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Foliar Application of Biostimulants to Improve
Growth, Yield and Fruit Quality of ‘Valencia’ Orange
Trees under Deficit Irrigation Conditions
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Abstract

Water is one of the most important components that affect plant growth and productivity. Foliar application
of some biostimulants may reduce the amount of used water. New agricultural practices intended to enhance
water use efficiency, require careful study to determine their effects on optimal irrigation levels. To examine the
effect of irrigation and biostimulants spray on tree growth, yield and fruit quality, this research was carried out on
seventy-two ‘Valencia’ orange (Citrus sinensis, Osbeck) trees grown at 5x5 m spacing in a private orchard at Badr
district, Behaira Governorate, Egypt during 2017/2018 and 2018/2019 seasons. Trees were budded on ‘Volkamer’
lemon rootstock and grown in sandy soil under drip irrigation system. Three drip irrigation regimes were applied
at 25,866; 19,240; and 12,933 L/tree/year, which represent about 100, 75, and 50% of tree water requirement
using 16, 12, and 8 drippers/tree, respectively. Each irrigation regime was combined with the foliar application
of tap water (control), seaweed extract (2.5g/L), fishmeal extract (10g/L) or compost tea extract (65ml/L). Foliar
treatments were applied three times; three weeks before flowering, at full bloom and two months after full bloom.
Results indicated that as irrigation volume increased, there was significant improvement in the vegetative growth,
fruit set percentage, but the percentage of June fruit drop and preharvest fruit drop was negatively related to
water volume. The greatest incremental effect between treatments generally occurred with the intermediate level
of irrigation, which actually had significantly higher yield and fruit quality than the full irrigation treatment in
both years. Foliar application of seaweed, fishmeal, or compost tea extracts enhanced tree growth, fruit set, total
yield, and fruit physical and chemical characteristics. Compost tea had the most pronounced effect in this regard.
Opverall, the best results were obtained with the combination of 19,240 tree/year plus compost tea (65ml/L) for
tree vegetative growth, fruit set, less fruit drop, total yield and most of fruit quality aspects. Furthermore, this
combination saved about 25% of the total used water, and increased total yield per tree by 40.7% over the control.

The Mediterranean climate of Egypt is
suited for citrus production. Oranges account
for over half of the total fruit production in
Egypt. Total cultivated area of oranges in
2018 was about 131,271 ha with a total an-
nual production of 3,246,483 and average
yield of 27.3 t/ha (FAO, 2017). Recently,
water is becoming scarce in Egypt (Agri-
cultural Statistics of Egypt, 2014) and may
become a limiting factor for the citrus indus-
try in the future. Scarcity is also considered
the single biggest water problem worldwide

(Jury and Vaux, 2005). Nonetheless, more
than 70% of fresh water is used mainly for
agricultural purposes (Du et al., 2015). In
Egypt, water resources and rainfall are lim-
ited, and the Nile River is the most important
water resource. Under such conditions, there
is a need to reduce agricultural water demand
and increase the economic productivity of
water. Improving on-farm management of
water by utilizing advanced irrigation tech-
nology and improved irrigation scheduling
may offer the prospect of significant increase
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in water productivity (Jury and Vaux, 2005;
Cosgrove and Loucks, 2015).

Deficit irrigation effectively reduced water
requirements for grapes (Costa et al., 2007),
corn (El-Hendawy et al., 2008), citrus (Pani-
grahi and Srivastava, 2016), apple (Soliman
et al., 2018) and tomato (Francaviglia and
Bene, 2019). Deficit irrigation is a strategy
where the amount of water applied is less
than the full water requirement of a crop, and
the resulting stress has minimal effects on to-
tal yield (English, 1990; Garcia-Tejero et al.,
2011). Moderate water stress during certain
crop growth stages enhances the yield and
fruit quality of citrus (Boman et al., 1999;
Gonzalez-Altozano and Castel, 1999). The
most sensitive phenological stages of citrus
to water stress are flowering, fruit set and
fruit development (i.e., fruit enlargement)
in which shortages of root-zone soil mois-
ture reduces yield drastically (Ginestar and
Castel, 1996) due to severe reduction in pho-
tosynthetic rate and stomatal conductance
(Yakushiji et al., 1998). Reducing irrigation
water to a certain level during non-critical
growth stages, such as initial fruit growth
stage, is one of the options to sustain citrus
production with higher water productivity in
water scarce areas with no effect on yield or
fruit quality. Reducing water during the final
growth stage (i.e., fruit ripening) negatively
affected fruit size, and reduced yield by 25%
(Gonzalez-Altozano and Castel, 2003; Pani-
grahi and Srivastava, 2016).

Foliar application of some biostimulants
can also induce water stress resistance in
plant (Van Oosten et al., 2017). Biostimu-
lants are known to improve plant growth,
yield and fruit quality. They include diverse
substances like humic substances, compost
tea, seaweed extracts, free amino acids and
plant extracts, as well as microorganisms like
free-living bacteria, fungi, and arbuscular
mycorrhizal fungi (Calvo et al., 2014). Sev-
eral reports have documented the value of
foliarly applied biostimulants for alleviating
the adverse effect of deficit irrigation and im-
prove yield and fruit quality. Spann and Little
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(2010, 2011) showed that ‘Hamlin’ sweet or-
ange trees sprayed with seaweed extract had
greater total growth rate than non-treated
trees grown under drought conditions. Foli-
arly applied biostimulants enhanced natural
hormones and nutrient uptake, and improved
yield and fruit quality under different irriga-
tion levels (Zhang and Ervin, 2004; Mostafa
et al., 2009). Khattab et al. (2012) reported
that spraying pomegranate trees with amino
acids (8 g/tree/year) and humic acid (32 g/
tree/year) with moderate irrigation (7,000-
9,000 L/tree/year) enhanced fruit set, reduced
fruit drop, and improved yield and fruit qual-
ity. Zaghloul and Moursi (2017) reported that
a foliarly applied mixture of seaweed extract
(20.5%), free amino acids (6.5%), N (5.8%),
P (3%), B (0.17%), and K (4.6 %) signifi-
cantly improved fruit set, total yield, fruit
weight and volume, fruit firmness, soluble
solids concentration (SSC), SSC/acid ratio,
and vitamin C of ‘Washington’ navel orange
growing under different conditions of water
deficit.

The aim of this research was to determine
if foliarly applied biostimulants could im-
prove growth, yield and fruit quality of ‘Va-
lencia’ orange trees growing under different
reduced-irrigation regimes.

Materials and Methods

This study was carried out during
2017/2018 and 2018/2019 seasons on 15
year-old “Valencia’ orange trees (Citrus
sinensis, Osbeck) budded on “Volkamer’
lemon (Citrus volkameriana Ten. and Pasq.)
rootstock, and planted at 5xX5 m spacing in
a private orchard located at Badr district
(30°58°26" N, 30°70°63" E), Behaira Gov-
ernorate, North East of the Western Desert
and West to the Nile Delta in Egypt. All trees
received the same cultural practices and the
following soil fertilization program; 23.8 m?
farmyard manure, 119 kg superphosphate
(15.5% P,0,), 238.1 kg agricultural sulfur,
and 119 kg potassium sulphate (48-52% K,0)
per ha during January. From mid-February to
mid-October, trees received 714.3 kg am-
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Table 1. Total amount of irrigation water applied for ‘Valencia’ orange trees during 2017/2018 and

2018/2019 seasons.
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Number Water amount (L/tree)
of Duration per each Li=16 L=12 =8
Months irrigation irrigation drippers/tree drippers/tree | drippers/tree
times per (Hour) (Control = (25% less= | (50% less =
month 100% water) 75% water) 50% water)
January 6 3V 1248 936 624
February 10 1% 1066 800 533
March 15 2 1920 1440 960
April 15 2 2400 1800 1200
May 20 2 2560 1920 1280
June 20 2 2560 1920 1280
July 24 2 3072 2304 1536
August 24 2 3072 2304 1536
September 20 2 2560 1920 1280
October 15 2 2400 1800 1200
November 10 2% 1760 1320 880
December 6 3% 1248 936 624
Total irrigation water/tree/year (L) 25,866 19,400 12,933
Total irrigation water/hectare/year (L) | 10,346,400 7,760,000 | 5,173,200

monium nitrate (33.5% N), 357.1 kg calcium
nitrate (15.5% N), 76.2 kg phosphoric acid
(50% P,0,), 476.2 kg potassium sulphate
(48-52% K O), and 47.6 kg magnesium sul-
phate (33.3% MgO) per ha through drip ir-
rigation. Soil texture was sandy (3.43% clay,
8.34% silt, and 88.23% sand) with 3.21% to-
tal carbonate content, 1.16 dS m™' electrical
conductivity, and pH = 7.8.

Seventy-two trees uniform in growth,
vigor and productivity were selected in a
randomized complete block design as a split-
plot experiment. Trees appeared healthy and
no symptoms of nutrient deficiency were
observed. Split-plot design was chosen to
minimize any variation among the trees. The
field was divided into three replicates. Each
replicate was divided into three whole-plots
and one of three irrigation treatments was
randomly assigned to one whole-plot per
replicate. Each whole-plot was divided into
four split-plots and received one of four fo-
liar treatments, so there were 12 treatment
combinations. Experimental units consisted
of two adjacent trees and data were averaged
for the two trees. Treatments were separated

by two rows of buffer trees. Three levels
of irrigation were produced by varying the
number of drippers per tree and each dripper
delivered 4.0 L/h. I, the control trees, had 16
drippers per tree (100% crop water require-
ment, based on regular irrigation program
used in the area); I, had 12 drippers per tree
to deliver 75% of crop water requirements;
and [, had eight drippers per tree to deliv-
er 50% of crop water requirements. Total
amount of water per treatment is presented
in Table 1. Biostimulant treatments of tap
water (control, T,), 2.5g seaweed extract/L
(T,), 10g fishmeal extract/L (T,), or 65 ml
compost tea/L. (T,) were applied three times
in both seasons: 1) three weeks before flow-
ering (11 Feb. 2017 and 14 Feb. 2018) to in-
duce flowering (5 March 2017 and 8 March
2018); 2) full bloom (20 March 2017 and 23
March 2018); and 3) two months after full
bloom (20 May 2017 and 23 May 2018).
Physical and chemical characteristics of sea-
weed extract, fishmeal extract, and compost
tea, as well as farmyard manure are shown
in Table 2.
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Table 2. Characteristics of seaweed extract, fishmeal extract, compost tea extract, and farmyard manure.

Seaweed Fishmeal | Compost | Farmyard
Parameter

extract extract tea extract | manure
pH 4.90 5.89 8.14 8.70
EC (dSm™) 3.85 4.80 433 1.70
Total protein (%) 6 59.2 2.10 --
Alginic Acid (%) 10 -- -- --
Mannitol (%) 4 -- -- --
C/N ratio - -- -- 15.40
Organic carbon (%) -- -- -- 13.72
Organic matter (%) -- -- -- 23.60
Moisture (%) -- -- -- 35
Cubic meter weight (kg) -- -- -- 650
Macronutrients (%)
N 3.40 8.22 2.10 0.89
P 2.61 2.61 0.90 0.32
K 4.71 0.52 1.60 0.92
Ca 0.25 3.97 0.11 1.82
Mg 0.58 0.27 0.10 0.96
S 3.56 0.39 1.10 --
Micronutrients (ppm)
Fe 150 229 1400 750
Mn 13 3.7 160 420
Zn 70 74 90 53
Cu 6 6.2 130 --
Phytohormones (%)
Cytokinins 0.02 -- 0.0080 --
Gibberellins 0.01 -- 0.0025 --
Auxins 0.03 -- 0.0125 --
Microbial population (cfu/ml)
Total bacteria -- - 7.55 % 10° | --
Total fungi - - 6.88 x 10* | -
Total actinomycetes - - 1.28 x 10° | --

Preparation of Biostimulants. All materi-
als were prepared in a microbiology labo-
ratory at the Soil, Water, and Environment
Research Institute, Agricultural Research
Station, Sakha, Kafr-Elsheikh, Egypt.

Seaweed extract. Acadian seaweed extract
(Acadian Seaplants Limited Company, Dart-
mouth, Nova Scotia, Canada), imported by
Techno Green company group, Cairo, Egypt,
has been used. This product composed of a
mixture of brown algae that mainly includes
Ascophyllum nodosum, and some others like
Laminaria sp., Sargassum sp. and Fucus sp.
Twenty-liter stock solution was prepared by
dissolving 2.5 g seaweed extract/L of dechlo-
rinated water with continuous aeration for

two days using a regular aquarium air pump
(EHEIM GmbH & Co KG, Germany) with
PVC pipe dipped in the solution.

Fishmeal extract. Fish powder was pre-
pared by drying fresh Tilapia fish in an oven
at 70°C for 24 hours, and then the dried fish
was ground in a hammer mill (Jesma-Mat-
ador AS, Vejle, Denmark) to a particle size
<1.00 mm, and any solid particles were re-
moved. Twenty liters of the extract was pre-
pared by dissolving 10 g fish powder/L of
dechlorinated water with continuous aeration
using the same air pump for two days.

Compost tea extract. The stock solution
was prepared by soaking 5 kg of dry matured
compost (made of Agricultural residues in-
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cluding rice straw, leaves, twigs, pruning re-
siduals, and cattle dung manure) and 0.5 L
molasses in 50 L of dechlorinated water in a
polyethylene compost tea machine (100 L ca-
pacity) with continuous aeration using the air
pump for three days, and then solution was
filtered using a plastic net. Mature compost
was prepared using a fermentation process
of plant and animal waste materials for three
months.

Data for the following response variables
were recorded.

Vegetative growth. One current-season
shoot on four sides of each tree (N, E, S, W)
was tagged to measure shoot length (cm) and
number of leaves per branch. Five mature
mid-branch leaves were sampled from each
branch to determine leaf area (cm?) using a
leaf area meter Model Li 3100 (LI-COR Inc.,
Lincoln, NE, USA). Canopy volume (m?)
of each tree was calculated at the end of the
growing season according to the following
equation; 0.5238 X tree height x (canopy di-
ameter)® (Turrell, 1946).

Initial fruit set percentage. Recorded by
counting the flowers at 5-day intervals start-
ing from the second week of March until
complete fruit set (2 April 2017 and 5 April
2018), then the number of fruitlets was
counted and initial fruit set was calculated as
(number of fruitlets + total number of flow-
ers) x 100.

Final fruit set percentage. Calculated as
(number of fruit before harvest + total num-
ber of flowers) x 100.

June drop percentage. Calculated as
(number of dropped fruit in June + number
of fruitlets) x 100.

Pre-harvest drop percentage. Calculated
as the number of dropped fruit from mid-
December to mid-February (harvest period)
divided by the number of dropped fruit at
mid-December x 100.

Yield. Fruit were harvested on 11 February
2018 and 18 February 2019. Yield of each
replicate was determined as kg/tree, and t/ha.

Fruit quality. At harvest, physiological
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disorders, such as splitted and creased fruit
were counted and their percentages were cal-
culated as

No. of splitted or creased fruits

- oo —
Splitting or creasing % Total No. of fruits X100

Ten fruit were collected randomly from
each tree to determine average fruit weight
(g) using a bench-top digital scale Model PC-
500 (Doran scales, Inc., Batavia, IL, USA).
Average fruit volume (cm®) was also deter-
mined using the water displacement method
in a one-liter gradual cylinder. Average fruit
firmness (N/mm?) was measured on two sides
of the fruit using a hand-held Shimpo digital
force gauge, Model FGV-50XY fitted with 10
mm diameter plunger tip (Shimpo company,
Wilmington, NC, USA). Juice volume per
fruit was calculated as a percentage juice per
10 fruit. Total soluble solids (TSS) concen-
tration (%) was measured with a hand-held
refractometer Model RA-130 (KEM Kyoto
Electronics Manufacturing Co. Ltd., Tokyo,
Japan). Total acidity (%) was estimated as
citric acid (g/100 ml) juice, using phenol-
phthalein as indicator, according to A.O.A.C.
(1990). scorbic acid was estimated as mg per
100 ml juice, using 2, 6 dichlorophenol indo-
phenol, according to Rangana (1977). Data
of TSS and total acidity was used to calculate
TSS/acid ratio.

Statistical analysis. Data were statistically
analyzed using analysis of variance (ANO-
VA), and least significant difference (LSD)
was used to compare means at P<5% (Snede-
cor and Cochran, 1990).

Results and Discussion

Vegetative growth. Irrigation level signifi-
cantly affected vegetative growth character-
istics of ‘Valencia’ orange trees (Table 3).
Shoot length, number of leaves per shoot,
leaf area and canopy volume were positively
related to the amount of water applied per
tree in both seasons. Similar results were re-
ported on ‘Tahiti’ lime (Junior et al., 2011)
and ‘Balady’ mandarin (Ennab and El-Sayed,
2014). Irrigation at about 17,500 — 18,750 L/
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Table 3. Effect of three irrigation regimes and foliarly applied biostimulants on vegetative growth charac-
teristics of “Valencia’ orange trees during 2017/2018 and 2018/2019 seasons.

Shoot length Number of Leaves per Leaf area Canopy volume
Treatments (cm) shoot (cm?) (m?)
2017/18 | 2018/19 | 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19

Irrigation
Ii: 100% water (control) 60.12 60.68 30.76 32.78 29.88 32.26 39.99 41.39
Lo: 75% water 53.40 52.88 25.20 26.41 22.27 23.46 37.99 39.88
I5: 50% water 4143 41.60 19.62 20.23 17.94 17.90 36.04 37.86
LSD (P <0.05) 0.35 0.88 0.20 0.03 0.30 0.17 0.38 0.44

Biostimulants
Ti: tap water (control) 43.43 45.84 22.02 22.54 19.49 21.67 33.47 36.12
T2: seaweed extract 54.52 53.55 26.42 28.45 22.68 25.41 39.24 40.10
Ts: fishmeal extract 51.38 51.20 24.42 25.18 25.39 23.94 38.39 39.32
Ta4: compost tea extract 57.27 56.28 27.92 29.73 25.89 27.14 40.92 43.30
LSD (P <0.05) 0.32 0.39 0.16 0.08 0.17 0.18 0.22 0.34

Interaction
I x Th: control 47.60 52.09 28.17 29.19 25.70 28.29 36.74 38.40
I x T2: 100% x seaweed 65.49 63.90 31.83 34.88 29.62 34.23 40.87 41.83
11 x T3: 100% x fishmeal 59.98 60.54 29.72 31.88 31.85 31.00 39.80 40.90
11 x T4: 100% * compost tea 67.41 66.19 33.33 35.20 3235 35.55 42.55 44.45
L x Ti: 75% water 45.59 46.52 20.83 21.55 17.11 20.64 33.48 35.80
I x Ta: 75% x seaweed 56.18 55.21 27.39 29.33 21.65 24.78 39.38 40.40
I x Ts: 75% x fishmeal 52.60 52.50 23.72 23.66 24.92 21.78 38.53 39.76
I> x T4: 75% * compost tea 59.24 57.29 28.89 31.12 25.42 26.64 40.58 43.56
I3 x Ti: 50% water 37.11 38.91 17.06 16.88 15.68 16.08 30.20 34.17
I3 x T2: 50% x seaweed 41.89 41.56 20.06 21.16 16.78 17.23 37.48 38.08
I3 % T5: 50% x fishmeal 41.56 40.58 19.83 20.00 19.41 19.05 36.84 37.32
I3 x T4: 50% X compost tea 45.18 45.36 21.56 22.88 19.91 19.25 39.65 41.90
LSD (P <0.05) 0.64 0.79 0.33 0.17 0.34 0.36 0.45 0.68

tree/year (70-75% of tree water requirement)
improved most vegetative growth parameters
of “Washington’ navel orange trees grown in
sandy soil, particularly trunk cross-sectional
area, canopy volume, number of shoots,
shoot length and diameter, number of leaves/
shoot, and leaf area (Zayan et al., 2016). En-
hanced growth with the highest irrigation
level was likely attributed to the availability
of sufficient moisture for increased develop-
ment of leaf area, which improved whole-
tree photosynthesis and positively affected
plant growth. Limited water negatively af-
fected photosynthesis, and hence cell elon-
gation and plant growth (Muller et al., 2011;
Fahad et al., 2017).

Application of seaweed, fishmeal, or com-
post tea extracts significantly improved veg-
etative growth characteristics of ‘Valencia’
orange trees compared to the control in both
seasons (Table 3). Compost tea had the most
pronounced effect on all growth parameters,
followed by seaweed extract. Fishmeal ex-
tract promoted more growth than the control,
but was least effective. Previous findings of
Hegab et al. (2005) and Mostafa et al. (2009)

indicated that foliar application of algae ex-
tract and compost tea significantly increased
shoot length, number of leaves/shoot and leaf
surface area of ‘Balady’ and ‘Washington’
navel oranges. Abdel Aal et al. (2012) report-
ed that foliar application of seaweed extract
significantly improved vegetative growth of
‘Balady’ mandarin compared to yeast and
farmyard manure extracts. These results
could be attributed to the richness of compost
tea, seaweed, and fishmeal extracts in micro
nutrients such as Fe, Cu, Zn, Co, Mo, Mn,
and Ni, in addition to vitamins, amino acids,
phytohormones like auxins, cytokinins and
gibberellins (Calvo et al., 2014).

The magnitude of the growth response to
biostimulants depended on the level of irri-
gation and also varied for different growth
parameters. In most cases, trees receiv-
ing 75% of the water requirement plus one
of the biostimulants had similar or greater
growth as trees receiving 100% of the wa-
ter requirement with no biostimulants. When
trees received 50% of the water requirement,
growth was increased by all biostimulants,
but growth was still usually less than that of



124

trees receiving 100% of the water require-
ment with no biostimulants.

Previous reports stated that under deficit
irrigation conditions, spraying with compost
tea or seaweed extracts enhanced growth
and productivity of peach (Abd El Hamied
and Ghieth, 2017) and strawberry (Kapur et
al., 2017), respectively. Under drought con-
ditions, foliar spray of seaweed extract on
‘Hamlin’ sweet orange trees budded on Car-
rizo citrange or Swingle citrumelo rootstocks
significantly improved total tree growth
compared to untreated stressed trees. Trees
also had intermediate water use efficiency
and increased drought tolerance (Spann and
Little, 2010). Seaweed extract could improve
citrus drought resistance possibly by improv-
ing stem water potential in citrus rootstocks
under full irrigation and drought, as well
as affecting photosynthesis, stomatal con-
ductance and water use efficiency in leaves
(Spann and Little, 2011). The beneficial ef-
fect of compost tea extract on vegetative
growth characteristics could be attributed
to its content of macro- and micronutrients
(Mostafa et al., 2009), as well as its hormon-
al-like effect due to its content of auxins,
gibberellins, and cytokinins. Compared to
seaweed extract, the effectiveness of com-
post tea extract could be related to the higher
content of micronutrients, especially Fe, Mn,
Zn and Cu (Table 2), which play an impor-
tant role in protein and chlorophyll synthe-
sis, membrane function and cell elongation
(Pokhrel and Dubey, 2013; Ojeda-Barrios et
al., 2014). For instance, Zn plays a funda-
mental role in regulating osmotic activities,
as well as protecting and maintaining cell
water balance and the structural stability of
cell membranes under stressful conditions
(Haripriya et al 2018). Auxin initiates cell
wall loosening process and cell enlargement
(Hager, 2003), which lead to the emergence
of lateral roots improving water absorbance
and nutrients uptake under stress conditions
(Trevisan et al., 2010). Increasing cytoki-
nin levels on the account of auxin enhanced
vegetative growth, photosynthetic pigments,
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yield and fruit quality of olive trees (Dab-
baghi et al., 2018) and potato plants (Ekin,
2019).

Fruit set and fruit drop. Like vegetative
growth characteristics, the percentage of ini-
tial and final fruit set increased, while June
drop and preharvest drop decreased with in-
creased irrigation level during both seasons
(Table 4). Similar results were reported on
fruit set of “Valencia’ orange trees (El Waz-
zan et al., 2001; Stover et al., 2002; El Sayed
and Ennab, 2013). Moderate water stress
could increase flower drop, and consequently
leads to reduction in fruit set and total yield
of mandarin trees (Conesa et al., 2018). Bios-
timulant treatments also effectively increased
fruit set and reduced fruit drop compared to
the control throughout the season (Table 4).
The most pronounced effect was noticed
with the application of compost tea extract,
followed by seaweed extract, but fishmeal
extract had the least effect on fruiting. These
results confirm the previous findings of Koo
and Mayo (1994), Masoud and Abd El Aal
(2012), and Omar et al. (2012) on citrus.

Combining biostimulant treatments with
full amount of water produced the highest
fruit set and lowest fruit drop in both seasons
(Table 4). However, reducing water require-
ment of ‘Valencia’ orange trees to 75% in
combination with compost tea showed the
best results of initial and final fruit set, as
well as June fruit drop when compared to
the control and all other treatments except
the combination of 100% water x compost
tea. Moreover, the combination of 75% water
and compost tea significantly reduced pre-
harvest fruit drop when compared with the
control and all other water deficit treatments
during both seasons. These results are con-
sistent with previous reports on pomegranate
(Khattab et al., 2012) and ‘Washington’ na-
vel orange (Zaghloul and Moursi, 2017). The
beneficial effect of compost tea may be due
to its content of macro- and micronutrients,
phytohormones, vitamins and antioxidants
(Zaghloul et al., 2015). Macronutrients like
P plays an important role in flower intensity
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Table 4. Effect of three irrigation regimes and foliarly applied biostimulants on fruit set and fruit drop of
‘Valencia’ orange trees during 2017/2018 and 2018/2019 seasons.

Initial fruit set Final fruit set June drop Preharvest drop
Treatments (%) (%) (%) (%)
2017/18 | 2018/19 | 2017/18 2018/19 2017/18 2018/19 2017/18 | 2018/19

Irrigation
11 100% water (control) 13.71 13.85 2.63 2.60 7.63 7.82 0.60 0.47
Io: 75% water 12.86 12.41 241 2.17 8.58 8.36 0.92 0.84
15: 50% water 11.23 11.72 1.58 1.65 12.61 10.99 1.30 1.05
LSD (P <0.05) 0.02 0.04 0.02 0.01 0.05 0.04 0.02 0.04

Biostimulants
T:: tap water (control) 10.56 10.43 1.60 1.67 12.61 12.02 1.36 1.04
Ta: seaweed extract 12.66 12.72 2.14 2.07 8.57 8.42 0.81 0.73
Ts: fishmeal extract 12.41 11.97 1.92 1.98 9.39 8.77 0.90 0.75
Ta: compost tea extract 14.78 15.52 3.15 2.84 7.46 7.02 0.68 0.62
LSD (P <0.05) 0.04 0.07 0.08 0.02 0.04 0.04 0.03 0.02

Interaction
I x Th: control 10.34 11.50 1.90 2.00 10.44 10.68 0.86 0.63
I x T2: 100% x seaweed 14.33 14.03 2.58 2.51 6.72 7.20 0.51 0.44
Tix Ts: 100% * fishmeal 13.97 13.57 225 243 7.27 7.48 0.60 0.46
11 x T4: 100% x compost tea 16.23 16.32 3.80 3.46 6.12 5.95 0.43 0.38
L x Ti: 75% water 11.42 10.56 1.79 1.72 12.49 11.41 1.34 1.11
I x T2 75% * seaweed 12.75 12.88 2.30 2.10 7.35 7.63 0.80 0.78
L2 x Ts: 75% x fishmeal 12.47 11.46 2.10 2.00 8.11 8.00 0.88 0.81
1o x Ta: 75% % compost tea 14.82 14.74 3.45 2.88 6.38 6.40 0.68 0.66
I3 x Ti: 50% water 9.94 9.23 1.13 1.30 14.90 13.97 1.90 1.40
I3 x T2: 50% x seaweed 10.90 11.26 1.56 1.60 11.64 10.45 1.12 0.98
I3 % Ts: 50% x fishmeal 10.81 10.89 1.43 1.52 12.80 10.85 1.24 1.00
I3 x T4: 50% * compost tea 13.29 15.50 221 2.18 9.90 8.71 0.95 0.82
LSD (P <0.05) 0.08 0.15 0.17 0.05 0.09 0.09 0.06 0.04

and fruit set of olive (Erel et al., 2016). Mi-
cronutrients such as B and Zn enhance pollen
germination and style tube formation; there-
fore has a vital role in fruit set (Acar et al.,
2010). Boron affects fruit set and develop-
ment due to its positive role on carbohydrate
transport (Marschner, 2012). The hormonal
effect of [AA along with micronutrients (e.g.
B, Zn, Fe, Mn, and Cu) increased fruit reten-
tion percentage and tree productivity, and
improved fruit physiochemical characteris-
tics in mango (El-Kosary et al., 2011; Khan
etal., 2012).

Yield. Results in Table 5 indicated that
moderate water deficit at 75% of water re-
quirement significantly increased total fruit
yield compared to the control and severe wa-
ter deficit at 50% during both seasons. This is
in agreement with previous findings of Cone-
sa et al. (2018). In addition, the application of
biostimulants also improved total fruit yield.
Compost tea had the greatest positive effect
on yield. These results confirm previous re-
sults with ‘Washington’ navel orange (Omar
and Abo El Enien, 2018).

Of all 12 treatment combinations, trees
receiving 75% water plus compost tea ex-
tract had the highest yield (Table 5), and this
may be due to the reduced fruit set under
water deficit conditions (Table 4) that led to
increased weight and size of the remaining
fruit due to the role of compost tea (Table 5).
The combination of 50% water deficit plus
compost tea extract also had higher yield
than 100% water with no biostimulants. This
supports the role of compost tea affecting to-
tal yield due to the hormonal-like effect and
micronutrient contents that alleviate the dras-
tic effects of water stress, and improve C/N
ratio, fruit set, number of fruit/tree and total
yield (Negi et al., 2009). Similar results were
obtained by irrigating to 60 to 70% of field
capacity, which improved plant water use ef-
ficiency and fruit yield of ‘Valencia’ orange
(El Sayed and Ennab, 2013), ‘Washington’
navel orange (Zaghloul and Moursi, 2017;
Omar and Abo El Enien, 2018) and peach
(Abd El Hamied and Ghieth, 2017). Compost
tea was the most effective biostimulant treat-
ment increasing the yield of ‘Washington’
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Table 5. Effect of three irrigation regimes and foliarly applied biostimulants on total fruit yield and per-
centage of fruit splitting and creasing of ‘Valencia’ orange trees during 2017/2018 and 2018/2019 seasons.

Total fruit yield Splitting Creasing
Treatments Kg/tree Ton/hectare (%) (%)
2017/18 | 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19
Irrigation
Ii: 100% water (control) 91.24 98.03 36.50 39.21 4.27 3.67 3.77 4.59
I2: 75% water 96.91 104.49 38.75 41.80 4.63 3.28 1.99 1.90
I3: 50% water 79.48 84.18 31.79 33.67 5.20 4.90 5.87 5.61
LSD (P<0.05) 0.04 0.03 0.45 0.36 0.05 0.03 0.02 0.03
Biostimulants
Ti: tap water (control) 79.69 82.92 31.88 33.17 5.63 4.67 4.52 4.69
To: seaweed extract 87.71 94.91 35.08 37.96 4.50 3.49 3.78 3.94
Ts: fishmeal extract 86.10 90.43 34.44 36.17 4.70 4.20 3.97 4.12
Ts: compost tea extract 103.33 114.01 41.33 45.60 3.98 3.44 3.24 3.39
LSD (P<0.05) 0.02 0.02 0.86 0.62 0.04 0.03 0.03 0.03
Interaction
11 x Ti: control 81.29 84.47 32.52 33.79 5.16 425 441 5.34
11 x Ta: 100% x seaweed 89.42 96.23 35.77 38.49 4.24 3.46 3.71 4.48
11 x Ts: 100% x fishmeal 87.79 92.61 35.12 37.04 4.13 3.84 3.88 4.70
I x T4: 100% * compost tea 106.48 118.84 42.59 47.54 3.58 3.15 3.10 3.85
I x Ti: 75% water 86.32 91.41 34.53 36.56 5.58 4.12 2.32 221
Lo x Ta: 75% x seaweed 95.00 106.10 38.00 42.44 438 238 1.94 1.86
1> x Ts: 75% x fishmeal 93.22 100.28 37.29 40.11 4.70 3.65 2.03 1.94
Lo x Ta: 75% x compost tea 113.10 120.20 45.24 48.08 3.88 2.98 1.68 1.60
I3 x Ti: 50% water 71.48 72.90 28.59 29.16 6.17 5.64 6.84 6.52
I3 Ta: 50% x seaweed 78.73 82.41 31.49 32.96 4.90 4.63 5.70 5.48
I3 x T3: 50% x fishmeal 77.30 78.42 30.92 31.37 5.27 5.13 6.00 5.72
I3 x Ty4: 50% X compost tea 90.42 103.00 36.17 41.20 4.48 4.21 4.96 4.73
LSD (P <0.05) 0.04 0.04 1.74 1.24 0.09 0.06 0.07 0.06

navel orange per tree by 39% (Mostafa et al.,
2009; Omar et al., 2012). In this respect, sea-
weed extract increased the yield of ‘Clemen-
tine’ mandarin and ‘Navelina’ orange by 11%
and 8%, respectively (Fornes et al., 2002).
Therefore, reducing irrigation to 75% of wa-
ter requirement with the application of com-
post tea extract was the most effective treat-
ment on ‘Valencia’ orange tree production.
This treatment actually saved about 25% of
water used in irrigation, and increased total
fruit yield per tree by 40.7% over the control
(Table 5).

Fruit physiological disorders. The current
study has focused on splitting and creasing
disorders. Splitting; praimarily occurs dur-
ing cell enlargement period, fruit maturity
period, or throughout the entire fruit growth
and development period (Juan and Jiezhong,
2017). There are three types, including fla-
vedo splitting (i.e., begins with cuticle split-
ting followed by flavedo cells until cracking
reaches the albedo cells) (Wang and Qin,
1987), inner cracking (i.e., starts at fruit
central axis, then fruit top) (Wu et al., 1987)

and albedo splitting, which is also defined
as creasing. Creasing; also know as albedo
breakdown in citrus rind (Davies and Albri-
g0, 1994), is characterized by separation of
albed cells resulting in channels in the rind
(Treeby et al., 1995). Results in Table 5 in-
dicate that water deficit at 75% significantly
reduced the percentage of fruit creasing, but
the effect on fruit splitting was only notice-
able during the second season. In addition,
the application of biostimulants also effec-
tively reduced splitting and creasing percent-
age, and compost tea was the most effective
biostimulant during both seasons. Physiolog-
ical disorders like splitting and creasing are
usually associated with tree water status and
soil moisture content (Mesejo et al., 2016).
Zaghloul and Moursi (2017) reported that
foliar spray of biostimulants reduced fruit
splitting and creasing of “Washington’ navel
orange. This may be due to their richness in
phytohormones (i.e., auxins, cytokinins and
gibberellins), amino acids and micronutri-
ents (Zaghloul et al., 2015). Abd El Rahman
et al. (2012) found that foliar application of
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GA, and potassium nitrate had reduced fruit
splitting percentage of ‘Washington’ navel
orange.

The combined application of 75% of total
water requirement and compost tea extract,
followed by 75% water and seaweed extract
were the most effective treatments reduc-
ing creasing percentage. Full water amount
with compost tea extract, and 75% of water
amount with seaweed extract during the first
and the second seasons, respectively reduced
splitting (Table 5). Compost tea was previ-
ously the most effective biostimulant treat-
ment minimizing fruit splitting and creasing
(Zaghloul and Moursi, 2017). Compared to
the control, the reduction in fruit creasing
was about 66% with 75% of water require-
ment plus compost tea, whereas it was 61%
for 75% water plus seaweed extract (Table
5). The higher nutrient contents, especially
Ca, K, Zn and B could be important to reduce
fruit physiological disorders due to their role
in stabilizing pectin fractions in cell wall im-
proving fruit firmness (Ali et al, 2000; Treeby
et al., 2000; O’Neill et al., 2004; Goldbach
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and Wimmer, 2007). Reduced fruit creasing
and splitting may be due to the earlier appli-
cation of biostimulants; before flowering, at
full bloom, and two months after full bloom.
It is suggested that mineral elements are
needed before the pectin structure of cell wall
has been completed, before the end of cell di-
vision in albedo, which is approximately six
weeks after petal fall (Bower, 2004).

Fruit quality. In regards to the main effect
of water deficit treatments, results indicated
that the best values of fruit physical charac-
teristics (Table 6) and vitamin C (Table 7)
were related to the application of 75% of wa-
ter requirement during both seasons. Howev-
er, when compared to the control, juice con-
tent was not significantly affect by 75% water
(Table 6). These results support the findings
of Gonzalez-Altozano and Castel (2003),
Perez-pastor et al. (2007), Moursi and Abo
El Enien (2015) and Shirgure et al. (2016).
The best value of TSS was obtained by re-
ducing water requirement to 50%, whereas
control showed the best values of acidity and
TSS/acid ratio, in both seasons (Table 7).

Table 6. Effect of three irrigation regimes and foliarly applied biostimulants on fruit physical characteris-
tics of “Valencia’ orange trees during 2017/2018 and 2018/2019 seasons.

Fruit weight Fruit size Juice Fruit firmness
Treatments (2) (cm®) (%) (N/mm?)
2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19
Irrigation
I1: 100% water (control) 286.74 288.73 302.98 307.17 65.47 65.16 0.791 0.717
Lot 75% water 290.16 290.20 306.79 308.73 66.25 65.50 0.863 0.793
I3: 50% water 274.30 274.28 289.84 291.80 62.62 61.49 0.588 0.502
LSD (P <0.05) 0.27 0.54 0.26 0.43 1.00 0.50 0.006 0.008
Biostimulants
Ti: tap water (control) 212.15 222.19 224.16 236.39 48.44 50.15 0.703 0.623
To: seaweed extract 313.97 308.85 331.77 328.58 71.68 69.71 0.748 0.676
Ts: fishmeal extract 271.54 277.72 286.92 295.45 61.99 61.94 0.804 0.712
T4: compost tea extract 337.27 328.85 356.65 349.85 77.01 74.42 0.734 0.672
LSD (P <0.05) 0.41 0.33 0.37 0.49 0.95 0.48 0.007 0.005
Interaction
11 x Ty: control 214.39 225.57 226.53 239.98 48.97 50.91 0.743 0.682
I x Ta: 100% x seaweed 317.29 313.54 335.26 333.57 72.44 70.77 0.812 0.713
11 x T3: 100% x fishmeal 274.41 281.96 289.95 299.97 62.65 63.64 0.817 0.735
I1 % T4: 100% x compost tea 340.88 333.85 360.21 355.17 77.83 75.35 0.791 0.741
I x Ti: 75% water 216.97 226.72 229.26 241.20 49.53 51.17 0.810 0.715
I x Ta: 75% x seaweed 321.11 315.15 339.29 335.28 7331 71.13 0.838 0.806
1> x Ts: 75% x fishmeal 271.72 283.40 293.45 301.50 63.40 63.97 0.976 0.868
> x Tq: 75% % compost tea 344.84 335.54 365.19 356.97 78.76 75.73 0.827 0.783
I3 x Ti: 50% water 205.09 214.30 216.70 227.99 46.82 48.37 0.557 0.472
I3 x Ta: 50% * seaweed 303.53 297.87 320.76 316.89 69.30 67.23 0.595 0.511
I3 x Ts: 50% x fishmeal 262.51 267.80 27137 284.90 59.93 58.21 0.618 0.535
I3 % Ta: 50% X compost tea 326.09 317.16 344.56 337.42 74.45 72.18 0.583 0.492
LSD (P <0.05) 0.83 0.95 0.75 0.99 1.92 0.98 0.014 0.010
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TSS and acidity increased as the amount of
applied water decreased (El Sayed and En-
nab, 2013; Conesa et al., 2018). Moderate ir-
rigation produced the highest TSS, TSS/acid
ratio and vitamin C in ‘Nagpur’ mandarin
(Shirgure et al., 2016) and ‘Washington’ na-
vel orange (Omar and Abo El Enien, 2018).
Averaged over the irrigation treatments, all
biostimulant treatments improved fruit phys-
ical (Table 6) and chemical characteristics,
except acidity and TSS/acid ratio (Table 7),
compared to the control during both seasons.
Compost tea extract had the greatest effect on
fruit weight and size, juice content (Table 6),
TSS, and vitamin C. Although this treatment
showed high acidity content, but the differ-
ence in TSS/acid ratio was insignificant com-
pared to the control (Table 7). These results
confirm the previous reports of Omar et al.
(2012), Zaghloul et al. (2015) and Al Musawi
(2018).

The combined application of 75% water
and compost tea extract, followed by 100%
water and compost tea extract produced the
best values of fruit weight and size, and juice

Table 7. Effect of three irrigation regimes and foliarly
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content in comparison to all treatments and
the control during both seasons, however, the
difference between both treatments was not
significant in regards to juice content (Table
6). Spraying compost tea and seaweed ex-
tracts increased fruit weight, size, length and
diameter diameter, and juice content of ‘Bal-
ady’ lime (Masoud and Abd El Aal, 2012)
and sour orange fruit (Al Musawi, 2018). The
effect of compost tea may be due to the high
content of nutrients and vitamins, in addition
to its content of useful bacteria, fungi and
actinomycetes, which are acting to enhance
vegetative growth and nutritional status of the
tree, and eventually affect fruit quality (Calvo
et al., 2014). Fruit firmness was greatest with
75% water plus fishmeal extract, followed by
75% water plus seaweed extract, then 75%
water plus compost tea extract (Table 6).
Biostimulants improved fruit firmness due
to their content of IAA, GA, and Ca (Kinay
et al., 2005). The auxin and gibberellin con-
stituents of biostimulantscomponents are re-
sponsible of retarding the activity of falvedo
a-mannosidase and albedo P-galactosidases

applied biostimulants on fruit chemical characteristics

of “Valencia’ orange trees during 2017/2018 and 2018/2019 seasons.

TSS Acidity TSS/acid Vitamin C
Treatments (%) (%) ratio (mg/100 ml juice)
2017/18 | 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 | 2018/19
Irrigation
I;: 100% water (control) 12.36 12.36 1.11 1.05 11.16 11.77 46.69 43.79
Io: 75% water 12.59 12.76 1.16 1.11 10.85 11.50 47.59 46.38
13: 50% water 13.09 13.03 1.26 1.19 10.40 10.94 46.78 44.88
LSD (P <0.05) 0.12 0.02 0.01 0.01 0.14 0.26 0.38 0.32
Biostimulants
Ti: tap water (control) 11.54 11.62 1.08 1.03 10.68 11.28 43.23 41.40
To: seaweed extract 12.99 13.12 1.18 1.15 11.01 11.41 47.56 46.36
Ts: fishmeal extract 12.61 12.50 1.17 1.11 10.77 11.30 46.70 44.29
T4: compost tea extract 13.58 13.64 1.26 1.19 10.77 11.46 50.59 48.02
LSD (P <0.05) 0.09 0.03 0.02 0.02 0.13 0.18 0.21 0.34
Interaction
I x Ti: control 11.11 11.29 1.02 0.97 10.89 11.64 42.94 40.27
I x T2: 100% x seaweed 12.92 12.76 1.10 1.08 11.74 11.81 47.23 45.10
1 x T3: 100% x fishmeal 12.29 12.15 1.12 1.03 10.97 11.80 46.37 43.08
T1 x T4: 100% x compost tea 13.14 13.26 1.19 1.12 11.04 11.84 50.23 46.71
I x Ti: 75% water 11.55 11.66 1.07 1.02 10.79 11.43 43.77 42.66
I x Ta: 75% x seaweed 12.80 13.17 1.17 1.14 10.94 11.55 48.14 47.717
I x Ts: 75% x fishmeal 12.55 12.54 1.15 1.09 10.91 11.50 47.27 45.64
1> x T4: 75% x compost tea 13.46 13.68 1.25 1.18 10.77 11.59 51.21 49.48
I3 x Ti: 50% water 11.96 11.91 1.16 1.10 10.31 10.83 43.00 41.28
I3 % Ta: 50% x seaweed 13.25 13.45 1.27 1.23 10.43 10.93 47.33 46.23
I3 x T3: 50% x fishmeal 12.99 12.81 1.25 1.17 10.39 10.95 46.47 44.16
I3 x Ta: 50% % compost tea 14.16 13.98 1.35 1.27 10.49 11.00 50.34 47.88
LSD (P <0.05) 0.18 0.07 0.04 0.05 0.26 0.38 0.62 0.68




ORANGE TREES

(Alam-Eldein, 2011) and reduce the degrada-
tion of pectin polymers of cell wall, which
are associated with fruit softening (Mitcham
and McDonald, 1993). These three later
treatments in the same order also reduced
fruit creasing in both seasons, and splitting in
the first season (Table 5) showing a positive
relationship between fruit firmness and sus-
ceptibility to peel cracking. These findings
contradict reports of Bower (2004), and Juan
and Jiezhong (2017) where increasing peel
thickness and hardness reduced creasing per-
centage in citrus. The positive relationship in
this current study might be due to the effect
of reduced water conditions (Table 5 and 6),
which cause changes in the ultrastructure of
the cell wall and lead to cell loosening in al-
bedo tissue, thus resulting in fruit ceasing or
splitting (Li et al., 2008). In addition, Treeby
et al. (2000) reported that creasing fruit rate
of trees on lemon rootstocks is higher than
that of trees on orange rootstocks.

Vitamin C was highest with the application
of 75% water plus compost tea, followed by
50% water plus compost tea (Table 7). TSS
was highest with 50% water plus compost tea
extract, followed by 75% water plus compost
tea extract. Acidity increased more in dryer
conditions. The highest and the lowest values
were recorded with the application of 50%
water plus compost tea extract, and the con-
trol, respectively in both seasons. TSS: acid
ratio tends to be higher in more wet condi-
tions, and the highest values were associated
with 100% water plus seaweed extract and
100% water plus compost tea extract during
the first and the second seasons, respectively
with insignificant difference compared to
the control in the second season (Table 7).
These results agree with those of Zaghloul
and Moursi (2017) on ‘Washington’ navel
orange. Results in Table 7 also revealed that
acidity increased more than TSS under dry
conditions, consequently TSS: acid ratio
decreased, and this confirms the previous
reports of Wittwer (1995). The reduction in
TSS: acid ratio is mainly related to the re-
duction in photosynthesis rate under water
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stress conditions (Vu and Yelenosky, 1989).
Biostimulant applications improved TSS of
stressed ‘Valencia’ trees (Table 7), and this
could be related to the hormone-like effect,
which increases the sink capacity of the fruit
improving the mobilization activity of water,
carbohydrates, and nutrients (Agusti et al.,
1992). Yakushiji et al. (1996) found that glu-
cose and fructose were largely responsible
for active osmoregulation in Satsuma manda-
rin fruit under moderate drought conditions.
Furthermore, the total sugar concentration
of fruit from water-stressed trees was higher
than that of well-watered trees (Alam-Eldein,
2011), suggesting that sugar accumulation in
fruit was not caused by dehydration under
water stress, but rather sugar accumulated
from carbon assimilates and tree reserve by
active osmoregulation to maintain cell turgor
and minimize the detrimental effects of wa-
ter stress (Yakushiji et al., 1998). Cohen and
Goell (1988) found that these accumulated
sugars were not completely utilized for fruit
growth even after irrigation was resumed. In-
crease in fruit sugar concentration is usually
associated with increases in TSS, because
sugars constitute about 75-80% of TSS (Gri-
erson, 2006). This supports the role of bios-
timulants improving fruit quality under water
deficit conditions.

In summary, it is worth mentioning that
Gonzalez-Altozano and Castel (2003)
showed that moderate water deficit during
initial fruit growth stages did not affect citrus
fruit yield compared to the control, whereas
yield decreased by 25% when water defi-
cit has applied during fruit ripening stage.
Also, Garcia-Tejero et al. (2012) showed
that reduced citrus yield was related to the
phenological stage, and the most sensitive
stages were flowering, fruit growth and rip-
ening in relation to water deficit to 50% of
crop evapotranspiration. Yield reduction in
these three stages was 20, 10, and 6%, re-
spectively. In a more recent study, reduced
yield was more related to late stages of fruit
growth, while moderate water deficit (i.e.,
20 or 40% reduction in crop evapotranspi-
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ration) during flowering and early stages of
fruit growth resulted in higher fruit number
per tree, but total yield and fruit quality were
not affected (Conesa et al., 2018). However,
in this current study water deficit treatments
were extended throughout the season (Table
1), rather than a specific period during fruit
growth and development, suggesting that
improved total yield with reducing water to
75% was mainly related to the beneficial ef-
fect of biostimulant sprays (Table 5), which
mitigate the drastic effects of water stress
(Van Oosten et al., 2017). Even with reduc-
ing water to 50% with no biostimulant, the
reduced total yield compared to the control
was 12.1 and 13.7% in 2017 and 2018 sea-
son, respectively, which is a smaller reduc-
tion compared to previous reports. Goldham-
er and Salinas (2000) reported that the re-
sponse of citrus cultivars to deficit irrigation
depends on the level of water stress endured
by the plant at different phenological stages.
Rootstocks may play an important role in this
regard (Rodriguez-Gamir et al., 2010). “Vol-
kamer’ rootstock effectively improved the
scion’s photosynthetic capacity linked to car-
bohydrate distribution, which impacts plant
vegetative and reproductive development
under water deficit conditions (Martinez-
Cuenca et al., 2016) in sandy soils (Roose,
2014). “Volkamer’ is important for the des-
ert citrus industry, because it is vigorous and
produces high-yielding trees with excellent
fruit size (Wright and Poe, 2018), but lower
juice quality due to its lemon x sour orange
origin (Roose, 2014). The behavior of ‘Va-
lencia’ orange trees under moderate deficit ir-
rigation (75%) in this current study may have
been just a prevention mechanism rather than
tolerance, according to Verslues et al. (2006)
and Lawlor (2013). Prevention occurs with
high water absorbance due to deeper and
denser root systems (Blum, 2005), which are
characteristics of “Volkamer’ roots (Roose,
2014). Therefore, the trees continue growing
and fruiting, albeit at a reduced rate (Zhao et
al., 2015), and never commence the tolerance
mechanism until the prevention mechanism
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becomes insufficient to protect the plant
(Claeys and Inze, 2013). This could also sup-
port the preventative and stimulative role of
biostimulants, compost tea in particular, for
improving growth, productivity and fruit
quality under deficit irrigation conditions
(Calvo et al., 2014).

Conclusion

‘Volkamer’-budded ‘Valencia’ orange
trees grown in sandy soil under drip irrigation
conditions showed better vegetative growth,
fruit development, yield and fruit quality with
moderate deficit irrigation of 19,400 L/tree/
year (75% of crop water requirement) plus
foliar application of compost tea (65ml/L).
This combination treatment saved about
25% of used water with no negative effect
on tree growth, productivity, or fruit quality.
The increase in yield was about 40.7% over
the control. Previous studies applied water
deficit treatments at specific phenological
stages of plant growth and development dur-
ing the season, but in the current study trees
were water-stressed throughout the entire
season. This may have caused a specific type
of tree adaptation to water stress, because
trees became water-stressed gradually, rather
than suddenly. In addition, the application of
biostimulants partially negated the negative
effects of water stress.

In comparison to previous reports of 25%
(Gonzalez-Altozano and Castel, 2003) and
20% (Garcia-Tejero et al., 2012) yield reduc-
tion with limited fruit quality, we found a
smaller reduction in yield (12.9%) (Table 5)
with improved fruit TSS and vitamin C con-
tent (Table 7) in response to 50% water defi-
cit. Similar treatments may be a focal point
for future research (i.e., at the molecular
level) to improve tree productivity and fruit
quality under such conditions.

Literature Cited
A.O.A.C. 1990. Association of official analytical
chemists. Official Methods of Analysis. 15" Ed.
Washington D.C., USA.
Abd El Hamied, S.A. and W.M. Ghieth. 2017. Use of
magnetized water and compost tea to improve peach



ORANGE TREES

productivity under salinity stress of north Sinai con-
ditions, Egypt. Egypt. J. Desert. Res. 67: 231-254.

Abd El Rahman, G.F., HM. Mohamed, and E.A.H.
Tayh. 2012. Effect of GA, and potassium nitrate
in different dates on fruit set, yield and splitting of
Washington navel orange. Nature Sci. 10: 148-157.

Abdel Aal, AM.K., F.F. Ahmed, and K.M. Hassan.
2012. Partial replacement of chemical N fertilizer
in Balady mandarin orchard through application of
extracts of yeast, secaweed and farmyard manure.
Minia J. Agric. Res. Develop. 32: 129-148.

Acar, 1., B.E. Ak, and K. Sarpkaya. 2010. Effects of
boron and gibberellic acid on in vitro pollen germi-
nation of pistachio (Pistacia vera L.). Afric. J. Bio-
technol. 9 (32): 5126-5130.

Agricultural Statistics of Egypt. 2014. Water scarcity
in Egypt: The urgent need for regional cooperation
among the Nile Basin countries. Report of the Min-
istry of water resources and irrigation, 5 pp., Gov-
ernment of Egypt, Cairo, Egypt.

Agusti, M., V. Almela, M. Aznar, J. Pons, and M. El-
Otmani. 1992. The use of 2,4-DP to improve fruit
size in citrus. Proc. Int. Soc. Citri. 1: 423-427.

Alam-Eldein, S.M. 2011. Characterization of citrus peel
maturation and the effect of water stress, growth reg-
ulators and date of harvest. Hortic. Sci. Dept., Univ.
of Florida, Gainesville, FL, USA. Pp.457.

Ali, A., L.L. Summers, G.J. Klein, and C.J. Lovatt.
2000. Albedo breakdown in California. Proc. Intl.
Soc. Citricul., 2: 1090-1093.

Al Musawi, M.A.H.M. 2018. Effect of foliar applica-
tion with algae extracts on fruit quality of sour or-
ange, Citrus aurantium, L. J. Environ. Sci. Pollut.
Res. 4: 250-252.

Blum, A. 2005. Drought resistance, water-use efficien-
cy, and yield potential — are they compatible, dis-
sonant or mutually exclusive? Aust. J. Agric. Res.
56 (11): 1159-1168.

Boman, B., Y. Levy, and L. Parsons. 1999. Water man-
agement, p.72-81. In: L.W. Trimmer and L.W. Dun-
can (eds.). Citrus health management. Amer. Pathol.
Soc. Press, St. Paul, MN, USA.

Bower, J.P. 2004. The physiological control of citrus
creasing. Acta Hortic. 632: 111-115.

Calvo, P., L. Nelson, and J.W. Kloepper. 2014. Agri-
cultural uses of plant biostimulants. Plant Soil 383:
3-41.

Claeys, H. and D. Inze. 2013. The Agony of Choice:
How plants balance growth and survival under wa-
ter-limiting conditions. Plant Physiol. 162(4): 1768-
1779.

Cohen, A. and A. Goell. 1988. Fruit growth and dry
matter accumulation in grapefruit during periods of
water withholding after reirrigation. Aust. J. Plant.
Physiol. 15(5):633-639

131

Conesa, M.R., .M. de la Rosa, J.P. Fernandez-Trujilli,
R. Domingo, and A. Perez-Pastor. 2018. Deficit irri-
gation in commercial mandarin trees: water relations
yield and quality responses at harvest and after cold
storage. Span. J. Agric. Res. 16(3): 1201

Cosgrove, W.J. and D.P. Loucks 2015. Water manage-
ment: Current and future challenges and research
directions. Water Resour. Res. 51: 4823-4839.

Costa, J.M., M.F. Ortuno, and M.M. Chaves. 2007.
Deficit irrigation as a strategy to save water: Physi-
ology and potential application to horticulture. J.
Integr. Plant Biol. 49: 1421-1434.

Dabbaghi, O., M. Tekaya, S. Oden, T. Willems, F. At-
tia, M. Hammami, E. Prinsen, and B. Mechri. 2018.
Foliar application of bio-fertilizers influenced the
endogenous concentrations of phytohormones and
amino acids in leaves and roots of olive trees (Olea
europaea L. cv. Chemlali). Afric. J. Agric. Res. 13
(34): 1777-1786.

Davies, F.S. and L.G. Albrigo. 1994. Citrus. CAB In-
ternational, Wallingford, UK 254.

Du, T., S. Kang, J. Zhang, and W.J. Davies. 2015. Defi-
cit irrigation and sustainable water-resource strate-
gies in agriculture for China’s food security. J. Exp.
66:2253-2269.

Ekin, Z. 2019. Integrated use of humic acid and plant
growth promoting rhizobacteria to ensure higher po-
tato productivity in sustainable agriculture. Sustain-
ability. 11 (12):3417.

El-Hendawy, S.E., E.M. Hokam, and U. Schmidhalter.
2008. Drip irrigation frequency: The effects and
their interaction with nitrogen fertilization on sandy
soil water distribution, maize yield and water use ef-
ficiency under Egyptian conditions. J. Agron. Crop
Sci. 194(3): 180-192.

El-Kosary, S., L.E. El-Shenawy, and S.I. Radwan. 2011.
Effect of microelements, amino and humic acids on
growth, flowering and fruiting of some mango cul-
tivars. J. Hortic. Sci. Ornam. Plants 3 (2): 152-161.

El Sayed, S.A. and H.A. Ennab. 2013. Effect of dif-
ferent levels of irrigation water and nitrogen fertil-
izer on vegetative growth, yield and fruit quality of
Valencia orange trees. Minufiya J. Agric. Res. 38:
761-773.

El Wazzan, R.A., A.A. Khalil, and H.A. Houka. 2001.
Response of mature Valencia orange trees to three
methods of pressured irrigation under south El-
Tahreer conditions. Bull. Fac. Agric. Cairo Univ. 50:
151-165.

English, M. 1990. Deficit irrigation. I: analytical frame-
work. J. Irrig. Drain. Eng. 116: 399.

Ennab, H.A. and S.A. El-Sayed. 2014. Response of
Balady mandarin trees to deficit irrigation. J. Agric.
Res. Kafr El Sheikh Univ. 40: 616-629.

Erel, R. U. Yermiyahu, H. Yasuor, D.C. Chamus, A.



132

Schwartz, A. Ben-Gal., and A. Dag. 2016. Phos-
phorous nutritional level, carbohydrate reserves and
flower quality in olives. PLOS One 11(12): 0167591.

Fahad, S., A.A. Bajwa, U. Nazir, S.A. Anjum, A. Fa-
rooq, A. Zohaib, S. Sadia, W. Nasim, S. Adkins, S.
Saud, M.Z. Thsan, H. Alharby, C. Wu, D. Wang, and
J. Huang. 2017. Crop production under drought and
heat stress: plant responses and management op-
tions. Front. Plant Sci. 8: 1147.

FAO. 2020. Food and Agriculture Organization of the
United Nations (FAO), FAO Statistics, http:/www.
fao.org/faostat/en/#data/QC

Fornes, F., M. Sanchez-Perales, and J.L. Guardiola.
2002. Effect of a seaweed extract on the productiv-
ity of ‘de Nules’ Clementine mandarin and Navelina
orange. Bot. Mar. 45: 486-489.

Francaviglia, R. and C.D. Bene. 2019. Deficit drip ir-
rigation in processing of tomato production in the
Mediterranean basin: A data analysis for Italy. Ag-
riculture.9: 1-14.

Garcia-Tejero, 1., V.H. Duran-Zuazo, J. Arriaga-Sevil-
la, and J.L. Muriel-Fernandez. 2012. Impact of wa-
ter stress on citrus yield. Agron. Sustain. Dev. 32:
651-659.

Garcia-Tejero, 1., V.H. Duran-Zuazo, J.L. Muriel-Fer-
nandez, G.G. Martinez, and B.J.A. Jimenez. 2011b.
Benefits of low-frequency irrigation in citrus or-
chards. Agron. Sustain. Dev. 31: 779-791.

Ginestar, C. and J.R. Castel. 1996. Responses of young
clementine citrus trees to water stress during differ-
ent phenological periods. J. Hortic. Sci. Biotech-
nol.71: 551-559.

Goldbach, H.E. and M.A. Wimmer. 2007. Boron in
plants and animals: is there a role beyond cell-wall
structure? J. Plant Nut. Soil Sci.170:39-48.

Goldhamer, D.A. and M. Salinas. 2000. Evaluation of
regulated deficit irrigation on mature orange trees
grown under high evapotrative demand. Proc. Int.
Soc. Citric. IX Congress. Orlando, FL. pp 277-231

Gonzalez-Altozano, P. and J.R. Castel. 1999. Regulat-
ed deficit irrigation in “Clementina de Nules” citrus
trees. I. Yield and fruit quality effects. J. Hortic. Sci.
Biotechnol. 74:706-713.

Gonzalez-Altozano, P. and J.R. Castel. 2003. Regu-
lated defecit irrigation in ‘Clementine de Nules’ cit-
rus tree. I. Yield and fruit quality effects during four
years. Span. J. Agric. Res. 1 (2): 81-92.

Grierson, W. 2006. Maturity and grade standards, p.23-
48. In: Wardowski, W.F., W.M. Miller, D.J. Hall, and
W. Grierson (eds.). Fresh Citrus Fruits. Florida Sci-
ence Source, Inc., Longboat Key, FL, USA.

Hager, A. 2003. Role of the plasma membrane H+-
ATPase in auxin-induced elongation growth: his-
torical and new aspects. J. Plant Res. 116: 483-505.

Haripriya, P., PM. Stella, and S. Anusuya. 2018. Foliar

JOURNAL OF THE AMERICAN POMOLOGICAL SOCIETY

spray of zinc oxide nanopartcles improves salt toler-
ance in Finger Millet crops under glasshouse condi-
ton. SCIOL Biotechnol. 1:20-29.

Hegab, M.Y., A.M.A. Sharawy, and S.A.G. El Saiada.
2005. Effect of algae extract and mono potassium
phosphate on growth and fruiting of Balady orange
trees. Bull. Faculty. Agric. Cairo Univ. 56: 107-120.

Juan, L.I. and C. Jiezhong. 2017. Citrus fruit-cracking:
causes and occurance. Hort. Plant J. 17(3):222-224.

Junior, J.A., M.V. Folegatti, C.R. daSilva, T.J.A.
daSilva, and A.W.P. Evangelista. 2011. Response of
young “Tahiti” lime trees to different irrigation lev-
els. Eng. Agric. Jaboticabal 31: 303-314.

Jury, W.A. and J.H. Vaux. 2005. The role of science in
solving the world’s emerging water problems, Proc.
Natl. Acad. Sci., USA. 102: 15715-15720.

Kapur, B., E. Celiktopuz, M.A. Saridas, and S.P. Kargi.
2017. Effects of different irrigation levels with bio-
stimulant applications on plant growth in ‘Kabarla’
strawberry variety. Amer. J. Plant Biol. 2: 120-124.

Khan, A.S., W., Ullah, A.U. Malik, R. Ahmad, B.A.
Saleem, and I.A. Rajwana. 2012. Exogenous ap-
plications of boron and zinc influence leaf nutrient
status, tree growth and fruit quality of Feutrell’s
early (Citrus reticulata Blanco). Pak. J. Agric. Sci.
49:113-119.

Khattab, M.M., A.E. Shaban, A.H. El-Shrief, and
A.S.E. Mohamed. 2012. Effect of humic acid and
amino acids on pomegranate trees under deficit Ir-
rigation. I: Growth, flowering and fruiting. J. Hortic.
Sci. Ornam. Plants 4:253-259.

Kinay, P., F. Yildiz, F. Sen, M. Yildiz, and I. Karacali.
2005. Integration of pre- and postharvest treat-
ments to minimize Penicillium decay of Satsuma
mandarins. Postharvest Biol. Tech. 37:31-36.

Koo, R.CJ. and S. Mayo. 1994. Effect of seaweed
sprays on citrus fruit production. Proc. Fla. State
Hortic. Soc. 107 82-85.

Lawlor, D.W. 2013. Genetic engineering to improve
plant performance under drought: physiological
evaluation of achievements, limitations, and pos-
sibilities. J. Exp. Bot. 64 (1):83-108.

Li, J., J.Z. Chen, Y.L. Hu, B.Y. Zhou, Q. Yao, and
Z.Q. Hu. 2008. Effect of soil moisture on cell-wall
metalbolism of pericarp in citrus. Acta Ecologica
Sinica. 28:486-492.

Marschner, P. 2012. Marschner’s mineral nutrition of
higher plants. 3rd ed. Academic Press, London,
UK.

Martinez-Cuenca, M., A. Primo-Capella, and M.A. F.
Giner. 2016. Influence of rootstock on citrus tree
growth: Effects on photosynthesis and carbohy-
drate distribution, plant size, yield, fruit quality,
and dwarfing genotypes. Chapt. 8, 25 pp. In: E.
Rigobelo (ed.). Plant Growth. Open Access book.



ORANGE TREES

IntechOpen, Limited, London, UK. Web of Sci-
ence. doi./:10/:5772/64825

Masoud, A.A.B. and A.M.K. Abd El Aal. 2012. Influ-
ence of using compost tea enriched with Spirulina
Plantensis algae on fruiting of Balady lime trees.
Assiut J. of Agric. Sci. 43:57-70.

Mesejo, C., C. Reig, A. Martinez-Fuentes, G. Gam-
betta, A. Gravina, and M. Agusti. 2016. Tree water
status influences fruit splitting in citrus. Sci. Hor-
tic. 209:96-104.

Mitcham, E.J. and R.E. McDonald. 1993. Changes in
grapefruit falvedo cell wall noncellulosic neutral
sugar composition. Phytochem. 34:1235-1239.

Mostafa, M.F.M., M.S.S. El Boray, A.F. Abd El Wa-
hab, and R.A. Barakat. 2009. Effect of enriched
compost tea on Washington navel orange trees. J.
Agric. Sci. Mansoura Univ. 34:10085-10094.

Moursi, E.A. and M.M. Abo El Enien. 2015. Studying
behavior of navel orange trees under different ir-
rigation treatments in the north middle Nile delta.
Ann. Agric. Sci. Moshtohor 53:415-424.

Muller, B., F. Pantin, M. Génard, O. Turc, S. Freixes,
M. Piques, and Y. Gibon. 2011. Water deficits un-
couple growth from photosynthesis, increase C
content, and modify the relationships between C
and growth in sink organs. J. Exp. Bot. 62:1715-
1729.

Negi, S.S.; A.K. Singh, and C.P. Singh. 2009. Effect
of foliar application of nutrients on fruit-set, yield
and quality of mango cv. Dashehari. Haryana J.
Hortic. Sci. 38 (1/2):20-22.

Ojeda-Barrios, D.L., E. Perea-Portillo, O.A. Hernan-
dez-Rodriguez, J. Martinez-T¢llez, J. Abadia, and
L. Lombardini. 2014. Foliar fertilization with zinc
in pecan trees. HortScience 49:562-566.

Omar, A., E.B. Belal, and A.A. El-Abd. 2012. Effects
of foliar application with compost tea and filtrate
biogas slurry liquid on yield and fruit quality of
Washington navel orange (Citrus sinensis Osbeck)
trees. J. Air Waste Manage. Assoc. 62:767-772.

Omar, A. and M.S. Abo El Enien. 2018. Effects of dif-
ferent irrigation regimes on fruit quality and ex-
portability of Washington navel orange fruit (Ciz-
rus sinensis L.). 5" International Conference on
Sustainable Agriculture and Environment, October
8-10, 2018, pp: 415 - 424, Hammamet, Tunisia.

O’Neill, M.A., T. Ishii, P. Albersheim, and A.G. Dar-
vill. 2004. Rhamnogalacturonan II: structure and
function of borate cross-linked cell wall pectic
polysaccharide. Ann. Rev. Plant Biol. 55:109-139.

Panigrahi, P. and AK. Srivastava. 2016. Effective
management of irrigation water in citrus orchards
under a water scarce hot sub-humid region. Sci.
Hortic. 210: 6-13.

Perez-Pastor, A., M. Ruiz-Sanchez, J.A. Martinez, P.A.

133

Nortes, F. Artes, and R. Domingo. 2007. Effect of
deficit irrigation on apricot fruit quality at harvest
and during storage. J. Sci. Food Agric. 87:2409-
2415.

Pokhrel, L.R. and B. Dubey. 2013. Evaluation of devel-
opmental responses of two crop plants exposed to
silver and zincoxide nanoparticles. Sci. Total Envi-
ron. 452-453:321-332.

Rangana, S.H. 1977. Manual of analysis of fruit and
vegetable products. Tata McGraw-Hill publishing
Company Limited, New Delhi, India. Pp.634.

Rodriguez-Gamir, J., E. Primo-Millo, J.B. Forner, and
M.A. Forner-Giner. 2010. Citrus rootstock re-
sponses to water stress. Sci. Hortic. 126(2):95-102.

Roose, M.L. 2014. Rootstocks. In, p. 95-105. L. Fergu-
son and E.E. Grafton-Cardwell (eds.). Citrus pro-
duction manual. Univ. Calif. Agric. Nat. Resour.
Commun. Serv. Press, Oakland, CA, USA.

Shirgure, P.S., AK. Srivastava, and A.D. Huchche.
2016. Effect of drip irrigation scheduling on yield
and quality of Nagpur mandarin (Citrus reticulata
Blanco) fruits. Ind. J. Hortic. 73:30-35.

Snedecor, G.W. and W.G. Cochran (1990).Statistical
methods. 7th Ed. Iowa State Univ. Press Amester-
dam IA, USA, p. 593.

Soliman, M.A.M., H.A. Ennab, and G.B. Mikhael.
2018. Effect of periodic deficit irrigation at differ-
ent fruit growth stages on yield and fruit quality of
“Anna” apple trees. J. Plant Prod. Mansoura Univ.
9:13-19.

Spann, T.M. and H.A. Little. 2010. Effect of Stimplex®
crop biostimulant on drought tolerance of ‘Ham-
lin’ sweet orange. Proc. Fla. State Hortic. Soc. 123:
100-104.

Spann, T.M. and H.A. Little. 2011. Applications of a
commercial extract of the brown seaweed Asco-
phyllum nodosum increases drought tolerance in
container grown ‘Hamlin’ sweet orange nursery
trees. HortScience 46:577-582.

Stover, E., B. Boman, and L. Parsons. 2002. Water and
Florida citrus, p. 112-116. In: B. Boman (ed.).
Physiological response to irrigation and water
stress. Univ. Florida Press, Gainesville, FL, USA.

Treeby, M.T., D.J. Milne, R. Stotey, K.B. Bevington,
B.R. Loveys, and R. Hutton. 2000. Creasing in
Australia: causes and control. Proc. Int. Soc. Cit-
ric. 2:1099-1103.

Treeby, M.T., R. Storey, and K.B. Bevington. 1995.
Rootstock, seasonal, and fruit size influences on
the incidence and severity of albedo breakdown in
bellamy navel oranges. Austral. J. Exp. Agric. 35:
103-108.

Trevisan, S., O. Francioso, S. Quaggiotti, and S. Nardi.
2010. Humic substances biological activity at the
plant-soil interface: From environmental aspects



134

to molecular factors. Plant Signal. Behav. 5: 635—
643.

Turrell, EM. 1946. Tables of surfaces and volumes of
spheres and of prelates and oblate spheroids, and
spheroidal coefficient. Univ. Calif. Press, Berke-
ley, CA, USA.

Van Oosten, M.J., O. Pepe, S.D. Pascale, S. Silletti, and
A. Maggio. 2017. The role of biostimulants and
bioeffectors as alleviators of abiotic stress in crop
plants. Chem. Biol. Technol. Agric. 4: 5.

Verslues, P.E. M. Agarwal, S. Katiyar-Agarwal, J. Zhu,
and J-K. Zhu. 2006. Methods and concepts in
quantifying resistance to drought, salt and freez-
ing, abiotic stresses that affect plant water status.
The Plant J. 45 (4): 523-539.

Vu, J.C.V. and G. Yelenosky. 1989. Non-structural
carbohydrate concentrations in leaves ‘Valencia’
orange subjected to water deficits. Environ. Exp.
Bot. 29: 149-154.

Wang, N. and X.N. Qin. 1987. Effect of mineral levels
on fruit splitting in Jin-Cheng orange. J. South-
west Agric. Univ. 9: 458-461.

Wittwer, A.N. 1995. Effect of irrigation scheduling
technique on fruit yield components. Univ. of Pre-
toria, Pretoria, South Africa, M.Sc. Thesis.

Wright, G.C. and S. Poe. 2018. Citrus rootstock acqui-
sition and evaluation — 2017. Final report of proj-
ect 2017-02 (January 2017 — September 2018),
Ariz. Citrus Res. Council, AZ, USA.

Wu, Z.R., J.C. Chen, and W.S. Chen. 1987. ‘Duwei’
pomelo fruit cracking and its control. China Cit-
rus. 2:23.

Yakushiji, H., H. Nonami, T. Fukuyama, S. Ono, N.
Takagi, and Y. Hashimoto. 1996. Sugar accumu-
lation enhanced by osmoregulation in Satsuma

Correction:

JOURNAL OF THE AMERICAN POMOLOGICAL SOCIETY

Mandarin fruit. J. Amer. Soc. Hort. Sci. 121:466-
472.

Yakushiji, H., K. Morinaga, and H. Nonami. 1998.
Sugar accumulation and partitioning in Satsuma
Mandarin tree tissues and fruit in response to
drought stress. J. Amer. Soc. Hort. Sci. 123:719-
726.

Zaghloul, A.E. and E.A. Moursi. 2017. Effect of irri-
gation scheduling under some biostimulants foliar
application for navel orange trees on some water
relations, productivity, fruit quality and storability
in the north Nile Delta region. Alex. Sci. Exch. J.
38: 671-686.

Zaghloul, A.E., M. Nour El Din, and A.A. Ghazi.
2015. Combination effects of biofertilization and
biostimulants foliar application on yield, quality
and marketability of Washington Navel orange
fruits. J. Agric. Chem. Biotechnol. Mansoura
Univ. 6: 627-655.

Zayan, M.A., R.A. Sayed, A.R. El-Sherif, and H.M.
El-Zawily. 2016. Irrigation and fertilization pro-
grams for Washington navel orange trees in sandy
soil under desert climatic conditions. 1. Effect on
soil properties, vegetative growth and yield. J. Ag-
ric. Res. Kafr El-Sheikh Univ. 42: 210-233.

Zhang, X. and E.H. Ervin. 2004. Cytokinin containing
seaweed and humic acid extracts associated with
creeping Bentgrass leaf cytokinins and drought
resistance. Crop Sci. 44: 1737-1745.

Zhao, P., P. Liu, J. Shao, C. Li, B. Wang, X. Guo, B.
Yan, Y. Xia, and M. Peng. 2015. Analysis of dif-
ferent stratigies adopted by two cassava cultivars
in response to drought stress: ensuring survival or
continuing growth. J. Exp. Bot. 66 (5): 1477-1488.

In the web version of the paper "Standardized Phenotyping in Black Raspberry” three of the
authors names were misspelled and should be: Christine M. Bradish, Jill M. Bushakra, Lisa
R. Robbins, Eda Karaadag, Sabrina Teo, Jamie L. Willard, Penelope Perkins-Veazie, Jungmin
Lee, Joseph C. Scheerens, Courtney A. Weber, Michael Dossett, Nahla V. Bassil, Chad E.

Finn, and Gina E. Fernandez

About The Cover:

Mechanical harvest of English Walnuts in California.





