowing 
(g/plant)
Effect of tillage and inter­
culture on drymatter product­
ion at 60 days after sowing 
(g/plant)
Effect of tillage and inter­
culture on dry weight of 
root nodule at flowering 
(g/plant)
Effect of tillage and inter­
culture on spread of roots 
at harvest (cm)

Effect of tillage and inter­
culture on length of roots 
at harvest (cm)
Effect of tillage and inter­
culture on root weight at 
harvest (g)
Effect of tillage and inter­
culture on number of pods 
per plant
Effect of tillage and inter­
culture on length of pod (cm)



2&

Table 8.4

Table 8*5

Table 8*6

Table 8.7

Table 8.0 

Table 9

Table 10 ,1

Table 10*2

Table 10.3

Table B#3.

Table 11.1

Effect of tillage and inter­
culture on 100 seed weight 
(g)

Effect of tillage and inter­
culture on grain yield 
(kg/ha)
Effect of tillage and inter­
culture on bhusa yield 
(kg/ha)
Effect of tillage and inter­
culture on total drymatter 
production (kg/ha)
Effect of tillage and inter­
culture - on harvest index
Effect of tillage and inter­
culture on protein content of 
grain (Percentage)
Effect of tillage and inter* 
culture on nitrogen content 
of grain (percentage)
Effect of tillage and inter­
culture on nitrogen content 
of bhusa (percentage)
Effect of tillage and inter­
culture on nitrogen content 
of husk (percentage)
Effect of tillage and inter­
culture on phosphorus content 
of grain (percentage)

Effect of tillage and inter­
culture on-number of seeds
per pod 73

74

76

77 

79

61

82

84

85

86

Page

37



Page

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

11.2 Effect of tillage and inter- 
culture on phosphorus content ««
of bhusa (percentage)

11.3 Effect of tillage and inters 
culture on phosphorus content
of husk (percentage) s

12.1 Effect of tillage and inter­
culture on potassium content 92
of grain (percentage)

12.2 Effect of tillage and inter­
culture on potassium content 93
of bhusa (percentage)

12.3 Effect of tillage and inter­
culture on potassium content , qa 
of husk (percentage)

13 Effect of tillage and inter­
culture on uptake of nitrogen 95 
at harvest (kg/ha)

14 Effect of tillage and Inter­
culture on uptake of phosphorus QR 
at harvest (kg/ha) *

15 Effect of tillage end inter­
culture on uptake of potassium 
at harvest

16 Effect of tillage end inter*
culture on total nitrogen 
content of soil at harvest 102
(percentage)

17 Effect of tillage and Inter­
culture on organic carbon 
content of soil at harvest 
(percentage) l w



xiii

Table 18

Table 19 

Table 20

Page

Effect of tillage and inter­
culture on available phos­
phorus^ content Of soil ,jQg

Effect of tillage ©id inter­
culture on available potassium 
content of soil (kg/he) 107
Economics of cultivation of 
covjpea under different levels 
of tillage and interculture 1Qq 
for one hectare y



Fig. 1

Fig® 2 

Fig. 3

Fig® k 

Fig. 3

Fig, 6

LIST OF FIGURES

Between pages

xiv

Weather conditions during the 
cropping period (1930-81) end pCj m 2g
corresponding averages for the 
pest five years (1976-77 to 
1980-8 1)
Lay out plan 2 6 - 2 7
Effect of levels of tillage on
number of pods per plant, grain
yield and total drymatter pro- 115 - 116
duction
Effect of levels of tillage on
uptake of nitrogen, phosphorus 116 - 117
and potassium
Effect of levels of interculture 
on number of pod® per plant, grain 
yield and total drymatter pro- 120 - 121
duction
Effect of levels of interculture 
on uptake of nitrogen, phosphorus 
and potassium ' *





INTRODUCTION

Phlses occupy a very Important position in Indian 
agriculture. They provide not only a cheap source of 
vegetable protein in human diet but also help in combating 
protein malnutrition* About 70 g of pulses should 
necessarily be included in the dietary schedule of a 
normal adult per day to supply the required protein 
(Gopalan and Narasinga 1990), According to this 
standard the minimum pulse requirement of our country 
works out to be 23 million tonnes, However, the targatted 
output in the current year is far below the requirement 
being only about 13.5 million tonnes, V/hile the popula­
tion has increased tremendously during the past five 
years* there, was no substantial increase in the pulse 
production vfhich tended to remain around 12 milLion tonnes. 
As such the per capita availability has decreased from 
63*5 g to 34.9 g calling for crash programmes in pulse 
production. The Government has rightly taken steps to 
increase pulse production in this "Productivity Year", 
and this has been given special consideration in the 
revised twenty point economic programme.

Pulse have the unique built-in mechanism for drawing 
the inexhaustible stock of nitrogen from the atmosphere.



Some of thorn serve as excellent forage and grain concentrate 
for the cattle. In addition to this, they protect the 
valuable soil from erosion to a greater extent. The crops 
that follow pulses as a component crop in the multiple 
cropping system are benefitted from the enriched soil.
The above facts bring out the urgent need for increasing 
the production of pulses for supplying the people with 
.protective fooda^ of high calorie value, to keep up the 
cattle population in good health and to maintain the soil 
in good condition.

The two possible avenues to achieve the above goals 
are the expansion of area under pulses especially' in non- 
traditional areas and locations like summer rice fallows, 
coconut gardens etc., and breeding of high yielding 
varieties coupled with intensive management practices.
The problems which are closely associated with the pulse 
production in the non-traditional areas are many, viz., 
problems in land-preparation, liming, pest and disease 
problems and need for * tailor made* variety for these 
problem soils. In spite of these, the farmers will be 
ready to take up pulse cultivation in non-traditional 
areas if they are supplied with a low coat - production 
technology. Thus In Kerala, where cost of labour is 
relatively high a reduction in cost of land preparation 
which is the essence of low coat technology, will surely



result In a multiple cropping sequence of Rice-Rlce-Pulse.

From a Gafeteria of pulse crops suitable for cultivation 
in rice fallows short duration cowpea varieties appear to 
be the most promising. Reduction in the cost of cultivation 
is the only alternative for popularising pulse cultivation 
as it is not possible to exploit the full genetic potential 
of the existing high yielding variety* In summer rice 
fallow's we have to sow the crop in quick succession to 
utilise the residual moisture and as such the time available 
for preparatory cultivation is much less. The scarcity and 
high coat of labour in the peak season warrant suitable 
tillage practices to overcome such difficulties encountered 
by the cultivators.

Pulses often suffer from severe weed competition, on 
account of their slow initial growth rate* Generally the 
weeds out-grow the crop In early stages and if adequate 
control measures are not taken8 yield will be reduced 
considerably. The optimum time for weeding is found to be 
seven and twenty eight days after planting (Anon;-:, 1974)*
Land preparation often reduce the soli moisture considerably 
in the top five centimetres of soil (Deloucho-1980). It 
may be remembered that after cultivation practices also 
have a deciding influence on the soil moisture conservation 
and weed control. The stage and frequency of weeding are 
very critical. Under conditions of intensive cropping,
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minimum tillage practices have great importance and 
applicability. This is especially true with a crop like 
pulse9 grown In summer rice fallows where much time is 
lost by resorting to conventional tillage practices# Since, 
the conventional tillage practices are costly, it is 
worthwhile to find out alternate cheap methods of tillage 
and interculture to popularise its cultivation# Development 
of such agro-techniques are of imich relevance to pulse 
cultivation especially in the summer rice fallows of Kerala# 
As the studies on the combined effect of tillage and 
Interculture have not been undertaken so far in Kerala, 
the present investigation has been carried out with the 
following objectives.

1 . To find out the minimum tillage requirements of cowpea.
2. To test the feasibility of growing cowpea without 

tillage.
3 # To find out the effects of different levels of raking 

and weeding, on growth of cowpea and to find out the 
optimum time of inter cultivation.

4. To vfork out the economics of different tillage 
operations in summer rice fallows for cowpea.





REVIEW OF LITERATURE

Moat of the world's cowpea, is grown by traditional 
agriculture - sown* cultivated, and harvested v/ith hand 
tools. Recorded studies on cultural practices are 
relatively few. The review of literature pertaining to 
the present investigation Is given below!

1 .

Tillage is considered a3 the first step in crop 
production. Deep tillage operations have for centuries 
been a feature of the more advanced systems of farming. 
Conventional tillage, which is the most practised one has 
been described by Beamner and Baker mans (1973) as the one 
which begins with a primary deep tillage, followed by some 
secondary tillage for seed bed preparation. Here, control 
of weeds, the most important objective of tillage is 
achieved by pro or past emergence recultivation or herbicide 
application.

The concept of tillage for crop production is changing 
rapidly* Garber (1927) successfully oversowed a legume into 
an unproductive grass sod without tillage. In the 1950's, 
as a consequence of the encouraging results obtained by . 
mulch farming practices and by the discovery of new herbicides 
the minimum tillage received greater support. Eventhough the
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minimum tillage practices have been experimented on a 
number of crops* the published work on cowpea la few.
Stanton et (1968) reported that the crop can be planted 
without any previous preparation of land* Studies at 
Pantnagar have shown, that summer pulses can be planted after 
harvesting wheat without any preparatory tillage* (Saxenn 
and Yadav* 1975)* Ploughing the land two to three times 
end removing the weeds end stubbles has been considered as 
an important practice for raising cowpea (Anon** 1991)•

1* 1 Effect of tillage on soil moisture

Talati and Mehta (1963) reported that deep ploughing 
conserved more moisture than shallow ploughing and resulted 
in higher yields of bajra* Harold et si. (1967) observed a 
markedly increased amount of soil moisture cooerved in tho 
top 7 ” of soil in a no-tillage system compared to the tilled* 
in an experiment with corn* Jones et al, (1968) reported that 
the average available moisture in the effective root zone*
0*18 Cm - 3*12 cm is higher in a no-tillage system than in 
other five systems involving increasing amounts of tillage*
Dev ot el* (197G) found a lower moisture content at the 
surface 5 cm layer in the ploughed soil as compared to the 
untilled* Moreover* he could observe an increase in moisture 
content in the deeper horizons* However* Goncharov at al*
(1970) reported that the, differences in ploughing depth did
not affect the moisture regime at all Michael et al. (1970)



reported that deep ploughing helps in conservation of rain
water at the end of the rainy season. JBlevins £t (1971) 
observed a higher moisture content in/no-tillage systems 
upto a depth of 60 cm with the largest difference in the top 
8 cm in a silt loam soil. Boaumer end Bakermans (1973) could

,the zero tilled soil than in the ploughed soil whereas the 
reverse was observed in the layer 1 1 - 1 6  cm* They observed 
the largest difference between tilled and untilled soil in 
the resetting phage. All and Prasad (1974) found that

under ridge and furrow beds. Gawal and Ds&shinamoorthy 
(197£) reported that sub-soiling resulted in more yield rand
better water use afflalenoy as compared to c m  sex pxougnxng,
mould board ploughing and(^nrf mna cui f-.iv.vfclan- Minimum 
tillage has advantages over conventional system of soil and 
water conservation (Gamah, 1975j Unger and Stewart, 1976). 
Bauer and Kucera (1973) could find an increased soil moisture 
content in tho top 60 cm of untilled soil as compared to a 
tilled one. 'j Guerrero £t (1978) reported that soil 
moisture content was more stable when number of tillage

f  ^operations was reduced in corn. Lai et (1978) found that 
water use efficiency of maiae and cowpea was higher under 
no-tillage compared to tillage. Chopart et (1979) could 
not find any effect on water storage with minimum tillage

notice a higher moisture content at pF2 in the top 6 cm of

moisture conservation was better under flat seed bad than
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during a dry season. j Fenster and Peterson (1979) reported 
that chemical fallow stored more water annually compared to 
ploughed land, ( W i  and Yadav (1979) reported that deep 
ploughing resulted in more soil moisture in the upper 30 cm

c—------- 1-----------   ""--------------------------------- -
depth at the time of sowing* However* Delouche (1930) and 
S&sidiiETan (1931) reported that ploughing depleted soil 
moisture to a level marginal for germination of seedsT)
Khan et ,aL. (1981) reported significant reduction of soil 
moisture content in rice fallows due to conventional 
tillage as compared to minimum tillage*

Baeuser and BaKarroans (1973) observed that zero tillage 
resulted in higher amounts of volunteer plants from previous 
crops especially whore cereals are grown and value of crop 
is depreciated. Halitt ©t jĝ * (1973) observed more than 
double drymatter accumulation of weeds on non-tilled plots* 
compared to tilled ones* Gout ham an and Saaftaran (1976) 
found no significant difference between tillage treatments 
on weed growth and weed drymatter in case of maize.
Greenland (1975) reported that weed problem was greater in 
no-tillage system compared to tilled ones and recommended 
the exercise of suitable control measures to obtain higher 
yields, ^Experiments at Philippines revealed that for cowpea 
there -was no significant difference in weed weight at
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harvest between tillage treatments (Anonymous,. 1977).
Estler (1978) reported that mechanical weed control in 
the course of regular basal tillage are superior to zero 
tillage as far as type of weeds are considered and the 
type of weed coverage| Bhushen ,aL» (1979) reported that 
under shallow tillage, weed growth was es high as 7 .2 t/ha 
which could be brought down to 3 .5 t/ha by the combined 
effect of deep tillage and stmazine application. Castroverde 
and Mabbayad (1979) reported that tillage practices and 
pre-plant herbicide treatments have no significant difference 
in their effects on weed population* fMahto and Sinha (1980) 
reported that largest number of weeds and drym at ter accumu­
lation were seen in no-tillage plots compared to tilled one 
at 20 days after sowing of wheat*^ However, at 30 and 50 days 
after sowing there was no difference among the treatments.

1.3 M f  flc_t__of _tlUage_on J growth characters

Kepo^ai (1974) reported that deep tillage increased 
plant height of soyabean^ But Sorur ,e£ (197<§) could not
find any significant effect on height of corn* Camper and 
Lutz Jr. (1977) also reported that tillage has no effect on 
height of soyabean^ Simon and Sfcrdleta (1978) found that 
plant height was lower with no-tillage in case of field beans, 
Chasudhary at. al. (1978) reported that tillage treatments as
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compared to no_tillage had hi^er plant height in case 
of wheat* Sasidharan (1981) reported that the height of 
groundnut plants at early stages was higher in the untilled 
treatment.

(SJUson (1973) observed a 2^4 decrease in drymatter 
V  -\production with zero tillage when compared to ploughing* j

However, Sorur ,gt jjj,. (1976) could not notice any significant 
difference in dry weight of corn due to tillage. Hakimi and 
Chakravarthy (1976) reported that ploughing and disking pro­
duced maximum plant growth and highest silage yield of corn.

^Elliot »t (1977) noticed a better 3hoot growth of barley 
in early , season due to ploughing and deep tine cultivation*') 

j Rowsg and Stone (1977) also reported that deep cultivation 
\lncreased drymatter production of broadbean by 1254 over 
conventional ploughing^)(^Chaudhary ̂  (1973) reported
that tillage treatments produced higher shoot weight and root 
weight in case of wheat compared to no-tillage*^ Simon and 
Skrdleta (1973) reported that the biomass production was 
lower with zero tillage. However, Lai (1978) noticed
higher drymatter production of corn and cowpea under no-tillage.

faylor and Ratliff (1969) reported that root elongation 
rate in cotton and groundnut decreased with increase in soil 
strength. Barber (1971) observed that in annually ploughed 
soils, GOrn roots developed extensively to greater depths.
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than no tilled soils, | Reddy and Dakshinamoorthy (1971) 
found that the root growth was higher with deep tillage 
in case of wheat,J Reddy (1973) reported a decrease in 
root penetration with increased compaction of soiO 

^Beaumer and Bakertnans (1973) did not observe any difference 
between the effect of tillage treatments on length and 
frequency of adventitious roots of wheat,j They also 
reported that the final root weight and pattern of root 
distribution at ripening stage is similar in both tilled

deep loosenin and
Sgaier (1975) observed increased penetration of roots of 
wheat from no-tillage to subsoiling, fvamell £& al. (1975) 
reported a poor root growth of paanut3 in the untilled 
treatment and attributed it* to the compact zone Immediately 
below and to the sides of the ro\f,J Chop art £& ̂  (1976) 
reported that ploughing before sowing increased root growth 
rate, maximum root depth and radial root areas. Smittle and 
Threadgill (1977) reported that root production of cowpea 
followed an inverse pattern with soil strength, Ramos al,, 
(1979) reported that under minimum tillage system soybean 
plants had a higher root density in the upper most layer. 
Maurya and Lai (1980) reported that'roots in the surface 
layer were more with no-tillage. But at lower depths of

and untilled
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iO - 40 cm roots were less In no-tillage plots. However* 
Sasidharan (1931) could not find any effect of tillage 
treatments on root growth of groundnut in the tracts of 
Onattuksra, W-aJa.

(1957) reported that excessive cultivation 
decreased nodulation of legumes. Simon and Skrdleta (1978) 
reported that the number and weight of nodules were lower 
with no-tillage compared to conventional ploughing. 
Klittich and Hughes (1980) reported that nodule weight of 
soybean plants were higher under sod than in conventional 
ploughing although no difference in yield of seen.

1 . 4  Effect of tillage on yield and yield attributes

ll9t>yj reported higher yields or maize wirn no-tiiiage ttian 
with conventional tillage.j Triplett at (1963) noticed 
significant reduction in average grain yield of maize from 
no-tillage to conventional pre-sowing tillage. Boss© and 
Herzoz (1969) observed significantly higher yield of maize 
and lupin in the untilled treatment compared to tilled or 
disk harrowed ones. Ofori and Handy (1969) found that on 
sandy loam soils ploughing to a depth of 9 crâ  increased 
the yield of maize compared to unploughed ones. Taylor and 
Ratliff (1969) observed a decrease in weight of tops of
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groundnut and cotton with increased soli strength at loivpst 
sol star© level# Neenaeu (1970) reported that yields of 
soybean were lower with direct drilling compared to conventi­
onal tillage. Singh (1970) reported that grain and bhusa 
yield of bengaL-grsm was not significantly affected by 
number of preparatory cultivations. However, he obtained 
the maximum yield under two ploughlng3, which was followed 
by three preparatory ploughings*

(^Balsn e£ (1971) found that increasing the depth'of 
ploughing from 15 to 25 cm increased the yield in case of 
soybean and maize. Blevins (1971) observed higher
yields of maize in no-tillage treatment.Underwood at al.
(1971) found that groundnut grown in a Compacted soil showed 
a decrease in yield with increase in soil strength; However, 
Vitosa et al. (1972) reported that maize yields were unaffected 
by ploughing depths^ Kouwsahowen (1973) reported an increase 
In yield of cowpea under no-tillage compared to rbtavation 
and disc-ploughing, (^eddy (1973) reported that higher levels 
of compaction reduced the pod yield of groundnut significantly. 
Sanford et al. (1973) found that conventional tillage gave 
higher yields of soybean over reduced tillage. Singh and 
Gupta (1973) reported that preparatory and inter-tillage 
treatments did not affect the grain yield of wheat.

Poth (1974) reported higher yields with minimum tillage 
in case of maize. Tillage to a depth of 10 cm gav© higher



yields compered to 50 cm depth. Kapoaat (1974) reported 
that, yields of soybean v/a3 always increased by deep tillage# 
Rod and Possk (1974) reported that cultivation methods had 
no .significant effect on yield of barley. Rook wood and 
Lai (1974) reported that in periods of drought and stress, 
yield of cowpea Is 23 par cent higher with/Z©ro tillage
than that of, ploughed treatment. (Linder sjt ĵl,. (1974) 
observed that in sandy soils with ibamy subsoils, deep loosen­
ing alone increased crop yields by 10 to 20 per cent. )

X  /Varaell £&  ̂ 1. (1975)? observed a significant reduction 
in yield of tops and pods, of groundnut in aero tillage 
treatment. j They noticed a reduction In seed size due to 
inadequate seed bed preparation.

\

Bartoni (1976) observed higher yields of groundnut
with ploughing compared to disking. Gouthaaan and Sankaran
(1976) found that there was no significant difference in 
yields of maize between different tillage treatments viz,, 
conventional, minimum and zero. Smith and Lilard (1976) 
reported a higher grain yield in until'ied treatment then the 
tilled one. Standifer and Ismail (1976) reported that yields 
obtained with minimum tillage was equal or more to those 
obtained with conventional tillage, (unger and Stewart (1976) 
observed that In multiple cropping systems, yields were 
higher under no-tillage./ Vender (1976) found that conventi­
onal tillage gave higher yields than reduced tillage.
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Van do ran et (1976) find that com yields were remarkably
insensitive to tillage.

Experiments at IRRI revealed that cowpea after a 
single rice crop could produce higher yield at zero tillage 
(Anonymous, 1977), Elliot £& (1977) did not observe
any difference between cultivation treatments on the yield of 
spring barley on sandy loam soil# However, Mlnhas (1977) 
obtained increased grain yield of maize by 700 - 800 kg with 
no-tillage system, combined with, mulching or post-sowing 
tillage as compared to conventional tillage# ■ Similar reports 
wore also made by Kang and Yunuaa (1977) in maize; Reddy et al. 
(1977) in Groundnut; HLal and Singh (1977) in wheat and 
Mock ,£t (1977) in maize# HalArai sod Kachru (1977)
observed a decrease in yield with respect to no-tillage in 
case of barley#

Bauer and Kucera (1978) reported the lowest grain 
yield with no-tillage system in spite of the increased 
moisture content in top 60 cm of soil# Kazanstev and , 
Kolamkov (1978) reported that under local conditions yields 
of maize over a two year period was increased by 4 t/ha and 
that of wheat by 0,24 - 0.29 t/ha on plots with shallow 
cultivation. Lai gt (1978) reported higher yields of 
maize and cowpea under no-till age# Cauci^no and Mabbayad 
(1979) reported that there was no significant difference 
in the yield of corn under different tillage practices viz#,
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aero, minimum and conventional. Chopart et al, (1979) 
reported a higher yield in conventional tillage system as 
compared to minimum tillage system. Another study by 
Herzog al*. (1979) revealed that with increasing tillage 
intensity the yield increased proportionately. (jCamprath et 
(1979) reported that yields of soybean was increased by 
ploughing and disking, ̂ Rai aid Yadav (1979) observed higher 
yields of wheat under deep cultivation. However, Tompkins 
and Mullins (1979) observed that yield of cowpea was 
unaffected by tillage treatments.

G^ahto and Sinha (1980) reported that deep cultivation 
gave higher yields of wheat.] Ketcheson (1980) reported that 
corn yields were lower under no-tillage or reduced tillage 
than conventional tillage on medium textured soils. Similar 
results were obtained by Mullins et ^1,. (1980) in case of lima 
beans,'j However, Patterson et al. (1980) reported that under 
favourable conditions all the cultivation techniques produced 
similar yields, cheapest being shallow ploughing with respect 
to cost of production.

^Boquet and Walker (1981) reported that no-tillage gave 
higher yields of soybean compared to tilled one?] Porter et al. 
(1991) found that in Calloway silt loam soils, yields of 
soybean was unaffected by tillage treatments. But in Portland 
clay soils, yields were higher under conventional tillage
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than zero tillage. l^han e£ .&• (1931) reported that yields 
of maize stover number of grains per cob and 1000 grain 
weight were unaffected by tillage!

1.5 Effect _o.£._fcmas83_jML u o t nkeofjiu tr tent a -.and

^Beaumer and Bakermans (1973) reported that P ’andK 
content of plants grows on untilled or mulched soil was 
higher or equal to the contents observed in conventionally 
tilled soili Ali and Prasad (1974) reported that NFK uptake
was higher under flat seed,bed than ridge and furrow beds.

^Rowse and Stone (1977) reported that following deep,Culti­
vation, crops extracted more N, P and K, but there was 
little change in concentration of these elements in plant 
drymatter.]

Singh (1970) reported that the quality of bengal gram 
was unaffected by tillage* He also found that protein 
content of bengal gram was stationary. Simenov and Vanchev 
(197B) reported that grain quality of wheat was unaffected 
by tillage*

1*5 Effect _of .till ̂ e_orL_aoU_o r pjmr tiP.e

^Talati and Mehta (1963) reported that nitrate content 
and exchangeable K content under deep ploughing were signi­
ficantly higher than in shallow ploughed ones* However, 
depthrof ploughing had no significant effect on available P 
content of soll*\ Arnett and Clements (1966) found more



IB

mineralised nitrogen on ploughed lend than on sprayed 
grass land kept free of plant growth. Baeumer and 
Bakermens (1973) reported that aero tillage generally 
results in 9.7 per cent .increase in available P and K, but 
available nitrogen was found to be lower. Prom a four year 
experiment on lysimetrlc moniliths, Pafc and Tsyapura (1974) 
reported that tillage increased the availability of Potassium 
in a dark chestnut meadow solonetz, (pielge and Baeumer (1974) 
reported that zero tillage increased the organic carbon 
content of 0 - 30 cm soil layerAzevedo and Fernandes (1975) 
found that under minimum tillage the total N content of soil 
was increased. Dowdell and Camel (1975) reported that the 
concentration of nitrate nitrogen at 30 cm depth in clay soil 
was 2 .8 times greater after ploughing than after direct 
drilling during the winter and 3pring. (Blevins et (1977) 
reported that organic carbon was higher under no tillage than 
conventional tillage. Zud and Lai (1979) reported that 
no-tillage with crop residue mulching resulted in higher 
concentration of organic carbon* total N* available P and 
exchangeable K than the ploughed treatment. >

2# Raking and weeding;

Weeds are wasteful competitors of all crops. Weeding 
is an important cultural operation for better growth of 
crops. Weeding is essential for pulses because they being dry
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land crops* competition lor moisture is acute. Besides# 
growth rate of pulses being slow in the early stages# weeds 
tend to outgrow the crop. Critical periods for vjeed control 
appears to be first four weeks according to Jeswani and 
Saini (1931), YJeed control and productivity relationship 
showed that there was considerable increase in productivity 
of pulse crops by weed control(Ahlawat ,gt al, 1931).

2.1 Effect of raking and weeding on soil moisture

Sreenivasan (1953) observed that, favourable influence 
of intercultivation is only due to its efficiency in removing 
weeds and not to Its capacity to produce a mulch, Sachan .al,
(1977) reported an increased soil moisture content with dust 
mulch produced by two hoeings over control. Sasidharan (1981) 
reported that hoeing had no effect on conserving soil moisture 
at the early stages. But hoeing at 60th day after sowing# 
conserved more soil moisture,

2.2 Effect of raking and weeding on weed growth

Ogle (1967) reported that Trifluralin at 0,56 to 
1 , 1 2  kg/ha applied presov/ing and immediately harrowed and 
rotovated in has given good control of weeds, Gautam and 
Singh (1971) reported that weed density was lower in weeded 
plots over unweeded control. Jalnet al (1972) reported 
that drymatter production of weeds was found to be lower 
with two weeding, Rachie and Robert (1974) reported that 
mechanical cultivation or hoeing may be the most practical



20

means of weed control under tropical conditions* Pahu;}a 
et al» (1975) reported that drymatter production of weeds 
was minimum under weed free condition followed by two 
hoelngs end TokE-25 treatment when compared to weedy check® 
Gautam et gl* (1975) reported that drymatter accumulation of 
weeds was significantly lowered under repeated hand weeding 
and herbicide treatment to that of weedy check* Gouthaman 
and Sankaran (1976) observed lesser number of weeds in hand 
weeding and atraaine band application followed by inter­
cultivation* Significant reduction in dry weight of weeds, 
in hand weeding was reported by Soundararajan ,et (gl, (1976, 
1977)* Panwar and Malik (1977) reported that very poor 
growth of weeds took place under crop canopy after hand- 
weeding* Experiments by Sounderara;3an et igl« (1980) 
revealed that hand weeding is the best for control of weeds*

2*3 Effect of raking and weeding on growth characters

Ghaugle and Khuspe (1962) observed an increase in height 
of groundnut plants in treatments receiving no intercultl- 
vation® Singh (1975) reported that hoeing after four weeks 
of sowing resulted in highest shoot height of moong Retfhsffl 
et al*(1976) reported that hand weeding twice resulted in 
maximum height of gram compared to other herbicldal treatment 
and unweeded control* Sasidharan (1931) reported that hoeing 
on 45th day after sowing increased the height of plants*
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Kulkarnl s& &L* (1963) reported that weeding Increased 
the yield of groundnut. Kaul £t qj,. (1970) reported that 
hoeing increased the yield of maize under one ploughing when 
compared to no«*tillage or ploughing plus four cultivations. 
Gautam and Singh (1971) reported that hand weeding at six week 
stage gave slightly higher yield of peas over chemical weeding. 
Prem Singh al. (1971) reported that hand weeding increased 
the yields of moong. However, Hanser ql. (1972) feported 
no significant yield difference among weed control system, 
viz*, cultivation, and cultivation plus herbicide. Jain
(1972) reported that pod number and seed test weight of soybean 
were closely related with intensity of weeding. Among the 
cultural methods used in this experiment, maximum yield was 
recorded with two weedings. Ali al. (1974) reported that 
hoeing and hand weeding gave higher yields of cowpea.
Experiments at IIIA revealed that hand weeding cowpeas at 7 

seven and twenty eight days after emergence gave seed yields 
as high as that in control plots kept weed free by hand weeding. 
( Anoni,1974) Paha.1a et pi. (1975) noticed maximum yield of 
gram and pea under weed free conditions followed by two hoeings 
at 30 and 45 days. Singh gt (1975) reported that higher
yields of cowpea was obtained by weeding twice at 25 and 45 

days after sowing. Gautam .&• (1975) observed higher 
yields of soybean with repeated hand weeding and herbicides.

2.4 Effect of raking and weed lng_on yield _aoA_-gieX(L-^tribuMfl
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q DeJkova (1975) observed a decrease la yield of groundnut 

pods by 33*3 per cent with the reduction of inter row 
cultivation from five to two, Singh (1975) reported that 
hoeing after four weeks of sowing increased grain yield 
of moong, Gouthamsn.and Saikaran (1,976) reported that 
Atrazine followed by intercultivation recorded the maximum 
yield of maize. SoundaraTaden et al. (1976) could not 
find any positive correlations between the number of 
wsedings and the number of pods and yields of groundnut.
Pan war and Halik (1977) reported that hand weeding increased 
the yield of Black gram. Soundarajan q£ b1. (1977) reported 
that pod yield of groundnut was significantly increased 
when weeds were either controlled by hand weeding or by 
herbicides. However, Versteeg and Maldona (1978) reported 
a slightly decreased yield of cowpea due to hand weeding 
alone when compared to herbicide and hand weeding. Burnside 
(1979) reported that weeding at 2 to 4 weeks after planting 
increased the yield of soybean.

Eweida et al. (1980) reported that seed yields of 
soybean \-jere increased by hoeing. But the number of 
weedinga had no significant effect. Moursi et al. (1980) 
reported that seed and total yields of fled beans were 
significantly increased by weed control. Hoeing twice 
gave the highest yield. Results from a two year experiment 
by Soundrarajan et al. (1980) revealed that pod yield of
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groundnut was maximum in one hand weeding end hoeing at
\V25 days in one year. In the second year nitrates 1 itg

a.i/ha and hand weeding and hoeing at 45 days gave the 
maximum yield. Ahlavmt at ql. (1931) reported that 
weeding only once gave about 40 per cent increase in yield 
of cowpea. Sasidharan (19 8 1) reported that hoeing on 
15th day after sowing gave maximum yield of groundnut.





MATERIALS AMD METHODS

The response of cowpea to different tillage practices 
and intercultural operations was investigated in a field 
experiment conducted in the summer rice fallows of Pattambi. 
The materials used and methods adopted are detailed below.

1. Materials

1*1 L&ssM&i*
The experiment was conducted in the rice fallows of 

Central Rice Research Station, Pattambi. The station is 
located at 1Q°N latitude and the altitude of the place is 
25 metres above mean sea level.

1.2 Crooping history ofjfchg field

The experimental site was cultivated with bulk crop of 
rice during the first and second crop seasons of 1990-81.

1*3 Season..

The experiment was carried out during the summer season 
of 1980-81. The crop was sown on 28-2-1981 and harvested 
on 18-5-19 8 1.

1.4 Soil
Soil of the experimental alto is sandy loam with the 

following physico-chemical properties.



Clay 
Silt
Fine Sand 
Coarse Sand -

Total nitrogen 
Available -
Available K^O -

Organic carbon 
pH

1.5 Weatheg_jsondi_tloras

The moterologioal parameters recorded are rainfall# 
maximum and minimum temperature# relative humidity and 
sunshine hours. The average weekly values and their 
variation from the average of the past five years from 
sowing to harvest were worked out and presented in Appendix 1 
and illustration given in Fig,1 ,

1 .6  Variety
Cowpea cuitlvar Kanakamanl was selected for the trial*

It is a short duration# bushy and moderate high yielding 
dual purpose variety. It is photosensitive and moderately 
drought tolerant. It is excellent both as a green pulse 
and green vegetable and has got a protein content of

27.4196
12.8096
16.5096
43*2096

0.085696 (Microkjeldhal method)
0,001696 (Brays method)
0,002356 (Neutral normal ammonium 

acetate)
0.84% (Black and WaXkely*s method)
5*3 (1 : 2  soil solution ratio

using glass electrode 
pH meter)
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22.4 per cent. It yields upto 1100 kg grain/ha or 2500 
to 3500 kg poda/ha (Viswanathan 1978)*

1.7 Ss.ed-_aafcggi-flL
The seed materials for the experiment was obtained 

from the station. Rhi2obium culture for treating the 
seeds was obtained from Microbiological Laboratory of 
the Department of Agriculture, Pattambl*

1 .8 Fertilizers

Fertilizers with following analysis were used.

Urea — 46?6 N
Super phosphate - ’ 1656 ̂ 2 °5

Muriate of potash - 60J6 KgO

2 .  M e J& o ja a

2 .1  jQaaiffli .afc<Lla3fisa£

The experiment was laid out in a split plot design
with tillage treatments in the main plot and levels of
raking and weeding in sub-plots. The lay out plan of 
the experiment is as given in Fig.2.

2.2 Treatments
The treatment,, details are furnished below:

Main P l o t  t r e a t m e n t s  (levels of tillage)

1, M,j Dibbling on stubbles
2. Mg Chemical tillage with "Lasso" 9 1.5 kg a.i/ha

and dibbling
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3. M, Preparation with one ploughing and sowing.3
4. Preparation with two ploughinga and sowing.
5 . Preparation with three ploughinga and sowing.
6. Mg Sowing and then ploughing, onc^

Sub-nlot treatments (levels of raking and weeding)

1 * Sjj Raking and weeding on 15th and 30th day.
2 * Sg flaking and wooding on 15th day only.
3 . 3^ Raking and weeding on 30th day only.

Number of replications - 4
Total number of plots - 72

2.3 Soaclng and P l o t  s i z e

Spacing » 30 x 15 cm.
Gross plot size - 4,5 a x 4.2 n*
Net plot size - 2 ,1 a :c 3.9 a.

Border rows: One row of plants was left as border row
all around’tho plot. Two rov/.s of plants 
along the length of the plot on either side 
were left, so as to facilitate periodical 
removal of sample plants from the field.
One more row was left after the destructive 
row as guard row.

2.4 Field culture
After the harvest of second crop of rice the field

was initially divided into main plots a3 per the design.
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The plots receiving no-tillage were kept unploughed. Other 
plots receiving different levels of tillage were ploughed 
accordingly. In Mg plots* one ploughing was done after 
sowing. Plots receiving treatment Mg ie* chemical tillage* 
were Sprayed with nLasso” at the rate of 1.5 kg a.i/ha.

2*5 Fertilizer application

Lime at the rate of 250 kg/ha was broadcast on the 
plots before ploughing. Then plots receiving tillage were 
ploughed while others were kept undisturbed. A uniform 
dose of N# P and It at the rate of 20*30*10 kg per hectare 
respectively was -given to all plots* Ilalf the amount of 
nitrogen and entire quantity of phosphorus and potash were 
applied basolly* ■ The fertilisers were applied by taking 
a furrow in between the rows of plants in all the treatments, 
The remaining amount of nitrogen was applied as 2 per cent 
foliar spray of urea on the 2 1st day and 31 at day after 
sowing*

2*6 Seeds and sowing

The seedq were inoculated with Rhisobium culture 
obtained from the Microbiological Laboratory of the 
Deportment of Agriculture* Pattambi, and dibbled at the 
rate of two seeds per hole* The Mg (cowing and ploughing 
treatment) plots were sown broadcast as per treatment*
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2.7 After cuXtivnt.loji

The sub-plots 3̂  and were raked on 15th day after 
sowing and weeds were removed. Second raking of 3̂  and 
first reking of 3^ was done on 30th day after sowing and 
weeds were removed.

2.Q Irrigation,
Life saving Irrigations were given as and when required.

2.9 giant .pgftfcagfeloja.
Two prophylatic sprays of Ekalux-25 wassgiven.

2 .10 harvesting and threshing
The crop was harvested in 2 stages» first on 3-5-1991 

and second on 1B-5-19S1. Pods were hand picked and threshed 
' to separate the grain from husk. Along with the final 
picking the vines were also pulled out.

3. Observations recorded
The characters studied and observations recorded ere 

detailed below.

3 .1 Soil noisturo obsQgyallljma
Soil moisture content of all plot3 at a dopth of

0*30 c<a was recorded at different grov/th stages of the
crop viz., at germination, branching, flowering and pod
formation. Two sampling areas from each plot was selected
at random and soil samples were collected using a soil auger.
The moisture content was estimated gravimetrically and 
recorded*
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The dry matter content of weeds wcatrefound out at four 
stages* via*, 15th day, 30th day, 45th day and 60th day 
after sowing. A wooden, frame of 1 square metre area was 
placed randomly in the net plot of each treatment and 
weeds were removed. The weeds ©o collected were sundried 
and then oven dried and^weight was recorded*

3 , 3  Biometric observations 
3*3*1 Height of plants

Ten plants from each plot were selected at random 
and tagged* The height of the plants from the scar of the 
first cotyledonous leaves to the tip of the growing point 
wao measured in centimetres at four stages of growth, viz., 
20th day, 40th day, 60th day after sowing and at harvest. 
The mean height of plants was worked out and recorded.

3 *3*2 Number of leaves ner plant
The total number of compound leaves in the selected 

observation plants were recorded at 20th day, 40th day, 
end 60th day after sowing and at harvest. The mean number 
of leaves per plant was worked out and recorded.

3.3*3 MejUht-Of _rg.ot_nodales oer P la n t

This was worked out at the time of flowering. Four 
plants were dug out carefully at uniform depth from the 
rows left exclusively for the purpose. Boots of the 
plants were washed free of soil particles* The nodules

3*2 Dry matter content of weeds.
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were removed from the roots, over}, dried and weight of 
nodule per plant was worked out.

3.3.4 Dry m a t t e r  p r o d u c t i o n  P e r  o l a n t

Pour plants were cut at ground level from the rows 
left exclusively for the purpose and were air-dried and 
then oven dried at 80° £ 5°C till a constant weight was 
recorded. The dry matter production in grams per plant 
was then calculated. This observation was recorded at 
20th day, 40th day and 60th day after sowing.

3.3.5 Death of .penetration. diametral spread_aad_welght_of. 
roots oer Plant

This was recorded at the time of harvest. Four plants 
selected at random were dug out without breaking their root. 
The length of the tap root from the hypocotyle region was 
measured to determine the depth of penetration of tap root. 
The horizontal length to both sides, of the longest primary 
branches was measured to assess the diametral spread of the 
root system. The roots were then oven dried and dry weight 
of roots per plant was recorded.

3.4 yield and yield attrAbutoa 
3-4.1 Number o f  o o d s  P e r  P l a n t

Pods collected from the observation plants were 
counted separately and the average was worked out.
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3.4.2 Leggthof,ogd
Length of ten poda selected randomly from the net 

plot of each treatment were measured In cm and the average 
was worked out.

3.4.3 Number of seeds oar pod
Poda used for measuring the length were threshed 

separately and the number of seeds in each pod was counted 
and the average was worked out*

3.4.4 1QO seed weight
Hundred seeds were selected randomly from the bulk 

in each net plot*weighed and recorded in grams.

3.4.5 Grain yield
Yield of grain obtained from each net plot was 

recorded separately and expressed in kg/ha adjusted to 
12 per cent moisture.

3.4.6 Bhusa 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.

3.4.7 Total drv matter production
The sample plants were sun dried and then dried to 

a constant weight in an air oven kept at 80 + 5°C for 48 
hours; Dry matter production xvas worked out for each 
treatment and expressed in kg/ha.
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3.4.8 Harvest Index
The harvest Index was worked out baaed on the grain, 

husk and bhusa yield obtained from the net plot using the 
following formula and expressed in percentage as suggested 
by Hichiporovich and Stronova (1960),

H I % » Economic yield x 100 
Biological yield

3*5 Chemical studies
3.3.1

The samples were oven dried at 80°C and powdered 
in a wiley mill and used for chemical analysis. The plant, 
grain and husk samples were separately analysed for 
N, P205 and X20.

3 .5 .1 . 1  Nitrorran content
Total nitrogen content of the plant, husk aid grain 

samples were determined by modified Micro Kjeldahl method 
(Jackson 1967).

3.5.1.2 Phosphorus content

Phosphorus contents of the samples were determined 
by using triple acid extraction method (Jackson, 1967).
The XlettySummerson photo-electric colorimeter was used 
for reading the colour intensity developed by vanado-molybdo- 
phosphoric acid.
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3.5.1.3 Potassium .extent
The potassium contents of plant samples were 

determined by triple acid extraction method and then reading 
in an EEL flame photometer.

3 .5.1.4 Uptake studies
The total uptake of nitrogen# phosphorus and 

potassium at harvest was calculated and expressed in kg/ha.

3.5*2 SpjJL analysis.
The composite soil sample collected prior to the 

experiment and soil samples collected from individual plots 
after the experiment were analysed for total nitrogen# 
available available KgQ and organic carbon content.

Total nitrogen wa3 determined by modified Microkjeldhal 
method (Jackson 1967).

Available phosphorus was determined by Brays method 
(Jackson 1967).

Available potassium was determined by Neutral normal 
ammonium acetate method (Jackson# 1967).

Organic carbon content was estimated by Black and 
Vfalkely*a method (Jackson, 1957).

3*6 Quality characteristics - Protein content of the grain

The percentage of protein in the grain was calculated 
by nultiplying the percentage of nitrogen In the grain by 
a factor 6*25 (Simpson et 1965).



Statistical analysis

Data relating to each character of th© crop ms 
analysed statistically by applying the technique of 
analysis of variance (Panse and Sukhatme, 1973)*
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RESULTS

The results of the experiment conducted to study the 
influence of cultural practices on the growth and develop** 
ment of cowpea in rice fallows of Pattambi ai'e presented 
below,

1* Soil moisture content

The mean csoll moisture content in the 0 ** 30 cm layer 
of soil at the time of sowing to pod development stage 
ie* about 50 days after sowing is given in Tables 1.1 to 1.4 
and the analysis of variance in Appendix II.

Table 1 . 1 presents the moisture content of soil at the 
time of sowing. Results indicated that tillage treatment, 
interculture and their interactions had no influence on soil 
moisture content. However, there was slightly higher 
moisture content in the treatment in which sowing was done 
on stubbles (M^).

Tables 1.2, 1.3 and 1.4 present the moisture content of 
soil at branching, flowering end pod formation stages. Here 
also tillage treatments, interculture and their Interactions
had no effect, although there was slightly higher moisture

/
contents, at zero tillage treatments (M^ and M^).
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Table 1.1 Effect of tillage and interculture on soil
moisture content in percentage at the time
of sowing (0-30 cm).

---------------- SU lflsa----------------------------- Hean
M.*1 ^  H3 M4 M5 M6

24.06 24.84 25.92 23.68 18.63 24.68 23.63
Inter- S„ 25.44 23.20 24.54 23.18 21.47 23.48 23.58culture

S3 24.43 25.95 20.06 21.01 23.63 22.78 22.93

Mean 24.64 24,66 23.50 22.62 21.24 23.65

SEffi for tillage 1.847
SE for interculture 9.818

ID

SE for interculture at the 
m

same level of tillage 2*405
SEffl for tillage at the same

level of interculture 2.695
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Table 1*2 Effect of tillage and interculture on soil
moisture content in percentage at branching
(0-30 cm).

................         H r— M e a n

«1 ^2 H3 M4 %  . K6

S1 17.30 19.38 17 .28  16.00  17.53 19.33 17.eo

culture S2 18,49 21 *35 20,60 17 ,2 8 18,20 1 8 , 1 3  19,01
21.07 21*33 18.48 20.35 17.65 1 8.13 19.50

Moen 18.95 20.68 13.78 17 .6 8 17.79 18.53

SEm for tillage ' 1.097
SE for interculture 7«405

M

SE^ for interculture at the
same level of tillage 1.814

SS^ for tillage at the saae
level of interculture 1.843
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Table 1*3 Effect of tillage and interculture on soil
moisture content in percentage at flowering
(G-30 cm). - r

Tillage________________________Meen
M1 «2 \  «5 *%

S.. 17.63 16.00 15.90 15.43 11.83 18.13 15.82
I n

cultureSg 17.83 15.90 18.03 14.03 15.43 16.20 16.37
S3 10.10 -19.43 15.95 14.85 14*45 15.95 16.45

Mean 17.85 17.11 16.09 14.77 13*90 16.76

SE for tillage 1.833U4

SE„ for interculture 7»6o1Tax

3Era for Interculture at the 
m

same level of tillage 1.86 2

SEm for tillage at the same
level of interculture 2.331
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Table 1*4 Effect of tillage and interculture on soil 
moisture content in percentage at 
pod formation stage (10-30 cm)*

Tillage

«1 «2 »3 \  a5 "t
Mean

S1 20.95 24.05 20.03 18.93 17.80 19 .6 20.95

culture s 2 2 2 ,3 3 20,23 2 2 ,5 3 1 8 ,7 3 19 ,0 3 2^,Q8 22,33
S- 22.88 20.95 22jiQ 20.90 17.95 20.03 22.035

Mean 22.05 21.74 21.65 19.52 18.26 21.50

SE for tillage 1.643
SE_ for interculture 8.355

m

SE for interculture at the33 same level of tillage 2.047
SEffi for. tillage at the same

level of interculture 2*344
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Weed dry weight/m at 15 days interval, between 

15 days and 60 days after sowing is given in Tables 2.1  

to 2.4 and the analysis of variance in Appendix III*
Weed dry weight after 60 days was not taken because, 
after about 45 days the crop smothered the weeds*

Table 2.1 presents the weed dry weight/m at 15 days 
after sowing. The results revealed that tillage had 
significant influence on weed drymatter. No-tillage 
treatments had higher weed dry weight as compared to 
tillage treatments. All the tillage treatments were 
on par* Raking also did not have any effect. The 
interaction effect was also not significant.

Table 2 .2 presents the weed dry weight at 30 days 
after sowing. All the tillage treatments are having 
lesser weed weight compared to no-tillage treatments.
All the tillage treatments were on par. No-tlllage 
treatments ie. sowing on stubbles and chemical tillage 
with*Lasso*® 1 . 5  kg ai/ha were also on par.

The minor treatments of raking and weeding had 
significant influence on weed dry weight. Raking and 
weeding on 30th day (S^) recorded significantly higher 
values for weed dry weight as compared to raking and

2* Drymatter content of weeds
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?ablQ 2.1 Effect of tillage .and Interculture on
drymatter content of weeds at 15 days
after sowing (g/iaa).

JillagQ
Hi f*3

vemm —* H4 m5 *%

■a 157.35 143.73 55.10 64.93 103.40 69.33 98.97
Inter-

so 238.60 125.95 43.15 94.00 55.30 55.33 102.05culture 2

S3 111.38 115.03 75.70 62.30 83.43 67.13 85.83

Mean 169.11 128.23 57.98 73.74 80.71 63.93
•s.

G.D (0.05) for tillage 20.73
SE for interculture 9.87

Bl

SE^ for interculture at thein
sane level of tillage 24,18

SE^ for tillage at the same
level of interculture 23.98
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Table 2*2 Effect of tillage and interculture on 
drymatter content^of weeds at 30 days 
after sowing (g/a2).

Tillage Mean.

M1 M2 **3 K4 W5 M6

S1 95.33 51.72 27.55 27.18 43.60 37.50 48,90
Inter- 92<28 6<u5@ 22#90 ^4#10 34#15 4?#55
culture “*

150.73 177.03 66,85 74.4 87,2S 84.20 108.75

Mean 112.94 100.11 33.10 43.56 53.12 51.98

C.D (0.05) for tillage 50*01
0,0 (0,05) for interculture 19.94
8E for interculture at the m

same level of tillage 24.07
S£a for tillage at the same

level of interculture 30.62
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weeding on 15th and 30th day (S^) and raking and weeding 
on 15tli day (Sg). However, the interaction between 
tillage and Interculture had no significant effect*

Table 2.3 presents the drymatter content of weeds 
at days after sowing. Tillage treatments had signi­
ficantly lower weed weight compared to no-tillage treat­
ments, although they were on par among themselves# 
Treatment, M- (one ploughing) recorded the lowest weed

rj
weight of 43*3 g/ra while treatment, (sowing on

p
stubbles) recorded the highest weed weight of 166.27 g/m • 
Interculture had significant effect on weed dry weight. 
Raking and weeding on 15th day (Sg) recorded significantly 
higher values for weed dry weight when compared to raking 
and weeding twice (S^) and raking and weeding on 30th day 
(S^)s However, the interaction between tillage and inter­
culture had no effect.

Table 2.4 brings out the weed drymatter at 60 days 
after sowing. Tillage treatments recorded significantly 
lower drymatter content of weeds compared to no-tillage 
treatments. While tillage treatments were on par, 
no-tillage treatments differed significantly between 
themselves. Herbicide application recorded lower weed 
density as compared to zero tillage alone.
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Table

Inter-
culture

2,3 Effect of tillage and Interculture on
drymatter content of weeds at 45 days
after sowing ( g/m2) •

Tillage

Ha M3 m4 M5 m6
Mean

51 131.75 73.10 21.58 37*80 24.63 28,65 52.92
52 187.68 142.68 84.95 99.50 131.13 104.65 125.10
53 179.38 106.45 3 9.88 52.93 85.93 32.00 82.76

Mean 166.27 107.41 48.00 63*41 80.56 55.10

C.D (0,05) for tillage 60.03
C.D (0,05) for interculture 20.54
SE„, for interculture at the

same level of tillage 24.79
SEa for tillage at the same

level of interculture 34.70
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Sable 2.4 Effect of tillage and interculture on 
drymatter content^of weeds at 60 days 
after sowing (g/m2) o

........ Tillage

iitiitit■
Mean

M1 i i t M3 K4 H5 M6

S1Inter- s 
culture 2

S3

79.38
154;90
130.30

52.43
117.33
72.33

35.90
61.33
62.73

35.60 
73.15 ■
48.60

35.38 
101.28 
53.23

30.28
75.90
48.95

44.83
98.32
60.36

Ha an 121.53 30.88 53.50 54.12 63.29 51.71

C.D (0.05) for tillage 31.82
C.D (0.05) for interculture 14.6o
SE^ jfor interculture at the

same level of tillage 17.61
SE^ for tillage at the same

level of interculture 20.74
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Interculture had significant effect on weed dry 
weight* Raking and weeding twice (S^) recorded signi­
ficantly lower values compared to other treatments*
Raking and weeding on 15th day (S^) recorded tho highest 
weed dry weight of 93*32 g/ra and raking and weeding 
twice (S,j) recorded the lowest value of 44*83 g/m • The 
interaction between tillage and interculture had no effect*

3* Grovrch and growth attributes ,

3*1 Height of plants

The data on mean height of plants recorded at 20th, 
Aoth and 60th days after sowing end at harvest are pre­
sented in Tables 3*1 to 3*4 and the analysis of variance 
in Appendix IV,

It is seen that tillage, interculture and their 
interactions had no influence on plant height at 20 days 
after sowing.

Table 3*2 presents the data on plent height at 
40 days after sowing. Tillage had significant effect on 
plant height and recorded higher plant height as compared 
to no-tillage treatments* Among the tillage treatments,

v

(one ploughing) recorded significantly higher value 
of 44.15 cm, all others being on par except (sowing and 
then ploughing) which was on par with No-tillage 
treatments were also on par.
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Table 3,1 Effect of tillage and interculture on
plant height at 20 days after sowing (cm).

Tillage Mean
M1 M2 m3 M4 M5 M6

S1 15.80 15.98 17.53 17-38 16.53 17.85 16.84

culture S2 15,83 15,45 16,50 15,85 15,33 16,70 16,12
16.15 17.13 17.98 16.98 15.88 15.70 16.63

Mean 15.93 16.18 17.33 16.73 16.26 16.75

SE for tillage 0.90nt
SE„ for interculture 0*35 ■IQ
SE^ for interculture at the

same level of tillage 0.87
SBn for tillage at the same

level of interculture 1.14



Table

Inter-
culture
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5,2 Effect of tillage and interculture on
plant height at 40 days after sowing (cm).

Tillage Mean

«! M2 M3 M4 M5

31.65 35.78 44.58 37.28 39.03 41.48 38.30
52 28.05 33.53 44.05 38.80 37.13 40.10 36,94
53 29.08 31.20 43.83 37.10 35.73 37.55 35.75

Mean 29.59 33.50 44.15 37.73 37.20 39.71

C.D (0.05) for tillage 6.21
SE for interculture 1.51
SE„ for interculture at thea

same level of tillage 3.70
SB for tillage at tho same

Li
level of interculture 4.20
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Interculture and interaction between tillage end 
intarculture had no effect on plant height*

The data on mean plant height at 60 days after 
sowing presented in Table 3*3, revealed that tillage 
treatments hod significently higher plant height over 
no-tillage treatments. Among tillage treatments,
Treatment (ploughing thrice) recorded cignificantly
lower values of 98*35 cm es compared to other levels. 
Treatment (one ploughing) recorded the highest height
of 121.62 cm. No-tillage treatments were on per.

Raking and weeding on 15th and 30fch day (sp recorded 
significantly higher plant height compered to other levels 
which wore on par. Interaction had no effect.

Table 3*4 presents the mean plant height at harvest*. 
Here also tillage treatments had significant effect on 
plant height as compared to no-tillage treatments. Among 
tillage treatments, (one ploughing) was found to be 
superior, all other being on par* Nc-tillage treatments 
did not differ significantly between themselves.

Raking and weeding twice ( )  recorded the highest 
plant height* Raking and weeding on 15th day (S^) and 
raking and weeding on 30th day (S^) were on par* Inter­
action between tillage and interculture had no effect*



5 1

Table 3.3 Effect of tillage and interculture on
plant height at 60 days after sowing (cm)*

Tillage

K1 «2 '% “4 HS *6

Maan

S1 69.05 82.13 137*43 104.88 103.20 108,16 100.33
Inter- Sp 55.75 68,93 121.18 101.28 95.95 110.33 92.32
culture

68.05 64.28 106.20 101.63 95.33 105.25 90.20

Mean 64*23 71.78 1 2 1 .6 2 102.59 98.35 103.08

C.D (0.05) for tillage 18.95
C.D (0.05) for interculture 8.11
3Ew for interculture at the is

same level of tillage 9.79
for tillage at the game
level of interculture 11.96
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Table 3.4 Effedt of tillage and interculture on
plant height at harvest (ca).

Tillage________________________ Mean
M1 %  * 3 M4 M5 Mg

S1 88.90 103.83 152.70 115.53 121.88 118-80 116.95
Inter- 75.53 89.05 130.23 112.45111.16126.25 107.45
culture

79.95 89.28 123.23 121.50107-33125.90 107.87

Mesa 31.43 94.05 135.38 116.49 113.40 123.65

C.D (0.05) for tillage 16.86
C.D (0.05) for interculture 8.32
32 for interculture at the in

same level of tillage 10,03
SSm for tillage at the same

level of interculture 11.39
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The data on mean number of leaves per plant recorded 
at 20th, 40th and 60th days after sowing and at harvest are 
presented in Tables 4,1 to 4,4 and the analysis of variance 
in Appendix IV,

It is seen that neither tillage and interculture nor 
their interactions could influence the leaf number at 20 
days after sowing*

Tillage treatments had significantly higher leaf 
number at 40 days after sowing compared to no-tillage 
treatments and they war© on par among themselves. The 
treatment recorded the highest leaf number of 12.2 leaves 
per plant vrhile the treatment M^, recorded the lowest 
leaf number of 8# 40 leaves per plant. Raking and weeding 
on 15th and 30feh day (S^) had higher leaf number compared 
to Sg (Raking and weeding on 15th day) ond (Reking and 
weeding on 50th day). But and were on par. Peking 
and weeding on 50th day recorded, the lowest letof number.
The Interaction between tillage snd interculture had no 
effect on the number of leaves.

Tillage treatments had significantly higher leaf number 
at 6o days after sowing when compared to no-tillage treat­
ments. But, there were no significant differences between 
the tv/o no-tillage treatments end the different tillage 
treatments. Treatment recorded the highest leaf number

3.2 Sfumbor of loaves per plant



Table 4*1 Effect of tillage and interculture on
number--of-leaves per plant at 20 days
after sowing

ij Tillage

M1 M2 3 M4 M5 %

3.90 4.30 4.73 4.36 4.28 4,50
Inter- g . 
culture &

3.73 3.90 4.68 4.48 4.28 4.68

S3 4.05 3.88 4.33 4.35 4.20 4,18

Mean 3.89 4.04 4.74 4.40 4,25 4.45
■ ■ m w m iu w n u u in n i“ =w—■ — m ua**

SE^ for tillage 0*257
SE for interculture......... 0.096m
SE for interculture at theni -same level of tillage 0.236
SE for tillage at the same

level of interculture 0.321



55

Table 4.2 Effect of tillage and interculture on
number of leaves par plant at 40 days
after sowing.

Tillage_____________________Hean

Mg H**3 M4 «5 *%

S1 8.65 8.87 12.80 12.25 11.33 12.33 11.04
Inter- 3p 8.08 8.58 12.30 11.33 11.03 11.88 10.45culture *

S3 0,43 8.25 11.50 10.25 10,48 11.55 10,08

Mean 8.40 8.56 1 2.20 11.28 10,94 11.75

C.D (0,05) for tillage 1.413
C.D (0.05) for interculture 0.601
SE^ for interculture at the

sam® level of tillage 0.725
SE for tillage at the sameIB

level of interculture 0.889



Table 4*3 Effect of tillage and interculture on
number of leaves per plant at 60 days
after sowing.

Tillage Mean
M1 M2 "5 H4 M5 "6

S1 10.60 10.43 14.90 15.23 13.23 13.45 12.97
Inter- - 
culture 2 9.60 10.08 14.70 12.35 11.68 13.52 11 .99

S3 10.20 9.25 13.35 11.93 11.28 13.03 11 .50

Mean 10.13 9.92 14.32 13.17 12.06 13.33

C.D (0.05) for tillage 2.303
C.D (0,05) for interculture 0.686

' 5E_ for interculture at the a same level of tillage 0.828
SEm for tillage at the sa&e

level of interculture 1.270
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Table 4.4 Effect of tillage and interculture on
number of leavea par plant at harvest.

Tillage Mean

M1 ”2 w3 H4 MS

S1 5.80 6.20 4.20 4.14 5.03 5.04 5.06
Inter- s 
culture 1 4.33 4.63 4.91 5.02 4.32 4.66 4.64

S
3

5.05 5.31 5.18 4.99 4.05 4.58 4.86

5.06 5*36. 4.76 4.71 4.46 4.76
--- <n r i___ r a n d a n  an i »ia)

SEffl for tillage 0.800
SE^ for in tar culture 0.400
S£ for interculture at the m saraa level of tillage 0.980
SBa for tillage at the same

level of interculture 1.131
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of 14*32 leaves per plant while the treatment recorded 
the lowest leaf number of 9*92 leaves per plant* Raking 
and weeding twice (S^) had higher leaf number compared 
to Sg (Raking and weeding on 15th day) and (Raking 
and weeding on 30th day) which ware on par* Raking and 
weeding on 30th day (Sj) recorded the lowest leaf number* 
Interaction had no effect*

tillage treatments* interculture and their inter­
actions had no effect on number of leaves per plant at 
harvest*

3*3 Drymatter production

Tables 5-1* 5*2 and 5*3 present the drymatter production 
per plant at 20th* 40th and 60th days after sowing respecti­
vely* The analysis of variances is given in Appendix IV.

Tillage*Interculture and interaction between tillage 
and interculture could exert any influence on drymatter 
production at 20th and 40th days after sowing* But the 
interculture treatments showed significant effect at 40th 
days after sowing. Raking and weeding twice (S^) recorded 
significantly higher value (4.57 g/plant) compared to raking 
and weeding on 15th day (S2) and raking and weeding on 30th 
‘day (S^) which were on par. Raking and weeding on 30th day 
recorded the lowest value of 3*77 g/plant.
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Table 5.1 Effect of tillage and interculture on
dryaattar production at 20 days after
sowing (g/plant).

Tlllaea____________________Hean

M1 h2 h3 h4 “s %

Inter- o 
culture 2

S-

0,83 1.30 0.97 1.00 1.10 1.01
0,69 0.95 0.93 1.0 6 1.10 0.94
0,87 1.14 1.04 0.90 0.98 0.98

0.79 1.13 0.99
1* ̂  i* iM M* 

1,01
1* id

1.06

SE for tillage 0,11912
SE for Interculture 0.066m
SE for interculture at theiB

same level of tillage 0,162
SB ^Or Ch0 S31H0

levol of interculture 0*17©
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Table 5.2 Effect of tillage and interculture on 
drymatter production at AO days after 
sowing (g/plant).

TinaSe_____________________Mean

1 1 1 1 1 I § 1 I 1 
s

1 1
M2 ■ ■!(!

H4 ii
 ̂

|iit M6

s* 3.22
Inter- 1 
culture S2 3.31

5.1A
3.29

A.63 
A. 32

3.83
A.65

5.92 
A. 36

A.61 
A.55

A. 57 
A.12

S3 2.A9 3.59 A. 98 3.93 3.8A 3.81 3.77

Mean 3.00 A.00 A.65 A.15 A. 77 A. 32

SE for tillage 0*619ta
C.D (0.05) for interculture 0*638
SE for interculture at them

aame level of tillage 0*771
SEa for tillage at the sase

level of interculture 0*832



61

Table 5.3 Effect of tillage and interculture on
drymatter production at 60 days after
sowing (g/plant).

Tillage Mean
M1 M2 M-0 K4 M5

S1Inter­
culture Sg

5*17 7.99 9.35 7.73 7.35 9.39 7.83

5.89 7.14 7.88 8.65 9.55 9.76 8.15

3 5.81 6,64 8,42 8.44 7.09 6.99 7.21

Mean 5*62 7.26 8.55 8.27 7.99 8.71

C,D (0,05) for tillage 1,863
SE^ for interculture 0,333
C.D (0,05) for interculture at the

same level of tillage 1.684
C*D (0,05) for tillage at the same

level of interculture 2*274



62

Tillage treatments had significant effect on dry­
matter production at 60 days after sowing* Treatment- 
(Sowing on stubbles) recorded the lowest value* all others 
being on par* Sowing and then ploughing treatment (Mg) 
recorded the highest value of 8*71 g/plant. While inter* 
culture had no significant effect at 60 days after sowing, 
interaction had significant effect. Among M>j, Mg, and 

interculture had no significant effect on drymatter 
production. However, treatment (Ploughing thrice) raking
and weeding on 15th day (S2) had significantly higher dry­
matter production compared to other interculture levels.
In Mg treatment, raking and weeding on 30th day (S^) 
recorded significantly lower value compared to ratting and 
weeding on 15th day (Sg) and raking and weeding twice on 
15th and 30th day (S^) which were on par among themselves*

Under raking and weeding twice (S<j) and raking and 
weeding on 30th day, treatment (Sowing on stubbles)
recorded significantly lower values when compared to other 
tillage levels which were on par* Under raking and weeding 
on 15th day (Sg) tillage treatments had significantly higher 
drymatter production over no-tillage treatments although 
they were on par among than selves*
3*4 Dry...weight of root nodules per plant at flowering

pie mean dry weight of root nodules per plant at flowesv 
i in Table 6 and the analysis of variance in
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Table 6 Effect of tillage and Interculture on
dry weight of root nodules at flowering 
(g/plant).

Tillage Mean

°1
Xn wer- a 
culture 2

M6

0.028 0.051 0.037
0.028 0.029 0.035
0.024 0,019 0.035

0.027 0.033

SSffi for tillage 0.0070
SE_ for interculture 0.0063

21

SS for inter cultfire at the ■ ni
sajna level of tillage 0.0154

SS„ for tillage at the sajaeul
level of interculture 0.0149
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The weight of root nodules per plant was not 
influenced by the different levels of tillage* inter­
culture and their interactions#

3.5 Spread of roots

The mean maximum spread of roots is presented in 
TaOle 7#1 and the analysis of variance in Appendix XV#

While the levels of tillage* and the interaction 
between tillage and interculture had no Influence on the 
spread of roots,Interculture had significant effect on 
root spread# Raking and weeding on 15th and 30th day 
(S^) had higher root spread compared to raking and weeding 
on 15th day (Sg) and raking and weeding on 30th day (S^) 
which were on par#

3*6 Length of root

'The mean values of length of root at harvest are 
presented in Table 7.2 and the analysis of variance in 
Appendix IV#

The levels of tillage and interaction between tillage 
and interculture had no influence on the length of foot# 
However, interculture had significant effect on root length. 
Raking and weeding twice (S,j) had higher root length compared 
to raking and weeding on 15th day (S^) and raking and weeding 
on 30th day (Sj) which were on par#



G£»

Table 7*1 Effect of tillage and interculture on 
spread of roots at harvest (cm).

Tillase____________ ■ Heen
Mn M2 H4 H, Mg

S. 25.63 23.88 24.63 24.50 24.63 25.90 24.86
InteP-S- 21,38 21.25 23.38 21.25 21.50 22.23 21.91
culture *

S3 21.75 21.00 22.00 21.38 22.05 25.65 22.05

Mean 22.02 22.04 23.50 22.54 22.73 23.93

SS^ for tillage 1.153
C.D. (0.05) for lntorculture 1.360
812 for interculture at the in

same level of tillage 1.643
SE for tillage at the same(Q level of interculture 1.769
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Table 7*2 Effect of tillage and interculture on. 
length of root et harvest (ca).

Tillage_________________ Mean

H1 »3 "ft %

S1 18.3S 21.19 21.33 20.00 19*31 21.75 20.33
Inter- 3^ 17.25 17.56 19.88 19.4ft 19,13 20.03 18,88
culture '•*

19.19 I6.ftft 20,13 16.88 16.9ft 18.88 18.07

Moan 18.27 18,39 20.ft5 18.77 1Q.ft5 20,22

SEm for tillage 1.051
C.D (0.05) for interculture 1.31ft
SE„ for interculture at theEB

same level of tillage 1.827
SE for tillage at the sameul

level of interculture 1.825



The mean root weight at harvest is presented in 
Table 7*3 and respective analysis of variance in 
Appendix IV.

The data revealed no significant influence of levels 
of tillage, interculture and their interactions on root 
weight*

4* Yield and yield attributes 

4*1 Kurober of pods per plant

The data on mean number of pods per plant are 
presented in Table 3*1 and the analysis of variance in 
Appendix V.

Tillage treatments had significantly higher number 
of pods than no-tillage treatments* However, there were 
no significant differences between the different tillage 
and no-tillage treatments* Treatment (one ploughing) 
and Mg (sowing and then ploughing) recorded the highest 
number of pods of 3*93 while treatment Mg (zero tillage 
with herbicide) recorded the lowest pod number of 2*99* 
Interculture had significant effect* Raking and weeding 
twice (3^) recorded significantly higher values compared 
to raking and weeding on 15th day (Sg) and raking and 
weeding on 30th day (S^) which were on par* However, 
interaction had no effect*

3*7 Root weight per plant
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Table 7.3 Effect of tillage and interculture on 
root weight at harvest (g/plant)#

Tillage______________________Mean

«i M2 *3 \ ”5 "6

S1 1 #64 1.49 1.79 1.58 1.70 1.00 1.66
Inter- S« 
culture *

1.23 1.65 1.49 1”.64 1.35 1.51 1.46

S3 1.43 1.33 1.76 1.71 1.41 1.61 1.55

' <9 • ̂ '*■ w* Ml a* u<*'—— — —-------- ------ ------------

Mean 1.43 1.50 1.67 1.64 1.45 1.64

SEa for tillage 0.151 .
SE^ for interculture 0.099
3E„ for interculture at the m

same level of tillage 0.241
SE^ for tillage at the same

level of interculture 0.24B
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Table 8*1 Effect of tillage and intercult\ire on 
number of pods per plant.

Tillage Mean

91 H2 m* H6

S1 3.45 3.45 4.50 4.25 4.15 4.33 4.02
Inter- S«, 2.98 2.70 3.75 3.40 3.55 3.83 3.37
culture

S3 2.90 2.85 3.35 3.15 3.33 3.63 3.23

Me sin 3.10 2.99 3.93 3.60 3.68 3.93

C.D (0.05) for tillage 0.69
C.D (0.05) for Interculture 0*32
SE„ for interculture at the

aarae level of tillage 0.39
SEm for tillage at the same

level of interculture 0.45
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The mean values on length of pod are presented in 
Table 8.2 and the analysis of variance in Appendisc V.

The tillage treatments failed to produce any signi­
ficant effect on the length of podo.

Raking and weeding on 15th and 30th day (3^) recor­
ded significantly higher values of pod length compared to 
raking and weeding on 15th day (S2) and raking and weeding 
on 30th day (S^) which were on par.

Interaction between tillage end interculture had 
significant effect on the length of pod. Among tillage 
treatments and interculture had no signi­
ficant effect on pod length. In Mg and treatments, 
raking and weeding twice (S^) gave significantly higher 
values for pod length when compared to raking and weeding 
on 30th day (S^). Raking and weeding on 15th day (S^) and 
raking and weeding twice (&j) and raking and weeding on 
30th day (S^) were on par in treatment But in
(ploughing thrice) only raking and weeding twice (8^) and 
raking and weeding on 15th day (Sg) wore on par.

In raking and weeding on 15th day and 30th day (S^), 
tillage treatments did not differ between themselves in the 
case of pod length. However, in raking and weeding on 
15th day (Sg) tillage treatment had significantly higher

4.2 Length of pod



Table 3,2 Effect of tillage arid inter culture on
length of pod (cm).

Tillage

H1 ^  »3 M4 H5 *%

Mean

15,01 15.30 16,13 13.11 13.63 15.90 15.53

culture 32 14,46 14,45 15e7° 14,73 15,28 15,38 15,03
§3 14.29 14.24 15.38 15.56 13,60 15.24 14.71

Mean 14.38 14.66 15.73 15.13 14.03 15.60

32 for tillage 0.178T3
C.D (0.05) for interculture 0,360
C.D (0b05) for interculture at

the same level of tillage 0.900
C.D (0,05) for tillage at the

seme level of interculture 1,130
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values compared to no-tillage treatments* In 
(Baking and weeding on 30th day)ftreatment (Ploughing 
thrice) recorded the lowest value for pod length compared 
to other tillage levels*

4*3 Humber of seeds per pod

The mean values on number of seeds per pod are 
presented in Table 8*3 and the analysis of Variance in 
Appendix V*

Data revealed that there was no significant effect 
due to tillage and interaction between tillage and inter­
culture on the number of seeds per pod* However® Inter- 
culture had significant effeot on number of seeds per pod* 
Baking and weeding twice (S^) recorded the highest number 
of seeds per pod which was on par with raking and weeding 
on 15th day only (Sg)* However® raking and weeding on 
15th day (Sg) and raking and weeding on 30th day (S^) 
v/ere also on par*

4*4 Seed-test weight

The mean values for 100 seed weight are presented 
in Table 8.4 and the analysis of variance in Appendix V*

It can be seen from the table that neither the 
levels of tillage and interculture nor their Interactionsl
could produce m y  significant influence on the 100 seed 
v/eight.
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Table 0*3 Effect of tillage and interculture on 
number of seeds per pod.

Tillage

It Jt % a5 ' %

B^ 13.58 14.18 1 3.73 1 3.35 13.65 13.00

culture S2 12,90 12,75 14,15 13,63 13,25 13,03
ST 13.13 12.95 13.33 13.28 13.00 13.403

Mean 13.20 13.20 13.77 13.42 13.30 13.33

SE^ for tillage 0.256
C.D (0.05) for interculture 0.390
SE„ for interculture at tileIQ

same level of tillage
for tillage at the 3cr 
level of interculture

0,476

0.465

Mean

13.65
13.29
13.20
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Table 8*4 Effect of tillage and interculture on 
100 seed weight (g).

Tillage ________________ Mean
ft, n m4 m5 Mg

S1 12.10 12.08 12.50 12.48 12.78 13.13 12.51
Inter- 3 
culture 2 11.55 12.63 13.03 12.55 12,45 12.68 12,48

S-3 11.98 12.58 12.88 12.90 12.13 12.48 12,48

Mean 11.87 12.43 12.79 12.64 12.45 12.76

SEa for tillage 0.305
SEm for interculture 0.202
SE for interculture at the in

same level of tillage 0.495
SE^ for tillage at the came

level of interculture 0.506
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The data regarding the grain yield as influenced 
by levels of tillage and interculture are presented in 

, Table 8*5 and the analysis of variance in Appendix V,

Tillage treatments produced significantly higher 
yields over no-tillage treatments* But there were no 
significant differences between the two no-tillage treat­
ments and the different tillage treatments* Treatment 
(One ploughing) recorded highest grain yield of 1043,34 
kg/ha while treatment (Sowing on stubbles) recorded the 
lowest grain yield of 629*73 kg/ha* Raking and weeding 
on 15th day and 30th day (S^) gave significantly higher 
yields compared to raking and weeding on 15th day (S2) 
and raking and weeding on 30th day (S^) which were on par. 
Interaction between tillage and interculture had no effect*

4*6 Bhusa yield

The mean bhusa yield as influenced by levels of 
tillage, interculture and their interaction are presented 
in Table 8,6 and the analysis'of variance in Appendix V,

Levels of tillage failed to produce any significant 
effect on bhusa yield. Raking and weeding on 15th day and 
30th day (S^) recorded significantly higher values compared 
to raking and weeding on 15th day (s2> and raking and 
weeding on 30th day (S^), ait S2 and were on par.

4,5 Grain yield
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Table 8,5 Effect of tillage end Interculture on 
grain yi^ld (kg/ha)*

Tillage

" 2  %  ^  «s «6
Mean

&I 720.39 712.19 1233.21 1104.09 937.12 1072.72 963.29
culture s2 629*81 702.69 919.39 942.31 953.49 984.43 856.02

S3 539*99 521.93 977.41 823.51 914.83 894.38 778.69

Mean629.73 645.62 1043.34 956.65 936.81 983.85

;C,D (0.05) for tillage 160.54i

C.D (0.05) for interculture 85.42
SE^ for interculture at the

aSI30 level of tillage 103.10
SEm for tillage at the same

level of interculture 112.99
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Table 8.6 Effect Df tillage and interculture on 
bhusa yield (kg/ha)*

m i a 6a___________   _ Mean
«2 «3 "4 "5 M6

ure

S. 1312.58 1709.40 1907.81 1709.40 1724.66 1785.71 1691.59Inter- 1
cult- Sg 824.18 1338.09 1480.46 1862.03 1221.00 1831.50 1434.68

S3 1068.33 1358.36 1465.20 1434.68 157Q.08 1510.99 1402.61

Keen' 1068.33 1485.55 1617.83 1668.70 1507.91 1709.40

SE for tillage 215.21ill

C.D (0.05) for interculture 134.79
C.D (0.05) for interculture

at the same level of tillage 333,29
C.D (0.05) for tillage at the

same level of interculture 526.01
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Interaction between tillage and interculture had 
significant effect. In and raking and weeding 
twice (S^> recorded significantly higher values of bhusa 
yield when compared to other levels of interculture. In 
Mg and treatments, raking and weeding twice (S^) 
recorded significantly higher values compared to 
(Raking and weeding on 30th day only). Raking and weeding 
on 15th day (S,,) was on par with the other two levels of 
interculture. In treatment, raking and weeding on 15th 
day (Sg) recorded significantly higher values for bhusa 
yield compared to raking and weeding on 30th day (S^).
Raking and v/eedlng twice (S^) was on par with raking and 
weeding on 15th day (Sg) and raking and weeding on 30th 
day (S^)* However, no significant difference between 
raking and weeding treatments were observed in sowing 
and then ploughing treatment (Mg). Among raking and weeding 
twice (S,j), treatment recorded the lowest value compared 
to other tillage levels. In raking and weeding on 15th day 
(S2), treatments and recorded significantly lower 
values when compared to other tillage treatments. However, 
no significant difference between tillage treatments v/ere 
observed under raking said weeding on 30th day (S^).

k»7 Total drymatter production
The data on mean total drymatter production are 

presented in Table 8*7 and the analysis of variance in 
Appendix V*
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Table Q.7 Effect of tillage and interculture on 
total drymatter production (kg/ha)*

Tillage________________________Mean
Mi M2 M3 M4 K5 Mg

S1 2376.37 2873.02 3556.77 3349.21 3184.68 3183.76 3087.30
c u l t u r e " 1694.14 2308.28 2788.46 3130.34 3194.44 2844.32 2659-99

Sj 1996.34 2089.44 3032.64 2649.57 2762.51 2784.80 2552.55

Mean 2022.28 2423.57 3125.95 3043.03 3047.21 2937.63

C.D (0.05) for tillage 567.60
C.D (0.05) for interculture 179.01
SEm for interculture at the

same level of tillage 216*00
SE^ for tillage at the sane

level of interculture 319.55
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Tillage treatments had significantly higher values 
over no-tillage treatments. But there were no significant 
differences between the two no-tillage treatments and the 
different tillage treatments. Treatment 14̂ (Sowing on 
stubbles) recorded the lowest value of 2022.28 kg/ha while 
treatment (°ne ploughing) recorded the highest value of
3125.95 kg/ha.

Raking and weeding on 15th and 30th day (S^) gave 
significantly higher values compared to other levels of 
interculture. Raking and weeding on 15th day (Sg) and 
raking and weeding on 30th day (S^) were on par. Inter­
action between tillage and Interculture had no effect.

4.8 Harvest index

i'The data on harvest index are presented in Table 8.8 
and the analysis of variance in Appendix V.

Bata revealed that tillage* interculture and their 
interactions were ineffective in the case of harvest index.

5. Quality factors - chemical composition and nutrient 
uptake
i5.1 Protein content of grain

.The mean protein percentages of grain are presented in 
Table 9 and the analysis of variance in Appendix VI.
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Table 8*8 Effect of tillage and interculture on 
harvest index

Tillage_____________________  Mean

*S k 2 m 5 m 4 m 6

°1Inter- «

3

• m m  m m m m m m m

34*52 34.60 31.00 35.23 31.73
34.14 30.35 30.37 35.98 32.94
32.69 33.02 34.43 33.61 31.29

33.78 32.66 31.94 34.94
— — — ------- i«tiiii ------ -— ---

SE^ for tillage {3,56
SEffl for interculture 1*42
SB for interculture at the 01

satae level of tillage 3*49
for tillage at the sain©
level of interculture 4#36
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Table 9. Effect of tillage and interculture on 
protein content of grain (percentage)

Tillage

H,

S. 22,96
Inter­

culture Sg 23,94
S3 25,73

M2 M- Mi
Mean

M,

26.95 37.57 24.34 24.75 16.17 25.46
24,98 25.29 25,25 27.61 25.94 25.53
25.95 26,69 24.80 25.90 26.ifQ 25.93

25.96 26,51 24.60 26,15 26.20

SE^ for tillage
SE^ for interculture
SEffi for interculture at the 

sane level of tillage
for tillage at the saa 
level of interculture

0,905
0,679

1.664

1.632

i
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It can be seen from the Sable that neither the 
levels of tillage and interculture nor their interaction 
exerted any influence on the protein content of grain •

5*2 Mtrogen content of plant parts

The data on total nitrogen content expressed as per­
centages in grain, bhusa and husk at harvest are presented 
in Tables10.1, 10.2 and 10.3 and the analysis of variance 
in Appendix VI.

The data revealed that there was no significant effect 
due to tillage, interculture and their interactions.

5.3 Phosphorus content of plant parts

5*3*1 Phosphorus content of grain

Data on phosphorus content of grain ore presented in 
Table 11*1 and the analysis of variance in Appendix VI.

The data revealed that there was no significant effect 
due to tillage treatments, interculture and their interact­
ions on phosphorus content of grain*

5*3*2 Phosphorus content of bhusa at harvest ■

Data on phosphorus content of bhusa harvest are 
presented in Table 11.2 and the analysis of variance in 
Appendix VI.
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Table 10.1 Effect of tillage and Interculture on
nitrogen content of grain (percentage)

Tillage________________   Moan

M 1 M2 M3
m tm m m

m5 H6

S1Inter- 
culture Bg

3.67 4.31 4.41 3.90 3.80 4.19 4.05
3,83 4.00 4*05 4.04 4.45 4.15 4.09

S3 4*12 4.15 4.27 3.97 4.14 4*24 4.15
i—  M3 a w i  n #  m  m  i^ i  m 4#  • * « » « »  m  < s» ---------------- ----------------------------

Mean 3.07 4.15 4*24 3.97 4.13 4.19

for tillage 0.145
SE^ for interculture 0*102

SB^ for interculture at the
same level of tillage 0*251

SEm for tillage at the Game
level of interculture 0*251



Table 10,2 Effect of tillage and Interculture on
nitrogen content of bhusa (percentage)

Tillage

m 2

S1 1.84 1.47 1.94 1.22 1.82 1.82 1

c u ltu re  S2 2*01 1 ,94  1,67 1,80 1 ,22  1,86 1
S, 1.97 2 .16 1.22 1.94 2.1B 1.63 1

Mean 1.94 2.85

M3 *4 I s r K6

1.94 1.22 1.82 1.82
1.67 1.80 1.22 1.86
1.22 1.94 2.18 1.63

1.61 1.64 1.74 1.77

SE for tillage 0.248
SEffl for interculture 0.162

for interculture at the
same level of tillage 0.397

SE^ for tillage at the seine
level of interculture 0.403
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Table 10*3 Effect of tillage and interculture on 
nitrogen content of huslt (percentage)

Tillage____________  Mean

Inter-

M1 Mn2 M3 M4 m5 M6

o • VI 0.96 1*03 1*00. 1.04 0*94 0.99

s2 o.eo 1*06 0..9S 0.98 1*05 0.81 0.95
0*96 1.05 0*95 1*02 0.76 0.60 0*92

PC»W»Q|i]l ifwm—gwg

Mean 0.9G 1*02 0.99 0*99 0*95 0.85

SE^ for tillage 0,074
SF^ for interculture 0*048
SEffl for interculture at the

same level of tillage 0*120
SE for tillage at the same

u 4

level of interculture 0*120



Table 11.1 lifted; of tillage snd interculture? on
phosphorus content of grain (percentage)

3i
S2

1*14 lo25 ■1.31 ■1.10 1.12 1*18
Inter­

culture 1 .6 2 1.37 1.11 1*13 1.18 1*22
q 1*10 1*17 1.17 1*15 1.03 1.14

Mean 1.13 1 .2 6 1.20 1.13 1.25 1.18

SEm for tillage 0.052
SE^ for interculture 0*034
SE^ for interculture at the

same IqvgI of tillage 0*082
SE^ for tillage at the ssa©

level of interculture 0*089

Mean

1*18
1.20

1*14



8 8

Table 11*2 Effect of tillage and interculture on
phosphorus content of bhusa (percentage)

 ________  Tillage_____________________ Mean
M1 M3 M4 M5 Mg

S1 0.602 0.716 0.392 0.45S 0.565 0.653 0.564

cSture S2 0,510 00412 0,777 0,512 0,459 °*547 0,556
0.516 0.453 0.519 0.681 0.608 0.491 0.544

Mean 0.543 0.527 0,563 0.550 0.544 0.564

SE^ for tillage 0.061
SE for interculture 0,036m
C.D (0*05) for interculture at the

same level of tillage 0.178
C.D. (0.05) for tillage at the

same level of interculture 0.192



The data revealed that there was no effect due to 
tillage and interculture on phosphorus content of bhusa 
at harvest# But interaction was found to be significant*

In no-tillage treatments and M^t raking and weeding 
twice resulted in higher values of phosphorus content 
compared to raking and weeding once either on 15th day 
or 30th day.

In raking and weeding on 15th day (Sg) resulted 
in higher values of phosphorus content compared to raking 
and weeding on 15th and 30th day (S^) and raking and 
weeding on 30th day (S^) which were on par. In raking 
and weeding on 30th day (S^) resulted in significantly 
higher values compared to raking and weeding twice (S^) 
and raking and weeding on 15th, day ^  S1 011(1 S2
are on par. In and Mg no significant difference 
between raking and weeding treatments were observed.'

In raking and weeding twice, tillage treatments 
M,, and M^ (One ploughing and two ploughing respectively) 
recorded lower values of phosphorus content* No-tillage 
treatments and Mg were on per* Chemical tillage with 
•Lasso* © 1.5 kg ai/ha (Mg) recorded the highest value 
of 0*716 while Mj recorded the lowest value of 0*392*
In raking and weeding on 15th day (S2> treatment M^
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recorded significantly higher values, all others being 
on par* In raking and weeding on 30th day (S^),^ recor­
ded significantly lower values compared to other treat­
ments which were on par.

5*3*3 Phosphorus content of husk

The data on phosphorus content of husk are presented 
in Table 11*3 and the analysis of variance in Appendix VI.

The data revealed no significant influence of 
tillage, interculture and their interactions, on phosphorus 
content of husk.

5.4- Potassium content of plant parts

The data on potassium content expressed as per­
centage in grain, bhusa and husk at harvest are presented 
in Tables 12.1 to 12.3 and the analysis of variance in 
Appendix VI.

The data revealed that there v/as no significant 
effect due to tillage, interculture and their Interaction 
on potassium content of plant parts.

5*5 Uptake of nitrogen, phosphorus and potassium at harvest 
5.5*1 Uptake of nitrogen at harvest

Tho data on uptake of nitrogen at harvest are pre­
sented in Table 13 and the analysis of variance in 
Appendix VI,
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Table 11*3 Effect of tillage and interculture on 
phosphorus content of husk (percentage)

Tillage Mean
M1 «2 M3 M5 M6

0.22 0.27 0.28 0.20 0.25 0.18 0.23
Inter- „ 0t20 0.24 0.27 0.20 0.24. 0.15 0.22
culture

3^ 0.22 0.24 0.22 0.22 0.18 0.17 0.21

Mean 0.21 0.25 0.26 0.20 0.23 0.17

SEffl for. tillage 0.028
SE^ for interculture 0.014
SEffl for interculture at the

saiae level of tillage 0.033
SEffi for tillage at the sane

level of interculture 0,039
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Table 12*1 Effect of tillage and interculture on 
potassium content of grain (percentage)

Tillage _ _ _ _ _  Mean

*1 M2 M3 «5 M6

S1 1.54 1.58 1.66 1.52 1.52 1.56 1.56
Xnter-g 

culture 2 1*47 1.60 1.50 1.53 1.53 1.66 1.56

S3 1.45 1.53 1.53 1.57 1.54 1.57 1.53

Mean 1*48 1.57 1.56 1.54 1.55 1.59

SE^ for tillage 0*054
SEra for interculture 0*023
SE^ for Interculture at the

same level of tillage 0*057
for tillage at the same
level of interculture 0*071
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Table 12*2 Effect of tillage and interculture on 
potassium content of bhusa (percentage)

Tillage Mean
«1 "2 h3 *4 »5 H6

S,j 0*98 1*00 1*06 0.96 0*97 0.99 0.99
Inter- g 0>98 1#Q1 Q#g5 0^gB 1bQ1 1#Q1 0>99

culture
0*92 0*98 0*91 1.00 0.98 1.00 0*97

Mean 0.94 0.99 0.99 0.98 0.98 1.01

SE^ for tillage 0.034
SEm for interculture 0.015
SE^ for interculture at the

seme level of tillage 0*036
SE for tillage at the same m

level of interculture 0.045
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Table 13*3 Effect of tillage and interculture on
potassium content of husk (percentage)

Ullage_________________ Hean

B1 m 2 m 3 m4

Ii1Ij
Jp 

{ 
*

S1 0.66 0.68 0.71 ' 0.65 0.65 0.67 0.67
Inter- s 
culture 2 0.63 0.68 0.64 0.65 0.69 0.71 0.65

, ^ 0.62 0.66 0.#5 0.68 0.66 0.67: 0.65

Mean 0.63 0.6? 0.67 0.66 0.66 0.69

13 for tillage 0.023
dt?m for intarcultur■e 0.010
SE^ for interculture at the

seme level of tillage 0.023
for tillage at the same
level of interculture 0.031
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Table 13 Effect of tillage end interculture on 
uptake of nitrogen at harvest (kg/ha)

Tillage

K 2 . k 3 m 4 M5 «6
«d m «*«* i

S1 53.40 57.29 96.48 72.12 71.12 84.95
Inter- 0 
:ulture °2 43.26 59.67 67.33 76.11 61.63 80.58

S3 45.03 53.38 64.03 68.34 75.84 67.88

Mean 47.23 56.78 75.96 72.19 69.53 77.80

Mean

C.D (0.05) for tillage 18.25
C.D (0.05) for interculture 6.44
C.D (0.05) for interculture at the

aaine level of tillage 16.08
CaD (0*05) for tillage at the acme

level of interculture 22.09
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Tillage treatments had significantly higher values 
compared to no-tillage treatments. But there were no 
significant differences between the two no-tillage treat­
ments and the different tillage treatments. Treatment Mg 
(Sowing and then ploughing) recorded the highest value, 
while Treatment (Sowing on stubbles) recorded the
lowest value.

Among interculture treatments raking and weeding on 
15th and 30th day (S^) recorded significantly higher values 
compared to raking and weeding on 15th day (S^) and raking 
and weeding on 30th day (S^) which were on par.

No significant difference between raking and weeding 
was observed under Treatments M^, Mg , and M^. In 
treatment and raking and weeding twice recorded
significantly higher Values. Here again raking and weeding 
on 15th day (S^) and raking and weeding on 30th day (Sj) 
were on par.

Under raking and weeding twice on 15th and 30th day 
(S,|) one ploughing (M^) recorded significantly higher 
value compared to other tillage treatments. Under raking 
and weeding on 15th day (Sg) sov/ing on stubbles (M,j) 
recorded significantly lower value compared to other 
tillage treatments. Same trend was observed under raking 
and weeding on 30th day (S*) also.I ^



5.5*2 Phosphorus uptake at harvest

Data on phosphorus uptake at harvest are presented 
in Table 14 and the analysis of variance in Appendix VI.

Tillage treatments had significantly higher values 
when compared to no-tillage treatments* But there were 
no significant differences between the two no-tillage 
treatments and the different tillage treatments. Treat­
ment (One ploughing) recorded the highest value of 
22.62 kg/ha while treatment (Sowing on stubbles) recorded 
the lowest velue of-13.71 kg/ha.

Interculture had significant effect on phosphorus 
uptake. Raking and weeding twice recorded significantly 
higher values when compared to raking and weeding on 
15th day (S2) and raking and weeding on 30th day (S^). 
Interaction had no effect.

5.5.3 Potassium uptake at harvest

The data on potassium uptake at harvest are presented 
in Table 15 and the analysis of variance in Appendix VI.

Tillage treatments had significantly higher values 
when compared to no-tillage treatments. But there were 
no significant differences between the two no-tillage 
treatments and the different tillage treatments.
Treatment (One ploughing ) recorded the highest value
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Table 14 Effect of tillage end interculture on
uptake of phosphorus at harvest (kg/ha)

<a»*«a«i»tan

« • <n»na<n»i n»MP<»w

<3 16*78 23.00 24.84 21.15 21.10 24.94 21.98
Inter- Bp 

culture
8^

12.15 16.10 22.75 21.18 16.24 22.58 18,83
12.22 12.83 20.27 20.31 20.87 18.72 17.54

I i 1 i ! t i 1 1 t 1 I 1 «—— —— —— w*

Mean 13*71 17*34 22.62 20. B8 20.08 22.08

C.D (0,05) for tillage 4*37
C.D (0.03) for interculture 1*99
SS^ for interculture at the

oaiae level of tillage 2*40
SE^ for tillage at the some

level of interculture 2*84

I
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Table 15 Effect of tillage and interculture on 
uptake of potassium at harvest (kg/ha)

.tillage_____________________Mean

Inter- <, 
culture 2

S-y3

m2 m3 H4
ort — — mmm m*

m5 M6

30,49 44,48 35.95 33,85 37. 26 34.65

27.29 33a 32 33,21 30*43 38.44 30.57
23.03 32,21 29.64 32.05 31.88 2Q.0?

Mean 21,33 2.6,93 36.67 33.60 32,13 35.86

C,D (0.05) for tillage 6,58
C,D (0,05) for Interculture 2,03
C,D (0,05) for Interculture at

the same level of tillage 5.10
C.D (0.05) for tillage at the

same level of interculture 7.76



of 36,67 kg/ha while treatment (Sowing on stubbles) 
recorded the lowest value of 21.35 kg/ha*

Raking and weeding twice (S^) recorded significantly 
higher value of 34*65 kg/ha when compared to other levels 
of interculture* Similarly raking and weeding on 15th 
day (Sg) recorded significantly higher value when compared 
to railing end weeding on 30th day (S^).

Interactions had significant effect on potassium 
uptake* Under treatment and (Sowing on stubbles 
and One ploughing) raking and weeding twice recorded 
significantly higher values when compared to other levels 
which were on par* Under treatment Mg (Chemical tillage 
with *Lasso*) also raking and weeding twice recorded signi­
ficantly higher value. Raking and weeding on 15th day 
was on par with the other two levels* Under treatments 

and Mg (Ploughing twice and sowing and then ploughing) 
raking and weeding on 30th day recorded significantly lower 
value when compared to other levels of interculture. However, 
under treatment (Ploughing twice) interculture had no 
influence on potassium uptake*

.Under raking and weeding twice (S^) treatments and 
Mg (One ploughing and Sowing end then ploughing) recorded 
significantly higher values when compared to other treat-i
ments which were on par* Treatments and (Ploughing

100
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twice end Ploughing thrice) were on par* Similarly 
no tillage treatments (M^ and Mg) were also on par*

Under raking and weeding on 15th day (Sg) and 
raking and weeding on 30th day (s^) tillage treatments 
had significantly higher values of potassium uptake over 
no-tillage treatments* But there were no significant 
differences between the two no-tillage treatments and 
the different tillage treatments* Treatment Mg (Sowing 
and ploughing) recorded the highest value of 38*44 kg/ha 
while treatment (Sowing on stubbles) recorded the 
lowest value of 18*69 kg/ha under raking and weeding on 
15th day (Sg)* Treatment ( One ploughing) recorded 
the highest value of 32*24 kg/ha and treatment 
(Sowing on stubbles) recorded the lowest value of 
19*62 kg/ha under raking and weeding on 30th day (S^).

6 Soil chemical analysis

6*1 Total nitrogen content

The data on total nitrogen content of soil are 
presented in Table 16 and the analysis of variance in 
Appendix VII*

The data revealed that the total nitrogen content 
of soil */as not influenced by the different levels of 
tillage, interculture and their Interactions*
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Table 16 Effect of tillage and interculture on 
total nitrogen content of soil at 
harvest (percentage)

Tillage_____________________Mean
m1 m2 m3 k4 k5 n6

S1 0.072 0.070 0.033 0.084 0.035 0.070 0.073

culture Ss 0,074 0,106 0,072 0,091 0,076 0,059 °*079
S3 0.095 0.072 0.066 0.066 0.065 0.061 0*071

Kean 0.0S0 0.033 0.075 0.030 0.065 0.063

$Em for tillage 0.0067
SEl for interculture 0*0062ra
SB for interculture at theAril

saaie level of tillage 0.0151
SEm for tillage at the ss»e
‘ level of interculture 0.0150
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6* 2 Organic carbon status

The data on organic carbon content of soil are 
presented in Table 17 and the analysis of variance in 
Appendix VII#

Tillage treatments had significant effect. Between 
tillage end no-tillage treatments, no-tillage treatments 
recorded higher values for organic carbon content v/han 
compared to tillage treatments. But there were no signi­
ficant differences between the two no-tillage treatments 
and the different tillage treatments. Chemical tillage 
with 1 Lasso5 (Mg) recorded the highest value of 0.76 per 
cent while ploughing twice (M^) recorded the lowest value 
of 0.5S per cent.

Interculture had no effect on the organic carbon 
content of soil. '

Under no-tillage treatments# and raking and 
weeding had no influence on organic carbon status. Under 
one ploughing treatment# raking and weeding tv/ice had 
significantly higher values when compared to other levels 
of interculture. Among tillage treatments Mg and 
interculture had no effect on organic carbon content. 
Under Mj.# raking and weeding twice recorded significantly

i
higher values when compared to raking end weeding onI
15th day. Raking and weeding on 30th day was on par with 
the other two levels.
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Table 17 Effect of tillage and interculture on 
organic carbon content of soil at 
harvest (percentage)

Tillage Mean
b 2 % "4 *5 M6

S 1  0.75Inter- 0.77 0.73 0.46 0.71 0.65 0.68
culture S2 0.74 0.78 0.63 0.62 0.52 0.60 0.66

Sj 0.74 0.73 0.46 0.65 0.55 0.61 0.62
----- -------------------- ,---- * -------------------------- -— — — -

Kean 0.74 0.76 0.62 0.53 0.59 0.62

i i i t i i t i i 1 t i ! f 4* *• ««A *• <N» w M»r r r . T f r n i w r T - . - ~

C.D (0.05) for tillage 0.122
SEm for interculture 0.034
C.D (0.05) fpr interculture at

the same level of tillage 0.173
C.D (0*05) for tillage at the

i same level of interculture 0.184
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Under raking and weeding twice, treatment 
(Ploughing twice) recorded significantly lower values 
when compared to other levels of tillage. Under raking 
and weeding on 15th day, tillage treatments had no effect* 
Under raking and weeding on 30th day treatment 
(One ploughing) recorded significantly lower value when 
compared to other tillage levels.

6*3 Available phosphorus content of soil

The mean value are presented in Table 18 and the 
analysis of varience in Appendix VII#

Similar to the total nitrogen content, the build up
A

of available phosphorus in soil was also not influenced by 
different levels of tillage, interculture and their 
interactions*

6.4 Available potassium content of the soil

The mean values are presented in Table. 19 and the 
analysis of variance in Appendix VIX*

Xt can be seen from the Taole that neither the levels 
of tillage and interculture nor their interactions could 
produce any pronounced influence on the available potassium 
content of soil.
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Table 18 Effect of tillage and interculture on 
available phosphorus content of soil 
(kg/ha)

Tillage

M, M2 H3 M4 Mg H6

S1 34.65 48.05 22.10 42.10 38.55 42.60 38.01

Mean

culture S2 47*80 41.85 29.20 53.30 43.66 37.25 42.17
Inter-

32 35.26 37.20 30.45 43.85 45.25 36.93 41.49

Mean 39.24 49.03 27.25 46.42 42.47 38.93

SE for tillage 10.834tu

SE0 for inter culture 4.215
SSm for interculture at the

same level of tillage 10.324
SEffl for tillage at the same

level of interculture 13.728



Table 19 Effect of tillage and interculture on 
available potassium content of soil 
(kg/ ha)

Tillage____________   Mean

*1 M2 M3 M4 %  H6

S* 53.75 61.70 61.50 60.00 61.00 63.00 60.15
Inter-

culture S2 55.90 50.00 59.00 64.80 57*00 63.10 58.30
S3 50.90 61.35 44.50 68.00 67.20 60.00 53.66

Mean 53.52 57.68 55.00 64.27 61.73 62.03

SE^ for tillage 4.601
SBm for interculture 2.758

for interculture at the
seme level of tillage 6.756

SE^ for tilleg© at the same
level of interculture 7*180
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7 Economics of cultivation

The economics of cultivation of cowpea under 
different levels of tillage and interculture are presentedi
in Table 20c

Among the tillage levels, the maximum returns and net 
profit were obtained from one ploughing and sowing treat­
ment# Among the interculture treatments raking and weeding 
on 15th and 30th day gave the maximum returns and net 
profit#



Table 20 Economics of cultivation of cowpea under different levels of tillage 
and interculture for one hectare

b)

Treatments
Cost of produ- Additional 
ction excluding cost of 

treatm ent s treatment
Total cost of produ­

ction
Yield 

in kg/ha
Value Profit 

(in fe.)

Tillage
Sov/ing on stubbles 1600 «• 1600 629-73 1889.19 229.19
Chemical tillage with Lasso 
© 1.5 kg al/ha 1600 120 1720 645.62 1936.86 216.86
One ploughing and then 

sowing 1600 300 1900 1043-34 3030.02 1130.02
Two ploughing and then 

sowing 1600 500 2100 956.65 2369.95 769.95
Three ploughing and then sowing 1600 700 2300 936.31 2310.43 510.43
Sowing and then ploughing 1550 . 300 1850 985-B5 2961.58 1101.55
Interculture
Raking and weeding on 
15th and 30th day 1600 600 2200 563.29 2889.87 689.87

Raking and weeding on 
15th day only 1600 300 1200 856.02 2568.06 668.06

Raking and weeding on 
30th day only 1600 300 1900 778.69 2336.07 436.07

Cost of inputs 
Cost of labour - Men - Rs. 1 5 / - d a y  

Cost of Lasso for 1 litre - fe.40/- 
Price of grain - Ks. 3* 00/kg
Cost of raking and weeding once 
Cost of raking and weeding twice

Women - St® 12/-day
Cost of one ploughing St® 300/ha 
Co3t of two ploughing Ps® 500/ha 
Cost of three plough- ^ 700/ha
-Rs. 300/ha lng»&*600/ha

10
s
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DISCUSSION

The present Investigation is on attempt to find 
out the response of cowpea in summer rice fallows to 
different tillage and intercultural operations* The 
results are discussed below#

Effect of tillage

The role of tillage on the various physico-chemical 
properties of the soilf drymatte-r content of weeds, growth, 
yield and chemical composition of the grain are discussed 
as under#

It is observed that the soil moisture content at 
various growth stages vis# at the time of sowing, branching,

j

flowering and pod formation, did not reveal any significanti

variation in accordance with the variation in tillage levels* 
The probable reason for the low retention of moisture by 
various tillage treatments might be that the sandy loan 
soils with high Infiltration rates would have drained the 
soil water to greater depths# This is in conformity with 
the findings of Goncharov et si# (1976) that differences 
in ploughing depth did not affect the moisture regime#

Significant effect due to tillage on the clrymatter 
content of weeds and weed growth was reported by
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1
Beaumor end Bakenaons (1973)* In the pro cent invest le­
gation also tho drymatter content of weeds at 15th, 30th,
45th and 60th days after sowing significantly increased 
in ’tho no-tlllagc treatments, compared to tillage 
treatments# However, in the plots where seeds were sown 
on -the stubbles, highest drymattar content of weds 
was recorded* It is quite obvious that the weed growth 
of the previous crop would have a regenerating effect in 
tee successive cropping season with the supply of nutrients 
and moisture* This is in agreement with the findings of 
Beaumer and Bakernans (1973)? Malik et al* (:1973) i Greenland
(1973) and Mahto and Sinha (1980)*
j

The influence of tillage on the growth characters viz.
height of the plant, number of loaves, urymattcr production,

!dry weight of root nodules and root characters have also been 
studied! It is observed that tillage has significant effect 
on tee plant height and number of leaves* The effect is 
more pronounced for the single tillage treatments before or 
after sowing end continued throughout tho growth stages.
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This clearly indicates that in sandy loan soils whom 
high infiltration rate is a limiting factor for the 
supply of moisture and the destruction of structure of 
the soil due to increased number of tillages was doteri- 
mental to plant growth* However* the adverse effects . 
of sowing on stubbles of the previous crop are well mani­
fested by the low degree of plant growth indicating that 
the paddies are to be tilled at least once* As the plant 
height is a reflection of growth and development and is 
brought about by increased cell division and cell enlarge­
ment, the tillage practice has facilitated proper crop 
growth*

I The data revealed that the drymattcr production also
i

increased on account of tillage treatments* It is quite 
natural that the number of leaves increased with increase 
In plant height* As the number of leaves Increased there 
happened more leaf surface to harness the solar radiationi
resulting in on increased rateu of photosynthesis* This 
higher production of photosynthetes is translocated and

i
reflected in the dryastter production* However, it is 
observed that the increased drymatter production is achieved 
only iduring the later stages of plant growth indicating that 
the treatments! effects are manifested only ©t the later
growth stages* As stated earlier, tillage treatments created
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more congSnaal soil atmosphere aid good weed control 
at 1 5th and 30th day and hence the plants could grow 
better resulting in increased dryaotter production* 
Similar results have been reported by Simon (1973)g 
Simon and Skrdleta (1978) and Choudhary et .nl, (1978)*

Though the values recorded for root spread and 
’ ‘ " come to the levels of significance* a

nd has been observed in the single tillage
treatment* The root length and spread are increased 
compared to the other treatments* The lowest values 
were for the treatment in which the seeds are sown directly 
on the stubbles indicating that the unploughed soil has 
offered a considerable resistance for the penetration of 
roots* However* *1*3380' application did not influence 

this character* The conspicuous increase in the root 
length and root spread in the case of single ploughing 
treatment over two or three ploughings shows that the soil 
structure has been broken and rendered it less suitable 
for a coarse grain crop like cowpea* Similar results were 
also reported by Chopart and Nicou (1976)j Salt tie and 
Thresdglll (1977) and Ramos .et 3I. (1979)*

As regards to nodule production the treatments have no
COOiS SCGrtsignificant effect* But the highest nodule production inj 'v

the treatments where seeds were sown on the stubbles of
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previous crop. The slightly lower values recorded under 
herbicidal treatment might be due to the lag phase created 
on the bacterium in the soil. However, tilling the soil 
once, twice or thrice did not show any consistent effect 
on nodule drymatter production, suggesting that there 
happened an imbalance in the carbon requirement of the 
bacterium for further multiplication. The loiter values 
of organic carbon content of soil at the time of harvest 
supports the above statement. Masefield (1957)j Simon 
and Skrdleta (1978) and Klittich et al. (1981) also reported 
decreased rates of nodulation with cultivation.

The yield attributes via, length of pod, number of
i
seeds per pod and seed test weight remained unaffected 
by tillage while the number of pods per plant increased.
As seen earlier the height of plants together with the 
number of leaves increased with increasing levels of 
tillage. It is obvious that the increased photosynthetic 
rate has contributed to a larger extent at the start of 
the reproductive phase by way of increasing the number 
of pods per plant. Although the number of pods per plant 
increased, the number of seeds per pod, and pod length 
did not show any significant variation. Thus the increased
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number of pods per plant failed to contribute directly 
to the total production of grain under no-tillage treatment

jl
when compared to tilled ones* bn the contrary, where 
the crop has received the tillage treatments, the ma^or 
contribution was by the increased number of pods per 
plant and thus a total increased output* The lower values 
for fchusa yield under no-tillage treatments could be

i
explained on the basis of the above facts resulting in 
the poor growth of the crop in general compared to other 
tillage jjtreatments*

i' .
i

The effect of tillage was well pronounced on the 
grain yield. Treatments receiving tillage'operations 
are found to be superior over no-tillage treatments*

r
Among the tillage treatments single tillage treatment 
recorded the highest output of the grain compared to 
two or three tillages, This olearly explains the import­
ance of(the soil structure for the crop growth. Increased!
number of tillage definitely showed a negative trend 
indicating the destruction of soil structure and its adverse 
effects on growth parameters which contributed to the low 
grain production. Though the root nodule weight was more 
in the case of undisturbed soil, it failed to contribute to
! Hthe production of grain by way of increased nitrogen fixing
I I
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system# Thus it Is revealed that the groin yield of 
oov?pea under the sandy tracts depends on the soil structure 
to a greater extent* Hence it could be concluded that a 
moderate ploughing of paddies is sufficient for higher 
cowpee production* This is in agreement with the findings 
of Of02I and Nandy (1969)* Neman (1970) j Sanford et al* 
(lS73)i Vender (1976)} Chopart .et a^* (1976); Ketcheson 
(19S0); Mullins et al. (1980) and Porter et al. (1981)*

From the results it is noticed that the harvest index 
did not show any significant variation* Though it is not 
statistically significant, a clear trend has been observed 
with harvest index* The lower values recorded under 
no-tillage treatment cldarly indicate that the translocatory 
system was not effectively functioned as compared to other 
treatments* This is well illustrated by the increased 
weight of bhusa in these treatments with lov/ grain production* 

The nutrient content of plant parts were found to be 
unaffected by tillage treatments* Although the percentage 
nutrient composition of the plant parts were unaffected, 
the uptake of major nutrients like nitrogen* phosphorus and 
potassium were found to be higher under tillage treatments 
as observed by Rows© and Stone (1977). Shis might be due to 
the increased accumulation of drymatter specially through 
grain production under tillage treatments* The protein 
content of grain was also found to be unaffected by the 
tillage treatments. This result agrees with the findings
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of Singh (1970) and Sieenov and Vanchev (1973)*
i
i,

Tillage treatments showed no significant offect 

on tho total nitrogen, available phosphorus and 

exchangeable potassium content of soil* This is in 

conformity with the findings of falati and Mehta (1963)*

The organic carbon content of the soil at the end of the 

experimentation gave significant variations among theii'
iitreatment means* Ploughing more than once brought about'

a marginal reduction intho organic carbon content of soil*

In the undisturbed soils* tho organic carbon is substantially 

high end this is slightly supplemented by the addition
i i

of ♦lasso** 'iThe results ore veil explained on the bacis

of the decomposition of organic matter incorporated into
ii

the soil by way of repeated tillages* where tho organic 

matter was depleted fey exposing to the high temperature
iof the tropical climate* On the other iiancl, under
, i

no-tillage treatments the stubbles were well preserved
i

in the soil and a low rate of decomposition would have 

operated* Hence, a marginal increase in organic carbon
i

content over;1 soro tillage

117
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treatment was observed* Similar results were also 
recorded by Blevins et al. (1977) and Zuo and Lai (1979)*

Effect of Interculture

In addition to the tillage the effect of inter- 
cultural operation was also evaluated in the present 
study* The beneficial effect of interc-ulturo is attri- 
buted to its efficiency in removing >;eeds and further 
incorporation Into the soil (Sreeniva3on, 1953)S conser­
ving soil moisture to optimum level (Chandra mohan, 1969) 
and increasing soil aeration (Seshadrij 1962).

Contrary to the expected positive effects of 
interculture on soil moisture conservation, the results 
of the present investigation did not show any significant 
variation* Though weeding and raking lowered down the 
weed population and fonned a soil mulch to reduce evapou- 
ration, it failed to show any significant effect on the 
soil moisture retention* This might be probably due to 
the inherited porous nature of the sandy loam soils, for 
Increased percolation loss of soil water*

The results of the present investigation however, 
revealed the favourable influence of raking on weed control*
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Although raking and weeding had no effect during the 
initial period, from 30th day onwards, it had significant 
effect. Raking end weeding on 15th and 30th day recorded 
lower weed dry weight at later stages of crop growth 
and resulted in better crop growth enabling them to 
smother the weeds at later stages* Raking twice resulted 
in better control of weeds when compared to raking only 
once on 15th day or at 30th day. Thus the present investi­
gation clearly established the beneficial effect of inter­
culture on weed control. This is in conformity with the 
findings of Jiin et (1972) and Raehie and Roberts
(1974).

It ia seen that the growth characters viz. height of 
plants, number of leaves per plant, drymatter production 
etc. are influenced by different raking and weeding treat­
ments only at the later growth stages of the crop. The 
lower effects seen during the initial stages of crop growth 
may be due to tho time lag for the manifestation of the 
treatments. The marked effects of interculture seen at the 
later growth phase might be due to the cumulative effects 
by raking and weeding on 15th and 30th day. Thera la no 
doubt that raking had influenced the bracking of soil
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crustations and helped in batter aeration • In addition 
to weed control, uniform supply of soil water and better 
soil aeration created by raking increased the plant growth.

As the plant height increases the photosynthetic 
activity also increased simultaneously through the pro- 
duction of more number of leaves. It is quite natural. 
that the increased photosynthetic apparatus would perceive 
more solar radiation end thus tho pronounced photosynthetic 
rate. Thus on the whole, a simultaneous increase in dry­
matter production has been observed under a good plant 
canopy* Besides, the Increased photosynthetic activity, 
in the crop canopy, weeding has enabled the crop to reduce 
the competition with the growing weeds for water and other 
nutrients. Halting would have conserved the soil moisture 
and resulted in better plant growth (Singh (1975);
Rctinam et al. (1976) and Sasidharan (1981)).

Results revealed that interculture had significant 
effect on root spread and root length* Raking besides 
removing the mechanical impedance improves the soil 
physical conditions resulting in least resistance to the 
spread and penetration of roots. However, intorcultural 
operation had no significant affect on root nodules 
suggesting that the soil physical conditions did not show . 
any effect on .the nodule production.
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Yield attributes viz# number of pods per plant, pod 
length and number of seeds per pod were found to show 
significant variation due to interculture. However, 
seed test weight was found to be unaffected# The inter- 
cultural operations promoted.favourable soil conditions 
not only for vegetative growth but also for reproductive 
growth# Plant growth characters like height, number of 
leaves, and drymatter production increased with inter- 
culture# This enabled the plant to produce more photo- 
synthates which would have been translocated to the 
Increased sink ie. the pods# Due to this effect the number 
of seeds per pod and pod length also showed significant 
variation resulting in increased yields* This is in con­
formity with the findings obtained by Jain et gl# (1972);
All et al • (1974); Pahuja et • (1974) and Burnside (1979)* 
The effect of raking and weeding on bhusa yield could also 
be explained on the basis of above facts#

The nutrient composition of the various plant parts 
did not show any significant variation# However, the uptake 
of nutrients differed significantly* This is because of
the difference in drymatter accumulation in different treat-

■ %
ments as presented in Table ':#?, Besides, intercultivation

ti
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might have provided better aeration to soil and resulted 
in better root growth* Due to better root growth larger 
amounts of nutrients would have been absorbed from the 
soil* These factors explain the reasons for the variat­
ions in the nutrient uptake* The data presented In 
Table 9t revealed that the protein content of the grain 
remained unaltered by the interculture treatments*

The economics of eowpea cultivation under different 
levels of tillage and interculture is presented In Table 20* 
Data revealed the fact that tillage is essential for 
successful crop growth* It- is also observed that the 
number of tillage operations can be reduced to the minimum* 
This is indicated from the result that maximum profit was 
obtained in the treatment in which sowing was done after; 
one ploughing* Thu© minimum tillage had a dual role le« . 
reducing the coat of cultivation and at the same time 
increasing the yield resulting in maximum net profit*

Interculture done twice resulted in better yields*" 
when compared to one interculture in any one of the stages*

V

Although the yield was increased under two raking and 
weeding the net profit was only marginal on account of 
increased cost*





SUMMARY

An experiment was conducted at the Rice Research 
Station, Pattambi, during aummar season of 1930-8'?, to 
evolve suitable agro-techniques for raising cowpea in 
summer rice fallows. The experiment wa3 laid out in 
the split—plot design with levels of tillage in rnain 
plots and levels of Interculture in sub-plot3. Six 
levels of tillage (sowing on stubble3, chemical tillage 
with ^Lasao*1 & 15 kg ai/ha, one ploughing and than sowing, 
two ploughings end sowing, three ploughinga and sowing, 
and broadcasting and then ploughing) and three levels of 
interculture (raking and weeding on 15th day only, raking 
and weeding on 30th day only and raking and weeding both 
on 15th and 30th day) were tried in all combinations.
The results of the experiment are summarised below.

1. The initial 3oil moisture content at the time of 
sowing under various tillage treatments did not show any 
significant difference. The sane trend was observed 
throughout the growth phase ie. at the time of branching, 
flowering and pod formation. Intercultural operation and 
their combinations with the tillage operation also showed 
the same trend.



1 2 4

2« The drymatter content of weeds showed a pro­
gressive increase throughout the growth phase in the 
treatment in which the seeds were sown on stubbles.
However# "Lasso" application after sowing on the 
stubbles did not show any conspicuous reduction of weed 
drymatter content over ploughing treatments* Different 
levels of ploughing gave comparatively better control of 
weeds during the crop growth. Racing treatments during 
the early growth phases have brought down the weed dry- 
matter# for a period of 15 days from the date of imposing 
the raking treatments. Weeds recovered soon after. Data 
at different growth phases indicated that weeding and rak­
ing at 15th and 30th days reduced the weed growth to 
minimum levels.

3, Different tillage treatments showed an increase 
in plant height throughout the crop growth compared to 
no-tillage levels. Single ploughing substantially recorded 
higher values compared to two# three and sowing and then 
ploughing treatments. The effect of weeding and raking at 
15th and 30th days of crop growth was manifested on the 
plant height only at later growth phases ie. 60 days after 
sowing and at harvest.

"Lasso” application had a marginal influence on 
the production of leaves per plant at different growth

o
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phases* but had no superiority over tillage treatments.
Among tillage treatments, single ploughing before sowing 
or after sowing showed a positive trend on the production 
of number of leaves per plant from 40 days to harvest. 
Weeding and raking at 15th and 30th days always recorded 
better results over any other treatment.

5* Though there is no significant difference among 
treatments, with respect to drymatter production per plant, 
a consistent and progressive trend was maintained throughout* 
Single ploughing recorded batter plant growth in terms of 
drymatter at 20th and 40th day after sowing. However, at 
60th day after sowing the effects were well expressed. 
Raking at 30th day goems to bo deleterious for drymatter 
production. Initial raking at 15th day was beneficial.

6* The dry weight of root nodules per plant was not 
significantly Influenced by the different levels of tillage 
and interculture* However, the nodule production seems to 
be slightly higher in the case of direct drilling on 
stubbles when compared to other levels of tillage#

7» Though the values for root spread and root 
length were not significant# it is seen that single 
ploughing before sowing and after sowing is beneficial for
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root spread as compared to other treatments. The effect 
of intercultural operations at 15th and 30th days were 
well manifested at the time of harvest with respect to 
root spread end length.

8. The dry weight of roots remained unaffected by 
the levels of tillage and the levels of interculture.

9. Number of pods per plant was significantly 
increased by the levels of tillage and interculture*
Among tillage treatments ploughing before or after sowing 
recorded the maximum number. Cumulative effect of weeding 
and raking at 15th end 30th days was superior to any of the 
individual treatment.

10. Length of pods regained unaltered by tillage 
levels. Ratting and weeding on 15th and 30th days signi­
ficantly increased tho length of pods,

11. The number of seeds per pod remained unaffected 
by tillage. But ratting and weeding twice on 15th and 30th 
days showed a signifLeant trend when compared to raking and 
weeding once in 15th day onLy or 30th day only.

12. Neither the levels of tillage nor the levels of 
interculture had any significant effect on seed test 
weight of grain.
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13, The levels of tillage had a significant effect 
on the grain yield when compared to no-tillage treatments. 
Among the tillage treatment, one ploughing, arid sowing 
recorded the highest grain yield. Raking and weeding also 
had significant effect. Railing and weed Lag twice on 13th 
and 30th days recorded the highest grain yield among the 
intercultural treatments,

14, Bhusa yield was unaffected by the levels of 
tillage, Sit intercultural operations had significant 
effect. Raking and weeding on 15th and 30th day recorded 
the highest bhusa yield when compared to railing and weeding 
once, on 15th or 30th day,

15, Neither the levels of tillage nor interculture 
had any effect on harvest index,

16, The levels of tillage showed a significant effect 
on total drymatter yield. Tillage treatments had higher 
values of drymatter production when compared to no-tillage 
treatment. One ploughing and sowing recorded the highest 
drymatter yield. Raking and weeding twice on 15th and 30th 
day recorded the highest values for total drymatter product­
ion when compared to raking and weeding once on 15th or 
30th day,

I
17, Tillage and interculture levels did not show any
Ivariation in the protein content of grain.



18* The nitrogen, phosphorus and potassium content 
of plant parte remained unaffected by the levels of tillage 
fend interculture.

19« Levels of tillage and interculture showed signi­
ficant variation on the uptake of nitrogen. Sowing and then 
ploughing among tillage treatment and raking and weeding 
twice among levels of interculture recorded highest values 
for uptake of nitrogen.

20. Phosphorus and potassium uptake by plant at 
harvest was significantly affected by the levels of tillage 
and interculture. One ploughing treatment among tillage 
levels and raking and weeding twice among levels of inter­
culture recorded the highest values for uptake of phosphorus 
and potassium.

21. Total nitrogen, available phosphorus and 
exchangeable potassium content of the soil were found to be 
unaffected by the levels of tillage and Interculture.

22. Among levels of tillage, no-tillage treatments 
recorded higher organic carbon content of soil. Inter- 
culture had no effect on organic carbon status.

23« Among tillage levels, ploughing once, and among
i

levels of interculture, raking and weeding on 15th and 
30th days recorded the maximum profit/ha,

iIi
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Mateorological data for the cropping period (1930-*81) and the average values 
for the past five years (1976-*77 to 19S0-,8l)
--------- A - Cropping period B - Average of past

five years

Appendix I

Stand- Total Rainfall Mean maximum Mean maximum Relative Bright sun-
qP(j Period tesiperature temperature humidity shine hours
weeas .

nrriTMw^W___ _ A______ I Z L . J _____■ ■___A _ , B __ .A, a w e A___ j|| 13
8 February 19-25 - 36.4 35.8 18.70 21.36 71 87.2 10.5 9.44
9 26—4 - ** 3S.5 36.14 18.90 22.06 92 86.6 10.3 9.76
10 March 5-11 - - 37.8 36*36 21.20 23.28 78 85.6 9.5 9.52
11 12-18 - 1.8 37.3 36.32 24.30 22.98 84 88. 6 9.4 8.76
12 19-25 6 1.0 - 35.6 36.76 24.60 23.50 92 86.6 9.0 9.50
13 26-1 11.34 36.3 36.48 24.80 23.96 90 87.2 9.6 9® 60
14 April 2-8 2.5 13.62 35.5 36.10 25.80 24.36 87 87.4 7.7 8.94
15 9-15 31.6 6.46 37.4 35.94 25.70 25.18 92 86.2 8.0 8.92
16 16-22 26.5 26.02 34.7 35.40 24.80 24.62 93 88.4 9.7 8.66
17 23-29 34.6 49.12 36.8 35.00 24.80 23.94 89 91.6 10.4 8*44
18 30-6 13.8 48,22 35.1 34.56 24.40 24.54 91 S3. 4 7.9 8.18
19 May 7-13 14S.4 32.42 34.2 34.20 24.10 24.50 92 90.6 8.9 7.74
20 14-20 3.2 14.66 34.2 33.60 25.40 24.40 90 92.4 7.4 7.36
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Appendix: II

Analysis of variance table for soil moisture content of 0-50 cm depth at various
stages of crop growth.

Source df Mean square
Soil moisture at 

sowing
Soil moisture 

branching
at Soil moisture 

at flowering
Soil moisture 
at pod for­
mation

Block 3 96.64* 48.07** 2.61 59.62*
Tillage

(M) 5 20.31 13.23 .28.03 20.24
Error 1 15 20.47 7. 22 20.15 16 .2 1

Interculture
(S) 2 3.08 18.33 2.86 6.79

Interaction (

(M x S) 10 16.23 7.03 9.24 12.70
Error 2 36 11.57 6.53 6.93 8.38

5 Significant at 5% level
** Significant at level
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Appendix III 
PAnalysis of variance table for weed drym at ter/m at various stages of crop grov/th

Mean square
Source

Bloclt
Ullage (M)
Error 1
Interculture

(S)
Interaction 

(M x S)
Error 2

df

3
5
15

10
36

15 DAS

8386*19** 
23005.79**
1092.42

1791.84

4l 08.76
1169.75

Weed drymatter/m2 at

30 DAS

2340*46
11338.26*
3303.89

27406.69**

1188.39
1158.75

45 DAS

802.92 . 
23458.99** 
4765.53

31571.23s *'

822.53
1228.77

* Significant at 5% level
** Significant at level

60 DAS

■ 1234.36 
8315.23** 
1339-12

17209.91**

560.42
620.45

/
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Appendix IV

Analysis of variance table for- plant height and leaves per plant at various stages of
crop grov/th

Source df

Block 3
Ullage (M) 5
Error 1 15
.Inter- .
, c u ltu r e ^ s )  2

Interaction 
(M x S) 10

Error-2 36

Mean square
Plant height at Number of leaves per plant

20 DAS AO DAS 60 DAS Harvest 20 DAS AO DAS 60 DAS Harvest

8*60 37*31 5778.13 4562.55 0.258
3.103 302.88** 5330.98** 4678.85** 1.11
4.86 51.07 474.91 375*82 0.3967

3.34 39.07 759*263* 691*145* 0.35Q3

1.92 5.31 180.308 222.59 0.1252
1.499 27.26 191*50 201.34 0.1112

10.96 42.39 9.81
32.14** 38.86** 1.20
2.64 7.01 3*84

5.57** 13®41** 1.062

0.533 1.86 1.365
1.052 1.37 1.916

* Significant at 5% level
** Significant at 1$a level



V

Appendix XT (Contd*.)
Analysis of variance table for drymatter production per plant at various stages of 
crop growth^ dry weight of root nodules at flowering, root spread, root length and 
root weight

Mean square
Source df Drymatter production at Dry weight of Root 

root nodules spread
Root 

length
Root

weight
20 DAS Ao d a s 60 DAS

— — —

Block 3 0.042 4.89 11.0 0.0002095 13.96 C.549 0.114
tillage (M) 5 0.164 4.80 15.9S® ■ 0.000923 5.51 11.51 0.143
Error 1 15 0.085 2.29 4.59 0.000364 7.99 6.64 0.133
Xnterculture 

(S) 2 0.0349 3.80* 3.26 0.0000233 66.25** 31.50** 0.252
Interaction 

(M x S) 10 0.0335 1.48 3.763* 0.0005539 2.02 5.19 0.036
Error 2 36 0.0521 1.18 1.326 0.0004759 5.40 6.68 0.116

" Significant at 5% level
** Significant at 1% level



Analysis of variance table for number of pods per plant, pod length* number of seeds 
per pod and seed test weight

Vi

Appendix V

Source df Mean square
Mumher of pods 
per plant Pod length Nuanber of seeds per pod Seed test weight

Block 3 0*858 5.747* 2.39** 5.70**
Tillage (M) 5 1.943* 2.83 0.47 1.39
Error 1 15 0.627 1.04 0.394 0.558
Interculture<S) 2 4.216** 4.00** 1.61* 0.0068

Interaction (M x S) 10 0.0613 0.863* 0.541 0.4038
Error 2 36 0.299 0.3317 0.452 0.4305

*  S ig n ifican t at 5% le v e l

**  S ig n ifican t at le v e l
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Appendix V (contcU. )

Analysis of variance table for grain yield, bhusa yield, total drymatter and harvest index

__Source^
if — ■ —.t-ra —

df Mean square
Grain yield Bhusa yield Total drymatter 

yield
Harvest
index

Block 3 478371.137** 4093175.55** 1985204.74* 14.40
Tillage (M) 5 391106.385* 653294.59 2364530.65* 0.722
Error 1 15 34088.163 277916.45 426078.495 0.76
Interculture

(s) 2 206243.24* 602181.64* 1920367.92* 0.1758
Interaction 10 19359.607 123272.62* 151658.491 0.3499

Error 2 36 21253.072 52908.476 93315.165 0.243

* Significant at 536 level
** Significant at *1% level
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Appendix VI

Analysis of variance table for protein content of grain, nitrogen content of grain, bhusa and
husk and phosphorus content of grain, bhusa and husk

Mean square
Source df Protein

content
Nitrogen content of Phosphorus content of

---------— -------
of grain Grain Bhusa Hu sit Grain Bhusa husk

Block 3 16.75* 0.453* 0.0699 0.0433 0.0074 0.060 0.0014
Tillage
(M) 5 10.03 0.241 0.193 0.0500 0.0367 0.00223 ■ 0,0118

Error 1 15 4.90 0.127 0.369 0.0329 0.0165 0.022 0.0047
Inter­
culture

(s)
2 1.54 0.064 0.16 0.0254 0.024 0.005 0.0033

Interact­
ional x S) 10 5.24 0.164 0.495 0.0332 G.Q165 0.0746** 0.0018
Error 2 36 5.53 0.1256 3.146 0.0271 0.0135 0.0151 0.00221

* Significant at 3% level
** Significant at 1% level



Analysis of variance table for potassium content of grain* bhusa and husk* end . 
uptake of nitrogen, phosphorus and potassium at harvest
* ” * *  — 1 * » * ? « »  —  * * * * * * * *  mi  * p w » i *  ^ u*  i i n p w m n n a p w p w i » p p w  —
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Appendix VI. (Contd..)

Hean square

Source df Potassium content of Uptake of

Grain Bhusa Husk HItrogen Phosphorus Potassium

Block 3 0.074* 0*029® 0.0127 647.505 36.0145 199.93*
Tillage (12) 5 0.0179 0.0072 0.003 1719.771* 136.19** 414.224**
Error 1 15 0.0174 0.006S 0.0031 469.969 25.372 59.51
Interculture

(s) 2 0.0044 0.0024 0.00125 571.04* 125.474s* 264.579**
Interaction 

(Mi B) 10 0.011 0.0047 0*00189 310.3S9* 16.85 28-s 895*
Error 2 36 0.0065 0.00251 0.0012 113.196 11.514 12*j 020

* Significant at 5% level
** Significant at level
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Appendix VII

Analysis of variance table for total nitrogen content of soil® organic carbon content, 
available phosphorus and available potassium content of soil

Source df

Block
Tillage (M)
Error 1
Inter culture 

(S)
Interaction 

(M x S)
Error 2

5
15

10

36

i/iean souere
Tote?,. nitrogen, 

content

0*00097 
0*00034 
0.00045

0*00052

0*00066

0*00045

Organic carbon 
content

0. ST'S1™  
0*0569* 
0.019

0.00019

0*0323
0.0142

Available 
oho so horns

3053*95*
699.15
704*36

119*48

131.014
213*20

Available
n />■$• a f» r*̂  t

99*43
221.3
127*06

23*33

139*79
91-30

* Significant at 5% level
** Significant at level
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abstract

Aa experiment was conducted at the Rice Research 
Station, Pattambl, during the third crop season of 
1980-31 to evolve suitable cultural practices for 
raising cowpea in summer rice fallows* Six levels 
of tillage and three levels of interculture were tried 
in all combinations.

The study was undertaken with a view to find out 
the minimum tillage requirements of cowpea and to study 
the effects of different levels of interculture on the 
yield of cowpea*

The study revealed that tillage had no effect on 
the retention of soil moisture during the crop growth* 
Drymatter content of the weeds was found to be higher 
in no-tilled treatments* An increase in plant height, 
number of leaves and drymatter production, was observed 
at all the levels of tillage* But dry weight of root

i
nodules remained unaffected. The root spread, length 

and weight of roots did not show any significant Vori
ation. Ploughing once, before or aftar* i

Qr sowing record 
the highest number of pods per p w  a
pods, number of seeds per pod and i** . ^Sth ojf

*'* ««*** « re



not Influenced by tillage* Grain yield and total 
drymatter production were highest in single ploughing J 
treatment* But bhusa yield and harvest index did not 
show any> significant variation* The protein content of 
grain, nitrogen phosphorus and potassium content of ( 
plant parts revealed no variation due to tillage treat­
ments* The uptake of nitrogen, phosphorus and potassium 
was found to be higher with tillage* The total nitrogen 
content, available phosphorus and exchangeable potassium 
were unaffected by tillage. But organic carbon content 
was found to be higher with no-tillage. Maximum production 
and net profit was obtained from single ploughing treatment*

Interculture had no effect on retention of the soil
moisture* The drymatter content of weeds was found to be
lower with two Takings and wee dings at 15 th and 30th day*
The height, number of leaves and drymatter production were
found to be increased vrith two Takings and weedlngs* Dry
weight of nodule remained unaffected* Root growth was
found to be higher with two interculture* Raking and
weeding twice recorded higher values for number of pods,
length of pods and number of seeds per pod* Seed test
v/eight was found to be unaffected* Grain yield, bhusa
yield jand total drymatter production were found to be
higherj with two interculture* Grain protein content, 
nitrogen, phosphorus and potassium contents of plant parts



revealed no variation due to interculture* Uptake of 
nitrogen, phosphorus and potassium was found to be 
higher with two interculture. The total nitrogen 
content, organic carbon content, available phosphorus 
and exchangeable potassium of soil did not 3how any 
variation with interculture* ffocimum production and 
net profit were also obtained from raking and weeding 
twice*

Single ploughing with two raking and weeding on 
15th and 30th day recorded the highest grain yield.


