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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 V1Z., sowing along the 
contour (T1 ), sow:ng along the contour with khus 
barrier (T2 ), sow~ng along the contour with dead 
furrows (T3 ), sowlng 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 ~es~ crop 
was castor. The tillage tPeatments were imposed at 30 
days after sowing (DAS). 

Conservation tillage practices have reduced 
runoff and soil loss, increased 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 0-
15, 15-30 and 30-45 ern depths throughout the crop 



growth period was also highest ln 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 cas tor 
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 ~as 
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 rela tionships- -between rainfall, runoff 
and soil loss can be used to predict runoff and soil 
loss on the incident rainfall. Based on the ,'resul ts, 
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 world's cattle population 

(Nair, 1994). With fast increasing human population 

estimated to cross one billion mark by 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'~ 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 abopt 

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 

large proportion of the incraese in food production 

will have to oome 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 is 

rainfed. There are several constraints for crop produc­

tion in these areas. The rainfall is low, inoonsistent 

with long dry spells and high intensity. Most of the 
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drylands are undulating and slopy, 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 unutilised' and 

lost as runoff. Large quantity of soil (upto 40 t ha- l 

-1 yr ) is also lost through erosion (El 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, t~ere is an urgent need to conserve 

rainwater and soil in about 70 lakh ha in Andhra 

Pradesh. 

Construction of earthen bunds at regular 

intervals has been a well established practice for 

oonservation 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 alternate 

measures involving low cost, easily adaptable conserva-

2 



tion technologies need to be worked out. Low cost 

technologies like contour cultivation and conservation 

tillage are some of the practices that could 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 

(MWP, 1990-91). 

In Southern Telangana zone of Andhra Pradesh, 

Alfisols are predominant soi~s-~ These soils have undu­

lating topography 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. Castor is the most important 

commercial crop grown in these soils and the area of 

the crop is increasing every year. In Andhra Pradesh, 

castor is mostly grown in the districts of Nalgonda, 

Medak, Mahaboobnagar, Warangal and Prakasham of which 

the first three districts come under Southern 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 involving conservation 

tillage in combination witq vegetative barriers. 

3 



However, data on the effect of conservation 

tillage practices like contour cultivation, dead 

furrows and ridges and furrows in combination with 

vegetative barrier in reducing runoff and soil loss, 

increasing soil moisture content and crop yields is 

very meagre. This type of information will be very 

useful in planning the watershed programme in drylana 

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 like dead 

furrows and ridges and furrows in combination with and 

without khus (vetiver) barrier with the following spe­

cific objectives. 

1. 

2. 

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. 

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. 

4 
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! . To evaluate· the effect of khus barrier in 

reducing runoff, soil loss and increasing soil 

moisture content and yield of castor. 

I. To quantify the hydrological components under 

rliffercnt trcntmcnts. 

I. To estimate the rainwater that could be harve-

sted under different conservation practices. 

To develop models for predicting runoff and 
~ 

soil loss under different coriservation tillage 

practices and khus barrier. 
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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 

effeet of vegetative barriers on reducing runoff and 

increasing the yield of 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 and 

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 loss 

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 rates. The amount of runoff however, 

depends on soil type, land slope and amount and 

6 



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 et 

al., 1993; and Vangani, 1994) under different manage­

ment practices. Based on the hydrological studies 

conducted at ICRISAT, Hyderabad on the traditional 

farming systems, El-Swaify et ale (1987) reported that 

on an average, 26 per cent of the total rainfall po~en­

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 
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Maheswararn watershed area, runoff with contour sowing 

was 15.2 and 1.8 rnrn when compared to that of 17.4 and 

2.0 rnrn in 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' rnrn' and 5.90 t 

-1 ha in farmers' practice to 198 mm and 4.93 t 
-1 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- l in control plots (AICRPDA, 1989-

90). 

Contour cultivation in Vertisols at Sholapur 

recorded lower runoff and soiY loss by 9.5 per cent of 

rainfall and 0.55 t ha- l compared to that of 29.9 per 

-1 
cent of rainfall and 0.99 t ha ,respectively in flat 

bed culti~ation (AICRPDA, 19S9-90). 

-
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). 

8 



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, f6rmation of furrows at 1.50 m 

after broadbeds in 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 ridging later recorded a 

runoff of 265. 35mm compared to that of 307. 27mm fr'om 

wi t-)lou t: 1'1 r19 i 119 i 11 7\] f i sol s wi til sorghum-pigeonpea 

intercropping in small watersheds at Hyderabad. The 

reduction in runoff due to ridging was 13.~4 per cent 

(7\ICHPDA, 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 
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29 mm from 64.5 mm recorded with sowing along the slope 

(M\'1P, 1989-90"). 

l\t Bhubaneswar, formation of ridges and 

furrows in ted soil under cowpea crop, reduced runoff 

and 

over 

soil loss by 25.8 and 43.4 per cent, respectively 

209 mm and 5.9 t ha- l with farmer$' practice 

(l\ICRPOl\, 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) 

available soil moisture contentuptd50 cm depth compared 

to 1.30 cm with sowing along the slope. (MWP I 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 OAS 

and 0.19 and 0.32 cm at harvest of sorghum when sowing 

was done along the ~lope and on contours, respectlvely 

_(MWP,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 
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finger millet was sown on contours compared to local 

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

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 furro'ws -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 cm depths, 

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

11 
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Uma Devi et ale (1991) studied the effect of 

differertt 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 soil moisture content compared to flat bed 

cultivation. The mean soil moisture content was higher 

in dead furrows by 74.9 and 47.L per cent in 0-15 and 

15-30 cm depths, respectively over flat bed. 

Reddy et ale (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 Alfisol$ increased the soil moisture content 

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

In Chickpea-safflower inter-croppirig sown on 

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



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 Contour cultivation 

In Vertisols at Chevella, Hyderabad contour 

cultivation increased seed yield of sunflower by 14.6 

per cent over 1.23 t ha- l obtained with farmers' 

practice of sowing along the slope {CRIDA, 1987). 

In red sandy loam 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 

slope cultivation which 

(AICRPDA,1989-90). 

per cent over along the 

-1 recorded 8.5 q ha 

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). 
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In vertisols of Indore, where mean annual 

rainfall was 990 mm, contour cultivation proved to be 

b~tter compared to farmers' practice. The fodder yield 

of sorghum increased to 365 q ha- l with contour 

cultivation from 305 q ha- l obtained by farmers' 

practice (CRIDA, 1992-93). 

2.1.3.2 Dead furrows 

In a red loamy soil at Anantapur, formation of 

dead furrows at 2.4 m interval recorded 9.8 per dent 

higher yield of groundnut over control (AICRPDA, 197,9). 

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 

1.4 



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

92) . 

Among the in ~ 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 

-1 pod yield of groundnut (6.25 q ha ) compared to 5.8 q 

-1 ha obtained by farmers' practice (CRIDA, 1992-93). 

2.1.3.3 Ridges and furrows 

In red chalka soils at Hyderabad, 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 ale (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 

~~oils at Rajendranagar, increased castor (Var. Aruna) 

yi~ld by 
-1 

52.6 per cent over 6.63 q ha in flat bed 

cultivation (SPCIP, 1984). 

In shallow Alfisols, sowing of sorghum and 

pigeonpea inter-cropping (2:1) on flat grade and 
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ridging later, increased the yield of both the crops. 

On farm rainwater management was found to be more 

ben~ficial to longer duration pigeonpea (eRr"DA, 1985). 

Sharma (1986) reported that flat sowing on 

grade and ridging later in red chalka soil showed an 

increase in castor seed yield by 21.8 per cent over 

flat sowing on grade without ridging (4.6 q ha- l ). 

Formation of ridges and furrows in the contour 

sown crop increased castor seed yield 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 q -1 ha . 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 

increasing soil depth. He reported higher yields of 

pearl millet and mustard by 39.1 and 79.1 per cent, 

respectively in low rainfall region at Hissar with 

ridge-furrow system over flat sown crop. 
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2.2 VECE'j'J\'j'lVE BI\H'UEH 

Several plnnt species like Leucaena 

- lCUcoccphlllll, Pennisitum ohinikere, Vetiveria 

zizanioides, Panicum repens, Sacha rum 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 

CRIDl\, 1991-92). 

From 1985, the world bank has been promoting 

the usc of vetiver grass or khus (Vetiveria zizanioides 

L.) as a plant species which is 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 minimise::; 

surface runoff from concentrating and ~reate greater 

spatial and temporal opportunity for infiltration 

(Smyle and Magrath, 1990). 

The effect of vegetative barrier (vetiver 

barr~er) on runoff, soil loss, soil moisture and crop 

yield is reviewed below. 

] 
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2.2.1 Effect of khus barrier on runoff and soil loss 

On slopes under 5 per cent, contour barriers 

of khus, planted at 1m 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 reported an average reduction of 24 and 54 

per cent in surface runoff and soil loss, respectively, 

with khus barrier compared to ~eucaena spp. barrier. 

Bharad and Bathkal (1990) also reported 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 barrier coupled with contour cultiva­

tion resulted in minimum soil loss (0.07 q ha- l ) 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-l yr- l from 133 mm and 6.04 t 

~ba-l yr-l in control plots, respectively (AICRPDA, 

1989-90) • 

Experiments conducted in Maheshwaram ~atershed 

area recorded an average reduction in runoff by 29.5 

and 55.2 per cent due to khus barrier on contours and 
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khus barrier on contours with ridges and furrows, 

respectively over sowing along the slope (MWP, 1989-

2_0) • 

Bharad and Bathkal (1991a) 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 vetiver 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 l33.9mm and 11.4 t ha- l , 

in across slope cultivation. 

observed 

Experiments conducted at CRIDA research 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 c.aused 8 runoff events (CRIDA, 

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

J9 



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_1' as against 986, 914 and 614 kg ha_1 , 

,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/deposi tion at two contour vegetative veti ver hedges 

showed that over 6 years 1 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 veti ver as soil and water conservation 

measure. 

2.2.2 Effect of khus barrier on soil moisture 

Khus (Veti ver) hedges stop surface runoff from 

concentrating and create greater spatial and temporal 

opportunity for infiltration. As the major effect of 

runoff on productivity is due to the . reduction in plant 

available water, this function of vetiver hedge-rows is 

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 



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 depth by 39 per cent over 

control with sorghum as test crop. 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 30-4Scm depths, 

respectively over control (AICRPDA, 1989-90). 

Woodhead ~nd Chaudhury (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) reported 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 crop yields with vetiver barriers. 

Vegetative barrier with vetiver increased sorghum grain 

yield (45.1 q ha- l ) at Akola as compared to control 

(31.5 q 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- l ) at Kovilapatti. At Bangalore, 

vetiver as vegetative barrier at 12 m distance 

increftsed 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 
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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 q 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 contour hedgerows 

of vetiver grass showed an average yield increase of 6 

and 26 per cent higher with tfie ~etiver hedgerows over 

graded banks and across slope cult~vation, 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 

. 2 
(0.1 m) over no bund /barrier treatment in the 

experiments conducted at CRIDA Research farm, Hyderabad 

(CRIDA, 1991-92). 

Woodhead and ~haudhury (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; 
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Bharad and Bathkal (199lb) reported an average 

increase of 28.5 per cent in mean productivity of crops 

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

pearl millet-safflower (1988-89) and pearl millet 

(1989-90) with contour cultivation along vetiver hedge­

-1 
rows over across slope cultivation (15.23 q ha ). 

In the studies on performance of vegetative 

barriers vs. earthen bunds on the yield of ragi and 
'. 

groundnut crops in Alfisols wrth~mean annual rainfall 

of 806 mm at Bangalore, it was observed that khus live 

bund at 0.5 m vertical interval in between' earthen 

bunds at 1 m vertical interval was superior to bund 

alone at 1 m vertical interval (CP.Ii)A I 1992-1993). 

Sagare and Meshr~m (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 ~eturn 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 

com~s 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 runoff from D.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 is to be used. The reuse of harvested water can 

be planned depe~ding upon the quantity ot water for 

Huppl.elllC'ntul 1rr..i.l)<1tlon or. lJr.ow.ing of vegetables crops 

in post rainy season. Seepage and evaporation losses 

need to be accounted for efficient utilization of 

harvested water (Vijayalakshmi, 1983 and CRIDA, 1991-

92) . Work on rainwater harvesting and its utilization 

has been reported by LalJan Rai et aI, (1989.). Singh et ala 

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

and lIegde (1994) and Katyal and Das (1994). 
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2.4 FIELD WATER BALANCE 

Field water balance studies of cropped lands 

are useful in knowing the water surplus and deficiency 

periods and designing appropriate water harvesting and 

moisture conservation techniques. The water balance of 

a soil in a given period can be expressed as the. 

difference between the input (precipitation and 

irrigation, if any) and output (runoff~ evapotranspi­

ration and deep percolation). __ 

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 Klaij 

and Vachaud, 1992). 

Patro and Misra (1985) determined in situ 

daily water balance for important crops viz., rice, 

ragi, black gram and ground nut during two five-day long 

dry spells coinciding with eariy vegetative and repro­

ductiye 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. 

28 



{' 7 I!, 

At Indore, seasonal water balance of 504, 108, 

80.2, 45.2 and -14.44 rom 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 HissaD 

was reported to be 174,185,-7, 24, 22, 0, 172 and 798 

mm as initial soil moisture content in root zone, 

rainfall, change in profile-soil moisture, internal 

drainage, capillary contribution, runoff, evapotranspi-

ration and pan evaporation, respectively during the 

crop growth period (AICRPDA, 1991-92). 

Adhikari et ale (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 

.tr!."."." 

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. 



2.5 FIELD WATER BALANCE MODELS 

Field water balance models are based either on 

deterministic, stochastic or emperical approaches. The 

pure deterministic models can not estimate runoff 

adequately a,s 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 loss, soil moisture status and other 

components of field water balance (Victer et al., 1988; 

Robinson and Hubbard, 1990; Singh et al., 1993; Gupta 

et 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 rom per day resulted in 

surface runoff. Further, runoff was observed when the 

previous day received rainfall of 10 rom or more. The 

following model was assumed. 

f) 8 r:_ 



R = - 20 d 

i ~ 1 
- 5 d + r. 

1. 
Where r. >--·10 mm 
r. + 1 ~ 5 mm 

1. 

r. 
1. 

is Where R is runoff, "d" is rainy day, 

. til the rtlinftlll on 1. dtly. 

Boers et ale (1986) developed a linear regres-

sion model combined with a soil water balance model to 

design microcatchments for water harvesting in arid 

zones. Available rainfall and evaporation data were 

supplemented with soil physica-l aata 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 for extre:mely 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 

2 2 m and runoff area between 40 and 80 m . 

Water requirement satisfaction index (WRSI) 

developed by Frere and Popov (1979) was· used to 

quantify crop yield under rainfed conditions at Jodhpur 
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(CRIDA, 1987). The relationship between WRSI at the 

end of the growing season (x) and yield (y) of pearl 

mj.llet cv. BJ-I04 at Jodhpur (1971-1985) was reported 

as 

Y = exp (-15.721 + 4.173 In 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 WRSI was 100. 

Engelhardt (1987) designed a discrete stochas­

tic linear programming model (DSLP) based on a field 

survey in a watershed near Hyderabad. He coKbined 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 ~lfisols. The effect of changes in seeding dates 
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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 rain~all 

that infiltrates and the part that runs off. The 'model 

was tested with data from rCRISAT and there was an 

excellent agreement between computed and observed 

runoff events. There were 12 runoff producing storms 

and the objective function (R2) 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 cowpea field at Bhubaneswar 

(AICRPDA, 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 - soil loss 

1) A = -0.0554+0.0072R 

r = 0.9155 

2) A = -0.511 +0.0059R 

r = 0.9692 

3) A = -0.1346+0.0l39R 

r = 0.9581 

Rainfall - Runoff 

Q = -1.6762 + O.2967R 

r = 0.9909 

Runoff - soil loss 

A-= -0.022 + 0.02460Q 

r = 09254 

Q = -0.7021 +0.258R 

r = 0.9364 

Runoff - soil loss 

A = -0.0399 + 0.02l7Q 

r = 0.9845 

Q = -1.818 +0.395R 

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 ale (1993) developed two equations 

for rainfall-runoff relationships at G.R. Halli water-

shed, Karnataka . 

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

and 

Y = 472 - 65.86 X + 2.05 x2 for 21.4 < X < SO mm 
and API < 25 . . . . .. (2) 
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Where x = Daily rainfall in mm 

Y = Runoff in mrn 

API = Antecedent precipitation index 

The threshold value for rainfall to cause 

runoff is 14 rnm and 22 mrn, respectively for equations 1 

and 2. 

The· foregoing review reveals that not much 

work was done on the influence of conservation tillage 

practices and vegetative barrie~s in reducing runoff 

and soil loss and increasing soil moisture and crop 

yield with special reference to castor in watersheds. 
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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, soil moisture and yield of castor on rainfed 

Alfisol in a microwatershed" are described ,in 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 770 55' E Longitude and 180 59' N 

Lattitude. The experiment was conducted in the upper 

region of the microwatershed. The slope of the land 

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 



in Appendi.ces I to IV. The data on rainfall and evapo-

ratLon ,11:" illustrated in Figs. 1 to 4. A totul ruin-

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 days (1994-95) was 

recorded during the growth period of castor. The highest 

wrrk ly r110.111 II1.1X,i mum tempera tqres recorded were 

o 32.9, 31.9, 33.6 and 31.9 C and the 10\~"est weekly inean 

minimum temperatures were 8.8, 8.ff, 8.7 and 7.8 0 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. 

. -3 . 
cm In 

The bulk density was 1.70. , 1.73. 

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

and 1.79 9 

respectively. 

The moisture retained (%w/w) at 0.01 M Pa and 1.5 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 

~ PHYS1CAL ANALYSIS: 

1. Mechanical analysis 

Sand % 
Silt % 
Clay % 

2. Gravel per cent 

0-15 

SO.25 
9.75 

10.00 

25. CD 

DEPTH (em) 

15-30 

73.40 
11.00 
15.60 

33.00 

30-45 

64.9 
17.0 
18.1 

42.0 

3. Textural class Gravelly Gravelly Gravelly 
Sandy Loam Sandy Loam ·loam 

-3 
4. Sulk density g cm 1.70 1.73: 1.79: 

5. Moisture retained 
at (% w/w) 

0.01 M Pa 
1.5 M Pa 

6. Hydraulic con~~c­
tivity (em hr ) 

CHEMICAL ANALYSIS : 

16.S0 
3.50 

6.6 

1. Soil reaction (pH) 7.2 
1:2 soil, water sus­
pension 

2. Electrical_~onduct- 0.1 
ivity (dSm ) 

3. Organic carbon (%) 0.44' 

4. Avail~91e ni trogen 244 
... ,~kg ha 

5. Avail~~le phosphorus 78.8 
kg ha 

6. Avail~9le potassium 145.6 
kg ha . 

18.25 
3.90 

6.2 

7.2 

0.17 

0.28" 

432 

32.1 

177 .0 

18.30 
4.20 

6.0 

7.2 

0.14 

0.33:· 

383 

14.0 

177.0 

Methods followed 

International Pipette 
method (Day, 1965) 

USDA Soil Survey Staff 
(1975) 

Core method (Bleke, 1965) 

Pressure Plate Apparatus 
(Richards, 1965) 

Constant Head Method 
(Klute, 1965) 

Glass electrode pH meter 
(Jacks on, 1967) 

Conductivity bridge 
(Richards,1954) 

Walkley and Black (1934) 

Alkaline permanganate 
method (Subbiah & Asija, 
1956) 

Ascorbic acid method 
(Watanabe &: Olsen, 1965) 

Flame photometer 
(Muhr et a1., 1963) 

-------------------------------------------------------------------------------------
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soil was low ~n organic carbon content. Available 

nitrogen and potassium contents were low in 0-15 em 

depth and medium in 15-30 and 30-45 em depths. 

Available phosphorus was high in 0-15 em, medium in 15-

30 cm and low in 30-45 em depths. The taxonomical 

classification of soil is as follows: 

Order Alfisol 

Sub-order Ustalfs 

Family Coarse loamy mixed isohyperthermic 

udic Rhodustalfs 

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 vari~ty PCS-4 was sown. In 

the succeeding 3 years castor variety Aruna was taken up. 

-3.4.3 Experimental details 

3..4 .3.1 Treatments 

T1 Sowing a~ong the contour 

T2 Sowing along the contour with khus barrier 



Sowing along the contour with dead furrows 

Sowing along the contour with dead furrows 

and khus barrier 

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. Thr~e 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 T6. 

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 laid out in randomised block 

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

above the lower end of the plots where the treatment 

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

3.4.3.4 Plot Si~e 

3.4.3.5 Spacing 

3.4.3.6 Fertilizers 

35 m x 6 m 

90 cm x 20 cm 
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Plate 1 Dead furrows i n castor 

Plate 2 Ridges and furrows in castor 



6,." 
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; 
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Ib 

TreQtments: 

_)' Main road Rnjenriranagar 

Tl ~ Sowins Rlo~g contour T4 - Contour + Dead furrows + khus 
T2 - Contour + khus T5 Contour + Ridges & Furrows + khus 
T3 - Contour + deact furrows T6 Sowing along slppe 

Plot size: 35 m x 6 m 

Fig. 5 LAYOUT PLAN OF THE EXPERIMENT 



-

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 Soil moisture content" 

Soil samples were collect"ed 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) 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. 
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Table .2~ Dates of s6wing and harvest of castor. .J 

I 
I 

-------------------------------------------------------
Date Dates of Picking 

Season of sowing 1st 2nd 3rd 
-----------~--------------------------------~----------

1991-92 

1992-93 

1993-94 

1994-95 

22-6-91 

17-7-92 

04-07-93 

08-07-94 

06-10-91 

21-10-92 

25-10-93 

25-10-94 

15-11-91 

30-11-92 

29-11-93 

09--12-94 

05-12-91 

31-12-92 

27-12-93 

31-12-94 

--------------------------------------------~-----------
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ws = w x 1 x BD where, 

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_3 and W is per c1ent 

gravimetric soil moisture content. 

3.5.1.3 Runoff 

Trapezoidal shaped troughs (Fig. 6) of 2.5 m 

length fabricated with G.l. metal ~heet were fixed at the 

end of each plot in order to collect runoff with eroded 

soil. I Five outlets were provided on the lower sidewall at 

50 cm distance from the centre and 20 cm high from the 

bottom of the trough. The 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 soil loss, the runoff water 

collected in the trough and drum were thoroughly mixed and 

5 litre samples were collected from each treatmE?nt 
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DRUM 

TROUGH - SIDE VIEW 

TROUGH-OVERvrEH 

TROUGI.p·LATERAL VIEH 

FIG. ~. RUNOFF AND SOIL LOSS 
MEASURING SYSTEM 
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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 settled, the supernatant water was 

decanted without loss of soil. The soil remained at 

the bottom quantitatively of the 
" 

buckets was 

transferred to 1 litre capacity beakers and dried on a 

hot plate. Dry weight of the soil was expressed as t 

-1 ha . 

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 ale (1986). 

Where, 6 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 usi!~g potential evapotranspiration and crop 

coefficient values from the equation 

AET = Kc x PET 
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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 J 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 is 

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 

6S oC till constant weight was attained. The dry matter 

-1 was expressed in kg ha . 

3.5.2.2 Leaf area index (LAI) 

Leaf area was estimated from the same plants 

__ collected for estimation of drymatter pro~uction at 60, 

90 and 120 DAS using leaf area meter model CI-203. The 

leaf area index was calculated from the total leaf area 

of the plants for unit cropped area. 
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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 

Number of spikes were coqnted on ~he 10' tagged ! 

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 wer~ 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 m x 4 m 

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

-1 
was recorded separately in kg ha . 

ANGRAU 
Central Library 

Hyderabad . 

\111\ I 1\\\11\\\\1\\\\11 \ \ 'Il 
D04925 



3.5.2.7 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 effi6iency was calculated taking 

average seed yield in kg per hectare and water used 

(cm) during the crop growth-in all the treatments 

-1 -1 separately and expressed in kg ha cm It was 

calculated as given below. 

Seed yield in kg ha- l 

WUE = 
Water use in 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 statistic~l analysis by following standard 

methods (Panse and Sukha~me, 1978) with the help of 

computer (Model Micro System, 11001). 
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CHAPTER IV 

RESULTS 

The effect of conservation tillage practices 

in combination with 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 wtth 

castor as test crop in the microwatershed at 

Agricultural Research Inst~tute farm, Rajendranagar. 

The results obtained are presented in this chapter. 

4.1 CONSERVATION TILLAGE 

4.1.1 Effect of. conservation tillage on runoff and 

soil loss 

The data on runoff and soil loss were recorded 

during the yearS1993-94 and 1994-95 and are presented 

in Table 3. During 1993-94, one abnormal storm event 

has been deleted and 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 slo~e (T6 ). 

The treatment, sowing along the contour with ridges and 

furrows and khus barrier (T5 ) recorded the lowest 

runoff of 4.05 mm. The runoff recorded in other treat­

ments was 30.80 mm in sowing along the contour, 10.55 
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mm in sowing along the contour with khus barrier, 16.44 

mm in sowing along the contour with dead furrows and 

7.18 nuT. 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 contouli, 
I 

4.51 in sowing along the contoUl: with khus barrie'r, 

7.02 in sowing along the contour with dead furrows, 

3.07 in sowing along the conto.ur 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 slope. 

The per cent reduction in runoff due to 

different conservation tillase practices compared to 

control (sowing along the slope) is given in Tacle 5. 

Sowing along the contour with ridges and furrows and 

khus barrier (TS) resulted in highest reduction of 

88.47 per cent in runoff compared,to sowing alcng the 

slope. This was followed by sowing along the contour 

with 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 

recorced in the treatment, sowing along the contour 
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Fig. 8. Effect of conservation tillage 
on soil loss (kharif 1993-94) 
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Di';l! 

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 ioil 

loss of 2.966 t ha-l . It was lowest (0.244 t ha-l ) in 

sowing along the contour with ridges and furrows and 
. -1 

khus barrier. The soil loss (t ha ) recorded in other 

conservation tillage practices was 2.541 (sowing alon'g 

the contour), 0.622 (sowing along the cor.tour + khus 

barrir), 1.206 (sowing along the contour + dead 

furrows) and 0.360 (sowir.g along the contour + dead 

furrows and khus barrier). 

The per cent reduction i.n total soil loss due 

to different conservation tillage practices 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 contour with ridges and 

furrows ar.d khus barrier (T5 ). This was follo~ed 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 

:t:er cent) was recorded in the treatment of sowing along 

the contour. 

The data on 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 
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deleted because of heavy storms resulting in over flow 

and the data on eight runoff eve~ts were considered. 

The total runoff causing rainfall of these eight events 

was 160.6 rom. Highest runoff of 17.98 mm was recorded 

in the treatment, sowing alo&g ~he slope (T6 ). The 

treatment, sowing along the contour with ridges and 

furrows and khu·s barrier (T5 ) 
I 

recorded the lowest 
I 

I 

runoff of 1.91 rom. The runoff (rom) recorded in other 

treatments was 15.41 in sowi~g along the contour, 5.14 

in sowing along the contour + khus barrier, 8.16 in 

sowing along the contour + dead furrows and 3.40 mm in 

sowing along the contour + dead furrows and khus 

barrier. The runoff as per cent of rainwater under 

different conservation practices is illustrated in 

Fig.9. It was 9.60 in sowing along the contour, 3.20 

in sowing along the contour + khus barrier, 5.08 in 

sowing along the contour + dead furrows, 2.18 in sewing 

along the contour + deac furrows and khus barrier, 1.19 

in sowi&g along the contour + ridges and furrows and 

khus barrier and 11.20 in sowing along the slope. 

The per cent reducticm 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 recorced highest reduction of 89.38 per cent in 

runoff over control (sowing along the slope). This was 
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followed by sowing along the contour with dead furrows 

and khus barrier (81.,09 per cent), sowing along the 

contour 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 contour. 

The data on soil loss during 1994-95 is 

presented in Table 4 and illustrated in Fig.lO. Maximum 

cumulative soil loss of 1.632 t ha-1 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 ar.d khus barrier 

(T
5

). The 'soil loss (t ha-1 ) recorded in other treat­

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 recuction in total soil loss 

during 1994-95 due to different conservation tillage 

practices over control (sowing along the slope) is 

given in Table 5. The treatment, sowing along theJ 

contour with ridges and furrows and khus barrier (T I) 
5 

recorded highest reduction of 92.77 per cent in soil 

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

81 



followed by sowing along the contour with dead furrows 

and khus barrier (88~60 per cent), sowing along the 

90ntour with kh~s barrier (80.39 per cent), sowing 

along the contcur with dead furrows (60.17 per cent) 

and the least reduction (14~71 per cent) was recorded 

in the treatment, sowing along the contour. 

4.1.2 Effect of conservation tillage on 

moisture content 

The year-wise results on the effect 

soil 
{ 

of 

conservation tillage practices and.khus barrier on soil 

moisture content during the growth period of castor for 

four kharif seasons are given in APFendices V to VIII 

and illustrated in Fig. 11 to 16. The ~igures indicated 

tr.at highest soil ~oisture was recorded with sowing on 

contours with ridges and furrows and khus barrier 

throughout the crop growth period curing 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 (T2 ), sowing along the 

contour with dead furrows (T3 ) and Eowing along the 

contour (Tl ) and lowest was with sowing along the 

slope (T
6

). 

The data on mean soil moisture cohtent under 

different treatments during crop growth period in 

G2 
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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 sowing along the contour with ridges and 

furrows and khus barrier (T5 ) .. This was followed by 

the treatments, sowing along the contour with de?d 

furrows and khus barrier (4.07, 5.47 and 6.72 per 

cent), sowing along the contour with khus barrier 

(3.75, 5.16 and 6.32 per cent), sowing along the 

contour with dead furrows (3.68, 5.07 and 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, 

respectively. 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 sowing along the contour + Jead 

furrows, 20.06 with sowing along 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 

sowir.g 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 khus barrier and 

30.34 with sowing along the contour + ridges and 

furrows and khus barrier in 30-45 cm depths. The 

average increase (ter cent) upto 45· cm depth in 

different treatments over control (sowing along th~ 

slope) was 3.71 (1.40 rnrn) with sowing along the 

contour, 12.50 (4.52 rnrn) with sowing along the contour 

, + khus barrier, 10.79 (3.95 rnrn) with sowing along the 

contour + dead furrows, 20.31 (7.22 rnrn) with sowing 

along the contour + dead furrows and khus barrier and 

29.03 (10.32 rnrr.) with sowing along the contour + ridges 

and furrows and khus barrier. 

The data on mean soil moisture content in 

differe nt depths as influe r.·ced by conservation prac­

tices during kharif, 1992-93 is presented in Table 6. 

T.be treatment, sowing along the contour with ridges and 

furrows and khus barrie,r (T 5) recorded highest soil 

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 Eowing 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 and 

8.67 per cent), sc.\';ing along the contour with de ad 
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furrows (5.31, 6.46 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 increase 

in mean soil moisture content in different treatments 

over control (sowing along the slope) was 5.42 (sowing 

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 khus barrier) and 34.88 (sowing along 

the contour with ridges and furrows apd khus barrier) 

in 0-15 cm; 4.73 (sowing along the contour), 10.47 

(sowing alon~ 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 6.79 

(sowing along the contour), 13.19 (sowing along the 

contour with khus barrier), 9.79 (sowing 

contour with dead furrows), 23.24 (sowing 

along the 

along the 

contour with dead furrows and khus barrier) and 32.11 

(sowing along the conto~r with ridges and furrows and 

khus barrier) in 30-45 em depths. The average per cent 

increase upto 45 cm depth in different treatments over 
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control (sowing along the slope) was 5.65 (2.25 mm) 

with sowing along the contour, 11.71 (5.19 mrn) with 

sowing along the contour + khu~ barrier, 9.84 (4.18 rnm) 

with sowing along- the contour + dead furrows, 21.49 

(9.94 rom) with sowing along the contour + dead furrows 

and khus barrier and 34.88 (16.29 mm) with sowing along 

the contour + ridges and furrows and khus barrier . 

. 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 along 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 ane 9.22 per cent in 0-15, 15-30 

and 30-45 cm depths, respectively was observed in the 

treatment, sowing along the slope. The average fer 

cent increase upto 45 cm depth in different treatments 

over co~trol (sowing along the slope) was 4.31 (2.57 
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rnm) with sowing along the contour, 9.83 (5.78 rnm) with 

sowing along the contour + khus 0arrier, 8.66 (5.16 mm) 

with sowing along the contour + dead furrows, 15.80 

(9.75 rnm) with sowing along the contour + dead furrows 

and khus barrier and 24.20 (14.71 rnm) with sowing along 

the contou~·+ ridges and furrows and khus barrier. 

Similar trend was observed during the year 

1994-95 (Table 6). The average per cent increase upto 

45 cm depth in different treatments over control 

(sowing along the slope) was 4.14 (2.76 rnm) with 

sowing along the contour,· 11.·14 (7.46 rom) with sowing 
: ~ -

along the contour + khus barrier, 10.07 (6.78 rnm) with 

sowing along the contour + dead furrows, 20.16 (13.43 

rom) with sowing along the contour + dead furrows and 

khus barrier and 26.16 (17.39 rom) with sowing along 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 1991-92 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-1 at 60, 
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-
90 and 120 DAS, respectively was recorded in the treat-

ment I 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, -1 1085.59 ar.d 2067.50 kg ha ), sowing 

along the contour with dead furrows (379.52, 986.90 and 

1965.13 -1 kg ha ), sowing along the contour with khus 

barrier (372.44, 978.68 and 1884.29 kg ha- l ), sowipg 
/ 

-\1 clong the contour (359.19, 896.44 and 1645.96 kg ha ) 

and lowest of 338.86, 822.42 and 1489.56 kS 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, respectiv~ly. 

4.1.3.2 Effect of conservation tillage on leaf 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. 

Conservation tillage practices have considerably 

influenced LAI at 60, 90 and 120 DAS. 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 
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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 ~he contour + dead 

furrows with 0.84, 1.36 and 2.26, sowing along the 

contour + khus barrier with 0.84,' 1.34 and 2.23, sowing 

along the contour with 0.83, 1.22 and 2.19 and Bowing 

along the slope with 0.80, 1.18 a~d 2.14 at 60, 90 and 

120 DAS, respectively. 

During the years 1993-~4 and 1994-95 also 

treatmental effect was found tc te 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-

95 are presented in Table 9. Conservation tillage 

practices have considerably increased the plant height. 

During the year 1992-93, maximum plant teight of 75.50, 

105.70 and 120.40 cm at 60, 90 and 120 DAS, 

respectively was observed in the treatn~nt, sowing 

along the contour with ridges and furrows and khus 

barrier. This was followed 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 

78 



I I I I 7~) 
I I U) 0 0 0 0 0 0 I 0'1 " I 
I I <: N \0 N (V) N ...-i I l{') " I 
I I Cl I I 
I I 0 l{') \0 0 H 00 I 0 H I 
I I 0 .-< ...-i .-{ N (V) 0 I I 
I I N ...-i ...-i ...-i ...-i ...-i rl I I 
I I ...-i I I 
I I I r-.. I 
I I 0 0 0 0 0 0 I 0'1 I 
I I U) (V) ~ 0'1 ~ """ 

...-i I l{') " I 
I I <: I I 
I I Cl 0 (V) C"') (V) 0 0'1 I 0 H I 
I l{') I 0'1 0'1 0'1 0 ...-i 00 I I 
I 0'1 I 0 ...-i rl I I 
I I I 0'1 I I 
I ~ I I I .c I 0'1 I 0 0 0 0 0 0 I l{') \0 I 

.j,J I 0'1 I U) N \0 N \0 ~ ... , I l{') \0 I 
~ ...-i I <: I 
0 I Cl 00 0'1 0 ~ " " ' I 0 H 
1-1 I \0 \0 " " " \0 I 
bO I 0 I 

I \0 I 
a. I I 
0 I U) 0 0 0 0 0 0 , (V) 0 
1-1 I <: 00 """ 

C"') N " """ 
l{') \0 

() I Cl 
I " N """ ...-i 0'1 C"') 0 ...-i 

~ I 0 0 rl ...-i N N 0 
0 I N ...-t ...-i ...-t ...-t ...-i M 

I M 
C/) I 
Cl) I 0 0 0 0 0 0 l{') l{') 

bO I ...-t 0 00 00 N 0'1 l{') \0 
CO I U) 

.j,J I <: 0'1 rl rl 0'1 \0 " 0 M 
C/) I Cl 00 0'1 0'1 0'\ 0 00 

~ I .-i 
C/) 0'1 I 0 
::l I I 0'1 
0 (V) I ..... 0'1 I 0 0 0 0 0 0 00 l{') 
1-1 0'1 U) 

""" """ 
M """ \0 0 (V) M 

CO ...-i <: 
> Cl l{') \0 " M ~ l{') 0 ...-i 

\0 \0 \0 " " \0 
"-' 0 
CO \0 

........ 0 0 0 0 0 0 (V) 0 
E U) (V) N \0 ...-i ..;;t (V) l{') \0 
() <: 
'-' Cl l{') 0'1. 0'1 ..;;t 0 M 0 ...-i 

0 0 0 .-{ N 0 
.j,J 0 .-< M M M rl M 
.c N 
bO M ..... 
Cl) (V) 0 0 0 0 0 0 " (V) 
.c 0'1 U) 0'1 """ 

C"') (V) " N (V) M 
I <: 

"-' N Cl 0'1 H N 0 l{') 00 0 .-{ 

!=:: 0'1 00 0'1 0'1 0 0 00 
CO 0'1 0 ...-i H 

...-t M 0'1 a. 
0 0 0 0 0 0 M 

""" !=:: U) 00 0'1 """ N l{') 

""" 
(V) 0'1 

0 <: I 
Cl I \0 " 00 C"') l{') \0 0 0 

Cl) I \0 \0 \0 " " \0 
bO 0 I 
CO \0 I 

r-f I C/) 

r-f I -..... I .c 
.j,J I ~ 

I 
!=:: I C/) + 
0 I ::l ..... I ........ .c C/) 
.j,J I ~ ~ ~ 
CO I Cl 0 
> I '-" + 1-1 
1-1 I 1-1 
Cl) I ~ ~ ::l 
C/) C/) I 0 0 ~ 
!=:: "-' I 1-1 1-1 
0 !=:: I 1-1 1-1 ~ Cl) 

""f"'"' .. 
() Cl) I 1-1 ::l ::l a. 

E I ::l ~ ~. C/) 0 
~ "-' I 0 Cl) r-f 
0 CO I "-' C/) 't:l 't:l bO C/) 

Cl) I !=:: ::l CO CO 't:l 
.j,J 1-1 I 0 .c Cl) Cl) ..... tID 
() f-< I () ~ Cl Cl 0::: !=:: 
Q) I 0 
~ I C + + + + r-f 
~ I 0 CO 
r:.l I 1-1 1-1 1-1 1-1 

I tID ::l ::l ::l ::l bO 
I C 0 0 0 0 C ~ 

0\ I ..... "-' .j,.J .j,.J "-' ..... l{') , 
~ !=:: !=:: !=:: !=:: ~ +, Q) I 0 0 0 0 0 0 "-' 

..-.! I U) U U U U U) 

E CO 
.0 I 

CO I H N (V) 

""" 
l{') \0 W Cl 

E-< I f-< f-< f-< f-< f-< f-< U) U 



";'#104" 

along the contour + khus barrier with 67.90, 91.80 and 

109.20 cm, sowing 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 cm, at 60" 9 0 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 on number of spikes per plant during 

1992-93 to 1994-95 as influenced by the conservation 

tillage are presented in Table 10. During the 

1992-93, the treatment, sewing along the contour 

ridges and furrows and khus barrjer recorded 

maximum number of spikes per plant (4.3). This 

year 

with 

the 

was 

followed by the treatment, sowing along the contour + 

dead furrows and khus'barrier with 4.1 spikes 

plant. The treatments, sowing along the cor.tour 

dead furrows and sowing along the contour with 

barrier recorded 3.8 spikes per plant and 

per 

with 

khus 

the 

treatments, sowing along the contour and sowing alcng 

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 treatmens" 7 svwing 
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along the contour with ridges and furrows + khus 

barrier. 

4.1.3.5 Effect of conservation tillage on capsule 

number 

The data on the number of capsules per plant 
. 

during . 1992-93 to 1994-95 as influenced by the 
I 

conservatiOn tillage are presented in Table In. Du~ing 

the year 1992-93, the treatment, sowing along the 

centour with ridges and furrows and khus barrier 

recorded the maximum number of capsules (27.5) per 

plant. This was followEc by the treatments, sowing 

along the contour with dead furrows and khus barrier 

(24.6), sowing along the contour with khus ba.rrier 

(23.2), sowing along the cG,ntour with dead furrows 

(22.9), sowing along the contour (21.8) and" sowing 

along tl:e slope with 19.6 capsules pel· plant. Similar 

trend was observed during the year 1993-94. 

During the year 1994-95, the treat~ent, sowing 

along the contour with ridges and furrows and khus 

barrier recorded maximum number of 29.0 capsules per 

plant. This was followed by sowing along the conto~r + 

dead furrows and khus baIrier with 27.8, sowing along 

the contour + dead furro~s and sowing along the contour 

+ khus barrier with 26.8, sowing along the contour with 



I 

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 (IOO-seed weight) 

of castor during the years 1992-93 to 1994-95 as 

influenced by conservation tillage are presented in 

Ta.ble 10. During the yea.r 1992.-91 ~ maximum test '11eight 

of 15.46 g was recorded in the treatment, sowing alc,hg 

the contour with ridges and fuz'rows and khus barrier. 

This was followed by 15.14 g in sowing along the 

contour with dead furrows and khus barriez, 14.80 g in 

sewing along the contour with khus carrier, 14.76 g in 

sowing along the con fOur with dead furrows, 14.32 g in 

sowing along the contour and 14.24 g in sowing along 

the slope. Conservation tillage influenced the teEt 

weight in a similaz way during the other two yearl:.: 

also. 

4.1.3.7 Effect of conservation tillage on crop yield 

The data on seed yield of castor in different 

treatments (mean 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 tte 

conservation tillage treatments were ~ignificantly 

superior over that of control (sowing along the 

ou 



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

-------------------------------------------------------------------------. 
Treatments· 1991-92 1992-93 1,993-94 1994-95 

-----------------------------------------------------------------------~-

Tl Sowing on contour 628.58 

T2 Contour + Khus 695.25 

T3 Contour + Dead Furrow (DF) 664.30 

T4 Contour + Dead Furrow + Khus 707.16 

I5 Contour + Ridges & Furrows + Khus 754.78 

r6 Sowing along slope 

S Em t 
C D at 5% 

571.44 

7.79 
23.48 

668.14 

715.18 

698.05 

755.89 

825.99 

625.01 

13.46 
40.57 

813.57 806.55 

878.51 871.43 

872.99 869.05 

923.23 927.38 

974.69 970.24 

747.40 740.48 

7.03 
21. 20 

7.93 
23.91 

81 



1200 

I~ 1000 

111 
.c 800 
IJ"I 
~ 

'd 
600 

,....j 

(l) 
,,-j 

400 >. 

'd 
(l) 
(l) 200 
Ul 

0 
1991-92 1992-93 1993-94 

Fig. 17. Effect of conservation tlt~{\ge 
on eeed yield of Castor (It,g. ha:') 

85 

1994-95 



slope) . The differences among the tillage treatments 

were also statistically significant. 

Highest seed yield of 754.78 kg -1 ha \vas 

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 contou~ 

+ dead furrows and khus barrier (T4) with 707.16 k~ 

-1 ha and sowing along the contour + khus barrier (T2 ) 

-1 with 695.25 kg ha which were Dn par. The treatme~ts, 

sowing along the contOQr with dead furrows (T
3

) and 

sowing along the contour (Tl ) recorded 664.30 and 

628.58 kg ha- l , respectively and were significantly 

superior to sowing along the slo~e (T
6

) which yielded 

-1 571.4 Lj kg ha . 

The highest (32.08) per cer.t 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 ~reatments, 

sowing along the contour with dead furrows and ktus 

barrier (23.75 per cent}, sowing along the contour with 

khus barrier (21.67 per cent), 
1k 

sowing along~ contour 

with dead furrows (16.25 per cent) and 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 

seed yield compared to control (625.01 kg ha-l ). 

Highest yield -1 of 825.99 kg ha was recorded in the 

treatment, sowing alor.g contour with ridges and furr:ows 

and khus barrier which was significantly superior to 

all other treatments. This was followE·d by the 

treatments, sowing along the contour with dead furrow~ 

-. -1 
and khus barrier (755.89 kg he ), sowing along the 

contour with khus barrier (715.18 kg ha- l ), sowing 

along the contour with dead furrows (698.05 kg ha-l ) 

and sowing along the contour with 668.14 kg ha- l . 

The highest per cent increase cf 32.15 in seee 

yield over control 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 14.43 in sowing 

along 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 

t~at of control (sowing along tte slope) .. Among the 

tillage treatments, sowing along the contour with 
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ridges and furrows and khus barrier recorded highest 

yield -1 of 974.69 kg ha followed by sowing along the 

contour + dead furrows and khus barrier with 923.23 kg 

-1 ha and were superior to other tillage treatments. 

Sowing alung the contour + khus barriez with 878.51 kg 

-1 ha , and sowing along the contour + dead furrows witp 
. -1 

872.79 kg ha were on par and superior to sowing alopg 

the centour (813.57 kg ha-l ). 

The treatment, sowing along the conte~r with 

ridges and furrows and khus barrier recorded highest 

jncrease of 30.41 per cent in seed yield over control 

(sowing alclng the slope). This was follo'wed by the 

treatments, sowing along the contour with dead furrows 

and khus barrier (23.52 per cent), sowing along the 

coctour with khus barrier (17.54 per cent), sowing 

along CQntour with dead furrows (16.80 per cent) and 

sowing along the contour (8.85 per cent). 

In t~e year 1994-95, the effect of treatments 

on seed yield was similar to that in the year 1993-94. 

Seed yields in all the tillage treatments were 

significantly superior to that of control. Among' the 

tillage treatments, sowing along the contour with 

ridses and furrows and khus barrier (970.24 kg ha-l ) 

was significantly superior to others. ·Sowing along 

the contour with dead furrows and khus barrier (927.38 

88 



-""'1: 

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 
I 

per cent increase of 31.03 in seed yield over contr61 

(sowing along the slope). This was followed by sowing 

along the contour with dead fur~ows and khus barrier 

(25.24 per cent), sowing along the contour with khus 

barrier (17.68 per cent), sowing along the contour 

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

sowing along the contour with 8.92 per ce~t. 

4 • 2 VEGE'l'ATIVE BARRIER 

Khus barrier was included in combination with 

conservation tillage practices in two treatments. The 

results on the effect of khus barrier on runoff, soil 

loss, soil moisture content and seed yield are 

presEt.ted below. 

4.2.1 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 tillage treatments. During 

the year 1993-94, the per cent runoff (6f rain-water) 

8 ~) 
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was 4.51 in the treatment, sowing along contour in 

combination with khus barrier and 3.07 in sowing along 

the cC'l1tour 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) wa~ 

65.75 in sowing along the contour in cOIrlbination wi t!J:l 

khus barrier and 56.33 in sowing along the contour with 

dead furrows in combination wi t_h\ khus barrier compared 

to their respective tre~tments without khus barrier. 

The cumulative soil loss (Table 3) during the 

year, 1993-94 was 0.622 t -1 ha in the treatment, 

sowing along the contour in combination with khus 

bar'rier d 0 360 t h -1 . . 1 an. a 1n sow1ng,a ong the contour 

with dead furrows in combination with khus barrier 

compared to 2.541 and 1.206 t ha-l , respectively in 

the abcve conservation practice~ without khus barrier. 

The per cent reduction in soil los~ (Table 5) 

was -75.52 in sowing along the contour with khus barrier 

and 70.15 in sowing along the contour with dead furrows 

in C01)\pj nation with khus barrier compared to that in 

the respective treatments without khus barrier. 

During the year i994-95, the per cent runoff' 

(Fig.B) was 3.20 in the treatment, sowing along the 

contour in combination with khus barrier compared to 

80 



9.60 without khus. It w~s 2.18 in sowing along the 

contour with dead furrows in combination with khus 

barrier compared to that without khus barrier (5.08). 

The pe-r cent reduction in runoff (Table 5) was 

66.65 in sowing along the contour in combination with 

khus barrier compared to without khus and 58.33 i~ 

sowing ~long the contour with dead furrows 'in 

combination with khus barrier compar-('d to without khus 

barrier. 

The cumulative spil loss during the year 1994-

95 (Table 4 and Fig. 10) ~8S 0.320 t ha- l in the 

treatment, sowing along the cont.ol.:r in combination 

with khus barrier and 0.186 t ha- l in" sowing along the 

contour with dead furrows in combination with khus 

barri~r compared to that of 1.392 and 0.650 t ha- l with , 

the respective treatments without khus barrier. 

~he 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 combincttion with khus barrier (Table 5) 

compared to that in the respective treatments without 

khus barrier. 
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9.60 without khus. It w~s 2.1B in sowing along the 

contour with dead furrows in combination with khus 

barrier compared to that without khuE: t·arrier (5.0B). 

The p~r cent reduction in runoff (Table 5) was 

66.65 in sowing along the contour in combination with 

khus barrier compared to without khus and 5B.33 ip 

sowing along the contour' with dead furrows in 

combination with khus barrier compal'ed to without khus 

barrier. 

The cumulative spil loss during the y~ar 1994-

95 (Table 4 and Fig. 10) WQS 0.320 t ha- l in the 

treatment, sowing along the cont.ot:r in combination 

with khus barrier and 0.186 t ha- l in sowing along the 

contour with dead furrows in combination with khus 

barri~f compared to that of 1.392 and 0.650 t ha- l with 

the respective treatments without khus barrier. 

7he 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 combincttion with khus barrier (Table 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 soil moisture content estimated 2 m 

above khus and 2 m below the khus barrier in 0-15, 15-

30 and 30-45 em depths during the crop 9rowth period of 

castor in four seasons are given in ApFendices IX to 
. 

XII and illustrated in Figs.18 to 23. The moisture 

content in terms of depth,· in mm upto 45 em depth' of 

scil as given in par~ntheses below. From the figure~ 
-

it could be observed that the soil moisture c~ntent 

above the khus barrier was higher than the soil mois-

ture content below the khus barrier jr. all the three 

depths viz., 10-lS, 15-30 and 30-45 em throughout the 

crop growth period in all the years. 

The mean soil moisutre content above and 

below khus barrier is presented in Table 12. Durir:g 

the year 1991-92, the soil moisture content above the 

khus barrier was 5.35 (13.65 mm), 6.74 (1.7.51 rm) and 

8.23 (22.12 ~m) per cent as compared to 4.99 (12.73 

mm-), 6.20 (16.11 mm) and 7.31 (19.65 nun) per cent below 

khus barrier in 0-15, 15-30 and 30-45 em depths, respe-

ctiYely. The increa~e 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 

Location Depth 
(em) 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 soil moisture content 

above the khus barrier was 6.22 (15.87 rom) 8.54 (22.19 

rom) ar.d 10.12 (27.20 rr~) per cent in ~-15, 15-30 and 

30-45 cm e~pths, respectively. The .soil moisture 

content above khu5 barrier was 12.68, 24 .12 ~r;c 11.95 
\ 

per cent higher in 0-15, l5-30.a~d 30-45 cm depths, 

respectively than the soil moisture content below ~he 

khus barrier. 

During the year 1993-94, the soil ~oistuIe 

content above the khus barrier was 7.21, (18.40 rom), 

9.74 (25.30 rom) and 11.52 (30.97 rom) per cent as 

ccmpared to 6.46 (16.48 rom) 8.65 (22.47 mm~ &nd 10.44 

(28.06 rom) below khus barrier in 0-15, 15-30 and 30-45 

em depths, respectively. The soil moi~ture content 

above the khus barrier was 11.61, 12.60 and 10.35 per 

cent hisher 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 rom), 10.79 

(.28.03 rom) ano 12.21 (32.82 rom) per cent as compared te· 

7.85 (20.03 rom), 9.52 (24.73 rom) and 10.81 (29.06 rom) 

below khus barrier in 0-15, l5-30J)lldi30-45 cm depths, 

respectively. The soil moisture content above the khus 

barri~r was 11.'76, 13.34 and 12.95 per cent higher in 

the three depths, respectively 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 

khus barrier than below the khus barri~r. During the 

year 1991-92, the yield of castor above the khus 

barrier 783.34 kg ha -1 compared to that of was as 

672.93 kg ha-1 below the khus barrier. The increase in 

seed yield above the khus barrier over below the khus 

barrier was 16.41 per cent. 

In the year 1992-93, the seed yield recorded 

was 915.63 kg ha-l above the khus barrier as against 

782.84 kg ha-1 be~ow 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-1 as compared to that of 

822.66 kg ha-1 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-1 as compared to that of 
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-1 
781.25 kg ha 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 is given in Table "11. The average seed 

yield of castor was 790.09 kg ha- l in contour sowing ~n 

combination with khus barrie~ as compared to 729.21 kg 

ha-l 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 average seed yield was 

828.42 kg ha-l as against 776.10 kg ha- l 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 

balance, the crop growth period was devided into 4 

stages after the treatments were imposed i.e., 29-56, 

57-91, 92-140 and l4l-17~ DAS. The change in soil 
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moisture (difference between moisture addition by rain-

fall and loss 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 with 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 with 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 14l-l7~ DAS, respectively. The change in 

soil moisture was +ve indicating surplus soil water 

between 57 and 91 DAS and -ve indicating 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 furrows and khus 

barrier (25.02 mm) '. sowing along the c0rltour with khus 



barrier (21.65 rom), sowing along the contour with dead 

furrows (15.76 rnm) 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 . 

. 
During 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 ~nd (-) 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 l4l-l7~ DAS in all the treatments. The overall 

change in soil 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 cOhtour with dead 

furrows and khus barrier (36.48 mm), sowing along the 

IGG 



1 
1 
1 
1 0 t:I) I ......... 
1 'r-!'r-! 0 E 
I O+lE 

l.(') I (lJ E t:I)­
OlIO'! 
1 1 0 rl (lJ (lJ 

.;j' I ctl'r-! 1-1 O'! 
0"1 1 ..r:::: 0 ::I ctl 
0"1 1 {)t:I)+l1-l 
r-ll 

1 
~ I 

4-11 
'M I 
I-l 1 
III I 
'ci 
1:<1 

I 
1 

011 
c: 1 

'M 1 
I-l 1 
::l I 
'01 

I 
I-l 1 
o 1 
.j.ll 

,Ul 1 
III I 
U I 

I 
4-11 
o 1 

1 
'c1 
.j.ll 
I) I 
o I 
I-l I 
011 

I 
~I 
o I 
I-l I 
U I 

I 
11-11 
o 1 

I 
Ul I 
(!) I 
011 
It! I 
.j.ll 
Ul I 

I 
.j.ll 
c: 
Ql 
I-l 

..Qj.. 
'11-1 
111-1 
I'M 
1'0 

t:I) 
+l 
o 
(lJ 

E 
+J 
III 
(lJ 
1-1 
8 

o 
o 

. . . . 
("')0000 
("')I.[')-l.(') 

I ......... 
...... I 

I' ,-no 0 
Or-ll'l.(') 
r-I 

. . . 
NOOr-l 
r-i\.Or-I 

Nr-IO . . . 

00 
01' 

\'or-I~r-I 
l.[')O)r-Il 
I I I r-I 

o)I'N'<:!' 
NI.[')o)r-I 

1-1 
::I 
o 
+J 
o 
o 
u 
o 
o 
tJ) 
c: 

.r-! 
~ o 

(J) 

r-I 
8 

r-Ir-IOOO 
~I.[') ......... I.[') 

1-
-I 

I'r-I\.OO 
o r-II' I.[') 
r-I 

Nr-IO . . . 

00 
01' 

\.Or-I""'r-I 
I.[')o)r-li 
I I I r-I 

O)I'N"'" 
NI.[')o)r-I 

t:I) 
::I 
..c 
l:i:: 

+ 
1-1 
::I 
o 
+J 
c: 
o 
{) 

N 
8 

· . . 

· . . 

· . . 
\.Ol.Or-I 

I.Or-I 

· . . 

co 
01' 

I.Or-I""'r-I 
l.[')O)r-Il 
I I I r-I 

o)I'N"'" 
NI.[')o)r-I 

. . . . 
("') N co 0 
""'1.[')-1.[') 

I ......... 
- I 

. . . . 
I'r-I\'oO 
Or-ll'l.[') 
r-I 

I.[')r-I~ 
1'00 

N.\.O r-I 
\.Or-I 

N r-I 0 

("')00) 
1.[')("')1' 
r-IN 

co 
01' 

\.Or-I'<:!'r-I 
l.[')O)r-Il 
I I I·r-I 

o)I'N'<:!' 
NI.[')o)r-f 

. . . . 
'<:!'NCOO 
'<:!'I.[')-l.(') 

I ......... 
-I 

. . . 
r-Il.[')r-i 

1.Or-f 

Nr-IO . . . 

co· 
01' 

\.Or-I""'r-f 
I.[')o)r-li 
I I I r-I 

o)I'N'<:!' 
NI.[')O)r-I 

oa 
C/) 
(lJ 
tJ) 
'0 
.r-! 
p:; 

+ 
1-1 
::s 
o 
+l 
.0 
o 
{) 

r-i 0) 00 0 
M'<:!'-l.(') 

1 ......... 
- I 

NI'COM 

co 
01' 

I.Or-I'<:!'r-I 
l.(')o)r-li 
I I I r-I 

(J)I'N'<:!' 
Nl.(')o)r-I 

(lJ 
0.. 
o 

r-i 
t:I) 

107 



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 rom). 

4.3.2 Relationship between runoff and seed yield of 

castor 

Relationship between runoff and seed yield 

was worked out using correlation and regression 

techniques. The pooled analysis over all the 

treatments in two years, 1993~94 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 

Where, 

4.4 

**. 2 
r = -0.8215 R = 0.6602 

Y = Seed yield (kg ha- l ) 

R = Runoff (mm) 

WATER USE EFFICIENCY 

The data on the water use and water use 

efficiency (WUE) calculated for different tillage 

treatments during the year 1993-94 are given in 

Table 16. 

108 



Yeble 16. Effect o.f conservation tillage on water use (em) 
and· water use efficien~y (kg/ha/cm) 

--------------------------------~---------------------------------
1993-94 1994-95 

-------------- -------------.-

Treatments Water Water Water Water 
use use use use 

effi- effi-
ciency ciency 

-- .-.- ._ .... _- .. - -- - - .-- ,~ - -----------------
T1 Sowing on contour 46.60 17.46 46.33 17.41 

T2 Contour + Khus 48.54 18.10 48.13 18.11 

T3 Contour + Dead Furrow 48.12 18.14 47.57 18.27 

T4 Contour + Dead Furrow + Khus 48.46 19.05 47.83 19.39 

T5 Contour + Ridges & Furrows+KhtJs 48.23 20.21 47.79 20.30 

T6 Sow-ing along slope 46.54 16.06 45.95 16.12 

--------------------------------~---------------------------------

1 O~) 



The water use ( cm) under different tillage 

treatemnts was 46.60 in sowing along the contour, 

48.54 in 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 eff{ciency was highest in 

the treatment, sowing along the contour + ridges and 

furrows and khus barrier with 20.21 kg ha-l -1 cm This 

was followed by sowing along the contour with dead 

furrows 

along 

-1 -1 and khus barrier (19.05 kg ha cm ), 

the contour with dead furrows (18.14 kg 

sowing 

-1 ha 

em-I), sowing along the contour with khus barrier 

(18.10 kg ha-l em-I), sowing along the contour (17.46 

-1 -1 kg ha cm ) and sowing along the slope with 16.06 kg 

ha-l em-I. 

During the year 1994-95, water use ranged 

from 45.95 em in sowing along the slope to 48.13 cm in 

sowing along the contour with khus barrier (Table 16). 

The tillage treatments influenced water use efficiency. 

Highest water use efficiency of 20.30 kg ha- l cm- l was 

recorded in the treatment, sowing along the contour 

with ridges and furrows and khus barrier. This was 
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followed by the treatments, sowing along contour with 

dead furrows and khus barrier (19.39 kg ha 1 -1 cm )~ 

sowing along the contour with dead furrows (18.27 kg 

-1 -1 
ha cm ), sowing along the contour with khus barrier 

(18.11 -1 --1 kg ha. cm ), sowing along the contour (17.41 

kg ha-1 cm- l ) and sowing along the slope with 16.12 kg 

ha- l cm- l . 

4.5 MODELS ON RAINFALL, RUNOFF AND SOIL LOSS 

The relationship between rainfall and runoff, 

rainfall and soil loss and runoff and soil loss 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 petween 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 ) 

R2 = 0.5280 
(T

l
) 

** r = 0.7267 

R = 0.2263 + 0.0306 Q sowing along the contour + ••• ( 3 ) 

R2 
khus barrier (T2 ) 

= 4538 

** r = 0.6736 

---~----
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R = 0.4467 + 0.0442 Q sowing along the contour + ... (4) 

0.4605 

** r = 6786 

dead furrows (T3 ) 

- R = 0.1402 + 0.0211 Q sowing along the contour + •.. (5) 
dead furrows + khus (T4 ) 

R2 = 0.3628 

* r = 0.6023 

R = 0.0864 + 0.0116 Q sowing along the contour + ..• (6) 

0.3255 
ridges and furrows + khus (TS) 

* r = 0.S70S 

R = 0.8717 + 0.0992 Q sowing along the slope • •• ( 7 ) 

0.5397 
(T6 ) 

** r = 0.7346 

Where, 

Q = Rainfall (rnm) 

R = Runoff (rnm) 

4.5.2 Relationship between rainfall and soil loss 

The relationship between rainfall and soil 

loss was significant in all the treatments. The 

equations treatmentwise are given below: 

s = 0.1024 + 0.00S8 Q sowing along the contour (8 ) 

R2 0.3S45 
(T

l
) 

= 

* r = 0.5954 

S = 0.0238 + 0.0014 Q sowing along the contour + ••• ( 9 ) 

R2 
khus barrier (T2 ) 

= 0.2873 

* r = 0.5360 
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S = 0.0451 + 0.0029 Q sowing along the contour + .•. (10) 

R2 
dead furrmvs (T

3
) 

= 0.3421 

* r = 0.5849 

S = 0.0119 + 0.0009 Q sowing along the contour + ••• (11) 

R2 
dead furrows + khus (T4 ) 

= 0.3166 
_' * r = 0.5627 

S = 0.0059 + 0.0007 Q sowing along the contour + ... (12) 

R2 
ridges and furrmvs + khus (T5 ) 

= 0.3427 

* r = 0.5854 

S = 0.1197 + 0.0068 Q sowing along the slope (13 ) 

Where, 

4.5.3 

0.3625 

* r = 0.6021 

Q = Rainfall (.rnm) 

S = Soil loss (t ha-1 ) 

(T6 ) 

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) 

0.8503 
(T

1 
) 

** r = 0.9221 

S = 0.0066 + 0.0533 R sowing along the contour + ... (15) 

0.8373 

** r = 0.9128 

khus barrier (T2 ) 
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S = 0.0062 + 0.0714 R sowing along the contour + ... (16) 

0.8960 
dead furrows (T3 ) 

** r = 0.9466 

_ S = 0.0061 + 0.0424 R sowing along the contour + ..• (17) 

0.8609 
dead furrows + khus (T4 ) 

** r = 0.9279 

S = 0.0030 + 0.0527 R sowing along the contour + ... (18) 

0.8575 
ridges and fur~ows + khus (T5 ), 

** r = 0.9260 

S = 0.0283 + 0.0780 R sowing along the slope 

0.8719 
(T6 ) 

** r = 0.9338 

Where, 

R = Runoff (mm) 

S = Soil loss (t ha-1 ) 

* significant at 5 per cent 

** significant at 1 per cent 

. .. (19) 

, 
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CHAPTER V 

DISCUSSION 

The results obtained are discussed in this 

chapter. While d:Ls'cussing 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 barrier 

along 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 ridges and 

furrows, the rainwater was collected in furrows 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. Rhus grass which 

formed a dense hedge acted as a barrier and slowed down 

the velocity of rULning water. There was more infiltra-

1 1 L 
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tion time and more water entered into the soil. A 

reduction of 72.3 per pent 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 

and furrows under cowpea in a red soil at 

Bhubaneswar. 

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 m 

acted as temporary reservoirs of water that was collec- . 

ted from the 3.6 m land above the furrow and retained 

rainwater till they were full. So 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 

:reatment, along the slope, the rainwater moved without 

bstruction in between the lines along the slope and so 

1ere was more runof'f. The velocity of running water 

lS also more as it moved without obstruction. So, when 

1 

1 
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more water moved with greater speed the soil loss als0 

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 rnm from 17.4 

mm and 2.0 mm recorded with sowing along the slope when 

the rainfall was 1.22 and 11 mm, respectively (MWP, 

1989-90). Reduction in ru&off and ~oil loss due to 

contour cultivation has also been reported by AICRPDA 

(1991-92) and Sastry et ale (1994). 

5.1.2 Effect of conservation tillage on soil 

moisture 

Increasing the soil moisture under different 

.management practices is the key factor for obtaining 

better crop yields in rainfed agriculture. Conservation 

tillage practices in 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 in 

combination with khus barrier resulted in highest soil 

moisture 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 

opportunity time for the rainwater to infiltrate into 

the soil th~reby 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 

fields. 

under 

Increase 

Maheshwaram watershed area in farmerl;; 

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 en depths, respectively over culti­

vation along the 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 

ale 11991) 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 

. soil moisture due to dead furrows has also been repor­

ted by MWP (1987-88) and Uma Devi et ale (1991). 

\ 
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When the plant rows were on contour, some soil 

was deposited along the piant rows during intercultural 

operations which resulted in slightly higher elevation 

along the rows. This prov.lded some obstruction and 

slowed down the movement of rainwater which gavo more 

t.1.mo for. tho r.ni.nwntor. to onter the Boil ther.eby 

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 soil moisture' due to contour 

cUltivation. 

In case of sowing along the slope, the rain­

water moved faster without any obstruction in between 

the lines along the slope and resulted in more runoff 

and there was less time for the 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 growth. 

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 soil 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 

drymatter production. With increased soil moisture, the 

penetration resistance is reduced (rCRISAT, 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 maximurr. 

uptake of nutrients by sunflower under high soil mois­

ture regime. Increase in uptake of N, P and K have been 

-reported by Rao and Venkateswarlu (1988) and Tomer et 

ale (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 in drymatter production in groundnut 

due to fo~mation of dead furrows has been reported by 

Reddy et ale (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 corr.bination 

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 ~as 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 high~r LAI in mustard under 

higher soil moisture regime. Increase in leaf area due 

to higher soil moisture has also been reported by Rao 

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 khus barrier (75.8, 107.4 
-

and 127.1 cm) followed by dead furrows + khus parrier 

with 73.1, 101.2 and 118.5 em 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 

ale (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 ~t ale (1987). 

5.1.3.4 Number of spikes per plant 

Conservation practices have significantly 

l increased the number of spikes per plant (Table 10). 

The average number of spikes per plant were highest 



(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 LA! 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 ale 

(1987) reported higher seed yield of castor with higher' 

number of spikes per plant. 

5.1.3.5 Number of capsules 

Number of capsules per plant (Table lO} were 

significantly increased by conservation practices. 

Ridges and furrows in combination with khus barrier 

have resulted in highest number of capsules per plant 

(28.8). 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 

plant also increased in these treatments. Kale et ale 

(1986) and Muthuveli et ale (1987) attributed increase 

in castor yield to higher number of capsules pe~ plant. 

Patel and Jaimini (1991) reported significant positive 

correlation of castor seed yield with number of 

capsules. 
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5.1.3.6 lOO-seed weight 

Test weight (IOO-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 

slope (14.27 g). 

also compared to sowing' along 

The increase in test weight may 

the I 
I 

rei 
I 

attributed to better filling of seed in these treat-

ments. Higher seed yield coul~ be obtained when the 

crop is 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-

ficant1y higher seed yield over control i.e., along the 

slope cultivation in all the four seasons (Table 11). 

Among the tillage, treatments, ridge s 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 in better crop growth 

interms of increase in drymatter production and LAI and 

also increase in number of spikes and capsules per 

~plant and IOO-seed weight which ultimately increased 

the seed yield. Increased crop yields due to higher 

soil moisture have been reported by Rao et al. (1986), 

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

(1993). 

Formation of dead furrows on contours with 

khus barrier was next best_iQ terms of better crop 

growth as a result of reduction in runoff and increase 

in soil moisture content influencing the plant parame-

ters which ultimately resulted in next best crop 

yields. This was followed by sowing on contours with 

khus barrier, formation of dead furrows, sowing on 

contours and lowest -1 (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 higher 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 



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

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

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 

contour 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. Rhus grass 

which formed dense hedge, acted as a barrier and slowed 

down the velocity of rainwater. In addition soil was also 

deposi ted wi thin 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 1 m 

vertical interval compared to conventional practice .bf 

graded bunds in red soils. Bharad and Bathkal (1990) 

reported an average reduction of 47 per cent in surfa'ce 
! 

runoff with khus barrier as compared to cUltivation across 

" the slope without khus barrier in a vertisol. Reduction in 

runoff with vetiver hedge has also been reported by Rao .~ 

li.(1993), Bharadwaj (1994) and Sharma et gl.(1994).In the 
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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. Rhus 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 barrier 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 the slope without khus 

barrier. Reduction in soil loss with khus barrier has 

also been reported by Bharadwaj (1994) and Chittarajan 

etal. (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, 15-30 

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



the years (Fig.18 to 23). The per cent increase in 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). Rhus barrier prevented surface runoff 

from concentrating at one place and acted as water 

spreading system. This created greater spatial and 

temporal opportunity for infiltration of rainwater 

resulting in higher mois~ure storage in the soil above. 

khus barrier. Below the khus barrier, there was greater' 
I 

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 above vetiver barrier 

over 0.5 m· below vetiver barrier in 0-15, 15-30 and 30-

60 cm soil depths, respectively. ~ncrease in soil mois-

ture due to khus barrier has also been reported by 

Woodhead and Chaudhury (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). The per cent increase in seed yield 

above' khus barrier compared 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 

floi.l moisture content above the barrier. Increilse crop 

yields could be' attr..i.blltecl to the increased soil lTlo,is-

ture stiltus due to khus barrier (l\ICRPDl\, 1991-92). 

l\v,yi 1 ,.b i :l i ty of mor.e mrtrien ts .. mel hi<Jher uptake of 

1l1lLI'i.f'IlI.!l dll(~ to dcvf'J0J>III('IlI; of b(.",tl:('I~ r.oot systom tn' 

the presence of higher soil moisture resulted in better 

crop growth leading 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). 

Si~ilarly the seed 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 in seed yield 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 khu5 barrier. 
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5.3 SOIL WATER BALANCE 

Water balance studies are important in knowing 

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 influence on the soil water balance. Soil­

water deficit was least in the treatment of sowing 

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 stages 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 
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in least deficit. Considerable reduction in runoff due 

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 w~ter balance in those treatments. 
~ 

Runoff \"as more in cultivation along the slope (con-

trol) and soil moisture storage was less which resulted' 

in higher deficit. 

Relationship between s~ed yield of castor and 

runoff, a component of soil water balance, was worked 

out (equation 1). The equation revealed 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 i~turn 

resulted in better crop growth leading to higher seed 

yield in these treatmenfs. Whereas in cultivation along 

the slope, runoff was higher which resulted in lower 

soil moisture storage affecting crop growth and ultima-

tely reduced crop yield. 
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Ben Asher and Warrick (198~), 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 practices have 

considerable influence on the WUE. The water use 

ciency was increased by the conservation tillag~ 

shown , 
I 

effii­
- I 

{ 

prac-

tices when compared to cuI ti.'lation 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 

le~s 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-

mente At this stage, the transpirational demand is very 

high. Since the moisture supply was inadequate 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 ale (1990) have reported higher WUE with 

higher soil moisture regime in mustard crop. 

Crop water use efficiecy studies under diffe­

rent soil and c~op management practices have also been 

reported by EI-Swaify et ale (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 Ii' value 

(r=O~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' value 

(r=O.S70S) was observed in sowing along· the contour 

with ridges and futrows and khus barrier where the 
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runoff was lowest (4.05 rom in 1993-94 and 1.91 IT@ 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 thls treatment recorded 

lowest 'r' value. 

5.5.2 Rainfall-Soil loss 

The relationship between runoff and soil loss 

was significant in all the treatments (Equations 8 to 

13). The relationship was positive indicating increase 

in soil loss with increase in rainfall. Highest soil 

1055 (2.97 t ha-l 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=0.602l) 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 

(0.24 t ha-l in 1993-94 and 0.12 t ha- l in 1994-95). 

5.5.3 Runoff-soil loss 

The relationship between runoff and soil loss 

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 in runoff. Highest 

"runoff was recorded in the treatment, cultivation along 

the slope. The soil loss was also highest in this 

_ treatment and 'r' value observed with this treatment 

was r=O.9338. 

With increase in rainfall, there was increase 

in runoff and with increase in runoff the soil loss, 

also increased. Conservation treatments reduced runoff 

and soil loss 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 Satyana~ayana (1994) developed 

models for predicting runoff. 

5.6 CONSERVATION PMCTICES 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 

1 <) c 
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Table 17. Effect of conservation tillage on rain water 
harvesting (haem) 

Treatments 1993-94 1994-95 
-------------------------------------------------------

T1 Sowing on contour 3.08 1.54 

T2 Contour + Khus 1.06 0.51 

T3 Contour + Dead Furrow 1.64 0.82 

T4 Contour + Dead Furrow + Khus 0.72 0.34 

T5 Contour + Ridges & Furrows + Khus 0.41 0.19 

T6 Sowing along slope 3.51 1.80 
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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 with 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 ~urrows and khus barrier (0.34), sowing along 

contour 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 lines ano 

hence more rainwater could be harvested. with contour 

cultivation, small bund is formed along the plant rows 

during intercultural operations which obstructed the 

1 ~3 7 I 
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flow of rainwater resulting in reduction in runoff. 

Hence, the rainwater that could be harvested was 

reduced. Formation of dead furrows and ridges and 

furrows 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 the type of c·onservation practice adopted r 

The reuse of harvested rainwater can be planned ~epen­

ding upon 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 be 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 1994-9S 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 (TS) has 

resulted in highest additional monetary return in all 

. 
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the years compared to other treatments. Th~ treatment, 

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

nal monetary returns. 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.13l9. 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 return 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 increased the soil moisture content 

during the crop growth period leading to better crop 

growth as indicated by drymatter production, 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, numcer of spikes and 

'capsules per plant, test weight, seed yield, WUE and 

additional monetary returns. Dead furrows at 3.6 m 

interval on contours with khus barrier was next best 

treatment. Considering the reduction in runoff and soil 

loss and increase in crop yield and additional monetary 

returns, 

rier at 

shallow 

ridges and furrows on contours with khus bar-

1 m vertical gradient can be recommended for 

Alfisols with a slope of 2.5 per cent under 

rainfed conditions. 
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CHAPTER VI 

SUMMARY 

A field experiment entitled "Effect of 

conservation tillage and vegetative barrier on runoff,· 

soil moisture and yield of castor on rain fed 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 (T
l

) , sowing along the contour with khus 

barrier (T 2) , sowing along the contour with dead 
~ 

furrows (T 3) , sowing along the contour with dead 

furrows and khus barrier (T
4

), sowing along the contour 

with ridges and furrows and khus . barrier (TS )' and 

sowing along the slope (T
6

- 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 

~20 DAS. Data on number of spikes and capsu~es per 
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plAnt, t0St wright An~ s0e~ yj,el~ i,n 0n~1) trentment 

were recordc~. Soil water balance for each treatment 

was computed at 

Regression models 

yield and runoff, 

different stages of 

on the relationship 

rainfall and "runoff, 

crop growth. 

between seed 

rainfall and 

soil loss and runoff and soil loss were develo~ed. 

Following are the important findings and 

conclusions drawn: 

1. Runoff and soil 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 l20 DAS. Dead furrows 

with khus barrier were the next best. 
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4. Number of spikes and capsules per plant and test 

weight' were also highes~ in ridges and furrows on 

contours with khus barrier, closely followed by 

dead furrows on contours with khus barrier. 

5. Ridges and furrows on contours in combination 

with khus barrier 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 additiorial net returns. 

6. Khus barrier has considerably reduced runoff and 

soil loss in combination with contour sowing and 

dead furrows on contours. 

7. 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. 

8. Seed yield of castor was also higher (16.99 per 

cent) above khus barrier than below khus barrier. 

9. 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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- 10. 

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 equation 

was developed to predict yield from runoff. 

11. 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. 

12. The relationship between rainfall and runoff was 

significantly positive in all the treatments. The 

'r' value indicated sufficient reduction in 

runoff due to conservation tillage. Regression 

models were developed for each treatment on this 

relationship. 

13. The relationship between rainfall and soil loss 

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. 

14. Runoff and soil 

positively correlated 

loss 

in 

were 

all 

significantly 

the treatments 

indicating more soil loss with increased runoff. 
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Regression models were developed for 

treatment on this relationship. 

each 

15. 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 

per cent under rainfed conditions. 

. . . 
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