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a b s t r a c t
This study was carried out in the semi-arid eastern slopes of Bethlehem during 2018/2019, in com-
pletely randomized design. The aim of this study is to evaluate and compare the effects of using 
different soil moisture conservation techniques on almond seedlings, in order to increase seedlings 
survival rate during the first year after planting under drought conditions. Four soil moisture con-
servation techniques (cocoon, superabsorbent-hydrogel, black plastic mulch and half-moon) and 
the control were examined to measure their impact on the survival rate, average increase in plant 
height, average increase in stem diameter, leaf area, branch length of almond (Prunus amygdalus, 
var. Um Al-Fahm) seedlings in addition to the soil moisture content during the first year after plant-
ing. The results of this study revealed significant positive effects for all the treatments compared 
to the control. At the end of the first summer season, the cocoon treatment was superior over the 
other treatments in term of survival rate (66.8%), average increase in plant height (22.75 cm), stem 
diameter (0.25 cm), branch length (94.33 cm), leaf area (4.83 cm2) and soil moisture content fol-
lowed by black plastic mulch. Cocoon is highly recommended in such conditions due to the high-
est results in term of soil moisture content, growth parameters and survival rate. Also, black plastic 
mulch revealed good results and it could be recommended due to the lower time consuming and  
implementing effort.

Keywords:  Cocoon; Superabsorbent-hydrogel; Black plastic mulch; Half-moon; Drought; Fruit growth 
parameters; Soil moisture

1. Introduction

Almond (Prunus amygdalus) under the Rosaceae (rose) 
family it is originated in Asia, India and North Africa. The 
environmental condition for the Mediterranean basin [1] – 
including Palestine – is suitable for planting and producing 
almonds [2], especially in areas where the yearly rainfall is 
about 600 mm [3]. Almond have a strong and deep root sys-
tem therefore it needs deep and fertile soils [4]. Moreover, 
the average annual temperature for almond is 10.5°C to 
19.5°C and the dormancy period requires temperature falls 
between 0°C to 2.2°C. Regarding Um Al-Fahm var. the chill-
ing requirement is considered medium (approximately 200 h 

during the year) [4]. Also, it’s flowering period in Palestine 
from 4 Feb. to 26 Feb. [5,6]. Almond is one of the economic 
plants that considered valuable source of income for many 
Palestinian families, also, almond production reflects low 
rates of self-sufficiency and one of the food commodities 
that is imported from external markets [7].

Many studies revealed that climatic stress (e.g., drought, 
heat, etc.) has a direct effect on almond growth and produc-
tivity [3,8], and it was reported that Palestine is influenced 
by the global climate change, where the effects of high tem-
perature and drought reduced the plants growth and devel-
opment which led to lower production [9,10]. According to 
the statistics of the Ministry of Agriculture/State of Palestine 
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and PCBS 2007 to 2017, the available data about almond 
(both of hard and soft varieties) revealed a significant decline 
in total area that planted with almond in the West Bank and 
Gaza Strip, where about 44,305 dunams (96.27% rain-fed) 
in 2009 were planted with almond trees, which gradually 
decreased to 26,760 dunams in 2017, which constitute 2.4% 
of total cultivated agricultural land [11,12]. In addition, rain-
fall fluctuation and scarcity during past decades [9], and 
the annual temperature rise by 0.8°C after 1990 as a result 
of climate changes, and all of these factors have a direct 
impact on Palestinian environment and agricultural sector 
[10], which make any improvement and development in 
these areas somewhat difficult.

Generally, the genus Prunus is typically severely 
impacted by abiotic stress particularly heat and drought 
stress [13] in semi-arid areas, which primarily affects the 
plant physiology like photosynthesis, germination, stunted 
seedlings, flowering, ripening stages and death of cells and 
tissues, in addition to plant survival, plant morphological 
and production parameters [14]. Drought and long summer 
causes a rapid loss of the water content of the soil, which 
causes an increase in the percentage of deaths of fruit trees 
and a decline in the agricultural area, which negatively 
effects on plant growth and productivity, simultaneously 
there is a lot of the obstacles and challenges that facing this 
sector according to the national strategy for the Palestinian 
agricultural sector 2017–2022 [15].

Therefore, there are endeavours to exploit all cultivable 
areas, through creating suitable environmental conditions to 
become more suitable for agriculture regardless of difficult 
environmental factors, to reduce the effects of the emerging 
challenges that cause stress on plants in the agricultural sec-
tor, that may cause a fail of the crops. Therefore, a paradigm 
shifts in soil and water conservation, and its management 
is needed for agricultural sustainability [16].

Over the past several years many of non-government 
organizations in Palestine have worked on water conser-
vation but (to the best of our knowledge at the time of the 
experiment implementation) there is no scientific research 
studies to evaluate and compare the effects of using differ-
ent water conservation techniques (cocoon, mulch, super-
absorbent-hydrogel, half-moon harvesting technique and 
control) on growth and survival rate on almond seedlings 
in West Bank under semi-arid conditions.

Therefore, our results will be the main source for the 
efficiency of these techniques in soil moisture conservation 
under similar environmental conditions, in addition, if these 
techniques prove its positive effects on soil moisture con-
servation, then the cultivation of fruit trees in the semi-arid 
areas might be extended in the West Bank.

Consequently, agricultural sustainability can be 
achieved by providing holistic management of soil and 
water resources, through providing essential water to suc-
ceed the agriculture, especially in low-rainfall lands by 
finding solutions that help in increasing the water content 
in the soil through using improved technologies [16]. Also, 
many researchers indicated the positive effect of soil/water 
conservation techniques on the morphological characteris-
tics and survival rate of almonds [17–19]. Some of the most 
important purposes of using soil moisture conservation tech-
niques, that it used as measures for achieving greater water 

efficiency to enhance plant growth and produce more food 
with less water [20,21], and to reduce the water use accom-
plished by implementation of water conservation [22]. 
Moreover, to increase the period of moisture content in plant 
root zone after water harvesting [20,22], conserve the soil 
from erosion, moisture deficit and loss of fertility [23], and 
to increase the survival rate of seedlings [24]. And to reduce 
water losses by runoff and evaporation while maximizing 
soil moisture storage for crop production [25].

The aim of this study is to evaluate and compare the 
effects of using different soil moisture conservation tech-
niques on almond seedlings, in order to increase seedlings 
survival rate during the first year after planting under 
drought conditions.

2. Materials and methods

2.1. Study site

This study was conducted at Za’tara town which is 
located at the eastern part of Bethlehem Governorate. It is 
located at an latitude N: 174326 and E: 119618, and altitude 
of 577 m above sea level [26,27]. The land is gently sloping 
(2%–3%). The land use during the last 10 y was for field 
crops cultivation.

The area was classified semi-arid. The amount of rain-
fall at the study site was highly fluctuated during the past 
two decades with an average yearly rainfall is about 324 mm 
[26]. However, according to Za’tara rain monitoring sta-
tion 2019 the rainfall during the study year (2018/2019) was 
extraordinary high with 621 mm. Recorded about 35% of 
total annual rainfall in February 2019 (Fig. 1). In addition, 
during the 41 rainy days there were three heavy rain events 
that constitute more than 40% of the total precipitation 
during the rainy season 2018/2019 (Fig. 2).

The long term average annual temperature is 18°C, and 
the long term average annual humidity is about 60% [26]. 
According to Palestinian Astronomical Society [28], during 
years 2018/2019 the mean maximum temperature was in 
May (32.9°C), while the mean minimum temperature was 
in January (8.1°C) (Fig. 3).

2.2. Land preparation

The study land area is about 1.5 dunams (space between 
trees 4.5 m × 4.5 m), which was conventionally ploughed 
in 22-Oct/2018 at 25–30 cm depth before the first rainfall. 
Each 1.5 dunams where allocated for one plant species and 
planned to plant the seedling in a 4 m2 × 5 m2. The holes 
were drilled by mechanical auger. A seventy five seedling 
of 1 y old uniform in size and vigor were brought from a 
licensed nursery and certificated according to the regula-
tions of the Palestinian Ministry of Agriculture. The root-
stock was bitter almond. Moreover, the seedlings were bare 
rooted and free from mechanical injuries, pests and diseases 
and they were treated with systemic insecticide and fun-
gicide in the field. The seedlings were planted in the field 
in January 2019. Other than the treatments applied, the 
traditional cultural practices were practiced after planting 
that included adding fertilizer (organic fermented sheep 
manure) 60 L manure/seedling. Also, in 10 to 14-April/2019, 
the grass was cut by using a hand held mechanical grass 



223A.M. Mohsen, A. Salama / Desalination and Water Treatment 275 (2022) 221–232

cutter (STIHL/FS 260 C-E) and the mowed grasses were left 
on the ground, then the land was ploughed by tractor 30 cm 
depth on 10-May 2019.

2.3. Treatments and estimated parameters

The plant species under investigation is almond “var. 
Um Al-Fahm” were planted in an area of 1.5 dunams and 
four different water conservation techniques (treatments) 
and the traditional method (control) were applied as shown  
below:

(1) Cocoon: 25 L storage capacity; (2) half-moon bunds: 
2 m2 storage area; (3) mulch: 1 m2/tree; (4) superabsor-
bent-hydrogel (ZEBA): 60 g/tree; (5) control: without any 
intervention.

Fifteen seedlings (replicates) were assigned for each 
treatment in a completely randomized design to measure the 
effects of these treatments on soil moisture content, survival 
rate, and plant growth (increase in plant height, increase in 
stem diameter, leaf area, and branches length) of almond 
seedlings in the first year after planting. The first measure-
ment was recorded at the time of planting in January-2019, 
then the measurements for the whole parameters were 
taken monthly between July/2019 until October/2019.

2.3.1. Soil characteristics

In May 2019, soil samples were collected by hand using 
a manual soil auger from a soil depth of 30 cm. Three rep-
resentative samples were taken from various locations on 
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Fig. 1. Monthly precipitation (mm) in the experimental area during November 2018–April 2019 (Source: Za’tara Secondary School 
rainfall monitoring station).
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Fig. 2. Daily rain (mm) in the experiment area November 2018–April 2019 (Source: Za’tara Secondary School rainfall 
monitoring station).
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the land. The samples were air dried at room temperature, 
cleaned off from any unwanted materials (stones, plant res-
idues), then crushed with a pestle and mortar and passed 
through a 2-mm sieve. Subsequently, the samples were 
examined in a labs in accordance with the soil and water 
analysis manual [29] as displayed in Table 1. All soil anal-
ysis were conducted in the labs of Agriculture College at 
Hebron University.

The level of elements content within the soil (low, 
medium, high, or excessive, and sufficient or not) were 
determined according to soil test interpretation guide [31] 
and [35].

2.3.2. Soil moisture content

From May-2019 until August-2019, mixed samples were 
collected monthly. With three replicates for each treatment, 
measurements were taken 25–40 cm away from the seed-
ling trunk, and at 30 cm soil depth. Additionally, the initial 
soil sample was taken 20 d after the most recent rainfall, 
and it was then taken monthly. The soil moisture content 
was determined using a drying process in an oven set at 
105°C (overnight for more than 16 h), in the soil and water 
lab at the College of Agriculture/Hebron University soil 
moisture was calculated as a follow:

Soil moisture content � ��

�
�

�

�
� �

W D
W

100%  (1)

where W: wet weight (g); D: dried weight (g).

2.3.3. Increase in plant height

The average increase in plant height was measured 
monthly from Feb-2019 until the growth was stopped in 
Oct-2019, average increase in plant height was measured 

from the grafting point to the highest active bud for 3 rep-
licate/treatment by using the scale meter and expressed 
in (cm).

2.3.4. Stem diameter

The average increase in stem diameter were taken for 3 
replicate/treatment, 5 times at one month interval through 
the experiment period ware measured from time of planting 
then continued monthly from June-2019 until Oct.-2019 at 
1 cm above the grafting point by using manual calliper and 
expressed in (cm).

2.3.5. Leaf area

Seven mature green and fresh leaves/tree were randomly 
selected from different branches, and 3 replicates/treatment 
were measured with a specialized leaf area meter (CI-202 
area meter) in the plant production lab at Hebron University. 
However, this parameter was measured once in July-2019, 
when the leaves were fully matured based on the climatic 
conditions of the site.

2.3.6. Branch length

The first branches lengths were measured for 3 rep-
licates (seedling) per treatment, and the length of every 
single branch in every replicate (seedling) was measured 
only one time by using metallic meter scale in June-2019. 
Then the average length of the branches was calculated for 
every seedling and expressed in (cm).

2.3.7. Survival rate

The survival rate for the 15 seedlings/treatment was 
recorded, throughout the study period, observations were 
taken ten times, where the first observation recorded on 
22-Feb.2019 and the last one being made on 21-Sep. 2019.

Table 1
Parameter and methods used for soil analysis

No. Parameters Method References

1. Soil texture Pipette [30]
2. Nitrogen (N) Kjeldahl [30]
3. Phosphorus (P) (Olsen Test) by spectrophotometer [31]
4. Potassium (K+) Flame photometer or/atomic absorption [32]
5. Organic matter Walkley–Black method (titration) [33]
6. Acidity pH-meter method [34]
7. Salinity Electrical conductivity meter [34]
8. Soil moisture Gravimetric method (or drying method in the oven) [30]
9. Cation exchange capacity (CEC) Atomic absorption spectrophotometer [29]
10. Sodium Flame photometer [29]
11. Zinc (Zn) Atomic absorption [29,34]
12. Manganese (Mn) Atomic absorption [29,33]
13. Calcium (Ca+2) Atomic absorption [29,34]
14. Magnesium (Mg+2) Atomic absorption [29,34]
15. Nitrate (NO3

–) Spectrophotometer [29,34]
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The survival rate was calculated through follow formula:

Survival Rate % %= ×
N
15

100  (2)

where N: Number of the monthly survived seedlings; 15: 
Replicates (15 seedlings).

2.3.8. Data analysis

Data were statistically analyzed using one-way anal-
ysis of variance (ANOVA), followed by Tukey’s HSD test 
that was used to compare the mean of individual parameter 
by SigmaStat 3.5, at 95% confidence.

3. Results

3.1. Soil analysis

Soil analysis showed that the soil has clay texture 
(53.31%), moderately alkaline pH (pH = 7.86), low organic 
matter content (1.89%), low salinity (EC = 0.75 ds/m) and 
low sodium content (102.65 ppm). Meanwhile the phospho-
rus, calcium contents were medium (15.39 and 1,844.03 ppm 
which equal 9.61 meq/100 g soil, respectively), while there 
was high content of potassium and nitrogen (275.36 ppm, 
3.15 g/kg soil, respectively) and magnesium (227.15 ppm), 
and excessive residual soil nitrate (NO3

–) content 
(39.07 ppm). Also, the cation exchange capacity (CEC) was 
12.27 meq/100 g soil which is within the range for clay soils 
[36]. Finally, sufficient levels of zinc (2.32 ppm) and manga-
nese (51.33 ppm) were observed in the soil (Table 2).

3.2. Soil moisture content

The results of soil moisture in the experimental site 
showed significant variation due to the examined treatments 
(Fig. 4).

Basically, the highest soil moisture values were observed 
in cocoon, superabsorbent-hydrogel (S.HG.) and mulch in 
May and June were the difference was insignificant among 
each other, but it was significantly higher than that in con-
trol and half-moon (H.M.) treatments (Fig. 4). Starting 

from the end of June, a sharp decrease in soil moisture was 
observed in all treatments, at 18th of August all of the water 
conservation treatments were significantly have a higher 
soil moisture than control, where the cocoon treatment 
have significantly the highest SMC (13.83%) compared with 
mulch (12.66%), S.HG. (12.54%) and H.M. (11.97%).

3.3. Survival rate

The results showed that cocoon technique was superior 
to the other treatments in term of survival rate (Fig. 5), where 
66.7% of the almond seedlings were survived by the end of 
September/2019. Black plastic mulch followed cocoon and it 
revealed a 40% survival rate until the end of September/2019, 
while H.M. and superabsorbent-hydrogel (S.HG.) have 
only 13.3% survival rate for both. Moreover, the sharpest 
decline in survival rate was recorded for the control, where 
most of the seedlings died in the beginning of May (20% 
survived) and all of them were died in August. Generally, 
most of the deaths in almond seedlings for all treatments 
except cocoon occurred before June/2019, after that time 
the survival rate dropped slowly for all treatments (Fig. 5).

3.4. Increase in plant height

The results showed a significant difference between 
the treatments in the average increase in plant height 
and it was significantly highest for the cocoon treatment 
(22.75 cm), followed by mulch treatment (14.5 cm) (Fig. 6). 
Furthermore, there was insignificant difference between the 
S.HG. (9.5 cm), the H.M. (4.3 cm) and control (2 cm).

3.5. Average increase in stem diameter

Regarding the plant stem diameter there was a significant 
effect on the average increase in stem diameter due to the 
treatments in almond seedlings (Fig. 7). Mulch and cocoon 
treatments presented the highest increase in stem diameter 
(0.28 and 0.25cm respectively) followed insignificantly by 
the H.M. and S.HG. that revealed the same results (0.18 cm). 
However, the control revealed significantly the lowest value. 
Furthermore, there was insignificant difference between 
the S.HG. (9.5 cm), the H.M. (4.3 cm) and control (2 cm).

a

a

a
a a

a

a

ab

ab a
b

b

a

ab

b
ab b b

b

b

bc b b b

b

c

c b
c c9.00

11.00

13.00

15.00

17.00

19.00

21.00

23.00

25.00

7 / 5 / 2 0 1 9 2 5 / 6 / 2 0 1 9 1 5 / 7 / 2 0 1 9 2 7 / 7 / 2 0 1 9 8 / 8 / 2 0 1 9 1 8 / 8 / 2 0 1 9

so
il 

m
oi

st
ur

e 
%

Time

Coc. M. S.HG H.M. Con.

Fig. 4. Average soil moisture content for the examined treatments (vertical comparison) in the site during the period from May-2019 
till Aug-2019. Coc. (cocoon), M. (mulch), S.HG. (superabsorbent-hydrogel), H.M. (half-moon) and Con. (control) treatments.



A.M. Mohsen, A. Salama / Desalination and Water Treatment 275 (2022) 221–232226

3.6. Total branch length

Total branch length was significantly affected by the 
treatments (Fig. 8). Cocoon showed the highest value for 
the average total branch length and significantly it was 
higher (94.33 cm) than H.M. and control. H.M. and control 
presented insignificantly lower values than the mulch and 
S.HG. treatments

3.7. Leaf area

The highest value was revealed by the cocoon (4.83 cm2), 
followed insignificantly by S.HG., mulch and H.M. (4.61, 

3.86, and 3.32 cm2, respectively). On the other hands, the 
results showed significantly higher average leaf area than 
the control that revealed the lowest value (1.7 cm2) (Fig. 9). 
Also, the H.M. and the control treatments showed insignifi-
cant differences.

4. Discussion

4.1. Soil moisture

The results of this study revealed significant posi-
tive effects for all the treatments compared to the control. 
At the end of the first summer season, the cocoon treatment 
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was superior over the other treatments in term of survival 
rate (66.8%), average increase in plant height (22.75 cm), 
stem diameter (0.25 cm), branch length (94.33 cm), leaf 
area (4.83 cm2) and soil moisture content followed by black 
plastic mulch.

Insufficient water in the new orchards of stone fruit cause 
slowing of vegetative growth in which maximum growth is 
needed to speed up the development of the orchards can-
opy. Hence, the measuring soil moisture is one of the most 
important criteria that must be done, due to their relation 
with the direct development of plant growth and its appar-
ent effect on accelerating vegetative growth and increas-
ing the size of root system, which is reflected on all plant 
physiology [37].

In spite of the high rainfall in the agricultural season 
2018/2019 (621 mm), the rain was distributed unevenly, 
where the heavy rain during short times was obvious 
(40% of the rain was fallen heavily in three separated days). 
On the other hands, temperature records showed that the 
lowest degree was recorded in January 2019 (8.1°C) and the 
maximum in August 2019 (32.9°C) [28].

The variation in soil moisture content among the soil 
moisture conservation techniques that were studied in this 

experiment may be due to the differences in the mechanism 
of each technique used (amount and duration of moisture 
that they can keep [38]. The superiority of cocoon, mulch and 
S.HG. over H.M. and control through the experiment period 
might be related to the fact that the half-moon only works 
as a water harvesting technique, and there is no mechanism 
for storing water for longer time or to reduce evaporation. 
Despite that, half-moon showed a higher soil water con-
tent value than the control, which could be due to its abil-
ity to collect more water in the storage area and thus longer 
time to evaporate [39]. Another possible explanation for the 
dominance of cocoon, mulch and S.HG. over H.M. and con-
trol is the soil type, where the heavy clay soil in our exper-
iment site is able to form a deep cracks when it dries [40] 
which encourage water evaporation from the soil especially 
in the absence of soil preservation techniques [41].

The superiority of cocoon treatment was related to the 
lower soil water evaporation which might be related to the 
design of the cocoon that composed from covered basin 
inside the soil that surrounding the plant roots, which also 
prevent growth of weeds near the seedling base [42], and pre-
serve the water from lose due to many factors like tempera-
ture, wind and rapid infiltration [17,43–45]. Furthermore, 
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Table 2
Soil chemical and physical properties at the study site

pH EC 1:2.5 Organic 
matter

Cation exchange 
capacity (CEC)

Soil texture Sodium 
Na+

Sand Silt Clay Texture

– ds/m % meq/100 g soil % ppm % ppm

7.86 0.75 1.89 12.27 31.05 103 53.31 Clay 103
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the cocoon supplies water to the soil slowly and contin-
uously via an extended wick that passes from the water 
basin of the cocoon to the seedling root zone and transports 
the water by the capillary action [45].

The slight variations among the cocoon technique and 
mulch until the end of July might be due to the ability of the 
mulch to work as protective layer to cover the top of the soil 
[46], to protect it from being eroded, regulate soil tempera-
ture, reduce evaporation, and thereby conserve soil mois-
ture in the upper layer of soil beneath the mulch [47,48].

On the other hands, The S.HG. that was amended in 
the root zoon retains water during the rainy season and 
more than 90% of absorbed water by S.HG. is available 
to plant roots [49,50] and then the soil starts drying since 
the S.HG. starts gradually releases the retained water to 
the soil [51] through the diffusion mechanism [52], which 
may explain the closeness of the S.HG. soil moisture val-
ues between first measuring and until the end of June/2019 
(Fig. 4). Furthermore, the efficacy of S.HG. during the first 
duration of the experiment could be related to the soil 
type, where S.HG. is reported to be more efficient in the 
clayey soil (higher water preserving) [53]. Also Yu et al. 
[53] found that the S.HG. that mixed with fine textured 
soil that include 18.5%–34.4% clay content preserved 51% 
higher water content than loamy sand soil (7.5%–12.5% 
clay content). Additionally, soil pH could affect the S.HG. 
water preservation capacity due to the fact that when soil 
pH around 7 or little bit above revealed the best efficacy for 
S.HG. [54] which fit with the pH result in our experiment 
site (pH = 7.86). Later, the decline of the S.HG. soil moisture 
values that appeared clearly at the beginning of July/2019 
might be related to the lack of the function of S.HG. as a 
water retaining aid for irrigation due to the absence of 
supplementary irrigation [55] which upon time leads to 
desorb the water from the S.HG. particles to the soil until 
they dry together as a result of the high temperature and  
evaporation rate [56].

In addition to many factors that may accelerate the loss 
of the conserved water from S.HG. material and it’s biodeg-
radation, such as time of application and the amount and 
types of S.HG. that added to the soil [50,54]. Moreover, tem-
perature, pH and light may influence the S.HG. efficacy 
[57]; [and lead to S.HG. biodegradation through collapse 
of hydrogels network via erosion and bacterial activities 
[57,58] and cause breakdown of the polymer into smaller 
fragments and ultimately loss of functional properties in 
these materials [57,59].

4.2. Survival rate

Usually, most of the seedlings mortality occurred 
during the initial life stage of orchards establishment due 
to many stress factors [60]. Generally, the low survival rate 
and plant growth could be related to the irregular precip-
itation and the high average temperature [14,61] in the 
experiment site.

Here, the superiority of cocoon technique in terms 
of survival rate (66.8%) until Aug-2019 was related to the 
higher soil moisture content [44]. Moreover, control, H.M. 
and S.HG. treatments survival rates declined sharply start-
ing after May/2019 (Fig. 5), this could be interpreted by the 

lower soil moisture content that resulted from the irreg-
ular rainfall distribution during the wet season and the 
heavy rains could magnify the problem of water availabil-
ity for plants [62], increase soil erosion, water runoff [21] 
and nutrients leaching [63]. Therefore, huge efforts and 
research have been implemented worldwide to mitigate 
the drought effects [64].

Environmental factors or influence of seasonality are 
the most important that may lead to seedling mortality 
such as high temperatures, drought, water stress, etc. also, 
root diseases reduce the survival rate after transplanting, 
in addition to the bad agricultural practices [65]. Macera 
et al. [64] indicated that the seedlings after 10 months 
from transplanting could become more tolerable to unfa-
vorable conditions with less mortality and may develop a 
root system that has a better capacity to absorb nutrients 
and water from the soil.

The decrease of the survival rate to about less than 80% 
in all treatments just in the first three months after plant-
ing although soil moisture content is still high could be 
explained by the seedling transplantation form from the 
nursery (bare rooted or container), where it was reported 
that the survival rate in bare-root seedling was 10% to 20% 
lower comparing with container seedlings [1]. Moreover, 
many studies revealed that container seedlings were more 
tolerant to water stress [66], planting stress; [67,68], also, it’s 
showed more tolerant to the environment harshness [68,69] 
more than bare-root seedlings directly after planting.

The tested soil in our experimental site was clayey soil 
that contains 53.31% clay, 31.05% sand, and 15.64% silt; it’s 
high clay minerals content and heavy textured, in such soil, 
low soil moisture causes deep cracking in the soil [40,70]. 
Also, Haghnazari et al. [71] indicated that cracks volume 
increased as the soil got dryer. Indeed, soil cracks increase 
surface evaporation and make the soil more influenced by the 
air temperature [72]. Furthermore, the root may be snapped 
due to high cracks expanding force [40]. In techniques sub-
jected to higher water loss from the soil such as control, 
H.M., and S.HG. which were lower than that in cocoon and 
mulching techniques that lead to less mortality as a result 
of decreasing evaporation and increasing soil moisture  
content.

4.3. Plant growth parameters

The significant differences within the growth parame-
ters during the experiment life span could be related to the 
wide-range impact of the examined treatments on soil mois-
ture content, water absorption [53], nutrients availability 
[73], soil physical, biological and chemical properties [74] 
and roots distribution [4].

As soil water conservation techniques (cocoon, mulch 
and S.HG.) work to increase the soil water content avail-
able to plants [44,47,48,50], accordingly, this increase in the 
content of plant available water can, under conditions of 
climate change, mitigate abiotic stress; it could thus enable 
longer intervals between consecutive supplemental irri-
gations, and improve plant growth rate and performance 
[18,20,53]. Also, increase in nutrient absorption, osmotic 
moisture of soil and decrease in transplanting stresses cause 
improvement in plant growth reaction [54].
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4.4. Increase in the plant height

Our results showed that the highest increase in the height 
of almond seedling was in cocoon treatment (22.75 cm), 
this might be related to the higher moisture content [17]. 
The higher moisture content facilitates the nutrient absorp-
tion, which leads to better plants growth [50,56,75].

The reduction in seedlings height in (control, half-
moon and S.HG. treatments) could be related directly to 
the drought effect, where the control treatment had signifi-
cantly lower soil moisture than cocoon and consequently 
the control treatment showed the lowest increase in seed-
lings height (2 cm).

4.5. Increase in the stem diameter

Regarding the stem diameter, the highest values that 
were revealed by mulch and cocoon showed synchronously 
related to the higher soil moisture content parallel in these 
two treatments compared to the other treatments. Gohari 
et al. [76] studied the effect of different levels of drought 
stress on different varieties of almond seedlings and found 
that seedlings that were subjected to severe drought stress 
revealed lower stem diameter.

Our results showed that stem diameter significantly 
affected by soil moisture levels as shown in mulch and 
cocoon treatments (Fig. 7) where they showed the highest 
stem diameter respectively, which is associated with the 
highest soil moisture content, Notably, in our experiment 
the reduction in soil moisture content in all treatments 
was accompanied with reduction in stem diameter, which 
going on with, [77] who reported that the decrease of soil 
water content to 60% and 30% field capacity (FC) caused a 
20% and 46% respectively reduction in stem diameter, as 
compared to the control.

4.6. Total branch length

The highest average total new branch length were 
shown in cocoon (94.33 cm) and in mulch (69 cm) treat-
ments, which might be due to the effect of high soil mois-
ture which lead to reduce the effect of abiotic factors such 
as soil cracking and high temperature [40]; where this 
explains the lowest mean branch length growth in control 
treatment (12.17 cm).

Many studies reported that the longitudinal growth of 
branches in young almond seedlings was highly affected 
by the different genotypes and morphological trails which 
have different response to drought stress [76]. Or even at 
the level of difference in irrigation intervals, as shown in 
Zamani et al. [78] study on different irrigation regimes on 
almond seedlings, where their results appeared that plant 
growth (including branch length) reduced with increase 
the intervals between irrigation times.

4.7. Leaf area

The insignificant variation in leaves area among the 
treatments (except the control) in almond – in spite of the 
drought stress-could be related to the almond genotype 
effect, where the almond leaves area responses to drought 

stress is varied among the almond species [79]. Keeping 
in mind that the reduction in leaf area is one of the avoid-
ance mechanisms that is utilized by the almond to reduce 
water loss [80].

Zokaee-Khosroshah et al. [79] found a significant vari-
ation in the total leaves area as a result of drought stress 
effect. And the leaf area decreased by increasing the drought 
and water stress [81]. According to Romero et al. [82] the 
leaf area at the time of maximum stress was significantly 
lower for water-stressed trees than unstressed trees in other 
treatments. Which could be related to the reduction of 
water uptake in the leaves cytoplasm, which consequently 
minimize cell expansion and thus leaf area [83].

Moreover, reduction of the leaf area in fruit trees is one of 
the main factors that cause reduction in photosynthetic pro-
cess [84]. Nortes et al. [85] reported a significant reduction 
in the photosynthetic capacity of young branch of almond 
trees under mild to moderate soil water deprivation. Not 
only that, but also water stress directly disturb the photo-
synthetic process by damaging the chloroplast membrane 
and disturbing the hormonal and chemical activities in the 
plant cell [83]. Moreover, the heat stress that accompanies 
the drought stress leads to increase the leaf temperature [86], 
which also disturbs the photosynthesis process [87].

5. Conclusion

• Under semi-arid conditions, soil moisture conserva-
tion techniques and water harvesting techniques can 
improve the survival rate and plant growth in fruit tree 
seedlings by using the suitable technique.

• The need for irrigation for almond seedling that planted 
under control and water harvesting technique (half-
moon) treatments started from April (last rains), and 
due to increase the mortality through the summer 
should continue irrigation until first rains next season. 
The suitable time for irrigation mulch treatment start 
from beginning of May. While the cocoon may only 
need refilling the basin one time more in mid of June to 
keep the survival rate more than 80% in case of bare-root 
seedling.

• Our results indicate that under similar environmen-
tal conditions the SMC, survival rate and plant growth 
for almond can be improved by using cocoon technique.

• Also, black plastic mulch revealed good results and 
it could be recommended in such environmental 
conditions due to the lower time consuming, lower 
implementing efforts and lower cost.

• The hydrogel materials are not efficient in the drought 
conditions in the absence of supplementary irrigation, 
or according to the usage instructions of the producer.

• We recommend further studies to evaluate the effects 
of these techniques on almond seedling for more than 
1 y by using bare root and containers/bags seedlings 
under similar environmental conditions.
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