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Abstract

Three field experiments were conducted at El-Wady El-Assiuty Experi-
mental Farm, Agriculture Faculty, Assiut University, Assiut Governorate during
2013/2014 and 2014/2015 seasons to study the effect of foliar spray by antioxi-
dant (salicylic and ascorbic acids) on the productivity of two bread wheat culti-
vars. Each experiment was subjected to one of three levels of evapotranspiration
(100% or 75% or 50% of ET i.e. 4800, 3600 and 2400 m’, respectively) includ-
ing two factors i.e wheat cultivars (Masrl and Shandaweel 1) and three treat-
ments of antioxidant (100 ppm salicylic, 100 ppm ascorbic and 100 ppm sali-
cylic + 100 ppm ascorbic) using randomized complete block design in split plot
arrangement with three replications. The obtained results showed that all studied
factors and their involved interactions had significant effects on most of studied
traits in the two growing seasons. Thus, the highest mean values of grain yield
(3.24 and 3.27-ton ha™ in the first and second seasons, respectively) were ob-
tained from Masr 1 cultivar under 75% ET with 100 ppm Salicylic acid as foliar
spray, while, the highest mean values of WUE (1.24 and 1.17 kg m™ in the first
and second seasons, respectively) were obtained from Masr 1 cultivar irrigated
by 50% ET and sprayed by 100 ppm ascorbic acid.
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Introduction tional agricultural area could be

Wheat is the most common
crop in the world compared to other
cereals especially in developing
countries (Said et al., 2015). There is
a big gap between wheat production
and its consumption in Egypt
reached about 52.1% (FAO, 2013)
and one of the possible ways to fill
this gap is growing wheat in newly
reclaimed soils. Usually, in this type
of soils modern irrigation systems
are used on behalf of surface irriga-
tion as these systems can serve ade-
quate amount of water, hence, addi-

added then additional production
could be gained. A reduction in grain
yield of wheat could be occurred un-
der limited irrigation, but it depends
on the time, duration and the degree
of the imposed soil moisture deficit
(Singh et al., 1991). For more serv-
ing water the amount of irrigation
water should be reassessed depend
on the region and climatic factors of
the cultivated area. The previous
studies on the impact of water deficit
on the grain yield and water use effi-
ciency (WUE) of wheat and corn re-
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vealed that in some cases, quality
could be improved as well as grain
and biological yields could be
largely maintained, while substan-
tially reduction in irrigation volume
could be done (Yang et al, 2000,
Musick et al, 1994, Zhang and
Oweis, 1999,Yang et al., 2000, Ab-
delraouf et al.,2013, Abd El-Waheda
and Ali (2013) and Jiang et al.,
2013). In addition, Kang et al
(2002) concluded that wheat could
be efficiently grown over a large
range of irrigation amounts and sea-
sonal water use. The most common
irrigation method for wheat in sandy
soil is sprinkler irrigation as it can
easily distribute the irrigation water
uniformly especially in slow wind
conditions. Furthermore, sprinkler
irrigation is a technique for fertiga-
tion and accurately controlling irri-
gation time and water amount (Li
and Rao, 2003).

Ascorbic acid (AA) is consid-
ered as one of the most effective
growth regulators against a biotic
stress (Conklin, 2001). AA not only
acts as an antioxidant but the cellular
levels of AA are correlated with the
activation of complex biological de-
fense mechanisms (Conklin & Barth,
2004). It has also been used to coun-
teract the adverse effects of salt and
drought stress in many crop plants
and proposed functions in whole
plant metabolism (Debolt et al., 2007
and Beltagi, 2008). Furthermore, ex-
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perimental studies on different plants
have shown that exogenous applica-
tion of AA may reduce drought
stress adverse effects and leading to
a significant increment of growth
and yield (Salama, 2009). Salicylic
acid (SA) acts as an endogenous sig-
nal molecule responsible for induc-
ing abiotic stress tolerance and regu-
lating the physiological processes in
plant (Shakirova et al., 2003, Gunes
et al., 2007).

According to this, the present
study was undertaken to investigate
the effect of foliar spray with anti-
oxidants, i.e. ascorbic and salicylic
acids on productivity as well as wa-
ter use efficiency of two bread wheat
cultivars grown under different lev-
els of water stress.

Materials and Methods

This work was carried out at
El-Wady El-Assiuty Experimental
Farm, Agriculture Faculty, Assiut
University, Assiut Governorate (lat.
27° 16' N, long 31° 34" and alt. 53 m
asl) during  2013/2014 and
2014/2015 seasons to study the ef-
fect of foliar spray by salicylic and
ascorbic acids on the productivity of
two bread wheat cultivars as well as
water use efficiency under three irri-
gation levels.

Soil type of experimental site:

The mechanical and chemical
analyses of the experimental sites of
the soil are presented in Table 1.
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Table 1. Some physical and chemical properties of experimental sites:

Properties 2013/2014 2014/2015
Mechanical analysis
Sand 84.4 86.5
Slit 8.7 7.3
Clay 6.9 6.2
Soil type Sandy Sandy
Chemical analysis
pH 8.34 8.26
Organic matter % 0.097 0.095
Total N% 0.018 0.019
Total CaCO3;% 20.26 19.85

Experimental design

Three separates experiments
were done and each experiment was
subjected to one of studied irrigation
levels (100%, 75% and 50% of irri-
gation water requirements which
covered evapotranspiration in this
area). Each experiment was done us-
ing randomized complete block de-
sign using split plot arrangement
with three replications. Three treat-
ments of antioxidants, 100 ppm sali-
cylic, 100 ppm ascorbic and 100
ppm salicylic + 100 ppm ascor-
bicplus control were arranged in
main plots while, two bread wheat
cultivars (Masr 1 and Shandaweel 1)
were allocated in sub plots.

The experimental units were
5 x 5m and the amount of irrigation
water requirements which covered
the evapotranspiration in this area
reached 4800 m’ ha" according to
Mohamed, 2007 and the studied irri-
gation levels were described as fol-
lows:

1. Iso as 50% of evapotranspi-
ration added as sprinkler irrigation
with  3-days intervals for 1
hour/irrigation after calculating the
mean of sprinkler discharge.
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2. I;5 as 75% of evapotranspi-
ration added as sprinkler irrigation
with  3-days intervals for 1.5
hours/irrigation.

3. Ligo as 100% of evapotran-
spiration added as sprinkler irriga-
tion with 3-days intervals for 2
hours/irrigation.

The schedule of stress irriga-
tion levels did not start until 25 days
after sowing dates.

Agricultural practices

Sowing was done at December
2nd and 4th in 2013/2014 and
2014/2015 seasons, respectively, us-
ing hand drilling 15 cm apart using
150 kg ha™ as a seeding rate and the
preceding crop was sorghum in both
seasons. All other cultural practices
were done according to the standard
recommendations for sowing wheat
in this area.

Characteristics measurements

After maturity, a random sam-
ple of ten guarded stems from each
sub plot was taken then plant height
in cm, number of spikes m~, spike
length in cm, spikelets number
spike” and 1000-kernel weight in g
were measured. To determine bio-
logical and grain yields, one square
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meter was harvested and weighted
theln thrashed and converted to ton
ha™.

Water use efficiency (WUE)
values as kg grain m ° of the applied
water were calculated for different
treatments according the equation
described by Jensen (1983).

WUE = Grain yield (kg ha ') /water
applied (m® ha ")
Statistical analysis

Data were analyzed by
MSTAT-C (1991) software package.
Separate analysis of variance using
randomized complete block design
(RCBD) was carried out for each ir-
rigation level. Bartlett's test for vari-
ance homogeneity was done follow-
ing Snedecor and Cochran (1989),
then combined analysis for data from
all irrigation levels was also carried
out for each year according to Go-
mez and Gomez (1984). Means were
compared by revised Least Signifi-
cant Difference (RLSD) at 5% level
of significant (Steel and Torrie,
1981).
Results and Discussions
Effect of Irrigation Levels:

Data presented in Table 2 re-
veal that the investigated irrigation
levels had significant effects on all
studied traits in both seasons except
spike length and number of spikes m’
? traits. Thus, the tallest wheat plants
(74.42 and 77.17 cm), the highest
mean values of spikelets
spike” (16.25 and 18.08), seed index
(27.52 and 30.94 g), and grain yield
(2.13 and 2.56 ton ha™) in the first
and second seasons, respectively
were obtained from wheat plants
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subjected to 100 % evapotranspira-
tion. While, the height mean values
of biological yield (6.74 and 7.56 ton
ha” in the first and second seasons,
respectively) were obtained from
wheat plants subjected to 75 and
100% evapotranspiration in the first
and second seasons, respectively. On
the other hand, the highest mean val-
ues of water use efficiency (0.76 and
0.79 kg m”) were recorded from
50% of evapotranspiration in the first
and second seasons, respectively.
The previous results can be ascribed
by the role of water in physiological
process and water stress at anthesis
reduces pollination and thus less
number of grains are formed per
spike which results in the reduction
of grain yield (Ashraf, 1998). Ade-
quate water at or after anthesis pe-
riod not only allows the plant to in-
crease photosynthesis rate but also
gives extra time to translocate the
carbohydrate to grains (Zhang and
Oweis, 1999) which improves grain
size and thereby lead to increase
grain yield. Also, Saini and Westgate
(2000) reported that water stress ini-
tially affected kernel development,
which resulting in a decrease in sink
potential of kernel, and during the
linear fill or its later stages of devel-
opment, it inhibited the enzyme ac-
tivity directly, thereby causing pre-
mature desiccation. Our results are in
a good line with those obtained by
Musick et al. (1994), Kang et al.
(2002), Abdrabbo et al. (2016), La-
buschagne et al. (2016), Tari (2016)
and Zeleke and Nendel (2016).
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Table 2. Effect of irrigation levels on yield and its attributes traits of wheat.

Plant | Spike Spikes Spikelets Seed |Biological| Grain Water use
Season | Irrigation | height | length number m> nul.nbgr index yield_1 yield_1 efﬁcien_gy
(cm) (cm) spike (g |[(onha’)| (tonha) | (Kgm™)
2013/ | P 64.21 | 8.08 252.17 15.08 24.28 5.36 1.82 0.76
2014 15 7275 | 8.71 255.83 15.58 25.80 6.74 2.11 0.58
Lioo 74.42 | 8.65 266.17 16.25 27.52 6.47 2.13 0.44
F Test *k NS NS *k *k *k * *k
Rev L.S.D 0.05 | 0.73 - - 0.35 1.28 0.61 0.24 0.09
2014/ Iso 66.25 | 9.50 302.69 17.25 27.57 5.61 1.90 0.79
2015 15 74.96 | 9.63 320.48 17.42 28.79 7.50 2.46 0.68
Lioo 77.17 | 9.77 307.39 18.08 30.94 7.56 2.56 0.53
F Test *k NS NS *k *k *k *k *k
Rev L.S.D 0.05 | 0.54 - - 0.37 1.04 0.68 0.58 0.11

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,

respectively.

Effect of antioxidant foliar spray:
Exhibited data in Table 3 show
that foliar spray of wheat plants by
salicylic and /or ascorbic acid en-
hanced significantly all studied traits
in both seasons except number of
spikelets spike "' in the second sea-
son only as compared to control.
Thus, the highest mean values of
plant height (74.00 and 76.44 cm),
spikes number m”> (289.56 and
335.04), grain yield (2.37 and 2.57-
ton ha') and water use efficiency
(0.70 and 0.75 kg m™) in the first and
second seasons, respectively as well
as the height mean value of biologi-
cal yield (7.16 ton ha™) in the second
season were obtained from plants
sprayed by 100 ppm of ascorbic acid.
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While, the spike length and Spikelets
number spike’ were increased by
foliar spray at 100 ppm salicylic acid
in both seasons. Furthermore, the ob-
tained results revealed that spraying
plants with ascorbic and salicylic ac-
ids together reduced significantly all
studied traits except seed index in
both seasons. Experimental studies
on different plants have shown that
exogenous application of AA may
reduce water stress adverse effects
and results in a significant increment
of growth and yield (Salama, 2009).
These findings are in harmony with
those obtained by Shakirova et
al.(2003), Debolt et al. (2007),
Gunes et al.(2007) and Salama
(2009).
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Table 3. Effect of antioxidant foliar spray on yield and its attributes traits of

wheat.
Plant | Spike | Spikes |Spikelets| Seed | Biological | Grain |Water use
Season Antioxidant Height (length number | number | index| yield yield | efficiency
(cm) | (em) | m? | spike! | (g) | (ton ha™) |(ton ha™)| (Kg m™)
S [Control 68.83 | 8.25 | 248.96 | 15.89 [23.47 5.80 1.79 0.52
g Ascorbic 100 ppm 74.00 | 8.17 | 289.56 | 15.33 |26.12 6.59 2.37 0.70
= |Salicylic 100 ppm 71.44 | 9.06 | 257.11 | 16.33 |26.88 6.61 2.08 0.63
& [Ascorbic & Salicylic 100 ppm | 67.56 | 8.44 | 236.59 | 15.00 |27.00 5.76 1.84 0.54
FTeSt kk kk kk * kk kk kk kk
Rev L.S.D 0.05 0.70 | 0.50 | 16.50 0.83 |0.73 0.32 0.17 0.06
2 |Control 71.00 | 9.31 | 303.60 | 17.44 |27.08 6.44 2.08 0.60
g Ascorbic 100 ppm 76.44 | 9.58 | 335.04 | 17.56 |28.49 7.16 2.57 0.75
= |Salicylic 100 ppm 73.94 | 9.86 | 293.88 | 17.89 |30.35 6.82 2.30 0.66
& [Ascorbic & Salicylic 100 ppm | 69.78 | 9.78 | 308.22 | 17.44 |30.48 7.13 2.28 0.67
F Test *% *% *% NS *% * *% *%
Rev L.S.D 0.05 0.29 | 0.22 | 16.06 - 1.18 0.45 0.20 0.07

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,

respectively.

Effect of wheat cultivars:

Data in Table 4illustrate that
the two bread wheat cultivars dif-
fered significantly in all studied traits
in the two growing seasons. Masr 1
cultivar surpassed Shandaweel 1 in
all studied traits except spike length
and spikelets number spike.The dif-
ferences between the two cultivars
are mainly due to the interaction be-
tween their genetic make up during
growth periods and to the environ-
mental factors prevailing during de-
velopment which was suitable for
Masr 1 cultivar than the other one.

Morover, superiority of Masr 1 cul-
tivar in grain yield can be ascribed to
the superiority in yield attributes
such as number of spikes m” and
seed index. Ibrahim et al. (2016)
stated that the studied wheat geno-
types varied significantly for yield
and its components. since, Giza -168
and Sakha-93 cultivars surpassed the
other tested cultivars in spike length,
number of grain spike”’ and grain
yield. The results of current study are
in harmony with those recorded by
Abdrabo et al. (2016) Zeleke and
Nendel (2016).

Table 4. Effect of wheat cultivars on yield and its attributes traits of wheat.

Plant Spike Spikes | Spikelets | Seed | Biological | Grain | Water use
Seasons | Cultivar | Height length |Number| number | index yield yield efficiency
(cm) (cm) m” spike™’! (2 (ton ha™) | (ton ha™) | (Kg m™)
2013/2014 Masrl 70.75 8.25 259.04 15.44 27.45 6.25 2.15 0.66
Shanl 70.17 8.71 257.07 15.83 24.29 6.13 1.89 0.54
F Test * ** NS NS wk NS wk wk
2014/2015 Masrl 73.17 9.24 31222 17.22 31.17 6.93 245 0.73
Shanl 72.42 10.03 308.15 17.94 27.04 6.85 2.16 0.61
F Test * *% NS *% *% NS *% *%

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,
respectively.
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Effect of the interactions:

Concerning the first order in-
teraction between irrigation levels
and antioxidant foliar spray, the data
presented in Tables 5 and 6reveal
that the most studied traits were af-
fected significantly by the previous
interaction in both seasons. Thus, the
highest mean values of grain yield
(2.78 and 2.96 ton ha" in the first
and second seasons, respectively)
were obtained from the plants irri-
gated with 75% ET and sprayed by
100 ppm ascorbic acid.

The illustrated data in Table
Treveal that the first order interaction
between irrigation levels and culti-
vars had a significant influence on
all studied traits in the two growing
except spike length in the second
season and spikelets number spike™
in both growing seasons. Since, the
highest mean values of plant height
(78.25 and 80.42 cm in the first and
second seasons respectively) were
obtained from Shandaweel 1 cultivar
irrigated by 100% ET. Here too, the
highest mean values of spikes num-

ber m” (301.11 and 349.22 in the
first and second seasons, respec-
tively) were registered from Masr 1
cultivar irrigated by 75 and 50 % ET
in the first and second seasons, re-
spectively. While, Shandaweel 1 cul-
tivar irrigated by 100 % ET gave the
highest mean values of spikeletes
number spike”'(16.83 and 18.50 in
the first and second seasons, respec-
tively). Otherwise, Masr 1 cultivar
irrigated by the 100% ET gained the
highest mean values of seed index
(28.33 and 32.47 g in the first and
second seasons, respectively). Also,
the highest grain yield (2.61 and
3.08ton ha™ in the first and second
seasons, respectively) were recorded
from Masr 1 cultivar irrigated by
75% ET. Furthermore, Masr 1 culti-
var subjected to the lowest amount
of irrigated water (50% of ET) pro-
duced the highest mean values of
water use efficiency (WUE) which
reached about 0.89 and 0.88 in the
first and second seasons, respec-
tively.

Table 5. Effect of the interaction between irrigation levels and antioxidant foliar
spray on plant height, spike length, number of spikes per plant, spikelet

number per spike.

. Spike length | Spikes number |Spikelets number
- Pl heigh R o -
Season Antioxidant ant height (cm) (cm) m” spike™
Iso | I7s | Tioo [ Tso| T7s | Tyoo | Tso | Tzs | Tyeo | Tso | T35 | Tyoo
A Control 57.00|71.33| 78.17 |7.75| 8.25 | 8.75 {258.22|249.56|239.11| 14.33 | 16.00 | 17.33
g Ascorbic 100 ppm 71.50|76.50| 74.00 |7.83| 8.50 | 8.17 {280.44(292.89|295.33| 14.67 | 15.67 | 15.67
o Salicylic 100 ppm 66.67|74.83| 72.83 [8.58]9.25 | 9.33 |234.22(257.11|280.00| 16.33 [ 15.67 | 17.00
g Ascorbic & Salicylic 100 ppm [61.67|68.33| 72.67 |8.17| 8.83 | 8.33 |235.78|223.78]250.22| 15.00 | 15.00 | 15.00
F test *ok NS NS NS
Rev L.S.D 0.05 1.21 - - -
w Control 58.17|73.17| 81.67 |9.08( 9.00 | 9.83 {314.22|284.81|311.78|16.00 | 17.67 | 18.67
g Ascorbic 100 ppm 73.33|78.83| 77.17 |9.33{10.00| 9.42 {327.33|344.44]1333.33|17.33|17.33 | 18.00
s Salicylic 100 ppm 69.83|76.83| 75.17 [9.92] 9.50 |10.17|290.96(316.22|274.44|18.00 | 17.67 | 18.00
Q Ascorbic & Salicylic 100 ppm |63.67|71.00| 74.67 [9.67]10.00]| 9.67 |278.22|336.44|310.00| 17.67 | 17.00 | 17.67
Rev L.S.D 0.05 0.50 0.38 30.43 1.27

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,

respectively.

397




M.T. Said and A.M.A. Abd El-Moneem, 2016

Table 6. Effect of the interaction between irrigation levels and antioxidant
foliar spray on seed index, biological yield, grain yield, water use effi-

ciency.
Seed index | Biological yield | Grain yield Water use

Season Antioxidant (g) (ton ha™) (ton ha™') | Efficiency (Kg m™)
Iso | I7s | Tioo | Tso | I35 | Tioo | Yso | I75 |Tieo| Tso Is | Lo
A Control 22.54(21.21(26.65| 437 | 594 | 7.08 | 1.57|1.62|2.18| 0.66 0.45 0.45
g Ascorbic 100 ppm 26.31(26.78 (2527 | 6.11 | 7.35 | 6.33 |2.09]|2.78|2.24| 0.87 0.77 0.47
a Salicylic 100 ppm 23.02(29.30(28.32| 6.02 | 7.54 | 6.27 |1.94|2.48|1.83| 0.81 0.69 0.38
& Ascorbic & Salicylic 100 ppm | 25.28 |25.92[29.82| 4.93 | 6.13 | 6.21 |1.68]1.55[2.30| 0.70 0.43 0.48

FTeSt sk sk sk sk

Rev L.S.D 0.05 1.30 0.57 0.30 0.10
w Control 28.10(24.19(28.96| 4.70 | 6.85 | 7.77 | 1.66|2.11|2.46| 0.69 0.59 0.51
g Ascorbic 100 ppm 27.41(28.58(29.48| 6.07 | 7.93 | 7.50 |2.06|2.96|2.68| 0.86 0.82 0.56
= Salicylic 100 ppm 25.64 (33.87(31.54| 545 | 8.05 | 6.97 |1.70|2.82|2.38| 0.71 0.78 0.50
& Ascorbic & Salicylic 100 ppm | 29.14[28.53[33.78 | 6.23 | 7.18 | 8.00 |2.15|1.97|2.72| 0.90 0.55 0.57

FTeSt sk sk sk sk

Rev L.S.D 0.05 2.06 0.80 0.36 0.13

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,
respectively.

Table 7. Effect of the interaction between irrigation levels and cultivars on yield
and its attributes traits of wheat.

Plant Spike Spikes Spikelets Seed |Biological| Grain | Water use
Season | Irrigation | Cultivar| height | length | number Number index | yield yield | efficiency
(cm) | (cm) m” spike™ (2) |(ton ha™)|(tonha™)| (Kgm?®)
I Masrl | 64.25 8.21 228.11 15.00 27.23 5.77 2.14 0.89
X 3 [Shanl | 64.17 7.96 276.22 15.17 21.34 4.94 1.50 0.62
g I Masrl | 77.42 8.67 301.11 15.67 26.78 7.59 2.61 0.72
= ” | Shanl | 68.08 8.75 210.56 15.50 24.83 5.90 1.60 0.45
& Lo Masrl | 70.58 7.88 247.89 15.67 28.33 5.38 1.68 0.35
Shanl | 78.25 9.42 284.44 16.83 26.70 7.56 2.59 0.54
FTeSt sk sk sk NS sk sk sk sk
Rev L.S.D 0.05 0.74 0.45 15.86 - 0.64 0.36 0.18 0.05
I Masrl | 66.17 9.29 349.22 16.67 30.58 5.96 2.11 0.88
v 0 ['Shanl | 66.33 9.71 256.15 17.83 24.57 5.27 1.68 0.70
g I Masrl | 79.42 9.21 302.33 17.33 30.44 8.48 3.08 0.86
E " [Shanl | 70.50 10.04 338.63 17.50 27.14 6.52 1.85 0.51
I Masrl | 73.92 9.21 285.11 17.67 32.47 6.35 2.15 0.45
' 'Shanl | 80.42 10.33 329.67 18.50 29.41 8.76 2.96 0.62
FTeSt sk NS sk NS k sk sk sk
Rev L.S.D 0.05 0.98 27.37 - 1.54 0.53 0.24 0.07

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,
respectively.
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Regarding to the interaction be-
tween antioxidant foliar spray and
cultivars, data exhibited in Tables 8
and 9show that all studied traits were
affected significantly by the previous
interaction in the two growing sea-
sons except spike length in both sea-
sons and spikelets number spike™ in

the first season only. As, the highest
mean values of grain yield (2.52 and
2.70 ton ha') and WUE (0.80 and
0.83 kg m”) in the first and second
seasons, respectively were obtained
from Masrl cultivar sprayed by 100
ppm ascorbic acid.

Table 8. Effect of the interaction between antioxidant foliar spray and wheat culti-
vars on plant height, spike length spikes number per m” and spikelet number

er spike.
Plant height Spike length | Spikes number | Spikelets number
Season Antioxidant (cm) (cm) m” spike™’
Masrl | Shanl | Masrl | Shanl | Masrl | Shanl | Masrl | Shanl
I Control 66.67 | 71.00 8.00 8.50 |237.78 | 260.15 | 15.89 15.89
K Ascorbic 100 ppm 75.78 | 72.22 7.89 8.44 | 288.15 | 290.96 | 15.00 15.67
5 Salicylic 100 ppm 71.78 | 71.11 8.94 9.17 1266.52 | 247.70 | 16.33 16.33
S Ascorbic & Salicylic 100 ppm | 68.78 | 66.33 8.17 8.72 |243.70 | 229.48 | 14.56 15.44
F Test ko NS * NS
Rev L.S.D 0.05 0.95 - 21.9 -
v Control 69.00 | 73.00 9.00 9.61 |282.96 | 32425 | 17.67 17.22
K Ascorbic 100 ppm 78.56 | 74.33 9.28 9.89 |344.59 | 32548 | 17.22 17.89
E Salicylic 100 ppm 73.89 | 74.00 9.50 10.22 | 301.48 | 286.27 | 17.22 18.56
I Ascorbic & Salicylic 100 ppm | 71.22 | 68.33 9.17 10.39 | 319.85 ] 296.59 | 16.78 18.11
F Test o NS * *
Rev L.S.D 0.05 1.13 - 38.5 0.94
NS, * and ** means not significant, significant at 0.05 and 0.01 probability,

respectively.

Table 9. Effect of the interaction between antioxidant foliar spray and wheat culti-

vars on seed index, biolo

ical yield, grain yield and water use efficiency.

Seed index | Biological yield| Grain yield | Water use efficiency
Season Antioxidant (2) (ton ha™) (ton ha™) (Kg m?)
Masr1 | Shanl | Masr1 | Shanl | Masrl | Shanl| Masrl Shanl
Y | Control 24.68 | 22.25 | 5.13 647 | 1.65 | 1.93 0.46 0.58
K |Ascorbic 100 ppm 29.66 | 22.58 | 6.82 6.37 | 252 | 2.21 0.80 0.60
§ Salicylic 100 ppm 27.15 [ 26.61 | 7.14 6.08 | 2.31 1.85 0.72 0.53
S | Ascorbic & Salicylic 100 ppm | 28.30 | 25.71 | 5.91 5.60 | 2.10 | 1.59 0.65 0.43
F Test sk sk sk sk
Rev L.S.D 0.05 0.74 0.42 0.21 0.06
w, | Control 29.18 [ 24.99 | 5.86 7.02 | 1.96 | 2.19 0.54 0.65
K |Ascorbic 100 ppm 3343 | 23.55| 742 691 | 2.70 | 243 0.83 0.66
f\_ﬁ Salicylic 100 ppm 30.76 | 29.95 | 7.42 6.22 | 2.67 | 1.93 0.78 0.54
S | Ascorbic & Salicylic 100 ppm | 31.30 | 29.66 | 7.02 7.25 | 245 | 2.11 0.75 0.59
F Test sk sk sk sk
Rev L.S.D 0.05 1.60 0.65 0.31 0.08

NS, * and ** means not significant, significant at 0.05 and 0.01 probability,

respectively.
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Concerning to the second order
interaction, the presented data in Ta-
bles from 10 to 13 show that the all
studied traits were affected signifi-
cantly by the interaction between irri-
gation levels, wheat cultivars and an-
tioxidant foliar spray in the two
growing seasons. The highest mean
values of plant height (86.00 and
88.67 cm in the first and second sea-
sons respectively) were recorded
from Shandaweel 1 cultivar irrigated
by 100 % ET and control. While the
highest mean values of spike length
(9.83 and 11.00 cm in the first and

second seasons, respectively) were
obtained from Shandaweel 1 cultivar
irrigated by 100 % ET and control.
Here too, the highest mean values of
grain yield (3.24 and 3.77ton ha’in
the first and second seasons, respec-
tively) were obtained from Masr 1
cultivar irrigated by 75% ET and
sprayed by 100 ppm salicylic acid
while, the highest mean values of
WUE (1.24 and 1.17 kg m™in the first
and second seasons, respectively)
were obtained from Masr 1 cultivar
irrigated by 50% ET and sprayed by
100 ppm ascorbic acid.

Table 10. Effect of interaction between antioxidant foliar spray, irrigation levels
and wheat cultivars on plant height and spike length.

Trait Plant height (cm) Spike length(cm)
Season Irrigation | P 1,5 Li00 Iso 15 Lio
Antioxidant Masrl|Shanl|Masrl|Shanl| Masrl |Shanl|Masrl|Shanl|Masrl|Shanl|Masrl|Shanl
Y |Control 49.67 | 64.33 | 80.00 | 62.67 | 70.33 |86.00| 7.83 | 7.67 | 8.50 | 8.00 | 7.67 | 9.83
g Ascorbic 100 ppm 71.67 | 71.33 [ 86.00 | 67.00 | 69.67 |[78.33| 817 | 7.50 | 8.83 | 8.17 | 6.67 | 9.67
& |Salicylic 100 ppm 71.67 | 61.67 [ 73.00 | 76.67 | 70.67 |[75.00 | 9.00 | 8.17 | 8.83 | 9.67 | 9.00 | 9.67
S [Ascorbic & Salicylic 100 ppm | 64.00 | 59.33 | 70.67 | 66.00 | 71.67 |73.67 | 7.83 | 8.50 | 8.50 | 9.17 | 8.17 | 8.50
F test o o
Rev L.S.D 0.05 1.47 1.00
2 |Control 50.33 | 66.00 | 82.00 | 64.33 | 74.67 |[88.67| 9.17 | 9.00 | 9.17 | 8.83 | 8.67 |11.00
g Ascorbic 100 ppm 74.00 | 72.67 | 87.67 | 70.00 | 74.00 [80.33 | 9.50 | 9.17 | 9.67 [10.33 | 8.67 |10.17
T [Salicylic 100 ppm 74.00 | 65.67 | 75.00 | 78.67 | 72.67 |77.67 | 9.33 |10.50] 9.33 | 9.67 | 9.83 |10.50
S [Ascorbic & Salicylic 100 ppm | 66.33 | 61.00 | 73.00 | 69.00 | 74.33 | 75.00 | 9.17 |10.17| 8.67 [11.33 | 9.67 | 9.67
F test o o
Rev L.S.D 0.05 1.96 0.79
NS, * and ** means not significant, significant at 0.05 and 0.01 probability, re-
spectively.

Table 11. Effect of the interaction between antioxidant foliar spray, irrigation lev-
els and wheat cultivars on spikes number per m2 and spikelet number per

spike.
Trait Spikes number m™ Spikeletsnumber spike”’
Season Irrigation Iso I75 Lioo Iso I75 Lioo
Antioxidant Masrl|Shanl [Masrl |Shanl |Masrl| Shanl |Masrl|Shanl | Masrl|Shanl|Masrl|Shanl
) Control 235.56(280.89|312.44[186.67|165.33| 312.89 | 15.00 [ 13.67 [ 16.33 | 15.67 | 16.33 | 18.33
g Ascorbic 100 ppm 247.56(313.33|354.67|231.11|262.22| 328.44 | 14.33 [15.00 [ 16.33 | 15.00 | 14.33 | 17.00
= Salicylic 100 ppm 220.44(248.00|265.78(248.44|313.33| 246.67 | 17.00 [ 15.67 | 15.00 | 16.33 | 17.00 | 17.00
S [Ascorbic & Salicylic 100 ppm [208.89(262.67|271.56|176.00{250.67| 249.78 | 13.67 |16.33]15.00 | 15.00 ] 15.00 | 15.00
F test ok ok
Rev L.S.D 0.05 32.80 1.67
v Control 363.11]265.33|200.00(369.63]285.78| 337.78 | 16.33 | 15.67 | 18.33 [ 17.00 | 18.33 | 19.00
g Ascorbic 100 ppm 393.331261.33|327.56|361.33(312.89| 353.78 | 17.00 | 17.67 | 17.67 | 17.00 | 17.00 | 19.00
= Salicylic 100 ppm 299.11(282.81]339.11(293.33|266.22| 282.67 | 18.33 [17.67 [ 16.33 |19.00 | 17.00 | 19.00
S [Ascorbic & Salicylic 100 ppm [341.33|215.11|342.67[330.22|275.56| 344.44 | 15.00 | 20.33 ] 17.00 | 17.00 | 18.33 | 17.00
F test o o
Rev L.S.D 0.05 62.14 1.45
NS, * and ** means not significant, significant at 0.05 and 0.01 probability, re-
spectively.
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Table 12. Effect of the interaction between antioxidant foliar spray, irrigation lev-
els and wheat cultivars on seed index and biological yield.

Trait Seed index(g Biological yield(ton ha™)
Season Irrigation Iso I;5 Ligo Iso I Ligo
Antioxidant Masrl | Shanl |Masrl | Shanl | Masr1 | Shanl |Masr1 [Shanl |Masr1 [Shanl [Masr1 [Shan1
s Control 23.58|21.50|22.68|19.74|27.78|25.52| 2.45 | 6.28 | 7.03 |4.85]5.89 |8.27
g Ascorbic 100 ppm 31.90{20.71|28.90|24.67|28.18|22.37| 7.94 | 4.28 | 7.57 |7.1314.96 | 7.70
- Salicylic 100 ppm 25.28|20.76|31.32|27.28]|24.84(31.80| 6.62 | 5.42|9.33 |5.75|5.47 | 7.07
S [Ascorbic & Salicylic 100 ppm|28.17|22.38|24.21|27.63|32.53|27.10| 6.09 | 3.77 | 6.42 | 5.85|5.23 | 7.19
F test o ko
Rev L.S.D 0.05 1.27 0.71
w Control 28.47|27.74|127.92|20.46|31.14(26.77|3.02 | 6.38 | 7.99 |5.72]16.57 | 8.97
g Ascorbic 100 ppm 33.38(21.44|31.14|26.01|35.76|23.20| 7.70 | 4.43 | 8.11 |7.75| 6.45 | 8.54
= Salicylic 100 ppm 28.56(22.73]|36.10{31.63]|27.61|35.48| 6.11 [4.79]10.11]5.99] 6.05 | 7.89
S [Ascorbic & Salicylic 100 ppm|31.92|26.36/26.61|30.46|35.38|32.18| 7.00 | 5.46 | 7.71 | 6.64 | 6.35|9.64
F test o ko
Rev L.S.D 0.05 2.82 1.11
NS, * and ** means not significant, significant at 0.05 and 0.01 probability, re-
spectively.

Table 13. Effect of the interaction between antioxidant foliar spray, irrigation lev-
els and wheat cultivars on grain yield and water use efficiency.

Trait Grain yield(ton ha™) Water use efficiency(Kg m™)
Season Irrigation 150 I75 1100 150 I75 1100
AntiOXidant Masrl1 |Shanl (Masrl [Shanl [Masrl |Shanl |Masrl |Shanl |Masrl |Shanl|Masrl |Shanl
Y |Control 0.92(2.23]2.10{1.15{1.93|2.42|0.38]0.93|0.58|0.32|0.40|0.50
8 Ascorbic 100 ppm 2.98(1.19|3.04(2.52|1.54|2.94|1.24]0.50{0.84]0.70(0.32]0.61
< [Salicylic 100 ppm 2.33|1.56|3.24|1.71|1.38|2.28|0.97]|0.65|0.90|0.48|0.29|0.47
& |Ascorbic & Salicylic 100 ppm|2.34|1.02|2.06|1.03]1.89(2.71(0.97]0.42{0.57]0.29|0.39]0.56
F test *x ok
Rev L.S.D 0.05 0.36 0.11
2 |Control 1.01(2.32|2.74|1.48(2.14 (2.77]0.42|0.97(0.76 |0.41]0.45 |0.58
8 Ascorbic 100 ppm 2.81]1.31{3.26 |2.66|2.043.31|1.17]0.54]0.90 |0.74]0.43 |0.69
S |Salicylic 100 ppm 1.9911.42|3.77|1.86|2.26 |12.50|0.83 |0.59(1.05|0.52|0.47 |0.52
& |Ascorbic & Salicylic 100 ppm|2.64 |1.67|2.55]1.39]2.16 |3.27|1.10 |0.69]0.71 |0.39|0.45 |0.68
F test *x ok
Rev L.S.D 0.05 0.52 0.14
NS, * and ** means not significant, significant at 0.05 and 0.01 probability, re-
spectively.

These findings can be attrib-
uted to the adverse role of salicylic
and ascorbic acids agents abiotic
stress occurs from shortage of irriga-
tion water at 50 and 75% ET.
Conclusion

From the previous results the
investigator recommended that in
such kind of environments, Masr 1
cultivar subjected to 75% ET and
sprayed by 100 ppm salicylic acid
gaved the highest grain yield and
saved 25% of irrigation water which
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could be used for increasing wheat

cultivation land.
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