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Abstract

A field experiment was carried out during 2019 and 2020 seasons at El-Riad, Kafr El-Sheikh governorate,
to study the effect of irrigation levels, mulching and antitranspiration on yield and fruit quality of Washington
navel orange trees. Eighteen combination treatments consist of three irrigation levels of 100, 75 and 50% ETc,
two mulching types viz, black polyethylene and rice straw beside bare soil as control; and spraying with two
kaolin concentrations 0.0 and 3% were arranged in a randomized complete block design with three replicates.
Results indicated that irrigation levels at 100 and 75% ETc significantly enhanced and increased fruit set %,
yield kg/tree or ton/feddan, fruit quality, yield efficiency kg/m® of canopy volume, water use efficiency kg/m®
water and reduce fruit drop %. In addition, soil mulching with black polyethylene or rice straw was significantly
increased all studied parameters compared to bare soil. Moreover, foliar application of kaolin at 3% was more
effective in most cases compared to spraying with tap water. Overall, the combination of irrigation at 75% ETc
with black polyethylene or rice straw mulch combined with spraying kaolin at 3% showed the best results of
fruit set, less fruit drop, total yield, and fruit quality and increased water use efficiency. Furthermore, this
combination saved about 25% of the total used water without negative effect on tree yield and fruit quality.
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Introduction

In Egypt, water is one of the most critical factors
in citrus production because rainfall is rare or low
and almost agricultural production is mainly
dependent upon irrigation, on the other hand, water
resources are limited and concentrated upon the Nile
River. Under these conditions saving water and
conservation is a vital and essential demand to face
the water gap problem, this can be achieved by using
not only alternative water application method such as
drip irrigation system and controlling amount of
irrigation water but also using some agricultural
processes that makes to reduce evapotranspiration
such as mulching and spraying with antitranspiration
in order to reduce water losses with maintaining
maximum citrus trees growth, yield and fruit quality
(Faghih et al., 2019 and Abd EI-Raouf et al.,
2020).

Deficit irrigation is a strategy for water saving and
sustainable crop production in water scarce regions.
Reducing water supply during certain crop growth
stages or throughout the whole growing season
enhances the yield and fruit quality of citrus trees
(Ennab and Alam-Eldein 2020). In this respect,

Garcia Tejero et al., (2019) reported that, Salustiana
and Navalina oranges irrigated with deficit irrigation
treatment produced fruit yield similar to that irrigated
with fully water requirements and saving water up to
1000 m® ha™. Similar results are reported by
Shirgure et al., (2016) who revealed that, deficit
irrigation scheduled with 40 and 60% reduction in
irrigation water quantity at initial fruit enlargement
stage of ‘Nagpur’ mandarin did not affect the yield
and fruit quality.

Mulching has a beneficial effect on suppression
of extreme fluctuation of soil temperature and
reduction of water loss through evaporation, resulting
is more stored soil moisture, maintenance of soil
fertility (Bhardwaj, 2013). Also, mulching play an
important role in reducing soil erosion, improving
soil structure, organic matter, soil microbial, soil
aeration, regulating soil temperature, conserving
moisture in-situ, controlling weeds and reducing
nutrient removal by leaching and weeds (El-Taweel
and Farag 2015). In this regard, Lalruatsangi and
Hazarika (2018) showed that using black
polyethylene for mulching soil in acid lime trees
orchard was the most effective with respect to plant
growth, yield and fruit quality while paddy straw
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proves to be the best ideal treatment for improving
soil in terms of soil moisture content, organic carbon,
available nitrogen, phosphorus, potassium content
and microbial population.

Antitranspirants are chemicals which decrease
the water loss from plant leaves, this operation is
very important because 95% of the water absorbed
by the plant is lost in transpiration. Therefore, Kaolin
treatments have been successfully applied for
decrease leaf temperature and reduce transpiration
rate. In this line, spraying with kaolin was found to
enhance water use efficiency and reducing the
adverse effects of water deficit on pistachio and
pomegranate trees (Azizi et al., 2013 & El-Khawaga
and Mansour 2014). Also, Ennab et al., (2017)
concluded that, kaolin foliar spraying at 3 and 4%
decreased leaf heat and fruit surface temperature and
was more effective to control sunburned fruits of
Balady mandarin trees. Also, kaolin appears to be an
important and helpful tool to reduce insect attack,
medfly fruit damage, and could be a valid alternative
to intensive applications of insecticides (Braham et
al., 2007).

Therefore, this research was carried out to
rationalizing the use of irrigation water through use
deficit irrigation, mulching and spraying with kaolin,
and their effect on yield and fruit quality of
Washington navel orange trees under drip irrigation
system in clay soil.

Materials and Methods

The present study was carried out during 2019 and
2020 seasons on 7 years old Washington navel
orange trees (Citrus sinensis, Osbeck) budded on
sour orange (Citrus aurantium L.) rootstock, and
planted at 5x5 m apart in a private orchard at El-
Demerdash village, El-Riad distract, Kafr EI-Sheikh
governorate, Egypt. Some physical and chemical
analysis of the experimental soil were done as shown
in Table (1). Treatments involved three irrigation
levels, three mulching and two kaolin concentrations.
Irrigation levels are 100, 75 and 50% ET. applied
through 16 dippers (l,) as control, 12 dippers (I,), or
8 dippers (l3). Each dipper produces 4-liter water per
hour. The irrigation water requirement for orange
was calculated according to the meteorological data
of the Sakha Weather Station, Kafr El-Sheikh
governorate, depending on Penman-Monteith
equation (Allen et al., 1998). Daily irrigation water
was calculated by following equation for two seasons
2019 and 2020 under drip irrigation system: IRg =
[(EToxKexKr)/Ei]-R+LR.  Where: IRg:  gross
irrigation requirements, mm/day, ETo: reference
evapotranspiration, mm/day, Kc: crop factor (FAO-
56), Kr: ground cover reduction factor, Ei: irrigation
efficiency %, R: water received by plant from other
sources than irrigation, mm, LR: amount of water
(mm) required for the leaching of salts. Water
quantities applied per month and season/feddan are
shown in Table (2).

Table 1. Some physical and
chemical properties
of the experimental

Table 2. Amount of water as m®month and season/feddan for each
irrigation treatment during 2019 and 2020 seasons

soil
Parameter 0-60 Months Water amount (m® / month and season/feddan)
cm depth I, =16 l,=12 ;=8
dippers/tree dippers/tree dippers/tree
Clay % 60.61 2019 2020 2019 2020 2019 2020
Silt % 25.12 December 125.0 1145 93.7 86.0 62.4 57.4
Sand % 14.27 January 156.2 156.2 117.2 117.2 78.1 78.1
Texture class Clay February 188.2 190.0 1414 1426 94.0 94.9
pH (1:2.5) 8.25 Winter 469.4 460.7 3523 3458 2345 2304
EC, dS/m™ (1: 5) 1.48 March 260.4 2499 195.2 187.4 130.2 124.9
Organic matter 1.03 April 3024 2872 2268 2153 151.2 143.6
(%) 1.31 May 390.6 3749 2928 2812 1952 1874
Bulk density 0.71 Spring 9534 9120 7148 6839 476.6 4559
(g/cm®) 0.57 June 398.2 388.0 2985 2909 199.0 194.0
Na" meq/I 0.80 July 4635 4426 3475 3319 2318 2212
K" meg/I 0.83 August 3645 359.3 2733 269.4 1822 1795
Ca™ meq/l 0.63 Summer 1226.2 1189.9 9193 8922 613.0 5947
Mg"™ meg/I 0.00 September 352.8 3427 2646 257.0 1764 1713
CI” meqg/I 0.67 October 3125 2864 2343 2148 156.2 1433
CO3  meq/l 1.61 November 166.3 166.3 1248 1246 83.1 83.1
HCO3; meq/I 45.82 Autumn 831.6 7954 6237 596.4 4157  397.7
SO, meg/Il 23.47 Total m®/fed.  3480.6 3358.0 2610.1 2518.3 1739.8 1678.7
Field capacity%o 72.35

Wilting point%
Available water%
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Mulches  materials  used  were  black
polyethylene with 60-micron thickness, rice straw in
10 cm and bare soil as control. The mulching was
applied on both sides of the tree line on the first week
of March until the end of September. Kaolin was
sprayed at 0.0 and 3% once monthly from March to
September with 10 liters/tree of the solution at early

morning. Treatments were arranged in a randomized
complete block design as split-split plot experiment,
replicated three times with two trees per replicate.
The irrigation levels were randomized in the main
plots, mulches in sub-plots and kaolin spray in sub-
sub plots.

Table 3. Mean of some meteorological data for north the delta area during the two growing seasons of 2019 and

2020.
Mont Air RH Wind Pan Rain Air RH Wind Pan Rain
h temperatur (%) velocity Evap. temperature (%) velocity Evap.
e (°C) (Km/24h) (mm) (mm (°C) (Km/24h) (mm) (mm
Max. Min. day) Max. Min. day)
2019 2020
Jan. 189 123 67.8 33.1 113.8 298 184 118 747 30.0 208.8 8.11
Feb. 19.7 143 725 28.6 1776 3.17 204 127 705 51.0 1829 3.57
Mar. 217 176 722 457 2858 365 226 156 67.5 80.1 5119 9.22
Apr. 251 213 648 44.8 3695 236 26.0 189 625 98.8 607.5 -
May 319 254 57.1 68.4 682.9 -- 31.9 238 521 14.4 770.3 -
June 330 28.0 657 103.0 845.7 -- 311 252 603 111.8 844.1 -
July 335 284 6938 83.8 807.7 -- 33.7 273 676 101.7 879.0 -
Aug. 342 289 706 68.7 682.4 -- 346 282 674 924 803.0 -
Sept. 324 279 68.1 76.9 589.6 -- 346 271 67.2 93.3 624.2 -
Oct. 30.3 26.7 70.8 56.6 383.7 6.61 315 246 659 72.7 412.3 -
Nov. 274 251 655 36.6 230.8 -- 250 175 717 46.9 228.3 247
Dec. 214 134 729 38.5 265.6 848 240 172 718 40.5 230.1 7.33

* According to daily weather observations of Sakha Agriculture Research Weather Station.

The following data was recorded:
1. Fruit set and fruit drop %:

Number of flowers, fruitlets at initial set (15
days after full bloom) and fruit at harvest time were
counted on selected main branches in four directions
on each tree for calculated final fruit set and fruit
drop percentages by using the following equations:
Fruit set% = (No. of harvested fruits + No. of
flowers) x 100
Fruit drop % = [(No. of fruitlets at initial set — No. of
harvested fruits) + No. of fruitlets at initial set] x100
2. Yield:

Fruits were harvested in November 27" and
December 12" during the first and the second
seasons, respectively. Yield of each replicate was
determined as kg/tree, and ton/feddan. Also, yield
efficiency as kg/m® of canopy volume and water use
efficiency as kg/m? water were calculated.

3. Fruit quality:

Ten fruits were collected randomly from the
yield of each tree to determine fruit weight (g), fruit
size (ml), fruit firmness (newton), and juice volume
(ml). total soluble solid were recorded using a hand
refractometer model RA-130, total acidity was
estimated as citric acid, and ascorbic acid as mg
perl00 ml juice using 2, 6 dichlorophenol
indophenol according to (A.O.A.C 1990), and then
TSS/acid ratio was calculated.

Statistical analysis:

Statistical analysis was done using MSTAT
version 5.5 (software informer, 2012) for analysis of
variance, and the differences among means were
compared using Duncan multiple range test (DMRT)
at p < 5% (Duncan, 1955).

Results and Discussion

1. Fruit set and fruit drop:

Data in Table 4 show the effect of irrigation
levels and mulching soil combined with
antitranspiration spraying on fruit set and fruit drop
percentages of Washington navel orange trees in both
seasons. As for the effect of irrigation levels, it is
clear that high irrigation level (100% ET¢) led to
significantly increase fruit set and reduces fruit drop
followed by irrigation at 75% ET; compared to
irrigation at 50% ET. which gave the lowest values
of fruit set and higher values of fruit drop in both
seasons. These results are in harmony with those
obtained by Ennab and Alam-Elden (2020) they
concluded that increasing irrigation levels led to an
increase in fruit set and decreased fruit drop in
Valencia orange trees. Also, EIl-Zawily (2016)
revealed that high and moderate irrigation levels
(24.06 and 18.05 m°/tree/year) led to increase fruit
set and reduces fruit drop as compared with low
irrigation level (12.03 m®/tree/year) in Washington
navel orange trees.
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Concerning the effect of covering soil, data in
Table 4 indicated that, black polyethylene and rice
straw mulching were significantly enhancing fruit set
and reduced fruit drop compared to bare soil in both
seasons. These findings are confirmed by the results
obtained by Lalruatsangi and Hazarika (2018) on
Acid lime. In this respect, El-Taweel and Farag
(2015) concluded that mulching with black
polyethylene and rice be at par about their effect on
fruit set of pomegranate trees which produced higher
values compared to other mulching materials like
palm fronds, gravel and bare soil.

As regarding the effect of antitranspiration on
fruit set and fruit drop percentages, the data showed
trees sprayed with kaolin at 3% had significantly
higher fruit set and lower fruit drop than that sprayed
with tap water. Similar result was found by El-
Khawaga and Mansour (2014) and Ali and El
Zayat (2019), they revealed that kaolin foliar
application enhances fruit set and fruit retention
percentages of pomegranate and Washington navel
orange trees.

Moreover, the interactions were significant in
both seasons and the highest values of fruit set% was
obtained by irrigation at 100% + mulching with
black polyethylene + spraying with Tap water,

followed by irrigation at 100% ET¢ + mulching with
black polyethylene + kaolin spray at 3% and
irrigation at 75% ET. + mulching with rice straw +
kaolin spray at 3%, respectively. On the other hand,
the highest values of fruit drop% was observed by
irrigation at 50% ET¢ and mulching with bare soil,
rice straw and black polyethylene without kaolin
spraying in both seasons, respectively. Similar results
were obtained by Ahmed and Aly (2017) and Fayed
et al., (2018), they found that combination among
different irrigation regimes and mulching or foliar
sprays of antitranspiration enhancing fruit set and
reduced fruit drop on different fruit crops. So, it
could be concluded that using black polyethylene and
rice straw mulches with spraying kaolin at 3% under
high and moderate irrigation levels gave the best fruit
set and also reduced fruit drop, these results could be
explained as a reflection of the beneficial effects of
mulching which add macro and micro nutrients to
soil, increase microbial population and their activity
which are produced natural hormones, vitamins and
antioxidants which are available for tree. Thus, the
improved tree growth and development caused by
nutritional balance increases fruit set % and reduces
fruit drop.

Table 4. Effect of drip irrigation, soil mulching and spraying with antitranspiration on fruit set, fruit drop and
yield of “Washington’ navel orange trees during 2019 and 2020 seasons.

Fruit set
%

2019 2020 2019

Treatments

Irrigation levels

1,:100% 3.49% 4.03* 6.84°
1,:75% 3.06° 3.48° 7.68°
13:50% 2.51¢ 3.02¢ 9.544
Mulching
M,: Bare soil 2.75° 3.09° 8.48°
M.: Rice straw 2.99° 3.56° 8.05°
M,: Black polyethylene 3.31° 3.88° 7.53°
Antitranspiration
Ao: Control (water spray) 2.86° 3.33° 9.42%
A;: Kaolin spray at 3% 3.17% 3.69" 6.62°
1 Bare soil Control 3.25d 3.72d 8.00¢g
100% Kaolin 34l1c 395¢ 5971
Rice straw Control 344c 3.95¢ 791¢g
Kaolin 3.51bc 4.09b 5.97 1
Black Control 3.68a 425a 7.66 h
polyethylene  Kaolin 3.65ab 4.23a 5.55m
15 Bare soil Control 257fg 279¢g 9.93d
75% Kaolin 3.21d 3.70d 6.77 1
Rice straw Control 2.71f 3.15f 8.46 e
Kaolin 3.52abc  3.72d 6.56 j
Black Control 2.89¢e 3.38¢e 8.21f
polyethylene  Kaolin 349bc 4.18ab 6.18k
I3: Bare soil Control 1.97i 2.17h 12.59a
50% Kaolin 2.091i 2.24 h 7.66 h
Rice straw Control 2.27h 3.16 f 11.92 b
Kaolin 2549 3.34e 7.49h
Black Control 3.0le 342e 10.10¢
polyethylene  Kaolin 3.19d 3.82cd 7.49h

Fruit drop

Yield
Kgltree ton/feddan

2020 2019 2020 2019 2020
6.11¢ 69.16" 70.24% 11.614 11.79%
6.87° 64.45° 64.53° 10.828 10.838
8.524 53.77¢ 57.25° 09.02¢ 09.61°¢
7.58° 58.45° 60.75° 09.81° 10.20°
7.19° 62.99° 63.83" 10.57° 10.72°
6.74° 65.93 67.43% 11.07° 11.32°
8.41% 59.39° 60.86° 09.978 10.22°
5.928 65.52 67.15% 11.004 11.274
7149 6495d  66.56d 10.90 d 11.17 de
5.34m 67.81c 69.25 cd 11.38 ¢ 11.63 cd
707g 681lc  67.60cd 11.44 ¢ 11.35 cd
534m 7059b  7252ab 11.85b 12.18 ab
6.84 h 69.18 bc  70.44 bc 11.61 be 11.83 be
496n 7432a 75.07a 12.48 a 12.61a
887d 59379  58.48ij 9.96 g 9.82 hi
6.05 62.49 ef  64.26 ef 10.49 ef 10.79 ef
756e  61.41fg 62.17fg 10.31 fg 10.44 fg
586k 68.10c  68.77 cd 11.43 ¢ 11.54 cd
7.33f 64.68de  63.61ef 10.86 de 10.68 ef
5.59 | 70.69b  69.91 bc 11.87 b 11.74 be
11.25a 44.87]j 49.36 7.53] 8.29
6.84h  51.26hi 56.60i 8.60 hi 9.50 i
10.64b 49.65i 51.55 j 8.33i 8.65 j
6.69 i 60.09g  60.41gh 10.09 g 10.14 gh
9.03¢c  52.37h  58.03hi 8.79 h 9.74 hi
6.69 i 64.39de  67.57 cd 10.81 de 11.34 cd

Means followed by the same letter within a column are not significantly different using DMRT at P < 0.05

2. Yield:
Data presented in Tables 4 and 5 indicated that
total yield as kg/tree or ton/feddan has significantly

increased with increasing irrigation level, the highest
yield was found in trees irrigated with 100% ETc
water, but the lowest yield was observed in the trees
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irrigated with 50% water. In addition, vyield
efficiency kg/m® of canopy volume was gradually
increased with increasing irrigation water, while
water use efficiency kg/m® water was decreased with
increasing irrigation water. These results agree with
those obtained by Ennab and El-Sayed (2014)
indicated that yield as kg or number fruit/tree was
significantly higher in Balady mandarin trees
irrigated with 25 and 15 m® than those irrigated with
10 m®, moreover trees irrigated with15 m? recorded
the highest water use efficiency and yield efficiency
was decreased under deficit irrigation treatments.
Also, El-Zawily, (2016) revealed that high and
moderate irrigation levels (24.06 and 18.05 m?)
increased fruit yield and yield efficiency, while water
use efficiency was increased under low irrigation
level (12.03 m®) in Washington navel orange trees.

Results in Tables 4 and 5 showed that, yield as
kg/tree or ton/feddan and yield efficiency kg/m® of
canopy volume as well as water use efficiency kg/m®
water significantly increased by using black
polyethylene or rice straw mulching compared to
bare soil in both seasons. These results herein are in
line with those obtained by Kumar et al., (2015),
Manoj et al, (2015) and Lalruatsangi and
Hazarika (2018) they found that, total yield as
number of fruits or weight (kg) per tree as well as
ton/hectare was the best by using black polyethylene
or dry grasses mulches compared to bare soil in
citrus orchards. In this respect, EI-Henawy et al.,
(2009) concluded that using rice straw mulching in
orange trees orchard recorded higher values of water
use efficiency than that on bare soil.

Table 5. Effect of drip irrigation, soil mulching and spraying with antitranspiration on yield efficiency and
water use efficiency of “Washington’ navel orange trees during 2019 and 2020 seasons.

Yield efficiency (kg/m® of tree canopy)

water use efficiency (kg/m® water/year)

Treatments
2019
Irrigation levels
1,:100% 2.82%
1,:75% 2.588
13: 50% 2.32¢
Mulching
Mo: Bare soil 2.54°
M;: Rice straw 2.52°
M,: Black polyethylene 2.66%
Antitranspiration
Ao: Control (water spray) 2.538
A;: Kaolin spray at 3% 2.614
ly: Bare soil Control 2.86 a
100% Kaolin 2.85a
Rice straw Control 291a
Kaolin 2.64 bed
Black Control 2.80 ab
polyethylene Kaolin 2.85a
I5: Bare soil Control 2.55 def
75% Kaolin 2.59 cde
Rice straw Control 2.44 ef
Kaolin 2.60 cde
Black Control 2.55 def
polyethylene Kaolin 2.76 abc
I3: Bare soil Control 2.14 h
50% Kaolin 2.24 gh
Rice straw Control 2.14h
Kaolin 2.39 fg
Black Control 240 fg
polyethylene Kaolin 2.61 cde

2020 2019 2020
2.79% 3.33¢ 3.50¢
2.52° 4.14° 4.308
2.35° 5.18% 5.72%
2.54? 3.91° 4.25°
2.50° 4.26" 4.48°
2.61% 4.48° 4,78
2.48° 3.98% 4.268
2.62% 4.46" 4.75%
2.78 abc 3.131 3.32]j
2.87a 3.27kl 3.46 ij
2.71 bed 3.28 kl 3.37 i
2.76 abc 3.40k 3.62 hi
2.79 abc 3.34k 3.52 hij
2.83ab 3.58] 3.75 gh
2.44 ghi 3.81i 3.89¢
2.60 def 4.02 gh 4.28f
2.47 fgh 3.95 hi 414 f
2.51 efg 438 f 458¢e
2.43 ghi 4169 424 f
2.66 cd 454 ¢ 4.66 e
2.24 jk 433 f 4.93d
2.34ij 4.94 ¢ 5.66 ¢
2.14k 4.76 d 5.15d
2.39 ghi 5.80b 6.04b
2.37 hi 5.06 ¢ 5.80 ¢
2.62 de 6.21a 6.75a

Means followed by the same letter within a column are not significantly different using DMRT at P < 0.05

Concerning the effect of foliar application of
antitranspiration, data also revealed that, Washington
navel orange trees sprayed with kaolin at 3% had
significantly higher yield, yield efficiency kg/m® of
canopy volume and water use efficiency kg/m* water
than that sprayed with tap water. Similar result was
found by Ali and El Zayat (2019) and Abd EI-Naby
et al., (2020) they concluded that kaolin foliar
application enhances fruit yield and crop efficiency
of Valencia and Washington navel orange trees. In
this line, Azizi et al., (2013) and El-Khawaga and
Mansour (2014) showed that, kaolin foliar
application used for enhancing water use efficiency

and reducing the adverse effects of water deficit on
pistachio and pomegranate trees. In general, the
obtained increase in yield as a result of kaolin foliar
spraying maybe due to protect trees from climatic
changes especially heat stress, increase water
potential in tree, improves water use efficiency by
decreasing leaf transpiration rate and reduce water
loss, which reflected on overall positive effect on
growth and productivity of trees.

With regard to the effect of interaction, the
data exhibited that the highest values of fruit yield
and vyield efficiency kg/m® of canopy volume were
obtained by irrigation at 100% ET¢ + mulching with

Annals of Agric. Sci., Moshtohor, Vol. 61 (1) 2023



182

Hassan A. Ennab

black polyethylene + kaolin spray at 3%, followed by
irrigation at 75% ET: + mulching with black
polyethylene + kaolin spray at 3% and irrigation at
100% ETc + mulching with rice straw + kaolin spray
at 3%, respectively. On the other hand, the lowest
values of fruit yield were observed by irrigation at
50% ET¢ under bare soil without kaolin spraying in
both seasons. On the other hand, water use efficiency
kg/m® water was greater on deficit irrigation under
mulch with block polyethylene or rice straw
combined with kaolin spraying at 3% in both
seasons. Similar results were obtained by Ahmed
and Aly (2017) and Fayed et al., (2018), they found
that combination among irrigation levels and
mulching or foliar sprays of antitranspiration
enhancing fruit yield on different fruit crops.

Generally, it is obvious from above results that,
using black polyethylene and rice straw mulches with
spraying kaolin at 3% under high and moderate
irrigation levels recorded an increase in yield as
kg/tree or ton/feddan and also improved vyield
efficiency and water use efficiency, this leads to high
effectiveness of irrigation and mulching treatments
for best utilization and saving water supplies.

3. Fruit quality:
3.1. Fruit physical characteristics:

The effects of irrigation levels, mulching,
antitranspiration and their interaction on physical
fruit quality of Washington navel orange trees as
fruit weight (g), fruit volume (ml), fruit firmness
(kg/cm?) and fruit juice(ml) are presented in Table 6.
The results indicated that fruit weight, fruit volume,
fruit firmness and fruit juice were significantly
increased with increasing amount of irrigation water.
The highest values of fruit weight, fruit volume, fruit
firmness and fruit juice were achieved by irrigation
at 100% ET followed by irrigation at 75% ET¢, as
compared with the lowest values exhibited in low
volume irrigation at 50% ETc in both seasons,
respectively. Similar results were obtained by
Shirgure et al., (2016) on Nagpur mandarin. In this
respect, El-Zawily, (2016) concluded that increasing
irrigation levels from 12.03 to 24.06 m’
water/tree/year was accompanied with improving
fruit weight of Washington navel orange trees.
Similar results were reported by Ennab and El-
Sayed (2014) they observed that the effect of
irrigation on Balady mandarin fruit quality such
weight, diameter and juice volume was improved.

Also, it is clear from data in Table 6 that, soil
mulching with black polyethylene and rice straw led
to improvement fruit weight, fruit size, fruit firmness
and fruit juice of Washington navel orange trees
compared to bare soil with significant differences
among them in both seasons. The highest physical
fruit quality was recorded with black polyethylene,
rice straw come the second for their effect on fruit
quality, but superior to no mulching. These results
agree with the findings of Shirgure, (2012) reported

that fruit weight and juice content of Acid lime
significantly increased using black polyethylene and
grass mulches, respectively. Also, Manoj et al.,
(2015) showed that, fruit length, breadth and weight
of Kinnow mandarin were maximum in black
polyethylene mulch as compare to paddy straw,
sugarcane trash and pearl millet straw. In this line,
Lalruatsangi and Hazarika (2018) found that
maximum fruit length, grith, volume, weight, rind
thickness and juice volume content in Acid lime with
black polyethylene mulch.

In addition, the data also revealed that, spraying
kaolin at 3% significantly increased all determined
physical fruit characteristics of Washington navel
orange trees in both seasons as compared with
control treatment (Tap water spray). These results
agree with the findings of Ali and El Zayat (2019)
on Washington navel orange and Abd EI-Naby et
al.,, (2020) on Valencia orange. They found that
spraying kaolin at 3% or 10 ¢/l increased fruit
weight, fruit size, fruit length and diameter and
percentage of fruit juice.

With regard to the effect of the interaction
the same data in Table (6) show clearly that, fruit
weight, fruit volume, fruit firmness and fruit juice
were significantly improved as a result of irrigating
trees with100% ETc + mulching with black
polyethylene + kaolin spray at 3%, followed by
irrigation at 100% ET¢ + mulching with rice straw +
kaolin spray at 3% and irrigation at 100% +
mulching with black polyethylene + Tap water spray,
respectively. On the other hand, the lowest values of
physical fruit quality were observed by irrigation at
50% ET¢ under bare soil without kaolin spraying in
both seasons. Similar results were obtained by
Shirgure, (2012) reported that, fruit weight and juice
volume of Acid lime were significantly higher in drip
irrigation at 60% with plastic mulch compared to
control. Also, Ahmed and Aly (2017) obtained
significantly higher fruit weight, length, and diameter
of olive with drip irrigation at 70% and rice straw
mulch as compared to drip irrigation without mulch.
Similarly, El-Khawaga and Mansour (2014) found
that spraying kaolin at 3% improved fruit weight and
juice% of pomegranate under different irrigation
regimes, especially at 6 m*/tree/year.

3.2. Fruit chemical characteristics:

Data in Table 7 reveal that, increasing irrigation
levels caused a significant decreasing on percentages
of TSS and acidity in both seasons. On the other
hand, vitamin C were significantly increased with
irrigation at 100% ETc as compared to 75 and 50%
ETc which be at par without significant differences
between them in both seasons. Whereas, TSS/acid
ratio don’t any constant trend anyhow moderate
irrigation at 75% ETc gave higher values of TSS/acid
ratio than the other levels of irrigation and the
differences were significant in the second season
only. These results are in line with those obtained by
Shirgure et al., (2016) on Nagpur mandarin and El-
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Zawily, (2016) on Washington navel orange, they
found that, moderate irrigation produced the highest
TSS, TSS/acid ratio and vitamin C. In this respect,
Ennab and EIl Sayed (2014) concluded that there
was an increase in TSS and acidity as the amount of
water applied decreased.

It is obvious from data in Table 7 that, TSS,
acidity, TSS/acid ratio and ascorbic acid were
significantly influenced by various mulches. In this
respect, fruit harvested from trees mulched with
polyethylene recorded maximum TSS, TSS/acid
ratio, vitamin C and lower acidity. Also, mulching
with rice straw come the first in their effect on
acidity and the second for all remaining characters of
fruit quality. These results agree with the findings of
Shirgure, (2012) and Manoj et al., (2015).

As for the effect of spraying antitranspiration,
it is clear from Table 7 that spraying kaolin at 3%
caused significant increase in TSS, TSS/acid ratio
and vitamin C compared to control treatment in both
seasons. In contrast, spraying kaolin at 3% led to
significantly decreased fruit acidity as compared with
control in both seasons. The present results are
confirmed by Ali and El Zayat (2019).

Concerning the interaction effect on chemical
fruit quality, it is clear that, the maximum TSS was
observed with irrigation at 50% ET¢ + mulching with
black polyethylene + kaolin spray at 3%, and

minimum was recorded in irrigation at 100% ET. +
bare soil + Tap water spray. Minimum acidity was
observed with irrigation at 100% ET.: + mulching
with black polyethylene + kaolin spray at 3% and
maximum was in irrigation at 50 or 75% ET + bare
soil + Tap water spray. The maximum of vitamin C
was recorded in irrigation at 100% ETc + mulching
with black polyethylene + without or with kaolin
spray at 3% and minimum was recorded in irrigation
at 75% ETc + bare soil + Tap water spray. The
maximum TSS/acid ratio was recorded irrigation at
100% ETc + mulching with black polyethylene +
kaolin spray at 3% in the first season but in the
second season it was irrigation at 75% ET. +
mulching with black polyethylene + kaolin spray at
3% and minimum was recorded in irrigation at 100%
ETc + bare soil + Tap water spray. The results are in
agreement with those of Shirgure, (2012), Ahmed
and Aly (2017) and El-Khawaga and Mansour
(2014).

Generally, it is obvious from Table 7 that,
irrigation with moderate level at 75% ETc and using
polyethylene mulch combined with spraying kaolin
at 3% they able to improve and increase fruit quality
in terms of fruit weight, volume, juice volume,
firmness, TSS, acidity, TSS/acid ratio and vitamin C
of Washington navel orange trees compared to other
treatments.

Table 6. Effect of drip irrigation, soil mulching and spraying with antitranspiration on fruit physical quality of
‘Washington’ navel orange trees during 2019 and 2020 seasons.

Treatments Fruit weight Fruit volume (ml) Fruit firmness Fruit juice
(kg/cm?) (ml)
2019 2020 2019 2020 2019 2020 2019 2020
Irrigation levels
1,:100% 257.6" 258.7% 266.5" 268.8" 13.23% 13.05" 111.2% 99.6%
1,:75% 233.1° 234.0° 241.1° 243.1° 11.80° 11.56° 099.1° 89.1°
13: 50% 218.3¢ 219.4° 224.0° 227.5° 10.82° 10.62° 091.1¢ 81.9°
Mulching
Mo: Bare soil 221.8° 222.9° 229.5° 231.4° 11.24° 11.02° 094.5° 85.0°
M;: Rice straw 2335 234.4 2415 2435 11.82" 11.62" 099.3" 89.3"
M,: Black polyethylene 253.6% 254.7% 260.6% 264.5% 12.79* 12.59* 107.5% 96.3°
Antitranspiration
Aq: Control (water spray) 229.38 230.48 236.7° 239.28 11.618 11.418 97.5% 87.7°
As: Kaolin spray at 3% 243.3* 244.3* 251.1% 253.74 12.29% 12.08* 103.3* 91.7%
Iy Bare soil Control 240.3¢g 24139 248.7 f 250.8¢9 12.39ef 1214e 104.1ef  93.6 ef
100% Kaolin 248.8 de 249.9 de 257.5de 259.7de 12.81d 12.55d 107.6d 96.7 cd
Rice straw Control 2445efg  2455efg  253.0ef 2552 f 12.60de  12.60d 105.9de  95.2de
Kaolin 272.8b 2739b 282.2b 284.6 b 13.97 b 13.69 b 1174 b 105.5a
Black Control 259.7¢c 260.8 ¢ 268.8 ¢ 271.1c 13.34c¢c 13.07 ¢ 112.1c 100.8 b
polyethylene Kaolin 279.6 a 280.8 a 289.3 a 291.8a 14.30 a 14.30 a 120.2 a 106.1 a
I5: Bare soil Control 205.3 ] 206.1 2124 2142 1045 10.24 h 87.8] 78.9]
75% Kaolin 21520 216.0i 2226 h 22440 10.93 h 10.71 fg 91.8 hi 82.6 hi
Rice straw Control 222.4h 223.3h 230.1¢9 232.0h 11.28¢ 11.05f 94.8¢ 85.2¢g
Kaolin 243.2 fg 244.2 fg 2515 f 253.6fg 12.29f 12.04 e 103.2 f 92.9 ef
Black Control 252.7d 253.7d 261.3d 263.5d 12.75d 12.49d 107.2d 96.3d
polyethylene Kaolin 2599c¢ 261.0c 268.8 ¢ 271.1c 13.10¢ 12.84 cd 110.1c 99.0 be
I3: Bare soil Control 198.9 k 200.7 k 205.6 j 207.3 k 9.10j 9.70 i 83.2 k 74.8 k
50% Kaolin 222.7h 223.6 h 230.2¢g 232.1h 11.01gh 10.83 fg 92.9 gh 83.5 ghi
Rice straw Control 216.6 i 217.7i 224.1h 2259 10.77 h 10.55 gh 90.5i 81.3i
Kaolin 201.5 jk 202.3 jk 208.3 ij 210.0 k 10.02 j 9.821 84.2 k 75.7k
Black Control 223.8 h 224.7h 226.3gh 233.2h 11.05gh 10.88 fg 93.3gh 83.9 gh
polyethylene Kaolin 246.4 ef 247.4 ef 249.6 f 256.7ef 1220 f 11.96 e 1055 f 92.2 f

Means followed by the same letter within a column are not significantly different using DMRT at P < 0.05
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Table 7. Effect of drip irrigation, soil mulching and spraying with antitranspiration on fruit chemical quality of
‘Washington’ navel orange trees during 2019 and 2020 seasons.

Treatments TSS Acidity TSS/acid Vitamin C mg/100
% ratio ml/juice
2019 2020 2019 2020 2019 2020 2019 2020
Irrigation levels
1,:100% 11.52° 11.78° 1.05° 1.10° 10.92% 10.69° 56.96" 63.53"
1,:75% 11.798 12.788 1.08* 1.118 10.88* 11.50* 51.01% 56.85%
13: 50% 12.10% 13.05* 1.11* 1.17% 10.92% 11.11° 51.09° 56.88°
Mulching
Mo: Bare soil 11.62° 12.32° 1.10% 1.14° 10.57° 10.75° 45.98° 51.21°
M;: Rice straw 11.75° 12.54° 1.10° 1.13° 10.60° 11.08° 51.77° 57.73"
M,: Black polyethylene 12.04° 12.75°% 1.04° 1.11° 11.55°% 11.47° 61.31° 68.32°
Antitranspiration
Ay: Control (water spray) 11.728 12.45° 1.10* 1.13* 10.65° 10.958 50.198 55.95°
A;: Kaolin spray at 3% 11.88* 12.63% 1.06° 1.12° 11.16" 11.25% 55.85" 62.22%
I Bare soil Control ~ 1132]j 11.53] 111de  1.13cd 10199 10.29 i 47.03 k 52.41 k
100% Kaolin 11.3540 11711 1.02 j 1.09ef 11.12cde  10.74fgh  47.94j 53.43
Rice straw Control 11.40hi  11.86h 1.10 ef 1.12d 10.36 g 10.58gh  50.41h 56.51 h
Kaolin 11.43h 1173 1.08gh  1.12d  10.58fg 1047 hi  59.92d 66.78 d
Black Control  11.50g  11.76i 1.02 1.08fg 11.27bcd 10.88f 66.40 b 73.99b
polyethylene Kaolin 1212 b 12.09¢9 1.01] 1.08fg 12.00a 11.19e 70.08 a 78.09 a
1y Bare soil Control 11.63f 12.66 ¢ 1.14 ab 1.20a 10.20 ¢ 10.54ghi  41.50 m 46.24m
75% Kaolin 11.60 f 12.70de  1.07h 1.09ef  10.83 ef 11.64bc  48.85i 54.45 i
Rice straw Control 11.81e 12.73de  1.13bc l1l4c 10.45 fg 11.16 e 47.03 k 52.41 k
Kaolin 11.80e  12.74de 1.09fg 110e  10.82ef 11.58bcd  55.33 e 61.66 e
Black Control ~ 11.92d  12.77d  1.04i 1.08fg 1146bc  11.83b  53.48f 59.59 f
polyethylene Kaolin 12.00 ¢ 13.12b 1.041i 1.07¢g 11.53 b 12.26 a 59.92d 66.78 d
I3 Bare soil Control ~ 11.83e  12.48f 150 a 119ab 10.28¢g 1047 hi  45.181 50.35 |
50% Kaolin 12.00c  1287c  1.11de  1.19ab 10.80ef 10.81fg  45.381 50.40 |
Rice straw Control 11.98 ¢ 12.89 ¢ 1.13 bc 1.12d 10.59 fg 11.50cd 45411 50.45 |
Kaolin 12.10b 13.33 a 1.12cd 1.19ab  10.80 ef 11.20e 52.56 g 58.58 g
Black Control ~ 12.15b  13.38a  1.10ef 118b  11.04de  11.33de 55.33¢ 61.66 e
polyethylene Kaolin 12.59 a 1340 a 1.051i 1.18b 11.99 a 11.35de 62.69c 69.86 ¢

Means followed by the same letter within a column are not significantly different using DMRT at P < 0.05

Conclusion

‘Washington’ navel orange trees grown in clay
soil under drip irrigation system showed better yield
and fruit quality under moderate irrigation at 75%
ETc and mulched with black polyethylene or rice
straw combined with kaolin foliar spraying at 3%.
Furthermore, this combination treatment improved
yield efficiency, water use efficiency and saving
about 25% with no negative effect on tree yield and
fruit quality.
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