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1. INTRODUCTION

Drought is just one of many environmental
conditions that affect plant growth, production,
and quality. Water scarcities mostly affect the

ABSTRACT

Irrigation water scarcity is a major issue that reduces horticultural crop
output and productivity. As a result, efforts must be made to improve
irrigation technologies, irrigation management techniques, and the usage
of water-saving materials. As a result, the goal of this research is to justify
the use of water in irrigating "Le-Conte" pear plants under desert soil
conditions while minimizing the negative influence on production and
fruit quality. The partial root drying (PRD) technique, as well as anti-
transpiration products and plastic mulch, are used to accomplish this aim.
During the study seasons, trees were irrigated with PRD technology at
levels of 75 or 50 % of the irrigation requirement (IR) without any
additives, or with kaolin or green miracle as anti-transpiration, or by
covering the soil surface with black polyethylene, as opposed to irrigation
with 100 % of the IR by the traditional way.

The results showed that under the drip irrigation system, water can be
conservation by reducing irrigation amounts by 25% of the optimal rate
using PRD technique, especially when combined with the use of
mulching or the use of anti-transpiration materials, it gave superior or
similar results to the results achieved with the use of full irrigating rate in
the normal way without any additional treatments for studied traits such
as total leaf macro nutrient content, total chlorophyll content,
carbohydrates, and IAA and GA3 content which achieved the highest
yield with the best fruit characteristics in terms of fruit weight and a good
percentage of fruits with red cheek.

KEYWORDS: "Le Conte", Pear Trees, Conservation of Water, Partial
Drying Technique (PRD), Anti-Transpiration
Materials, Plastic Mulch.

growth and productivity of several crops (Tawfik
and EI-Mouhamady, 2019). Drought reduced
production proportionally more than any other
abiotic or biotic factor (Bakht et al., 2010 and
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Khan et al., 2010) also it has an impact on plants
at every stage, encompassing internal functions,
processes, physical appearance, and production
(Tawfik and Elmohamady 2019).

Agriculture is the largest consumer of
available fresh food water and has the capacity to
use more water than any other user (Igbal et al.,
2020). Therefore, low-water-use irrigation
systems are used to improve water productivity
(WP). In this irrigation method, during each
watering time, irrigation is applied to only half of
the plant's root side, allowing this root part
absorbs the water and the other remains dry for the
coming watering time. For this reason, the partial
root drying (PRD) technique is a mandatory
irrigation technique in which one root part is
placed in dry soil and the remaining part of the
root under irrigated soil conditions (Rashid et al.,
2019 and Ahmad et al., 2020). At this time,
deficient irrigation (DI) and partial root drying
(PRD) techniques are low water consumption
strategies that reduce the water requirements of
crops from maximum use to extremely low water
requirements. The wuse of these types of
technologies is often associated with better
growth without any impact on production which
ultimately helps to save more water (Ahmadi et
al., 2010). Various studies on DI and PRD have
shown that when the same water amount was
used, PRD produces a greater yield versus DI
(Leib et al., 2006; Rashid et al., 2019 and Ahmad
et al., 2020).

In addition, drying of soil roots during
PRD causes the plant to produce the ABA
hormone which is transported due to the influx of
water into xylem vessels through buds designed to
maintain the shoot function (Kang and Zhang,
2004). As a result of PRD, the plant's root may
detect dry soil conditions and induce ABA,
resulting in incomplete stomatal closure and
limited leaf expansion, while the moist roots
absorb a lot of water to keep the plant's shoots
hydrated (lgbal et al., 2019a). Drip irrigation
methods have shown greater effect when using
PRD on different types of crops such as apple fruit
(Leib et al., 2006) and grape (De la Hera et al.,
2007) .

Furthermore, the combination of several
methods to work to save water with the least

negative impact is a good thing. The use of
antiperspirants can play a beneficial role in
reducing transpiration by preventing excessive
water loss into the atmosphere from stomata
(Khalil, 2006). Kaolin is a natural mineral, which
is a type of transpiration agent. Where is a non-
toxic alumino clay mineral; Kaolin spray lowers
leaf temperature by enhancing leaf reflectivity and
hence lowering plant transpiration rates (lbrahim
and Saleem, 2010). Green miracle is a new type of
anti-stress supplement. It's made from an inedible
vegetable oil and a long-chain fatty alcohol. Green
miracle is mostly based on the theory of light
reflection. Spraying it creates a glassy thin surface
that reflects incident sunlight more than under
normal circumstances. The heating influence of
light on plant tissues is therefore avoided (EL-
Gioushy et al., 2017).

Using soil coverings (mulch) is another
option to save water. Mulch is commonly used to
improve the soil surrounding plants and limit the
time spent watering and weeding. Mulch helps the
soil retain moisture in the summer, discourages
weed growth, and protects plant roots in the
winter. Plastic mulching provides increased
output, earlier crop ripening, higher quality,
improved insect management, and weed control,
to name a few benefits (Said et al., 1993).

Le- Conte, which is regarded as the
primary pear cultivar planted in Egypt, is a hybrid
of the European and Asian pears (Quinet and
Wesel, 2019). Therefore, the goal of this research
is to rationalize the use of water in irrigating "Le-
Conte" pear trees under desert soil conditions,
taking into consideration minimizing the negative
impact on productivity and fruit quality through
using a partial root drying technique (PRD) as
well as using anti-transpiration materials or using
plastic mulch.

2. MATERIALS AND METHODS
2.1.Plant material and growing conditions

The current study was conducted on 10-
year-old Le-Conte pear trees and began in 2017
and ran for three consecutive growing seasons.
The first season is considered a pre-season to
remove remnants traces of previous irrigation
practices.
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Pear trees were established 5 x 5 m in a
private orchard on the Cairo-Alexandria Desert
Road orchard (64 km from Cairo) under a drip

Laboratory, Water and Environmental Research
Institute, provided the chemical analysis of water
in Table (1) and the physical/chemical analysis of

irrigation  system and regularly receive  the experimental soil in Table (2).
recommended  cultivation  practices.  Solis
Table 1. Water chemical analysis
Anions (mm/L)
EC (ds/m) PH COs2 _HCOs __ Cl S04
154 7.20 --- 1.70 4.88 8.51
Residual sodium Saturated sodium Cations (mm/L)
carbonates percentage Ca*? Mg*? Na* K*
--- 2.84 4.61 4.32 6.00 0.51

Table 2. Chemical and mechanical analysis of the soil sample

Cations (mm/L) = Anions (mm/L) Saturatio Clcz):]egazltci‘s:t Salinit  pH
+ + + . SOq4 HC COs npercent y 1:2.
K* Na Mg a Z CL Os - sp y EC (ppm) 5
+ 3 (ds/m) PP
O B 52 % 97 28 15 - 2 3.4 2304 7.92
Textures Volumetric distribution of soil granules (%0)
Clay Silt Fine sand Coarse sand
Loamy sand 2.3 11.6 45.6 40.5

2.2.Experiment design

The trees chosen for the study were of typical
development, healthy, and uniform in vigor, then
treated with nine treatments. Whereas, for each
treatment, the selected trees were separated into
three replicates and placed in a randomized
complete block design. There were four trees in
each replicate, plus one guard tree at either end.

The selected trees were irrigated in the three
study seasons at levels of 100% by the normal way
(control group) of irrigation requirements (IR), in
addition to wusing partial root-zone drying
technique (PRD) at levels of 75 or 50% of IR
without any additives or as treated with either
kaolin or green miracle as an anti-transpiration or
by covering the soil surface with black
polyethylene under PRD levels.

All irrigation treatments were calculated based on
the irrigation requirements (IR). The amount of
water was theoretically calculated using
meteorological data in the cultivation area.
Applied irrigation amounts were calculated as the
daily irrigation requirement of the crop
(liters/tree/day). Weekly IR is scheduled based on

the daily ETo. Using the CROPWAT 8.0, the
Penman Monteith technique was utilized to
compute the 100 % of ET crop of pear trees in the
region throughout the three seasons tested (Smith,
1991). For 100, 75 and 50 % of IR, the average
total quantity of water consumed over the year
was 25.22, 1891 and 12.61 m3/tree/year
respectively.

In irrigation treatments, with the control
treatment, there is an irrigation line on each side
of trees row, but with partial irrigation treatments,
there are 4 lines for each row, 2 lines on each side
of the trees row, and irrigation is exchanged on
each side every 5 to 7 days.

From the beginning of May until the end
of August, anti-transpiration ingredients such as
green miracle or kaolin were sprinkled with a 21-
day interval between sprays. Green miracle (80%
fatty alcohol and diluent, 10% neutraliser, 5%
emulsifier, 5% stabiliser, manufactured by T.
Stanes and Company Limited in India) sprayed at
a concentration of 0.25 percent. While kaolin is a
natural mineral (clay), the major component is
kaolin (Al4 Si4 010 (OH)8), which has the
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following theoretical composition: SiO2 = 46.5%,
Al203 = 39.5% and H20 = 14% (Obaje et al.,
2013). Kaolin (made in China by Guangzhou
Company) was sprayed at a concentration of 5%.
During the three years of the experiment, the
mulching was done by covering the soil surface
with black polyethylene (50 microns thickness),
which was changed at the conclusion of each
season.

2.3. Measurments
2.3.1. Mineral composition

Inorganic components were estimated in
mid-July of each season, by taking a sample of 30
leaves from middle part of the current shoot
growth for each replicate and then the leaves were
oven dried at 68 °C for 48 h after being washed
with tap water. According to Cottenie (1980), 0.2g
of the dried samples was digested using H2SO4
and H202. The extract was used to estimate the
macro nutrient concentration. Total N content was
determined by wusing the modified- micro-
Kjeldahel method (Jackson, 1973). P was
determined by calorimetric method using the
chlorostannous reduced molybdophosphoric blue
color method according to Jackson (1973). While
K was determined using the flame photometer
(Model: Jenway PFP7) (Chapman and Pratt,
1961).

2.3.2. Biochemical analysis

In order to estimate chlorophyll,
carbohydrates and phenols, the leave samples
were taken on July 15. Total chlorophyll was
measured spectrophotometrically according to
Moran (1982). Total carbohydrates were
determined according to the AOAC (1990). While
the total phenol content was determined by
spectrophotometry using the colorimetric Folin-
Ciocalteu method (Singleton and Rossi, 1965).

Additionally, the activities of phyto-
hormones and endogenous enzymes were
measured in the terminal buds, as well as the first
and second young leaves, in mid-July. The
quantification of GA3, ABA and IAA were
determined according to Fales and Jaouni (1973).
The activity of the peroxidase enzymes (PRO)
was determined according to Macheix and

Quessada (1984) and poly phenol oxidase
enzymes (PPO) activity was determined
according to Dhindsa et al. (1981).

2.3.3. Yield and fruit characteristics

Fruit set (%), three weeks after full bloom for
each tree was determined by tagging four
branches in each of the four directions. The
branches were as close as practicable in diameter
and spur load. The fruit set percent was estimated
using the following equation:

Percentage of fruit set (%) = (Number of fruit set/
Total number of flowers)*100.

At fruits maturity stage, a sample of ten
fruits was harvested from each considered tree
and the physical characteristics were evaluated.
Fruit weight (g) was measured using a digital
scale and hardness of the fruit (Newton) using a
pressure tester .

The yield was calculated by multiplying
the average weight of the fruit born on that
specific tree taken from the representative sample
by the number of fruits born on each tree.
Immediately before harvesting, the sunlight
intensity penetrating trees was estimated using a
digital Lux meter. The proportion of red-cheek
and burnt fruit was visually estimated as the
percentage on each tree relative to the total
number of fruits on the tree.

2.3.4. Experimental design and statistical
analysis

The studies were authorized using the
Randomized Complete Block Design. An analysis
of variance was performed using the data from the
analytical determinations (ANOVA). Duncan's
multiple range test was used to make mean
comparisons at a 5% level (Snedecor and
Cochran, 1989).

3. RESULTS

3.1.Effect of irrigation technique and anti-
transpiration materials or mulching on leaf
macronutrient content

As for leaf content of nitrogen, phosphorous
and potassium, Table (3) showed that using anti-
transpiration materials at an irrigation rate of 75%.
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Table 3. Leaf N (%0), P (%) and K (%) content of "'Le Conte™" pear trees as influenced by irrigation
technique and anti-transpiration materials or mulching during 2018 and 2019 seasons

N % P % K %

Treatments 2018 2019 2018 2019 2018 2019
PRD at 50% of IR with kaolin 2.00e 2.10d 0.16 bc 0.21a 1.28d 1.32¢
PRD at 75% of IR with kaolin 2.53a 2.55ab 0.12 ab 0.24 a 155a 1.68 ab
Fn?rgc?; S0%of IRwithgreen 5164 5974  021ab 02la 143bc  142d
PRDat75% of IRwithgreen o0, 9580 0232  025a 159a 172a
miracle

0 .
PRD at 50% of IR with 225c¢d  242bc  02lab 022a  148b  156¢
mulching

0 .
PRD at 75% of IR with 244ab 252ab  023a  023a  148b  157c
mulching
PRD at 50% of IR 155f 1.61e 0.14c 0.15b 0.92¢e 095f
PRD at 75% of IR 2.38 bc 237c 0.20 ab 0.22a l41c 153¢c
Control (100% of IR) 2.56 a 2.51 ab 0.23a 0.24a 155a 1.60 bc

PRD: partial root-zone drying technique

IR: irrigation requirements

Means having the same letter (s) in each column are insignificantly different.

of IR by PRD technique, showed the significant
highest content in the leaves and it was
significantly equal to the content of tree leaves
irrigated with an irrigation rate of 100% in the
normal way, during the two years of study. Also
using soil mulch with 75% of IR by PRD
technique gave the same results with nitrogen and
phosphorous. Contrary, the lowest leaf content of
the three nutrients was achieved with irrigation at
the lowest rate of 50% and without any additives

3.2.Effect of irrigation technique and anti-
transpiration materials or mulching on leaf
total chlorophyll, carbohydrates and
phenols contents:

The results in Table (4) showed that the
highest total chlorophyll in leaves was
significantly achieved in the two seasons with the
use of PRD at 75% of IR with green miracle
treatment only. While in the second season, this
was also achieved by PRD at 75% without any
additive or with anti-transpiration or soil
mulching and also with 100% of IR in the normal
way. While the lowest leaf chlorophyll content
was recorded with the PRD at 50% of IR without
any additives .

The highest content of carbohydrates was
achieved with PRD at 75% of the actual irrigation
with spraying with either kaolin or green miracle

in both seasons of the study. It was also achieved
with PRD at 75% and covering the soil with mulch
in the first season (Table, 4) .

On the contrary, the highest amount of total
phenols was achieved with trees irrigated with the
lowest rate PRD at 50% of IR whether alone or
with green miracle, and this was also true when
using PRD irrigation way at 75% of IR alone
without any additions. Whereas, the lowest
significant content of total phenols was obtained
with irrigation at a rate of 100% of IR by the
normal technique or by using anti-transpiration or
mulching with an irrigation rate of 75% of IR by
the PRD technique or by mulching with PRD at
50% of IR (Table, 4).

3.3.Effect of irrigation technique and anti-
transpiration materials or mulching on
terminal buds and young leaves phyto-
hormones and endogenous enzymes
content:

An overall, with the rationalization of water, the
use of an anti-transpiration or mulching material
under PRD irrigation technique, significantly
increased IAA and GA3 hormones (Table, 5). The
lowest significant values of the two hormones
were achieved with irrigation with PRD at 50% of
IR and PRD at 75% of IR without additives,
respectively. On the contrary, the highest content
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Table 4. Total leaf chlorophyll (mg/g FW), carbohydrates (%) and phenols content (mg GAE/L) of
"Le Conte™ pear trees as influenced by irrigation technique and anti-transpiration
materials or mulching during 2018 and 2019 seasons

Total chlorophyll Total Total phenols

(mg/g FW) carbohydrates (%) (mg GAE/L)
2018 2019 2018 2019 2018 2019
PRD at 50% of IR with kaolin 208c 2.01b 20.15e 21.39e 1.67b 1.60b
PRD at 75% of IR with kaolin 240b  234a 30.11a 36.84ab 1l.14de 1.10c

PRD at 50% of IR with green 208c 203b 2226d 2508d 247a 238a

Treatments

miracle
PRDat75% of IRwithgreen 55 9402 30122 3891a 1dle  1.07c
miracle

0 .
PRD at 50% of IR with 211c  202b 2874ab 3489b 123cd  118c
mulching
PRD at 75% of IR with 240b 238a 2844b 3522b 124c  110c
mulching
PRD at 50% of IR 1.92d 1.78c 19.26e 2042e 2.48 a 2.47 a
PRD at 75% of IR 231b 227a 28.30b  30.26¢c 2.46 a 2.39a
Control (100% of IR) 240b  2.39a 26.15¢c 35.12D 1.07e 1.06¢
PRD: partial root-zone drying technique IR: irrigation requirements

Means having the same letter (s) in each column are insignificantly different

Table 5. Terminal buds and young leaves phyto-hormones contents and endogenous enzymes
activities of ""Le Conte™ pear trees as influenced by irrigation technique and anti-
transpiration materials or mulching during 2019 season

Polyphenol

IAA GAs ABA oxidase  Feroxidase
Treatments (PPO) (PRO)
(mg/100g f.wt) (unit mg-1 protein)

PRD at 50% of IR with kaolin 340.0d 118.5cd 540.0 b 11.83b 3.31b
PRD at 75% of IR with kaolin 462.0 a 137.3a 313.0h 9.96 de 242 ¢

o .
PRD at 50% of IR with green 3047e¢  1154d  541.0b  1151b 3.27b
miracle

0 .
PRD at 75% of IR with green 4220b  1355a  4220e 963 1.89 d
miracle

0 .
PRD at 50% of IR with 3470cd  1248bc  5020d  1053¢ 2.50 ¢
mulching

0 .
PRD at 75% of IR with 3507c  1325ab  389.0f  10.13cd 2.43¢
mulching
PRD at 50% of IR 289.0 f 89.80 e 550.0 a 1381a 3.73a
PRD at 75% of IR 310.0e 110.2d 531.0¢c 11.45b 255¢
Control (100% of IR) 4220Db 129.2 ab 376.7 ¢ 10.05d 2.38¢c
PRD: partial root-zone drying technique IR: irrigation requirements

Means having the same letter (s) in each column are insignificantly different

of TAA was occurred with kaolin spraying with irrigation with PRD at 75% of IR with anti-
irrigation at a rate of 75% using the PRD transpiration or mulching achieved the highest
technique, followed by irrigation at a rate of 100% content and significantly equal to that achieved
by the normal method. As for the content of GA3, when irrigating with optimum rate (100%).
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In the same Table (5) the highest values of
ABA were recorded with the lowest irrigation rate
without additives. While under PRD irrigation
rates, the use of antiperspirant or mulching
treatment led to a significant decrease in ABA
compared to the non-additional treatment. On the
contrary, the irrigation rate at optimum rate
(100%) recorded the lowest value, followed by
irrigation at PRD at 75% of IR combined with
mulching or kaolin treatments.

A significant highest polyphenol oxidase
(PPO) was detected by PRD at 50% of IR without
any additive, compared to the lowest values
occurs by PRD at 75% of IR with green miracle
or with kaolin and followed by applying optimum
rate (100%). With irrigation by PRD at 50% and
75% of IR, applying kaolin and green miracle or
usage the mulch decreased the value of PPO as
compared to these irrigation treatments without
additive treatments (Table, 6). Almost the same
results were achieved for peroxidase (PRO),
where the highest value was occurred with the
highest rate of drought with irrigation by PRD at
50% of IR without any additions. On the contrary,
it achieved the least activity with PRD at 75% of
IR with green miracle. Also, the values achieved
with PRD at 75% of IR without additive or with
kaolin or mulching were significantly equal to
those achieved with optimum rate (100%). The
use of additional materials had a significant effect
on reducing the activity of PRO (Table, 5).

3.4.Effect of irrigation technique and anti-
transpiration materials or mulching on
fruit set percentage and yield (kg/ tree):

The highest percentage of fruit set was
achieved significantly by using PRD at 75% of IR
and accompanied with soil mulching or
accompanied by spraying anti-transpiration
materials (Kaolin and Green Miracle) superior to
normal irrigation (100% of IR) during the year of
2018. As well as irrigation at 100% of IR (control
treatment) in 2019 season, the lowest significantly
percentage of fruit set was achieved by adding
50% of the irrigation requirement using the PRD
method alone or combined with kaolin or
mulching (Table, 6) .

Also, irrigation using a rate of 75% of IR
by the PRD technique combined with green
miracle or mulching achieved a statistically higher
amount of tree yield in 2018, compared to
irrigation with 100% of IR by the normal way. In
the 2019 season, the highest yield was achieved
with the use of an irrigation rate at 75% of IR by
the PRD technique combined with either of the
two anti-transpiration materials or combined with
soil mulching or with the use of an irrigation rate
50% of IR by the PRD technique accompanied by
soil mulching. The same results were achieved
with trees irrigated with 100% of IR under the
normal method. In addition, irrigation by 75% of
IR using the PRD technique was statistically equal
in the same amount of the yeild in both years with
irrigation at a rate of 100 of IR in the normal way
(Table, 6).

Table 6. Final fruit set (%) and yield (kg/tree) of "'Le Conte" pear trees as influenced by irrigation
technique and anti-transpiration materials or mulching during 2018 and 2019 seasons

Final fruit set (%)

Yield ((kg/tree)

Treatments 2018 2019 2018 2019
PRD at 50% of IR with kaolin 5.80 ef 6.50 c 65.80 ¢ 65.33 C
PRD at 75% of IR with kaolin 6.90 ab 8.03a 76.50 b 73.50 ab
PRD at 50% of IR with green miracle 6.10 de 6.90 bc 75.60 b 70.50 bc
PRD at 75% of IR with green miracle 6.80 ab 7.50 ab 83.53a 74.30 ab
PRD at 50% of IR with mulching 570 ef 7.20b 73.80b 73.13 ab
PRD at 75% of IR with mulching 7.10a 7.90a 83.33a 77.50 a
PRD at 50% of IR 5.60 f 6.50 ¢ 65.60 ¢ 55.20d
PRD at 75% of IR 6.33 cd 7.10 bc 75.70 b 69.47 bc
Normal irrigation (100% of IR) 6.69 bc 8.10 a 76.23 b 74.23 ab

PRD: partial root-zone drying technique

IR: irrigation requirements

Means having the same letter (s) in each column are insignificantly different
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3.5.Effect of irrigation technique and anti-
transpiration materials or mulching on
fruit weight and fruit hardness:

The results in Table (7) significantly show the
production of irrigated pear trees at a rate of 75%
of IR with the PRD method, which was
accompanied by spraying with anti-transpiration
materials or covering the soil with polyethylene
for the highest fruits weight compared to the rest
of treatments and irrigation at a rate of 100% by
the normal method. This was true in both seasons,
except for the green miracle in the second year.
Also, the average fruit weight of trees irrigated
with the normal technique by 100% of IR was

Table 7. Fruit weight (g) and

statistically equal to that irrigated with lower rates
but with PRD method, where it was equal with
irrigation by 75% in the first season and equal
with both lower rates 75% or 50% of IR in the
second season.

In the same Table (7), the highest significant
fruit hardness in the first season was recorded with
irrigation with the lowest irrigation rate of 50% of
IR with the PRD method, either alone or
accompanied by kaolin spray. Whereas the lowest
fruit hardness was achieved with PRD at 75% of
IR was associated with green miracle, or with a
rate of PRD at 50% of IR associated with covering
the soil. The results were significantly similar in
the second season.

fruit hardness (Newton) of "Le Conte" pear trees as

influenced by irrigation technique and anti-transpiration materials or mulching during

2018 and 2019 seasons

Fruit weight (g)

Fruit firmness (Newton)

Treatments

2018 2019 2018 2019

PRD at 50% of IR with kaolin 183.4 Db 180.6 b 97.28 ab 85.40 a-c
PRD at 75% of IR with kaolin 189.6 ab 190.8 a 91.50 bc 81.26 bc
PRD at 50% of IR with green miracle 1835b 1825b 91.94 bc 87.05 ab
PRD at 75% of IR with green miracle 192.3a 193.2 b 85.85¢c 80.95¢c

PRD at 50% of IR with mulching 188.5 ab 182.2 b 86.42 c 86.60 a-c
PRD at 75% of IR with mulching 1934 a 188.7 a 86.74 c 87.05 ab
PRD at 50% of IR 168.2 d 162.6 ¢ 101.86 a 89.40 a

PRD at 75% of IR 172.5 cd 181.0b 92.52 bc 84.96 a-c
Normal irrigation (100% of IR) 175.3 ¢ 180.2 b 93.10 bc 85.54 a-c

PRD: partial root-zone drying technique

IR: irrigation requirements

Means having the same letter (s) in each column are insignificantly different

3.6.Effect of irrigation technique and anti-
transpiration materials or mulching on the
sunlight intensity penetrating trees and its
relationship to red-cheek and burnt fruit:

In general, the maximum percentage of light
that penetrated the trees was obtained with the
lowest irrigation rate (PRD at 50% IR) without
any additives, which produced the highest
percentage of red-cheeked fruits, but also it
achieved with the highest percentage of sunburn
damaged fruits. Conversely, the trees irrigated
with 100 % of IR had the lowest light intensity,
resulting in the lowest percentage of red-cheeked
fruits as well as the lowest percentage of burnt
fruits. With covering soil combined with trees

irrigated by 50 or 75 % of IR using the PRD
technique or with PRD at 75 % of IR with green
miracle, the same results of light intensity entering
trees were attained as with trees irrigated by 100
% of IR. Furthermore, PRD's irrigation treatment
of 75 % IR with mulching resulted in an
acceptable balance between red-cheeked and
burnt fruit percentages (Table, 8).

4. DISCUSSION

Based on the above mentioned results, the
good effect of using PRD technology alone or in
combination with spraying with an anti-
transpiration or mulching treatments on leaf
nutrients, chlorophyll, and carbohydrates contents
(Tables 3, 4) which showed an achievement of
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Table 8. Sun light intensity (lux), red-cheek fruit (%) and burnt fruit (%) of "'Le Conte" pear trees
as influenced by irrigation technique and anti-transpiration materials or mulching during

2019 season

Treatments Sun light intensity ~ Red-cheek fruit Burnt fruit
(lux) (%) (%)

PRD at 50% of IR with kaolin 10610 c 13.40 bc 1457 ¢
PRD at 75% of IR with kaolin 35810 b 11.50d 11.70e

0 X
PRD at 50% of IR with green 40290 b 13.63 be 14.80 be
miracle

0 .
PRD at 75% of IR with green 12350 ¢ 12.00d 13.43 c-e
miracle

0 .
PRD at 50% of IR with 10690 ¢ 11.43d 16.77 b
mulching

0 .
PRD at 75% of IR with 10460 ¢ 12,50 cd 13.80 cd
mulching
PRD at 50% of IR 66130 a 16.23 a 19.00 a
PRD at 75% of IR 37740 b 14.13 b 1417 c
Control (100% of IR) 8851 c 7.46 ¢ 12.05 de

PRD: partial root-zone drying technique

IR: irrigation requirements

Means having the same letter (s) in each column are insignificantly different

irrigation rate at 75% IR using the PRD technique,
results similar to or close to those achieved with
full irrigation rate (100% IR) or exceeded with the
full irrigation rate when combined with anti-
transpiration treatments or using mulch can be
explained as follows. Plant nutrient uptake is
greatest under PRD treatment compared to full
irrigation in many plants (Sun et al., 2013; Wang
et al., 2013). This is due to the formation of new
roots during PRD, which leads to higher nutrient
uptake from the soil due to the additional
availability of soil water (Kang and Zhang 2004),
as well as the fact that the irrigated side of the
PRD technique used water more effectively than
the whole irrigated plant (Kang et al., 2000b). As
well as Dodd et al. (2015) explaining the increased
uptake of nitrogen and phosphorous from various
PRD-treated crops, science re-wetting previously
dry soil increases nitrogen mineralization.
Whereas, changes in physical processes (soil
aggregation disturbance and subsequent release of
reactive P-form), biological processes (activation
of soil microbial biomass and actions in the
mineralization of soil organic compounds), and
the coupling of both processes. Additionally,
Ramirez et al. (2014) observed that with PRD
treatment, there is an enhancement in leaves
chlorophyll content also leaves chlorophyll

concentration is an indicator of yield under water-
deficient conditions. Also, the higher activity of
antioxidants, as shown in Table (5), has a role in
increasing nutrient contents, which was consistent
with the results of Jensen et al. (2010) and
Jovanovic et al. (2010). They showed that strong
antioxidant activity in PRD-treated tomato and
potato plants improved the nutritional content of
the plants.

Anti-transpiration may have a good
influence on the plant's ability to acquire and
transfer nutrients (Havlin et al., 2005). The
positive significant effect of anti-transpiration
spray treatment on total chlorophyll content, N, P,
K, and Fe, as indicated by Glenn et al. (2002), may
be attributed to its cooling action since it reduces
leaf temperature. In other words, it plays a crucial
function in preventing heat stress injury, which is
reflected in nutrient absorption. Furthermore, the
antiperspirant was responsible for a considerable
increase in total chlorophyll and a decrease in total
phenols (Ahmed and Ahmed, 2014). Also, since
the protective mechanism for higher brightness
consists of regulating the loss of chlorophyll by
chloroplasts, leaves untreated with anti-
transpiration may show lower light reflectance,
indicating increased degradation of
photosynthetic pigments, suggesting increased
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degradation = of  photosynthetic  pigments
(Anderson, 1986). Furthermore, aside from its
weed-control and water-saving benefits, plastic
mulch improves soil properties such as
temperature, moisture content, bulk density,
general stability, and nutrient availability, all of
which benefit plant development and yield
(Lalitha et al., 2010). Mulching can also help
minimize evaporation and hence boost plant water
availability by reducing evaporation (Langdale et
al., 1992). Pinamonti (1998) discovered that
applying non-woven polypropylene mulch
improves K and Mg in apples when compared to
commercial control. Fawzia (2008) also found
that black plastic mulch enhanced the amounts of
P, N, and chlorophyll in the leaves of Le Conte
pear.

About phenols, poly phenol oxidase (PPO)
and peroxidase (PRO), the highest activity was
produced by PRD at 50% of IR without any
additive, compared to the lowest values occurs by
PRD at 75% of IR with green miracle (Tables 4,
5). This is because plants have evolved different
adaptive mechanisms to decrease oxidative
damage from water deficiency, through the
biosynthesis of a cascade of antioxidants. The
antioxidant system, for example, acts as a defense
mechanism against the absorption of reactive
oxygen species (Sadak et al., 2020). Peroxidase
(PRO) regulates the growth rate of plant by
biochemically altering cell wall characteristics,
resulting in slower cell wall expansion (Fry,
1995), play a role in lignification and improved
lignification rates and thus inactivating auxin
(Sofo et al., 2005). Furthermore, polyphenol
oxidase (PPO) participates in the metabolism of
phenols which are also important antioxidants
(Rice-Evans et al., 1997). The activity of the
antioxidant enzymes increases with the intensity
of water stress (Sofo et al., 2005). PRO and PPO
were up regulated by the PRD compared with
control values on olives whereas the high
activities of PRO observed in PRD at 50% may
reflect the greater inhibitory effect on vegetative
growth. The Up regulation of the detoxifying
systems in the PRD may have provided protective
mechanisms against irreversible damage of
photosynthesis process, enabling the
photosynthetic apparatus to function, and averting
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the onset of severe water stress (Aganchich et al.,
2009) .

Overall, the results of the highest yield and
the best fruit characteristics, such as weight,
hardness, red cheek fruit as well to achieve a
reasonable percentage of burnt fruit (Tables 6, 7)
were associated  with  higher nutrients,
chlorophyll, carbohydrate content which obtained
with PRD at 75% of IR plus anti-transpiration or
mulching which are superior or similar to or close
to that achieved with full irrigation rate (100%).
Which was also associated with a higher content
of phyto-hormones (IAA, GA3) obtained with
PRD at 75% of IR plus anti-transpiration or
mulching achieved the highest content and
significantly equal with that achieved when
irrigating with optimum rate or achieved with the
lowest PPO and PRO obtained with same
treatment. Furthermore, PRD at 75% of IR treated
with anti-transpiration or mulching had good
phyto-hormones content, which is not only
essential for plant growth and development, but
also plays a key role in controlling plant responses
to various abiotic stress situations (Gururani et al.,
2015). ABA-independent control of ion channels
by osmotic stress, calcium and protein
concentrations, and phosphatase all have a
function in ABA signaling for sentinel cell
movement, in addition to the effect of ABA
hormone in regulating stomata water loss (Luan,
2002) .

In addition, under the drip irrigation
system, the rationalization of water by reducing
the irrigation quantities by 25% of the optimal rate
using the PRD technique, especially when mixed
with the use of anti-transpiration or mulching,
gave similar or superior results to the use of the
full level (100% of IR) of water in irrigation "Le
Conte" pear trees for all the traits under study, this
is due to the many advantages of the PRD
technique regarding deficit irrigation. Its key
advantage is that the irrigated portion supplies
water to the plants, ensuring that the water
potential is maintained at a level that does not
cause stress to the plants. ABA production is also
increased in the dry part, which lowers stomata
conduction (Igbal et al. 2019a). Several studies
suggest that while the PRD approach reduces
stomatal conductance, the photosynthetic rate
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remains the same in well irrigated plants (Costa et
al., 2007; Ahmadi et al., 2010). This positive
effect is attributed to PRD's ability to improve
plant root extension (Kang et al., 2000b), root
growth (Dry et al., 2000), and root biomass (Kang
et al., 2000a), ABA concentrations enhanced
hydraulic conductivity, and enhanced plant
nutrients absorbed (Wang et al., 2009). Due to
improved hydraulic conductivity following the
low water stress condition of the soil, dry soils in
the PRD display greater water uptake (Kang and
Zhang, 2004). Therefore, the percentage of the
fruit set and weight and yield were statistically
equal, when irrigation at a rate of 75% of IR using
the PRD technique with irrigation at a rate of 100
of IR in the normal way. And it excels when
combined with the use of mulch or spraying with
anti-transpiration. Wahbi et al. (2005) cleared
through their evaluation of the main olive tree
species; they showed that by using PRD, which
may be able to maintain end product output and
quality despite a reduction in irrigation system
water. In addition, Costa et al. (2007) and Ahmad
et al. (2020) showed that water productivity (crop
yield per unit of irrigation water applied) for
different crop species increased mainly during the
application of the PRD. Also, Sadras (2009)
explained that PRD increases water productivity
by 82 % when compared to fully watered plants.

Moreover, the use of antiperspirants reduced the
negative impact on fruit set that were placed under
the deficient irrigation regime. The positive effect
of anti-transpiration application may be due to the
improvement of the plants' water condition and
photosynthetic activities (Glenn et al., 2003).
While the particle films containing kaolin showed
that the reflective nature of the plant surface can
improved plant productivity, as the yield
increased as a result of increasing the number of
fruits, and to successfully protect the fruits from
fly infestation and reduce fruit and weight
disturbances (Glenn and Buterka, 2005). The
increase in fruit yield as a result of the use of anti-
transpiration materials such as kaolin may be due
to its protective effect from high temperature and
reflection of solar radiation (Mahmoudian et al.,
2021), especially ultraviolet wavelengths, which
reduced the heat stress of the fruit, and enhanced
the fruit water content by reducing transpiration
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from the surface of the fruit (Glenn and Buterka,
2005). Also, kaolin foliar applications increased
yield and enhanced fruit quality of Japanese
persimmon tree (Abo Ogiela, 2020). The use of
anti-transpiration agents also had a preventative
impact, lowering the percentage of burnt fruit
(Table, 8). Furthermore, according to EL-Gioushy
et al. (2017), spraying trees with green miracle
reduced the quantity of scorched fruits per tree.
While anti-transpiration as kaolin has a protective
effect from high temperatures and solar radiation
reflection (Mahmoudian et al., 2021), especially
ultraviolet wavelengths, which reduced the heat
stress of the fruit and increased the fruit water
content by reducing transpiration from the fruit's
surface (Glenn and Buterka, 2005). However,
mulching had an effect on soil moisture and hence
enhanced the PRD water system's efficiency
(Kader et al., 2019; Igbal et al., 2020). Mulch
treatment also influenced fruit set (Patra et al.,
2003), encouraged vegetative development, and
increased fruit production (Singh et al., 2007).

For trees irrigated with the lowest irrigation rate
(PRD at 50% of IR) without any additives, the
highest light penetration was achieved for trees,
while the lowest was achieved with that irrigated
with the optimum rate (100 % of IR). The highest
percentage of the red-cheeked or sun- burned
fruits were correlated with the highest light
penetration; on the contrary, the lowest light rate
achieved the lowest red-cheeked or sun- burned
fruits percentage (Table, 8). This can be attributed
to the negative effect of water shortage on growth.
The vegetative growth of the plant, in general, and
the resulting leaf extension, in particular, are
severely hampered by the water stress. Also,
water stress negatively affects cell division and
enlargement (Hussain et al., 2008 and Fahad et al.,
2017). Also, the correlation of take of fruits to a
red cheek with the amount of light achieved, this
explains it the red color in the fruit is expressed by
the presence of flavonoid pigments called
anthocyanins. Anthocyanin synthesis in fruit is a
function of endogenous and exogenous factors
(Thomson et al., 2018). External factors, such as
temperature, light, tree nutrition, crop and cultural
management practices, can modify the amount of
anthocyanins accumulated, as the pear develops,
blush appears on surfaces exposed to direct
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sunlight (Dussi Dehais, 1993). Furthermore, the
lack of irrigation results in high canopy light
transmission which may lead to burnt fruit in
warm production areas with high solar radiation
(Tarara et al., 2008). PRD also has a considerable
impact on secondary metabolites of specific
relevance, such as phytochemicals with quality or
health-related qualities, as well as antioxidants in
fruits and cereals. Antolin et al. (2006) found that
increases in ABA increased anthocyanin content
under PRD, and that increased mRNA induced the
accumulation of genes involved in the
biosynthetic anthocyanin pathway (Jeong et al.,
2004). The better peel colour of apple fruit under
PRD was due to changes in canopy structure,
according to PRD technology (Francaviglia et al.,
2013). Furthermore, Romero et al. (2016) found
that increased ABA and salicylic acid content, as
well as decreased vegetative growth and increased
canopy light penetration in PRD vines, may have
an increased effect on the production of phenolic
compounds that serve as antioxidants,
anthocyanin stabilizers, wine color, and other
functions. While the use of anti-transpiration
agents such as kaolin, which creates a white
coating that reflects some sunlight, protecting
against high temperatures resulting in reduced
heat stress on the fruit and enhanced water content
in the fruit by reducing transpiration from the
surface of the fruit (Glenn and Buterka, 2005).
Also, EL-Gioushy et al. (2017) indicated that
sprayed trees with green miracle decreased the
number of sunburned fruits per tree. Therefore,
the achievement of irrigation with PRD technique
at a rate of 75% of IR with covering the surface of
the soil with plastic or with spraying by anti-
transpiration materials achieved a reasonable
balance between the red-cheeked fruits and burnt
fruits percentage. This is due to what this
technique achieves in terms of saving water and
what the use of mulch achieves in saving water
from the soil and what anti-transpiration achieves
by reducing the harmful effect of increased
exposure to sunlight.

5. CONCLUSION

The results demonstrated that, under a drip
irrigation system, water can be conserved by
reducing irrigation amounts by 25% of the
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optimal rate by using PRD technique especially
when combined with the use of mulching or the
use of anti-transpiration materials. Whereas it
gave superior or similar results to the results
achieved for studied traits when using the full
irrigation rates in the traditional way without any
additional treatments .
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