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Abstract: 
Wheat (Triticum aestivum L.) is widely cultivated in the Mediterranean 

zone where plants generally suffer from water stress during heading and repro-
ductive stages. This research was carried out in a field experiment at Shandaweel 
Agricultural Research Station during the two successive growing seasons 
2015/2016 and 2016/2017 using water treatments (water stress and well watered) 
and humic acid (soil application) and silicon (foliar application) on some wheat 
cultivars (Gemmeiza 11, Shandaweel1, and Sids 12). The application rate of hu-
mic acid and silicon was 2Kg/feddan and 150 ppm, respectively. The results 
showed that wheat cultivars had a significant effect on the all studied traits. 
Normal irrigation gave the highest significant mean values of all studied traits in 
both seasons. Treatment by silicon or humic acid effected significantly in all the 
studied traits in both seasons as compared to control treatment. The interaction 
between irrigation treatments and wheat cultivars were significant or highly sig-
nificant for most of the studied traits in both seasons. Moreover, under normal 
irrigation, there are no changes in some chemical and physical properties of soil, 
however, there are slightly changes in the physical properties of the soil and a 
significant changes in the chemical properties under water stress condition. Using 
silicon didn’t affect or played any role on soil properties under normal or water 
stress condition, whereas using humic acid reduced water stress effect on soil 
properties.  
Keywords: Humic acid, Silicon, Wheat, Water stress, Soil properties. 
 

Introduction 
Water stress is the main factor 

affecting around 40 to 60% of the 
world’s agricultural lands (Shahryari 
and Mollasadeghi, 2011) where is 
highly pronounced in arid and semi-
arid region. Water stress significantly 
effects on plant growth and crop pro-
duction and soil properties (Lal et al. 
2013). Wheat is the most important 
cereal crop as staple food grain in 
Egypt. The statistics indicate that lo-
cal production of wheat is not enough 
consumption needs. Water stress rep-

resents one of the major limitations to 
wheat production. Singh et al. (2009) 
and Mohamed (2013) found that, 
grain yield and yield components of 
wheat were decreased with decreas-
ing irrigation water amounts. More-
over, one of the obvious effects of 
drought on soil is the lack of nutri-
ent uptake by crops, as water is the 
major medium for moving nutrients 
into plants as a result of water up-
take. The increase in soil temperature 
associated with lack of soil moisture 
has an impact on microbial activities 
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and nutrient processing, both of 
which are important for plant use for 
biomass and grain produc-
tion. Microbial activities in soil gen-
erally are controlled by soil moisture 
and temperature. The departure from 
the optimum ranges of soil moisture 
(water field capacity) and soil tem-
perature (approximately 76-86o F), 
which varies for different microbial 
communities in soil, can alter micro-
bial activity. Changes in soil tempera-
ture during water stress conditions 
can affect soil organic matter (SOM) 
decomposition and increase the re-
lease of carbon dioxide. Also, during 
this process additional mineral N, 
mostly in the form of nitrate, will be 
released in the soil system. This 
change in soil environment affects the 
stability of SOM and subsequently, 
affects the soil biological system. 
Several strategies have been proposed 
to overcome the effect of water stress 
on wheat growth and productivity and 
soil properties. Application of silicon 
and humic acid were proposed to 
their role in improving plant growth 
and yield, enhance stress tolerance as 
well as to improve soil properties. 
Silicon is the second most abundant 
element existing on earth Silva et al. 
(2012). Although it is not considered 
as an essential element, nevertheless, 
there is increasing evidence regarding 
its positive effects on plant growth 
and development Karmollachaab et 
al. (2014). Numerous studies have 
demonstrated that silicon is one of the 
important elements of plants, and 
plays an important role in tolerance 
of plants to environmental stresses 
(Savant et al. 1997 and Epstein, 
1999). Silicon is also known to in-
crease drought tolerance in plants by 

maintaining plant water balance, pho-
tosynthetic activity, erectness of 
leaves and structure of xylem vessels 
under high transpiration rates (Melo 
et al., 2003; Hattori et al., 2005 and 
Gong et al., 2003) reported greater 
water use efficiency by application of 
Silicon in wheat. Humic acid plays an 
important role in enhancing wheat 
production. It increases root vitality, 
improved nutrient uptake, improve 
seed germination, increase fertilizer 
retention, stimulate beneficial micro-
bial activity and improve yield. On 
the other hand, Humic substances in 
soil, increase nutrient absorption by 
augmenting the availability of nutri-
ents in addition to improvement of 
the physical structure of the soil (Ak-
inremi et al., 2000; Chen et al., 2001; 
Cimrin and Yilmaz, 2005 and Asal et 
al., 2015) reported that application of 
humic acid enhanced root growth and 
that was directly correlated with en-
hanced uptake of macro and micronu-
trients. Therefore, the objective of 
this work was to detect the effect of 
water stress on the production of 
wheat and assessing the role of sili-
con and humic acid on alleviating the 
deleterious effect of water stress and 
improving soil properties. 
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 2015/2016 
and 2016/2017 to study the effect of 
water stress on yield and its compo-
nents of wheat and assessing the role 
of silicon and humic acid on alleviat-
ing the deleterious effect of water 
stress and improving soil physical 
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properties. The experiment was laid 
out in split split plot design with three 
replications with a plot size of 3×3.5 
m where, two irrigation regimes (N: 
normal irrigation, where the plots 
were irrigated 5 times throughout the 
growing season and D: water stress, 
withholding irrigation after the sec-
ond irrigation) were allocated in the 
main plots, four silicon and humic 
treatments (Control: without applica-
tion, silicon, humic acid and silicon + 
humic) were assigned to the sub plots 
and applied at tillering and booting 
stage and three wheat cultivars 
(Shandaweel 1, Sids 12 and Gem-
meiza 11) were allocated in the sub 
sub plots. Planting was done at 25th 
November in both seasons. All the 
required agronomic practices were 
followed uniformly in all plots 
throughout the growing period. Dur-
ing the tow seasons of study the fol-
lowing data were recorded: days to 
maturity (DM), plant height (PH, 
cm.), number of spikes/m2 (NS/m2), 
number of kernels/spike (NK/S), 
1000-kenel weight (1000-KW, g.), 
biological yield (BY, ton/fed) and 
grain yield (GY, ard/fed).  
Soil Analysis: 

Soil samples were taken after 
soil preparation and before fertiliza-
tion from the experimental site (0-30 
cm depth) for physical and chemical 
properties. To determine the effect of 
water stress on soil physical and 
chemical properties under different 
experimental conditions, soil samples 
representing all the treatments were 
taken after harvest time and soil sam-
ple analysis were carried out as de-
scribed later. The samples were air-
dried and passed through 2 mm sieve 
pores. Particle size was determined 

by the pipette method (Gee and Orr, 
1994) while the organic carbon 
(OC%) was analyzed by Walkey and 
Black procedure (Nelson and Som-
ners, 1982). The pH was determined 
in soil/water suspension (1:2.5) ac-
cording to Jackson (1973). The EC, 
major cations and anions were meas-
ured in the soil peast while CaCO3 
was determined using the calcimeter 
method according to Black (1965). 
Saturation percentage (SP), field ca-
pacity (FC), wilting point (WP) and 
available water (AW) were deter-
mined as described by Hesse (1971). 
Statistical analysis:  

All data were analyzed using 
MSTAT-C computer software pack-
age for the differences among treat-
ment means were compared using the 
least significant differences test (LSD 
0.05) according to Gomez and Go-
mez (1984). 
Results and Discussions 
  1. Effect of irrigation regimes: 

Results in Table 2 show that the 
investigated irrigation treatment had 
significant or highly significant ef-
fects on all studied traits in both sea-
sons. The normal irrigation gave the 
highest significant mean values in all 
studied traits in both seasons. Water 
stress reduced days to maturity by 
(4.67 and 5.27%), plant height by 
(6.07 and 6.75%), number of 
spikes/m2 by (10.87 and 9.76%), 
number of kernels/spike by (11.15 
and 14.72%), 1000-kernel weight by 
(13.34 and 18.27%), biological yield 
by (28.47 and 27.14%) and grain 
yield by (32.23 and 33.03%) in the 
first and second seasons, respectively. 
Drought-related reduction in yield 
and yield components of wheat could 
be to decrease cell growth, leaf area 
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and partial stomata closure due to low 
soil water content, which decreased 
the intake of CO2 with consequent 
decrease of photosynthesis per unit 
area (Acevedo, 1991). Yield reduc-
tion is at a maximum when the water 
stress develops from 10 days before 
spike emergence. Water stress during 
this stage also decreases spikelets per 
spike of fertile tillers (Moustafa et al. 
1996). Water stress during grain fill-
ing does not affect the number of fer-
tile tillers nor the number of ker-
nels/spike; grain weight is, however, 
reduced  due to a shortening of the 
grain filling period resulting from ac-
celerated senescence (Kobata et al. 
1992). Also, (Saini and Westgate 
2000) indicated that water deficit ini-
tially affected kernel development, 
which resulting in a decrease in sink 
potential of kernel and inhibited the 
enzyme activity directly, thereby 
causing premature desiccation. Our 
results are in line with those found by 
Kang et al. (2002), Abd El-Kreem 
and El-Hussin (2013) and Said and 
Abd El-Meneem (2016). 
  2. Effect of silicon and humic acid 
treatments: 

Data presented in Table 2 re-
vealed that silicon and/or humic acid 
treatments enhanced significantly all 
studied traits in both seasons as com-
pared to control treatment. The high-
est mean values of day to maturity 
(142.56 and 146.44), plant height 
(107.33 and 109.89 cm), number of 
spikes/m2 (368.39 and 370.11), num-
ber of kernels/spike (49.11 and 
53.34), 1000-kernel weight (48.54 
and 52.36 g), biological yield (7.87 
and 7.50 ton/fed) and grain yield 
(18.65 and 20.41 ard/fed) in the first 
and second seasons, respectively 

were obtained from plants treated by 
silicon and humic acid together. 
While the lowest mean values of 
(139.11 and 142.89), (103.78 and 
104.39 cm), (351.61 and 358.89), 
(44.79 and 48.11), (44.49 and 47.96 
g), (16.24 and 18.25 ard/fed) and 
(6.73 and 7.20 ton/fed) for the above 
mentioned traits in the first and sec-
ond seasons, respectively were re-
corded with the control treatment. Al-
so, the treatment of silicon or humic 
acid alone had significantly increased 
for all studied traits as compared to 
control treatment. However, there 
were non-significant differences be-
tween these treatments for all studied 
traits  in both seasons except, 1000-
kernel weight in the second season. 
These results indicate the role of sili-
con and humic acid in alleviating the 
adverse effects of water stress and 
results in a significant increment of  
growth, yield and its components. 
The foliar application of silicon re-
sulted in beneficial effects on chloro-
phyll fluorescence and photosynthetic 
pigments, thereby suggesting an en-
hanced drought tolerance in wheat 
plants Maghsoudi et al. (2015). Sili-
con application in wheat depicted 
marked enhancement in root and 
shoot weights and decreased transpi-
ration rate of leaves in comparison to 
plants grown without silicon. It also 
maintained higher water status, leaf 
water potential, relative water con-
tents and elevated chlorophyll con-
tents Ali et al. (2013). Silicon appli-
cation significantly increased plant 
biomass, plant height and spike 
weight at all levels of water contents. 
Poor growth of  wheat plants in water 
deficient conditions was significantly 
improved with the silicon application 
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Ahmed et al. (2007). The highest 
values of the number of grains/spike, 
grain weight/spike and 1000-grain 
weight and grain yield were obtained 
by foliar spraying with 2 litres of hu-
mic acid/feddan Thalooth et al. 
(2016) and Khan et al. (2010) re-
ported that humic acid applied alone 
at 3 kg/ha the most economical rate to 
obtain the maximum yield of wheat 
under rainfed conditions and improve 
soil fertility. Potassium humate is an 
effective fertilizer that positively af-
fects growth, yield and chemical con-
stituents of the wheat plant Kandil et 
al. (2016). Potassium humate in-
creases the rate of nutrient uptake, 
enhances plant biomass and reduces 
the soil compaction Canellas et al. 
(2015). 
  3. Effect of wheat cultivars: 

Results in Table 2 show that the 
three bread wheat cultivars deferred 
significantly in all studied traits in the 
two growing seasons. Shandaweel1 
cultivar had the longest maturity du-
ration (143.7 and 147.0 day), while 
Sids 12 gave the shortest maturity du-
ration (138.08 and 142.54 day) in the 
first and second seasons, respectively. 
Data in Table 2 indicate that the 
highest plant height of 109.88 and 
111.83 cm was recorded in Gem-
meiza 11 cultivar, while the shortest 
plant height of 99.54 and 100.54 cm 
was recorded in Sids 12 cultivar in 
the first and second seasons, respec-
tively. Concerning to the number of 
spikes/m2 results show that Shan-
daweel1 recorded the highest number 
of spikes/m2 (362.29 and 368.46) fol-
lowed by Gemmeiza 11 (358.33 and 
364.58) and Sids 12 (356.83 and 
361.21) in the first and second sea-
sons, respectively. For the number of 

kernels/spike data in Table 2 cleared 
that  Shandaweel 1gave the highest 
number of kernels/spike (37.35 and 
51.47), while Gemmeiza 11 gave the 
lowest number of kernel/spikes 
(45.38 and 50.18) in the two respec-
tive seasons. Regarding to 1000-
kernel weight, Sids 12 gave the high-
est mean values of 1000-kernel 
weight (48.28 and 52.71 g), while 
Shandaweel 1 gave the lowest values 
of 1000-kernel weight (43.44 and 
46.45 g) in the two growing seasons, 
respectively. The results of biological 
yield (Table 2) show that Gemmeiza 
11 gave the highest mean value of 
biological yield (7.40 ton/fed in the 
first season), while Shandaweel 1 
gave the highest mean value (7.85 
ton/fed in the second season). On the 
other hand, Sids 12 gave the lowest 
mean values of biological yield in 
both seasons. The obtained data of 
grain yield (ard/fed) in Table 2 indi-
cat that Sids 12 gave the highest 
mean values of grain yield (18.21 and 
20.20 ard/fed) followed by Shan-
daweel 1 (17.47 and 19.44 ard/fed) 
followed by Gemmeiza 11 (16.72 and 
18.13 ard/fed) in the two respective 
seasons, respectively. The differences 
between wheat cultivars could be due 
to their genetic constitutions and their 
interaction with the environmental 
factors  prevailing  during develop-
ment. Mekkei and El Haggan (2014) 
concluded that Sids 12 cultivar was 
more tolerant for water stress com-
pared with other studied cultivars in 
both seasons. These results are in 
harmony with those obtained by Abd 
El-Kreem and El-Hussin (2013), Ab-
drabo et al. (2016) and Said and Abd 
El-Meneem (2016).  
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  4. Effect of interaction between 
irrigation treatments and silicon 
and or humic acid treatments: 

The interaction between irriga-
tion treatments and silicon and humic 
acid treatments was significant for 
number of spikes/m2 and 1000-kernel 
weight in both seasons and biological 
yield in the second season (Table 3). 
Meanwhile, it was insignificant for 
the other traits under study. The high-
est mean values of number of 
spikes/m2 (387.33 and 387.56) and 
1000–kernel weight (51.53 and 57.00 
g) were obtained under normal irriga-
tion and silicon+humic acid treat-
ment, whereas  the lowest values of 
number of spikes/m2 (330.11 and 
338.56) and 1000–kernel weight 
(40.39 and 42.94 g) were obtained 
under water stress and control treat-
ment in the first and second seasons, 
respectively. Biological yield re-
corded the highest value (9.42 
ton/fed) under normal irrigation and 
silicon+humic acid treatment, while 
the lowest value (6.18 ton/fed) was 
recorded under water stress and con-
trol treatment during the second sea-
son.    5. Effect of interaction between 
irrigation regimes and wheat culti-
vars: 

The illustrated data in Table 4 
reveal that the interaction between 
irrigation treatments and wheat culti-
vars were significant or highly sig-
nificant for all studied traits in the 
two growing seasons except days to 
maturity in the both seasons, number 
of spikes/m2 in the second season, 
1000-kernel weight and biological 
yield in the first season. The highest 
mean values of plant height (113.42 
and 116.00 cm) were obtained from 
Gemmeiza 11 cultivar under normal 

irrigation, whereas the lowest values 
(97.00 and 97.50 cm) were recorded 
from Sids 12 cultivar under water 
stress in the first and second seasons, 
respectively. Shadaweel 1 cultivar 
under normal irrigation  gave the 
highest mean value of spikes num-
ber/m2 (383.33), while Gemmeiza 11 
gave the lowest value of number of 
spikes/m2 (336.00) in the first season. 
Results in Table 4 showed that Shan-
daweel 1 had the highest mean values 
of kernels number/spike (51.18 and 
56.57) under normal irrigation first 
and second season, respectively. In 
contrast, it had the lowest mean val-
ues (43.53 and 46.19) under water 
stress in the first and second season, 
respectively. The highest mean value 
of 1000-kernel weight was recorded 
from Sids 12 (57.99 g) under normal 
irrigation, while the lowest mean val-
ue was recorded from Shandaweel 1 
(41.20 g) under water stress in the se-
cond growing season. Also, the high-
est grain yield (21.71 and 24.61 
ard/fed) were obtained from Sids 12 
cultivars under normal irrigation, 
while le lowest grain yield (13.73 and 
15.02 ard/fed in the first and second 
seasons, respectively) were recorded 
from Gemmeiza 11). Furthermore, 
Sids 12 cultivar subjected to water 
stress gave the highest grain yield as 
compared to other cultivars. The 
highest biological yield was obtained 
from Shandaweel 1 (9.25 ton/fed), 
while the lowest biological yield was 
obtained from Sids 12 cultivar under 
water stress in the second season. 
These variations among cultivars 
might reflect, partially their different 
genetic backgrounds. Abd El-Kreem 
and El-Hussin (2013) and Said and 
Abd El-Meneem (2016) in their stud-
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ies reported that the amount of wheat 
yield reduction as a result of water 
stress was affect by genotypes and 
grain development grain stage.    
  6. Effect of interaction between 
silicon and /or humic acid treat-
ments and wheat cultivars: 

The interaction between silicon 
and/or humic acid treatments and 
wheat cultivars (Table 4) was signifi-
cant for number of spikes/m2, 1000-
kernel weight and grain yield in the 
first season and number of ker-
nels/spike in the second season. The 
highest mean value of spikes num-
ber/m2 (371.50) was obtained from 
Gemmeiza 11 under silicon+humic 
acid treatment, while the lowest mean 
value was recorded from Gemmeiza 
11 under control treatment in the first 
season. Gemmeiza 11 gave the high-
est mean value of kernels num-
ber/spike (53.65) without significant 
with Shandaweel 1 and Sids 12 under 
silicon+humic acid treatment, while it 
gave the lowest mean value of ker-
nels number/spike (46.91) under con-
trol treatment in the second growing 
season. On the other hand, the highest 
mean value of 1000-kernel weight 
(51.32 g) was recorded from Sids 12 
under silicon+humic acid treatment, 
while the lowest mean value (42.10 
g) was obtained from Shandaweel 1 
with control treatment in the first sea-
son. Moreover, Sids 12 gave the 
highest mean value of grain yield 
(19.57 ard/fed) under silicon+humic 
acid treatment, while Gemmeiza 11 
gave the lowest mean value of grain 
yield (15.25 ard/fed) under control 
treatment in the first season.       
  7. Effect of second order interac-
tion: 

The interaction between silicon 
and/or humic acid treatments and 
wheat cultivars was significant for 
number of kernels/spike in the two 
growing seasons, biological yield in 
the first season and 1000-kernel 
weight in the second season (Table 5 
and 6). Results indicated that Shand-
weel 1 under normal irrigation and 
silicon+humic acid treatment gave 
the highest mean values of kernels 
number/spike (53.53 and 58.00), 
while it gave the lowest mean values 
(41.20 and 42.87) under water stress 
and control treatment in the first and 
second seasons, respectively. More-
over, Sids 12 had the highest mean 
value (60.0 g) of 1000-kernel weight 
under normal irrigation and sili-
con+humic acid treatment, while 
Shandaweel 1 had the lowest mean 
value (39.36 g) under water stress and 
control treatment in the second sea-
son. On the other hand, Gemmeiza 11 
cultivar gave the highest mean value 
of  biological yield (9.21 ton/fed) un-
der normal irrigation and sili-
con+humic acid treatment, while it 
gave the lowest mean value (5.32 
ton/fed) under water stress and con-
trol treatment in the first season.   
  8. Soil chemical and physical 
properties 

In order to investigate the effect 
of water stress and “humic acid and 
silicon” applications on soil proper-
ties, some soil properties were deter-
mined. The soil texture was silt loam 
of the soil under investigation where-
in the ratio of clay was (20.96%); silt 
(56%); sand (23.04%). Soil texture 
didn’t change during the experiment 
under normal and water stress condi-
tion while many of soil properties had 
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been significant and insignificant af-
fected under water stress condition.  

8.1 Effect of irrigation treat-
ment on soil properties: 

The obtained data, which repre-
sented in tables 7 and 8 show no 
change occurred on soil chemical and 
physical properties approximately 
under normal irrigation. However, 
water stress caused a slight change in 
physical properties occurred. Water 
stress caused insignificant slightly 
decrease in field capacity (FC), wilt-
ing point (WP), available water 
(AW), saturation percentage (SP), 
and porosity due to significant change 
in organic carbon (OC) content dur-
ing two seasons than normal irriga-
tion Geng et al. (2014). Furthermore, 
Calcium carbonate value was 3.7% 
and 3.8% in the soil before planting 
through first and second seasons re-
spectively. Water stress caused in-
creasing in CaCO3 percent to 3.8 and 
to 3.9% through first and second sea-
sons respectively. 

The effect of irrigation treat-
ment on chemical properties of soil 
was illustrated in Table 8. The results 
show that water stress caused an in-
crease in EC, major cations and major 
anions values with significant effect, 
and with insignificant effect on pH 
values according to f test value, while 
normal irrigation has insignificant ef-
fect on soil chemical properties. The 
EC was increased due to the reduc-
tion soil moisture. Over and above 
the effect of water stress on soil prop-
erties was in good agreement with the 
three bread wheat cultivars yield re-
sults where waters tress caused re-
duced in the three wheat cultivars 
yield as described before and soil de-
terioration in soil properties.  

8.2 Effect of silicon and humic 
acid treatments on soil properties: 

The obtained data which repre-
sented in tables 7 and 8 show the sili-
con foliar application hadn’t affected 
on chemical and physical properties 
under normal and water stress condi-
tions. This refers to only less than 
20% of silicon concentration reach to 
the soil. On the other hand, the appli-
cation of humate significantly af-
fected soil chemical and some physi-
cal properties. The results explained 
that humate application significantly 
affect and increase (OC), and (SP) 
while caused insignificant increasing 
in (FC), (WP) and Porosity percent-
age values (Ibrahim and Goh 2004). 
Humic acid can play a very important 
role in soil conditioning due to in-
crease the water holding capacity of 
the soil and forming of organo-
mineral complexes by functional 
groups of the humic acids (Glaser et 
al. 2002). Moreover, humic acid has 
the very unique ability to increase 
water retention in soils where, the 
negative charge of humic acids at-
tracts positive ions, or cations, which 
stick to the humic molecule. These 
cations, in the presence of water mol-
ecules, move slightly away from the 
humic molecule and attach loosely to 
the oxygen end of water molecules. 
The hydrogen ends of those water 
molecules then attach to the hydrogen 
ends of other water molecules. This 
effect reduces water evaporation by 
up to 30% (Cihlář et al. 2014). Fur-
thermore, humic acid is able to bond 
to all soil particles, which creates 
necessary space for microbes and 
healthy root growth. This is espe-
cially noticeable in high-clay and 
compacted soils, where soil particles 
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are bound tightly together. Humic 
molecules are even capable 
of standing clay particles at the end, 
which allows more space and water 
penetration. Further, they remove 
salts from clay, which restores a 
negative charge from the clay parti-
cles, forcing them apart (Magdoff and 
VAN Es 2009). Consequently, humic 
acid reduced water stress effect on 
soil physical properties. Whereas, 
humate application reduced water 
stress effect on soil chemical proper-
ties through increase the resistance to 
the increasing in EC values, where 
humic acid acts as a chelating agent 
to metal ions (Kumar et al. 2013). 
However, adding humic acid in hu-
mate salt form caused increasing on 
pH value, whereas at the end of two 
season pH values return to normal 
level according soil buffer effect. 
Thus, humic acid application reduced 
soil deterioration which caused by 
long term effect of water stress. 

However, humic acid played 
very important role in enhancing and 
resisting water stress effect on soil 
properties while the treatment factor 
by using “humic acid + silicon” ap-
plication has more pronouncing effect 

on three wheat cultivars to challeng-
ing water stress effect. 
Conclusion 

In this study, the influence of 
water stress on three wheat cultivars 
and some soil properties was evalu-
ated. The results explained that water 
stress had a significant or highly sig-
nificant effect on the three wheat cul-
tivars in studying traits in both sea-
sons where water stress reduced all 
plant growth properties. Moreover, 
water stress had significant on chemi-
cal properties of soil while had an in-
significant effect on physical proper-
ties except OC content was signifi-
cantly affected by water stress.  

Silicon and humic acid applica-
tion had been applied as foliar and 
soil addition respectively to resisting 
the water stress effect. The results 
explain that treatment of silicon or 
humic acid effected significantly in 
all the studied traits in both seasons 
as compared to control treatment un-
der water stress conditions. Whereas, 
humic acid played a very important 
role and had a significant effect of 
resisting the effect of water stress on 
soil chemical and physical properties 
while silicon hadn’t affected or 
played any role on soil properties.  
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Table 1. Mean of studied traits of wheat cultivars as affected by irrigation treat-
ments, silicon and humic acid treatments in 2015/2016 and 2016/2017 sea-
sons. 

Se
as

on
           Traits    . 

 
Treatments 

Days    to 
maturity 

Plant 
height 
(cm). 

No. of 
spikes/ 

m2 

No. of 
kernels/ 

spike 

1000-
kernel 
weight 

Grain 
yield 

(ard/fed) 

Biological 
yield 

(ton/fed) 
Environments 

Normal  144.58 108.83 379.92 49.42 49.86 20.82 8.43 
Water stress 137.83 102.22 338.61 43.91 43.21 14.11 6.03 
Reduction% 4.67 6.07 10.87 11.15 13.34 32.23 28.47 20

16
 

F test ** ** ** * * ** ** 
Normal  148.64 111.11 383.47 54.75 55.12 23.07 8.77 
Water stress 140.81 103.61 346.03 46.69 45.05 15.45 6.39 
Reduction% -5.27 -6.75 -9.76 -14.72 -18.27 -33.03 -27.14 20

17
 

F test ** ** ** ** ** ** ** 
Treatments 

Control 139.11 103.78 351.61 44.79 44.49 16.24 6.73 
Silicon 141.39 105.22 359.67 46.42 46.40 17.69 7.20 
Humic 141.78 105.78 357.94 46.34 46.71 17.28 7.13 20

16
 

Silicon+Humic 142.56 107.33 368.39 49.11 48.54 18.65 7.87 
F test ** ** ** ** ** ** ** 
L.S.D 0.05 1.40 1.58 3.27 1.34 0.79 0.89 0.44 

Control 142.89 104.39 358.89 48.11 47.96 18.25 7.20 
Silicon 144.44 107.39 363.33 50.26 50.50 19.07 7.59 
Humic 145.11 107.78 366.67 51.16 49.54 19.30 7.50 20

17
 

Silicon+Humic 146.44 109.89 370.11 53.34 52.36 20.41 8.02 
F test ** ** ** ** ** ** ** 
L.S.D 0.05 0.86 1.52 3.38 1.24 0.43 0.78 0.28 

Cultivars 
Shandaweel 1 143.71 107.17 362.29 47.35 43.44 17.47 7.21 
Sids 12 138.08 99.54 356.83 47.26 48.28 18.21 7.09 

20
16

 

Gemmeiza 11 141.83 109.88 358.33 45.38 47.89 16.72 7.40 
F test ** ** ** ** ** ** * 
L.S.D 0.05 1.38 0.95 2.87 0.97 0.94 0.50 0.21 

Shandaweel 1 147.04 109.71 368.46 51.47 46.45 19.44 7.85 
Sids 12 142.54 100.54 361.21 50.52 52.71 20.20 7.42 

20
17

 

Gemmeiza 11 144.58 111.83 364.58 50.18 51.10 18.13 7.46 
F test ** ** ** * ** ** ** 
L.S.D 0.05 1.23 0.84 3.06 0.85 0.61 0.59 0.24 
 

Where * and ** mean significant at 0.05 and 0.01 levels of probability, respectively. 
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Table 2. Effect of the interaction between irrigation treatments and each of silicon 
and humic treatments and the three wheat cultivars for the studied traits in 
2015/2016 and 2016/2017 seasons. 

Se
as

on
 Traits    .          

 
Treatments 

Days     
to matur-

ity 

Plant 
height, 

cm. 

No. of 
spikes/ 

m2 

No. of 
kernels/ 

spike 

1000-
kernel 
weight 

Grain 
yield 

(ard/fed) 

Biological 
yield 

(ton/fed) 
Interaction between irrigation and silicon and humic acid 

Control 142.00 107.33 373.11 47.75 48.60 19.64 7.88 
Silicon 145.11 108.44 383.00 49.33 49.64 21.40 8.62 
Humic 145.33 109.11 375.33 48.86 49.67 20.15 8.20 N 

Silicon+Humic 145.89 110.44 387.33 51.74 51.53 22.09 9.03 
Control 136.22 100.22 330.11 41.83 40.39 12.85 5.59 
Silicon 137.67 102.00 336.33 43.51 43.15 13.98 5.78 
Humic 138.22 102.44 338.56 43.82 43.74 14.41 6.05 

20
16

 
 

D 

Silicon+Humic 139.22 104.22 349.44 46.47 45.54 15.21 6.70 
F test Ns Ns * Ns * Ns Ns 
L.S.D 0.05 - - 4.63 - 1.12 - - 

Control 147.11 108.11 379.22 51.44 52.98 22.31 8.11 
Silicon 148.44 111.67 382.89 54.11 55.96 22.86 8.72 
Humic 149.11 111.00 384.22 56.11 54.56 23.04 8.82 N 

Silicon+Humic 149.89 113.67 387.56 57.33 57.00 24.05 9.42 
Control 138.67 100.67 338.56 44.78 42.94 14.19 6.28 
Silicon 140.44 103.11 343.78 46.42 45.03 15.28 6.46 
Humic 141.11 104.56 349.11 46.21 44.53 15.57 6.18 

20
17

 

D 

Silicon+Humic 143.00 106.11 352.67 49.35 47.72 16.76 6.63 
F test Ns Ns * Ns * Ns * 
L.S.D 0.05 - - 3.37 - 0.61 - 0.40 

Interaction between irrigation and wheat cultivars 
Shandaweel 1 146.92 111.00 383.33 51.18 46.73 21.04 8.42 
Sids 12 141.83 102.08 375.08 50.11 51.43 21.71 8.23 N

 

Gemmeiza 11 145.00 113.42 380.67 46.98 51.43 19.71 8.64 
Shandaweel 1 140.50 103.33 341.25 43.53 40.15 13.89 5.99 
Sids 12 134.33 97.00 338.58 44.41 45.13 14.72 5.94 

20
16

 

D 
Gemmeiza 11 138.67 106.33 336.00 43.78 44.34 13.73 6.16 

F test Ns * * ** Ns ** Ns 
L.S.D 0.05 - 1.34 4.06 1.37 - 0.70 - 

Shandaweel 1 151.17 113.75 387.83 56.75 51.71 23.34 9.25 
Sids 12 146.17 103.58 378.33 54.75 57.99 24.61 8.56 N 
Gemmeiza 11 148.58 116.00 384.25 52.75 55.67 21.24 8.49 
Shandaweel 1 142.92 105.67 349.08 46.19 41.20 15.54 6.45 
Sids 12 138.92 97.50 344.08 46.28 47.43 15.79 6.29 

20
17

 

D 
Gemmeiza 11 140.58 107.67 344.92 47.60 46.53 15.02 6.42 

F test Ns * Ns ** * ** * 
L.S.D 0.05 - 1.19 - 1.20 0.86 0.83 0.35 
N= normal irrigation            D= water stress  
Where Ns, * and ** means non-significant, significant at 0.05 and 0.01 levels of prob-
ability, respectively. 



Doi: 10.21608/ajas.2019.28885 
El-sayed, et al., 2018                                                                  http://ajas.journals.ekb.eg/ 

 149 

 Table 3. Effect of the interaction between of silicon and humic treatments and the 
three wheat cultivars for the studied traits in 2015/2016 and 2016/2017 sea-
sons.           

Se
as

on
 Traits    .          

 
Treatments 

Days     
to matur-

ity 

Plant 
height, 

cm. 

No. of 
spikes/ 

m2 

No. of 
kernels/ 

spike 

1000-
kernel 
weight 

Grain 
yield 

(ard/fed) 

Biological 
yield 

(ton/fed) 
Shandaweel 1 141.33 104.67 358.33 45.68 42.10 16.77 7.07 
Sids 12 136.67 98.33 349.17 45.25 46.91 16.71 6.44 

co
nt

ro
l 

Gemmeiza 11 139.33 108.33 347.33 43.44 44.47 15.25 6.68 
Shandaweel 1 144.00 107.17 361.67 47.22 43.22 17.12 6.95 
Sids 12 138.33 99.33 358.33 47.30 46.83 18.73 7.06 

sil
ic

on
 

Gemmeiza 11 141.83 109.17 359.00 44.75 49.14 17.23 7.59 
Shandaweel 1 144.33 108.00 361.67 47.25 43.85 17.85 7.05 
Sids 12 138.17 99.50 353.67 46.45 48.05 17.84 6.96 

Hu
m

ic
 

Gemmeiza 11 142.83 109.83 355.50 45.32 48.22 16.14 7.37 
Shandaweel 1 145.17 108.83 367.50 49.27 44.58 18.13 7.76 
Sids 12 139.17 101.00 366.17 50.05 51.32 19.57 7.89 

20
16

 
Si

lic
on

+ 
Hu

m
ic

 

Gemmeiza 11 143.33 112.17 371.50 48.00 49.71 18.26 7.95 
F test Ns Ns * Ns * * Ns 
L.S.D 0.05 - - 5.74 - 1.88 0.99 - 

Shandaweel 1 145.50 106.67 365.00 48.94 44.10 18.26 7.67 
Sids 12 140.67 97.83 354.17 48.49 50.54 19.48 7.09 

co
nt

ro
l 

Gemmeiza 11 142.50 108.67 357.50 46.91 49.23 17.02 6.83 
Shandaweel 1 146.83 109.83 366.83 52.90 47.02 19.45 7.79 
Sids 12 142.50 100.17 361.00 48.92 52.36 19.85 7.40 

sil
ic

on
 

Gemmeiza 11 144.00 112.17 362.17 48.98 52.12 17.91 7.58 
Shandaweel 1 147.17 110.33 369.67 50.50 46.09 19.22 7.67 
Sids 12 142.67 100.83 363.50 51.82 52.69 20.24 7.58 

Hu
m

ic
 

Gemmeiza 11 145.50 112.17 366.83 51.17 49.84 18.45 7.25 
Shandaweel 1 148.67 112.00 372.33 53.54 48.61 20.84 8.27 
Sids 12 144.33 103.33 366.17 52.84 55.25 21.22 7.63 

20
17

 
Si

lic
on

+ 
Hu

m
ic

 

Gemmeiza 11 146.33 114.33 371.83 53.65 53.23 19.16 8.17 
F test Ns Ns Ns ** Ns Ns Ns 
L.S.D 0.05 - - - 1.70 - - - 
Where Ns, * and ** means non-significant, significant at 0.05 and 0.01 levels of prob-
ability, respectively. 
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Table 4. Effect of the interaction between irrigation regimes, Silicon and Humic 
acid treatments and the three wheat cultivars for the studied traits in 
2015/2016 season. 

Traits    .          
 

Treatments 

Days     
to ma-
turity 

Plant 
height, 

cm. 

No. of 
spikes/ 

m2 

No. of 
kernels/ 

spike 

1000-
kernel 
weight 

Grain 
yield 

(ard/fed) 

Biological 
yield 

(ton/fed) 
Shandaweel 1 144.33 109.00 380.33 50.17 46.90 20.77 8.07 
Sids 12 139.67 100.67 368.33 48.50 50.47 20.28 7.52 

co
nt

ro
l 

Gemmeiza 11 142.00 112.33 370.67 44.58 48.43 17.87 8.04 
Shandaweel 1 147.67 110.67 385.00 50.00 45.93 20.87 8.19 
Sids 12 142.00 102.00 376.00 52.00 50.47 22.33 8.60 

si
lic

on
 

Gemmeiza 11 145.67 112.67 388.00 46.00 52.53 21.00 9.07 
Shandaweel 1 147.67 112.00 382.00 51.00 46.40 21.13 8.45 
Sids 12 142.33 102.33 372.00 47.58 50.48 20.91 7.92 

H
um

ic
 

Gemmeiza 11 146.00 113.00 372.00 48.00 52.14 18.40 8.24 
Shandaweel 1 148.00 112.33 386.00 53.53 47.67 21.40 8.99 
Sids 12 143.33 103.33 384.00 52.37 54.30 23.30 8.89 

N
or

m
al

 ir
rig

at
io

n 
Si

lic
on

+ 
H

um
ic

 

Gemmeiza 11 146.33 115.67 392.00 49.33 52.62 21.58 9.21 
Shandaweel 1 138.33 100.33 336.33 41.20 37.30 12.77 6.08 
Sids 12 133.67 96.00 330.00 42.00 43.36 13.13 5.36 

co
nt

ro
l 

Gemmeiza 11 136.67 104.33 324.00 42.30 40.50 12.64 5.32 
Shandaweel 1 140.33 103.67 338.33 44.43 40.50 13.37 5.72 
Sids 12 134.67 96.67 340.67 42.60 43.20 15.13 5.51 

si
lic

on
 

Gemmeiza 11 138.00 105.67 330.00 43.50 45.75 13.45 6.11 
Shandaweel 1 141.00 104.00 341.33 43.50 41.30 14.57 5.64 
Sids 12 134.00 96.67 335.33 45.32 45.62 14.77 6.00 

H
um

ic
 

Gemmeiza 11 139.67 106.67 339.00 42.63 44.30 13.88 6.51 
Shandaweel 1 142.33 105.33 349.00 45.00 41.50 14.87 6.53 
Sids 12 135.00 98.67 348.33 47.73 48.33 15.83 6.89 

w
at

er
 st

re
ss

  
Si

lic
on

+ 
H

um
ic

 

Gemmeiza 11 140.33 108.67 351.00 46.67 46.80 14.93 6.68 
F test Ns Ns Ns * Ns Ns * 
L.S.D 0.05 - - - 2.73 - - 0.60 

Where Ns, * and ** means non-significant, significant at 0.05 and 0.01 levels of prob-
ability, respectively. 
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Table 5. Effect of the interaction between irrigation regimes, Silicon and Humic 
treatments and the three wheat cultivars for the studied traits in 2016/2017 
season. 

Traits    .          
 

Treatments 

Days     
to matur-

ity 

Plant 
height, 

cm. 

No. of 
spikes/ 

m2 

No. of 
kernels/ 

spike 

1000-
kernel 
weight 

Grain 
yield 

(ard/fed) 

Biological 
yield 

(ton/fed) 
Shandaweel 1 149.67 110.67 386.33 55.00 48.83 22.87 8.57 
Sids 12 145.00 101.00 372.00 51.67 55.63 23.96 7.85 

co
nt

ro
l 

Gemmeiza 11 146.67 112.67 379.33 47.67 54.47 20.10 7.91 
Shandaweel 1 151.00 114.67 386.67 57.67 52.67 23.24 9.22 
Sids 12 146.33 103.33 378.67 53.00 58.66 24.34 8.60 

Si
lic

on
 

Gemmeiza 11 148.00 117.00 383.33 51.67 56.56 21.00 8.33 
Shandaweel 1 151.33 113.67 389.00 56.33 52.00 22.98 9.20 
Sids 12 146.33 103.67 379.67 56.67 57.67 24.80 8.87 

H
um

ic
 

Gemmeiza 11 149.67 115.67 384.00 55.33 54.00 21.34 8.40 
Shandaweel 1 152.67 116.00 389.33 58.00 53.33 24.27 10.00 
Sids 12 147.00 106.33 383.00 57.67 60.00 25.35 8.93 

N
or

m
al

 ir
rig

at
io

n 
Si

lic
on

+ 
H

um
ic

 

Gemmeiza 11 150.00 118.67 390.33 56.33 57.67 22.53 9.33 
Shandaweel 1 141.33 102.67 343.67 42.87 39.36 13.64 6.76 
Sids 12 136.33 94.67 336.33 45.31 45.45 15.00 6.32 

co
nt

ro
l 

Gemmeiza 11 138.33 104.67 335.67 46.15 44.00 13.93 5.76 
Shandaweel 1 142.67 105.00 347.00 48.13 41.37 15.66 6.36 
Sids 12 138.67 97.00 343.33 44.83 46.07 15.37 6.20 

si
lic

on
 

Gemmeiza 11 140.00 107.33 341.00 46.28 47.67 14.81 6.82 
Shandaweel 1 143.00 107.00 350.33 44.67 40.19 15.47 6.14 
Sids 12 139.00 98.00 347.33 46.97 47.71 15.68 6.29 

H
um

ic
 

Gemmeiza 11 141.33 108.67 349.67 47.00 45.68 15.56 6.11 
Shandaweel 1 144.67 108.00 355.33 49.09 43.88 17.41 6.55 
Sids 12 141.67 100.33 349.33 48.00 50.49 17.10 6.33 

w
at

er
 st

re
ss

 
Si

lic
on

+ 
H

um
ic

 

Gemmeiza 11 142.67 110.00 353.33 50.96 48.79 15.78 7.00 
F test Ns Ns Ns * * Ns Ns 
L.S.D 0.05 - - - 2.40 1.73 - - 
 

Where Ns, * and ** means non-significant, significant at 0.05 and 0.01 levels of prob-
ability, respectively. 
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Table 6. Physical analysis of soil samples under investigation.  
Se

as
on

 
Traits    .          

 
Treatments 

SP 
mL/100g OC% FC% WP% AW% Porosity% CaCO3% 

Before planting 41 0.38 29.2 12.6 16.6 48.4 3.70 
Control 42 0.37 29.2 12.6 16.6 48.4 3.72 
Silicon 41 0.37 29.2 12.6 16.6 48.4 3.72 
Humic 45 0.47 29.8 12.7 16.9 48.5 3.70 N 

Silicon+Humic 45 0.46 29.7 12.8 16.8 48.5 3.70 
Control 40 0.35 29.1 12.5 16.6 48.3 3.80 
Silicon 41 0.36 29.2 12.6 16.6 48.4 3.80 
Humic 43 0.40 29.3 12.6 16.7 48.4 3.75 

20
16

 

D 

Silicon+Humic 44 0.39 29.3 12.6 16.7 48.4 3.75 
F test for Factor A * * Ns Ns Ns Ns Ns 

L.S.D 0.05 for Factor B 0.0675 0.0009 Ns Ns Ns Ns Ns 
 Before planting 43 0.41 29.8 12.7 17.1 49.1 3.80 

Control 43 0.40 29.8 12.7 17.1 49.1 3.80 
Silicon 43 0.41 29.8 12.8 17 49.1 3.80 
Humic 46 0.5 30.5 12.9 17.5 49.2 3.80 N 

Silicon+Humic 46 0.49 30.3 13 17.2 49.2 3.80 
Control 41 0.36 29.2 12.6 16.6 48.3 3.90 
Silicon 41 0.37 29.6 12.7 16.9 48.4 3.90 
Humic 42 0.42 30.0 12.8 17.2 48.5 3.85 

20
17

 

D 

Silicon+Humic 42 0.43 29.9 12.8 17.1 48.5 3.80 
F test * * Ns Ns Ns Ns Ns 

L.S.D. for Factor B 0.1697 0.0012 Ns Ns Ns Ns Ns 
Factor A: Irrigation regime;  Factor B: Treatment "humic acid, silicon and silicon + hu-
mic acid" 
N= normal irrigation            D= water stress  
Where Ns, and * means non-significant, and significant at 0.05 levels of probability, 
respectively. 
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Table 7. Chemical analysis for soil samples under investigation.  

Cations me/L Anions me/L 
Se

as
on

 
Traits    .          

 
Treatments 

pH 
1:2.5 

EC 
ds/m Ca2+ Mg2+ Na+ K+ CO3

2- HCO3
- Cl- SO4

2- 
Before Planting 7.68 1.02 3.1 2.8 4.7 1.1 - 0.4 8.2 4 

Control 7.68 1.06 3.2 2.9 4.8 1.1 - 0.4 8.2 4 
Silicon 7.68 1.10 3.2 2.9 4.8 1.1 - 0.4 8.2 4 
Humic 7.66 1.00 3.0 2.9 4.9 1.1 - 0.4 8.1 4 N 

Silicon+Humic 7.67 1.10 3.2 2.9 4.8 1.1 - 0.4 8.2 4 
Control 7.70 1.30 3.7 2.8 6.2 1.3 - 0.7 8 4.3 
Silicon 7.69 1.40 4.4 2.4 6.0 1.2 - 0.5 8.5 5 
Humic 7.68 1.20 3.5 2.3 5.1 1.1 - 0.6 7.1 4.3 

20
16

 

D 

Silicon+Humic 7.68 1.32 3.8 2.7 5.3 1.2 - 0.8 7.0 4.1 
 F test for Factor A Ns * * * * *  * * * 
L.S.D. 0.05 for Factor B Ns 0.0074 0.0442 0.0101 0.0442 0.0276  0.0018 0.0442 0.002 

 Before Planting 7.67 1.20 3.5 2.3 5.1 1.1 - 0.6 7.1 4.30 
Control 7.67 1.20 3.5 2.3 5.1 1.1 - 0.6 7.1 4.30 
Silicon 7.67 1.30 3.7 2.8 6.2 1.3 - 0.7 8 4.3 
Humic 7.65 1.15 3.3 2.9 4.8 1.2 - 0.5 7.2 4 N 

Silicon+Humic 7.65 1.30 3.7 2.8 6.2 1.3 - 0.7 8 4.3 
Control 7.70 1.40 4.8 2.5 6.0 1.3 - 0.6 7.2 6.2 
Silicon 7.67 1.50 5 3.2 6.4 1.4 - 0.6 8.2 6.2 
Humic 7.67 1.25 3.6 2.4 5.3 1.2 - 0.6 7.3 4.6 

20
17

 

D 

Silicon+Humic 7.67 1.46 4.7 2.5 6.2 1.3 - 0.7 8.5 5.3 
F test for Factor A Ns * * * * *  * * * 
L.S.D. 0.05 for Factor B Ns 0.0043 0.0724 0.0156 0.0442 0.0068  0.0015 0.0442 0.0442 
Factor A: Irrigation regime; Factor B: Treatment "humic acid, silicon and silicon + 
humic acid" 
N= normal irrigation            D= water stress  
Where Ns, and * means non-significant, and significant at 0.05 levels of probability, 
respectively 
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 أصناف قمح بعضتأثیر استخدام السیلیكون وحمض الهیومیك تحت ظروف اإلجهاد المائي على 
  وبعض خصائص التربةالخبز 

  ١فتحي احمد عاطفو ٢سلیمان محمد محمد جمال ، ١السید عید عبد الحمید محمد
  .صرم ، الجیزة ، الزراعیة البحوث مركز ، والبیئة والمیاه بحوث األراضي معهد ١

  .مصر ، الجیزة ، الزراعیة البحوث مركز ، الحقلیة المحاصیل بحوث معهد ٢
  

  ملخصال
ة البحر المتوسط              ي منطق شكل واسع ف ز ب شك     یزرع قمح الخب ات ب ا النبات اني فیه ي تع  لوالت

وب        من  عام   وین الحب سنابل وتك ائي خالل مراحل طرد ال اد الم ي      . اإلجه ذه الدراسة ف م إجراء ه ت
ة ب ة حقلی شندویل  تجرب ة ب وث الزراعی ة البح ة محط الل مزرع مینالخ اجحینموس زراعیین الن   ال

ري     ٢٠١٦/٢٠١٧ و ٢٠١٥/٢٠١٦ املتین لل تعمال مع ر (باس ي  يال ائي  و الطبیع اد الم و  )اإلجه
زة  ( أصناف القمح بعضعلى   " ورقي رش"والسیلیكون  " تربةلل اضافه "حمض الهیومیك  ، ١١جمی

ات بوتاسیوم   ة صور يكان تركیز حمض الهیومیك ف    .)١٢ وسدس   ١شندویل   دان  /  كجم ٢ هیوم ف
سیلكون ف   ز ال وريو تركی یوم  ة ص یلیكات بوتاس ون  ١٥٠ س ي الملی زء ف ائج أن   . ج رت النت أظه

یم    .  في جمیع الصفات المدروسة   إختلفت معنویاً أصناف القمح    ى الق ادي أعل ًا  أعطى الري الع معنوی
ي كال        سیلكون المعالجة بواسطة   .  الموسمین في جمیع الصفات المدروسة ف ك   أو ال  حمض الهیومی

 بمعاملة المقارنة تحت ظروف   في جمیع الصفات المدروسة في كال الموسمین مقارنة   معنویاً تأثر
ائي اد الم ح   . اإلجه ناف القم ري وأص امالت ال ین مع ل ب ان التفاع داً ك ًا ج ًا أو معنوی ع معنوی  لجمی

رات            .نالصفات المدروسة في كال الموسمی     د تغیی ادي، ال توج ري الع ي ظل ال ك، ف ى ذل عالوة عل
ة،     ة للترب ة والفیزیائی واص الكیمیائی ض الخ ي بع ن ف الرغم م اك تغی وب ك، هن ي ة طفیفاتری ذل  ف

ائي       ات معنویة ریالخواص الفیزیائیة للتربة وتغی    اد الم ة تحت ظروف اإلجه  . في الخواص الكیمیائی
ري الطبیعي  أي دور على خصائص التربة تحت ظروف   لعب یستخدام السلیكون لم یؤثر أو     إ أو  ال

اد  ائي اإلجه ى      الم ائي عل اد الم أثیر اإلجه ل ت ى تقلی ك إل ض الهیومی تخدام حم ین أدى اس ي ح ، ف
 .خصائص التربة

 


