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uctober) and wheat (November-April) crops >n rotation. The procedure for analyzing the hydrologic chanees resultin* from the
rS.'cins^retention torage, runoff and groundwater recharge in or from the catchment. Studies carried out at the research farm (80 ha) and

laTa^Them^a ra I'200,"? °f tHe Cemral ** Sa"ni,y ReSMrCh ,nStitUte' Karnal' Indla' have shown that ddg2™«Th h '"f'I,ra',0n T' CaVChme"! re,en,1°n St°ra«e and the groundwater recharge increased while the runoff outflowdecreased. It has thus been shown that reclamation of alkali catchments leads to a favorable water balance in the area.

INTRODUCTION

Alkali soils are spread in an area of about
2.5 million hectares of the Indo-Gangetic
Alluvial Plains of India (Abrol and
Bhumbla 1977). Work at the Central Soil
Salinity Research Institute, Karnal, has
shown that these soils can be reclaimed
through land levelling, application of
gypsum, rice cultivation in the rainy season,
and storage of rainwater in the catchment
(Abrol et al. 1973; Narayana 1979).
Observations of runoff and water balance
analysis in the alkali soil watersheds under
reclamation have indicated significant
reduction in the values of runoff peaks and
volumes and corresponding increase in the
groundwater recharge in the study area
(Narayana 1977). This paper presents the
procedures of analysis and the evaluation of
these responses.

DESCRIPTION OF THE STUDY AREA

These investigations were carried out at
the research farm and in the operational
research project area of the Central Soil
Salinity Research Institute. Three
watersheds were selected for runoff

measurements with areas of 1.2, 6 and
1200 ha. The research farm, which was
chosen as the unit for water balance analysis,
has an area of 80 ha. These watersheds are

representtive of the problem area and their
soils are described in detail by Bhumbla et al.
(1973). The areas are characterized by flat
topography and low infiltration rates. Alkali
flats of this region present a very barren
picture (Fig. 1) occasionally supporting
some grass species of very poor economic
value.

EVALUATION PROCEDURES

For a watershed, the hydrologic process
involving runoff could be represented by
Fig. 2. If precipitation in the form of rainfall
is considered as the input, the abstractions
will comprise interception, infiltration and
catchment retention. The amount of rainfall

detained on the catchment on a temporary
basis reappears as runoff in the stormless

Figure 1. A view of the alkali soils.
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Figure 2. Schematic hydrologic flow diagram in a watershed.
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part ofthe recession hydrograph. Normally,
the surface field drains in the study area
remain dry throughout the year except
during storms, thus indicating absence of
any contribution to storm runoff from
groundwater storage.

The alkali soils are reclaimed by a
package of practices listed below:
(1) Land shaping and construction of

earthen ridges along the field
peripheries (bunding of the fields) for
rice cultivation.

(b) Application of gypsum as an
amendment.

(3) Storing of rainwater in bunded rice
fields.

As a result of these measures, significant
changes take place in the infiltration and
retention characteristics of the watershed
which in turn affect the runoff and
groundwater recharge characteristics. The
evaluation of effects of reclamation
practices in a watershed was therefore done
by studying the changes in:
(1) Infiltration characteristics.
(2) Catchment retention storage.
(3) Runoff characteristics.
(4) Groundwater recharge through water

balance analysis.
Infiltration rates were measured at

selected sites in the watershed by ring
infiltrometers (Musgrave and Holtan 1964).
This was done when the watershed was in

dry condition, i.e. prior to the rainy season,
and the same was repeated every year after
reclamation for 5 yr.

Catchment retention storage was
computed by applying the simple water
balance equation for selected storms,
producing well defined runoff hydrographs.
The water balance equation consists of

RI=P-R-E-D (1)

where RI is retention storage, P the
precipitation, R the runoff, E the
evaporation and D the detention storage or
the transient storage of runoff on the
surface of the watershed.

The detention storage (D) was itself
determined by computing the volume of
runoff, after the storm had ceased on the
watershed. This was done by computing the
area under the stormless part of the
recession in the runoff hydrograph.

The effect of reclamation on the runoff

from watersheds was evaluated in two ways:
(1) runoff was gauged from the same
watershed over the years; (2) two
comparable catchments, one an
unreclaimed watershed and the other a
normal one, were chosen for runoff
measurements. Changes in the runoff
characteristics were studied using both
procedures.

The following data were collected for
evaluating changes in groundwater recharge
in the study area (Narayana et al. 1979):
(1) Surface inflows and outflows for each

individual storm.

(2) Fluctuations in groundwater levels.
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Figure 3. (left) Infiltration rate curve for reclaimed and unreclaimed soils, (right) Basic infiltration rate
curve during time span of reclamation.
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Figure 4. Runoff hydrographs in operational research project watershed.

(3) Seepage from the neighboring canal.
(4) Evaporation.
(5) Soil moisture data.

In the water balance analysis, the inputs
(I) were:
(i) Precipitation
(ii) Canal seepage.

The outputs (O) were:
(i) Runoff,
(ii) Evapotranspiration.
(iii) Addition to soil moisture storage.

Data on precipitation, runoff and soil
moisture changes were actually measured.
Canal seepage, as estimated by Narayana
and Gupta (1974), was adapted.
Evapotranspiration for the irrigated areas
was assumed to be taking place at the rate of
potential value as indicated by the pan
evaporimeter value multiplied by a pan
coefficient of 0.7 (Blaney 1956). For the
unirrigated portion of the study area, it was
assumed that (a) when the monthly rainfall
exceeds the corresponding potential
evapotranspiration values, the actual
evapotranspiration was equal to the
potential value and (b) when the monthly
rainfall was less than the potential value as in
the relatively dry month of June with very
low soil moisture values, the actual
evapotranspiration was assumed to be
limited by the monthly rainfall less runoff (if
any).

The change in storage S( S = / - O) is
assumed to be the surplus water available for
recharge to groundwater from local rainfall.
Simultaneously, from the groundwater
observations, the quantity of water (G)
causing groundwater rise is computed by:

G=DGXSp

Where

DG = Actual rise in groundwater level during
June-September.

Sp = Specific yield.

The average specific yield (Sp) for the
study area was found to be 0.1 (Narayana et
al. 1973). The difference between SandG for
various years was assumed to be the
probable groundwater recharge (PR) from
outside the area. The variations in the values

of runoff, the water surplus (S) and the
groundwater recharge (G) are good
evaluators of the catchment responses to
reclamation.

RESULTS AND DISCUSSION

Infiltration Rates

Infiltration curves based on three sets of

infiltrometer observations each, for
reclaimed and unreclaimed soils, are shown
in Fig. 3a. The following mathematical
expressions were developed for these curves:
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Unreclaimed soil:

/ =0.26rm-°-86

Reclaimed soil:

/ =0.18fm~0-56

In these expressions:

/ = Infiltration rate in cm/min.
tm = Time in minutes.

In Fig. 3b, the yearly values of basic
intake rates (three sets of values for each
year after reclamation), determined after 72
h of observation, are shown. The
relationship between basic intake rate If, in
cm/day and time ty, in years after
reclamation, is expressed by an empirical
equation:

lb =0.96 +4.32 [1 -exp(-0.66r7)]. . .. (4)

The basic intake rate of alkali soils
increased from a low value of 1 cm/day to
about 5 cm/day in 5 yr after reclamation
(Fig. 3b). This could be due to various
improvements in the soil characteristics
resulting from the application of gypsum,
and improved crop tillage and agronomical
pracices (Abrol et al. 1973).

Storms producing well defined runoff
hydrographs during the rainy season of 1976
and 77 (Fig. 4) were selected for computing
the retention storage (Rf) by Eq. 1. The
relationship between rainfall and the RI, for
the years 1976 and 1977, shown in Fig. 5,
indicate that RI values of 1977 are greater
than those of 1976. This means more rain

water had been retained and less runoff was

produced from the reclaimed areas.
Typical runoff hydrographs, during

different years after reclamation, recorded
at the same gauging station, are shown in
Fig. 6a, b, c. It could be clearly seen from
these hydrographs that the values of peak
and volumes of runoff for unit rainfall were

progressively decreasing and this could be
due to various reclamation measures being
adopted in the area. In Fig. 6d the runoff
hydrographs from comparable normal and
unreclaimed watersheds are shown. The
values of peak and volume of runoff from
the normal catchment are 0.43 and 0.25
times the corresponding values from the
unreclaimed one.

The June-September water balance
analysis for the C.S.S.R.I, research farm is
presented in Table I. Changes in the ratio
runoff to rainfall, water table levels and the
groundwater recharge are presented in Fig.
7. It is seen that the ratio of runoff to rainfall
decreased progressively. The rise in
groundwater levels, during the June-
September period, declined from 1972 to
1974, probably due to excessive ground
water withdrawals in the area by the
tubewells of the research farm and of the
Haryana State Minor Irrigation and
Tubewell Corporation. However, after
1974, the rise in groundwater levels has
stabilized at 240 cm. This corresponds to a
replenishment of about 24 cm of water to

(2)

(3)

groundwater storage. This phenomenon of
groundwater behavior on the research farm
could befurther confirmed from thechanges
in the watersurplus duringthe period of the
study. The available water surplus (TableI)
declined from about 26% in 1972 to zero in
1974. This was due to relatively greater
runoff losses from the area in the first session
of reclamation and also due to increased
groundwater withdrawals for meeting the
irrigation needs of the newly reclaimed
areas. It increased to 40% in 1977 due to
increased catchment retention and
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Figure 5. Changes in the catchment retention
storage due to progressive reclamation.
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Figure 6. Gauged runoff hydrographs from alkali soil watersheds.
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Figure 7. Changes in the water balance components of a watershed under reclamation.
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TABLE I. WATER BALANCE ANALYSIS (JUNE-SEPTEMBER) OF THE RESEARCH

Particulars Unit 1972 1973 1974 1975 1976 1977

Precipitation
Canal seepage t

cm

cm

69.5

4.0

58.9

4.0

38.4

4.0

60.4

4.0

86.7

4.0

58.9

4.0

Total input (/) cm 73.5 62.9 42.4 64.4 96.7 62.9

Runoff C m 12.1 9.4 0.5 1.2 10.0 5.5

Evapotranspiration cm 34.2 37.2 37.9 35.8 42.6 26.2

Addition to soil moisture

storage cm 9.0 8.0 6.8 8.8 10.9 7.5

Total output cm 55.3 54.6 45.2 45.8 63.5 39.2

Local recharge cm 18.2 8.3 -2.8 18.6 27.2 23.7

or water surplus
S = (/ - O) %t 26 14 0 31 31 40

Observed ground cm 29.1 18.7 17.1 23.9 25.5 22.8

water rise (G) %t 42 32 45 40 29 39

Probable recharge cm 10.9 10.4 19.9 5.3 -1.7 -0.9

from outside the

area (G - S) %t 16 18 52§ 8 0 0

Runoff («) % 17 16 1 2 12 9

+ Value adopted from Narayana and Gupta (1974).
J These are values expressed as percentage of rainfall.
§ This usually high value is due to the non-operation of the Haryana State tubewells in the vicinity of

the study area during this season.

corresponding reduction in runoff as well as
increased infiltration rates in the area. These

are the direct consequences of the various
reclamation measures adopted in the study
area. The significant aspects of these
observations are that favorable water

balance has been attained even while the

probable recharge from outside the study
area has declined to nearly zero level (Fig. 7)
and with a general decreasing trend of
groundwater levels in the region (Narayana
and Singh 1976).

CONCLUSIONS

Reclamation of alkali soils, occupying
nearly 2.5 million hectares in Indo-Gangetic
Alluvial Plains, will improve the agricultural
production and also change the water
balance picture favorably to meet the water
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needs for reclamation itself. The hydrologic
evaluation of the effects of reclamation

could be done through a systematic study of
the progressive changes in infiltration
characteristics, catchment retention storage,
runoff characteristics and water balance

analysis.
The evaluation has shown that due to

reclamation:

(1) The infiltration rate and catchment
retention increased and the runoff

outflow decreased from the problem
area.

(2) The groundwater recharge from local
rainfall increased.

These are important findings in the
overall context of alkali soil reclamation.

Most of the water needs for reclaiming these
problem areas could be met from within the
area by increased rainwater utilization and
induced groundwater recharge.
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