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WO fieldexperiments were carried out at El-Serw Agricultural Research Station, Damietta

Governorate, Egypt during two successive winter growing seasons of 2018/ 2019 and
2019/2020 to study the effect of mole drains (with 2 and 4 m distance and 30 and 40 cm depth) and
two planting methods (basins and furrows) on saline soil chemical properties, fertilely and
productivity of wheat (Triticum aestivum L., cv. Sakha 93) productivity. The obtained data showed
that, increasing in mole depth and decrease the distance between the moles reduced sail pH, EC, ESP
and the content of OM and available N, P and K. These decreases with furrows planting method were
higher than those found with basins planting method. In addition, the high straw and grains yields
(kgfed™) of wheat plants as well as its content and uptake of N, P, K and protein were found with 2 m
distance and 40 cm depth of mole drains in furrow planting methods. These results concluded that,
under saline soil conditions, furrows planting method performed than basins one with applying mole

drains as well as application of both organic and mineral fertilizer in suitable amounts and forms.
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1. Introduction

In Egypt, the lack of agricultural land and the
increase in the population led to an increase in the
demand for agricultural products. Therefore, the
reclamation and cultivation of saline-alkaline soils
is one of the major challenges facing decision
makers to provide the population's requirements of
these products (Godfray et al., 2010).This problem
prompted researchers to find suitable solutions to
treat soil salinity and cultivate it with crops that
have high resistance to salinity (Mahdy, 2011).

Saline non-sodic and saline sodic soils especially in
heavy clay soil of Nile Delta need leaching
processes, in their reclamation where these soils
characterized by low permeability (Antar, 2000;
Abdalla et al., 2010; Antar et al., 2014).1t also has
poor physical properties, low water infiltration and
drainage, high osmotic effect, ionic imbalance and

toxicity, all of which are adverse results of salinity
and sodicity, which inhibit plant growth and
productivity (Abdel-Fattah and Merwad, 2016;
Amer and Hashem, 2018). Therefore, a good
drainage system is considered one of the most
important and necessary procedure to improve
clayey saline soil so that it is suitable for crop
production in a short time with a cheap cost (Aiad,
2014; El-Dein and Galal, 2017).

Mole drains are circular, unlined subsoil channels,
which function like pipe drains.It has highly
effective in removing excess irrigation water, and it
is used with clay soils especially in the temperate
regions. Although its cost is low, its short life is
acceptable (Singh et al., 2022). Mole drains are
excavated with a mole plow, which consists of a
cylindrical base attached to a narrow stem,
followed by a cylindrical expander of slightly larger
diameter.The foot and extender build the drainage
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channel while the stem prevents the lumps of
topsoil associated with tillage from falling down
into the channel (Kolekar et al., 2011).Mole drains
(pipeless) was used on a large scale with heavy clay
soils to reclaim it and improve their productivity
(Antar et al., 2008; El-Adl, 2011; El-Sanat et al.,
2017; Bayoumi, 2019).Deep plowing will improve
the movement of irrigation water downward,
carrying the salts from the surface layers,
decreasing soil pH, EC, and ESP in combination
with compost applications (El-Sanat et al., 2017;
Abou Hussien et al., 2020). Distance between mole
drains and their depth were the most important
factors that affecting the efficiency of mole drains
in improving saline soil properties. Decreasing
distance and increasing depth lead to decreasing
soil EC and ESP (Aiad, 2014; El-Sanat et al., 2017,
Bayoumi, 2019).

Furthermore, planting methods may be instrumental
practice in improving and overcoming the
properties of extremely poor saline soils. In
comparison to the Basin method, raised bed
cultivation (furrows) improves water distribution
and its efficiency without decreasing the yield
(Freeman et al., 2007; Kumar et al., 2010). This is
probably due to the low number of plants per area
unit and the high efficiency of water distribution
(Aboelsoud et al., 2020). Zhang et al.(2007)
indicated that the decrease in water consumption
and increase its productivity, and increase the
wheat yield accompanied the furrows cultivation
compared to the traditional basin method. Hassan et
al. (2008) reported that wheat grown in furrows
achieved 13% and 50% higher in grain yield, and
irrigation water productivity, respectively, than
those in basin planting.

In addition, reclamation saline soil can be achieved
to mitigate the effects of salinity through the
application of soil amendments like gypsum and
compost (Saied et al., 2017; Sahakyan et al.,
2022).Many researchers have proven that adding
compost and gypsum to saline soils had a great role
in increasing wheat yield and reducing soil salinity
(Bayoumi, 2019; Awwad et al., 2022; Hussein et
al., 2022).

From other wise, wheat plant (7riticum aestivum
L.) is considered one of the most important cereal
crops in the world. Egypt produces half of its needs
(20 million tons) of wheat and import the other
(Asseng et al., 2018). Therefore, compensation of
this production shortfall should be by increasing the
cultivated area in both old and newly reclaimed
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soils, growing diseases-resistant cultivars (Raza et
al., 2019), and improving agriculture practices
(Datta et al., 2009; Bowman et al., 2013).
Therefore, this study aims mainly to define the best
planting method of wheat plants as well as the good
system of mole drains under saline soil conditions
and their effects on these soil chemical properties,
fertility and the productivity of wheat plant.

2. Materials and Methods
2.1. Experimental location and soil sampling

The current study was carried out at Elserw
Agricultural Research Station, Damietta
Governorate (31° 14' 37.3" N, 31° 47' 57.1" E),
Agricultural Research Center (ARC), Egypt. In
order toRepresent saline soil,two field experiments
were carried out during two successive growing
winter seasons 2018/2019 and 2019/2020 to
evaluate mole drainage systems which carried out
on two distance (2 and 4 m) and two depths (30 and
40 cm) under two planting methods (basins and
furrows) on salt-affected soil properties fertility and
productivity of wheat plant (Triticum aestivum L.,
cv Sakha 93). Before planting of each season, five
surface (0 — 30 cm) weretaken from different sites
of the experimental soil. These samples, air dried,
good mixed, sieved through a 2 mm sieve and
analyzed for some soil properties and fertility as
described by (Cottenie et al., 1982; Page et al.,
1982; Klute 1986). The obtained results are listed in
Table (1).

2.2. Field experiment

In the two experiments, the studied treatments (10
treatment) were arranged within the experimental
units (30 unit) in strip plot design in threereplicates
(Figure 1). The experimental plots were divided
into five main groups or main factor (6 plot/ main
group) representing the mole drain systems, i.e.
without mole drains (MO0), with 2 m distance and 30
cm depth (M1), with 2 m distance and 40 cm depth
(M2), with 4 m distance and 30 cm depth (M3), and
with 4 m distance and 40 cm depth (M4). The plots
of each main group was divided into two sub-
groups (2 plots / subgroup) representing the basin
and furrows planting methods. The area of each
plot was 120 m* (12 m length x 10 m wide).Based
on the commonly use in such soil (Abou Hussien et
al., 2020; Aid et la., 2021), before planting and with
soil preparation, all plots were treated by compost
(as organic fertilizer) and ordinary super-phosphate
(15.5% P,0s) at rates of 10 ton fed'(2.4 kgm?),
100 kgfed™ (2.4 gm™), respectively.
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TABLE 1. Some physical and chemical properties of the experimental soil (values are average of two growing

seasons).
Particle size distribution (%) Texture BD PD TP FC pH ECe
C. sand F. sand Silt Clay class (Mg m”) (Mg m™) %) (%) - (dSm™)
2.1 10.5 22.5 64.9 Clay 1.35 2.55 47.06 32.5 8.72 11.25
Available macronutrients Available micronutrients
N P K Fe Mn Zn Cu
40.3 20.85 0.95 2.85 33.50 7.65 140.88 2.13 2.70 0.72 0.55

BD= Bulk density, PD= Particle density, TP= Total Porosity, FC= Field capacity, pH = Soil reactionmeasured in 1:2.5, soil: distilled water
suspension, EC= electrical conductivity(measured in soil paste extraction), CEC= Cation exchange capacity, ESP= Exchangeable sodium

percentage, OM= organic matter, n=5.
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Fig. 1. Design of the studied treatments (M0=control without mole, M1=2m mole space with 30 cm depth, M2=2m mole space with
40 cm depth, M3=4m mole space with 30 cm depth, M4= 4m mole space with 40 cm depth, R= replicate).

Also, a protective dose of agricultural gypsum (4.0
tonfed") was added to all of the studied plots.
All plots were ploughed according to the traditional
methods by using the surface plow (8 to 10 cm
depth). The treatments of mole drains were carried
out by using mole ploughinstalled at a depth of 30
and 40 cm and spacing of 2 and 4 m. After plowing,
leveled, the desired planting methods were
established. For furrows planting methods, each
plot was divided into 10 lines with 120 cm wide, 10
m length and height of 15 cm. While, the basin
plots were prepared and divided according to the
traditional used methods (12 m length x 10 m
wide).

Grains of wheat (Triticum aestivum L., cv Sakha
93) were obtained from field Crops Research
Institute, ARC, Egypt. In both growing seasons the
grains were planted in rows with 10 and 5 cm

(between the rows and heels) at the first week
ofNovember 2018 and 2019. All farming processes
of wheat plant under soil conditions were carried in
the two seasons according to the recommendations
pointed by Agriculture Ministry of Egypt. Nitrogen
and K fertilization were carried out at rates of 130
kg fed™ (30.95 g m™?) and 100 kg fed™ (23.81 g m™)
amnion nitrate (33.5% N) and potassium sulfate
(48.1% K,0), respectively. Bathe N and K
fertilizers were added in two equal doses after 20
and 50 days of planting.

2.3. Plant and soil measurements

At harvesting stage, (the third week of April in both
seasons), the plant in each plot were harvested
above the soil surface, air dared, separated to straw
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and gains and weighted to obtained grains, straw
and biological yields (kgfed™). A portion of grains
from each plot was taken, oven-dried at 70° C for
48 hr, weighted, ground and kept for chemical
analysis. A 0.5 g of ground grains was digested in
10 ml mixture of concentrated H,SO, and HCIO, at
mixed ration of 3: 1 according to the method of
Chapman and Pratt (1961). The clear digest was
dallied up to 100 ml using distilled water. The
digest grains content of N, P and K was determined
according to the methods mentioned by Cottenie et
al. (1982). Grains protein content was calculated by
multiplying its N content (%) by 5.83 as pointed
out by Jones (1931). Moreover, biological yield
(BY, kgfed') was calculated by the following
equation (Eq. 1) according to Fischer et al. (1978),
where GY and SY are the Grain and straw yields
(kgfed™), respectively. Furthermore, Eq. 2 was used
to calculate the productivity of irrigation water
(PIW, kgm™) according to Ali et al. (2007), where
IW is the applied irrigation water (m’*fed™).

BY = GY + SY Eq. 1
PIW=GY/IW Eq.2

Also, after harvesting in the two growing seasons,
surface soil sample (0 — 30 cm) was taken
separately from each plot and prepared to chemical
analysis as described by Cottenie et al. (1982) and
Page et al. (1982). These analysis include soil pH,
EC, and the OM content as well as the soil content
of available N, P, and K. Soil soluble cations of
Na', Ca®", and Mg®" (Data not recorded) were
estimated to calculate values of soil SAR (Eq. 3),
which used to predicate the values of soil ESP by
the following formula (Eq. 4) according to Rashidi
and Seilsepour (2008).

SAR = Na/ [(Ca + Mg)/2]""* Eq.3
ESP = 1.095 + 1.03 SAR Eq. 4

2.4. Statistical analysis

The obtained data for plant and soil analysis were
statically analysis (ANOVA) according to the
method mentioned by Snedecor and Cochran
(1989). The least significant difference (LSD)
testwas used to compare different means of the
examined treatments, as it was considered
significant at the 5% level of probability.

3. Results and Discussion

3.1. Soil chemical properties

Soil reaction (pH)

The presented data in Table (2) show that, soil pH
in all experimental plots were slightly alkaline,
where its ranged between 8.70 in zero tillage
treatment in basins planting method (MO) to 8.14

Egypt. J. Soil Sci. 63, No. 2 (2023)

with tillage treatment of 2 m distance and 40 cm
depth under furrows planting method (M2).
Generally, with the treatments of drainage system
and planting methods, soil pH was decreased
compared with the initial soil pH (Table 1) which
resulted from the improve effect of farming
processes such as organic manure application on
soil chemical properties (Abou Hussien et al., 2020;
Abou Hussien et al., 2022). The highest significant
decrease in soil pH appeared with M2 (8.17)
treatment, while the lowest one was in MO (8.70).
Regarding to the effect of planting methods on soil
pH, the data in Table (2) show that, with the same
treatment of mole drains system, soil pH of furrows
plots (8.33) was significantly lower than that of
basin treatments (8.43). These results attributed
high leaching amounts of irrigation water in furrow
method compared with those occurred with basins
planting method. In this respect before that, Kumar
et al. (2010), Aboelsoud et al. (2020) and Abou
Hussien et al. (2022) obtained on similar results.
Also, the soil treated with mole drains showed a
significant decrease in pH values compared to the
untreated soils. The soil treated with mole drains
that have a 2 m distance (M1 and M2). Soils that
had drains at a distance of 2 m (M1 and M2) had
significantly lower pH than those that had drains at
a distance of 4 m (M3 and M4). In the same
context, the drains that were executed at depths of
30 cm had a great effect in reducing the pH values
compared to those that were dug at a depth of 40
cm. For example, soil pH with mole drains
treatments of 2 m distance and 40 cm depth (M2)
were 8.20 and 8.14 with the planting method of
basins and furrow, respectively. This means that,
soil pH was decreased significantly with the
decrease in the distance between the two types as
well as with the increase in the depth of mole
drains. Before that and under saline soil conditions,
El-Sanat (2018), Abou Hussien et al. (2020) and
Abou Hussien et al. (2022) obtained on similar
results, where they attributed those decreases to the
increase in the leaching amounts of irrigation water
resulted from increase in soil total porosity with
deep tillage.

Soil electrical conductivity (EC)

The data of soil EC (dSm™) presented in Table (2)
show a clear decrease under both treatments of
mole drains system and planting methods. The
highest EC value (11.09 dSm™) in the zero
treatment of mole drains system with basin planting
method (MO0), while the lowest one (8.50 dSm™)
was appeared in the furrow planting method with 2
m distance and 40 cm depth (M2) of mole drains
recorded relative decrease of 23.35%. For example,
in furrows cultivation method, soil EC was
decreased from 10.81 dSm™ with zero tillage
treatment to 8.95 and 8.50 dSm™ under the



INTEGRATED EFFECT OF MOLE DRAINS SYSTEMS AND PLANTING METHODS ON SALINE SOIL CHEMICAL ... 167

treatment of 2 m distance with the increase in mole
drains depth from 30 to 40 cm recorded relative

decrease of 17.21

and 21.37%,

respectively.

TABLE 2. Saline soil pH, EC, SAR, ESP and OM content as affected by different studied treatments(values are average of two

growing seasons).

Treatments
Mole drain Planting p_H ( dg i—l) S[?R IE(ZI; ?)}Z/)[
systems methods
MO Basin 8.76a+0.016 11.09a+0.01 17.82a+0.01 20.31a+0.01 0.969a+0.011
Furrow 8.65b +0.008 10.81b +0.01 17.18b £ 0.06 19.65b + 0.06 0.943bc +0.012
M1 Basin 8.37de +0.038 9.04g £+ 0.06 15.32¢ +0.08 17.73e £ 0.08 0.940bcd + 0.010
Furrow 8.22fg +0.031 8.95h +£0.02 14.67g = 0.09 17.07g + 0.09 0.960ab + 0.010
M2 Basin 8.20g+0.011 8.851+0.05 14.35h £ 0.07 16.73h + 0.08 0.918d + 0.008
Furrow 8.14h +0.016 8.50j £ 0.02 13.951 £ 0.06 16.321+0.07 0.886e + 0.015
Basin 8.50c +£0.013 9.62¢ +0.04 16.41c+0.11 18.85¢ +0.12 0.950abc = 0.010
M3 Furrow 8.41d +0.033 9.40d £ 0.01 15.69d + 0.01 18.12d £ 0.01 0.930+0.010
M4 Basin 8.34e +0.011 9.32e +0.02 15.68d = 0.05 18.11d + 0.05 0.937¢d £0.015
Furrow 8.26f+ 0.005 9.10f+0.01 15.10f+ 0.09 17.50f + 0.09 0.921d +0.010
F-test ns ok ns * el
LSD g5 0.004 0.051 0.214 0.216 0.022
Mole drain systems
Mo 8.70a + 0.063 10.95a+0.15 17.51a+0.35 19.98a + 0.36 0.956a+0.017
M1 8.29¢ +0.087 8.99d +0.06 14.99d +0.36 17.39d + 0.37 0.950ab +0.014
M2 8.17d +0.035 8.67¢+0.20 14.15e £0.23 16.52¢ +0.24 0.903d + 0.020
M3 8.45b +0.055 9.51b+0.12 16.05b + 0.40 18.48b + 0.41 0.940bc +0.014
M4 8.30c + 0.046 9.21c+0.12 15.39¢c+0.33 17.81c +0.34 0.928c +0.014
F_test *% *% *% *% *%
LSD g5 0.024 0.046 0.84 0.088 0.016
Planting methods
Basin 8.43a+0.197 9.58a+0.82 15.92a+1.20 18.34a+1.24 0.943a+0.020
Furrow 8.33b+0.188 9.35b+0.81 15.32b+1.13 17.73b + 1.17 0.928b + 0.027
F_test *% *% *% *% *
LSD g5 0.022 0.0229 0.096 0.097 0.010

MoO=control without mole, M1=2m mole space with 30 cm depth, M2= 2m mole space with 40 cm depth, M3= 4m mole space with 30 cm
depth, M4= 4m mole space with 40 cm depth, ns= non-significant, EC= electrical conductivity(measured in soil paste extraction), SAR=
Sodium adsorption ratio, ESP= Exchangeable sodium percentage, OM= organic matter, *= significant at 0.05 probability level; **=
significant at 0.01probability level. Means in a column with the same letter are not significantly different at the 5% level (mean values +

Stdev, n=3).

The applied treatments of mole drains either the
distance or the depth have a high decrease effect of
soil EC (Table 2). The highest significant decrease
in EC value (8.67 dSm-1) was in favor of the
treatment of drains at a distance of 2 m and 40 cm
depth (M2).Also, with the same mole drains depth,
the found decrease of soil EC in the treatments that
have a 2 m distance (M1 and M2) was higher than
that have 4 m distance (M3 and M4). Moreover,
with the same distance between drains, soils that
were plowed at depths of 40 cm were more
effective in reducing EC values than those that
were drained at depths of 30 cm. For example, soil
EC with 2 m distance between the drains were 8.99
and 8.67 dSm™ with mole drains depth of 30 and 40
cm, respectively. The decrease of EC as a result of
increase in mole drains depth and the decrease in
the distance between the mole drains was attributed
to high leaching amounts of irrigation water with
these treatments, where such these treatments
decreased soil bulk density and increased its total

porosity (Kolekar et a., 2011; El-Sanat, 2018,
Bayoumi, 2019; Abou Hussien et al., 2020).

Also, data in Table (2) show that, with the same
treatment of mole drains (distance and depth) EC
value with furrows planting method was lower than
that found with basins planting method. For
example, with the mole drains treatment of 2 m
distance and 30 cm depth were 9.04 and 8.95 dSm”'
with basins and furrow planting methods,
respectively. Regarding to the individual effect of
planting methods, the EC values of the furrows
treatments were significantly lower than the basin
treatments, which it were 9.35 dSm™ and 9.58 dSm’
' respectively.The superior effect of furrow
cultivation method on the decrease of soil EC
compared with basins methods may be explained
by the large amounts of soluble salts leached with
drainage water with furrows planting method.
These results are in harmony with this obtained by
Ghane et al. (2009), Kumar et al. (2010), and
Aboelsoud et al. (2020).
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Sodium sodicity (SAR and ESP)

Sodium adsorption ratio (SAR) and exchangeable
sodium percentage (ESP) are very important, where
it is used as good parameters for soil alkalinity
(Richards, 1954). Also, these parameters influenced
greatly on all soil physical, chemical and biological
properties as well as on plant growth. Data in Table
(2) cleared that, according to Richards (1954), the
experimental soil classified as sodic alkaline soil
(ESP > 15%). Generally, soil SAR and ESP were
decreased significantly as a result of the studied
treatments. In details, the highest values of soil
SAR (17.82) and ESP (20.31%) were recorded to
the soil untreated with drains and planted in basin
method, while the lowest significant values (13.95
and 16.32%, for SAR and ESP, respectively) were
in soil excavated by 2 m spacing mole at 30 cm
depth and integrated by furrows planting method.
Data also demonstrated that, increasing depth of
mole drains up to 40 cm and decrease in the
distance between the moles resulted in a more
decrease in soil SAR and ESP with the two planting
methods. The lowest significant SAR (14.15) and
ESP (16.52%) values were found with 2 m spacing
and 40 cm depth of mole drains treatment under
furrow planting method. In comparison with control
treatment (MO), the reduction of soil SAR and ESP
were higher under mole drain with 2 m spacing and
40 cm depth (M2), respectively about 19.19 and
17.32%.

Concerning planting methods, results in Table (2)
showed that, using furrows as planting method
resulted in more decrease of soil SAR and ESP
compared with that found with basins method.
Therefore, furrows methods recorded the lowest
significant values for both SAR (15.32) and ESP
(17.73%), as compared with the highest one (15.92
and 18.34%) appeared in basin method,
respectively. These findings are resulted from the
high leached amounts of soluble sodium (Na") with
drainage which increased with the increase in moles
depth and decrease in the distance between the
drains especially with furrows planting method.
These results are in similar with those obtained
before that Antar (2000) and Elsanat (2003), Kumar
et al. (2010), and Aboelsoud et al. (2020).

Soil organic matter (SOM)

Soil content (%) of organic matter (SOM)
considered important properties of agricultural soil,
where it has a greater effect on many physical and
chemical soil properties especially under saline soil
conditions. Under all experimental treatments in
this study, SOM was lower than 1.0% where this
content ranged between 0.969% with zero tillage
treatment in basins planting method and 0.886%
under furrows planting method with 2 m distance
and 40 cm depth of mole drain treatment (Table 2).
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This low content may be resulted from soil alkaline
conditions that resulted in an increase of organic
matter solublization and des-reduction (Stevenson,
1994). More decrease of SOM was found as a result
of applying mole drains system, where this content
was decreased with the increase in moles depth and
the rate of this decrease was increased with the
decrease distance between the drains.Increasing
tillage depth and decreasing the distance among
moles may be increased aeration, which led to high
oxidation and decomposition of soil OM (EI-Sanat
et al., 2017, Abou Hussien et al. 2020). For
example, the content of SOM was decreased from
0.956% with zero mole drains system (MO) to
0.950 (M1) and 0.903% (M2) with 2 m spacing
mole drain at 30 and 40 cm depth, respectively.
This recorded relative decrease of 0.63 and 5.54%
in M1 and M2 treatments as compared with control
(MO0). Another example, SOM was decreased from
0.956% with zero tillage to 0.940 (M3) and 0.928%
(M4) with 4 m drainage distance, recorded relative
decrease by 1.67 and 2.93% at moles depth of 30
and 40 cm, respectively. These results as well as the
mentioned examples, may be conducted that, with
moles drains system applying especially under salt
affected soils, organic materials must be added in
sufficient amounts to improve soil health and
fertility (Aiad, 2014; El-Sanat et al., 2017;
Bayoumi, 2019; Abou Hussien et al. 2020).
Otherwise, either without (zero tillage) or with
mole drains system under study, the data in Table
(2) show that, the contents of SOM with basins
planting method were higher than those found with
furrows cultivation method. Soil planted in furrows
method showed the lowest significant value (0.928)
of OM, while those designed by basin method
appeared with the highest OM value (0.943%).
Such findings were resulted from good aeration
conditions with furrow cultivation method which
resulted in more oxidation and degradation for
SOM produced high soluble mineral and organic
compounds (Ghane et al., 2009; Kumar et al., 2010;
and Aboelsoud et al., 2020).

3.2. Soil content of available macronutrients

Nitrogen (N)

In general, the experimental soil characterized by
low content of available N, where this content
under all experimental treatments ranged from
33.35 mgkg™ in zero tillage treatments with furrows
planting method to 28.78 mgkg' in furrows
planting method with 2 m distance spacing and 40
cm depth (Table 3). This Table also show that, all
experimental treatments resulted in a decrease in
soil content of available N. In other words,
increasing moles depths as well as decrease the
distance between these moles resulted in a decrease
in the soil content of available N. These decreases
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were from 33.33 mgkg" in soil zero mole drains
(MO) to 30.08 and 29.47 mgkg™ in the soil treated
by 2 m spacing moles and depth of 30 and 40 cm
(M1 and M2), respectively. Consequently, this
recorded relative decreases of 9.75 and 11.58% of
M1 and M2 treatments, respectively. Moreover, the
rate of these decreases with furrows planting
method were higher than those recorded with the
planting method of basins. Whereas, it were
decrease to 31.34 and 30.45 mgkg™' in basin and
furrows planting methods, respectively. The soil
content of available N is in harmony with the soil

content of OM (Table 1 and 2). These findings
means that, establishment of mole drains or deep
tillage resulted in a decrease in the soil content of
available N which may be resulted from decrease in
the soil content of OM, high leaching amounts of
available N with drainage water and increase in its
uptake by growing plants (El-Sanat, 2003; Aiad,
2014; Abdel-Fattah and Merwad, 2016; Abou
Hussien et al., 2020). Therefore, under such these
treatments, N fertilizer must be added in suitable
amount and form.

TABLE 3. Saline soil available N, P and K contents as affected by different studied treatments(values are average of two growing

seasons).
Treatments
Mole drain Planting (mgl\]ig") (mg];g' 1) (mglig' 1)
systems methods
Basin 33.32a+0.98 7.63a+0.07 139.90a + 0.96
Mo Furrow 33.35a+0.94 7.62a +0.08 139.64a + 1.08
Ml Basin 30.92ab + 1.20 7.82de + 0.05 137.32b+ 1.11
Furrow 29.24ab + 0.86 6.78def £+ 0.08 131.16de + 1.18
M2 Basin 30.16ab + 1.00 6.64f £ 0.05 129.10f+0.92
Furrow 28.78b £ 1.00 6.69ef + 0.04 127.51g+1.19
Basin 31.6lab+1.53 7.32b+0.07 136.26bc £+ 0.72
M3 Furrow 30.86ab + 1.00 7.10c £ 0.03 135.69¢ + 1.27
Basin 30.72ab + 0.99 7.15¢+0.10 132.49d + 1.01
M4 Furrow 30.01ab+ 1.07 6.85d £0.08 130.24ef+ 1.33
F-test ns ikl ikl
LSD .05 4.49 0.15 1.41
Mole drain systems
Mo 33.33a+0.86 7.63a+0.06 139.77a+ 0.92
M1 30.08bc + 1.31 6.79d £ 0.06 134.24c +3.53
M2 29.47c+1.17 6.67¢ £0.05 128.31e+1.29
M3 31.24b+£1.22 721b+0.13 135.98b + 0.97
M4 30.37bc = 1.00 7.00c +0.18 131.37c+ 1.62
F_test *k *k *k
LSD 4.5 1.613 0.113 1.023
Planting methods
Basin 31.34a+1.49 7.11a+0.37 135.02a +4.01
Furrow 30.45a+ 1.86 7.01b +£0.35 132.85b +4.56
F-test ns * ik
LSD 4.5 2.008 0.068 0.633

MoO=control without mole, M1=2m mole space with 30 cm depth, M2= 2m mole space with 40 cm depth, M3= 4m mole space with 30 cm
depth, M4= 4m mole space with 40 cm depth, ns= non-significant, *= significant at 0.05 probability level; **= significant at 0.01probability
level. Means in a column with the same letter are not significantly different at the 5% level (mean values + Stdev, n=3).

Phosphorus (P)

Phosphorus and its availability in the agricultural
soil affected greatly by different soil properties and
its management. Soil content of available P was
low (lower than 8.0 mgkg™) and ranged between
7.62 mgkg" with zero tillage in furrows planting
methods and 6.64 mgkg' under basin planting
method in 2 m distance and 40 cm depth of mole
drains (Table 3). Regarding to this range may be
reported that, in two planting methods, all
treatments of mole drains resulted in a significantly
decreases in the soil content of available P and this
decrease was more clear with furrows planting
method. For example,soil content of available P

was decreased from 7.63 mgkg' in zero tillage
treatment with the two cultivation methods to 6.79
and 6.67 mgkg"' at 2 m distance and 30 cm (M1)
and 40 cm (M2) depth, respectively. The basins and
furrows planting method recorded relative decrease
by 6.82 and 8.01% of soil available P, respectively,
as compared with MO treatments. This could be due
to higher P uptake by plants grown in furrows plots
than those planted in basin treatments (Kumar et
al., 2010). Furthermore, soil contents of P in the
same mole depth were 6.79 and 7.21 mgkg™”, and
6.67 and 7.00 mgkg™ for the treatments ploughed at
spacing distance of 2 m and 4 m, respectively. This
trends recorded relative soil P decreases of 11.01
and 5.50 (at 2 m distance) and 12.58 and 8.26% (at
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4 m mole distance) for the treatments tilled at 30
cm and 40 cm depth, respectively. These findings
cleared that, under saline soil conditions, the soil
content of available P leached from soil by large
amounts with drainage water, therefore to
overcome on P deficiency in this conditions, P must
be applied in suitable amounts and forms. Before
that, similar results were obtained by Elsanat
(2003), Aiad (2014), Abdel-Fattah and Merwad
(2016), and Abou Hussien et al. (2020).

Potassium (K)

Soil available K content (mgkg™) as affected by the
studied treatments i.e. mole drains (distances and
depths) and planting methods (basin and furrows)
are shown in Table (3). Data show that the soil
content of available K appeared wide range, which
ranged between 139.90 mgkg' in zero tillage
treatment in basin planting methods and 127.50
mgkg™ in the 2 m spacing distance and 40 cm depth
of mole drain. Also, this Table show the behavior
of available K in relation with the experimental
factors was in similar with those mentioned and
discussed before that with the soil content of

available N and P. This mean that, the soil content
of available K decreased after mole drains systems
application, where the rate of this decrease was
increased as moles depth increase and decrease in
the distance between the moles. In addition, with
the moles drains system, the decrease in the soil
content of available K with furrows planting
method was higher than that found with basins
cultivation method. These results are in agreement
with those obtained by Elsanat (2003), Abdel-
Fattah and Merwad (2016), and Abou Hussien et al.
(2020).

3.3. Straw, grain, and biological yield

Data in Table (4) show straw, grains and biological
yield (kg fed") of wheat plants grown on salt-
affected soil of Egypt as affected by both planting
methods (basins and furrows) and moles systems
(varied in their distances and depths).Generally, the
low yields (particularly grains) of wheat may be
due to its high sensitivity to the high salinity of the
studied soil (Table 1).

TABLE 4. Grains, straw, biological yield and harvest indexof wheat grown in saline soil affected by different studied treatments

(values are average of two growing seasons).

Treatments . . . .
Mole drain Planting (k(;rfz :;1) (ki;l;::;l) Blozﬁglg{}_?];eld
systems methods
MO Basin 874.9f+ 132.1 2250.41+130.8 3125.4h £262.7
Furrow 992.6e +90.2 2512.8h £95.4 3505.4g+185.3
Ml Basin 1276.4cd £ 130.1 3173.9f+122.7 4450.3¢ £252.6
Furrow 1450.1b + 139.1 3552.3b+133.9 5002.4b +272.2
M2 Basin 1325.5¢+122.4 3339.6d + 121.8 4665.1c £244.0
Furrow 1528.1a+131.7 3666.5a+118.5 5194.6a +246.3
Basin 12159d+112.6 3105.7g+111.4 4321.6f+223.6
M3 Furrow 1437.5b + 86.9 3487.8c +118.0 4925.4b +203.8
4 Basin 1286.1cd £ 121.9 32552e+114.6 4541.3de + 240.1
M Furrow 1472.2ab + 105.2 3105.41g+104.6 4577.6¢d +209.9
F-test *% % *%
LSD 4.5 75.15 46.58 120.66
Mole drain systems
Mo 933.8d+119.9 2381.6e + 176.5 3315.4e+291.0
M1 1363.3b+153.5 3363.1b +236.9 4726.4b +382.9
M2 1426.8a + 158.8 3460.8a + 166.3 4929.8a+ 3844
M3 1326.7c + 151.1 3296.7¢ +233.1 4623.5¢ +382.1
M4 1379.1b + 144.1 3222.5d +246.5 4559.4d +219.9
F-test kK *% %k
LSD 4.5 31.52 19.81 47.57
Planting methods
Basin 1195.8b + 199.7 3024.8b +421.6 4220.8b + 614.6
Furrow 1376.1a+222.5 3264.9a + 4459 4641.1a+641.2
F_test *k %k *k
LSD .05 33.61 20.83 53.96

MoO=control without mole, M1=2m mole space with 30 cm depth, M2= 2m mole space with 40 cm depth, M3= 4m mole space with 30 cm
depth, M4= 4m mole space with 40 cm depth, ns= non-significant, *= significant at 0.05 probability level; **= significant at 0.01probability
level. Means in a column with the same letter are not significantly different at the 5% level (mean values + Stdev, n=3).

Moreover, low fertility and extreme properties of
saline soils may be the other reasons (Richards,
1954; Ghane et al., 2009; Abou Hussien et al.,
2020).

Egypt. J. Soil Sci. 63, No. 2 (2023)

Data clearly showed that, all treatments in this
study have a high significant effect on the obtained
yield (straw and grains) of wheat plants. The
highest significant grains, straw, and biological
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yields (1528.1, 3666.5 and 5194.6 kgfed™) was
found in the plants planted under furrows planting
method with 2 m distance and 40 cm depth of mole
drains, while the lowest yields (874.9, 2250.4 and
3125.4 kgfed™) was obtained from the plants under
zero tillage treatment and basin planting method.
Data in Table (4) also, demonstrated that
decreasing mole drain distance led to increase
grain, straw, and biological yields, while increasing
depth led to increase all of those yields of wheat
plant. Clearly, it can noticed that, the yields of
grains, straw and biological at 2 m distance and 30
cm depth (M1) of mole drains were 1363.3, 3363.1,
and 4726.4 kgfed”" and were with 4 m distance and
the same depth (M3) 1326.7, 3296.7, and 4623.5
kgfed’l, that recorded a relative decrease of 2.68,
1.98 and 2.17%, respectively. These values of
relative decrease reveals that, expanding mole
spacing reduced the yields attributes of wheat crop.
Concerning the effect of mole depth, grain, straw,
and biological yields at 40 cm depth were higher
than those in mole drains digged at 30 cm depth.
These findings could be related to high effective of
narrow and deeper mole drains on improving soil
physical and chemical properties that reflected on
plant growth parameters (Kolekar et al., 2011;
Antar et al., 2014;Aiad, 2014; El-Sanat et al., 2017;
Abou Hussien et al, 2020).

On the other side, wheat plants grown in furrows
gave high significant yields of grains, straw, and
biological yields of wheat plants than that obtained
with basins planting method (Table 4). The mean
yields of grains, straw and biological of wheat
grown in basin were 1195.8, 3024.8, and 4220.8 kg
fed!, while these yields in furrows were 1376.1,
3264.9, and 4641.1 kg fed', which recorded a
relative increase of 15.08, 7.93, and 9.96%,
respectively. These values of relative increases
reveals that, cultivation on furrows increased grains
yield by percent more than that for straw. The
superior increase effect of furrows cultivation
method on yields of wheat plants in compared with
that found with basins cultivation methods are
attributed to improve saline soil condition
(physically and chemically) with furrows planting
method where it's have low pH, EC and ESP (Table
2). These trends were in similar with that achieved
by Ghane et al. (2009), Kumar et al. (2010),
Aboelsoud et al. (2020), Aiad et al., (2021).

3.4. Grain content of N, P and K

Nitrogen (N) content

Data in Table (5) show a narrow range in the grains
of wheat plants concentration (%) under salt
affected soil conditions affected by mole drains
systems (spacing distance and depth) and planting
methods, where this concentration ranged between
1.42% in the plants cultivated on basin method with
2 m distance and 30 cm depth of mole drains and

1.29% in the plants planted in furrows method
without any mole drains treatments.

On the other hand, N uptake ranged between 20.50
kgfed! with furrows cultivation method and 2 m
between distance and 30 cm depth of mole drain,
and 11.34 kg fed in basin cultivation method with
absence of mole drains. Regarding to the effect of
mole drains treatments (distance and depth) on the
grains of wheat concentration (%) of N as recorded
in Table (5) may be rated that, this concentration
was increased with the increase in the depth of the
moles as well as with increase in their between
distance. This trend is in harmony with the found
improve in soil chemical properties under the same
treatments. Similar effect was observed on N
uptake, which reflect the effect of these treatments
on the high grains yields (Bayoumi, 2019; Abou
Hussien et al., 2020). This reversible trend may be
explained based on the cultivation effect
(Marschenr, 2011).

The high N uptake in the grains of wheat plots with
applying mole drains system mainly attributed to
the found improve physical, chemical and
biological soil properties (EI-Adl, 2011; Aiad,
2014; Abdel-Fattah et al., 2016; El-Sanat et al.,
2017; Abou Hussien et al., 2020). In addition, data
in Table (5) also show that, with the same treatment
of mole drains, both N concentration (%) and
uptake (kgfed') under furrows planting method
were higher than those found with the wheat plants
planted in basins planting method which in
harmony with the improve in different soil
properties and the found yields of grains (Kumar et
al., 2010; Aiad et al., 2021).

Phosphorus (P) content

Phosphorus concentration (%) in the grains of
wheat plants grown on saline soil in relation with
the studied treatments as shown in Table (5)
ranged from 0.340% in furrows cultivation method
with zero treatment of mole drains to 0.475% in
basin cultivation method with mole treatment of 40
cm depth and 2 m between distance. With the same
mole depth, concentration (%) of P in the grains
were higher in the plants grown under 2 m than that
of 4 m spacing distance mole drains. While with the
same spacing distance, the highest significant
concentrations of P in grains were recorded to the
plants grown in soil treated with 40 cm mole
depths. Consequently, the highest P uptake were
also observed in the grains of wheat plants planted
on the furrows with mole drains treatments of 40
cm depth and 2 m between distance, where these
findings are in harmony with the obtained yields of
grains. These results are in similar with those
obtained before that by Bayoumi (2019) and Abou
Hussien et al. (2020), and Mohiy et al. (2022).
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Potassium (K) content

Data in Table (5) show a similar effect of the
studied treatment (mole drains and planting
methods) on the grains of wheat plant content of K
was similar with those mentioned before that with
the content of N and P. This content (% and kgfed
") varied from treatment to another, where the
highest significant K concentration (1.92%) was
found in the grains of wheat plants planted on basin
with mole drains at 2 m spacing distance and 30 cm
depth and the lowest significant one (1.58%) was
found in the grains of wheat plants planted in basin,
without any application of mole drains. In addition
the highest K uptake (26.78 kgfed™") was found in
the grains of wheat plants grown on furrows with
mole drains at 2 m spacing distance and 40 cm
depth, while the lowest one (14.71 kgfed') was
observed in the grains of wheat plants planted in

basins with absence the treatments of mole drains.
Also, data presented in Table (5) reveal that
increasing space distance of mole drains led to
significant decrease of their plant grains content of
K, while soil with deeper drains recorded the lowest
significant values of its grain K concentration. But
increasing mole depth as well as decrease in the
between distance resulted in an increase of K
uptake by grains of wheat plants under saline soil
condition. These findings means that with the same
treatment of mole drains, K uptake in the grains of
wheat plants grown on furrows was higher than that
found in the plants grown in basins. In this respect
before that similar observations were maintained by
Kumar et al. (2010), El-Sanat (2018), Bayoumi
(2019), Abou Hussien et al. (2020), and Mohiy et
al. (2022) and others with different plants.

TABLE 5. Concentration and uptake of N, P, K and protein of wheat grain grown in saline soil affected by different studied

treatments (values are average of two growing seasons).

Treatments N P K Protein
Ms(;l:tg;?sm ll;l:tlll]t‘;r(;% Conc. Uptakﬁ: Conc. Uptakﬁ: Conc. Uptakﬁ Conc. Uptakﬁ
(%) (kg fed™) (kg fed™) (%) (kg fed™) (%) (kg fed™)
MO Basin 1.30d 11.34d 0.348fg 3.043i 1.68d 14.71e 7.57d 66.12d
Furrow 1.29d 12.82d 0.340g 3.376h 1.58e 15.70e 7.53d 74.73d
M1 Basin 1.42a 18.11¢c 0.423bc 5.393f 1.92a 24.52bc 8.27a 105.59¢
Furrow l.41a 20.50a 0.401cd 5.822d 1.79b 26.04ab 8.24a 119.51a
M2 Basin 1.39ab 18.47bc 0.475a 6.305b 1.80b 23.89cd 8.12ab 107.66bc
Furrow 1.36bc 20.73a 0.441b 6.750a 1.75¢ 26.78a 791c 120.83a
M3 Basin 1.40a 17.03¢c 0.393de 4.781g 1.81b 21.96d 8.16ab 99.28¢c
Furrow 1.38abc 19.82ab 0.370ef 5.323f 1.76¢ 25.30abc 8.04bc 115.53ab
M4 Basin 1.38abc 17.75¢ 0.437b 5.625¢ 1.74c 22.38d 8.05bc 103.47¢c
Furrow 1.35¢ 19.83ab 0.407cd 5.988¢c 1.70d 24.99abc 7.86¢ 115.59ab
F-test ns ns ns ik ok ns ns
LSD g5 0.038 1.516 0.136 0.029 2.097 0.192 8.877
Mole drain systems
Mo 1.29d 12.08d 0.345d 3.210d 1.63d 15.20c 7.55d 70.43d
M1 1.42a 19.31ab 0.412b 5.606b 1.86a 25.28a 8.26a 112.55ab
M2 1.38bc 19.59a 0.458a 6.526a 1.78b 25.33a 8.02bc 114.25a
M3 1.39 18.42¢ 0.381c 5.051c¢ 1.78b 23.63b 8.10b 107.41c
M4 1.36¢ 18.79bc 0.421b 5.806b 1.72¢ 23.68c 7.95¢ 109.53bc
F_test %k %k %k *k %k *k *k
LSD g5 0.020 0.551 0.282 0.015 0.716 0.115 3.21
Planting methods
Basin 1.37a 16.54b 0.416a 5.030b 1.79a 21.49b 8.03a 96.43b
Furrow 1.35b 18.74a 0.391b 5.451a 1.72b 23.76a 7.92b 109.24a
F_test * *% *% *% *% * *%
LSD g5 0.017 0.678 0.061 0.013 0.938 0.086 3.97

MoO=control without mole, M1=2m mole space with 30 cm depth, M2= 2m mole space with 40 cm depth, M3= 4m mole space with 30 cm
depth, M4= 4m mole space with 40 cm depth, ns= non-significant, *= significant at 0.05 probability level; **= significant at 0.01probability
level. Means in a column with the same letter are not significantly different at the 5% level.

Protein yield

Protein content (%) in the grins of wheat plants
grown on saline soil as listed in Table (5) show
that, this content takes the same order found and
discussed before that for N content. The highest
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significant content (8.27%) of protein was found in
the grains of wheat plants grown on basin with
mole drains of 30 cm depth and 2 m spacing
distance and the lowest on (7.53%) was found in
the grains of wheat plants grown in furrows with
absence any treatment of mole drains. The same



INTEGRATED EFFECT OF MOLE DRAINS SYSTEMS AND PLANTING METHODS ON SALINE SOIL CHEMICAL ... 173

Table also show a wide variations in the yield of
protein measured as kgfed”, where the highest
protein yield (120.83 kgfed™') was found in the
grains of wheat plants planted on furrows with
mole drains treatment of 40 cm depth and 2 m
between distance which attributed to high grins
yield found in this treatment, but the lowest protein
yield (66.12 kgfed') was resulted from absence
mole drains in the planting method of basins (Aiad
et al., 2021; Mohiy et al., 2022).

3.5. Applied irrigation water and its productivity

The total irrigation water applied and its
productivity of wheat grains as affected by mole
drain systems and different planting methods are
shown in Table (6) and Figure (2). The highest
significant volume of applied irrigation (2585.0 m’
fed™!) were found for plants grown in basin treated
by 2 m distance and 40 cm depth mole drain, while
the lowest one (1795.0 m® fed™") recorded to the
plants planted in furrows treatment without mole
drains.

TABLE 6. Individual effect of mole drains systems and planting methods on the applied Irrigation water and its
productivity of wheat grain yields (values are average of two growing seasons).

Treatments Ap(pnlli;:;ie (;le;ter Productivity(l(:ff; irrr'll_'g)gation water
Mole drain systems
Mo 2112.8¢ +348.2 0.457¢+£0.116
M1 2264.2b +282.7 0.615b +0.133
M2 2387.5a+216.7 0.605b +0.113
M3 2145.7d +£300.9 0.635a+0.153
M4 2215.0c +307.4 0.638a +0.145
F-test ok Wk
LSD g5 19.83 0.015
Planting methods
Basin 2490.4a + 63.7 0.480b + 0.08
Furrow 1959.7b + 140.8 0.700a £ 0.10
F-test ok Wk
LSD g5 29.79 0.031

MO0=control without mole, M1=2m mole space with 30 cm depth, M2= 2m mole space with 40 cm depth, M3= 4m mole
space with 30 cm depth, M4= 4m mole space with 40 cm depth, ns= non-significant, *= significant at 0.05 probability level;
**= gignificant at 0.01probability level. Means in a column with the same letter are not significantly different at the 5% level

(mean values + Stdev, n=3).

Also, wheat plants grown in plots treated with
narrow (2 m distance) and deeper (40 cm depth)
mole drains received the highest volume of applied
irrigation water, where it were arranged as M0, M3,
M4, M2, and M1 treatments. Individually, plants
cultivated in basin methods had more amount
(2490.4 m’fed”) of irrigation than those (1959
m’fed) planted in furrows method.

Otherwise, the studied treatments (mole drains and
planting methods) had a positive impact on the
productivity of irrigation water (PIW) for wheat
grains are shown in Table (6) and Figure 2. Data
clearly showed that the highest significant
values(0.769 kgm™) of PIW recorded to the wheat
grains planted in furrows with 4 m distance and 30
cm depth mole drains, while the lowest on (0.360
kgm™) appeared in the other cultivated in basin
without drains systems (Figure 2). Increasing
distance between moles led to significant increase
of PIW, while increase mole depth did not show
significant differences. This is certainly consistent
with the volume of applied water and its grain yield

in these treatments. Further, the PIW of wheat
grains planted in furrows was higher than those
cultivated in basin treatments. This probably was
due to less irrigation water is sufficient for wider
and deeper moles as compared with narrow and
shallower drain mole (Ali et al., 2007; El-Adl,
2011; Aiad, 2014; El-Sanat et al, 2017). In
addition, these results confirmed previous findings
by Hassan et al.(2005), Ghane et al. (2009), and
Singh et al. (2022), who emphasized the provision
of irrigation water by furrows methods.

4. Conclusion

The effect of mole drains systems and planting
methods on saline soil chemical properties, fertility,
and some yield attributes of wheat plants were
examined under field trial conditions. Under saline
soil conditions deep tillage or mole drainage system
must be carried to improve these soil conditions,
which have a greater effect on soil physicochemical
properties, plant yields attributes and productivity
of the used irrigation water, especially with using of
furrows planting method.
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Fig. 2. Integrated effect of mole drains systems and planting methods on the applied water (A) and its productivity
(PIW, B) of wheat grain yields (values are average of two growing seasons, M0=control without mole, M1=2m
mole space with 30 cm depth, M2= 2m mole space with 40 cm depth, M3=4m mole space with 30 cm depth, M4=
4m mole space with 40 cm depth, columns labelled with the same letter are not significantly different at the 5%

level (error bars represented + Stdev., n=3).
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