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Abstract

To minimize the adverse effect of salinity and improve of productivity and chemical constituents of wheat grown in sandy soil
by using foliar applications two field experiments were laid out in the Desert Experimental Station, Faculty of Agriculture,
Cairo University in Wadi El-Natroon, El-Beheira Governorate, Egypt during 2015/2016 and 2016/2017 seasons to study the
response of three wheat cultivars (Gemmizal2, Sakha93 and Misr2) to foliar application with humic acid, Power Mix, zinc
sulphate and putrescine compared with a control treatment on some growth parameters, yield and its components as well as
chemical composition content compared with untreated wheat plants. A split-plot design in a randomized complete block
arrangement was used with three replications. The main plots were allotted to the seven levels of foliar application and three
Egyptian commercial varieties of wheat were devoted to sub-plot. The results indicated significant varietal differences
response to the above mentioned treatments in most of traits under study. Misr2 was superior in plant height, fresh and dry
weights, root length, No. of spikes/plant, spike weight/plant, straw and grain yields/plant, grain yield/fed, total grain sugar
and total free amino acids (FAA) contents. The use of putrescine gave the best results in most of growth traits under study.
Particularly plant height, and plant fresh and dry weights. Use of power mix recorded the best results regarding (straw weight/
plant, grain weight/spike and spike weight/plant. Sakha93 gave the highest average of grain N, K and shoot N, P and K. The
application of 200 ppm putrescine recorded the same results while Misr2 gave the highest reading in shoot N and P. Finally
Sakha93 was superior in phenol, total FAA in shoot and grains in phenol content while Misr2 recorded the highest total sugar

and total FAA in grain contents.
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Introduction

Wheat as cereal crop consider the second most
important crop that contributes significantly to the global
food and food security (Kumar et al., 2013). Through
the last 20 years, the global wheat acreage varied between
207 and 227 million hectares with a production and
productivity around 728.28 million tons (Ljubicic, et al.,
2014).

In Egypt wheat (Triticum aestivum) is the most
important cereal crop. The total wheat production sedum
covers 40-50% of consumption. A number of high yielding
wheat cultivars have been released during the last three
decades of these cultivars Gemmizal2, Sakha93 and
Misr2, proved their high yielding potentially (Omar et al.,
2014).

Moreover the extension of wheat cultivated area in
sandy soils needs the search for different modified
agronomic practices in order to overcome the poor soil
fertility level in these soils. The foliar application of nutrient
solutions has been proved as successful as it helps in
avoiding the low uptake of plant nutrients. Furthermore a
number of nutrient compounds have been reported to
increase wheat productivity.

Salinity is one of the primary limiting factors in crop
production. It causes water deficit, ion toxicity, and
nutrient deficiency, leading to growth and yield reduction,
and even to plant death (Li et al., 2013). Under arid and
semi- arid conditions, the negative effects of salinity are
increased due to practices such as fertilization and
irrigation with saline ground water (Villa- Astoria ef al.,
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2003).

Zinc is an essential micronutrient for all organisms
and serves as cofactor for more than 300 enzymes (Xu
etal.,, 2010, Chenetal, 2011 and L. H. Xu, et al,, 2014).
Zn s closely involved in a wide range of cellular processes
such as free radical defence, electron transport protein
and auxin biosynthesis, cell proliferation and production.
Zinc deficiency is one of the most widespread limiting
factors in crop production especially in saline soil.
Dangyum et al., (2017) found foliar application of Zn
increased grain yield of wheat.

Zn plays a role in alleviating wheat plant drought
stress by Zn-mediated increase in photosynthesis pigment
and active oxygen scavenging substances and reduction
in lipid peroxidation. Zinc plays a great role in carbonic
anhydrase (CA) activity and hence photosynthesis
particularly in C, plants which wheat belongs as it helps
to decrease photorespiration Seemann, et al., (1985). Zinc
sulphate increased the Leaf Area Index, the total number
of productive tillers m2, number of spikelets/ spike, spike
length and grain weight, thousand grain weight, grain yield,
straw yield and biological yield but decreased harvest
index (Khan et al., 2008).

Concerning the humic acid, Sebastiano et al., (2005)
reported that, humic acid had limited promoting effects
on plant growth, grain yield, quality and photosynthetic
metabolism of durum wheat crop. Howevere, Bezuglova
et al., (2017) refered that, humic substance (H.S) had a
positive effect on the high crop yielding formation, based
on high availability of mobile forms of phosphorus on the
variants treated with humic substances. This is due to
the active control mechanism through root exudates and
an increase in the humic substances during the vegetation.

Moreover, amino acid is commonly applied to several
crops due to their activation role in the physiological and
metabolic processes. Abdel-Mawgoud et a/.,( 2011) and
Zewail (2014) reported that, spraying plants with amino
acids improved growth parameters, harvest index and
biochemical constituents of N, P, K, Mg, Ca, Fe, Zn total
carbohydrate and crude protein in leaves. Also Halpern
et al.,, (2015) mentioned that, this practice has direct
effects on plants including modulation of N uptake and
assimilation by the regulation of enzymes involved in N
assimilation and of their structural genes and by acting
on the signalling pathway of N acquisition in roots. Also,
by regulating the enzymes of TCA cycle, they also
contribute to the cross bridge between C and N
metabolisms.

Concerning the putrescine, Prakash and
Prathapasenan (1988) found that, foliar application of
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Putrescine (10M) significantly increased the growth and
yield under salt stress. Galston and Kaur-Sawhney (1990)
reported that, polyamines are present in a variety of plant
growth and development processes, including cells
division, vascular differentiation, root initiation, shoot
formation, flower initiation and development, fruit ripening
and senescence. Thus, the aim of this study was to
evaluate the response of three wheat cultivars to foliar
application of different nutrient compounds under sandy
soil condition in Wadi El Natroon.

Materials and Methods

Two field experiments were conducted in the Desert
Experimental Station, Fac. of Agric., Cairo Univ. in Wadi
El-Natroon, El-Beheira Governorate, Egypt (located
between 30°32°30" and 30° 33°0"” N and between 29°
57°15" and 29°58°15" E with an altitude of 45 meters)
during the two successive seasons 0of 2015/2016 and 2016/
2017 to evaluate growth, yield and its components as
well as chemical analysis of three wheat cultivars
(Gemmizal2, Sakha93 and Misr2) grown in sandy soil
under drip irrigation. The experimental soil physiochemical
analysis was conducted according to Jackson (1973). Soil
and irrigation water properties are presented in Tables 1,
soil of the experimental site was sandy loam, saline and
poor in nutrients. Little variances were found in the soil
and irrigated water properties between the two seasons
of the experiment.

Plant materials and experimental design

Three wheat cultivars (Gemmizal2, Sakha93 and
Misr2) were planted via seven foliar applications. A split-
plot design in a randomized complete block arrangement
was used with three replications. The main plots were
allotted to the seven levels of foliar application [Control
(untreated, sprayed with tap water at the same time of
foliar application of the other six treatments), Humic acid
(85 %) commercial product supplied by biotech for Bio-
acids fertilizer Company, Egypt.), Power Mix (consists
of amino acids (21 %), potassium citrate (4.5 %),
microelements (3.5 %), riboflavin (3%), cytokinin (0.3
%), gibberllic acid (0.001 %), inert ingredients (67.69%)
added at 50ml/100 litre, Zinc sulphate100 ppm )ZnSO (,
Zinc sulphate 200 ppm, Putrescine 100 ppm) C,H N (
and Putrescine 200 ppm] and varieties were devoted to
sub-plot. Each sub-plot consists of 3 ridges of 0.80 m in
width and 4.0 m in length, i.e. the experimental plot area
was 9.6 m?. Each main plot was surrounded with a wide
ridge (1.6 m) to avoid interference of the seven foliar
applications.

Cultural practices

The preceding crop was peanut (Arachis hypogaea
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Table 1: Soil and irrigation water properties at the experimental site in 2015/16 and 2016/17 seasons.

L.) in both seasons. Seeds of all wheat varieties were
obtained from Wheat Research Department, Field Crops
Research Institute, Agricultural Research Centre, Egypt.
The seeds were sowing on the last week of October in
both seasons. Seeds were sown in drilling by hand on
both sides of the ridges, calcium super phosphate fertilizer
(15.5% P,0,) at the rate of 45 kg PO, fed' was applied
during seedbed preparation. Nitrogen was added at rate
of 90 kg N fed™! in the form of ammonium nitrate (33.5%
N). Potassium sulphate (48% K O) was applied at the
rate of 48 kg K O fed"'. Application of both of N and K
fertilizers was started at 20 days from planting through
12 equal doses at 7-day intervals. At 30 and 45 day after
sowing the foliar application solution was sprayed by a
hand sprayer at 10.00 -12.00 am. The weed management
was carried out during the growing season by hoeing
twice times. The other cultural practices were applied as
recommended by the Agricultural Research Center
(ARC), Giza, Egypt.

Recorded data

A- Growth traits: The following data were recorded at
75 days from sowing where random sample of ten plants
were taken to measure the following characters:

Plant height (cm), root length (cm), shoot and root
fresh and dry weight (g).

B- Yield and yield attributes: at harvest, ten guarded
plants were taken at random to determine the following

Soil analysis 2016 2017
Physical properties
Sand (%) 94.15 92.27
Silt (%) 435 520
Clay (%) 1.50 253
Texture class Sandy loam Sandy loam
Chemical properties
pH ., 743 729
EC_,(dSm") 5.54 522
Organic matter (%) 0.51 0.62
Total CaCO, (%) 3.74 591
Available N (mgkg™') 64 89
Available P (mg kg ') 1.65 204
Available K (mg kg!) 168 187
Irrigation system Drip irrigation Drip irrigation
Chemical properties of irrigation water
EC Ions concentration meq L
Season p ds m?! ppm HCO; CL- SO, Ca*™ Mg*™ Na* K
2016 7.7 41 2624 28 30.5 9.0 39 43 333 0.64
2017 75 42 2688 32 291 79 53 4.6 325 0.55
traits:-

No of spikes/ plant, weight of Spike / plant (g), no. of
grains/plant, grain index (g), grain yield / plant (g), straw
yield /plant (g). Grain yield in kg was weighed from the
one square meter of each experimental unit (sub-plot)
and then adjusted into ton/fed.

C- Chemical traits: Shoot, root and grains were
chemically analysed to determine their chemical content.
N, P, K and Na were carried out on the dry material
where samples were digested as recommend by Piper
(1947).

Nitrogen was determined by using micro Kjeldahel
method as described by Jones et al., (1991).

Phosphorus was determined spectro photometerally
by using stannous chloride method according to
(A.0.A.C 1980).

Potassium and sodium were determined by flame
photometer (BWBI).

Chlorophyll a, b, and carotenoids: Fresh leaves were
extracted with dimethyl formamide and calculated
according to (Nornai, 1982).

Proline concentration was determined as follow
according to Bates et al., (1973).

Ethanol extract was used for determination of total
sugar by phosphomolibdic acid method according
(A.O0.A.C., 1975).
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Total free amino acids (FAA) content was determined
by using ninhydrin reagent (Moore and Stein, 1954).

Total soluble phenols were estimated using the
folinciocalteou colorimetric method according to (Swain
and Hillis, 1959).

Statistical analysis

Test of normality distribution was carried out
according to Shapiro and Wilk, method (1965), by using
SPSS v. 17.0 (2008) software package. Also, data were
tested for violation of assumptions underlying the
combined analysis of variance by separately analyzing
of each season and then combined analysis across the
two seasons was performed if homogeneity (Bartlet test)
was insignificant. Estimates of LSD were calculated to
test the significance of differences among means
according to Snedecor and Cochran (1994) by using
MSTAT-C software package.

Results and Discussion

Analysis of variance

The combined analysis of variance of studied varieties
and for all characters under seven foliar treatments across

seasons is presented in Tables 2, 3 and 4. Mean squares
due to seasons were significant at (P<0.05 or P<0.01)
for all studied traits, except No. of spikes/p, grain yield/
feddan, of P & Na in shoots, N & Na in roots and all
studied traits of photosynthetic pigments, proline in leaves
and total soluble phenols, total sugars and total free amino
acids in shoots and grains, that indicating the effect of
climatic conditions on most studied traits. However, mean
squares due to cultivars were significant at (P<0.05 or
P<0.01) for all traits, except K in shoots, N in roots and
total sugars in grain that indicating the effect of genetic
background among cultivars on most studied traits. Also,
mean squares due to foliar treatments were significant
at (P<0.05 or P<0.01) for all traits, except phenol in
shoots that suggesting that the foliar treatments had a
significant effect on most studied traits. The mean squares
due to interaction between cultivars and foliar treatments
were significant at (P<0.05 or P<0.01) for all studied
traits, except P & K in shoots, K in roots and phenol in
shoots.

A- Growth traits

Data in table 5 cleared that, there were significant

Table 2: Combined analysis of split plot design for three cultivars evaluated under seven treatments across 2015/16 and 2016/17

s€asons.
S.0.V df No. of Spike No. of Grain Grain Straw Grain yield
Spikes/p weight/p grains /p index yield/p weight/p Ifed
Seasons 1 0.07 198.2%* 2460** 26.94 149.1** 240** 0.68
R(S) 4 0.64 0.8 197.0 19.03 1.67 3.56 0.11
Cultivars C 2 10.05** 43.4** 3979** 129%* 21.18** 37** 1.36**
SC 2 4.59%* 12.3%* 11802 9.94 6.68* 141 0.01
Error 8 0.19 13 8413 8.20 1.30 1.15 0.13
Treatments T 6 0.74* 31.7%* 7199%** 57** 20.60** 24%* 0.65%*
ST 6 041 4.3* 1224* 13.55 348** 5.89 0.10
CT 12 1.43%* 20.6%* 3377** 33%* 12.10** 15%* 0.37**
SCT 12 0.29 6.3%* 849.7 22.16 3.02%* 512 0.09
Error g/ 0.27 15 524.7 924 0.85 137 0.05
S.0.V df Dry weight Fresh weight Root Plant
Root Shoot Root shoot length height
Seasons 1 0.82* 46.06** 842%* 644.6** 0.79 644.6**
R(S) 4 0.04 1.04 0.37 19.3 0.44 193
Cultivars C 2 1.84%* 89.23** 6.59** 323.1%* 116.1%** 323.1%*
SC 2 0.15 3.50 0.15 305.3%* 991* 305.3%*
Error 8 0.10 0.88 044 62 1.71 62
Treatments T 6 0.65%* 16.03** 1.09** 333.2%* 24.3%* 333.2%*
ST 6 0.25 0.66 0.17 46.1%* 3.89 46.1%*
CT 12 0.40* 5.17*%* 0.92%* 58.5%* 10.1%* 58.5%*
SCT 12 0.17 1.75 0.26 31.4%* 278 31.4%*
Error 72 0.17 1.00 035 113 233 113

*and** indicate significant and highly significant at 0.05 and 0.01 levels of probability respectively.




Foliar application of some nutrient compounds under sandy soil conditions in Wadi El-Natron

2305

Table 3: Combined analysis of variance of split plot design for three cultivars evaluated under seven
treatments across 2015/16 and 2016/17 seasons.

S.0.V df Grains Shoots
N P K N P K
Seasons 1 29.92%* 1.43** 5.66* 57.75%* 220 31.6*
R(S) 4 3.28%* 0.21%* 16.42%* 1.03 1.01 844
Cultivars C 2 10.28** 1.93** 3.13% 6.42%* 6.33%* 15.67
SC 2 049 0.16 045 591* 0.52 18.69
Error 8 0.22 0.05 0.57 0.74 0.59 431
Treatments T 6 293.92%** 3.18** 8.07** 361.38%* 14.05%* | 84.46**
ST 6 021 0.12 0.07 0.04 0.27 0.31
CT 12 6.81%* 0.48** 1.61** 8.09%* 0.80 6.85
SCT 12 0.09 0.09 0.03 0.17 021 021
Error 72 244 0.07 0.61 2.73 0.71 8.07
S.0.V df Shoots Roots
Na N P K Na
Seasons 1 4.02 6.97 1.20%* 16.53** 4.02
R(S) 4 9.90** 1.76 0.27* 10.22%%* 11.51*
Cultivars C 2 10.90** 221 4.99** 297** 39.89%*
SC 2 11.32%* 5.60 0.04 1.81%* 2.60
Error 8 1.12 1.54 0.06 0.15 2.04
Treatments T 6 7.32%* 19.30%* | 0.76%* 7.52%* 6.64**
ST 6 040 0.16 0.01 0.07 0.03
CT 12 5.38** 1.60** 0.77** 2.06 12.97*
SCT 12 0.31 0.07 0.00 0.07 0.01
Error 72 0.97 048 0.06 1.51 045

*and** indicate significant and highly significant at 0.05 and 0.01 levels of probability respectively.

differences among the studied cultivars in plant height,
root length,shoot and root fresh and dry weight where
Misr2 pronounced its superiority in all growth characters
under study followed by sakha93 cultivars,

Misr2 recorded the highest averages of root and shoot
fresh and dry weights, root length and plant height.

These varietal differences could be attributed on the
genetics factors and their responses to the environmental
conditions. Concerning foliar application all treatments
had a significant effect on all growth characters.
Increasing putrescine level from 100 ppm to 200 ppm
enhanced significantly plant height, root length, root, and
shoot fresh and dry weight.

The interaction (cultivars X treatment) had
substantially effects on fresh and dry weights, root length
and plant height where the application of putrescine at
level of 200 ppm to Masr2 surpassed the other treatment
in the other two studied cultivars, root and shoot dry
weight, root and shoot fresh weight. Spray with 200 ppm
putrescine give the same result and did not differ
significantly with using 100 ppm from zinc sulphate in
root length and plant height, and 200 ppm putrescine

compared to the untreated control treatment. Slocum e?
al., (1984) reported that the exact function of (spermidine,
spermine and their precursor putrescine) were important
in physiological and developmental events in plants
including cell division, DNA and protein synthesis and
protection against different kinds of stress. It also
participates in regulation of organogenesis and
embryogenesis and in some light- induced growth
responses. Galston and Kaur-Sawhney (1990) added that,
putrescine (put) involved in a variety of plant growth and
developmental processes including cell division, vascular
differentiation, root initiation and shoot formation, Hanafy
Ahmed et al., (2002) mentioned that, using low level of
putrescine (0.10 ppm) resulted in a highly pronounced
increment in shoot height, root length, fresh and dry weight
of shoots and roots of plants.

Moreover, the lowest concentration of humic acid
led to the highest shoot dry weight. From previous trials,
it was found that spraying plants of common bean with
humic acid scored the highest vegetative growth
characters (plant height, number of leaves and branches
as well as fresh and dry weight). Hanafy Ahmed et al.,
(2010) and EL-Bassiony ef al., (2010) on snap bean), as
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Table 4: Combined analysis of variance of split plot design for three cultivars evaluated under seven
treatments across 2015/16 and 2016/17 seasons.

S.0.V df Shoots
cha Chb carot Proline Phenols
Seasons 1 0.27 0.20* 0.14 2.11%* 0.00
R(S) 4 0.06 0.01 0.01 1.73* 4.11
Cultivars C 2 1.70%* 1.69%* 1.03** 3.57** 14.41%*
SC 2 0.02 0.15% 0.06 042 7.81
Error 8 0.10 0.03 0.03 0.27 2.13
Treatments T 6 0.04** 0.02%** 0.01* 491%* 6.26
ST 6 0.02 0.01 0.00 0.07 1.51
CT 12 0.03** 0.04** 0.06** 1.20%* 4.14
SCT 12 0.02 0.02%** 0.02%** 027 0.82
Error 2 0.01 0.01 0.01 0.20 3.52
S.0.V df Shoots Grains
Total sugars | Total FAA Phenol Total sugars | Total FAA
Seasons 1 10.26 0.71 0.001 54.34%* 0.003
R(S) 4 395 2.18* 0.003 4.69 0462
Cultivars C 2 70.10** 5.14%* 0.13%* 13.23 2.3%*
SC 2 27.14* 1.99* 0.15%* 30.51 0.8
Error 8 5.09 043 0.005 8.62 0244
Treatments T 6 445 5%* 10.02* 1.59%* 323.0** 1.91%*
ST 6 4.29 0.05 0.07%* 7.30%* 0.043
CT 12 63.78** 043 0.54%%* 19.09** 0.24%*
SCT 12 1.99 0.18 0.15%* 12.74%%* 0.056
Error 2 5.27 046 0.007 235 0.095

*and** indicate significant and highly significant at 0.05 and 0.01 levels of probability respectively.

well as Aydin et al., (2012) on bean (Phaseolus vulgaris
L.).

However, Sayed (2011) mentioned that Zinc is playing
principal metabolically role in plants. This micronutrient
have an important role on most enzymes structure such
as: dehydrogenises, aldolase and isomerase. Also zinc is
effective in energy production and Krebs cycle.

The results in table 1 regarding the soil fertility of the
experimentalist indicate that its, relatively, high content
from HCO, which is known to render Zn unavailable to
crop plants. Therefore, foliar application of zinc was
effective to minimize this effect.

B- Yield Characters

Data in Tables (6) cleared that, the differences among
the three studied cultivars for grain index, grain yield/
plant, No of grains /plant, spike weight/ plant, No of spike/
plant and grain yield/fed were significant in both seasons.
Misr2 variety pronounced superiority for grain yield/plant,
No of grains/plant, spike weight/plant and grain yield /
fed as experiencing with other tested cultivars whereas
Gemmizal 2 ranked first and recorded the highest average
for grain index. Misr2, Sakha93 and Gemmizal?2 did not

differ significantly in straw yield /plant. All the previous
studied yield characters were significantly affected by
treatment under study compared with untreated
treatment.

Power mix treatment was more significantly effective
than the other foliar treatments in some yield characters
where; reflected its superiority in grain index, grain weight/
spike and straw yield/plant. Use of 100ppm zinc sulphate
recorded the highest averages of No of grains /plant and
spike weight/plant whereas. Use of 100ppm putrescine
produced the highest No of spike/plant only.

The interaction between cultivars and nutrient
compounds had a significant effect on all yield characters
where, Misr2 responded to power mix which had a
pronounced superiority for grain yield /plant, spike weight/
plant, No of grains/plant and straw yield/plant while use
of 100ppm putrscine gave the highest average in No of
spikes/plant.

Salwa and Osama (2014) recorded that, application
of natural biostimulant improved the productivity and grain
quality of wheat plant. Also Yunsheng et al., (2015)
recommended that, spraying bean plant with Asparagine
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Table 5: Mean performance of growth traits for cultivars, treatments and cultivars x treatments interaction combined over 2015/

16 and 2016/17 seasons.
Cultivars Treatments Dry weight (g) Fresh weight(g) Root Plant
Root Shoot Root Shoot length | height

(cm) (cm)

Gemmizal2 092 441 133 8.79 1043 88.52
Sakha93 1.01 432 1.53 11.28 9.64 8641
Misr2 1.32 6.89 2.10 21.81 12.83 91.91
LSD,, 0.16 047 0.34 1.24 0.66 1.25
Control 0.89 421 146 10.20 1022 84.06

Humic acid 0.96 493 146 12.04 11.33 84.33

Power mix 0.89 431 1.50 11.05 9.78 85.56

Zn- 200ppm 1.08 472 1.62 13.23 9.39 89.67

Zn- 100ppm 121 5.58 1.85 15.83 11.89 93.61

Putrescine 200ppm 142 6.86 2.12 19.68 11.78 94.11

Putrescine 100ppm 1.11 5.82 1.56 15.68 12.39 91.28

LSD,, 0.27 0.66 0.39 1.53 1.01 223
Gemmizal2 Control 0.92 3.39 1.65 7.03 9.00 83.67
Humic acid 0.74 3.86 1.04 733 10.83 85.00

Power mix 092 4.58 1.36 8.15 10.83 84.83

Zn- 200ppm 0.81 3.62 1.06 7.66 9.17 90.17

Zn- 100ppm 1.00 5.34 141 10.78 12.00 93.33

Putrescine 200ppm 140 6.18 1.99 13.56 10.50 92.50

Putrescine 100ppm 0.66 3.86 0.81 7.05 10.67 90.17

Sakha93 Control 0.82 4.09 1.23 9.58 8.17 83.83
Humic acid 095 429 143 1144 9.00 85.67

Power mix 0.76 349 141 922 8.17 85.33

Zn- 200ppm 0.96 3.94 146 10.53 9.00 86.33

Zn- 100ppm 131 472 1.82 12.27 9.50 87.50

Putrescine 200ppm 0.86 4.59 1.37 1243 10.67 90.17

Putrescine 100ppm 1.37 512 201 1346 13.00 86.00

Misr2 Control 0.94 515 1.51 13.99 13.50 84.67
Humic acid 1.20 6.64 191 17.34 14.17 82.33

Power mix 1.00 487 1.73 15.79 1033 86.50

Zn- 200ppm 148 6.59 234 21.50 10.00 92.50

Zn- 100ppm 131 6.66 232 24.46 14.17 100.0

Putrescine 200ppm 2.00 9.80 3.01 33.07 14.17 99.67

Putrescine 100ppm 129 848 1.86 26.52 13.50 97.67

LSD, . 047 1.15 0.68 2.65 1.75 3.87

increased vegetative growth (fresh and dry weight), total
yield and quality.

Gharib and Hanafy (2005) showed that, foliar
spraying of putrescine significantly increased plant yield
compared to the untreated (control) plants Bibi and
Oasterhuis (2007) revealed that, Exogenous application
of putrescine in flowers and this was associated with
increased seed set. Therefore the possibility exists of
ameliorating high temperature stream in plant through

exogenous application of putrescine. Dangyun et al,,
(2017) also in this provides evidence for the use of Zn
application in arid and semiarid environments to increase
grain yield and Zn concentration. Bhattacharjee and Singh,
(2008) and Omar et al., (2014) indicated that increasing
nitrogen fertilizer rates significant increase in plant height
(cm), number of grain/spike, number of spikes, 1000 grain
weight, grain yield, straw yield, and harvest index.
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Table 6: Mean performance of yield components for cultivars, treatments and cultivars X treatments interaction combined over

2015/16 and 2016/17 seasons.

Cultivars Treatments No. of Spike No. of Grain | Grain | Straw Grain
spikes/p | weight/p | grains /p | index(g) | yield/p | weight/p | yield/
(9) fedton
Gemmiza 12 3.19 8.13 1185 4244 6.19 821 1.79
sakha93 2.76 8.79 1337 42.02 692 9.39 1.88
Misr2 374 10.13 1548 39.21 7.62 10.07 2.19
LSD, 022 0.57 14.59 1.44 0.57 0.54 0.18
Control 328 6.26 954 41.06 4.68 6.74 1.61
Humic acid 333 9.59 139.6 42.00 734 9.01 2.09
Power mix 3.06 9.78 1422 43.75 7.81 10.14 2.02
Zn-200ppm 3.17 9.69 150.6 39.01 7.08 9.55 2.10
Zn- 100ppm 3.17 10.19 1532 40.14 7.81 10.16 2.19
Putrescine 200ppm 3.00 8.53 1247 43.06 6.67 9.29 1.90
Putrescine 100ppm 3.61 9.07 144.1 39.54 6.98 9.66 1.98
LSD, . 033 0.81 1521 2.02 0.61 0.78 0.15
Gemmizal2 Control 3.83 6.76 1005 43.03 520 7.36 1.71
Humic acid 3.00 10.17 1205 4525 7.17 8.04 2.01
Power mix 333 5.76 713 46.30 431 6.01 1.46
Zn-200ppm 3.67 944 1553 36.63 645 827 2.01
Zn- 100ppm 3.00 949 1392 39.49 7.65 9.66 221
Putrescine 200ppm 2.17 6.03 98.0 43.56 520 821 1.71
Putrescine 100ppm 333 9.27 1385 42.79 7.39 9.90 2.05
Sakha93 Control 2.67 497 743 41.01 3.79 5.67 121
Humic acid 3.00 8.86 136.0 41.73 7.11 891 215
Power mix 2.67 9.14 1432 44.56 7.86 1027 2.02
Zn-200ppm 250 10.18 1465 4297 7.67 10.50 2.05
Zn- 100ppm 2.83 9.98 1592 40.96 7.79 10.61 1.95
Putrescine 200ppm 2.83 8.79 1337 41.68 6.83 9.51 1.77
Putrescine 100ppm 2.83 9.60 1433 4120 737 1027 2.00
Misr2 Control 333 7.05 1113 39.12 5.06 720 1.89
Humic acid 4.00 9.74 1623 39.00 7.73 10.10 2.10
Power mix 3.17 14.45 206.0 40.39 7.00 14.15 2.59
Zn-200ppm 333 944 150.0 3743 7.11 9.89 225
Zn- 100ppm 3.67 11.09 1612 39.96 7.99 10.20 241
Putrescine 200ppm 4.00 10.78 1425 43.93 7.99 10.16 222
Putrescine 100ppm 467 833 1503 34.64 6.17 8.79 1.88
LSD, 0.59 141 26.35 3.50 1.06 135 0.26

C- Chemical traits
1- Minerals in grains, shoots and roots

Data in (Tables 7, 8) showed that cultivars, treatments
and their interaction had a significant effect in
concentration of N, P, K and Na in shoots, roots and
grains of wheat. Sakha93 had the highest in N and K in
content grains and shoots and K only roots. Misr2 gave
the highest average of P in grains, N, P and Na in roots
as well as the highest Na content in shoots. Use of

200ppm Putrescine showed superiority in N and K in
grains, N, P in shoots and K, Na in roots. Humic acid
was superior in K in grains, shoots and Na in roots. Power
mix gave the highest average of P in roots. Misr2 cultivar
with 200 ppm putrescine or 100 ppm Zn gave the highest
average as P in grains, N in shoots and Na in roots while
Sakha93 with 100ppm Zn or 200 ppm Putrescine superior
in N and K grains, N, P in shoots. Gemmizal2 with 200
ppm putrescin or 100ppm Zn superior in K and P in grains,
N, P in shoots and K in roots.
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Table 7: Mean performance of chemical traits for cultivars, treatments and cultivars x treatments interaction
combined over 2015/16 and 2016/17 seasons.

Cultivars Treatments Grains Shoots
N P K N P
Gemmizal2 19.99 246 4.79 23.85 432
sakha93 20.05 262 5.17 24.01 4.15
Misr2 19.17 2.88 4.64 2326 3.58
LSD, . 024 0.11 0.38 043 0.39
Control 15.19 2.11 407 1923 230
Humic acid 1827 2.85 551 2399 428
Power mix 17.44 228 4.58 19.99 3.95
Zn- 200ppm 16.50 249 435 21.72 3.78
Zn- 100ppm 24.94 3.26 5.52 28.81 4.85
Putrescine 200ppm 2538 3.07 5.66 30.84 497
Putrescine 100ppm 2043 251 437 2134 3.99
LSD,, 1.04 0.17 0.52 1.09 0.56
Gemmizal2 Control 15.17 2.08 4.16 1937 2.88
Humic acid 2022 237 457 23.83 4.86
Power mix 17.00 224 433 19.76 430
Zn- 200ppm 18.04 229 457 2271 431
Zn- 100ppm 24.00 3.07 525 2921 483
Putrescine 200ppm 24.68 2.88 6.21 31.57 533
Putrescine 100ppm 20.84 226 446 2041 373
Sakha93 Control 15.12 230 422 19.40 229
Humic acid 1823 3.15 6.33 2645 4.18
Power mix 1831 238 451 20.53 3.81
Zn- 200ppm 16.13 246 439 21.17 4.06
Zn- 100ppm 26.06 3.1 6.22 29.02 533
Putrescine 200ppm 26.53 272 6.11 30.67 529
Putrescine 100ppm 19.98 221 440 20.79 4.08
Misr2 Control 1529 1.94 3.82 1893 1.72
Humic acid 16.36 3.02 5.64 21.70 3.80
Power mix 17.02 220 491 19.68 3.75
Zn-200ppm 1533 273 4.11 2123 297
Zn- 100ppm 24.75 3.61 5.08 2821 439
Putrescine 200ppm 2495 3.60 4.64 30.29 428
Putrescine 100ppm 2048 3.06 424 22.81 4.15
LSD,, 1.79 0.30 0.89 1.90 0.98

Putrescine, humic acid and power mix as well as
zinc sulphate play important role in plant. The effects of
humic acid refer to its role the in stimulation of plasma
membrane H+-ATP ases, which convert the free energy
released by ATP hydrolysis into a transmembrane
electrochemical potential used for the import of nitrate
and other nutrients (Jardin 2015). Besides nutrients

reported that, foliar application of leonardite extracts
(humic substances extracted) stimulated shoot growth
and promoted the accumulation of K, B, Mg, Ca and Fe
in leaves of wheat under field condition. In this regard,
Aydin et al., (2012) and Gad El-Hak et al., (2013)
reported that, spraying snap bean plants and pea which
grown under salt stress conditions with humic acid

uptake, proton pumping by plasma membrane ATPase
also contributes to cell wall loosening, cell enlargement
and organ growth. Also Fernandez-Escobar et al., (1996)

increase the concentration of nitrogen, potassium and
calcium in leaves. The beneficial effects of Humic acid
on macronutrients concentrations could be referred to its
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Table 8: Mean performance of chemical traits for cultivars, treatments and cultivars x treatments interaction

combined over 2015/16 and 2016/17 seasons.

Cultivars Treatments Shoots Roots
K Na N P K Na
Gemmiza 12 30.34 7.76 15.66 0.87 14.63 10.75
sakha93 30.70 848 1594 1.30 14.80 10.07
Misr2 29.51 875 16.12 1.55 14.28 11.99
LSD,, 1.04 0.53 0.12 0.10 0.19 0.72
Control 27.89 9.50 13.86 1.26 14.40 1148
Humic acid 34.31 8.14 16.53 1.03 14.65 11.75
Power mix 29.08 820 1552 1.60 14.05 10.39
Zn- 200ppm 28.39 743 15.79 121 13.59 10.74
Zn- 100ppm 30.70 8.10 16.86 1.08 15.08 10.65
Putrescine 200ppm 31.17 823 16.79 1.09 15.56 11.40
Putrescine 100ppm 29.76 8.71 16.00 141 14.67 10.15
LSD,, 1.89 0.65 046 0.16 0.81 045
Gemmizal2 Control 28.60 9.94 13.76 098 14.01 11.69
Humic acid 3593 8.46 1622 1.00 1452 10.81
Power mix 28.74 8.03 1541 133 14.07 1093
Zn- 200ppm 28.08 5.02 1537 0.81 14.03 11.13
Zn- 100ppm 3046 7.71 16.86 0.65 15.13 1025
Putrescine 200ppm 3127 7.36 16.64 0.67 16.14 1048
Putrescine 100ppm 2933 7.83 1538 0.66 14.50 9.95
Sakha93 Control 2744 8.62 13.88 1.72 14.18 1241
Humic acid 3421 7.55 16.38 0.71 15.55 11.33
Power mix 28.89 7.73 16.04 1.88 14.00 797
Zn- 200ppm 30.72 9.16 15.14 1.09 13.19 10.98
Zn- 100ppm 31.57 8.62 16.81 0.72 15.73 851
Putrescine 200ppm 32.05 8.58 17.39 1.28 16.05 9.53
Putrescine 100ppm 30.05 9.13 15.95 1.70 1493 9.78
Misr2 Control 27.62 9.95 13.95 1.10 15.02 1034
Humic acid 32.80 842 16.98 1.38 13.87 13.12
Power mix 29.62 8.84 15.10 1.59 14.07 12.26
Zn- 200ppm 26.38 8.11 16.85 1.73 13.56 10.12
Zn- 100ppm 30.08 797 1691 1.87 14.39 1321
Putrescine 200ppm 30.19 8.77 1635 1.33 1448 14.18
Putrescine 100ppm 2991 9.17 16.68 1.87 14.57 10.72
LSD, . 328 1.13 0.79 0.27 141 0.77

acting as a good manure state causing more availability
for the nutrients in the soil.

Halpern et al., (2015) mentioned that, polyamines
has direct effects on plants included modulation of N
uptake and assimilation by the regulation of enzymes
involved in N assimilation and of their structural genes
and by acting on the signalling pathway of N acquisition
in roots. Also, by regulating the enzymes of TCA cycle,
they also contribute to the cross talk between C and N
metabolisms

Dongyum et al., (2017) reported that, Zn application
could alleviate the oxidative stress of wheat through
transcriptional regulation of multiple defence pathways,
such as antioxidant enzymes, the ASC-GSH cycle, and
flavonoid secondary metabolism. Zn application may
improve the effects caused by drought stress through
enhancing reactive species biosynthesis.

2- Photosynthetic pigments, Proline in leaves and
total soluble phenols, total sugars and total free
amino acids in shoots and grains
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Table 9: Mean performance of chemical traits for cultivars, treatments and cultivars x
treatments interaction combined over 2015/16 and 2016/17 seasons.
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FAA in shoots.
Spraying plant with humic acid

Genotypes Treatments Shoots gave the highest averages of
cha chb carot | Proline chlorophyll a, b, carotenoids in shoots,
Gemmizal2 L11 0.84 0.85 548 phenol and total FAA in grains. This
sakha93 031 057 056 S47 result agreement with that obtained
Misr2 1.19 0.96 0.61 497 by El-Ghamry et al., (2009) who
LSD,, 0.15 0.07 0.08 0.26 found that, faba bean plants sprayed
Control 1.06 0.75 0.63 4.65 with humicacid increased chlorophyll
Humic acid 1.09 0.84 0.72 522 a, b and carotenoids in green leaves,
Power mix 0.98 0.84 0.70 4.65 Hanafy Ahmed et al., (2010)
Zn-200ppm 0.99 0.80 0.64 555 obtained the same result on snap
Zn- 100ppm 0.99 0.81 0.67 568 bean. Alloway, (2008) found that zinc
Putrescine 200ppm | 107 076 | 069 | 606 | exertsagreatinfluenceon basicplant
Putrescine [00ppm | 106 | 076 | 067 | s34 | life processes, ie. ( nitrogen
LSD,, 006 005 005 029 metal?ollsm, .uptake of n1tr0g§n,
Gemmizal2 Control 106 | 061 | 059 | so4 | Protein quality, photosynthesis,
Humic acid 117 | 0s6 | oot | ags | chlorophyllsynthesis and carbon
- anhydrase activity). Also resistance
Power mix Lol 088 085 >.14 to abiotic and biotic stresses and
Zn- 200ppm 1.06 094 082 >384 protection against oxidativedamage.
Zn- 100ppm L15 094 0.87 568 Ali et al., (2008) reported that Zinc
Putrescine 200ppm LIS 0.83 0.97 6.25 is essential element for required in
Putrescine 100ppm L16 085 091 5.46 carbonic enzyme which present in all
Sakha93 Control 0.83 064 | 059 438 photosynthetic tissues, and required
Humic acid 0.78 0.56 0.52 5.28 for Chlorophyll biosynthesis.
Powermix 0.82 0.60 0.58 5.14 The interaction between cultivars
Zn-200ppm 0.83 0.59 0.54 6.06 and nutrient compounds
Zn- 100ppm 080 0.56 057 631 Use of putrescine at level of 200
Putrescine 200ppm 0.81 0.54 0.57 591 ppm recorded highest averages in
Putrescine 100ppm 0.77 0.51 0.56 522 total FAA in shoots and grains.
Misr2 Cor'ltrol' 1.30 1.00 0.71 4.55 Use of 100 or 200ppm putrescine
Humic acid 133 1.09 0.70 540 . . S
. with Misr2 showed superiority in
Power mix 109 103 066 367 chlorophyll a, proline in shoots. Misr2
Zn- 200ppm 108 087 057 475 with 100ppm recorded the highest
Zn- 100ppm 1.02 0.92 0.56 507 result in total sugars in shoots and
Putrescine 200ppm 1.24 0.92 0.53 6.03 grains compared with other
Putrescine 100ppm 1.26 0.92 0.54 534 treatments Spray Sakha93 with 100
LSD,, 0.11 0.10 0.09 051 or 200ppm Zn achieved best data for

Data in (Tables 9, 10) showed that all treatments
and the interaction with wheat cultivars under study had
significant effects on chemicals traits. Gemmizal2 gave
the highest average of carotenoids and prolin content.
While Sakha93 was superior in phenols, Total sugar, total
FAA in shoots and phenols only in grains. Misr2 recorded
the highest content in total sugars and total FAA in grains
and chlorophyll a and b in shoots. Use of 200ppm
putrescine recorded the highest averages inmost traits
under study as well as chlorophyll a, proline and total

proline total sugar and FAA in shoots.

Regarding Gemmizal2 use 200 ppm putrescine give
the highest averages proline and total FAA in shoots while
spraying with 100 ppm Zn recorded high content in phenols
and total sugar in grains. Hussein ef al., (2006) and El-
Quesni et al., (2007) showed that putrescine
concentration increased proline content, chlorophyll a, b
and carotenoids. Ahmed, Hebatallah (2008) reported that
spraying putrescine counteracted the depressive effect
of salinity on chlorophylla,b and carotenoids concentration.

Lee et al., (1997) added that application of putrescine
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Table 10: Mean performance of chemical traits for cultivars, treatments and cultivars x treatments interaction

combined over 2015/16 and 2016/17 seasons.

Cultivars Treatments Shoots Grains

Phenols Total Total | Phenol  Total Total

sugars FAA sugars FAA

Gemmizal 2 7.86 46.61 5.72 1.79 32.66 2.00
sakha93 8.78 48.69 6.24 1.89 3236 1.93
Misr2 7.68 46.31 5.58 1.89 3344 2.37
LSD,, 0.73 1.13 0.33 0.04 148 0.25
Control 7.86 38.92 4.84 1.71 25.70 2.52

Humic acid 7.55 49.29 6.10 2.10 34.69 2.53

Power mix 845 48.78 5.36 1.37 35.61 2.03

Zn- 200ppm 9.24 4546 521 1.61 30.52 1.75

Zn- 100ppm 7.80 53.82 6.54 2.10 36.97 1.93

Putrescine 200ppm 7.65 50.70 6.90 2.15 36.51 2.16

Putrescine 100ppm 8.18 4345 6.00 1.97 29.73 1.77

LSD,, 1.24 1.53 045 0.06 1.02 0.33
Gemmizal 2 Control 7.39 34.80 4.70 1.18 21.77 1.98
Humic acid 7.71 50.57 5.60 2.02 3426 240

Power mix 8.38 49.24 5.58 1.11 3738 2.10

Zn- 200ppm 7.76 49.05 478 1.57 3047 1.76

Zn- 100ppm 8.02 51.64 641 241 37.54 1.92

Putrescine 200ppm 7.65 48.67 6.99 2.19 3743 2.18

Putrescine 100ppm 8.12 4233 597 2.08 29.77 1.64

Sakha93 Control 9.24 47.02 527 2.29 28.07 2.54
Humic acid 921 48.74 6.61 2.15 35.02 2.33

Power mix 897 51.14 572 1.23 33.05 1.75

Zn-200ppm 10.24 44.16 5.89 1.54 29.90 1.38

Zn- 100ppm 7.86 54.25 6.82 1.84 35.63 1.85

Putrescine 200ppm 7.71 51.96 6.94 221 34.76 2.00

Putrescine 100ppm 8.19 43.53 646 1.98 30.08 1.66

Misr2 Control 6.97 34.96 4.55 1.66 27.25 3.05
Humic acid 5.73 48.55 6.08 2.15 34.81 2.85

Power mix 8.01 4595 477 1.79 3640 223

Zn-200ppm 9.73 43.18 4.96 1.73 31.20 2.11

Zn- 100ppm 7.51 55.58 6.38 2.05 37.74 2.02

Putrescine 200ppm 7.59 5148 6.77 2.05 3736 2.30

Putrescine 100ppm 825 4449 5.56 1.84 29.36 2.00

LSD,, 2.15 2.64 0.78 0.10 1.76 0.58

was shown to retard chlorophyll loss and senescence
and protect plants against environmental stress. Also El-
Tohamy et al., (2008) mentioned that, treated plants with
foliar application with putrescine had significantly higher
total chlorophyll content compared with the control plant.
Moreover, Hanafy ef al., (2002) added that spraying
plants with putrescine resulted in an increase of proline,
total soluble phenol and total free amino acids
concentration in shoots and roots of plants grown in non-
salinized and salinized soil. Abd-Elsamad et al., (2010)

indicated that the exogenous amino acid treatment may
reduce the negative effect of salinity and increased
accumulation of saccharides, nitrogen metabolism and
mineral, which promote plant growth.

Conclusion

The present study aimed at sustaining yield potentiality
of three wheat cultivars in a sandy soil through the foliar
application of three nutrient compounds two of them were
used at two levels (100 and 200 ppm) and tried twice
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(one month and 15 days later from sowing). Significant
varietal of treated could be detected in wheat growth
and yield attributes as well as in shoot and grains contents
from N, P and K. The content of chlorophyll a, b and
carotenoids varied also among cultivars and the foliar
application of the different nutrient component. Results
clearly indicated significant varietal differences responses
to studied foliar application treatments. A harmony could
be noticed between the response of growth attributes
plant contents and yield indicating their validity in predicting
yield.
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