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ABSTRACT

A field experiment entitled '"Effect of

conservation tillage and vegetative barrier on runoff,

soil moisture and yield of castor on rainfed Alfisol in
a microwatershed" was conducted in shallow Alfisol with
2.5 per cent slope during four kharif seasons from
1991-92 to 1994-95 at Agricultural Research Institute,
Rajendranagar, Hyderabad. The experiment was laid out
in randomised block design with four replications.
There were six treatments viz., sowing along the
contour gT ), sowing along the contour with khus
barrier (T i, sowing along the contour with dead
furrows (T3 sow1ng along the contour with dead
furrows and~”khus barrier (T, ), sowing along the contour
with ridges and furrows and khus barrier (T.) and
sowing along the slope (T - control). The tes crop
was castor. The tillage t eatments were imposed at 30
days after sowing (DAS%

Conservation tillage practices have reduced
runoff and soil loss, 1increased soil moisture content,
improved plant characteristics and increased seed yield
of castor.  Ridges and furrows formed along the contour
with khus barrier resulted in highest reduction in
runoff and soil loss. The soil moisture content in O-
15, 15-30 and 30-45 cm depths throughout the crop



growth period was also highest in this treatment.
Drymatter production, leaf area index, plant height,
and yield parameters were highest in this treatment.
Seed yield of castor was significantly superior in
ridges and furrows with khus barrier over others. Dead
furrows on contours with khus barrier was “.next to
ridges' and furrows with khus barrier in all the

aspects. Soil moisture content above khus barrier was
higher than below khus barrier. Seed yield of castor
was also higher above khus barrier than below khus
barrier. Soil water balance computed for each
treatment indicated lesser water deficit in ridges ahd
furrows with khus barrier. Water use efficiency was

also more in ridges and furrows with khus barrier than
other treatments. Regression model developed on the
relationship between seed yield and runoff was signifi-
cantly negatively 'correlated. Regression  models
developed on the relationships between rainfall, runoff
and soil loss can be used to predict runoff and soil
loss on the incident rainfall. Based on the :results,
sowing of <castor on contours with ridges and ' furrows
formed at 30 DAS in combination with khus barrier at 1
m vertical gradient is recommended for shallow Alfisols
with a slope of 2.5 per cent under rainfed conditions.
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CHAPTER I

INTRODUCTION

India, with 2 per cent of the world's area has
to support over 15 per cent of the world's human and
about 16 per cent of the wofid's cattle population
(Nair, 1994). With fast increasing human population
estimated to cross one billion mark 5y the end of the
century, India would need about 225 m tonnes of food
grains to meet the domestic requirements. Meeting the
food needs of the increasing population from'é shrin-
king cropped area of about 144 m ha is a challenge
before the present generation. It is therefore apparent
that future increase in food production will come about
only if the technologies aimed at production increase
are integrated with those involved in protection of its
resource base (Sehgal and Abrol, 1994). The scope for
increasing the yields in the existing high input irri-
gated system is limited because of various reasons like
water logging, salinisation, etc. This implies that
lérge proportion of the incraese in food production
will have to come from rainfed lands which account for
68 per cent in India. In Andhra Pradesh, out of 104
lakh ha of the net sown area, about 70 per cent 1is
rainfed. There are several constraints for crop produc-

tion in these areas. The rainfall is low, inoconsistent

with 1long dry spells and high intensity. Most of the
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drylands are wundulating and élopy, shallow, low in
water storage capacity and allow rapid surface runoff
and soil erosion. Soil and rainwater are the two natu-

ral endowments in rainfed areas, conservation of which

is the most important aspect in rainfed agriculture.

Production in rainfed areas can be increased .
substantially through watershed based appropriate soil

and water management practices.

In rainfed Alfisols of Andhra Pradesh,  more
than 40 per cent of total rainfall is unutilisedw and
lost as runoff. Large guantity of soil (u?to 40 t ha'-l
yr_l) is also lost through erosion (El1 Swaify et al.,
1984). Nearly 75 to 100 million tonnes of very valua-
ble top soil is lost through erosion annually in Andhra
Pradesh. Therefore, there is an urgent need to conserve

rainwater and soil in about 70 lakh ha in Andhra

Pradesh.

Construction of earthén bunds at regular
intervals has been a well established practice for
oqnservation of soil and water (Dhruva Narayana et al.,

&1990). But this practice of construction of bunds has
certain disadvantages like loss of area for bunds,. high
cost of construction,‘ difficulty in maintenance, stag-
nation of water near bunds, etc. Hence‘.aiternate

measures involving low cost, easily adaptable conserva-



tion technoiogies need to be worked out. Low cost
technologies 1like contour cultivation and conservation
tillage are some of the practices that ocould be adopted
in these soils with slope upto 5 per cent. Vegetative
barriers in place of earthen bunds are economical (cos-
ting about Rs.200 per hectare) and easily maintanable

4

(MWP, 1990-91).

In Southern Telangana zone of Andhra Pradesh,
Alfisols are predomin;nt soils. These soils have undu-
lating topogréphy with slopes upto 5 per cent at most
places. They are shallow, coarse and gravelly with low
profile water storage capacity. Crusting and hardening
is a problem in these soils. More than 70 per cent of
the area in this zone is under rainfed cultivation. The
crop yields are poor in these areas due to lack of
sufficient soil moisture. Caétor is the most important
commercial crop grown in these soils and the area of
the crop is increasing every year. In Andhra Pradesh,
castor 1is mostly grown in the districts of Nalgonda,
Medak, Mahaboobnagar, Warangal and Prakasham of'which
the first three districts come under Soutﬁern Telangana
zone. Though Andhra Pradesh ranks first in castor area
in India, the crop yields are very poor. The yields can
be substantially increased through appropriate soil and
water conservation practices 1involving conservation

tillage in combination with vegetative barriers.



However, data on the effect of conservation
tillage practices like contour cultivation, dead
furrows and ridges and furrows 1in combination with
vegetative barrier in reducing runoff and soil 1loss,
increasing soil moisture content and crop yields is
very meagre. This type of information will be very
useful in planning the watershed programme in dryland

areas effectively.

Keeping this'in view, a field experiment was
conducted for four years in a microwatershed area on
shallow Alfisol during kharif, 1991-92 to 1994-95 with
different conservation tillage practices 1like dead
furrows and ridges and furrows in combination with and

without khus (vetiver) barrier with the following spe-

cific objectives.

1. To estimate runoff and soil loss under diffe-
rent conservation tillage practices viz.,
contour cultivation, dead furrows and ridges

and furrows along with khus barrier in rainfed

Alfisol.

2. To study the effect of the conservation til-
lage practices in combination with and without

khus barrier on soil moisture content and

performance and yield'of castor.



To evaluate ~ the effect of khus barrier in
reducing runoff, soil loss and increasing soil

moisture content and yield of castor.

To quantify the hydrological components under

different treatments.

To estimate the réinwater that could be harve-

sted under different conservation practices.

To develop models for predicting runoff and
soil loss under different conservation tillage

practices and khus barrier.

al
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CHAPTER II

REVIEW OF LITERATURE

The information. on the effect of conservation
tillage practices on runoff, soil loss, soil moisture

and yield of castor is very meagre. Studies on the

4

-effeet of vegetative barriers on reducing runoff and

increasing the yield cf rainfed crops, particularly
castor are scanty. Hence, the information on related

crops is also reviewed in this chapter.
2.1 CONSERVATION TILLAGE

Contour cultivation, contour ridging, forma-
tion of dead furrows, broadbed end furrow and deep
ploughing are some of the ccnservation tillage prac-
tices being employed for’conservation of rain-.water anad
soil and obtaining better crop yields. The effect of
these practices on runoff, soil loss, soil moisture and

crop yields are reviewed below.

2.1-.1 Effect of conservation tillage practices on

runoff and soil 1loss

Surface runoff is inevitable in the tropical
climate particularly on slopy lands, soils which are
prone to surface crusting and black soils having low
infiltration ratesf The amount of rﬁnoff however,

depends on soil type, land slope and amount and



intensity of rainfall, besides physiography of land and
may vary from 10 to 40 per cent (Oswal and Khanna,
1983). A portion of top soil is also carried away in
the runoff water. Runoff and soil loss were reported by
several workers (Lal, 1976; Obi, 1982; Dhruva Narayana
and Ram Babu, 1983; CRIDA, 1985; El-swaify et al.,
1987; Sharma et al., 1988; ICRISAT, 1989;'Adhikari ég
al., 1993; and Vangani, 1994) under different manage-
ment practices. Based on the hydrological studies
conducted at ICRISAT, Hi&efabad on the traditional
farming systems, El-Swaify et al. (1987) reported that
on an average, 26 per cent of the total rainfall poten-
tially available was lost through runoff, 33 per cent
through deep percolation and only the balance of 41 per
cent was utilised by crops. The influence of conserva-
tion tillage practices such as contour cultivation,
dead furrows and ridges and furrows under variable soil

and rainfall environments on runoff and soil loss is

reviewed in this chapter.
2.1.1.1 Contour cultivation

Contour  cultivation in  Vertisols with
sunflower crop at Chevella, reduced runoff to 95 mm
compared to 118 mm with farmers' practice, although the
number of runoff events were same :in both the

treatments (CRIDA, 1987). Similarly, in ‘Alfisols of



Maheswaram watershed area, runoff with contour sowing
was 15.2 and 1.8 mm when compared to that of 17.4 and
2.0 mm 1in sowing along the slope treatment when the

rainfall was 122 and 11 mm, respectively (MWP, 1989-

90).

Contour sowing of cowpea at Bhubaneswar
reduced runoff and soil loss from 209 mm and 5.90 t
ha™l in farmers® practice to 198 mm and 4.93 t ha %,

respectively (AICRPDA, 1991-92).

At Anantapur on an Alfisol, sowing groundnut
on contour recorded soil loss of 0.47 t ha_l compared

to that of 1.26 t ha~! in control plots (AICRPDA, 1989-

90).

Contour cultivation in Vertisols at Sholapur
recorded lower runéff and soil loss by 9.5 per cent of
rainfall and 0.55 t ha % compared to that of 29.9 per
cent of rainfall and 0.99 t ha_l, respectively in flat

bed cultivation (AICRPDA, 1989-90).

2.1.1.2 Dead furrows

Formation of furrows at 1.50 m after broadbed
in maize grown in Vertisols at ICRISAT reduced soil
loss by 76 per cent compared to flat sowing (2.1 t

ha™l) (IcrIsaT, 1978-79).



Contour cultivation plus furrowing in Verti-
sols at Chevella with sunflower crop recorded 26 per
cent reduction in runoff (120 mm) as compared to 163 mm

under farmers' practice (CRIDA, 1988).

At Indore, formation of furrows at 1.50 m
after broadbeds 1in soybean crop reduced runoff by 76
per cent compared to 10.8 mm recorded by flat bed

control (AICRPDA, 1989-90).
2.1.1.3 Ridges and furrows

Contour sowing and ridginé later recorded a
runoff of 265.35mm compared to that of 307.27mm from
wilhout 1ridging in Alfisols with sorghum-pigeonpea
intercropping in small watersheds at Hyderabad. The
reduction in runoff due to ridging was 13.64 per cent
(AICRPDA, 1984). Flat sowing on grade and ridging
later reduced runoff by about 73 per cent over without
ridging (CRIDA, 1986). Experiments conducted in a
watershed at Chevella, Hyderabad in black soils showed
that tied ridges reduced runoff compared to flat beds.
The number of runoff events during the crop growth
period were 5 with tied ridges compared to ten in

control (CRIDA, 1987).

In Maheshwaram watershed area of  Andhra
Pradesh, sowing on contour with ridge and furrow and

khus barrier at 1 m vertical interval reduced runoff to

O



29 mm from 64.5 mm recorded with sowing along the slope

(MWP, 1989-90%).

At Bhubaneswar, formation of ridges and
furrows in red soil under cowpea crop, reduced runoff
and soil loss by 25.8 and 43.4 per cent, respectively
over 209 mm and 5.9 t ha—l with farmers' practice

(AICRPDA, 1991-92).

. -

2.1.2 Effect of conservation . tillage on soil

moisture |

2.1.2.1 Contour cultivation

Contour cultivation of jowar crop in Alfisols
of Maheswaram watershed area recorded higher (2.30 cm)
availabie soil moisture contentuptob0 cm depth compared
to 1.30 cm with sowing along the slope. (MWp, 1987-
88). The increase in soil moisture upto 45 cm depth
with castor crop sown on contours was 20 per cent when
compared to that sown along the slope, on the second
day after 122 mm rainfall. In an Alfisol, soil moisture
content in 0-15 cm depth was 0.40 and 0.79cm at 40 DAS
and 0.19 and 0.32 cm at harvest of sorghum when sowing

was done along the slope and on contours, respectively

(MwWP, 1989-90).

At Bangalore, soil moisture content during a
dry spell was more by 83.6, 24.6 and 15.9 per cent in

0-15, 15-30 and 30-45 cm depths, respectively when

SN

0



finger millet was sown on contours compared to local

practice of sowing along'the slope (AICRPDA, 1989-90).

o—

2.1.2.2 Dead furrows

In red loamy soils of Anantapur, formation of

dead furrows (deep furrows) at 3.6 m interval conserved -

more soil moisture in 0-15 cm depth compared to flat

beds (AICRPDA, 1980).

In shallow Alfisols of Maheshwaram watershed
area, formation of dead furrows -along the contour
recorded 2.62 cm of available soil moisture in the top
60 cm soil compared to 1.3 cm in sowing along the slope

(MWP, 1987-88).

In Alfisols of Maheshwaram watershed area,
higher soil moisture content of 0.92 and 0.47 cm at 60
DAS and harvest, respectively was recorded in 0-15 cm
layer when dead furrows were opened in contour sown
crop of sorghum compared to control i.e, sowing along

the slope (0.40 and 0.19 cm) (MWP, 1989-90).

At Bangalore, dead furrows opened at 3.3 m

interval in finger millet field, increased  soil

moisture content during a dry spell by 88.1, 33.3 and

24.6 per cent in 0-15, 15-30 and 30-45 icm depfhs,

respectively, over local practice (AICRPDA, 1989-90).

11



Uma Devi et al. (1991) studied the effect of
different conservation tillage practices at varying
levels of nitrogen on soil moisture and yield of castor
in an Alfisol at Hyderabad. They reported that
formation of dead furrows at 1.5 m interval resulted in
higher so0il moisture content compared to flat bed
cultivation. The mean soil moisture content was higheri

in dead furrows by 74.9 and 47.1 per cent in 0-15 and

15-30 cm depths, respectively over flat bed.

Reddy et al. (1991) reported 10.2 per cent
increase in moisture content of Alfisol in 0-30 cm soil
depth with dead furrows formed after every three rows

of groundnut crop over flat bed treatment at Tirupati.

2.1.2.3 Ridges and furrows

Formation of ridges and furrows in shallow red
chalka soils of Hyderabad, increased the moisture
content by 8.6 per cent over flat bed with castor crop

(SPCIP, 1984).

In the farmers' field trials, at Sardarnagar
under Maheshwaram watershed area, formation of ridges
in shallow Alfisols increased the soil moisture content

by 11 per cent over control (MwWP, 1987-88).

In Chickpea-safflower inter—cropping sown on

contours (4:2) at Bijapur, formation of ridges and

12
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furrows recorded higher soil moisture content of 1.5
and 3.2 per cent in 15-30, and 30-60 depths,
respectively over flat bed system (control) at one

month after sowing (AICRPDA, 1991-92).

2.1.3 Effect of conservation tillage on crop yield

2.1.3.1 cContour cultivation

In Vertisols at Chevella, Hyderabad contour
cultivation increased seed yield of sunflower by 14.6

per cent over 1.23 t ha ! obtained with farmers'

practice of sowing along the slope (CRIDA, 1987):

In red sandy locam soils with 2-3 per cent
slope, contour cultivation increased the yield of
castor by 60 per cent, sorghum by 56 per cent and
vegetable crops like bhendi, cluster bean and tomato by
23 to 40 per cent compared to.up and down cultivation

(MWP, 1988-89 and 1989-90).

At Anantapur, contour cultivation resulted in
higher groundnut yield by 47.6 per cent over along the
slope  cultivation which recorded 8.5 g ha™t

(AICRPDA,1989-90).

The yield of maize was increased by 35 per
cent at Rakh Dhiansar and that of cowpea by .21 per cent

at Bhubaneswar with contour cultivation over farmers'

practice (AICRPDA, 1991-92).

13



In Vertisols of Indore, where mean annual
rainfall was 990 mm, contour cultivation proved to be
bg?ter compared to farmers' practice. The fodder yield
of sorghum increased to 365 g ha"l with contour
cultivation from 305 q ha ! obtained by farmers'

practice (CRIDA, 1992-93).

2.1.3.2 Dead fﬁrrows

In a red loamy soil at Anantapur, formation of

dead furrows at 2.4 m interval recorded 9.8 per cent

higher yield of groundnut over control (AICRPDA, 1979).

Formation of dead furrows at 3.6 m interval in
shallow Alfisols at Sardarnagar increased sorghum grain

yield by 22 per cent over control (MWP, 1987-88).

In Alfisols of Maheshwaram watershed area,
formation of dead furrows at an interval of 3.6 m in
contour sown sorghum crop increased grain yield by 68.8
per cent compared to control plot without dead furrows

(MWP, 1989-90).

At Bangalore, dead furrows opened at 3.3 m
interval in red soils increased the finger millet grain
yield by 54.6 per cent compared to control (AICRPDA,

1989-90).

Furrow opening (dead furrows) at 30 DAS

resulted in 54 per cent higher yield of pigeonpea

14



compared to that of control at Akola (AICRPDA, 1991-

92).

~_ Among the in situ moisture conservation
practices tested in Alfisols with mean annual rainfall
of 540 mm at Anantapur, dead furrows on contours at 3.6
m interval were found to be useful in obtaining higher
pod yield of groundnut (6.25 g ha—l) compared to 5.8 g

ha_1 obtained by farmers' practice {(CRIDA, 1992-93).
2.1.3.3 Ridges and furrows

In red chalka soils at Hydefabad, sowing of
castor on grade with ridging later resulted in 23 per
cent higher yields than flat bed system (AICRPDA,

1980).

In red sandy loam soils of Telangana region,
Rao et al. (1981) reported that sunflower and castor
yields increased by 72 and 34 per cent, respectively
when the crops were sown on grade with ridging over

contour cultivation.

Formation of ridges and furrows in red chalka
“"$0ils at Rajendranagar, increased castor (Var. Aruna)
yield by 52.6 per cent over 6.63 g ha ! in flat bed

cultivation (SPCIP, 1984).

In shallow Alfisols, sowing of sorghum and

pigeonpea inter-cropping (2:1) on flat grade and

15
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ridging later, increased the yield of both the crops.
On farm rainwater management was found to be more

beneficial to longer duration pigeonpea (CRIDA, 1985).

Sharma (1986) reported that flat sowing on
grade and ridging later in red chalka soil showed an
increase 1in castor seed yield by 21.8 per cent over

flat sowing on grade without ridging (4.6 qiha—l).

Formation of ridges and furrows in the contour

sown crop increased castor seed yi;ld by 65.8 per cent
when compared to sowing along the slope (547 kg ha—l)
in Alfisols of Maheshwaram watershed area. Ridging
also recorded 44 to 54 per cent increased yields  of

bhendi, cluster beans and tomato over contour

cultivatioin alone (MWP, 1989-90).

At Rakh Dhiansar, maize yields were increased
by 60 per cent with ridging over the control yield of
24.0 ¢ ha_l. Higher yields of cotton at Akola and
groundnut at Rajkot were also recorded with ridging

(AICRPDA, 1991-92).

Oswal (1994) observed that on shallow soils,
formation of ridges were beneficial to dryland crops by
iﬂcreasing soil depth. He reported higher yields of
pearl millet and mustard by 39.1 and 79.1 pér cent,
respectively in 1low rainfall region at Hissar with

ridge-furrow system over flat sown crop.

16



2.2 VECGETATTVE BARRIER

Scveral plant specics like Leucaena
leucocephala, Pennisitum chinikere, Vetiveria
zizanioides, Panicum repens, Sacharum spontaneum,

Cynadon doctylon, Cymbopogan flexosus etc., have been

tried as vegetative barriers to reduce runoff and soil
loss and increase crop yields (AICRPDA, 1989-90 and

CRIDA, 19931-92).

N

From 1985, the world bank has been promoting

the use of vetiver grass or khus (Vetiveria zizanioides

L.) as a plant species which 1s particularly well

suited for use as a contour vegetative barrier.

Because of the density of barrier, vetiver
can reduce runoff and act as a water spreading system,
increasing plant available moisture. It is this

function which can provide short term benefits to the

farmers' through crop yields. Vetiver barrier minimises

surface runoff from concentrating and <create greater
spatial and temporal opportunity for infiltration

(Smyle and Magrath, 1990).

e d

The effect of vegetative barrier (vetiver
barrier) on runoff, soil loss, soil moisture and crop

yield is reviewed below.

B!
!



2.2.1 Effect of khus barrier on runoff and soil loss

On slopes under 5 per cent, contour barriers
6fv khus, planted at lm vertical intervals reduced
surface runoff by 30 per cent and soil loss by 43 per
cent compared to conventional practice of graded banks
(Krishnappa ,1989 and Bharad and Bathkal, 1990). They
have also repérted an average reduction of~24' and 54
per cent in surface runoff and soil loss,;respectively,
with Kkhus barrier comparéd to Leucaena spp. barrier.
Bharad and Bathkal (1990) also repprted an average
reduction of 47 and 74 per cent in surface runoff and
soil loss, respectively with khus barrier as compared

to cultivation across slope without khus barrier.

Vetiver Dbarrier coupled with contour cultiva-

tion resulted in minimum soil loss (0.07 g ha 1) com-

pared to vetiver alone (0.24 t ha—l), contour cultiva-
tion alone (0.47 t ha_l) and control (1.26 t ha_l) in
red soil under groundnut crop at Anantapur. At

Bijapur, vetiver barrier reduced runoff and soil loss
to 77 mm and 3.34 t ha * yr"l from 133 mm and 6.04 t

-1 . ’
. ha yr in control plots, respectively (AICRPDA,

1989-90).

Experiments conducted in Maheshwaram watershed
area recorded an average reduction in runoff by 29.5

and 55.2 per cent due to khus barrier on contours and

18




khus barrier on contours with ridges and furrows,
respectively over sowing along the slope (MWP, 1989-

90).

Bharad and Bathkal (199la) based on three
years data from black soils of Akola reported an
average reduction in runoff and soil loss of 33.3 and
71.7 per cent, respectively with Vetivér hedge on

contours at 1 m vertical interval compared to across

the slope cultivation.

Kon and Lim (1991) studied the effect of
vetiver in Malaysia and reported 73.2 and 92.8 per cent
reduction in runoff and soil loss, respectively over

bare soil with maize crop.

Bharad and  Bathkal (1991b) from the
experiments on shallow soils of University farm at
Akola, reported an average runoff and soil loss of 74.4

mm and 3.3 t ha_l, in contour cultivation along with

vetiver as against 133.9mm and 11.4 t ha !, observed

in across slope cultivation.

- Experiments conducted at CRIDA reéearch farm,
Huderabad showed about 25 per cent runoff in control
(no vegetative barrier) while mechanical and vegetative
barriers produced 10 to 11 per cent runoff only. out of
422 mm rainfall which caused 8 runoff events (CRIDA,

1991-92). Vetiver barriers when planted at 0.5 m

19
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vertical interval reduced runoff to 93.9, 69.1 and 53.8 mm
from 115.7, 85.2 and 69.9mm in control on Vertisols at

Jabalpur with 2.0, 1.5 and 1.0 per cent slopes,

respectively and also recorded lower soil loss of 662, 453
and 465 kg ha_;, as against 986, 914 and 614 kg ha_,,

.in check plots with 2.0, 1.5 and 1.0 per cent slope,

respectively (SCWM, 1991-92).

At Sehore, Madhya PradeSh, measurements of soil
loss/deposition at two-contour vegetative vetiver hedges
showed that over 6 years, soil deposition had increased
form 6.8 cm to 19.1 cm and that by the fifth year (due to
increased density of the hedge) soil erosion was reduced
to zero (Nema, 1994). However, Sivamohan et al (1993)

opined that high level of management in required for the

success of vetiver as so0oil and water conservation
measure.
2.2.2 Effect of khus barrier on soil moisture

Khus (Vetiver) hedges stop surface runoff from
concentrating and create greater spatial and tempo£a1
opportunity for infiltration. As the major éffect of
runoff on productivity is due to the . reduction in plant
available water, this function of vetiver hedge-rows 1is
most important.

Experiments conducted in Alfisols of Maheshwaram
watershed area showed an increase in soil moisture content
upto 45 cm depth by 14.7 and 22.7 ’per. cent with khus

barrier on contours and khus barrier on contours

-~
-
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with ridges and furrows, respectively over sowing along

the slope (MWP, 1989-90).

At Akola, higher soil moisture was recorded
with Vetiver and Leucaena both in 30 and 60 cm depths
over control. It was 89, 100 and 102 mm in 30 cm depth
and 116, 131 and 128 mm in 60 cm depth with control,
Leucaena keyline and vetiver keyline treatments,
respectively. At Bijapur, vetiver increased @ soil
moisture content in 90 cm erth by 39 per cent over
control with sorghum as test drop. At Bangalore,
vetiver barrier at 12 m interval increased soil
moisture content during a dry spell by 50.7, 14.9 and
98.4 per cent in 0~-15, 15-30 and 30-45cm depths,

respectively over control (AICRPDA, 1989-90).

Woodhead and Chaudhqry (1991) observed 2.21
per cent increase in soil moisture content upto 60 cm
depth with vetiver hedges (324mm) established at 0.25 m
vertical interval over non-hedged control (317mm) with

mungbean crop.

An increase of 25.6 per cent in average soil
moisture content (over six months) with vetiver hedge
barrier over control was observed by Subramanian (1991)

at Arappukottai Research farm, Tamilnadu.

Sagare and Meshram (1993) reporﬁed that mean

moisture use (production per unit of water) in vetiver
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plots was 17.2 and 33.1 per cent higher (i.e greater

production per unit of water) than that of graded

- bunding and across the slope treatments, respectively
at Akola.
2.2.3 Effect of khus barrier on crop yield

Experiments conducted at various centres of
All India Co-ordinated Project for Dryland Agriculture
showed increased croé yields with vetiver Dbarriers.
Vegetative barrier with vetiver increased sorghum grain
yield (45.1 gq ha"!) at Akola as éompared to control
(31.5 g ha™l). Yields of. seed cotton were increased by
19.2 and 18.3 per cent over control with Leucaena
keyline and vetiver keyline, respectively. At Bijapur,
vetiver barrier increased sorghum grain yield by 38.5
per cent over control. Vetiver barrier increased the
pod yield of peanut by 35.6 per cent compared to
control (16.3 q ha™!) at Kovilapatti. At Bangalore,
vetiver as vegetative barrier at 12 m distance
increased finger millet grain yield by 58 per cent
(AICRPDA, 1989-90). ' The increased crop 'yields were

attributed to the increased soil moisture status due

_to khus barrier.

Experiments in Alfisols of Maheshwaram
watershed area in Andhra Pradesh showed an increase of

41.8 and 55.3 per cent in seed yield of castor with



khus barrier on contours at 1 m vertical interval and
khus barrier on contours with ridges and furrows,
respectively over sowing along the slope (10.3 g ha~l)

(MWP, 1989-90).

Crop yield data on sorghum and pearl millet
comparing the conventional practices of graded bunds’
and across the slope cultivation with confour hedgerows
of vetiver grass showgd an average yield increase of 6
and 26 per cent higher with the vetiver hedgerows over
graded banks and across slope cultivation, respectively
in Vertisols at Akola. Compared to Leucaena hedgerows,
yields with vetiver hedgerows averaged 10 per cent

higher (Bharad and Bathkal, 1990).

Castor yield increased by more than 50 per
cent with vetiver barrier with small mechanical bund
(0.1° m2) over no bund /barrier treatment 1in the
experiments conducted at CRIDA Research farm, Hyderabad

(CRIDA, 1991-92).

Woodhead and Chaudhury (1991) reported an
increase in the yields of rainfed rice (13.6 per cent)

and mungbean (11 per cent) with vetiver hedge at 0.25 m

‘vertical interval over non-hedged control at Interna-

tional Rice Research Institute, Philippines.



Bharad and Bathkal (1991b) reported an average
increase of 28.5 per cent in mean productivity of crops

viz., green gram + pigeonpea - safflower, (1987-88),

Y

pearl millet-safflower (1988-89) and pearl millet
(1989-90) with contour cultivation along vetiver hedge-

rows over across slope cultivation (15.23 g ha-l).

In the studies on performance of vegetative
barriers vs. earthen bunds on the yield of ragi and
groundnut crops in Alfi;ols with- mean annual rainfall
of 806 mm at Bangalore, it was observed that khus 1live
bund at 0.5 m vertical interval in between earthen
bunds at 1 m vertical interval was éuperior to bund

alone at 1 m vertical interval (CPIDA, '1992-1993),

Sagare and Meshram (1993) reported 25.5 per
cent higher yield of seed cotton from vetiver with
contour cultivation plots than that from across the
slope cultivation without hedgerows. Highest gross
monetary <:teturn and benefit-cost ratio (1.55) were

recorded due to vetiver barriers.
2.3 RAINWATER HARVESTING

Water harvesting is a method of collecting
surface runoff from a watershed area and storing it in
reservoirs. The first definition of water harvesting

comes from Geddes as quoted by Myers (1975). The use of
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microcatchments to harvest water was first proposed by
De Angeles and later developed by Shannan and Tadmor
(1979). The main advantage of microcatchment is the
high specific runoff yield compared to small and large

catchments (Boers and Ben Asher, 1982).

Sharma (1986) reported that it is possible to
harvest 13.3 to 32.1, 36.1 to 45.4 and 26.5 to 44.3 per
cent of rainfall as runéff from 0.5, 5 and 10 per cent
slopes, respectively by proper selection of

microcatchment area.

Storage is an integral part of water
harvesting (Myers, 1975). The decision on which way to
store water depends in the first place upon how the
water 1is to be used. The reuse of harvested water can
be planned depending upon the quantity of water for
supplemental lrrigation or yrowing of vegctables crops
in post rainy season. Seepage and evaporation loéses
need to be accounted for efficient utilization of
harvésted water (Vijayalakshmi, 1983 and CRIDA, 1991-

92). Work on rainwater harvesting and its utilization

has been reported by lallan Rai etal, (1989). Singh et al.

(1989), AICRPDA (1989-90), CRIDA (1992-93), Krishnappa

and llegde (1994) and Katyal and Das (1994).1



2.4 FIELD WATER BALANCE

Field water balance studies of cropped lands

. dre useful in knowing the water surplus and deficiency

periods and designing appropriate water harvesting and
moisture conservation techniques. The water balance of
a soil 1in a given period can be expressed as the.
difference between the input (precipitation and
irrigation, if any) and output (runoff, evapotranspi-

ration and deep percolafion).~

Studies on soil water balance under varying
soil, climatic and crop conditions have been reported
by several workers (Ben Asher and Warrick, 1987;
Mallick and Nagaraja Rao, 1988, Thomas, 1992 and Xlaij

and Vachaud, 1992).

Patro and .Misra (1985) determined in situ
daily water balance for important crops viz., rice,
ragi, black gram and groundnut during two five-day long
dry spells coinciding with early vegetative and repro-
ductive stages and also around every 10th day during
30-70 days of growing season at Bhubaneswar. The mean

daily evapotranspiration' observed during 30-70 days

after sowing of ‘these crops were 0.84cm for rice,

0.75cm for ragi, 1.28cm for black gram and 1.86cm for

groundnut.



At Indore, seasonal water balance of 504, 108,
80.2, 45.2 and -14.44 mm under soybean with flat
sowing as rainfall, runoff, deep percolation, water
flow to root zone and change in profile moisture,

respectively was recorded (AICRPDA, 1989-90).

Soil water balance for kharif cowpea at Hissar.
was reported to be 174,185,-7, 24, 22, 0, 172 and 798
mm as initial soil moisture content in root zone,
rainfall, change 1in érofile~soil} moisture, internal
drainage, capillary contribution, runoff, evapotranspi-
ration and pan evaporation, respeétively during the

crop growth period (AICRPDA, 1991-92).

Adhikari et al. (1993) reported that about
97 per cent of rainwater was intercepted in the

catchment and about 3 per cent was lost as runoff in

the treated red soil at G.R. Halli watershed, Karnataka.

Ramachandran and Rajegowda (1987) worked out
the relationship between components of water balance
and yield of groundnut in the tropical semi-arid
climate at Bangalore. They reported a positive

correlation between seed yield and rainfall, moisture

. index, water surplus and moisture adequacy ratio.

Potential evapotranspiration, actual evapotranspi-

ration, water deficit and aridity index were negatively

correlated with seed yield.
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2.5 FIELD WATER BALANCE MODELS

Field water balance models are based either on
deterministic, stochastic or empefical abbroaches. The
pure deterministic models can not estimate runoff
adequately as the estimate of runoff calculated simply
from water balance equations produces errors which can
be explained by emperical models using partial area
contribution concept (Chorly, 1978 and Karnieli et al.,

1988).

Several workers developed and tested models on
runoff, soil 1loss, soil moisture' status and other
components of field water balance (Victer et al., 1988,
Robinson and Hubbard, 1990, Singh et al., 1993; Gupta

t al., 1993; and Littleboy et al., 1994).

—

A simple model for ‘runoff estimation was
derived from daily rainfall occurence for red soil
region of Hyderabad (CRIDA, 1985). The criteria for
estimating runoff was developed from practical
observations on runoff events from the cultivated lands
in and around Hyderabad. It was observed that any
rainfall greater than 20 mm per day resulted in
surface runoff. Further, funoff was observed when the
previous day received rainfall of 10 mm or more. The

following model was assumed.

Do



R=-20 -54d + g r, Where r, > 10 mm
. i
i=1 r, + 1z 5 mm
- Where R 1is runoff, "d" is rainy day, r, is
the rainfall on ith day.

Boers et al. (1986) developed a linear regres-
sion model combined with a soil water balance model to
design microcatchments for water harvestiﬁg in arid
zones. Available rainfall and evaporation data were
supplemented with soil physical data determined from
samples taken on the spot. A linear regression model
combined with a transient one dimensional finite diffe-
rence water balance model was used to simulate the
complete water harvesting process for a number of
years. The water balance was simulated for two sets of
soil physical properties and fqr extreemely arid and

arid conditions. The following conclusions were drawn.

1. Extremely arid conditions (true desert)

were too dry for microcatchment water harvesting.

2. For arid conditions with average annual rainfall of
200 mm and, the trees and loose soil considered, a
preliminary design should have a basin area of 40
m2 and runoff area between 40 and 80 m2.

Water requirement satisfaction index (WRSI)

developed by Frere and Popov (1979) was wused to

quantify crop yield under rainfed conditions at Jodhpur

A
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(CRIDA, 1987). The relationship between WRSI at the
end of the growing season (x) and yield (y) of pearl

millet cv. BJ-104 at Jodhpur (1971-1985) was reported

—

as

Y = exp (-15.721 + 4.173 1ln X) r = 0.94

This indicates the exponential behaviour of
the yield as affected by the water availability to the
crop. The maximum possible yield of pearl millet was

found to be 3300 kg ha—l when-hRSI was 100. !

Engelhardt (1987) designedla discrete stochas-
tic linear programming model (DSLP) based on a field
survey in a watershed near Hyderabad. He co¥bined DSLP
model with water balance model and used to optimise
agricultural production and investment on percolation
reservoirs for various economic settings. In the com-
bined model, the rainfall was divided into runoff and

effective rainfall.

Sivakumar et al. (1987) using a simple water
balance model of Keig and McAlpine (1974) in deep and
medium deep Alfisols reported that under identical

rainfall conditions, the effect of short term drought

on crop moisture status will differ with the depth of

the Alfisols. The effect of changes in seéding dates



31

and the influence of different phenological characte-
ristics on crop performance could be assessed on a

first approximation basis using such analysis.

A parametric simulation model was developed at
Utah State University, USA to predict runoff from small
agricultural watersheds. The input data for it were
the daily rainfall amount, storm duration or rainfall
intensity, pan evaporation and soil moisture. By means
of a univariate optimization procedure, measured runoff
data were used to determine the proportion of rainfall
that infiltrates and the part that runs off. The model
was tested with data from ICRISAT and there was an
excellent agreement between computed and observed
runoff events. There were 12 runoff producing storms
and the objective function (RZ) was 0.974 while the

mass balance was 0.029 (ICRISAT, 1978-79).

Regression models were developed relating
rainfall (R) runoff (Q) and soil loss (A) for different
conservation treatments in cowpéa field at Bhubaneswar
(AICRPPA, 1991-92). The equatioins for ridge furrow
planting (1), contour ‘planting + vetiver barrier (2)

-~ and farmers' practice (3) are given below.
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Rainfall - Runoff

Rainfall - soil loss
1) A = -0.0554+0.0072R" Q = -1.6762 + 0.2967R
r = 0.9155 . r =0.9909
Runoff-— solil loss
A-= -0.022 + 0.02460Q
r = 09254
2) A = -0.511 +0.0059R Q = -0.7021 +0.258R
r=0.9692  r = 0.9364
kunoff - soil loss
A = -0.0399 + 0.0217Q
r = 0.9845
3) A = -0.1346+0.0139R Q = -1.818 +0.395R
r = 0.9581 . r = 0.9871
Runoff - soil loss

A = -0.0569+0.0339Q
r = 0.9330
These equations are useful in estimating the

runoff and soil loss on the incident rain.

Adhikari et al. (1993) developed two equations
for rainfall-runoff relationships at G.R. Halli water-

..Shed, Karnataka.

Y.= 68.9 X -907.6 for X > 50 mm and API > 25 .... (1)

and

Y = 472 - 65.86 X + 2.05 Xz‘for 21.4 < X < 50 mm

and API < 25 ...... (2)



Where X = Daily rainfall in mm
Y = Runoff in mm
API = Antecedent precipitation index

The threshold value for rainfall to cause
runoff is 14 mm and 22 mm, respectively for equations 1

and 2.

The . foregoing review reveals that not much
work was done on the influence of conservation tillage
practices and vegetati?e barriers in reducing runoff
and soil loss and increasing soil moisture and crop

yield with special reference to castor in watersheds.

o P
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CHAPTER III

MATERIALS AND METHODS

The details of the materials used and the
methods adopted in conducting the experiment on "Effect
of conservation tillage and vegetative barrier on
runoff, so0il moisture and yield of castor on rainfed
Alfisol in a microwatershed" are described 4in this

chapter.

3.1 SITE OF THE EXPERIMENT

The experimental site was the microwatershed
located in the Agricultural Research Institute farm,
opposite College of Veterinary Sciences,
Rajendranagar, Hyderabad. The farm is situated at an
altitude of 543 m above the mean sea level with
geographical bearing 77° 55' E Longitude and 18° 59" N
Lattitude. The experiment was conducted in the upper
region of the microwatershed. The slope of the 1land

was 2.5 per cent.

3.2 CLIMATIC CONDITIONS

Data on mean maximum and minimum temperatures,
relative humidity, rainfall, rainy days, sunshine hours
and evaporation recorded during the crop growth period

for four kharif seasons starting from 1991-92 are given

i
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in Appendices I to IV. The data on rainfall and evapo-
ration ar~ illustrated in Figs. 1 to 4. A total rain-
fall of 510.6 mm in 20 rainy days (1991-92), 485.9 mm
in 34 rainy days (1992-93), 476.9 mm in 34 rainy days
(1993-94) and 542.6 mm in 34 rainy Aays (1994-95) was
recorded during the growth period of castor. The highest

weekly  mean maximum  temperatures recorded were

32.9, 31.9, 33.6 and 31.9°C and the lowest weekly mean

minimum temperatures were 8.8, 8.8, 8.7 and 7.8°%C
during the crop growth period in -1991-92, 1992-93,
1993-94 and 1994.95, respectively. Mean weekly maximum
evaporation of 5.7, 4.8, 6.3 and 5.4 mm and minimum
evaporation of 2.9, 1.8, 2.8 and 2.7 mm in the years
1991~-92, 1992-93, 1993-94 and 1994-95, respectively

were recorded during the growth period of castor.
3.3 SOIL CHARACTERISTICS

The soil properties of the experimental field

are given in Table 1. The soil was neutral  in

reaction, non saline, gravelly red sandy loam upto 30

-=Cm depth and gravelly red loam between 30 and 45 cm

depth. The bulk density was 1.70., 1.73. and 1.79 g
em™3 in 0-15, 15-30 and 30-45 cm depths, respectively.
The moisture retained (%w/w) at 0.01 M Pa and:l.S M Pa
was 16.80 and 3.50, 18.25 and 3.90 and 18.30 and 4.20,

respectively in 0-15, 15-30 and 30-45 cm depths. The
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e 1. Initial soil characteristics
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DEPTH (cm)
- Methods followed
0-15 15-30 30-~45
. PHYSTICAL ANALYSIS:
1. Mechanical analysis
Sand % 80.25 73.40 64.9 International Pipette
Silt % 9.75 11.00 17.0 method (Day, 1965)
Clay % 10.00 15.60 18.1
2. Gravel per cent 25.00 33.00 42.0
3. Textural cleass Cravelly Cravelly Gravelly USDA Sopil Survey Staff

Sandy Loam Sandy Loam

4. Bulk density g cm-s

1.70
5. Moisture retained
at (% w/uw)
0.01 M Pa 16.80
1.5 M Pa 3.50
6. Hydraulic condyc- 6.6
tivity (cm hr ')
CHEMICAL ANALYSIS :
1. Soil reaction (pH) 7.2

1:2 soil, water sus-
pension

2. Elsctrical conduct- 0.1
ivity (dSm )

3. Organic carbon (%) 0.44°
4. Availg?la nitrogen 244
7Kg ha

78.8

5. Auaila?le phosphorus
kg ha

6. Availa?le potassium 145.6
kg ha ’

1.73:

18.25
3.90

6.2

7.2

0.17

0.28%

432

32.1

177.0

-loam

1.790

18.30
4.20

6.0

0.33-

383

14.0

177.0

(1975)

Core method (Bleke, 1965)

Pressure Plate Apparatus
(Richards, 1965)

Constant Head Method
(Klute, 1965)

Glass electrods pH meter
(Jackson, 1967)

Conductivity bridge
(Richards, 1954)

Valkley and Black (1934)
Alkaline permanganate
method (Subbiah & Asija,

1956)

Ascorbic acid method
(Watanabe & Olsen, 1965)

Flame photometer
(Mmuhr st al., 1963)
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soil was low in organic carbon content. Available
nitrogen and potassium contents were low in 0-15 cm
depth and medium in 15-30 and 30-45 cm  depths.
Available phosphorus was high in 0-15 cm, medium in 15-
30 cm and low in 30—45 cm depths. The taxonomical

classification of soil is as follows:

Order | : Alfisol

Sub-order : Ustalfs

Family : Coarse loamy mixed isohyperthermic
udic Rhodustalfé—

Series ¢ Rajendranagar series

3.4 DETAILS OF THE EXPERIMENT

3.4.1 Season

Experiment was conducted in kharif season
under rainfed condition for 4 years i.e, 1991-92, 1992-

93, 1993-94 and 1994-95.

3.4.2 Crop

In 1991-92 castor variety PCS-4 was sown. In

the succeeding 3 years castor variety Aruna was taken up.

B G

3.4.3 Experimental details

3.4.3.1 Treatments

T Sowing along the contour

1

T Sowing along the contour with khus barrier

2



73 Sowing along the contour with dead furrows

T4 Sowing along the contour with dead furrows
and khus barrier

7> Sowing along the contour with ridges and
.furrows and khus barrier

Sowing along the slope. .

Khus (Vetiveria zizanioides) grass was planted in
June 1988 at 1m vertical gradient on contours. Thrée slips
were planted per rill at a ‘distance of 15 cm which
established well and formed continuous hedge of about 50
cm thickness by the time the experiment was started. These
khus lines acted as keylines for contour cultivation
except in 76,

Dead furrows were opened after every four rows
along the contour at 30 DAS (Plate 1).

Ridges and furrows were formed along the contour
for each plant row at 30 DAS (Plate 2).
3.4.3.2 Replications Four
3.4.3.3 Design

‘ Experiment was laild out in randomised block

design. Layout was so made that the khus barrier wés 4 m

above the 1lower end of the plots where the treatment

included khus barrier. Layout plan is given in Fig.5.

3.4.3.4 Plot Size 35m X 6m
3.4.3.5 Spacing 90 cm x 20 cm

3.4.3.6 Fertilizers 40 N, 60 P20° and 0 K%0 kg ha_;

40



Plate 1

Plate 2

Ridges

Dead furrows in castor

and furrows 1in castor
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3.4.4 Sowing and harvesting

Dates of sowing and harvesting are given in
Table 2. Contour sowing was done in all the treatments
except T6' Sowing was done behind country plough. Land
preparation was done with cultivator and disc harrow.

Hand weeding was done at regular intervals.

3.5 DATA COLLECTED
3.5.1 Soil parameters

3.5.1.1 Scil moisture content

Soil samples were collected twice in a week
upto 45 cm depth at 15 cm intervals throughout the crop
growth period and moisture content was estimaed

gravimetrically.

To find out the effect of vegetative barrier
on soil moisture, soil moisture was also estimated at

2 m above the khus and 2 m below the khus line in T2.

3.5.1.2 Profile water storage

Soil moisture in terms of depth (cm)v was
calculated by multiplying fractional gravimetric soil
moisture with thickness and bulk density'of the layer.
‘Summation of this upto the effective root depth was

considered as profile water storage.



Table 2. Dates of sowing and harvest of castor. /
Date Dates of Picking '
Season of sowing lst 2nd 3rd
1991-92 22-6-91 06-10-91  15-11-91 05-12-91
1992-93 17-7-92 21-10-92 30-11-92 31-12-92
1993-94 04-07-93 25-10-93 29-11-93 27-12-93
1994-95 08-07-94 25-10-94 09-12-94 31-12-94

—— e — e S — . T . S . - — - —— T — S . - . S - Wt S ey M Y e S A e S —
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W X 1 x BD where,

WS

i=1 100

WS is profile water storage in cm, 1 to n are
layers of profile, 1 is thickness of layer in cm, BD is
bulk density of the layer in g cm_; and W is per ant

!
gravimetric soil moisture content. ’

¢
{

3.5.1.3 Runoff

Trapezoidal shaped troughs (Fig.6) of 2.5 m
length fabricated with G.I. metal sheet were fixed at the
end of each plot in order to collect runoff with eroded
soil. ' Five outlets wére provided on the lower sidewall at
50 cm distance from the centre and 20 cm high from the
bottom of the trough. Thg runoff was collected from one
outlet (1/5th) into a big hard PVC drum (capacity 200
litres) fixed inside the soil. The observations were
recorded after the imposition of treatments. The system as

fixed in the field is shown in Plate 3.

Runoff of rain water was calculated from the
volume of water collected in the trough and in the drum

and expressed as mm.
3.5.1.4 Soil loss

For estimation of so0il 1loss, the runoff water
collected in the trough and drum were thoroughly mixed and

5 litre samples were collected from each treatment

45
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Plate 3 Runoff and soil loss measuring system




after every runoff event. 20 ml of 10 per cent Alum
solution was added to the runoff samples collected.
After the soil was settied, the supernatant water was
decanted without loss of soil. The soil remained at
the bottom of the buckets was quantitatively
transferred to 1 litre capacity beakers and dried on a
hot plate. Dry weight of the soil was expressed as t

ha-l.

3.5.1.5 Field water balance

The water balance was calculated by the
mathematical expression of S =P + I - R - AET - D as

quoted by Garnier et al. (1986).

Where, A S = Change in stored water
P = Rainfall in a given period
I = Irrigation
R = Surface runoff

AET = Actual evapotranspiration during

the period

D = Drainage (deep percolation)

Runoff was estimated with the help of runoff
#=collection trough. Actual evapotranspiration was calcu-
lated by using potential evapotranspiration and crop

coefficient values from the equation

AET = Kc x PET

48



Where,
AET = Actual evapotranspiration
Kc = Crop coefficient
- PET = Potential evapotranspiration

The crop coefficient values as reported by
CRIDA, Hyderabad for different growth stages of castor
were used (CRIDA, 1992-93). The PET values provided by
the Agro-meteorological cell at Rajendranagar were used

in the <calculations. Deep percolation losses were

considered as zero as the deep percolation reported 1is

negligible (AICRPDA, 1991-92).

3.5.2 Plant parameters

3.5.2.1 Drymatter production

Ten plants above ground level were collected
at random at 60, 90 and 120 DAS, and were oven dried at
65°C till constant weight was attained. The dry matter

was expressed in kg ha L.

3.5.2.2 Leaf area index (LAI)

Leaf area was estimated from the same plants
collected for estimation of drymatter production at 60,
90 and 120 DAS using leaf area meter model CI-203. The
ieaf area index was calculated from the total leaf area

of the plants for unit cropped area.

49



3.5.2.3 Plant height

In each plot 10 plants were randomly selected
-and tagged for recording height of plants at 60, 90 and

120 DAs.

3.5.2.4 Number of spikes

[
!

Numbér of spikes were counted on the 10 tagged’
f

plants at harvest and expressed as average number of

spikes per plant. -
3.5.2.5 Number of capsules per plant

Number of capsules were counted on 10 tagged
plants at harvest and expressed as number of capsules

per plant.
3.5.2.6 Seed yield

Spikes were harvested plotwise and after
threshing, seed yield was recorded on air dry weight

basis in kg ha™l.

To find out the effect of vegetative barrier,
. spikes were collected from the plot of size 4 mx 4 m

above the khus and below the khus in T2 and seed yield

was recorded separately in kg ha_l.

~ ANGRAU
Central Library
Hyderabad

N



3.5.2.7A Test weight

Test weight was recorded from each plot. 100
Seeds were collected and air dry weights were recorded

and expressed in grams.

3.5.3 Water use efficiency (WUE)

Water use efficiency was calculated taking

average seed yield in kg per hectare and water used

(cm) during the crop growth-in. all the treatments
separately and expressed in kg ha_l cm-l. It was

calculated as given below.

Seed yield in kg ha™t

WUE =

Water use 1n cm

Water use was calculated from the initial soil
moisture content and rainfall and runoff and soil

moisture content at harvest.
3.6 STATISTICAL ANALYSIS

- The data obtained from the experiment were
subjected to statistical analysis by following standard
methods (Panse and Sukhatme, 1978) with the help of

computer (Model Micro System, 11001).

ol
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CHAPTER IV

RESULTS

The effect of conservation tillage practices
in combination wifh and without khus barrier on runoff,
soil loss, soil moisture content and crop yield was
studied in a field experiment for four kharif seasons
from 1991-92 to 1994-95 under rainfed conditions w?th
castor as test crop in the microwatershed at
Agricultural Researcﬁ Institute farm, Rajendranagar.

The results obtained are presented in this chapter.

4.1 CONSERVATION TILLAGE

4.1.1 Effect of conservation tillage on runoff and

solil loss

The data on runoff and soil loss were recorded
during the year$1993-94 and‘1994—95 and are presented
in Table 3. During 1993-94, one abnormai storm event
has been deleted ard results on eight runoff events
were considered. The total rainfall of the eight
runoff causing events was 234.1 mm. Among the treat-
ments, highest runoff of 35.14 mm was recorded in the
control treatment i.e. sowing along the slope (TG).
The treatment, sowing along the contour with ridges and
furrows and khusb barrier (TS) recorded the lowest
runoff of 4.05 mm. The runoff recorded'inAother treat-

ments was 30.80 mm in sowing along the contour, 10.55



SR

€661/80/ST U0 Ju2A® jjoUna ouo Bujpnioxdy x

996°¢ wI°S¢ ¥9Z°0 SO0°% 09€°0 81°¢ 90¢°1T v%°91 ¢¢9°0 66°0T  8ES'Z 08°0¢ T1°%€e Telol
|mom.0||mm.m owmwmn 0z°0 810°0 qm.m vlqmo.o 11 8600 69°0 AA N om.mlulw.om €661-0T-6T
¢IC°0 9.°¢C ¢10*0 2Z°0 020°0 6€°0 940°Q GT°1 0%70°0 8L°0 {810 6£°C 8°ET €66I-01-01
9170 99°¢ 7€0°0 99°0 wqo.m 61°1 991°0 6S°¢C Z¢80°0 9/°1 BGE'0 ¢0'S 8°%S €661-60-22
9¢%°0 96°S 9€0°0 19°0 0S0°0 80°T ¢L1°0 %S°¢C 980°0 ¥¢6°1 69€°0 €8°% 8°0% €661-60-L1
¢LeE"0 88°¢ 0€0°0 9€°0 00 £9°0 9710 28°1 GL0°0 86°0 70£°0 €2°€  6°1Z €661~60-90
96%°0 8T°¥ Z70°0 29°0 T90°0 96°0 961°0 zZ1°¢ €0T°0 9¢°1 96€°0 (%€ 0792 €66T-80-62
96%°0 ¢£°§ 7%0°0 16°0 990°0 6S°1 80C°0 ¢L°T YI1°0 10°¢C CEY0 86'% 8°1Z €661-80-L2C
¢8E°0 LI°S 9€0°0 L%°0 760°0 96°0 891°0 8z°C 780°0 €G6°1 SZE'0 T9'%  v°'%E E£661-80-%0
ssor ssor  ssor ssor ssor  ssop i o
T70S 3jouny T10S JFjouny TTOS 3Fjouny T10S 330uny T10S 3F3ouny TT0S 3jouny
91 °doTs  snuyy + Moxan %  snyy + Moaanj €1 moaany ZL IL anojuod ujyey

SuoTe Juimos so8pTa + anojuo)
i

h ——— e e e e ———

pedp + anojuoj

PESP + anoijuo)

snyy + anoijuo)

3uoTe Suimos

¥ %6-€661 ‘JTaeys SBuranp (BU 3)SsoT

TTIOS DUR /uwlIIounit Mo a[rTTTA

3

13

TINTADA TAACTYIAN

TA AT

e~ AT~



B

mm in sowing along the contour with khus barrier, 16.44
mm in sowing along the contour with dead furrows and
7.18 mm in sowing along the contour with dead furrows
and khus barrier. The per cent runoff of rain water
under different conservation practices is illustrated
in Fig.7. It was 13.16 in sowing along the contour,

/

4.51 in sowing along the contour with khus barrier,
7.02 1in sowing along the contour with dead furrows,
3.07 in sowing along ﬁne contour with dead furrows and
khus barrier, 1.73 in sowing along the contour with

ridges and furrows and khus barrier and 15.01 in sowing

along the slore.

The per cent reduction in runoff due to
different conservation tillage practices compared to
control (sowing along the slope) is given in Takle 5.
Sowing along the contour with ridges and furrows and
khus Dbarrier (TS) resulted in highest reduction of
88.47 rper cent in runoff compared to sowing alcng the
slope. This was followed by sowing along the contour
witﬁ dead furrows and khus barrier (79.57 per cent),
sowing along the contour with khus barrier (69.98 per
cent), sowing along the contour with dead furrows
(53.22 per cent) and lowest (12.35 per cent) was
recorded 1in the treatment, sowing alongl the contour

(T,).

1

o4



W
e (B

Treatmenta




144 APAU CENTRAL L1z g o)
I~ , !
Yl pue D Lf? 2,_5 j
12+ . 21-5-56 4
t -
10 + \\i
» \
8T N
\ \
, N
\ \\\\\
T \ \ | \
R A\ W
B wm A
0 v 7 7 7 1 i
T1 T2 T3 T4 . T8 T8
Treatments

Fig. 7. Effect of conservation tillage
on per cent runoff (kharif 1993-94)

APAU CEINTEA ) LIBRARYS

T | YO uRAAD 00 010

:
i

0.6 % |
o L m
T2 T3 T4 T6 -

Treatments

Fig. 8. Effect of conservation tillage
on 8oil loss (kharif 1393-94)

o0



The data on soil loss during 1993-94 is
presented in Table 3 and illustrated in Fig.8. Sowing
along the slope (T6) recorded maximum cumulative so0il
loss of 2.966 t ha *. It was lowest (0.244 t ha™') in
sowing along the contour with ridges and furrows and
khus barrier. The soil loss (t ha ') recorded in other
conservation tillage practices was 2.541 (sowing along
the contour), 0.622 (sowing along the éontour + khus
barrir), 1.206 (sowing along the corntour + dead

furrows) and 0.360 (sowirng along the contour + dead

furrows and khus barrier).

The per cent reduction in total soil loss due
to different conservation tillage practiceé over
control (sowing along the slope) is given in Table 5.
The reduction was maximum (91.77 per <cent) in the
treatment, sowing along the‘con;our with ridges and
fgrrows ard khus barrier (TS). This was followed by
sowing along the contour with dead furrows and khus
barrier (87.86 per cent), sowing along the contour with
khus barrier (79.03 per cent), sowing along the contour
with dead furrows (59.34 per cent) and the least (14.33

rer cent) was recorded in the treatment of sowing along

the contour.

The data cn runoff and soil loss during the
year 1994-95 are presented in Table 4. There were ten

runoff events during 1994-95. Two runoff events were

o |
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deleted because of heavy storms resulting in over flow
and the data on eigh£ runoff everts were considered.
The total runoff causing rainfall of these eight events
was 160.6 mm. Highest runoff of 17.98 mm was recorded
in the tfeatment, sowing alorg the slope (T6). The
treatment, sowing along the contour with ridges ang
furrows and khus barrier (TS) recorded the loweét
runoff of 1.91 mm. The runoff (mm) recorded in_ otﬂer
treatments was 15.41 in sowing along the contour, 5.14
in sowing along the contour + kﬁus barrier, 8.16 1in
sowing along the contour + dead furrows ard 3.40 mm in
sowing along the contour + dead furrows and khus
barrier. The runoff as per cent of rainwater under
different. conservation practices 1is illustrated in
Fig.9. It was 9.60 in sowing along the contour, 3.20
in sowing along fhe contour + khus barrier, 5.08 in
sowing along the contour + dead furrows, 2.18 in scwing
along the contour + dead furrows and khus barrier, 1.19
in sowirg along the contour + ridges and furrows and

khus barrier and 11.20 in sowing along the slope.

The per cent reduction in runoff due to
conservation tillage compared to control (sowing along
the slope) is given in Table 5. The treatment, sowing
along the contour with ridges and furrows and khus
barrier recorded highest reduction of 89.38 per cent in

runoff over control (sowing along the slope). This was

an
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followed by sowing along the contour with dead ’furrows
and khus barrier (81.09 per cent), sowing along the
contcur with khus barrier (71.41 per cent), sowing
along the contour with dead furrows (54.62 per cent)
and the least reduction (14.29 per cent) was observed
in the treatment, sowing along the ccntour.

The data on soil loss‘ during 1994-95 is

AN

presented in Table 4 and illustrated in Fig.l10. Maximum
cumulative soil loss of 1.632 t ha—l was recorded in
the. treatment, sowing along the slope (T6). It was
lowest (0.118 t ha_l) in the treatment, sowing along

the contour with ridges and furrows and khus barrier

(T5

ments was 1.392 (sowing along the contour), 0.320
(sowing along the ccntour + khus barrier), 0.650
(sowing along the contour + dead furrows) and 0.186

(sowing along the contour + dead furrows and khus

barrier).

The per cent reduction in total soil 1loss
during 1994-95 due to different conservation tillage
practices over control (sowing along the slope) is
given in Table 5. The treatment, sowing along thq
contour with ridges and furrows and khus barrier (Tsé
recorded highest reduqtion of 92.77 per cent 1in soil

loss over T6 (sowing along the. slope). This was

). The 'soil loss (t ha"l) recorded in other treat-.

61



followed by sowing along the contour with dead furrows
and khus barrier (88.60 per cent), sowing along the
contour with khus barrier (80.39 per cent), sowing
along the contcur'with dead furrows (60.17 per cent)
and the least reduction (14.71 pér cent) was recorded

in the treatment, sowing along the contour.
'l

4.1.2 Effect of conservation tillage on soil
/

moisture content

The year-wise results ‘on the effect of
conservation tillage practices and. khus barrier on soil
moisture content during the growth period of castor for
four kharif seasons are given in Apgendices V to VIII
and illustrated in Fig. 11 to 16. The figures indicated
that highest soil moisture was recorded with sowing on
contours with ridges and furrows and khus barrier
throughout the crop growth period cduring all the years
in all the depths viz. 0-15, 15-30 and 30-45 cm. This
was followed by the treatment, sowing along the contour
with dead furrows and khus barrier, (T4), sowing along
the ’contour with khus barrier (TZ), sowing along the
contour with dead furrqws (T3) and sowing along the

contour (Tl) and lowest was with sowing along the

‘slope (TG).

The data on mean soil moisture content under

different treatments during crop growth period in

P
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Fig.1l1l Effect of conservation tillage on soil moisture
content during.crop growth period

(a) 0-15 cm (1991-92) (b) 15-30 cm (1991-92)
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(a) 30-45 cm (1991-92)
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kharif, 1991-92 are given in Table 6. Highest soil
moisture content of ‘4.39, 5.79 and 7.26 per cent in
0-15, 15-30 and 30-45 cm depths, respectively was
recorded in sowiﬁg along the contour with ridges and
furrows and khus barrier (TS).- This was followed by
the treatments, sowing along the contour with dead
furrows and khue barrier (4.07, 5.47 and 6.72 per
cent), sowing along the contour with Kkhus barrﬁer
(3.75, 5.16 and 6.32 per cent), sowing along the
contour with dead furrows (3.63, 5.07 anéd 6.26 per
cent), sowing along the contcur‘(3.46, 4.75 and 5.83
per cent) and sowing along the slope with 3.39, 4.55
and 5.57 per cent, in 0-15, 15-30 and 30-45 cm depths,
re;pectively. The per cent increase in mean soil
. moisture content in different treatments over control
(sowing along the slope) was 2.06 with sowing along the
contour, 10.62 with sowing along the contour + khus
barrier, 8.55 with scwing along the contour + Jdead
furrows, 20.06 with sowing aleng the contour + dead
furrows and khus barrier and 29.50 with sowing along
the contour + ridges and furrows and khus barrier in 0-
15 cm; 4.40 with sowing along the contour, 13.41 with
sowing along the contour + khus barrier, 11.43 with
sowirg along the contour + dead furrows, 20.22 with
sowing along the contour % dead furrows and khus
barrier and 27.25 with sowing along the contour +

ridges and furrows and khus barrier in 15-30 cm and
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4.67 with sowing along the contour, 13.46 with sowing

along the contour + khus barrier, 12.39 with sowing

—along the contour + dead furrows, 20.65 with sowing

along the contour + dead furrows and klus barrier and
30.34 with sowing along the contour + ridges and

furrows and khus barrier in 30-45 c¢m depths. The

average increase (per cent) wupto 45 .cm depth in

different treatments over control (sowing along\ the
slope) was 3.71 (1.40 mm) with sowing along the
contour, 12.50 (4.52 mm) with sowing along the contour
+ khus barrier, 10.79 (3.95 ﬁm) with sowing along the
contour + dead furrows, 20.31 (7.22 mm) with sowing
along the contour + dead furrows and khus barrier and
29.03 (10.32 mm) with sowing along the contour + ridges

and furrows and khus barrier.

The data on mean soil moisture content in
different depths as influerced by conservation prac-
tices during kharif, 1992-93 is presented in Table 6.
The treatment, sowing along the contour with ridges and
furrows and khus barrier (TS) recorded highest Vsoil
moisture content of 6;23, 8.45 and 10.12 per cent in 0-

15, 15-30 and 30-45 cm depths, respectively. This was

" followed by gowing along the contour with dead furrows

and khus barrier (5.79, 7.14 and 9.44 per cent), sowing
along the contour with khus barrier (5.37, 6.54 anad

8.67 per «cent), scwing along the contour with dead
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furrows (5.31, 6.4€ and 8.41 per cent) and sowing along
the contour (5.06, 6.20 and 8.18 per cent) in 0-15, 15-
30 and 30-45 cm depths, respectively. The mean soil
moisture content was lowest in the treatment, sowing
along the slope with 4.80, 5.92 and 7.66 per cent in
the three depths, respectively. The per cent increasé
ir mean soil moisture content in different treatments
over control (sowing along the slope) was 5.42 (éowing
along the contour), 11.46 (soWing along the contour
with khus barrier), 9.84 (sowing along the contour with
dead furrows), 21.49 (sowing along the contour with
dead furrows and khﬁs barrier) and 34.88 (sowing along
the contour with ridges and furrows and khus barrier)
in 0-15 cm; 4.73 (sowing along the contour), 10.47
(sowing along the contour with khus barrier), 9.12
(sowing along the contour with dead furrows), 20.61
(sowing along the contour with dead furrows and khus
barrier), 42.74 (sowing along the contour with ridges
and furrows and khus barrier) in 15-30 cm and 6.78
(sow;ng along the contour), 13.19 (sowing along the
contour with khus barrier), 9.79 (sowing along the
contour with dead furrows), 23.24 (sowing along the
contour with dead furrows and khus barrier) and 32.11
(sowing along the contour with ridges andifurrows and
khus barrier) in 20-45 cm depths. The average per cent

increase upto 45 cm depth in different treatments over



control (sowing along the slope) was 5.65 {2.25 mm)
with sowing along the contour, 11.71 (5.19 mm) with
sowing along the contour + khus barrier, 9.84 (4.18 mm)
with sowing along the contour + dead furrows, 21.49
(9.94 mm) with sowing along the contour + dead furrows
and khus barrier and 34.88 (16.29 mm) with sowing aloqg

the contour + ridges and furrows and khus karrier.

1

" The data on mean soil moisture during kharif,
1993-94 are presented in Table 6. Highest soil
moisture content of 7.19, 9.70 and 11.72 per cent in
0-15, 15-30 and 30-45 cm depths, respectively was
observed in the treatment, sowing on contour with
ridges and furrows and khus barrier. The average soil
moisture content recorded in other treatments was 6.06,
8.31 and 9.62 per cent with sowing alcng the contour,
6.42, 8.86 and 9.94 per cent with sowing along the
contour + khus barrier, 6.31, 8.73 and 9.94 per cent
with sowing along the contour + dead furrows and 6.81,
8.98 and 10.93 per cent with sowing along the contour +
dead- furrows and khus barrier in 0~15, 15-30 and ‘30—45
cm depths, respectively. Lowest mean soil moisture
content of 5.78, 8.01 anc 9.22 per cent in 0-15, 15-30
and 30-45 cm depths, respectively was observed in the
treatment, sowing Aalong the slope. The -average fger
cent increase upto 45 cm depth in differenﬁ treatments

over cortrol (sowing along the slope) was 4.31 (2.57
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mm) with sowing along the contour, 9.83 (5.78 mm) with
sowing along the contour + khus karrier, 8.66 (5.16 mm)
with sowing along the contour + dead furrows, 15.80
(9.75 mm) with sowing along the contour + dead furrows
and khus barrier and 24.20 (14.71 mm) with sowing along

the contour '+ ridges and furrows and khus barrier.

Similar trend was observed during the vyear
1994-95 (Table 6). The average per cent increace uﬁto
45 cm depth in different treatments over control
(sowing along the slope) was 4.14 (2.76 mm) with
sowing along the contour,ill;14 (7.46 mm) with sowing
along the contour + khus Bérrier, 10.07 (6.78 mm) with
sowing along the contour %”dead furrows, 20.16 (13.43
mm) with sowing along the contour + dead furrows and
khus barrier and 26.16 (17.39 mm) with sowing alcrg the

contour + ridges and furrows and khus barrier.

4.1.3 Plant parameters
4.1.3.1 Effect of conservation tillage on drymatter

production

The data on drymatter production of castor
during the four kharif seasons from 1951—92 to 1994-95
are presented in Table 7. Conservation tillage
practices have considerably influenced drymatter produ-
ction. During the year 1991-92, highest drymatter

content of 405.78, 1233.63 and 2159.86 kg ha—l at 60,
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90 and 120 DAS, respectively was recorded in the treat-
ment , sowing along the contour with ridges and furrows
and khus barrier. This was followed by the treatment,
sowing along the contour with dead furrows and khus
barrier (386.30, 1085.59 and 2067.50 kg ha '), sowing
along the contour with dead furrows (379.52, 986.90 and

1

1965.13 kg ha ~), sowing along the contour with khus

barrier (372.44, 978.68 and 1884.29 kg ha l), sowing
along the contour (359.19, 896.44 and 1645.96 kg ha_d)
and lowest of 338.86, 822.42 and 1489.56 kg ha™l was
recorded with sowing along the slope, respectively at
60, 90 and 120 DAS. Similar trend was observed in the
otheY three years with highest and lowest drymatter
production recorded in the treatments, sowing along ‘the

contour with ridges and furrows and khus barrier and

sowing along the slope, respectively.

4.1.3.2 Effect of conservation tillage on 1leaf area

index

The data on the leaf area index (LAI) of
castor at various stages of crop growth during the
years 1992-93 +to 1994-95 are presented in Table 8.
Conservaticon tillage 'practices have considerably
influenced LAI at 60, 90 and 120 DzS. During the year
1992-93, maximum LAI of 0.88, 1.52 and 2.42 at 60, 90
and 120 DAS, respectively was observed in the

treatment, sowing along the contour + ridges and

76



06°¢
A/
¢

€€"C

6% 1T

IvI

07" 1

AN

€L°0 6%z  19°1
0L°0  L£'T  16°T
89°0 62'C  6€°1
69°0  92'z 8¢l

§9°0 1¢-¢ €T°1

69°0

{970

%9°0

v

tEe¢

9¢°¢

ASEE L

ao

T ugs

ado1s Buole Bujmog

snyy + smozang ¥ safpry
snyy + moiang peaq
(2@) moaang peaq

snyy

ANo3uo0d

+ anojuo)
+ anojuon
+ 1nojuo)
+ anojuo)

uo Buimog

9L

QL

Bl

EL

A

1L

Yyimoad doad jo saBels snojaea je X9puy Bd1B JBAT UO SFBITTI UOTIBAISSUOD JO 309337 g OTqEL



furrows and khus barrier. This was followed by sowing

along the contour + dead furrows and khus barrier with

0.86, 1.44 and 2.33, sowing along the corntour + dead

furrows with 0.84, 1.36 and 2.26, sowing along the
contour + éhus barrier with 0.84, 1.34 and 2.23, sowing
along the contour with 0.83, 1.22 and 2.19 and 'sowing
along the slope with 0.80, 1.18 and 2.14 at 60, 90 and

1

120 DAS, respectively.

During the years 1993-94 and 1994-95 also
treatmental effect was found tc ke similar with maximum
LAI recorded in the treatment, sowing along the contour

+ ridges and furrows and khus barrier.
4.1.3.3 Effect of conservation tillage on plant height

The data on plant height of castor at various
stages of crop growth during the years 1992-93 to 1994-
98 are presented in Table 9. Conservation tillage
practices have considerably increased the plant height.
During thke year 1992-93, maximum plant Leight of 75.50,
105.;0 and 120.40 cm at 60, 90 and 120 DAS,
respectively was observed in the tréatment, sowing

along the contour with ridges and furrows and Kkhus

barrier. This was. fecllowed by the treatment, sowing

along the contour + dead furrows and khus barrier with
73.20, 100.30 and 114,10‘cm, sowing along the contour +

dead furrows with 68.40, 92.30 and 109.60 cm, sowing
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- g,

along the contour + khus barrier with 67.90, 91.80 and

109.20 cm, scwing along the contour with 66.80, 89.90

‘and 105.30 cm and sowing along the slope with 66.4,

88.2 and 101.3 c¢cm, at 60, 90 and 120 DAS,

respectively. Similar trend was observed in the other

two years.

4.1.3.4 Effect of conservation tillage on number ‘of

spikes

The data ¢n number of spikes per plant during
1992-93 to 1994-95 as influenced'by the conservation
tillage are presented in Table 10. During the year
1992-93, the treatment, scwing along the cOnﬁour with
ridges and furrows and khus barrier recorded the
maximum number of spikes per plant (4.3). This was
followed by the treatment, sbwing along the contour =+
dead !furrows and khus'barrier with 4.1 spikes per
plant. The treatments, sowing along the contour with
dead furrows and sowing along the contour with khus
barrier recorded 3.8 spikes per plant and the
treatments, sowing along the contour and:sowing aleng

the slope recorded 3.7 spikes per plant.

During the years 1993-94 and 1994-95 also same
trend was observed in respect of number of spikes per
plant with maximum number of 4.5 and 4.4 spikes per

plant recorded, respectively in the treatments, scwing

80



81

Il-lI-I-.l.vll-l-ln"-l'l.'I-'I-I-nllullnl-l-l-lI-.I.nlll'l-l-l-lI-lll.l-l-l-l-ll-l-l.llll.:lll'l-"'lllI-l’l"lllI-'Inll'lvll'lllllcl,

%G 3®e
60°0 TS°0 €0°0 LT"0 25°0 80°0 €TI°0 9€°0 L0°0 _ T G
6C°%¥T 0€°¢z 0T°% LZ°¥T OT°€Z 00°F %Z°%¥T 08°6T O0OL°C adots bBuoTe bBurimos
W
8G'GT 00°6C OF°9¥ 6G°8T 66°¢ 06° ¥ 9v"GT 0G°LZ O0OE°9¥ snyid + smoiang % mwmwﬂm + aInojuo;
£EC°ST 08°tL2 0€°¥ 9T1°ST 01'82 02°% PT°ST 08°¥2 0T1"¥% snyy + moxang pesg + Inojuo
08°%¥T 08°9C 0OT°% 9L°%T 06°92¢ O1°'¥ 9L°%¥T 06°CC 08°€ . (40) Mmoiang pesqg + anojuc
¢8°FPT 08°9C 0C°% 6L°YT 00°LZ OT°% 08°¥T 0Z°¢€Z 08°¢ say¥ + anojuc
Iv"¥T 0€°G2 01°% SE'VPT 02°S2 O00°F CE'YT 08°T¢ oaL-€ ano3uos uo Butm
ybtom saTn sayrds 3ybram saTn saytds 3jybrom saTn sayids
1S9+ -sde) 3591 -sde)d 3189, -sde)
llllllllllll e e e e e sjuswujesay,
S6-766T ve-t661 £€6-266T

I-I-l.lplllpl-pl'l..:l-.ll-l-ll-lll-l.l.l-l-I-I-'I-.I.Illll-'l-l-I-.ll-l-l!-ll-l-lll-l-l-l-'.l-I-I-I-.l.l-l-l-l-llll"I-'-l'

to3sed ut (b)3ubrem 3so3 pue seynsded pue so)1ds Jo asqunu uo 25EPTTT3 UOT3IPAISSUOD JO 309FJF "0T

!



along the contour with ridges and furrows + khus

barrier.

4.1.3.5 Effect of conservation tillage on capsule
-number

The data <n the number'of capsules per plant
during - 1992-93 to 1994-95 as influenced by the
conservation tillage are presented in Table 10. Du%i;g
the year 1992-93, the treatment, sowing aloﬁg the
ccntour with ridges and furrbws‘ and khus barrier
recorded the maximum number of capsvles (27.5) per
plant. This was followed Ly the treatments, sowing
along the contour with dead furrows and khus barrier
(24.6), sowing along the contour with khus Larrier
(23.2), sowing along the coentour with dead ‘furrows
(22.9), sowing along the contour (21.8) and- sowing
along the slope with 19.6 capsules per plant. Similar

trend was observed during the year 1993-94.

During the year 1994-95, the treatment); sowing
along the contour with ridges and furrows and khus
bafrier recorded maximum number of 29.0 ”capsules ber
plant. This was followed by sowing along the contour +
dead furrows and khus barrier with 27.8, sowing along
the contour + dead furrows and sowing along thé-contour

+ khus karrier with 26.8, sowing along the contour with




25.3 and sowing along the slope with 22.3 capsules per

plant.
4.1.3.6 Effect of conservation tillage on test weight

Tke data on the test weight (}Oo—seed weight)
of castor during the years 1992—93 to 1994-95 as
influenced by conservation tillage are presented iﬂ
Table 10. During the year 1992-93, maximum test weighL
of 15.46 g was recorded in the treatment, sowing along
the contour with ridges and furrows and khus barrier.
This was followed by 15.14 g 1in sowing along the
contour with dead furrows and khus barrier, 14.80 g in
scwing along the contour with khus karrier, 14.76 g in
sowing along the contour with dead furrows, 14.32 g in
sowing along the contour and 14.24 g in sowing along
the slope. Conservation tillage influenced the test

weight in a similar way during the other two years

also.
4.1.3.7 Effect of conservation tillage on crop yield

The data on seed yield of castor in different
treatments (meen of 4 replications) for four years are

given in Table 11 and illustrated in Fig. 17.

During the year 1991-92, seed yields in all tke
conservation tillage treatments were significantly

superior over that of control (sowing along the

Qv



Table 11. Effect of conservation tillage on seed yleld of castor (kg ha)

Treatments - 1991-92 1992-93 1993-94 1994—95ﬁ
Tl Sowing on contour 628.58 668.14 813.57 806.55
T2 Contour + Khus 695.25 715.18 878.51 871.43
T3 Contour + Dead Furrow (DF) 664.30 698.05 872.99 869.05
T4 Contour + Dead Furrow + Khus 707.16 755.89 923.23 927.38

I5 Contour + Ridges & Furrows + Khus 754.78 825.99 974.69 970.24

I6 Sowlng along slope 571.44 625.01 747 .40  740.48

S Em + 7.79 13.46 7.03 7.93
C D at 5% 23.48 40.57 21.20 23.91

———— " —— T —— ——— L ——————— ——— — — " T " - - ——— Y ———————
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slope). The differences among the tillage treatments

were also statistically significant.

Highest seed yield of 754.78 kg ha ! was

recorded in the treatment, sowing along the contour

with ridges and furrows and khus barrier (T5) and was
significantly superior to all other treatments. This

was followed by the treatment, sowing along the contourn

!

+ dead furrows and khus barrier (T4) with 707.16 kg

ha 1

and sowing along the contour + khus barrier (T2)
with 695.25 kg ha ! which were on par. The treatmerts,
sowing along the contour with dead furrows (T3) and
sowing along the contour (Tl) recorded €64.30 and
€28.58 kg ha—l, respectively and were significantly
superior to sowing along the sloge (T6) which yielded

571.44 kg ha ',

The highest (32.08) per cent increase in seed
yield over control was recorded in the treatment,
sowing along the contour with ridges and furrows and
khus barrier. This was followed by the treatments,
sowing along the contour with dead furrows and khLus

barrier (23.75 per cent), sowing along the contour with
khus barrier (21.67 per cent), sowing alongA‘contour
with dead furrows (16.25 per cent) ané sowing along the

contour with 10 per cent.

During the year 1992-93, all the conservation
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tillage treatments gave significantly higher castor

1

seed yield compared to control (625.01 kg ha ).

Highest vyield of 825.99 kg ha ' was recorded in the
treatment, sowing along contour with ridges and furrows
and khus barrier which was significantly superior to
all other treatments. This was followed by the
treatments, sowing along the contour with dead furrows
and khus barrier (755.89 kg-ha—l), sowing along the

l), sowing

1y

contour with khus barrier (715.18 kg ha
along the contour with dead furrows (698.05 kg ha

and sowing along the contour with 668.14 kg ha_l.

The highest per cent increase cf 32.15 in seed
yield over contrel was recorded in the treatment,
sowing along the contour with ridges and furrows and
khus barrier. This was followed by the treatment,
sowing along the contour with dead furrows and khus
barrier (20.94 per cent) and the lowest increase (6.90
per cent) was recorded in the treatment, sowing along
the contour. The per cent increase in seed yield due
to .other treatments over control, was 14.42 in sowing
alcng the contour with khus barrier and 11.69 in sowing

along the contour with dead furrows.

During the year 1993-94, seed yields in all
the tillage treatments were significantly.superior to
that of control (sowing along tke slope). Among the

tillage treatments, sowing along the contour with

87



ridges and furrows and khus barrier recorded highest

yield of 974.69 kg ha ! followed by sowing along the

‘contour + dead furrows and khus barrier with 923.23 kg

ha-'l and were superior to other +tillage treatments.

Sowing along the contour + khus barrier with 878.51 kg

ha_l, and sowing along the contour + dead furrows with

1

872.79 kg Ha_l were on par and superior to sowing along

1

the ccntour (813.57 kg ha ).

The treatment, sowing along the contcur with
ridges and furrows and khus barrier recorded highest
increase of 30.41 per cent in seed yield over control
(sowing alcng the slope). This was followed . by the
treatments, sowiné &long the contour with dead furrows
and khus barrier (23.52 per cent), sowing along the
corntour with khus barrier (17.54 per cent), sowing
along contour with dead furrows (16.80 per cent) and

sowing along the contour (8.85 per cent).

In tke year 1994-95, the effect of treatments
on seed yield was similar tc¢ that in the year 1993-94.
Seed yieldés in all the tillage treatments were
significantly superior to that of control. Among the
tillage treatments, sowing along the contour with
ridges and furrows and khus barrier (970.24 kg ha™1)

was significantly superior to others. "Sowing along

the contour with dead furrows and khus barrier (927.38
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kg ha_l) was superior over sowing along the contour
with dead furrows (871.34 kg ha_l) and sowing along the
contour with khus barrier (869.05 ha_l) which were on

par and superior to sowing along the contour.

The treatment, sowing along the contour with
ridges and furrcws and khus barrier recorded highest
per cent increase of 31.03 ip seed yield over contrél
(sowing along the slope). This was followed by sowing
along tEe contour with dead furrows and khus barrier
(25.24 per cent), sowing along the contour with khus
Barrier (17.68 per cent), sowiﬁg along the contour

with dead furrows (17.36 per cent) and the treatment,

sowing along the contour with 8.92 per cent.

4.2 VEGETATIVE BARRIER

Khus barrier was included in cambination with
conservation tillage practices in two treatments. The

results on the effect of khus barrier on runoff, soil

loss, soil moisture content and seed vyield are

presented below.

4.2.1 Effect of khus barrier on runoff and soil loss

The runoff and soil loss were considerably
reduced in the treztments where khus barrier was
included in combination with tillage treatments. During

the vyear 1993-94, the per cent runoff (of rain-water)
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was 4.51 in the treatment, sowing along contour in
combination with khus barrier and 3.07 in scwing along
the contour with dead furrows in ccmbination with khus
barrier compared to 13.16 and 7.02, respectively in the

respective ‘treatments without khus barrier (Fig. 7).

The per cent reduction in runoff (Table 5) was

65.75 1in sowing along the contour in combination with
{

khus barrier and 56.33 in sowing along the contour with

dead furrows in combination withy khus barrier compared

to their respective treatments without khus barrier.

The cumulative scil loss (Table 3) during the
year, 1993-94 was 0.622 t ha ' in the treatment,
sowing along the «contour in combination with khus
barrier and 0.360 t ha™l in sowing along the contour
with dead furrows in combination with khus Fkarrier

compared to 2.541 and 1.206 t ha T, respectively in

the abcve conservation practices without khus bkarrier.

The per cent reduction jin soil loss (Table 5)
was -75.52 in sowing along the contour with khus karrier
and 70.15 in sowing along the contour with dead furrows
in combirnation with khus barrier compared to that in

the respective treatments without khus barrier.

During the year 1994-95, the per cent runoff’

(Fig.8) was 2.20 in the treatment, sowing along the

contour 1in combination with khus karrier compared to

w0



9.60 without khus. It was 2.18 in sowing along the
contour with dead furrows in combination with khus

barrier compared to that without khus tkarrier (5.08).

The pér cent reduction in runoff (Table 5) was
66.65 1in sowing along the contour in combination with

khus barrier compared to without khus and 58.33 in

sowingg zlong the contour ~ with dead furrows in

combination with khus barrier compared to without khus

barrier.

The cumulative spil loss.during the year 1994-
95 (Table 4 and Fig. 10) was 0.320 t ha ' in the
treatment, sowing along the contour in combination
with khus barrier and 0.186 t ha—l in  sowing along the

contour with dead furrows in combinatiorr with khus

barrier compared to that of 1.392 and 0.650 t ha~1 with

the respective treatments without khus barrier.

The per cent reduction in soil loss was 77.01
in sowing along the contour in combination with khus
barrier and 71.39 in sowing along the contour with dead
furrows in combination with khus barrier (Takle 5)
compared to that in the respective treatments without

khus barrier.
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9.60 without khus. It was 2.18 in sowing along the
contour with dead furrows in combination with khus

barrier compared to that without khus karrier (5.08).

The per cent reduction in runoff (Table 5) was

66.65 in sowing along the contour in combination with

4

khus Dbarrier compared to without khus and 58.33 in

¢

sowind along the contour "with dead furrows in

combination with khus barrier compared to without~ khus

barrier.

The cumulative spil loss‘during the year 1994-
95 (Table 4 and Fig. 10) wes 0.320 t ha ! in the
treatment, sowing along the contour in combination
with khus barrier and 0.186 t ha™ ' in sowing along the

contour with dead furrows in combinatiorn with khus

barrier compared to that of 1.392 and 0.650 t ha 1 with

the respective treatments without khus barrier.

The per cent reduction in soil loss was 77.01
in sowing along the contour in combination with khus
barrier and 71.39 in sowing along the contour with dead
furrows 1in combination with khus barrier (Takle 5)
compared to that in the respective treatments without

khus barrier.
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4.2.2 Effect of khus barrier on soil moisture

content

The so0il moisture content estimated 2 m
above khus and 2 m kelow the khus barrier in 0-15, 15-
30 and 30-45 cm depths during the crop orowth period of
castor 1in four seasons are gi;en in Appendices IX to
XII and illustrated in Figs.18 to 23. The moisture
content in terms of depth, in mm upto 45 cm depthllof
scil as given in paréntheses below. From the'figurea
it could be observed thaﬁ-tﬁe soil moisture coéntent
above the khus barrier was higher than the soil mois-
ture content below the khus barrier ir all the three

depths viz., 10-15, 15-30 and 30-45 cm throughkout the

crop growth period in all the years.

The mean soil moisutre content above and
below khus barrier is presented in Table 12. Durirg
the vyear 1991-92, the soil moisture content above the
khus barrier was 5.35 (13.65 mm), 6.74 (17.51 rm) and
8.23 (22.12 mm) per cent as compared to 4.99 (12.73
mm), 6.20 (16.11 mm) and 7.31 (19.65 nm) per cent below
khus tarrier in 0-15, 15-30 and 30-45 cm depths, respe-
ctively. The increase in soil moisture content above
the khus barrier was 7.21, 8.71 and 12.59 per cent in
the three depths, respectively compared to below the

khus.
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Table 12. Effect of khus on mean soil moisture content (% w/w)
during crop growth period of castor

- ———— - — - — ————— - T S S Vi S T ——— —— —— " M e G0e e Svm Wen Gt R T e e S M few S G b W W Sme e ——— w w

Location Depth
(cm) 1991—92 1992~93 1993-94 1994-95
Above Khus 0-15 5.35 6.22 7.21 8.55
Below Khus 0-15 4.99 - 5.52 6.46 7.65
Above Khus 15-30 6.74 . 8.54 9.74 10.79
Below Khus 15-30 6.20 6.88 8.65 9.52
Above Khus 30-45 8.23 10.12 11.52 12.21

Below Khus 30-45 7.31 9.04 10.44 10.81
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In the year 1992-93, the scil moisture content
above the khus barrier was 6.22 (15.87 mm) 8.54 (22.19
mm) ard 10.12 (27.20 mm) per cent in ¢-15, 15-30 and
30-45 cm Ccepths, respectively. The .soil moisture
content above khus barrier was 12.68, 24.12 and 11.95
rer cent higher in 0-15, 15-30.ard 30-45 cm depths,
respectively than the soil moisture content below the

L)

khus barrier.

During the year 1993-94, the soil moisture
content above the khus barrier was 7.21, (18.40 mm),
.74 (25.30 mm) and 11.52 (30.97 mm) per cent as
ccmpared to 6.46 (16.48 mm) 8.65 (22.47 mm) and 10.44
(28.06 mm) below khus barrier in 0-15, 15-30 and 30-45
cm depths, respectively. The soil moisture content
above the khus Lkarrier was 11.61, 12.60 and 10.35 per
cent higcher in the three depths, respectively than the

soil moisture content below the khus barrier.

In the year 1994-95, the soil moisture content
above the khus barrier was 8.55 (21.82 mm), 10.79
(28.03 mm) and 12.21 (32.82 mm) per cent as compared tc
7.85 (20.03 mm), 9.52 (24.73 mm) and 10.81 (29.06 mm)
below khus barrier in 0-15, 15—30@»430—45 cm depths,
respectively. The scil moisture content above the khus
barrier was 11.76, 13.34 and 12.95 per cent higher in
the three depths, respecfively than the soil moisture

below the khus barrier.
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4.2.3 Effect of khus barrier on crop yield

The data on mean seed yield of castor
recorded in 4 m x 4 m plots above and below the khus
barrier in the treatment of sowing along the contour

with khus barrier are presented'in Table 13.

The seed yield of castor was higher above the

4

khus barrier than below the khus barrier. During the
year 1991-92, the yield of castor above the kgus
barrier was 783.34 kg ha—l as compared to fhat of
672.93 kg ha ! below the khus barrier. The increase in

seed yield above the khus barrier over below the Kkhus

barrier was 16.41 per cent.

In the year 1992-93, the seed yield recorded

1 above the khus barrier as against

was 915.63 kg ha
782.84 kg ha™t below the khus barrier. The seed yield
of castor above khus barrier was 16.96 per cent higher

than that below the khus barrier.

During 1993-94, seed yield of castor above
khus barrier was 959.36 kg ha™! as compared to that of
822.66 kg ha ! below khus barrier. The increase in
seed yield above khus barrier over below khus barrier

was 16.62 per cent.

During the year 1994-95, seed yield above the

khus barrier was 921.67 kg ha_l as compafed to that of
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781.25 kg ha_1 below the khus barrier. The seed yield
above khus barrier was 17.98 per cent higher than that

below the khus barrier.

The seed yield of castor as influenced by
conservation tillage treatments in combination with
khus barrier 1is given in Table '1l1. The average seed
yield of castor was 790.09 kg ha_l in contour sowing in
combination with khus barrier as compared to 729.21 ‘kg
ha_1 in the respective treatment without khus barrier.
The increase in seed yield due to khus barrier was 8.35
per cent. In the treatment with dead furrows in combi-
nation with khus barrier, the aQerage seed yield was
828.42 kg ha 1 as against 776.10 kg ha ' in dead fur-

rows without khus barrier. The average increase in seed

yield with khus barrier was 6.74 per cent.

4.3 SOIL WATER BALANCE
4.3.1 Efffect of conservation tillage on soil water
balance

The data on components of soil water balance
under different treatments computed at different growth
stages of castor during the year 1993—94 is presented
in Table 14. For the purpose of computation of water
balancey the crop growth period was devided into 4
stages after the tfeatments_were imposed i.e., 29-56,

57-91, 92-140 and 141-17% DAS. The change in soil
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moisture (difference between moisture addition by rain-
fall and 1loss by runoff + evapotranspiration) status

(mm) in different treatments was (-) 11.40, 59.55, (-)

'22.55 and (-) 24.20 in sowing along the contour, (-)

5.34, 70.56, (=) 19.37 and (-) 24.20 in sowing along
the contour w;th khus barrier, (-) 6.80, 67.03, (-)
20.27 and (-) 24.20 in sowing along the contour with
dead furrows, (-) 4.35, 72.20, (-) 18.63 and (-) 24.20
in sowing along the contour with dead furrows and khus
barrier, (-) 3.18, 73.85, (-) 18.32 and (-) 24.20. in
sowing along the contour witﬁ-ridges and furrows and
khus barrier and (-) 12.32, 56.72, (-) 23.14 and (-)
24.20 in sowing along the slope between 29-56, 57-91,
92-140 and 141-17% DAS, respectively. The changé in
soil moisture was +ve indicating surplus soil water
between 57 and 91 DAS and -ve indicéting deficit soil
water between 29-56, 92-140 and 141 to 17% DAS in the
treatments. Conservation tillage practices have consi-
derably reduced the water deficit when compared to
control (sowing along the slope). The overall change
in soil water status was +ve (surplus) in all the
conservation treatments and -ve (deficit) in control.
The overall surplus  soil water was maximum in the
treatment, sowing along the contour + ridges and fur-
rows and khus barrier with 28.15 mm. This was followed

by sowing along the contour + dead furfows and khus

barrier (25.02 mm), sowing along the contour with khus



barrier (21.65 mm), sowing along the contour with dead
furrows (15.76 mm) and minimum of 1.40 mm was observed
in the treatment, sowing along the contour whereas in

the control treatment there was 2.94 mm deficit.

Durihg the year 1994-95, the change in soil
water status (mm) in different treatments was 33.63,
- 50.00, (-) 8.84 and (-) 50.30 in sowing along the
contour, 41.93, 51.97, (-) 8.84 and (—5 50.30 in sowing
along the contour with khus barrier, 39.32, 51.56, (=)
8.84 and (-) 50.30 in sowing along the contour with
dead furrows, 43.23, 52.39, (-) 8.84 and (-) 50.30 in
sowing along the contour with dead furrows and khus
barrier, 44.47, 52.66, (-) 8.84 and (-) 50.30 in sowing
along the contour with ridges and furrows and khus
barrier and 31.56, 49.50, (-) 8.84 and (-) 50.30 in
sowing along the slope between 29-56, 57-91, 92-140 and
141-17% DAS, respectively (Table 15). The change in
soil moisture was +ve indicating surplus between 29-56
and 57-91 DAS and -ve indicating deficit between 92-140
and 141-17% DAS in all the treatments. The overall
cgange in so;l water status was +ve (surplus)‘ in all
the treatments. The overall surplus soil water was
maximum (37.99 mm) in the treatement, sowing along the
contour with ridges and furrows and khus barrier. This
was followed by sowing along the contour with dead

furrows and khus barrier (36.48 mm), sowing along the
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contour with khus barrier (34.76 mm), sowing along the
contour with dead furrows (31.74 mm), sowing along the
contour (24.49 mm) and lowest was with sowing along the

" slope (21.92 mm).

4.3.2 Relationship between runoff and seed yield of

castor

Relationship between runoff and ~ seed yieid
was worked out wusing cérrelation; and regression
techniques. The pooled analysis over ail the
treatments in two years, 1993194'and 1994-95 indicated
that seed yield was significantly negatively correlated

with runoff (r = -0.8125 ).

A regression model was developed for seed

yield and runoff. The equation is given below:

Y = 942.5599 - 5.8601 R

* e, 2
-0.8215 R® = 0.6602

r =
Where,
Y = Seed yield (kg ha—l)
) R = Runoff (mm)
4.4 WATER USE EFFICIENCY

The data on the water use and water use
efficiency (WUE) calculated for different tillage
treatments during the year 1993-94 1are given in

Table 16.
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Tzble 16.

T1

T2

T3

T4

T5

T6

and water use efficiency (kg/ha/cm)l

1993-94
Tfeatments Water Water
use use
effi-
clency
Sowing on contour 46.60 17.46
Contour + Khus 48.54 18.10
Contour + Dead Furrow 48.12 18.14
Contour + Dead Furrow + Khus 48.46 19.05
Contour + Ridges & Furrows+Khus 48.23 20.21
46.54 16.06

Sowing along slope

Effect of conservation tillage on water use (cm)

46.33
48.13
47.57
47.83
47.79

45.95

Water

use

effi-
ciency

17.

18.

18.

19

20

16.

41

11

27

.39

.30

12

109



The water use (cm) under different tillage

treatemnts was 46 .60 in sowing along the contour,

.48.54 1in sowing along the contour with khus barrier,

48.12 in sowing along the contour with dead furrows,
48 .46 in sowing along the contour with dead furrows and
khus barrier, 48.23 in sowing along the contour with
ridges and furrows and khus barrier and 46.54 in sowing

along the slope.

Conservation tillage increased the water use
efficiency. The water use efficiency was highest in

the treatment, sowing along the contour + ridges and
furrows and khus barrier with 20.21 kg ha_l cm-l. This
was followed by Sowing along the contour with dead

furrows and khus barrier (19.05 kg ha =~ cm ~), sowing

along the contour with dead furrows (18.14 kg ha“l

cm—l), sowing along the contour with khus barrier

(18.10 kg ha™! em 1), sowing along the contour  (17.46
kg ha_l cm_l) and sowing along the slope with 16.06 kg
-1 -1

During the year 1994-95, water use ranged
from 45.95 cm in sowing along the slope to 48.13 cm 1in
sowing along the contour with khus barrier (Table 16).
The tillage treatments influenced water use efficiency.
Highest water uée efficiency of 20.30 kg ha"l cm—l was

recorded in the treatment, sowing alohg the contour

with ridges and furrows and khus barrier. This was

—t



followed by the treatments, sowing along contour with
dead furrows and khus barrier (19.39 kg ha 1 cm_l))
sowing along the contour with dead furrows (18.27 kg
ha_l cm_l), sowing along the contour with khus barrier
(18.11 kg ha—} cm"l), sowing along the contour (17.41
kg ha"l cm—l) and sowing along the slope with 16.12 kg

ha ! em™t.

4.5 MODELS ON RAINFALL, RUNOFF AND SOIL LOSS

The relationship between rainfall and runoff,
rainfall and soil loss and runoff and soil 1loss were
workedout using regression techniques for each
treatment on pooled data over two years with sixteen

runoff events. The equations are given below.
4.5.1 Relationship between rainfall and runoff

The relationship between rainfall and runoff

was significant in all the treatments. The equations

are given below:

R = 0.7084 + 0.0884 Q sowing along the contour .... (2)

- (T,)
RZ = 0.5280 1

*

*
0.7267

r

R = 0.2263 + 0.0306 Q sowing along the contour +... (3)
2 khus barrier (T2)

R

4538
* %
0.6736

r

11
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R = 0.4467 + 0.0442 Q sowing along the contour +... (4)
5 dead furrows (T3)
R = 0.4605
* &
r = 6786
R = 0.1402 + 0.0211 Q sowing along the contour +...(5)
5 dead furrows + khus (T4)
R” = 0.3628
T %
r = 0.6023
R =0.0864 + 0.0116 Q sowing along the contour + ...(6)
5 ridges and furrows + khus (Tg)
R™ = 0.3255
*
r = 0.5705
R =0.8717 + 0.0992 Q sowing along the slope oo (7)
2 (T6)
R® = 0.5397
* %
r = 0.7346
Where,
Q = Rainfall (mm)
R = Runoff (mm)
4.5.2 Relationship between rainfall and soil loss

loss was

The relationship between rainfall and soil

significant in all the treatments. The

equations treatmentwise are given below:
S =0.1024 + 0.0058 Q sowing along the contour .... (8)
2 (Tl)
R® = 0.3545
*
r = 0.5954

]
il

R2=

r

0.0238 + 0.0014 Q sowing along the contour +... (9)

khus barrier (T2)
0.2873

*
0.5360

11
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S = 0.0451 + 0.0029 Q sowing along the contour +...(10)
> dead furrows (T3)
R = 0.3421
*
r = 0.5849
S = 0.0119 + 0.0009 Q sowing along the contour +...(11)
5 dead furrows + khus (T,)
R = 0.3166
<k
r = 0.5627
S = 0.0059 + 0.0007 Q sowing along the contour +...(12)
2 ridges and furrows + khus (Tg)
R™ = 0.3427
*
r = 0.5854
S = 0.1197 + 0.0068 Q sowing along the slope <. (13)
> (TG)
R = 0.3625
*
r = 0.6021
Where,
Q = Rainfall (mm)
S = Soil loss (t ha 1)
4.5.3 Relationship between runoff and soil loss
The relationship between runoff and soil loss
was significant in all the treatments. The equations
for each treatment are given below:
S =0.0320 + 0.0740 R sowing along the contour ....(14)
(T,)
R? = 0.8503 1
*
r = 0.9221
S = 0.0066 + 0.0533 R sowing along the contour +...(15)

R2

Il

r

0.8373

* %
0.9128

khus barrier (T2)

11

9 |

L
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Il

0.0062 + 0.0714 R sowing along the contour +...(16)
5 : dead furrows (T3)
R®™ = 0.8960

*

*
0.9466

I

r

S = 0.0061 + 0.0424 R sowing along the contour +...(17)
2 dead furrows + khus (T,)
R™ = 0.8609

* *
0.9279

I

r

0
i

0.0030 + 0.0527 R sowing along the contour +...(18)
5 ridges and furrows + khus (T5)l :

R 0.8575

* %
r = 0.9260

S = 0.0283 + 0.0780 R sowing along the slope ... (19)

(T.) .
RZ = 0.8719 6
* K
r = 0.9338
Where,
R = Runoff (mm)

1

S = Soil loss (t ha
* significant at 5 per cent

** gsignificant at 1 per cent
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CHAPTER V

DISCUSSION

The results obtained are discussed in this
chapter. Whilé discussing only major trends  of

variation were kept in view rather than the individual

variations.

5.1 CONSERVATION TILLAGE

5.1.1 Effect of conservation tillage on runoff and soil
loss

Conservation of rainwater and soil are impor-
tant aspects in dryland agriculture under watershed
programme. The conservation tillage practices included
in‘the present study viz., ‘dead furrows and ridges and
furrows in combination with and without khus bkarrier
aleng with contour cultivaticn considerably reduced
runoff and soil loss. Formation of ridges and furrows
in combination with khus barrier resulted in ' highest
reduction (Table 5) of runoff (88.93 per cent) and soil
loss (92.30 per «cent). Due to contour ridgeé and
furrows, the rainwater was collected in fufrows to a
greater extent resulting in reduced runoff. As the
runoff was less, the soil which is carried away along
with the running water was also less. Khus grass which
formed a dense hedge acted as a barrier aﬁd slowed down

the velocity of rurning water. There was more infiltra-

Ui
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. . . . i : "Cl
tion time and more water entered into the soil. A ,ll.‘l

reduction of 72.3 per cent in runoff due to ridging has
been reported by CRIDA (1986) under castor crop.
AICRPDA (1991~92) reported a reduction of 25.8 and 43.4
per cent of runoff and soil loss respectively due to
;idges and furrows under cowpea in a red soil at

Bhubaneswar.

3

Dead furrows in combination with.khus barrier
on contour was the next best conservation practice. The
dead furrows formed on contour at a distance of 3.6 ﬁ
acted as temporary reservoirs of.water that was collec-
ted from the 3.6 m land above the furrow and retaingd
rainwater till they were full. Sd the runoff was
reduced and hence the soil loss was also low. CRIDA

(1988) reported a reduction in runoff by 26 per cent

due to contour sowing and furrowing.

When the cultivation was done on contours, the
crop plants were on rows across the slope and on the
same elevation. During interculture operations some
soil was deposited along the plants in the lines
forming a small bund along the lines. Due to this, the
novement of runoff water was less. Whereas, in the
:reatﬁént, along the slope, the rainwater moved without
bstruction in between the lines along the slope and so

1ere was more runoff. The velocity of running water

1S also more as it moved without obstruction. So, when



more water moved with greater speed the soil loss alsc
was more in the treatment, sowing along the slope. In

Alfisols at Maheswaram watershed area runoff with con-

—

tour sowing was reduced to 15.2 mm and 1.8 mm from 17.4
mm and 2.0 mm recorded with sowing along the slope when

the rainfall was 122 and 11 mm, respectively (MWP,

1989-90). Reduction in ruroff and soil loss due to

contour <cultivation has also been reported by AICRPDA

(1991~92) and Sastry et al. (1994).

5.1.2 Effect of conservation tillage on soil

moisture

Increasing the soil moisture under different

.management practices 1is the key factor for obtaining

better crop yields in rainfed agriculture. Conservation
tillage practices 1in the present study have shown
higher soil moisture in all the years compared to
control (sowing along the slope) throughout the crop
growth period (Fig.ll to 16). Ridges and furrows 1in
combination with khus barrier resulted in highest soil
moisfﬁre content in the three depths viz., 0-15, 15-30
and 30-45 cm throughout the crop growth period of
castor in all the years.(Fig.ll to 16). The mean per
cent increase in soil moisture content due to contour

ridges and furrows and khus barrier (over four years)

compared to control (sowing along the slope) was 26.89,
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24,74 and 28.04 in 0-15, 15-30 and 30-45 cm depths,
respectively (Table 6). Formation of ridges and furrows
in contour sown crop retained rainwater in the furrows
which acted as reservoirs of water. This provided more
~5pportunity time for the rainwater to infiltrate into
the soil thereby increasing profile soil moisture con-

tent. MWP (1987-88) reported 11 per cent higher soil

moisture due to formation of ridges and furrows in

Alfisols under Maheshwaram watershed area in farmers

fields. 1Increase in soil moisture due to ridges and
furrows has also been reported by SPCIP (1984) and

AICRPDA (1991-92).

Dead furrows formed on contours at 3.6 m
interval were the next best treatment with mean per
cent moisture increase of 19.47, 18.25 and 20.06 in 0-
15, 15-30 and 30-45 cn depths, respectively over culti-
vation along fhe slope. Dead furrows acted as temporary
reservoirs and retained rainwater in them. This gave
more opportunity time for the rainwater to enter the
soil thereby increased the moisture content. Reddy et
al. (1991) reported 10.2 per cent increase in -soil
moisture of an Alfisol in 0-30 cm depth with dead

furrows opened after every 3 rows of groundnut. Higher

.s50il moisture due to dead furrows has also been repor-

ted by MWP (1987-88) and Uma Devi et al. (1991).
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When the plént rows were on contour, some soil
was deposited along the plant rows during intercultural
operations which resulted in slightly higher elevation
along the rows. This provided some obstruction and
slowaed down the mgvement of rainwater which gave more
time for the rainwantaor to ontor the soll thoroby
increased soil moisture content. An increase of 20 per
cent in soil moisture upto 45 cm depth in contour sown
castor has been reported by MWP (1989-90) compared to
that sown along the slope. AICRPDA (1989-90) also
reported higher so0il moisture : due to contour

cultivation.

In case of sowing along the slope, the fain—
water moved faster without any obstruction in between
the lines along the slope and resulted in more runoff
and there was less time for thé rainwater to enter the
soil. Further, when water flows in red soils, the top
soil becomes hard on drying due to crusting and reduces
the infiltration of water (Weststeyn, 1983 and Arakeri
and Donahue, 1989). As a result the soil moisture
content was less in this treatment compared to the

conservation treatments.
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5.1.3 Effect of conservation tillage on plant
parameters

5.1.3.1 Drymatter

The data on drymatter accumulation by castor
during the four years (Table 7) showed significant

increase with conservation practices over control

(sowing along the slope) at all stages of crop growthf

The treatment, ridges and furrows on contours with khus
barrier recorded highest mean drymatter (kg ha-l) at 60
(498.3), 90 (1388.7) and 120 (2318.3) DAS over four
years. Dead furrows in combination with khus barrier
were the next best with 467.0 (60 DAS), 1245.4 (90 DAS)
and 2201.5 (120 DAS) kg ha L. Higher soil moisture
content due to formation of ridges and furrows and dead
furrows on contours in combination with khus barrier as
discussed earlier might have contributed towards better
plant growth resulting in higher drymatter production.
Higher so0il moisture might have helped in better root
growth (Rao and Das, 1986) with more nutrient uptake
and resulted in better plant growth leading to more
drym;tter production. With increased soil moisture, the
penetration resistance is reduced (ICRISAT, 1988) which
might have helped in better development of root system.
The nutrient availability (Holliday, 1970) and nutrient
uptake (Olsen et al., 1961; Viets, 1967 and Danielson,

1972) by plants increases with higher soil moisture

=
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content. Nalayini and Sankaran (1993) reported maximum
uptake of nutrients‘by sunflower under high soil mois-
ture regime. Increase in uptake of N, P and K have been
réported by Rao and Venkateswarla (1988) and Tomer et

al. (1990). Both higher soil moisture and nutrient

availability have synergistic effect on plant growth

resulting in higher drymatter production. Khader and

Bhargava (1984) reported higher drymatter production of
leaves and stalks of mustard under high moisture
regime. ' Increase 1in drymatter production in groundnut

due to, formation of dead furrows has been reported by

Reddy et al. (1991).
5.1.3.2 Leaf Area Index

The leaf area index (LAI) was significantly
increased by conservation practices (Table 8). The mean
LAI was highest with ridges and furrows in combination
with khus barrier (0.7, 1.57 and 2.51) followed by dead
furrows with khus barrier (0.68, 1.48 and 2.43) at 60,
90 and 120 DAS, respectively over the three years when
LAI was recorded. Higher soil moisture content recorded
in the above treatments (Table 6) could be attributed

to better plant growth resulting in greater LAI when

_compared to cultivation along the slope. Higher soil

moisture content facilitated more nutrient uptake
(Danielson, 1972) and helped in more plant growth with

higher foliage resulting in greater LAI. - Khader and
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Bhargava (1984) reported higher LAI in mustard under

higher soil moisture regime. Increase in leaf area due

to higher soil moisture has also been reported by Rao

~m—

and Das (1986) and CRIDA {(1992-93).

5.1.3.3 Plant_Height

Plant height was significantly increased by

conservation tillage practices (Table 9). The mean
plant height was highest in the treatment, ridges' and
furrows in combination with khu$§ barrier (75.8, 107.4
and 127.1 cm) followed by dead furrows + khus barrier
with 73.1, 101.2 and 118.5 cm at 60, 90 and 120 DAS,
respectively. Higher soil moisture due to conservation
tillage and khus barrier could have facilitated higher
nutrient uptake and resulted in better.LAI (Khader and
Bhargava, 1984) which might be attributed to the
increase in plant height in these treatments. Reddy et
al. (1991) reported increased plant height in groundnut
due to formation of dead furrows. Higher seed yield of
castor through enhancement of plant height has been

reported by Muthuveli et al. (1987).
5.1.3.4 Number of spikes per plant

Conservation  practices have significantly
increased the number of spikes per plant - (Table 10).

The average number of spikes per plant were highest

-
'
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(4.4) in the treatment with ridges and furrows in
combination with khus barrier when compared to along
the slope cultivation (3.93). Higher soil moisture with
increased LAI in these treatments might have resulted
in higher photosynthesis and resulted in more number of
branches. With more number of branches, the number of

spikes per plant also increased. Muthuveli et al.

(1987) reported higher seed yieia of castor with higher

number of spikes per plant.
5.1.3.5 Number of capsules

Number of capsules per plant (Table 10), were
significantly increased by conservation practices.
Ridges and furrows in combination with Kkhus barrier
have resulted in highest number of capsules per plant
(28.5). Dead furrows in combination with khus barrier
were next best with 26.9 capsules per plant. Better
crop growth with the conservation tillage practices and
khus barrier due to availability of higher soil mois-
ture has resulted in more number of spikes per plant.
With more number of spikes, the number of capsules per
plan£ also increased in these treatments. Kale éE al.
(1986) and Muthuveli et al. (1987) attributed increase
in castor yield to higher number of capsules per plant.
Patel and Jaimini (1991) reported significant positive

correlation of castor seed yield with number of

capsules.

Do



5.1.3.6 100-seed weight

Test weight (100-seed weight) was also signi-
~ficantly increased by conservation tillage practices
and khus barrier (Table 10). Test weight was highest in
ridges and furrows in combination with khus barrier
(15.57 g). The test weight was higher in other conser-
vation practices also compared to sowing along the /
slope (14.27 g). The increase in test wéight may ‘bqf
attributed to better filling of seed in these treat-
ments. Higher seed yield could be obtained when the
crop 1is free from moisture stress during seed filling

stage (Kale et al., 1986 and CRIDA, 1991-92).

5.1.3.7 Seed yield

Conservation tillage practices recorded signi-
ficantly higher seed yiéld over control i.e., along the
slope cultivation in all the four seasons (Table 11).
Among the tillage treatments, ridges and furrows‘ in
combination with khus barrier gave significantly higher
seed yield over other treatments in all the four years
with‘ an average of 881.5 kg ha™l. Dead furrows in
combination with khus barrier was the next best treat-
ment with 828.4 kg ha™l. Increase in seed yield due to
ridges and furrows and khus barrier may be attributed

to the reduction in runoff and increase in soil mois-~

ture content due to this treatment. Increase in soil

-
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moisture content has resulted 1in better crop growth
interms of increase in drymatter production and LAI and
also increase in number of spikes and capsules per
_PpPlant and 100-seed weight which ultimately increased
the seed yield. 1Increased crop yields due to higher
soil moisture have been reported b& Rao et al. (1986),

Sharma (1991), Singh and Singh (1992), Patel and Patel

(1993). : >

Formation of dead furrows on contours with
khus barrier was nexf best .in terms of better crop
growth as a result of reduction in runoff and increase
in soil moispure content influencing the plant parame-
ters which wultimately resulted in next best crop
yields. This was followed by sowing on contours with
khus barrier, formation of dead furrows, sowing on
1)

contours and lowest (671.1 kg ha in cultivation

along the slope. The increase in crop yields in the
treatments was in accordance with their effect on soil
moisture content influencing the plant parameters.
Availability of more nutrients and higher nutrient
uptake in the presence of higher soil moisture resul-
ted in better crop growth leading to ﬁigher crop
yields. The reduction in CEC because of more soil loss
(ICRISAT, 1988) in sowing along the slope (control)
could have resulted in lower crop yields. Increase in

crop yields due to formation of dead furrows and ridges

D
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and furrows on contours has been reported by SPCIP (1984),

CRIDA (1985), Uma Devi et al. (1990), AICRPDA (1991-92),

"CRIDA (1992-1993) and Oswal (1994).

5.2 EFFECT OF KHUS BARRIER

5.2.1 Effect of khus barrier on runoff and soil loss

The runoff and soil loss were considerably
reduced in the treatments where khus barrier was included
in combination with conservation tillage.

The‘per cent reduction in runoff (Table 5) was
65.75 (1993-94) and 66.65 (1994?95) in sowing along the
contou; in combination with khus barrier and 56.33 (1993~
94) and 58.33 (1994-95) in sowing along the contour with
dead furrows in combination with khus barrier. Khus dgrass
which formed dense hedge, acted as a barrier and slowed
down the velocity of rainwater. In addition soil was also
deposited within the tillers of the khus. So the khus
barrier together with soil acted as a bund and reduced
runoff. Krishnappa (1989) reported a reduction of 30 per
cent in surface runoff due to khus barrier planted at 1m
vertical interval compared to conventional practice of
graded bunds in red soils. Bharad and Bathkal (1990)
reported an average reduction of 47 per cent in surface
runoff with khus barrier as compared fo cultivation acrgss
the slope without khus barrief in a Vertisol. Reductionvin
runoff with vetiver hedge has also been reported by Rao?g&

al.(1993), Bharadwaj (1994) and Sharma et al.(1994).In the



present study also khus barrier reduced runoff to a

greater extent.

The per cent reduction in soil loss (Table 5)
was 75.52 (1993-94) and 77.01 (1994-95) in sowing along
the contour in combination with khus barrier and 70.15
(1993-94) and 71.39 (1994-95) in sowing along the con-
tour with dead furrows in combination with khus barrier
when compared to their respective treatments without
khus barrier. Khus grass which formed dense hedge acted
as a filter and retained soil particles above the
barrier and thus reduced soil loss. The velocity of
running water was reduced by the dense khus barriér and
hence the carrying capacity was reduced resulting in
deposition of heavier particles above the khus. ‘Bharad
and Bathkal (1990) have reported an average reduction
of 74 per cent in soil loss with khus barrier as com-
pared to cultivation across tﬁe slope without Kkhus
barrier. Reduction in soil loss with khus barrier has

also been reported by Bharadwaj (1994) and Chittarajan

et al. (1994).
5.2.2 Effect of khus barrier on soil moisture

The soil moisture content 2 m above the khus
barrier was higher than the soil moisture 2 m below the
khus barrier in all the three depths, viz., 0-15, 15-3C

and 30-45 cm throughout the crop growth period in all

oD
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the years (Fig.18 to 23). The per cent increase 1in mean
soil moisture content over four years (Table 12) in the
three depths was 10.82 (0-15 cm), 14.70 (15-30 cm) and
11.96 (30-45 cm). Khus barrier prevented surface runoff
~}rom concentrating at one place and acted as water
spreading system. This created greater spatial and
temporal opportunity for infiltration of rainwater
resulting in higher moisture storage in the soil above;
khus barrier. Below the khus barrier, there was greateg
runoff and hence the moisture stored was less. AICRPDA
(1991-92) reported higher soil moisture content of 4.6,
5.6 and 3.95 per cent at 0.5 m abqve vetiver Dbarrier
over 0.5 m below vetiver barrier in 0-15, 15-30 and 30-
60 cm soil depths, respectively. Increase in soil mois-
ture due to khus barrier has also been reported by
Woodhead and Cﬁaudhury (1991) and Subramanian (1991).

The results of the present study also indicated higher

soil moisture content due to khus barrier.
5.2.3 Effect of khus barrier on crop yield

The seed yield of castor was higher above the
khus barrier than below the khus barrier in all the
years (Table 13). fhe per cent increase in seed yield
above ' khus barrier compéred to below khus barrier in

' four years was 16.41 (1991-92), 16.96 (1992-93), 16.62
(1993-94) and 17.98 (1994-95) with an average of 16.99

per cent over four years. Khus barrier which acted as
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water spreading system as discussed earlier increased
soil moisture content above the barrier. Incrcasc crop
yiclds could be attributed to the incrcascd soil mois-
turc status due to khus barrier (AICRPDA, 1991-92).

Availability off morec nutricnts and higher uptake of

nul.rrienls  due Lo development of better root system  in

the presence of higher soil moisture resulted in better
crop growth 1leading to higher seed yield‘ of castor.
Finger millet grain yield was higher by 11.2 per cent
in 3 rows above vetiver barrier on 2 per cent slope

than 3 rows below the barrier (AICRPDA, 1991-92).

Similarly the sced yield of castor in the
conservaticn tillage treatments in combination with
khus barrier was also higher than the treatments
without khus barrier. The average per cent increase in
seed yield was 8.35 and 6.74 in contour sowing and
dead furrows in combination with khus barrier, respec-
tively over their respective treatments without khus
barrier. Increase 1in seed vyield of castor due to
conservation tillage and khus barrier have been repor-
ted by MWP (1987-88 and 1990-91). CRIDA (1991-92) and

Sagare and Meshram (1993) also reported increased crop

yields due to khus barrier.

(]
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5.3 SOIL. WATER BALANCE

Water balance studies are important in kn&wing

the water surplus and deficit periods and designing
\—appropriate water harvesting and moisture conservation
techniques in watershed areas. The conservation tillage
practices adopted in the present study have shown -con-
siderable iqfluence on the soil water balance. Soil-
water deficit was least in the treatment of sowiqg
along the contour with ridges and furrows in combina-
tion with khus barrier in both the years of study
(Table 14 and 15). This was closely follcwed by dead
furrows on contours in combination with khus barrier.
However, when overall water balance was computed consi-
dering all the stages, the soil water was in surplus in
all the treatments in both the years except in sowing
along the slope during 1993-94 which was slightly defi-
cit (-2.94 mm). The surplus soil water was also hig-
hest in ridges and furrows in combination with khus
barrier followed by dead furrows with khus barrier. In
other treatments also the surplus was more than the
control (sowing along the slope). The surplus‘ soil
water in the earlier stages has contributed to overcome
the deficit in later srages in all the conservation
tillage and khus barrier treatments. The ridges and
furrows which have‘shown higher increase in soil mois-

ture content when compared to other treatments resulted




in least deficit. Considerable reduction in runoff due lk?l
to ridges and furrows and dead furrows in combination
with khus barrier which provided more opportunity time
—~for the rainwater to infiltrate has helped in increa-
sing the soil moisture storage which ultimately reflec-
ted on the soil water balance iﬁ those treatments.
Runoff was more in cultivation aléng the slope (con-

trol) and soil moisture storage was less which resulted’

in higher deficit.

Relationship between seed yield of castor and
runoff, a component of soil water balance, was worked
out (equation 1). The equation fevealed significant
negative relationship between seed yield and runoff. It
implies that with increase in runoff, there is redution
in seed yield. When runoff was more, sufficient time
was not available for the rainwater to enter the soil.
So the soil moisture was less which affected crop
growth ultimately leading to reduction in crop yield.
Runoff was considerably reduced in ridges and furrows
and dead furrows in combination with khus barrier which
helped in increasing soil moisture storage. This inturn
resulted in better crpPgrowth leading to higher seed
yield in these treatments. Whereas in cultivation along
the slope, runoff was higher which resulted in lower
soil moisture storége affecting crop growth and ultima-

tely reduced crop yield.



Ben Asher and Warrick (1987), Mallick and
Nagaraja Rao (1988), Thomas (1992) and Klaig and
Vachaud (1992) have reported soil water balance under

varying soil, climatic and crop conditions.
5.4 WATER USE EFFICIENCY (WUE)

Conservation tillage practiées have shown
considerable influence on the WUE. The water use eff%t
ciency was increased by the conservation tillage pra%—
tices when compared to cultiyat;on along the slope
(control)., WUE was highest (20.26) in the treatment
consisting of ridges and furrows.in combination with
khus barrier (Table 16). Dead furrows on contours in
combination with khus barrier were the next best
(19.22). Though there was not much difference in the
water use by the crop in different conservation tillage
treatments, the WUE has incresed in all the conserva-
tion tillage practices over control. In the conserva-
tion tillage treatments sufficient soil moisture was
available and hence the plants were not under stress or
less affected. In cultivation along the slope, the soil
moisture content was less and this might have caused
stress at later stages after full leaf area develop-
ment. At this stage, the transpirational demand is very
high. Since the hoisture supply was inadequaﬁe because
of less moisture storage the crop yield was affected

and WUE was reduced in cultivation along the slope.
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Tomer et al. (1990) have reported higher WUE with

higher soil moisture regime in mustard crop.

Crop water use efficiecy studies under diffe-
rent soil and crop management practices have also been
reported by El-Swaify et al. (1987) and Sharma (1994)
who opined that water stress at critical stage of crop,

affects the yield which ultimately reduces the WUE.
5.5 RAINFALL~-RUNOFF~SOIL LOSS MODELS

The relationship between rainfall and runoff,
rainfall and soil loss and runoff and soil loss was
worked cut using regression techniques for each treat-

ment (Equations 2 to 19).
5.5.1 Rainfall-Runoff

The relationship between rainfall and runoff
was significant in all the treatments (Equations 2 to
7). The relationship was positive indicating increase
in runoff with increase in rainfall. Highest 'r' value
(r=0-.7346) was observed in the treatment, cultivation
along the slope where the runoff was highest (35.14
mm in 1993-94 and 17.98 mm in 1994-95). The 'r' value
decreased in proportion to the reduction in runoff by
the conservation treatments and lowest 'r' wvalue
(r=0.5705) was observed in sowing along the contour

with ridges and furrows and khus barrier where the
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runoff was lowest (4.05 mm in 1993-94 and 1.91 mm in
1994-95). With increase in per cent reduction in
runoff, there was decrease in 'r' value. The average
per cent reduction in runoff was highest (88.93) in the
treatment, sowing along the contour with ridges and

furrows and khus barrier and this treatment recorded

lowest 'r' value. i
5.5.2 Rainfall-Soil loss

The relationship between runoff and soil 1loss
was significant in all the treatments (Equations 8 to
13). The relationship was positive indicating iﬁcrease
in so0il loss with increase in rainfall. Highest soil
loss (2.97 t ha™! in 1993-94 and 1.63 t ha™l in 1994-
95) was recorded in the treatment, cultivation along
the slope. The 'r' value was highest (r=0.6021) in this
treatment where the soil loss was highest. The 'r'
value observed with the treatment, sowing along the
contour + ridges and furrows in combination with khus
barrier was r=0.5854 where the soil loss was lowest
! 1 in 1994-95).

(0.24 t ha t in 1993-94 and 0.12 t ha~

5.5.3 Runoff-soil loss

The relationship between runoff and soil 1loss
was highly significant in all the treatments (Equations

14 to 19). The positive relationship indicates the
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increase in soil loss with increase 1in runoff. Highest

‘runoff was recorded in the treatment, cultivation along

the slope. The so0il 1loss was also highest in this
treatment and 'r' value observed with this treatment

was r=0.9338.

With increase in rainfall, there was increase
in runoff and with increase in runoff the soil 1loss,
also increased. Conservation treatments reduced runoff
and so0il 1loss to a great extent. The reduction in,
runoff and soil loss by the different conservation
treatments reflected on the reduced 'r' values obtained

in the respective treatments.

AICRPDA (1991-92) reported models on rainfall-
runoff, rainfall soil loss and runoff-soil loss under
ridges and furrows, contour + vetiver barrier and
farmer's practice which can be used to predict runoff
and soil loss on the incident rainfall. Chennappa
(1994) developed models for predicting runoff and soil
loss, Virendrakumar and Satyanarayana (1994) developed

models for predicting runoff.

5.6 CONSERVATION PRACTICES AND RAINWATER

HARVESTING

The data on rainwater that could be harvested
under different treatments calculated from the runoff

is presented in Table 17. During 1993-94, the runoff
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Table 17. Effect of conservation tillage on rain water
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causing rainfall was 234.1 mm. The amount of rainwater
that could be collected in the treatment, sowing along
the slope was 3.51 ha cm. This was followed by sowing
along the contour (3.08 ha cm), sowing along the con-
tour with dead furrows (1.64 ha cm), sowing along the
contour with khus barrier (1;06 ha cm), sowing along
the contour.wi£h dead furrows and khus barrier (0.72 ha
cm) and lowest (0.41 ha cm) by the treatment, sowing
along the contour with ridges and furrows and khus
barrier. Same trend was observed during 1994-95. The
runoff causing rainfall was 160.6 mm. The rainwater
that could be harvested (ha cm) in different treatments
was sowing along contour (1.54), sowing along the con-
tour with khus barrier (0.51), sowing along the contour
with dead furrows (0.82), sowing along contour with
dead <#wurrows and khus barrier (0.34), sowing along
contoﬁr with ridges and furrows and khus barrier (0.19)
and sowing along the slope (1.80). The amount of rain-
water that could be harvested depends on the type of
conservation practice adopted which determines the
amount of runoff from the field. In case of cultivation
along the slope, there was more runoff as the water
moved without any obstruction in between 1lines and
hence more rainwater could be harvested. With contour
cultivation, small bund is formed along the plant rows

during intercultural operations which obstructed the

|
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flow of rainwate£ resulting in reduction 1in runoff.
Hence, the rainwater that could be harvested was
reduced. Formation of dead furrows and ridges and
~_f'urrows and presence of khus barrier, further reduced
the runoff as discussed earlier resulting in reduction
in the amount of rainwater that could be harvested.
Thus the quantity of rainwater that could be harvested,
depends on ﬁhe type of conservation praétice adopted;
The reuse of harvested rainwater can be planned ereﬁ—
ding wupon the quantity for supplemental irrigation or
for growing vegetable crops in the post rainy ~season
(CRIDA, 1991-92 and 1992-93). The size of farm pond
can ke determined from the quantity of rainwater that
could be harvested. Seepage and evaporation losses of
harvested rainwater in the ponds also need to be accou-

nted for efficient utilization of the harvested water

(vijayalakshmi, 1983 and CRIDA, 1992-93).

5.7 EFFECT OF CONSERVATION TILLAGE ON ADDITIONAL

MONETARY RETURNS

) The data on additional monetary returns
derived due to different conservation tillage treat-
ments during the years from 1991-92 to 1994-95 are
presented 'in Table 18. It could be noticed from the
table that the treatment, sowing along the contour

with ridges and furrows and khus barrier (T5) has

resulted in highest additional monetary return in all
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the years compared to other treatments. The treatment,

sowing along the contour (Tl) recorded lowest additio-.

nal monetary returns.A The mean additional monetary
return over four years was highest by the treatment,
sowing along the contour with ridges and furrows and
khus barrier with Rs.1319. This was followed by sowing
along the contour with dead furrows'and khus barrier
(Rs.989/-) ‘sowing along the contour with khus barrier
(Rs.747), sowing along the contour with dead furrows
(Rs.662) and sowing along the contour (Rs.365); when
compared to control (sowing along the slope). Patel et
al. (1991) reported additional monetary refurn of
Rs.467 per hectare due to ridges and furrows over flat
bed system with sorghum-pigeonpea intercropping at

Akola.

In conclusion, it can be said that the diffe-
rent conservation tillage practices adopted in this
study viz., dead furrows and ridges and furrows along
with contour cultivation in combination with and
without khus barrier have resulted in reduced runoff
and- soil loss and increaéed the soil moisture content
during the crop growth period leading to ketter crop

growth as indicated by drymatter pfoduction, plant

height, number of spikes and capsules per plant, test
weight and seed yield. Among the treatments, the treat-

ment, ridges and furrows on contours in combination
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with khus barrier has been more effective in reducing
runoff and soil loss and increasing. soil moisture con-
tent, drymatter production, numker of spikes and
capsules per plant, test weight, seed yield, WUE and
additional monetary returns. Dead furréws at 3.6 m
interval on céntours with khus barrier was next best
treatment. Considering the reduction in runoff and soil
loss and increase in crop yield and additional monetary
returns, ridges and furrows on cOntouré with khus bar-
rier at 1 m vertical gradient can be recommended for
shallow Alfisols with a sfbéé of 2.5 per cent under

rainfed conditions.
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CHAPTER VI

SUMMARY

A field exéeriment entitled "Effect of
conservation tillage and vegetative barrier on .runofff
soil moisture and yield of castor on rainfed Alfisol in
a microwatershed" was cénducted in shallo@ Alfisol with
2.5 per cent slope during four kharif seasons from
1991-92 to 1994—95 at Agricultural Research Institute,
Rajendranagar, Hyderabad. The experiment was laid out
in randomised block design with four replications.
There were six treatments viz.; Sowing along the
contour (Tl), sowing along the contour with khus
barrier (Tz), sowing along the contour with dead
furrows (T3), sowiﬁg along the contour with dead
furrows and khus barrier (T4), sowing along the contour
with ridges and furron and khus - barrier (TS), and
sowing along the slope (T6- control). The test crop

was castor. The tillage treatments were imposed at 30

days after sowing.

Soil moisture content in 0-15, 15-30 and 30-45

cm depths was determined at regular intervals throug-
hout the crop growth period after imposition of treat-
ments 30 DAS. Runoff and soil loss were recorded after

every runoff event. Observations on drymatter produc-

tion, LAI, plant height were recorded at 60, 90, and

120 DAS. Data on number of spikes and .capsules per




plant, test weight ~and sced vyield in each treatment
were rcecorded. Soil water balance for each treatment
was computed at different stages of c¢rop growth.
Regression models on the relationship between seed

yield and runoff, rainfall and runoff, rainfall and

soil loss and runoff and soil loss were developed.

Following are the important findings and

conclusions drawn:

1. Runéff and so0il loss were considerably reduced
with conservation tillage. - Highest reduction in
runoff (88.93 per cent) and soil loss (92.30 per
cent) was recorded with sowing on contour with
ridges and furrows in combination with khus
barrier. This was followed by sowing on contour

with dead furrows and khus barrier.

2. Ridges and furrows with khus barrier resulted in
highest soil moisture content throughout the crop
growth period in all the three depths viz., 0-15,
15-30 and 30-45 cm. This was followed by dead

furrows in combination with khus barrier.

3. Drymatter production, LAI and plant height were
highest in ridges and furrows on contours with
khus barrier at 60, 90, and 120 DAS. Dead furrows

with khus barrier were the next best.
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Number of spikes and capsules per plant and test
weight were also highest in ridges and furrows on
contours with khus barrier, closely followed by

dead furrows on contours with khus barrier.

Ridges and furrows on contours in combination
with khus Dbarrier resulted in significantly
higher seed yield over others. The additional
monetary returns were also highest (Rs.1319 per
hectare) in this treatment. Dead furrows on con-
tours with khus barrier was the next best in

respect of yield and additional net returns.

Khus barrier has considerably reduced runoff and
soil loss in combination with contour sowing and

dead furrows on contours.

Soil moisture content above (2 m) khus barrier
was higher than the soil moisture below (2 m)
khus barrier in all the three depths viz., 0-15,

15-30 and 30-45 cm.

Seed yield of castor was also higher (16.99 per

cent) above khus barrier than below khus barrier.

Soil water balance computed for each conservation
tillage indicated lesser water deficit in  ridges

and furrows on contours in combination with khus
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11.

12.

13.

14.

barrier. Dead furrows with khus barrier were

next best.

Seed yield was significantly negatively corre-
lated with runoff indicating reduction in yield
with increase in runoff. A regression egquation

was developed to predict yield from runoff.

Water use efficienty was highest (20.26) in rid-
ges and furrows on contours in combination with
khus barrier followed by dead furrows on contour

with khus barrier.

The relatibnship between rainfall and runoff was
significantly positive in all the treatments. The
'r' wvalue indicated sufficient reduction in
runoff due to conservation tillage. Regression
models were developed for each treatment an this

relationship.

The relationship between rainfall and soil 1loss
was positively significant in all the treatments
indicating increase in soil loss with increase in
rainfall. Regression models were developed on

this relationship for each treatment.

Runoff and soil loss were significantly
positively correlated in all tHe treatments

indicating more soil loss with increased runoff.

14




15.

Regression models were developed for each

treatment on this relationship.

Considering the reduction in runoff and soil
loss, increase in soil moisture content and crop
yield, sowing of castor on contours with ridges
and furrows formed at 30 DAS in combination with
khus  barrier at 1 m vertical gradient is recom-
mended for shallow Alfisols with a slope of 2.5

t

per cent under rainfed conditions.
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