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Abstract:

Many of soil amendments can be used to reduce the effect of saline-sodic
soils on crop production. Accordingly, the main goal of the present study is to
evaluate the salt tolerance, growth and yield performance of three wheat cultivars
(Shandaweel 1, Sids 1 and Sids 14) to salt stress in Egypt. This research was car-
ried out in a field experiment at the Shandaweel Agricultural Research Station
during the two successive growing seasons 2017/2018 and 2018/2019 using
Randomized complete block design using strip blot arrangement with three repli-
cations where, two irrigation levels (I;: 100% and 1,:120% of field capacity) were
allocated in split blocks, four compost and gypsum treatments; control: without
application, compost (4 ton/feddan), gypsum(8 ton/feddan) and compost + gyp-
sum) were assigned to the sub plots and three wheat cultivars were allocated in
the sub sub plots. The results showed that there is a significant difference be-
tween tested wheat cultivars for all studied traits. The irrigation by 120% FC
gave the highest significant mean values of all studied traits in both seasons ex-
cept for number of kernels/spike in the first season. For wheat cultivars, there
were highly significant differences for all the studied traits between the studied
bread wheat cultivars. Treatment by compost or/and gypsum had significant ef-
fect in all the studied traits in both seasons as compared to control treatment.
Moreover, the irrigation by 120% FC in the presence of compost and gypsum
enhanced soil properties and reduced the salinity effect.
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Introduction:

Wheat, is the most important
crop for human consumption in the
world, as strategic crop and plays a
great role in terms of economy (Jahan
et al., 2019 and Barutcular et al.,
2017). It is the staple food for a large
part of world population. Moreover,
wheat is the major widely grown spe-
cies across the globe and feeds more
than one - third of the global popula-
tion (Shahzad et al., 2013), while,
food production is limited by saline

soils in arid and semi-arid regions of
the world (Rengasamy, 2010). Soil
salinity is one of the major abiotic
stresses affecting agricultural produc-
tion in semi-arid regions and has neg-
ative impacts on plant growth and
global crop productivity (Huang et
al., 2008 and Attia and El-Araby,
2017). Therefore, breeding for realiz-
ing salt tolerance would be an effec-
tive mean for improving yield and
yield stability under such conditions
(Genc et al., 2007).
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In Egypt the cultivated area is
about 7.2 million feddans, the area of
salt-affected soils has been estimated
to be about 1.9 million feddans (Ab-
del-Fattah and Merwad, 2016). In
2017, the cultivated wheat estimate
area was 3.1 million feddans and pro-
duction was 8.8 million tons
(FAO/LPNWS  2018). Increasing
wheat production is a national target
in Egypt to fill the gap between wheat
consumption and production. How-
ever, the production of wheat is influ-
enced by various biotic and abiotic
stresses, which led to changes in
growth and yield of plants (Abdelaal
et al., 2018). Salinity and water stress
are the major abiotic stresses that ad-
versely affect crop productivity and
quality of plants (Chinnusamy et al.,
2005 and Borlu et al., 2018).

Adding gypsum is the most
common amendment used to over-
come soil sodicity hazards due to its
low cost, availability, and ease of
handling (Siyal ef al., 2002). The ap-
plication of gypsum also decreased
pH, electrical conductivity (EC), ex-
changeable sodium percentage (ESP),
and bulk density (Manzoor et al.,
2001). Composts, has been effec-
tively used to improve salt affected
soils (Feizi et al., 2010). The addition
of gypsum increased soil hydraulic
conductivity and infiltration rate
(Abdel-Fattah, 2011). Sorour et al.,
(2019) stated that irrigation with wa-
ter amount equal to 110 or 120% FC,
100% gypsum requirements and 7.5
compost and 45 kg N fed-1 was the
best treatment for getting high grain
yield, improving the soil chemical
properties, nutrients availability and
increasing the water productivity of
salt-affected soil. Yassin et al.,
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(2019) reported that the effect of soil
salinity was highly significant for
days to heading, days to maturity,
plant height, number of spikes, bio-
logical yield, number of kernels/spike
and grain yield. Wheat cultivars re-
sponded differently either within the
same, or among, the salinity levels
for all studied traits except number of
grains/spike (Gadallah et al., 2017).

The object of this study was to
investigate the effect of saline-sodic
soil on the studied wheat cultivars
production under different treatments
irrigation levels (I;: 100% and I;:
120% of field capacity as leaching
treatment), gypsum and compost.
Materials and Methods

The present study was carried
out at the Experimental Farm of
Shandaweel Agricultural Research
Station, Agricultural Research Center
(ARC), Egypt, during the two succes-
sive growing seasons of 2017/2018
and 2018/2019 to study the effect of
irrigation levels and assessing the role
of compost and gypsum on yield and
its attributes of wheat cultivars and
soil physical properties. The experi-
ment was laid out in RCBD using
strip blot arrangement with three rep-
lications with a plot size of 2x3 m’
where, two irrigation levels were ap-
plied (I;: 100% of field capacity and
I: 120% of field capacity (leaching
treatment)) were allocated in the main
plots, four compost and gypsum
treatments (control, 4 ton compost/
feddan, 8 ton gypsum / feddan and
compost+ gypsum) were assigned to
the sub plots and applied at preparing
soil to sowing and three wheat culti-
vars (Shandaweel 1, Sids 1 and Sids
14) were allocated in the sub sub
plots. Planting was done on 25™ No-
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vember in both seasons. All the re-
quired agronomic practices were fol-
lowed uniformly in all plots through-
out the growing period. During the
two seasons of study the following
data were recorded on whole the ex-
perimental units: days to heading
(DH), days to maturity (DM), plant
height (cm.), number of spikes/m’
(No. of spikes/m”), biological yield
(BY, ton/fed), 1000-kenel weight
(1000-KW,g.), number of ker-
nels/spike(No. of kernels/spike) and
grain yield (GY, ard/fed).

Soil Analysis:

Some physical and chemical
properties of soil were determined
after soil preparation and before fer-
tilization. Soil samples were taken
from the experimental site (0-30 cm
depth) representing the different
treatments after harvest time. The
samples were air-dried and passed
through 2mm sieve pores. Particle
size distribution was determined by
the pipette method (Gee and Orr,
1994). The organic carbon (OC%)
was analyzed by Walkey and Black
procedure (Nelson and Somners,
1982). The pH was determined in
soil/water suspension (1:2.5) accord-
ing to Jackson (1973). The EC, major
cations and anions were measured in
the soil paste while CaCO3 was de-
termined using the calcimeter method
according to Black (1965). Saturation
percentage (SP), bulk density (BD),
field capacity (FC), wilting point
(WP) and available water (AW) were
determined as described by Hesse
(1971).

Statistical analysis:

All data were analyzed using
MSTAT-C computer software pack-
age. The differences among treatment
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means were compared using the least

significant differences test (LSD
0.05) according to Gomez and Go-
mez (1984).

Results and Discussions
1- Soil Properties

The soil had a clay loam texture
(38.9% clay, 35.8% silt, and 25.3%
sand), low in organic matter and con-
tained 9% CaCOs;. The chemical
properties of the soil under study are
presented in Table 1. In accordance
with the guidelines of the US Salinity
Laboratory (1954), the soil was clas-
sified as saline-sodic as (i) the EC of
its saturation extract was 14.54 mS
cm’; (ii) ESP was 44.9%; and (iii)
pH was 8.1. This may be attributed to
the extremely high soluble Mg®" and
Na' contents. Soluble sodium was the
dominant cation, constituting ap-
proximately half of the soluble
cations while chloride was the major
anion. Cations found, listed in the or-
der of decreasing propotion, were
Na™> Mg*™> Ca*™> K.

Results indicate that all the used
amendments either, singly or in com-
bination showed a pronounced de-
crease in soil salinity indicators EC
and pH, especially with leaching
treatment (I;) in two seasons (Table
1). However, the results show a
slightly lower soil pH among treat-
ments, this may be explained by the
soil had the high buffering capacity
due to the clay loam texture.

The changes in the EC of leach-
ate during leaching of the untreated
and treated saline-sodic soil are
shown in Table 1. Generally, results
show that a very sharp decrease in EC
values for all treatments, particularly
at the beginning period of the leach-
ing process (I,). Soluble salts re-
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moved in leachates depended on the
number of leaching carried out (I,). A
sharp decreased in occurred at the
beginning period of the leaching pro-
cess means a greater portion of salts
were removed. Also, the lower EC
values were found in untreated soil
(control), particularly at the begin-
ning of the leaching process. Leach-
ing the soil treated with gypsum was
more effective in removing the total
soluble salts (TSS).

Leaching with compost did not
create a sodification hazard and ESP
obtained values at the end of leaching
were lower than the control. As ex-
pected, increasing gypsum rates de-
creased ESP. Moreover, a high de-
gree of soil improvement was real-
ized when leaching began with gyp-
sum + compost and ESP value was
decreased.

Soil organic matter encourages
granulation, increases cation ex-
change capacity (CEC) and is respon-
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sible for up to 90% adsorbing power
of the soils. Cations such as Ca®’,
Mg*" and K" are produced during de-
composition (Brady and Weil, 2005).
Organic amendments decreased soil
sodicity and increased exchangeable
Ca” and Mg*". Consequently, con-
cerning compost, the decreases in
soil-pH in soil this illustrates the indi-
rect effect of decreased sodium and
the direct effect of organic acids,
which must have been formed during
decomposition of compost and apply-
ing organic composts to saline sodic
soils would help in collating calcium
and decreasing soil pH leading to an
increase in solubility of CaCO; (Celik
et al., 2008). The application of gyp-
sum decreases the pH, electrical con-
ductivity (EC), exchangeable sodium
percentage (ESP), and bulk density
and increases the hydraulic conduc-
tivity and infiltration rate (Abdel-
Fattah, 2015).
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Table 1. Chemical properties of the soil under study (seasons 2017/2018 and

2018/2019).
o ® - @ 4 o R > - Cations me/L Anions me/L.
gmg = E *4"E9 5 EQ%FJ;L‘ = 3| Ca™ |Mg™ | Na K+8& =S| Car | g«
8.1] 56 |1.22] 1.42 [29.4[14.5]12.1[59.5 [65.1[8.1] - |52.3]55.6]36.4
control [8.1] 56 | I.1 | 1.44 [29.314.8]12.2[60.7 |67.282| - |55.2|57.7|37.5
compost |7.9] 58 | 1.7 | 1.41 [29.3[12.9] 11.1|55.8 [60.6|7.3| - |50.3[52.4|35.6
1, [evpsum [79]755 [ 11| 141 [292[11.7[129[502[542[62] - [467[49.5[333
o | | | COMPOSTT gl s6 | 1.74| 140 |29.1[10.1] 13 |45.6 [47.1]5.7| - |43.3|452]29.1
S| E gypsum
=| & Ftest |ns| ns | ns | ns | ns | * * *of kx| ok [ [k | ek |k
S| g control [8.0] 55 |[1.00| 1.42 [29.3] 13 [11.9] 55 |60.1|7.6] - |53.1|54.1|35.2
= compost |7.8] 56 | 1.7 | 1.40 [29.4[11.1] 11 |51.452.3|7.1| - |462| 47 |31.2
[, evpsum [79]755 [ 12| 141 [293[10.5[12.8[ 50 [475[6.1] - [41.2[443]289
CoMPOSIT | ¢l 55| 1.8 | 1.39 [29.4] 9.5 | 13.1(43.2(40.8|54| - | 40 |422| 26
gypsum
Ftest |ns| ns | ns | ns |ns | * * R il ekl R e
8.0] 55 |1.31] 1.40 |[29.4[11.9]12.9 [47.5 [50.1|7.3| - |44.3]46.6]29.4
control [8.1] 54 | 0.9 | 1.42 [29.3[12.8]12.349.2[53.1]7.9| - |46.2[49.7(34.5
compost |7.8] 58 |1.75| 1.40 [29.3[10.9| 11.1|43.7 [48.3| 7 | - |40.1|43.4[29.2
1, [_evpsum [79]755 (125140 [292]9.7 [119[402] 43 [6.1] - [38.7]39.5[243
o | | | COMPOSTT gl s6 | 1.84| 139 |20.1] 9.1 |12.2]36.6 | 38 |52| - |32.3|33.5]22.1
o o : 84/ 1. 191 [12236. : 3/33.5)|22.
S| g gypsum
S| 8 Ftest |ns| ns [ ns | ns |[nms | * | * e
z| & control [7.9] 55 |1.00| 1.41 [293] 12 [10.9] 45 [49.8[7.1] - |41.1]43.1]32.1
= compost |7.8] 56 | 1.7 | 1.39 [29.4] 9.9 | 9 [39.9 [44.5(6.4| - [35.1]39.9]26.7
1, _evpsum [79]755 [ 12140 [294] 8.5 [11.8] 37 [399]59] - [33.2]342[213
ComPOSIT 15 71 56 | 18 | 1.38 [29.4] 7.5 | 12 |33.2] 36 |4.9] - |29.5]30.1]19.1
gypsum
Ftest |ns| ns | ns | ns |ns | * * R e e R e

I;: 100% of field capacity and I,: 120% of field capacity

ns: non-significant.

* and **: significant at 0.05 and 0.01 levels of probability, respectively.

The decrease in soil pH due to
gypsum application was probably due
to a combination of more than one
factor, mainly the replacement of so-
dium by calcium and the formation of
neutral salts with SO,~. The decrease
in soil pH may have been a decrease
in sodium concentration as a fraction
of the cations. This decreasing may be
due to removal of exchangeable so-
dium from the soil column. Moreover,
gypsum solubility is also enhanced
because of the increased activity coef-
ficient of calcium and sulfate as a re-
sult of increased ionic strength of the
solution and the formation of the so-
dium sulfate ion pair. Besides, large
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quantities of CO, must have been
evolved during leaching process,
some of which would become soluble
in soil solution giving carbonic acids.
Data in Table 1 reveal that the
concentrations of Na significantly de-
creased due to the effect of the leach-
ing process with or without the addi-
tion of amendments. The combination
between leaching process and all soil
amendments has a highly significant
effect on the sodium concentration.
Thus, the results of the study in-
dicated that the used amendments ei-
ther, singly or in combination showed
a pronounced decreased in EC, pH,
sodium concentration, and ESP com-
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pared with control treatment. The re-
sults showed that combined treat-
ments were more efficient than the
single one. Increasing the rate of gyp-
sum used leads to an increase in de-
creasing salinity as well as sodicity.
Thence, the soil properties enhanced
which led it to positive effect on crop
production.

2- Effect of irrigation levels treat-
ments:

Results in Table 2 clear that the
irrigation by 120% of field capacity
gave the highest significant mean val-
ues for all the studied traits in both
seasons except for number of ker-
nels/spike in the first season. 120% of
field capacity increased days to head-
ing by 2.41 and 3.02%, days to matur-
ity by 2.42 and 3.64%, plant height by
4.07 and 3.80%, number of spikes/m”
by 10.15 and 7.39%, biological yield
by 13.56 and 15.56%, 1000-kernel
weight by 9.13 and 7.67%, number of
kernels/spike by 1.52 and 10.71% and
grain yield by 11.08 and 12.91% in
the first and second season, respec-
tively. The experiments were repeated
across two seasons to give greater re-
liability to the results. Growth and
yield reduction could explained to the
inhibitory effect of the osmotic effects
of salt in the soil solutions, that
causes acting to induce the accelera-
tion senescence due to the leaf water
deficit or hormonal disruption from
rooting system (Dura et al., 2011).
Acevedo, (1991) stated that nun
washing treatment which reduced the
yield and yield attributes of wheat
could be to decrease cell growth, leaf
area and partial stomata closure due
to the low content of soil water,
which decreased the intake of CO,
with consequent decrease of photo-
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synthesis per unit area. Ashraf and
Harris, (2005) found that the salinity
caused 20% lose in potential yield.
El-Hendawy et al., (2005) stated that
the influence of salinity on the num-
ber of spikes and number ker-
nels/spike during early growth stages
has a greater impact on final grain
yield than on yield components in the
last stages. Turki et al., (2012) re-
ported that the decrease in grain yield
might be caused by the salinity, which
induced reduction of photosynthetic
capacity leading to less starch synthe-
sis and accumulation in the grain. At-
tia and El-Araby, (2017) found that
increasing salinity levels caused a
significant effect on plant height,
number of spikes and grain yield.
Gadallah et al., (2017) stated that in-
creased the salinity levels signifi-
cantly decreased each of days to
heading, plant height, number of
spikes, number of kernels/spike,
1000-kernel weight and grain yield.
Ouhaddach et al., (2018) found that
salinity significantly decreased plant
height, fresh weight and dry weight.
Sorour et al., (2019) reported that
grain yield was increased signifi-
cantly by increasing the irrigation
level from 100 to 120% of field ca-
pacity in both seasons.

3- Effect of compost and gypsum
treatments:

Data presented in Table 2 reveal
that compost or/and gypsum treat-
ments significantly increased all stud-
ied traits in both seasons as compared
to control treatment. The highest
mean values of days to heading (101
and 111 day), days to maturity (147
and 158 day), plant height (119 and
129 cm), number of spikes/m*(483
and 548 spike), biological yield
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(10.42 and 10.93 ton), 1000-kernel
weight (41.54 and 45.34 g),number of
kernels/spike (43.3 and 37.3 spike)
and grain yield (22.20 and 23.28
ard/fed.) in the first and second sea-
son, respectively, were obtained from
plots which treated by both of com-
post and gypsum. While the lowest
mean values of days to heading (95
and 107 day), days to maturity (141
and 151 day), plant height (111 and
122 cm), number of spikes/m*(431
and 493 spike), biological yield (7.57
and 7.87 ton), 1000-kernel weight
(36.17 and 40.29 g),number of ker-
nels/spike (40.4 and 32.2 spike) and
grain yield (18.24 and 19.04
ard/fed.)were recorded with the con-
trol treatment in the first and second
season, respectively. Also, the treat-
ment of compost or gypsum alone
significantly increased all the studied
traits as compared to control treat-
ment. However, there was a signifi-
cant differences between these treat-
ments for days to heading, plant
height, biological yield and grain
yield in the first season and for days
to maturity, number of spikes/m”, bio-
logical yield and number of ker-
nels/spike in the second season. These
results indicate the role of compost
and gypsum in alleviating the adverse
effects of salinity stress and results in
a significant increment of growth,
yield and its components. The soil
application of gypsum or compost
significantly increased each of plant
height, biological yield, grain yield
and 1000-kernel weight compared to
the control (without application), the
highest percentage increase in 1000
grains was recorded from the treat-
ment of gypsum, (Abdel-Fattah and
Merwad, 2016). Soils reclaimed with
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compost gave higher values of straw
and grains than the values under ap-
plication of gypsum under different
treatments, this result could be due to
the high nutrient content and the low
C/N rates in compost, Palm et al.,
(2001). Sorour et al., (2019) reported
that add gypsum and compost signifi-
cantly increased grain yield in both
seasons. These results are in agree-
ment with those obtained by Tiirkmen
et al., (2004), Celik et al., (2008).
4- Effect of wheat cultivars:

Results in Table 2 showed that
there is a significant difference be-
tween wheat cultivars for all studied
traits in the two growing seasons, this
indicated differential response of
genotypes to salinity for grain yield
and the other traits.Shandaweell had
the shortest heading duration (96 and
108 day), greatest number of ker-
nels/spike (45.6 and 39.3 kernel) and
highest grain yield (21.09 and 22.78
ard.) in the first and second season,
respectively. For days to maturity
Sids 1 gave the shortest maturity du-
ration 144 days in the first season,
while Shandaweell gave the shortest
maturity duration (154 days in the se-
cond season). For the number of
spikes, Sids 1 gave the highest num-
ber of spikes 468 spike in the first
season, while Shandaweel 1 and Sids
14 gave the highest number of spikes
532 spike in the second season. Sids
14 gave the tallest plants with mean
values of 120 and 130 cm and the
heaviest biological yield with mean
values of (9.58 and 10.05 ton) in the
first and second seasons, respectively.
Sids 1 gave the heaviest 1000-kernel
weight with mean values of 41.66 and
45.78 g in the first and second sea-
sons, respectively, while this cultivar
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gave the lowest mean values of bio-
logical yield (9.06 and 9.18 ton) and
grain yield (19.82 and 20.06 ard.) in
the two respective seasons,. Attia and
El-Araby, (2017) reported that sids 1
is more than tolerant to salinity than
Shandaweel 1. The differences be-
tween wheat cultivars could be due to
their genetic constitutions and their
interaction with the environmental
factors prevailing during develop-
ment. Yassin et al., (2019) stated that
there are highly significant differ-

ences among the wheat genotypes for
all the studies traits in the two sea-
sons. Gadallah et al., (2017) stated
that increased the salinity levels de-
creased significantly each of days to
heading, plant height, number of
spikes, number of kernels/spike,
1000-kernel weight and grain yield,
also they reported that sids 1 and
Shandaweell are considered as mod-
erate intolerance to salinity (salinity
susceptibility index 0.92 and 0.93, re-
spectively).

Table 2. Means of the studied traits of wheat cultivars as affected by irrigation lev-
els, compost and gypsum treatments in 2017/2018 and 2018/2019 seasons.

g 5 Item Days to| Days to Pant No. of Biological 1000—}(ernel No.of kernes Grain yield
&l Heading | maturity |height cm.|spikes/ m2|yield (ton/fed)|  weight e (ard/fed)
Irrigation levels
®© I, 97 143 113 435 8.59 37.91 41.7 19.45
8. I, 100 146 118 485 9.93 41.71 42.3 21.87
= | Increasing % 2.41 2.42 4.07 10.15 13.56 9.13 1.52 11.08
8 F test k sk k sk sk * ns sk
o I, 108 152 123 506 8.87 41.84 333 20.13
8. I, 112 158 128 546 10.51 45.32 37.3 23.12
= | Increasing % 3.02 3.64 3.80 7.39 15.56 7.67 10.71 12.91
8 F test k k k sk sk * sk sk
Compost and Gypsum treatments
%0 Control 95 141 111 431 7.57 36.17 40.4 18.24
8. Compost 99 145 115 461 9.24 40.94 41.4 20.84
g Gypsum 100 145 119 466 9.85 41.06 42.6 21.47
A | Compost+ Gypsum 101 147 119 483 10.42 41.54 43.3 22.20
L.S.D 0.05 0.84 1.01 2.44 6.87 0.38 0.46 0.88 0.56
o Control 107 151 122 493 7.87 40.29 32.2 19.04
8. Compost 110 156 126 528 9.65 44.49 354 21.78
g Gypsum 110 155 127 535 10.30 44.20 36.3 22.41
A | Compost+ Gypsum | 111 158 129 548 10.93 45.34 37.3 23.28
L.S.D 0.05 0.92 0.99 1.82 5.08 0.27 0.42 0.85 0.68
Cultivars
« | Shandaweel 1 96 145 108 459 9.13 37.34 45.6 21.09
q Sids 1 99 144 119 468 9.06 41.66 37.6 19.82
- Sids 14 100 145 120 453 9.58 40.43 42.7 21.07
L.S.D 0.05 0.61 0.53 1.47 6.81 0.18 0.52 0.84 0.26
o | Shandaweel 1 108 154 118 532 9.84 40.43 39.3 22.78
n Sids 1 110 156 129 514 9.18 45.78 31.8 20.06
- Sids 14 112 155 130 532 10.05 44.53 34.7 22.04
L.S.D 0.05 0.67 0.77 1.11 6.81 0.21 0.54 0.70 0.43
I;: 100% of field capacity and I,: 120% of field capacity

ns: non-significant. * and **: significant at 0.05 and 0.01 levels of probability, respectively.

5- Effect of interaction between ir-
rigation levels and compost or/and
gypsum treatments:

Data in Table 3 reveal that the
interaction between irrigation levels
and compost or/and gypsum treat-
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ments was significant for number of
spikes/m*> and number of ker-
nels/spike in the first season. Mean-
while, it was insignificant for the oth-
er traits under study. The highest
mean values of kernels number/spike
(42.9 and 39.0 kernel) were obtained
under 120% of field capacity and
gypsum in the first season and under
120% of field capacity and compost+
gypsum in the second season. The
highest mean values of spikes num-
ber/m” (516 and 570 spike/m®), bio-
logical yield (10.98 and 11.67 ton),
1000—kernel weight (43.27 and 47.09
g) and grain yield/fed were obtained
under 120% of field capacity and
compost+ gypsum treatments in both
seasons, Whereas the lowest values of
these traits (38.8 and 29.7 kernel),
(414 and 473 spike), (6.75 and 6.95
ton), (34.09 and 38.82 g) and (16.89
and 17.47 ard.) were obtained under
100% of field capacity and control
treatment in the first and second sea-
sons, respectively.
6- Effect of interaction between ir-
rigation levels and wheat cultivars:
The data in Table 3 clear that the
interaction between irrigation levels
and wheat cultivars was significant or
highly significant for number of
spikes and number of kernels/spike in
the first season and for days to matur-
ity, biological yield and grain yield in
the second season. Shandaweel 1 had
the shortest heading duration (95 and
106 day). For days to maturity Sids 1
gave the shortest maturity duration
(142 days in the first season), while
Sids14 gave the shortest maturity du-
ration (151 days) in the second sea-
son. Sids 14 gave the tallest plants
with mean values of 122 and 132 cm
and the heaviest biological yield with
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mean values of (10.20 and 10.98 ton)
under 120% of field capacity treat-
ment in the first and second seasons,
respectively. For number of spikes,
Sids 1 gave the highest number of
spikes (490 spike) in the first season,
while Sids 14 gave the highest num-
ber of spikes 553 spike in the second
season under 120% of field capacity
treatment. Sids 1 gave the heaviest
1000-kernel weight with mean values
of (43.69 and 47.63 g) under 120% of
field capacity in the first and second
seasons, respectively, while this culti-
var gave the lowest mean values of
biological yield 8.54 tons in the sec-
ond season, and grain yield (18.53
and 18.83ard.) in the first and second
seasons, respectively, under 100% of
field capacity.Shandaweell gave the
highest mean values of grain yield
(22.29 and 24.22 ard.) and the great-
est mean values of the number of ker-
nels/spike (46.2 and 41.3 kernel), un-
der 120% of field capacity treatment,
in the first and second season, respec-
tively.

The significance of the interac-
tions is a result of the different abili-
ties of the cultivars to adjust their
traits to the environment, suggesting
the importance of genotype assess-
ment under different environments to
identify the best ones for a particular
environment. Yassin et al., (2019) re-
ported that the interactions between
genotypes and the soil salinity were
significant or highly significant for all
the studied traits except for plant
height in the first season. Attia and
El-Araby, (2017) found a significant
interaction between salinity levels and
wheat cultivars for plant height, bio-
logical yield and grain yield. Gadallah
et al., (2017) stated that increased the
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salinity levels decreased significantly
each of days to heading, plant height,
number of spikes, 1000-kernel weight
and grain yield. These results are in

harmony with those reported by Al-
Naggar et al., (2015 a) and Ragab and
Taha, (2016).

Table 3. Effect of the interaction between irrigation levels and each of compost and
gypsum treatments and wheat cultivars for the studied traits in 2017/2018

and 2018/2019 seasons.

= Plant | No. of | Biological 1000- No.of | Grain
: Item Il)layfl. to Dayts 01 height | spikes/ vield | kernel | kernels/ | yield
i cading | matunity | 1) m? (ton/fed) |weight (g)| spike | (ard/fed)
Interaction between irrigation levels and compost and gypsum

Control 94 139 110 414 6.75 34.09 38.8 16.89
I Compost 97 143 112 438 8.52 39.07 40.9 19.46
% (M1 Gypsum 97 143 114 439 9.21 38.66 42.8 20.28
8. Compost+ Gypsum 100 146 117 450 9.86 39.81 442 21.17
= Control 96 143 113 447 8.38 38.26 42.0 19.58
& I Compost 100 147 118 483 9.96 42.82 41.9 22.22
2 Gypsum 100 147 119 493 10.40 42.51 42.9 22.46
Compost+ Gypsum 102 149 121 516 10.98 4327 42.5 23.23

L.S.D 0.05 ns ns ns 9.72 ns ns 1.24 ns
Control 105 149 119 473 6.95 38.82 29.7 17.47
I Compost 108 153 123 511 8.85 42.67 33.5 20.24
o | Gypsum 109 152 124 512 9.49 42.30 34.4 20.93
8. Compost+ Gypsum 111 156 127 527 10.19 43.59 35.7 21.90
o Control 108 154 124 514 8.80 41.77 34.8 20.61
5 I Compost 112 159 128 544 10.45 46.32 37.3 23.32
2 Gypsum 112 158 129 558 11.11 46.10 38.1 23.88
Compost+ Gypsum 114 160 131 570 11.67 47.09 39.0 24.66

L.S.D 0.05 ns ns ns ns ns ns ns ns

Interaction between irrigation levels and wheat cultivars

Shandaweel 1 95 143 106 439 8.38 35.59 45.1 19.90
<1 Sids 1 98 142 116 445 8.41 39.63 36.6 18.53
8. Sids 14 99 143 117 422 8.97 38.50 43.3 19.92
- Shandaweel 1 98 146 111 480 9.88 39.09 46.2 22.29
KL Sids 1 100 146 121 490 9.72 43.69 38.6 21.11
Sids 14 101 147 122 484 10.20 42.37 42.1 22.22

L.S.D 0.05 ns ns ns 9.64 ns ns 1.19 ns
Shandaweel 1 106 152 115 513 8.96 38.88 37.4 21.34
2L Sids 1 109 153 127 494 8.54 43.94 30.1 18.83
8. Sids 14 110 151 128 511 9.11 42.71 324 20.23
*® Shandaweel 1 109 157 121 551 10.72 41.98 41.3 24.22
KL Sids 1 112 158 131 535 9.82 47.63 33.6 21.28
Sids 14 114 159 132 553 10.98 46.35 37.0 23.85

L.S.D 0.05 ns 1.08 ns ns 0.29 ns ns 0.60

I,=120% of field capacity

I;=100% of field capacity

ns: mean non-significant at 5% level of probability.

7- Effect of interaction between
compost or/and gypsum treatments
and wheat cultivars:

The interaction between com-
post or/and gypsum treatments and
wheat cultivars (Table 4) was signifi-
cant for days to maturity and 1000-
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kernel weight in the first season and
for plant height and 1000-kernel
weight in the second season. During
the first season, Sids 1 was the earli-
est for days to maturity (140 day),
Shandaweel 1 was the earliest of days
to heading (93 day) and the shortest
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cultivar (106 cm) and it gave the
highest mean value of kernels num-
ber/spikes (46.8 kernel) and grain
yield (22.74 ard.). Sids 14 gave the
highest mean value of biological
yield (10.79 ton/fed), while Sids 1
gave the highest mean value of spikes
number/m> (493 spike) and 1000-
kernel weight (43.37 g) under com-
bost+gypsum treatment. On the other
hand, Sids 1 gave the lowest mean
value of biological yield (7.32 ton),
number of kernels/spike (36.0 kernel)
and grain yield (17.38 ard.) under the
control treatment, Sids 14 gave the
lowest mean value of the number of
spikes (425 spike), while the lowest
mean value of 1000-kernel weight
was recorded from Shandaweel 1
(34.43 g) under the same treatment.
On the other hand, in the second sea-
son, Shandaweel 1 was shortest culti-
var (115 cm) and the earliest for days
to heading (105 day) and days to ma-
turity (150 day) and it gave the high-
est mean values of number of spikes
(557 spike), number of kernels/
spikes (41.5 kernel) and grain yield
(24.73 ard.) under combost+gypsum
treatment, while Sids 14 gave the
highest mean value of biological
yield (11.33 ton), Sids 1 gave the
highest mean value of 1000-kernel
weight (47.79 g) under the same
treatment. On the other hand, Sids 1
gave the lowest mean value of the
number of spikes (479 spike), bio-
logical yield (7.40 ton), number of
kernels/spike (29.7 kernel) and grain
yield (17.61 ard.) under the control
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treatment, while the lowest mean
value of 1000-kernel weight was re-
corded from Shandaweel 1 under the
same treatment in the first season.

8- Effect of the second order inter-
action:

The interaction between irriga-
tion levels, compost and/or gypsum
treatments and wheat cultivars was
significant for days to maturity in the
first season and for plant height in the
second season (Tables 5 and 6). Re-
sults indicate that Shandaweel 1 gave
the highest mean value of grain yield
(23.67 ard/fed.) under 120% of field
capacity and compost+ gypsum
treatment, while Sids 1 gave the
highest mean value of the number of
spikes/m” (527 spike). Sids 14 gave
the highest mean value of biological
yield (11.36 ton/fed) in the first sea-
son. On the other hand, Shandweel 1
under 120% of field capacity and
combost+gypsum treatment gave the
highest mean value of grain yield
(26.13 ard/fed.), number of spikes/m”
(577 spike) and number of ker-
nels/spike (43.3 kernel), while it gave
the lowest mean value of 1000-kernel
weight (39.37 g) under 100% of field
capacity and control treatment in the
second seasons. Moreover, Sids 1 had
the highest mean value of 1000-
kernel weight under 120% of field
capacity and compost+ gypsum
treatment (49.47 g), while Sids 14
had the highest mean value of bio-
logical yield (12.28 ton/fed) under
100% of field capacity and control
treatment during the second season.
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Table 4. Effect of the interaction between compost and gypsum treatments and
wheat cultivars for the studied traits in 2017/2018 and 2018/2019 seasons.

§ Days to|Days to Pl'ant N?. of Biol'ogical 1000- No. of G'rain
b Item heading | maturity height splkzes/ yield kefnel kerl.lels/ yield
@n cm. m (ton/fed) | weight spike | (ard/fed)
° Shandaweel 1 93 141 106 431 7.49 3443 43.3 18.60
‘g Sids 1 95 140 113 437 7.32 37.40 36.0 17.38
o Sids 14 96 142 116 425 7.90 36.68 41.8 18.72
2 | Shandaweel 1 97 145 107 456 9.17 38.13 45.8 21.24
*® § Sids 1 99 145 119 470 8.88 42.97 36.9 20.02
8. S Sids 14 100 145 120 456 9.67 41.73 41.5 21.27
= g Shandaweel 1 97 145 108 466 9.68 37.53 46.6 21.80
S3 Sids 1 99 144 121 471 9.76 42.90 38.6 20.59
(? Sids 14 101 145 120 460 9.99 41.32 43.3 21.72
e Shandaweel 1 99 147 112 485 10.19 39.27 46.8 22.74
£ Sids 1 101 146 122 493 10.28 43.37 38.9 21.29
c® Sids 14 103 148 123 471 10.79 41.99 44.3 22.56
L.S.D 0.05 ns 1.07 ns ns ns 1.04 ns ns
° Shandaweel 1 105 150 115 499 7.93 37.95 354 19.90
‘g Sids 1 107 152 123 479 7.40 41.77 29.7 17.61
o Sids 14 108 152 127 502 8.30 41.17 31.5 19.61
% | Shandaweel 1 108 155 118 532 9.84 41.08 39.5 22.80
| & Sids 1 111 157 129 517 9.03 46.78 31.8 20.34
8. S Sids 14 112 156 131 534 10.08 45.62 34.9 22.19
® g Shandaweel 1 108 155 118 540 10.51 40.50 41.0 23.68
S| g Sids 1 111 155 132 524 9.90 46.80 32.6 20.74
(? Sids 14 113 155 131 541 10.49 45.30 35.2 22.80
e Shandaweel 1 111 157 122 557 11.09 42.19 41.5 24.73
g—? Sids 1 113 159 133 236 10.38 47.79 33.2 21.54
S® Sids 14 115 158 132 552 11.33 46.04 37.3 23.58
L.S.D 0.05 ns ns 2.23 ns ns 1.08 ns ns

ns: mean non-significant at 5% level of probability.
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Table S. Effect of the interaction between irrigation levels, compost and gypsum
treatments and the three wheat cultivars for the studied traits in 2017/2018

season.
D D Plant | No. of | Biological kern No. of cain vi
Item hending | matarity| "N | spikes/ | vied [ o |G

3 Shandaweel 1 92 139 104 423 6.61 3243 | 413 | 17.34

o ‘g Sids 1 94 138 112 426 6.46 35.00 | 33.7 | 15.96
'§ © Sids 14 95 141 114 394 7.19 3483 | 41.3 | 17.36
= Z |Shandaweel 1 96 143 104 439 8.42 36.53 | 45.0 | 19.87
; § Sids 1 98 143 115 448 8.16 40.70 | 36.1 | 18.56
E S Sids 14 98 142 119 428 8.97 39.97 | 41.7 | 19.94
= g Shandaweel 1 95 144 105 442 8.94 35.87 | 46.3 | 20.59
° é Sids 1 98 142 120 448 9.2 40.93 | 379 | 19.46
g 9 Sids 14 99 143 116 428 9.48 39.17 | 44.3 | 20.80
| ¢ |Shandaweel 1 98 147 111 452 9.57 37.54 | 47.7 | 21.80
= &L Sids 1 101 145 119 459 9.79 41.89 | 38.7 | 20.12
S° Sids 14 102 147 120 440 10.23 40.02 | 46.0 | 21.58

3 Shandaweel 1 95 143 108 438 8.36 36.43 | 453 | 19.86

o ‘g Sids 1 96 142 114 447 8.18 39.80 | 38.3 | 18.81
'§ &) Sids 14 97 143 118 455 8.61 38.53 | 42.3 | 20.08
= Z |Shandaweel 1 98 146 111 473 9.91 39.73 | 46.7 | 22.60
; § Sids 1 100 147 123 492 9.61 4523 | 37.7 | 21.47
E O Sids 14 102 147 121 484 10.36 43.50 | 41.3 | 22.60
= g Shandaweel 1 98 147 111 491 10.42 39.20 | 47.0 | 23.01
° é Sids 1 100 145 122 495 10.30 4487 | 39.3 | 21.71
Lo Sids 14 102 148 124 492 10.49 4347 | 42.3 | 22.65
| £ ¢ |Shandaweel 1| 101 148 114 518 10.81 41.00 | 46.0 | 23.67
= &L Sids 1 102 148 124 527 10.78 4485 | 39.3 | 22.46
S° Sids 14 103 150 126 503 11.36 4396 | 42.7 | 23.55

L.S.D 0.05 ns 1.51 ns ns ns ns ns ns

ns: mean non-significant at 5% level of probability.

4. Conclusion

In this study, the influence of sodic
and soil salinity on three wheat cultivars
and some soil properties was studied.
The results explained that the irrigation
treatments had a significant or highly
significant effect on the three wheat cul-
tivars traits under study in both seasons.
Moreover, leaching process and soil
amendments application (compost and
gypsum) had been applied as soil addi-
tion respectively to resisting the sodic
salinity effect. The results explain that
treatment of compost or gypsum ef-
fected significantly in all the studied
traits in both seasons as compared to
control treatment under conditions.
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Furthermore, the obtained re-
sults from this study indicated that all
the used amendments either, singly or
in combination showed a pronounced
decreased in EC, pH, sodium, and
concentration compared with control.
The results show that combined
treatments more efficient than a sin-
gle one. Increase the rate of gypsum
used leads to an increase in decrease
salinity as well as sodicity. Thence,
the soil properties enhanced which
led it to positive effect on crop pro-
duction.
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Table 6. Effect of the interaction between irrigation levels, compost and gypsum
treatments and the three wheat cultivars for the studied traits in 2018/2019

season.
Days to|Days to Plant | No. of | Biological 1000- No. of | Grain
Item heading | maturity height spikzes/ yield kernel |kernels/| yield
cm. m (ton/fed) |weight (g)| spike | (ard/fed)
S Shandaweel 1 103 148 111 482 6.89 36.53 32.7 18.39
% 'g Sids 1 105 149 121 462 6.53 40.13 27.0 16.18
SO Sids 14 107 148 124 475 7.43 39.80 29.3 17.84
2| % | Shandaweel 1 106 151 114 517 9.05 39.57 37.6 21.36
; § Sids 1 109 154 126 499 8.38 44.63 30.6 19.09
) S Sids 14 109 152 130 519 9.12 43.80 32.3 20.27
2: g Shandaweel 1 107 152 115 518 9.66 38.83 39.6 22.28
\2 é Sids 1 109 153 131 501 9.29 44.90 30.7 19.60
NNG) Sids 14 110 151 127 518 9.53 43.17 32.7 20.91
S . . | Shandaweel 1 109 156 121 536 10.24 40.60 39.7 23.32
) %é Sids 1 112 157 131 513 9.96 46.10 31.7 20.47
77 Sids 14 113 154 130 531 10.38 44.06 35.3 21.91
S Shandaweel 1 107 153 119 516 8.96 39.37 38.3 21.42
% 'g Sids 1 109 154 125 497 8.27 43.40 32.7 19.04
SO Sids 14 110 155 129 528 9.16 42.53 33.7 21.37
2| % | Shandaweel 1 110 159 122 547 10.62 42.60 41.3 24.25
; g‘ Sids 1 113 159 133 536 9.69 48.93 33.0 21.59
S| O Sids 14 114 159 131 549 11.05 47.43 37.7 24.11
2: § Shandaweel 1 109 159 121 563 11.37 42.17 42.3 25.08
2 & Sids 1 113 157 132 547 10.51 48.70 34.3 21.89
2 & Sids 14 115 159 134 563 11.44 47.43 37.7 24.69
a . . | Shandaweel 1 112 158 124 577 11.93 43.79 43.3 26.13
— %é Sids 1 114 161 136 559 10.80 49.47 34.7 22.61
77 Sids 14 116 162 134 573 12.28 48.01 39.0 25.24
L.S.D 0.05 ns ns 3.15 | ns ns ns ns ns

ns: mean non-significant at 5% level of probability.

In general, we found that using
compost and/or gypsum and irrigation
by 120% of field capacity to leach the
salty soil were effective in improve
soil properties and increase grain
yield of wheat cultivars.
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