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Effects of Various Leaching Fractions on Cotton Yield and Soil Salinity
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Abstract: The objective of this study was to determine the effects of various leaching fractions on cotton yield
and soil salinity. Leaching fractions were created by reduced water as moving away from the laterals and
determined by depth percolation (LFt) using tensiometer and electrical conductivity (L.Fec,,) using suctions
probes (EC,,), respectively. The highest coefficient of determination between the leaching fractions and vield
was found for LFec,, values (R*=0.61"). A quadratic relationship was found between the LFa and the amount
of salt removed from the soil. Salt removed from the profile was at its mimimum value and its maximum value
when the leaching fractions were 0.05 and 0.56, respectively.
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INTRODUCTION

The use of drainage water for irrigation in areas
where good quality water resources are lunited or
expensive 1s lighly important. Drainage water has been
widely used in irrigation in Australia, India, Tsrael,
Pakistan and TJSA. Tt was reported that more than 3.5 Mm’
of irrigation water with a salinity of more than 4 dS m™
has been used for irrigation in Egypt each year!”.

Use of drainage water depends on two factors:
effective management and planning of the irrigated saline
regions and improvement of scil quality by leaching!?. It
15 well established that careless use of drainage water can
destroy the hydraulic and structural properties of soil,
thus resulting in reduced agricultural production'. Proper
use of dramnage water 1s considered to be a way that helps
conserve lrigation water and protect from harmful effects
of irrigation on the environment™. Leaching is the most
important tool to maintain the salt balance in areas where
salt 15 introduced 1nto soil by wrigation. Through leaching,
salt concentration in the root zone 1 controlled. During
leaching, equilibrium between ions on the surface of the
soil particles and those in soil solution are damaged. In
order to reach a new equilibrium, the exchangeable are
transferred to seil solution where they
removed by leaching thereafter’™.

Studies investigating the effect of leaching fractions
on yield and soil salimty when dramnage water is used to

can be

prevent salt accumulation are lmited™". The main
objective of this study was therefore to determine the

effects of different amount of drainage water with EC of
6.5 dS m~' on the leaching of soil salt and cotten yield.
For this purpose, the leaching fractions by different
methods and leaching efficiency were determined. Tn this
experiment cotton was chosen since it is a salt resistant
crop, the largest revenue earning non-food crop in the
study area and has a great potential for cultivation in
saline areas'”. It has already been used in numerous
studies regarding saline water use or its growth in saline
soill 19,

MATERIALS AND METHODS

The study was conducted on Mutlu series soil 1n
Cukurova region. The mentioned soil series represent
the characteristic of plan conditions"”. Some of the
physical and chemical characteristics of experimental
soils are presented in Table 1. This region is
located m Mediterranean chimate with mean annual
temperature 18.8°C and precipitation 646.5 mm. About
85% of the precipitation falls during winter months
(November-March). In the study, Cukurova-1518 cotton
cultivars were grown using drainage water with an
average EC of 6.50 dS m™, pH of 7.58, SAR of 51.21.

For umgation of cotton, the line-source sprinkler
irrigation technique was used with four replications!.
The system consisted of eight parallel laterals placed
12 m apart. Between the laterals, the plots were
constructed 1 2.8 m wide and 4 m long (Fig. 1). For these
reasons, there were three-irrigation levels in the
experiment.
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Table 1: Some physical and chemical soil characteristics of the experimental site

Depth (cm) Textural class sP FC Pwp As ESP CEC Nax pH ECe
0-30 C 64.6 34.4 17.5 1.19 1.72 66.58 0.78 7.58 0.29
30-60 C 67.3 36.7 18.2 1.16 0.80 68.44 0.55 7.20 0.31
60-90 C 69.3 38.4 19.2 1.15 0.83 66.24 0.55 7.15 0.32
90-120 C 66.5 37.8 194 1.25 1.03 68.77 0.71 7.30 0.40

SP: Saturation Point {¢4), FC: Field Capacity (%), Pwp: Permanent Wilting Point (%), As: Bulk Density (g cm™), ESP: Exchangeable Sodium

Percentage, CEC: Cation Exchangeable Capacity (me 100 g™), NaX: Exchangeable Sodium (me 100 g*), ECe: Electrical conductivity of soil extract dS m™

Table 2: Iirigation treatments constructed in the experiment
Trrigation treatments

Growth period A B* C D E F G
Germination ™ T T T T T T
Vegetative growth period E T E E T T E
Flowering and boll formation E T T E E T T
Opening of boll E T T T E E E

* Control treatment, ® T represents full irrigation; E represents the period
when gradient irrigation was applied

During irrigation, the water availability was reduced
gradually as moved away from the laterals. As shown in
Fig. 1, in the treatment A, gradient urigation was applied
in all the growth stages. The plots next to the lateral
received the highest amount of irrigation water, while the
furthest plots received the least. Water amounts in the
sub-plots varied depending on operation duration of the
laterals. There were 7 irrigation treatments at each of 3
growth stages (Vegetative growth period, Flowering and
boll formation, Opening boll) (Table 2).

The first irrigation was applied when 60% of the
available soil water in the 0-120 cm depth was consumed
(12 cm). The amount of water to be applied was
determined according to wrigation level A,, which was
taken as reference and was calculated as soil water deficit
in the 60 cm depth. All irrigations were terminated when
10% more water than that in the treatment A, was applied.
In this way, different leaching fractions were provided
based on the mentioned treatment. To avoid undesired
amount of irrigation in the treatments, the lateral test was
performed. This test yielded the following simple linear
regression equation (R = 0.87™):

1=190.96-51461 M
Where, 1 amount of imigation water n mm and
L = distance from sprinkler in m. The runoff losses were
avoided by making beds around the experimental plots
raised to 40 cm high.

The actual leaching fraction (LFa) in the experiment
was calculated by Eq. 2.

LFa= (Tk-TgyTk @
Where, Ik 1s the amount of water collected in the catch
containers (mm), Ig 13 the net urigation water requirements
(mm). Ig values were determined by measuring soil water
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Fig. 1: Diagram of the experimental field

three times a week and calculating the water requirement
of the cotton. One-neutron access tube was installed in
each plot to monitor soil water content using a neutron
probe. During urrigation, irigation water exceeding the
cotton water requirement was assigned as seepage
which was calculated using measured tensiometer
readings (60 and 75 cm depths) and the Darcy’s
equation™ for treatments A and B. Saturated hydraulic
conductivity values were measured at different soil
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depths (0-30, 30-60, 60-90, 90-120 cm). Soil water electrical
conductivity (EC,,) was determined from water collected
by the suctions probes. In the treatments A and B,
suctions probes were placed at the 60 and 75 cm depths
(Fig. 1). Prior to each irrigation, 1.0 atmosphere vacuum
was applied to the suctions probes and the amount of
water 1n the probes was collected 24 h after imgation.

Using EC,, measurements, leaching fractions, LFec,,
(Eq. 3) and LFt (Eq. 4), were calculated"”:

LFecy; = ECw/ECsw 3
LFt =Dp1 (D

Where, ECw and ECsware urigation water and soil water
electrical conductivity in d$ m™, I is the amount of
applied irrigation water in mm. LFec,, and LFt are the
leaching fractions, depending upon electrical conductivity
and tensiometer, respectively. Dp 1s seepage, mum.

In addition, to determine the amount of salt removed
from the soil (AD), in other words effectiveness of
leaching, a regression analysis between actual leaching
fractions (LFa) and soil saturation extract (ECe) was
carried out.

In addition, exchangeable sodium (NaX) and cation
exchange capacity (CEC) values were determined from
amimorum acetate extraction method. From these results,
exchangeable sodium percentage (ESP) was determined
from the cation exchange capacity™”.

RESULTS AND DISCUSSION

Relationships between leaching fractions and relative
crop yields: The obtained results indicated a quadratic
relationship among the leaching fractions and relative
cotton yields (Y1) (Fig. 2 and 3). Amongst the methods
used to measure the leaching fractions (LFa, LFt and to
LFec,,), the one determined by the LFec,, method yielded
the highest comrelation coefficient between leaching
fracttion and yield. Due to the quadratic relationship,
minimum value of LFec,, (0.234) corresponded to the yield
of 22.9kg ha™" while the maximum LFec,, values of (0.470)
correspended to the yield of 23.1 kg ha™".

When all treatments were taken into consideration, it
was noted that the leached ones always had higher yields
than those of the non-leached treatments. These results
were thought to be resulted from two reasons: (I) changes
1n salt concentration in soil by leaching and (11) mncreased
plant water absorption by higher leaching fractions.
Nonetheless, the increased leaching fractions increased
the yield only to a certain point. Sunilar results for wheat

L.10

Yr =-19.54LF ey, +24.29LFeC,,6.52
1.05- R=0.80°
L.00+ L] ™ °
0.95 1

.
0'90" Yr=-1.78LF¢-10.81LF+0.89 o ®LR
R=0.72¢
085 - 7lLfeom
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LFecqy, (LFt)

Fig. 2: The relationships between the values of relative
cotton yield (Yr) and leaching fractions by
tensiometer (LI't) or electrical conductivity of soil
water (LFec,,)
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Fig. 3: The relationship between actual leaching fractions
(LFa) and relative cotton yield (Yr)

and beet were reported, where the maximum yield was
obtained from the leaching fractions of 0.60™. In geranium
plant, the lugh leaching fractions increased the leaf area
and shoot number'”. It was also reported that the EC of
the seepage water passing through the profile increased
as leaching fraction decreased and this did not affect the
yield®. In addition, several other studies reported the
beneficial effects of leaching on yield and optimum

[9-12)

growth of roots™ %,

Effects of leaching fractions on soil salinity: At the
beginmng of the experiment, the average salt
concentration of the soil profile was measured as
ECe=0.33 dS m™'. However, the salt content of the soil
profile varied depending on the leaching fractions and
soil depth (Fig. 4). For example, in the first irmigation and
at 0-30 cm depth, the ECe value of 0.60 dS m™,
corresponding to LFa of 0.14, decreased to 0.32 dS m™
when LF became 0.50. However, at 0-120 c¢m, the ECe
value of 3.52 dS m™, carresponding to LF of 0.14,
decreased more dramatically to 2.10 dS m™" when LFa
became 0.50. Thus, an increase of 0.36 in LFa caused a
reduction of 0.60 dS m " at0-30cm and 1.42dSm ™" at
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Fig. 4: The effect of actual leaching fractions (LFa) on
salt concentration in the soil
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Fig. 5: The relationship between actual leaching fractions
(LFa) and leaching salt amount from profile (AD)

0-120 cm, respectively. Tt is the fact that leaching was
likely to carry the salt down to the lower profile of the soil,
resulting m salt accumulation in the lower profile.
Trrigation water with EC values of 0.2-2.4 dS m™" were
shown to result in a 2.05-fold increase in the salt content
of the soil in the depth of 40-100 cm after three years of
irrigation™.  Van Der Moolen and Van Hoomn

determined that the salt concentration in the profile was
significantly affected by the leaching fractions and that
could be changed by leaching. Under any leaching
conditions, profile salinity 1s affected by salimity of the
irrigation water and the salt concentration in the lower

profiles increased significantly™ .

Effectiveness of leaching: When the salt concentration
leached, AD, was plotted against the average seasonal
leaching fractions, a quadratic relationship was obtained
(Fig. 5). Within the limit of this study, AD mcreased
gradually as the leaching fractions were increased.
However, according to the equation presented in the
Fig. 5, it is clear that the amount of salt leached from the
profile will increase with the increased leaching fractions
up to a certamn pomt (LFa=0.56). When tlis pomnt 1s
exceeded, increasing the leaching fractions will not
increase the AD value. The amount of salt removed from
the profile reached its lowest level when the seasonal
average leaching fractions were 0.05. Similar findings were

reported by Al-Rawi et alP showing a quadratic
relationship between the leaching water and the salt
leached from the profile.

Based on present findings, we have reached some
conclusions and made some recommendations. Firstly,
amongst the leachung fractions methods, LFec,, appeared
to be the most sensitive method to reveal the relationship
between leaching fractions and vield when compared to
LFt and T.,Fa and, its use is recommended. Secondly, a
quadratic relationship was found between the leaching
fractions and yield and between the leaching fractions
and the amount of salt leached from soil profile, indicating
that leaching fractions had a positive effect both on the
yield and the amount of salt leached up to a certain point.
In our case, for instance, the salt removed from profile was
at 1its minimum value when the leaching fractions were
0.05 and at its maximum value when the leaching fractions
were 0.56. However, these values are most likely to be
different for soil with different properties and salt content
of irrigation water, suggesting more studies. Thirdly, the
salt accumulation in the soil varied depending on the soil
profile depth and leaching fractions. Overall, it is
recommended that water table level and the amount of salt
accumulated in the profile should be measured after each
irrigation to avoid from the problems arising from excess
urigation when drainage water 1s used and, that the
amount of leaching fractions should be increased at the
period when crop sensitivity to salt 1s ugh.
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