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Salt Dynamics and Budgeting in the Root Zone of Wheat
under Irrigated Saline Environment
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ABSTRACT

Plant growth is adversely affected by salt deposition in the root zone and requires judicious
irrigation water management for enhancing productivity in anirrigated saline environment. To
study the salt deposition and subsequent leaching of salts below the root zone of wheat, an
experiment with four wheat cultivars (viz. three salt-tolerant KRL-210 (V,), KRL-1-4 (V,), and
one salt non-tolerant HD- 2894 (V,) were taken for the experiment under artificially prepared
irrigation water with salinity levels of 4 dSm™" (S,), 8 dSm™ (S,) and 12 dSm (S,) besides the
varying salinity of the groundwater from 1.45to 1.7 dSm’(S,) during rabi seasons of 2009-10 and
2010-11 at the research farm of Indian Agricultural Research Institute (IARI), New Delhi, India.
The soil salinity (EC,,) was 0.2 dS m" before the conduction of the experiment during rabi 2009-
10 and varied from 0.26 to 0.95dSm™ during rabi 2010-11. The total salt-induced in soil was 70.15
tha” and 55.6 t ha' for rabi 2009-10 and 2010-11 respectively by saline irrigation water. The salt
deposition in the crop root zone was observed at maximum (i.e., 17.04 and 22.97 t ha" during
rabi 2009-10 and 2010-11, respectively) for S, treated plots and minimum in S, treatment levels.
The production functions for wheat varieties were developed and the coefficient of
determination (R%) was 0.98 to 0.99 and 0.94 for salt-tolerant and salt non-tolerant varieties,
respectively. Moreover, it was also estimated that the maximum salt was deposited on the top
soil layer (15cm) and the leaching of salts from S,, S,, S, and S, treatments levels was 65%, 63%,
52%, and 48% salts, respectively from the root zone. However, this study would assist in the
computation of leaching requirements for enhancing productivity in irrigated saline
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environments.
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INTRODUCTION

Environmental factors which limit the productivity of crops,
soil, and water salinity are considered to be one of the most
severe environmental factors. Salinization in agriculture
occurs when salts are deposited in the root zone, either due to
the soil being naturally saline or due to poor drainage of water
from the sub-soil, which is not adequate to prevent the
capillary rise of saline water up to the root zone (Pitman and
Lauchli, 2002). Food production in irrigation commands has
been adversely affected by soil salinity and land degradation
caused by water logging. The adoption of a subsurface
drainage system can help in the rehabilitation and
conservation of irrigated saline lands. The strategy to use poor
quality drainage water for irrigation of winter wheat without
considerable yield reduction and soil degradation has been
suggested by Sharma and Rao, (1998). Saline soils are mostly
distributed in arid and semi-arid regions. However, the extent
and harshness of salinized areas are observational and
estimates show that about 955 million ha of the world are
under different categories of salt-affected soils (Qadir ef al.,
2000). During the monsoon season there would be no long-
term build-up of salts due to leaching and also it was
established that despite the seasonal build-up of salts and salt
transport due to saline water use causing the soil profile was
salt-free at the time of sowing of rabi crops (Wallender, ef al.,
2006; Verma et al., 2010, 2012). According to Chhabra (1996)

water can be a source of salts leading to the development of
soil salinity in coastal areas or in regions where shallow
groundwater is used forirrigation.

Water quality related to a salinity problem occurs if the total
quantity of the salts in the irrigation water is such that the salt
gets accumulated in the root zone and affects plant growth (Li
et al., 2015). Moreover, in areas where annual rainfall is less
than 250 mm, saline waters with EC exceeding 4 dS m” will
cause salt toxicity in most crops (Manchanda et al., 1993). Also,
water up to an EC 16 dS m™ can be utilized for growing some
crops (i.e. barley, ray and soybean) in areas where annual
rainfall exceeds 500 mm.

Experimental data collected from a field experiment with five
levels of saline irrigation treatments (i.e. 0.5, 6, 9, 12 and 18 to
27 dS m-1) were used by Dutta ef al. (1998) to estimate crop-
water production functions and fitting quadratic, log-log and
linear functions. They found that the production function in
quadratic form produced the best results. For sustained
irrigation with marginal quality water, different practices like
the appropriate selection of crops, conjunctive and cyclic
water use, frequency and doses of amendments have been
recommended (Minhas and Gupta, 1992; Oster,1994; Minhas,
1996; Sharma and Minhas, 2005; Soother et al., 2019). The crop
yield increased with an increasing amount of applied water
for all irrigation regimes indicating the water production
functions of wheat developed by Singh ef al. (2009) with a
single level of alkali water (i.e. 3.7 dSm-1) and two levels of
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saline irrigation (i.e. groundwater; 3.5 and 9.4 dS m-1).
However, maximum yields were obtained with groundwater
but were not achieved even with increased quantities of saline
water and need to be proper irrigation scheduling (Wang et
al., 2016). A crop-water-salinity production function
developed by Yang-Ren ef al. (2007) and coupled with a soil-
water-salinity dynamic regression maximize the net return of
irrigated wheat crop. They were suggested for wheat and
cotton crop, If the salinity concentration was more than 10.9 dS
m” in groundwater, then irrigation was needed with only
fresh water and if the salinity was about 7.8 dS m’, twice
irrigation was required with fresh water and once with saline
water and if less than 4.7 dS m-1, irrigation could be sole with
saline water for getting optimum crop yield.

Water logging and land degradation due to salinity is the
largest and least manageable natural resource. Since, the
leaching requirement for frequently irrigated wheat,
sorghum, and lettuce crops for improving productivity was
established by Hoffman, ef al. (1979) and Zhu et al. (2019)
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developed a salt balance model for long-term soil salt
prediction. Once leaching of the salts has happened, it is
necessary to keep the salts at a depth that minimises the
impact on plant growth. Salt movement was observed
by Van Hoorn (1981) and Ayars ef al. (1993) in a soil profile
having sandy loam and silty clay loam texture. Gupta and
Abrol (2000) suggested carrying out the regional salt and
water balance study in the northwest Indo Gangetic Plain
(IGP) for enhancing the productivity of rice-wheat cropping
systems.

The salt dynamics were measured through frequent soil
sampling from different crop root zone depths and the impact
of salinity was studied by Bakker et al. (2010). The soil samples
up to 100 cm depth with 10 cm intervals were collected
seasonally and found substantial seasonal variations in the
salt dynamic with groundwater fluctuation (Cullu, ef al.,
2010). Liu et al. (2020) studied the impact of the root system on
solute transport and accumulation in the root zone and they
found a strong correlation between root location and salt
distribution in the soil. To study the salt dynamics and its
deposition, an experiment was conducted during the wheat-
growing period with three salts tolerant and one salt non-
tolerant wheat varieties under different irrigation water
salinity regimes. The objective of this study was to quantify
the amount of salt build-up or leached down below the root
zone and to estimate the amount of salt-induced by the
irrigation water during the crop growth period. Further, the
depth of rainfall required or fresh irrigation water to eradicate
excess salt from the root zone was estimated which would
assist in the design of subsurface drainage systems for
retrieval of salt-affected lands.

MATERIALS AND METHODS

Descriptions of Experimental Site

A field experiment was conducted during rabi 2009-10 and
2010-11 at the experimental farm of Water Technology Centre
(WTC), Indian Agricultural Research Institute (IARI), New
Delhi, India. The experimental site is located between 28° 37'
22”7 to 28° 39' 00” N and 77’ 8' 45" to 77° 10' 24" E with an
average elevation of 230 m amsl.
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Fig.1: Layout of the field experiment with different wheat varieties and saline irrigation levels (A) and the infrastructure for
providing saline water to different plots of the experiment with standing crop (B)
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The soil of the study site was deep, well-drained sandy loam
containing 63.05% sand, 20% silt and 16.6% clay for an average
of 30 cm soil depth. The saturated hydraulic conductivity of
soil was 22.16 cm d'and bulk density 1.75 Mg m”, respectively
(Table 1). For mixing of three salts (viz. NaCl, MgSo,, CaCl,) to
prepare artificial saline water for irrigating at designed
salinity levels of 4dSm™ (S,), 8dSm™ (S,) and 12dSm™ (S,), an
overhead tank was installed at 2 m height (Fig. 1). The control
plots were irrigated using groundwater with salinity varying
from 1.45 to1.7dSm™ during the study period. The study was
conducted with four wheat varieties with 3 salt-tolerant
varieties (i.e. KRL-210, KRL-1-4, KRL-19) and one non-salt-
tolerant variety (HD2894).

Table1: Physical and chemical properties of the soil of the

experimental field
Soil depth

Determination

0-15 15-30 30-45 45-60 60-90
Sand (%) 62.4 63.7 44 39 39
Silt (%) 21 19 23 25 27
Clay (%) 16.6 17.3 33 36 34
Soil texture Sandy = Sandy @ Loam Loam Clay

loam loam loam
FC (w/w) 20.45 22.02 30.59 32.8 33
PWP (w/w) 9.5 10.2 13.7 14.7 15
Ks (ecm d)

27.4 26.2 18.6 19.1 19.5
Bd (g cm?) 1.66 1.7 1.88 1.67 1.83
EC (dS m?) 0.2 0.12 0.11 0.13 0.12
pH 7.7 8.1 8.01 8.05 8.5
Organic matter
(%) 0.53 0.48 0.40 0.37 0.38
N (ppm) 179 159 130 123 126
P (ppm) 33 37 1296 43 41
K (ppm) 1724 1777 1825 1881 1912

t Bd: Bulk Density, Ks: Saturated Hydraulic Conductivity, FC:
Field Capacity, PWP: Permanent Wilting Point, EC: Electric
Conductivity

Irrigation Scheduling

The soil moisture deficit (SMD) method was applied for
irrigation scheduling with periodic monitoring of soil
moisture using Frequency Domain Reflectometer (FDR) soil
moisture sensors. The maximum allowable moisture deficit
criterion (i.e. 50% of the moisture between the field capacity
(FC) and the permanent wilting point (PWP)) was used to
estimate the amount of irrigation water on a volumetric basis
and the root zone depth of the crop. The irrigation was applied

Table 2: Irrigation schedule during 2009-10 and 2010-11
Days after sowing

Irrigation

2009-10 2010-11
1st 24 30
2nd 44 55
3rd 64 86
4th 80 100
Sth 97 -

up to the FC moisture content of the soil. Therefore, adopting
the above procedure, the total depth of irrigation was 258 mm
and 250 mm applied during rabi 2009-10 and 2010-11
respectively (Table 2), whereas the effective rainfall was 14.14
mm and 322 mm during rabi 2009-10 and 2010-11,
respectively.

Soil sampling and measurement of soil salinity

Soil samples were collected from five depths at 0-15, 15-30, 30-
45, 45-60 and 60-90 cm before and after irrigation to a
determination of the soil salinity using the suspension
extract (EC,,) method. For measurement of soil salinity, the
soil water extract method is easier than the saturation extract
method but this method takes more time and also
requireslaboratory facilities. The soil: water suspensions (1:2)
was prepared by adding 100 ml of distilled water (2 parts) to
50 g of air-dried soil sample. The mixture was shaken for 1
hour (Rhoades, 1982; Rhoades, 1989) in a mechanical shaker.
The stirred solution was allowed to settle down and
subsequently filtered and then the EC was measured using an
EC meter.

Estimation of total salt content in the soil

The salt deposition in soil was estimated by measurement of
soil EC measured by suspension extracts (1:2) method. The
estimated unit of soil salinity in dS m™ under different salinity
levels and also at different root zone depths were converted to
tha" unit by using Eq. 1. The experiment data were used and
subsequent analysis to develop this equation.

ECi xD, x 640

SDY =

i

xBD, xV, @
10°
Where,

S, =Saltdeposited ini"layer, tha”,

EC,=Salinity ini"layer, dSm’",

D, = Dilution factor (viz. for EC,, the D, will be 2; after

multiplying EC1:2 will be converted into ECe and itis an

actual representation of salt concentration in the soil)

BD=Bulk density in i layer, kg m”, and

V,,=Volume of soil ini" layer per hectare, m*ha
Saltinduced in the soil during the wheat growing season
Total salt-induced by irrigation water in the study plots was
70.14 tha™ (viz. 5.96,11.67,23.30 and 29.22 tha™for S,, S,, S, and
S, respectively) for rabi 2009-10 and 55.60 t ha™ (viz. 4.05, 8.66,
17.18 and 25.71 tha' for S,, S,, S, and S, respectively) for rabi
2010-11 and the saline water prepared artificially forirrigation
withECof4dSm”,8dSm™ and 12 dSm"obtained by mixing of
3 salts (viz.NaCl, MgSo,, CaCl,) in the ratio of 2.5:1.5:1 is given
in Table 3.

Table3: Salt induced in soil by irrigation water in different

treatments.
Salinity levels Salt Induced (t ha?)
2009-10 2010-11
Si 5.96 (8.5%) 4.05 (8.1%)
S2 11.67 (16.6%) 8.66 (15.6%)
Ss 23.30 (33.2%) 17.18 (30.9%)
S4 29.22 (41.7%) 25.71 (45.4%)
Total 70.14 55.60
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Table4: EC,,of thesoil before and after crop seasons

EC,, of the soil EC,, of soil after
before sowing harvesting
Soil Salinity (dSm™) (dS m™")
Depth  gradient 50010 201011 200010  2010-11

S1 0.2 0.39 0.58 0.42

0-15 52 0.2 0.58 1.39 0.48
S3 0.2 0.74 1.97 2.77

54 0.2 0.95 2.15 4.00

S1 0.12 0.31 0.41 0.69

S2 0.12 0.56 0.82 0.80

1530 s3 0.12 0.47 1.17 127
54 0.12 0.26 1.15 2.02

S1 0.11 0.36 0.36 0.29

S2 0.11 0.43 0.65 0.35

3045 S3 0.11 0.54 0.85 0.37
54 0.11 0.53 0.90 1.78

S1 0.13 0.53 0.33 0.29

S2 0.13 0.89 0.56 0.37

45-60 S3 0.13 0.43 0.68 0.38
54 0.13 0.68 0.88 1.60

S1 0.12 0.77 0.33 0.19

52 0.12 0.89 0.51 1.03

60-90 S3 0.12 0.67 0.54 0.33
54 0.12 0.77 0.74 0.98

SaltBudgeting

The soil samples were collected from different experimental
plots for measurement of EC,,in dSm"and it was converted to
tha' by using Eq.1 and shown in Table 5. It was observed from
Table 5 that the salt content in soil was 2.26 t ha'during rabi
2009-10 before execution of the experiment for all the salinity
levels. However, the salt content before sowing during rabi
2010-11 in different treatments varied with the highest salt
content of 11.54 tha” occurring in S, level and the lowest of 8.01
t ha'in S, level. Such variation under different salinity
treatment plots can be attributed to rainfall and saline
irrigation water applied for growing maize crops during the
kharif 2010. Moreover, the analysis of soil samples from
different plots after the harvest of wheat showed that the
minimum salt deposition was 4.43 t ha™ in the crop root zone
for S, level during rabi 2009-10 whereas, the salt deposition in
the same salinity level was -1.8 t ha’(the negative sign

indicated that the salt was leached out from the root zone)
during rabi 2010-11. The maximum salt deposition, 17.04 and
22.97 t ha' were observed during rabi 2009-10 and 2010-11,
respectively in S,level plots. The total salt in soil was observed
to be maximum i.e. 31.48 t ha’ during 2009-10 whereas; it was
37.09 during rabi 2010-11 in S, level (Table 5). It was also
observed from Table 5 that the leaching of salt was maximum
(i.e.12 t ha') under S, level during rabi 2009-10, whereas the
maximum leaching (i.e. 9.99 t ha") was observed during rabi
2010-11in S, and S; salinity levels. The leaching of salt to be
19%, 6%, 32%, and 39% were observed during 2009-10 and
48%, 49%, 36%, and 7% during 2010-11 fromS,, S,, S,, and S,
levels, respectively. However, the more leaching percentage
during rabi 2010-11 might be due to higher rainfall during the
crop growing season (i.e. 128% more during rabi 2010-11 than
during rabi2009-10).

The salinity of soil samples from different treatments was
measured after harvesting of rabi2009-10 wheat during April
2010 and also during November 2010 before sowing of wheat
for rabi 2010-11to estimate the leaching of salt from the root
zone. The quantity of leached salt2.22,9.10 and 8.16 tha were
observed in S,, S, and S, salinity levels, respectively. However,
the leaching from the plots under the control treatment
(Groundwater; S,) was not observed during the two years of
the experiment. On average, it was estimated that rainfall
depth of 14.5 cm could remove about one ton of salt from the
root zone from all salinity levels. Moreover, the salt deposition
was highest at S, level due to maximum salt-induced in the
same treatment during both rabi seasons of 2009-10 and 2010-
11. The salt-induced, salt before sowing, salt after harvesting
and salt deposition in the root zone of all wheat varieties in

35 - m Salt before sowing
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< si | 2| s |« st | 2 | s | s
2009-10 2010-11

Salinity Levels

Fig. 2: Salt deposition in the root zone during rabi 2009-10

and 2010-11
Table 5: Salt budgeting in soil profile within the crop root zone
o Salt before Salt induced Salt after harvesting  Salt deposition (t ~ Total salt in Total leached
Year Slahnity sowing (t ha?) (tha?) (tha?) ha?) soil out
eves (@) (b) © (a+b) (a+b)-c
S1 2.26 5.96 6.69 4.43 8.23 1.54
S2 2.26 11.67 13.04 10.77 13.93 0.90
2009-10
S3 2.26 23.30 17.26 15.00 25.56 8.30
54 2.26 29.22 19.31 17.05 31.48 12.17
S1 8.01 4.05 6.22 -1.80 12.07 5.85
S2 11.54 8.66 10.21 -1.33 20.20 9.99
2010-11
S3 8.88 17.18 16.69 7.80 26.06 9.38
54 11.37 25.71 34.35 22.97 37.09 2.74
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different treatments during both seasons of the experiment is
shown in Fig. 2. It was observed from Fig. 2 that there was no
salt deposition in the crop root zone during rabi 2010-11 under
S, and S, treatments.

Root Growth under Saline Environment

The rooting depth of different wheat cultivars was observed to
vary from 70 cm to 90 cm (Fig. 3). Root depth of different
cultivars was observed to be more during rabi 2010-11 as
compared to rabi 2009-10. This may be attributable to more
rainfall and leaching of salts from the root zone during rabi
2010-11 than rabi 2009-10. Maximum root depth of 88.2 cm and
90 cm for the salt-tolerant cultivar KRL-210 was observed
during rabi 2009-10 and 2010-11, respectively under saline
water treatment of 8 dSm™. Minimum root zone depth, 71.2cm
and 73.3 cm for the salt non-tolerant cultivar HD-2894 were
observed under salinity level 4 dSm™ during rabi 2009-10 and
2010-11, respectively. It was also observed from Fig. 3 that the
higher rooting depth (i.e. 81 cm and 84 cm for years 2009-10
and 2010-11, respectively) for salt non-tolerant wheat variety
HD-2894 at higher salinity levels (8 dS m™), and it was more
than the rooting depth of other varieties at same salinity levels.

Treatments

SO N N
&

IR R\ N R
S S g g g e S N

o>
O
70 A

75 A
80

85 A

Root Depth, cm

2009-10 = 2010-11

90

Fig.3: Depth of root under different treatments of salinity for
rabi 2009-10 and 2010-11

Development of Regression Equations on Salt Deposition
(2)An effort was made in this study to develop a regression
equation relating to salt deposition using the data taken from
field experiments conducted during rabi 2009-10 and 2010-11.
Relationships were established between observed data of salt-
induced by irrigation water, the salt concentration in the soil
before sowing of seed, depth of irrigation, salt deposition in
the root zone and depth of rainfall during the growing season
(Eq. 2). The standard error of the developed regression
equation and coefficient of determination (R*) were observed
at 4.76% and 0.87 respectively, and the correlation coefficient
was 0.93. The regression equation is developed with a mention
of the range of different parameters used for the development
of the model. The model can be used for the prediction of salt
deposition in the root zone and for the experimental
environment similar to that of the reported study region using
four input parameters. The developed equation was:

S, =0.51S,, + 1.03S, + 4.731, - 24R, - 13.42
Where,
S,=Saltdeposition (tha")
S,.=Saltbefore sowing (tha™)
S,=Saltinduced (tha™)
I=Irrigation Index (ratio of
irrigation, cm and salt-induced,
tha™)
R,=Rainfallindex (ratio of rainfall,
m and saltinduced, tha™)

Range:2.26<S,,211.54
Range:4.05<5,229.22

Range:0.07<1,21.13

Range:0.88<R,26.17

Development of Crop-Water Production Function
The productivity of wheat is highly influenced by the quantity
and quality of the irrigation water and initial soil salinity.
Other factors that might have affected the productivity of the
wheat crop and its quality were considered to be constant
while developing the crop-water production function. The
relationships between the yield of wheat and other
parameters used in the production function can be presented
as (Eq.3):
Y=f(G.Y,S,D,D) 3)
Where,

Y'=cropyield per unitof area

G,=crop growth parameters

Y, =vyield attributes

S,=saltinduced in soil by irrigation water

D,=depth of irrigation water

D =depth of rainfall during growing season
The governing parameters such as yield, soil salinity,
irrigation water and rainfall depths acquired from the
experiment were used to develop the production functions of
different wheat varieties. The yield attributes and crop growth
parameters were spikes per m’, thousand kernel weight and
maximum plant height. The rainfall depth representing the
rainfall that occurred during the growing season besides salt-
induced during the growing season was representative of the
soil salinity and saline irrigation water depth. Developed
equations for four different wheat varieties relating to these
parameters are presented in Eq.4to7.
The coefficient of determination (R’) of these regression
equations were 0.99, 0.98 and 0.98 for varieties V,, V, and V,
(salt-tolerant) verities, respectively. Moreover, the standard
errors (SE) of these equations were observed to be 1.9%, 10%
and 7% for V,, V, and V,varieties, respectively. Prediction error
statistics of developed equations showed that the salt-tolerant
varieties performed better in a saline environment and these
production functions will be useful for the irrigated saline
environment with maximum salinity of 12 dSm”. However,
the production functions developed for salt non-tolerant
variety may not be useful for salinity exceeding 4 dSm beside
the higher value of SE could be an indicator reflecting poor
performance of salt non-tolerant variety in an irrigated saline
environment. The results were in line with the findings
reported by Dutta et al, 1998. The crop-water production
functions developed using the experimental data of the study
area were:

(4)KRL-210(V,)

Y=-0.00015P,,,, +0.73T,,-0.0015S,,+0.21R- 0.241,- 18.77 (4)
R*=0.99;SE=1.9%

KRL-1-4(V,)
(5)Y=0.037P,,,,-0.05T,,+0.008S,,,+0.21Ri-0.24L;-18.77  (5)
R*=0.98;SE=10%

KRL-19 (V)

Y=0.037P,,,,-0.05T,, +0.008S,,,+0.21Ri-0.241;- 18.77 (7)
R*=0.98;SE=7%

HD289%4 (V,)

Y=0.07P,,,,-5.62T,,+0.4S,, +0.016Ri+1.13[,+54.8 (8)
R*=0.94; SE=30%

Where,

Y=grainyield (tha")
P,..=Maximum plant height (cm)
T,,=Thousand kernel weight (g)

Range:45<pP,,, 283
Range: 25<T, 238
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S,..=Spikes perm’ Range:230<S,,, 2390
I,=Irrigation Index (ratio of irrigation in cm and salt-induced
intha”) Range: 0.0551,21.5

R, =Rainfall index (ratio of rainfall in cm and salt-induced int
ha") Range: 0.55R,;26.5

Salinity, dS m™!
0.10 0.30 0.50
15 1

0.70 0.90

(S1)

Vo]
o
L

Salinity, dS m?

0.10 1.10 2.10 3.10
15 L '] J

(S3)

The soil samples before and after irrigation were analysed
from all treatments and salt dynamics observed in the root
zone during rabi 2009-10 and 2010-11 (Figs. 4 to 7). The salt
deposition was observed to be maximum in the upper layer
(15 cm) which varied from 0.5dSm™ t0 0.74dSm”,

Salinity, dS m™!

0.10 0.60 1.10 1.60 2.10

15 Z. 1

30 -
g 45 -
(8]
=
£ 60 o
[}
o]

75 - (S2)

90 -

Salinity, dS m
0.10 1.10 2.10 3.10
15 L
30 A
—&— 1st Irrigation

545 1 —&—2nd Irrigation
%60 1 —#—3rd Irrigation
o

75 - —>¢=A4th Irrigation

90 ==ie=5th Irrigation

Fig. 4: Salt dynamics before each irrigation during rabi 2009-10.
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Salinity, dS m! Salinity, dS m
0.10 0.60 1.10 1.60 2.10 0.10 1.10 2.10 3.10
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= o 45 "
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90 S4
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Fig.5: Salt dynamics after each irrigation during rabi 2009-10.
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Fig. 6: Salt dynamics before each irrigation during rabi 2010-11.
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Fig. 7: Salt dynamics after each irrigation during rabi 2010-11.

before and after all irrigations during rabi 2009-10 at different
salinity levels. Moreover, the soil salinity did not follow any
specific trend and the soil salinity decreased with
increased depth of root zone at a soil depth of 90 cm for S, and
S, salinity levels in which before 2™ irrigation the salinity was
observed to be more than the upper layer. The soil salinity was
almost the same for S, and S, salinity levels at 90 cm depth
before each irrigation. The trend of variation in root zone soil
salinity up to 90cm depth was observed to be similar for all
salinity levels (Fig. 4). The trend of salt deposition was
observed to follow the uniform pattern for all salinity
levels after each irrigation. The soil EC,, was found at
maximum (i.e. 0.39 to 2.15 dS m") and minimum (i.e. 0.18 to
0.74 dS m™) in the upper soil layer up to 15cm depth and at
lower soil depths at 60 to 90cm, respectively, for different
observations recorded after each irrigation for all salinity
treatments (Fig.5).

The salt dynamics were observed during the year 2010-11 after
and before irrigation and four irrigations were applied during
the entire cropping season. The maximum salt deposition
beforeirrigation was observed in the upperlayer (15 cm) of the
soil and the minimum was found in the lower layer (90 cm) of
soil depth. However, the salt deposition was observed more
(i.e. 0.91 dSm™) in 90 cm soil depth as compared to the salt
deposited on the upper layer. The minimum (i.e. 0.58 dS m™)

salt deposition was observed for S, salinity level before the
first irrigation and maximum (i.e.2.40 dS m") for S, salinity
level before the third irrigation. Based on the data collected, a
trend was observed in the S,, S, and S, salinity levels before
each irrigation whereas no such trend was observed for S,
salinity levels (Fig. 6).

The salt deposition and salt dynamics after each irrigation
during rabi 2010-11 showed that the deposition in the upper
soil depths was more than in the lower soil depths. The soil
salinity after each irrigation exhibited that there were no
significant differences in the salinity for S, and S, treatment,
whereas, for S;treatment, the salinity values were close to each
other in lower and upper soil depths. Moreover, higher
salinity at upper and less salinity at lower root zone depths
were observed in most of the treatments. However, the
variation in salinity values at different depths and before and
after each irrigation did not follow any specific trend and was
unpredictable to infer any significant conclusion. The
randomness of such data was more prominent during 2010-11
as compared to 2009-10 and this could be due to the higher
rainfall during 2010-11 which might have triggered erratic
leaching and salts deposition from one layer to the other.
Hence, the application of irrigation water at different salinity
levels caused variation in soil salinity at different soil depths
which did not show any definite trend (Fig. 7).
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Table 6: Leaching of salt from root zone for all treatments.

Treatments Root zone depth Amount of salt (t ha') Amount of salt (tha')  Leaching of salt (kg) by Leaching

(cm) before rainfall after rainfall per m? of rainfall out (%)
0-15 1.67 1.01 4.69 61

S1 15-30 1.05 0.76 2.02 73
0-15 2.03 1.00 7.38 49

S2 15-30 1.36 0.56 5.73 41
0-15 2.83 1.59 8.86 56

S3 15-30 1.61 0.69 6.51 43
0-15 2.93 1.14 12.78 39

54 15-30 1.76 1.10 4.73 62

Leaching Requirement enhancing agricultural productivity in an irrigated saline

An experiment was conducted to estimate the leaching
requirement to remove salt from root zone depth (up to 30 cm)
using the observed soil salinity before and after rainfall of 14
mm during rabi 2009-10. The quantity of average salt
deposition varied from 1.67 to 2.93 t ha'before rainfall in the
upper layer (0-15 cm) whereas, in the lower layer (15-30 cm)
the salinity variation was 1.05 to 1.76 t ha” for all treatments.
Likewise, the amount of salt deposition in the upper layer was
observed to be more after rainfall than in the lower layers for
all treatments (Table 6). Subsequently, the average EC,, of
these two layers were observed1.09 dSm™and 0.59 dSm™ and
the reduction of salinity was due to the leaching of salt from
the upper and lower layer of soil profile after rainfall,
respectively. From Table 6 it was observed that the leaching of
salt was maximum from the upper layer (0-15 cm) of the root
zone and minimum from the lower layer (15-30 cm) of the root
zone concerning per unit rainfall depth. The average leaching
of salt from the upper layer was assessed to be 8.4 kg of salt per
m’ of rainfall from all treatments, whereas the same amount of
rainfall could remove average salt of 4.7 kg from the lower
layer of the root zone. Therefore, higher leaching (73%) was
observed for S, treatment from 15-30 cm soil profile and
minimum salt leaching (39%) was observed for S, treatment
from 0-15 cm (upper) soil profile. These results indicated that
the depth of rainfall required for leaching salt from the root
zone is essentially dependent on the soil texture and hydraulic
properties of cropped fields.

CONCLUSIONS

Soil salinity is one of the restraining factors of agricultural
production. It is essential to the determination of soil salinity
timely and reliable for subsequent water management for
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