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Abstract

Hill areas generally receive rainfall of around or more than 1150 mm. More than 2500
mm rainfall is received in about 30.2 million ha hilly area of the country. Besides many other
factors high rainfall and heavy runoff are mainly responsible for low productivity. Because of
sloppy characters and shallow soil depth, major fraction of rainwater is lost as runoff. Invariably
evaporation exceeds the moisture stored and thereby depletes soils of their moisture reserve when
crops are to be sown. Too much water at one time and too little in another during the same year
causes wide instability in the production and productivity (Gupta et al, 2000). In high rainfall/ hilly
areas small and scattered land holdings exclusively rain dependent subsistence type of agriculture,
low irrigated area of eastern Himalaya (north eastern region of India) further aggravate the problem.
Harvesting of runoff at micro level for storage and recycling, control of erosion and moisture
conservation are necessary and possible measures for better crop production.
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Water conservation in high rainfall/ hill areas

Strategy to conserve every drop of rainfall may boost up crop production.
Following are the important measures, which may be adopted for successful water
conservation for high rainfall and hilly regions of India.

1. Proper in- situ rainwater harvesting/ conservation
2. Intra - plot run off conservation
3. Raising bund height in rainfed rice fields
4. Inter - plot run off conservation
5. Sub- surface irrigation through applicator
6. Use of soil amendment to increase water retention in lateritic soils
7. Use of anti-transparent to control evaporation from stored pond water
8. Adoption of proper package of crop production technology

1. Proper in- situ rainwater harvesting/ conservation

Proper in-situ moisture conservation methods help to withhold enough moisture
for crop use. It is possible in medium to heavy soils. In light textured soils like loamy sand
it is difficult to conserve much soil moisture because of high percolation. It is done by
increasing infiltration rate with the help of deep ploughing, profile modification, vertical
mulching and by keeping soil surface rough. In- situ rainwater harvesting technologies are
location specific and depend on the rainfall intensity, slope and texture of the soil. In high
sloppy land ranging 6 to 33 percent bench terrace should be made. Lands having 2 to 6
percent slopes up to 1 to 2 percent slope graded contour bunds are required. Lands having
slope up to 1 to 2 percent, field bunding, land leveling, contour ditching, and cultivation
along contour could ensure water conservation. Western Himalayan areas of India like in
Almora, experiments on in- situ cowpea mulching in maize at 70 days after sowing under
maize- wheat rotation has increased the yield of both the crops (Table -1) over sole crop of
maize.

Table 1. Response of in- situ moisture conservation by cowpea mulching on the grain
yield of maize and wheat at western Himalayan areas of India (Almora), (1998)

S.N.

1.
2.
3.
4.
5.
6.

Treatment

Sole maize
Maize mulched by wheat straw
Maize+ cowpea (1:1) 50 DAS
Maize+ cowpea (1:1) 70 DAS
Maize+ cowpea (2:1) 50 DAS
Maize+ cowpea (2:1) 70 DAS

Grain yield (q/ha)
Maize
27.2
31.0
26.8
28.2
29.9
26.3

Wheat
9.2
10.9
14.4
14.7
13.2
13.7

WUE (kg/ha-
cm) wheat

29.8
29.7
46.7
53.7
50.0
49.2

Source : Annual Report AICRP Water Management, DWMR, Patna, India. 1999-
2000

In-situ clay loam soil of another region of western Himalaya (Palampur) under
maize-wheat rotation, lantana mulching has been found most suitable for rainwater
conservation and increasing the yield of both the crop. After harvest of wheat and maize,



Ian tana mulching @ 8-10 t/ha followed by minimum tillage of both the crop for their
establishment has been found more effective over other tillage methods (Table 2).

Table 2. Soil moisture and grain yield under maize-wheat system due to lantana
mulching

Treatment

Ti - Lantana spreading after harvest of maize and wheat
harvest @ 8 t/ha and minimum tillage for both crop

T2 - Conventional tillage + surface spreading of @ 10 t/ha
after sowing of both the crop

Grain yield (q/ha)
Maize
4.84

3.20

Wheat
2.60

2.11

2. Intra - plot run off conservation

Intra-plot conservation methods involve increase infiltration rate, infiltration
opportunity time and water storage capacity of soil ensuring over distribution of moisture in
the plot. Ridge-and-furrow system bed - and furrow system and dead furrow across the
slope are some measures for intra - plot run off conservation. Experiment under western
Himalaya (Palampur) conditions revealed that raised: shunken beds in 1:1 ratio having 5 x
3m size each used for mash : rice cropping have increased the yield of both the crops
around 40 percent more than that under controlled conditions (Table 3).

Table 3. Impact of intra plot run-off conservation on yield of rice and mash
grown in shrunken-raised bed system

Treatment
Raised: Shunken (bed ratio)

0 :1 (control)
0.5:1
1:1
1.5:1

Grain yield (t/ha)
Rice
3.02
3.49
4.22
4.16

Mash
0.94
1.52
1.57
1.49

Source: Annual Report of AICRP water Management DWMR (ICAR)
Patna, India, 1999-2000.

3. Raising bund height in rainfed rice fields

The high amount of rainwater storage in the rice fields having higher bunds
resulted in more deep percolation loss. This fact has also been corroborated from the
experiments at Ludhiana, Punjab (1997-98) where 15 cm dike height around the rice field
in sandy loam has resulted into 9.65 cm less runoff, and 6.37 cm less application of
irrigation water than field having 10 cm bund height (Table 4). It resulted into an increase
of 3.33 cm deep percolation over normal bunds of 10 cm commonly maintained in the
farmers' fields. Thus, a field having 15 cm bund height effects a reduction in ground water



withdrawal by 6.37 cm, and increase in deep percolation by 3.33 cm, thereby conserving a
total of 10 cm water during the rice season.

Table 4. Effect of rainwater storage in rice fields on runoff, irrigation requirement,
deep percolation and crop yield

Components of water balance and yield

Irrigation water applied, cm
Rainfall, cm
Runoff, cm
Deep percolation, cm
Deep percolation as % of total water input
Crop yield, t/ha

Dike height, cm

10

80.57
52.3
11.77
67.67
50.9
6.37

15

74.2
52.3
2.12
71.0
56.1
6.84

20

73.5
52.3

0
72.4
57.5
5.71

Source: Annual Report, 1997- 98. AICRP on Optimization of Ground Water
Utilization through Wells and Pumps, PAU, Ludhiana, Punjab.

4. Inter - plot run off conservation

The run-off produced or induced by charging configuration in part of field is
allowed in other part of field for crop use. This inter plot runoff conservation measures
require shaping of land into small plots or strip to concentrate the run off and direct it to the
cropping area. This system is very useful for north eastern region of eastern Himalayan
hilly terrain region.

In western Himalaya (Palampur) by diverting the run off of twice size area of maize
to rice plot of 25 cm bund height the rice yield was about two times (3.39 t/ha) as compared
normal rice plot not receiving run-off diversion (Table 5).

Table 5. Effect of inter plot run-off conservation on rice yield at western Himalaya
(Palampur)

Treatment

T! - RPBH 10 cm only
T2 - RPBH 25 cm only
T3 - RPBH 10 cm + Supplemental upper terrace
T4 - RPBH 10 cm+ supplemental run-off from upper

terrace maize plot of 24 m2

T5 - Same as T3 but RPBH 25 cm
T5 - Same as T4 but RPBH 25 cm
CD. (P= 0.05)

Rice yield

Grain
1.71
2.13
2.53
2.24

2.87
3.39
0.41

Straw
3.91
5.00
5.58
7.29

6.43
8.06
1.07

RPBH = Rice Plot Bund height
Source: Annual Report AICRP Water Management DWMR (ICAR), Patna, 2000.



5. Sub Surface irrigation through applicator

In hilly area where vegetables or fruit face severe moisture stress and limited
quantity of harvested water is available, the use of pitcher as sub-surface applicator has
been found very useful for water economy.

In high rainfall area of western India (Dapoli) clay mud pitcher (applicator) of 3
litre capacity buried up to neck in sandy clay loam soil having five holes at the bottom at
manuring bed to avoid deep percolation used in little guard vegetable irrigated at 40% PE
had saved 60% water and doubled the water use efficiency over check basin irrigation.
Under similar condition irrigation at 75% PE sub-surface applicator, used for newly planted
(3 years) Alphanso mango graft having uniform vigour planted at 20% slope, could save
38.5% water with higher flowering incidence over basin irrigation. Here in order to take the
advantage of four months rainfall period, lx 1 x 1 m pits were dugout between two mango
plants and lined with silpaulin film to check the percolation loss. Similarly in Dapoli
through clay mud pitcher (applicator) irrigation supplied in cashew nut plants @ 5 litre
water/week/tree yielded at par with saving of 92.5 % saving of water over conventional
method @ 45 litre water/tree/week.

Table 6. Effect of sub-surface applicator on yield and water saving vegetable and fruits
under high rainfall conditions

Treatment

Cashew nut
Subsurface applicator @ 5 lit water/week/tree
Conventional irrigation @ 45 lit water/week/tree

Little guard
Subsurface at 60% PE
Sub surface irrigation at 100% PE

Yield
(t/ha)

0.82
0.84

21.4
27.6

Water Saving (%)
over conventional

method

92.5

39.5

Source : Annual Report AICRP Water Management DWMR (ICAR), Patna.

6. Use of soil amendment to increase water retention in lateritic soils

Lateritic soils of hilly regions have poor water capacity. Increasing water retention
is one key issue for better use of rainwater. Use of bentonite as soil amendment has been
found effective under such conditions. In Dapoli use of bentonite in well bunded and
ploughed plots incorporated @ 15-20 t/ha have been found to increase rice yield significantly
(Table 7).



Table 7. Growth and yield of rice as influenced by differential levels of bentonite as soil
amendment in lateritic soils of Dapoli

Bentonite clay (t/ha)
0
7.5
10
15
20
CD (P= 0.05)

Height (cm)
73.1
81.5
85.0
86.0
119.7
13.1

Tiller per hill
6.0
6.0
7.0
7.0
8.0
1.01

Grain Yield (t/ha)
2.01
2.14
2.67
2.84
3.24
0.08

Source: Annual Report AICRP Water Management 1999-2000, DWMR (ICAR),
Patna, India

7. Control of evaporation losses from farm ponds

Checking the loss of harvested rainwater, through evaporation from farm pond
during high evaporation period, is one of the major challenges. In small ponds of 2 to 5 m3

dimensions evaporation loss have been found to check substantial level by using various
materials. Floating azolla, framed cover of empty fertilizer bags, nim oils and thermocol
sheets covers may be used for such purchase.

In high rainfall area of western India (Dapoli) thermocol used over the pits of
2x1x1 m size with silpaulin plastic film on all sides, used for rainwater harvesting, could
reduced evaporation loss by 85% over control (Table 8). Neem (herbal tree) oil have also
been effective for two months.

Table 8: Effect of anti-transpirants over evaporation loss by pond.

Treatment

Control
Floating Azolla grass matting
Nim oil @ 1 lit/m2

Thermocol-sheet cover
Framed Cover of empty fertilizer
bag

Average
Evaporation

loss
(mm / day)

8.00
2.09
3.59
1.17
5.04

Evaporation Reduction (%)

-
73.8
55.8
85.4
37.0

Source: Annual Report of AICRP Water Management, 1999-2000,
DWMR (ICAR), Patna, India.

8. Adoption of proper crop production technology

Crop management practices play vital role in rainwater management in hill
agricultural. Use of suitable inters crop, proper sowing method, nitrogen management and
plant protection enhance the water use efficiency.

In sandy loam soils of eastern Himalaya (north eastern region of India), maximum
rice grain yields of 3.66 t/ha was achieved by submergence of 5-8 cm followed by under



shallow submergence of 3-5 cm. Rice variety RCPL-87-8-1 produced grain yield of 3.87 t/ha
under maximum deep submergence of 5-8 cm at Barapani Under similar conditions the
maximum response of rainfed maize (CU RCM-1) has been found up to 100 kg N/ha with
2.62 t/ha grain yield. A dose of 75 kg N/ha has been optimum. In same conditions peanut
grown under ridge sowing yielded 15.5 percent higher yield over plain sowing and variety
JL-24 has been found most suitable with 2.37-t/ha yields under ridge sowing method. In
Barapani (eastern Himalaya - north eastern region of India), under turmeric (RCT-1) and
maize (RCM 1-2) into cropping highest yield was obtained with 2:1 row combination having
with the yield of 8.0 t/ha fresh turmeric and 2.0 t/ha of maize grain.

Conclusion

Hilly areas in high rainfall zone also face acute moisture stress in crop soon after
rainfall terminates. Rainwater management is major way to enhance favorable moisture
regime for crop for longer period. Various methods have been worked out at many locations
in India to increase the utilization of rainwater in high rainfall and/or hilly area.

Sub-surface irrigation through applicator, in-situ moisture conservation, use of
bentonite as soil amendment to increase water retention in lateritie soils, use of anti
transparent to control evaporation from stored pond water, raising bund height in rainfed rice
fields, diverting runoff from maize plots in upper terraces to supplement water in rice fields,
inter plot water harvesting through sunken raised bed technology, use of lantana mulching in
cereal- cereal rotation to conserve moisture in-situ, build up soil fertility and recommended
proper package of practices for crop production are important methods of rain water
management and its efficient utilization in hill agriculture.

Western Himalayan areas of India like in Almora, experiments through
incorporation of cowpea mulch at 70 days after sowing (DAS) in standing crop of maize
under maize-wheat rotation has increased moisture availability for both the crops besides
enhanced yield. Under rainfed conditions of another region of western Himalaya (Palampur)
having silty clay loam soils followed maize-wheat rotation and lantana spreading was done
after harvest of maize of wheat with minimum tillage along with application of nitrogen @
120 kg/ha produced 4.8-t/ha wheat grain. On conserved soil moisture, peanut sown on ridges
produced 2.01 t/ha pod yields, about 15 percent higher over plain sowing. At high rainfall
area of western India (Dapoli), application of benotinite @ 20 t/ha produced 3.24 t/h seed
grain yield of rice. Use of thermocole sheet and grass matting cover were found to be most
effective in checking evaporation of stored pond water.
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