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Effects of deficit irrigation and kaolin 
application on vegetative growth and fruit traits 
of two early ripening apple cultivars
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Abstract 

Background: Drought is one of the main serious problems for agriculture production which its intensity is increasing 
in many parts of the world, hence, improving water use efficiency is a main goal for sustainable agriculture.

Results: Growth indices including relative shoot length growth (SL), relative stem diameter increase (SD) and relative 
trunk cross sectional area growth (TCSA) measured at the start and end of the season decreased by reducing the 
irrigation level. Chlorophyll index (CI) was decreased at 70% crop evapotranspiration, however water use efficiency 
(WUE), leaf and fruit total phenolic content (TPC), and fruit anthocyanin content (AC) were among the traits that 
showed increment by water deficit stress in both cultivars. Shafi-Abadi cultivar showed to be more sensitive to the 
water stress than ‘Golab’. Kaolin treatment improved SL, SD and CI traits, but this increase was statistically significant 
only for SD at 5% level. Kaolin had no significant effect on yield and water use efficiency (WUE), however, it had nega-
tive effect on yield efficiency (YE). Kaolin treatments also significantly increased fruit and leaf TPC (P < 0.01) but had 
no effect on leaf and fruit total antioxidant activity (AA), as well as fruit anthocyanin content (AC) and soluble proteins 
(SP).

Conclusions: Irrigation at 85% ETc showed better results than 100% and 70% ETc levels for yield attributes. It seems 
that the more pronounced effect of kaolin on vegetative traits but not on the fruits, might be attributed to the early 
ripening and harvest time of the examined cultivars.
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Background
Availability of water is one of the serious challenges 
for present and future of the world. Drought areas are 
increasing in many parts of the world, which limits 
agricultural production. Iran with an average rainfall of 
250 mm is in the dry belt of the world and about 70% of 
this country is in arid and semi-arid regions [1]. In areas 
with drought prevalence, the use of techniques for pre-
serving and saving water in agricultural production is 
critical and essential. One of the methods for water sav-
ing is deficit irrigation of the plants. Deficit irrigation (DI) 
reduces the vegetative growth of trees and subsequently 

reduces its competitiveness to reproductive growth and 
significantly reduces the cost of agricultural management 
practices [2]. Fruits in their early stages of growth (first 
period of cell elongation) require fewer nutrients and 
are less susceptible to deficit irrigation than branches, 
while, deficit irrigation at this time significantly reduces 
the growth of the branches without affecting the growth 
of the fruit [3]. Control of vegetative growth under defi-
cit irrigation conditions reduced the amount of winter 
pruning in peaches, pears and apples [4]. Besides the 
economic benefits of reducing pruning costs, controlling 
vegetative growth can reduce the competition for photo-
synthesis products between fruits and vegetative organs 
and thus may increase the size of fruits. Lower vegeta-
tive growth also allows better light penetration inside the 
trees. This will help better fruit coloring [4].
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Deficit irrigation is a technique to reduce the water 
demand, increase water use efficiency (WUE) and opti-
mize the yield of agricultural crops. During the periods 
that a plant has relatively low sensitivity to the drought 
stress, DI with only 70–90% of water requirement can 
be applied with no significant reduction in yield [5]. The 
effect of DI on fruit yield and quality depends on the plant 
species, type of agronomic practices, evapotranspiration 
severity, soil type and soil moisture content [5]. There-
fore, the benefits of DI generally can be summarized as: 
(1) reducing the use of irrigation water (2) improving 
water productivity and (3) increasing product quality [6]. 
Currently, DI is a common practice in many agricultural 
production areas of the world, especially in arid regions. 
It has been reported that increasing WUE under lower 
irrigation water applications is due to: (1) reduced water 
loss through evapotranspiration, (2) decreased pests and 
diseases damage in the root zone [7] and (3) increased 
number of reproductive organs and the yield by proper 
balance between vegetative and reproductive parts [8]. 
Meanwhile, prolonged reduction of the soil moisture will 
reduce the cell turgidity, and finally reduce the cell divi-
sion and plant growth [9].

Although reports are available on the reduction of pho-
tosynthesis and growth characteristics after DI applica-
tion, however, increased fruit yield of peach trees [10], 
apricot [11] and pomegranate [12], are reported under DI 
conditions. In citrus trees under DI, the WUE was similar 
or greater than that of the control and the quality of the 
fruit was improved [13].

Water deficit decreased the chlorophyll index and solu-
ble protein content of the leaf in grape [14] but increase 
in yield efficiency, phenolic content, anthocyanin and 
antioxidant activity of apple and sugar apple have been 
also reported [15, 16].

The application of particle film on plants is a technique 
that can be used to alleviate transpiration with reducing 
plant temperature, leading to lower water need of plant 
[17]. Particle film application is usually as a completely 
refined white colored kaolinite powder which is used in 
organic agriculture, as the products treated with kaolin 
spray are safe for consumption after removing. Spraying 
aqueous suspensions of kaolin on the surface of plants 
results to a white kaolin layer with high porosity that 
remains as a protector on the surface of leaves and fruits 
[17, 18].

Kaolin application on apple tree maintained the struc-
ture of photosystem II, increased the net photosyn-
thesis rate, reduced water consumption, reduced the 
insect damage, controlled diseases, reduced frost dam-
age and increased the anthocyanin content of apple 
fruits [19–21]. Kaolin application improved the car-
bon dioxide assimilation rates in apple at mid-day due 

to enhancement of the light reflection and distribution. 
This resulted to reduced solar light absorption and tem-
perature damage on the apple leaf (and fruit), meanwhile, 
increased the accumulation of carbon transfer to fruit 
and improved the quantity and quality of apple fruits 
[22].

Kaolin application may reduce the ROS levels and 
enhance the antioxidant system of plant. This was 
reported for example on grapevine, that reduced ROS 
levels, inhibited the hydroxyl radicals and increased 
antioxidant compounds including phenolics, flavonoids, 
anthocyanin, and all key metabolites [23]. Application of 
kaolin on olive effectively alleviated the adverse effects 
of environmental conditions and resulted to a significant 
increase in yield but did not affect the quality of olive 
fruit and oil [24]. Considering the growing interest in 
agricultural water saving techniques, the present study 
investigates the effects of deficit irrigation and kaolin 
application on some of the physiological and morpholog-
ical characteristics and fruit quality of two early ripening 
apple cultivars.

Materials and methods
Experimental site and plant material
This research was carried out at the field station of the 
Department of Horticultural Sciences, University of 
Tehran at Karaj (35°48′ N, 50° 57′ E, 1293 M elevation). 
The apple cultivars used for this experiment consisted of 
‘Golabʼ and ‘Shafi-Abadi’ grafted on seedling rootstocks. 
These cultivars are popular because of their early ripen-
ing and special flavor. They are the most important early 
commercial Iranian apple cultivars entering the market 
in the late spring and early summer.

The trees were at the same age (about 25  years old) 
cultivated in distance of 4  m × 6  m. Soil characteristics 
of the experiment site are presented in Table 1. The aver-
age annual temperature, and the rainfall and evapora-
tion during the year 2017 were 16.4  °C, 169.3  mm and 
1431.8 mm, respectively. Weather data obtained from the 
Karaj Meteorological Station, about 5  km far from the 
experiment site, which is considered to be representative 
of the study area.

Irrigation and kaolin treatments
The trees were irrigated using drip irrigation system with 
a 3 days intervals. Seven emitters (4 L  h−1) per plant on 
a loop have been installed at 1  m distance of trunk on 
16  mm tubes. Three irrigation levels  (I1,  I2 and  I3) were 
applied as follow:

(I1) Full irrigation, using 100% ETc during the growing 
season (from May to October).  (I2) Sustained deficit irri-
gation at 85% of ETc and  (I3) sustained deficit irrigation 
at 70% of ETc during the growing season.
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Soil moisture was determined before each irrigation 
period and the irrigation amount was determined using 
Eq. (1).

where: I is the total of irrigation water (mm), θfc and θi 
are the volumetric soil water content at field capacity and 
before irrigation, respectively and DR is depth of root 
development of the trees.

Kaolin (Sepidan WP, Kimia Green Company, Iran) 
was applied as water suspension at three levels of:  K1 = 0 
(control),  K2 = 3% and  K3 = 6% concentrations. Spray-
ing was performed on all the canopy for 3 times (23th of 
May, 2 weeks and 2 months later).

Measurement of growth and physiological parameters
The length and diameter of four branches from four 
directions of each tree were measured at the beginning 
of the water stress treatment (early May) and at fall (early 
October). The relative shoot length growth (SL) and rela-
tive stem diameter growth (SD) were calculated accord-
ing to Bolat et  al. [25]. The trunk cross sectional area 
(TCSA) of the trees at the height of 20 cm above the soil 
level were measured at the beginning of the experiment, 
and also at fall. The relative TCSA growth was measured 
according to Forey et  al [10]. At the end of the stress 
(early October), 10 fully developed leaves from current 
shoots tips were collected from each tree and their chlo-
rophyll index (CI) were measured on the two sides of the 
leaf by the SPAD (502 Plus Chlorophyll Meter, Minolta) 
and their averages were recorded.

(1)I = ETc = (θfc − θi) DR

The electrolyte leakage of leaves was measured accord-
ing to Kaya et  al. [26]. For this, 10  mm diameter leaf 
discs, were sampled from six fully developed leaves in 
August and October (total of 6 discs) and placed inside 
a falcon containing 10  ml of deionized water. The sam-
ples were then placed on a shaker (250 rpm) for 24 h and 
the electrical conductivity of this medium was measured 
using an electrical conductivity (EC) meter (initial EC). 
The falcons then were autoclaved at 121 °C for 15 min to 
kill the leaf cells. After cooling to room temperature, the 
EC of this solution was recorded as the secondary EC, 
and the electrolyte leakage percent was calculated using 
the equation below.

Yield attributes
Fruits from each tree were harvested separately (‘Golabʼ 
at 73 days after full bloom (DAFB) and ‘Shafi-Abadiʼ at 97 
DAFB) and weighted, as kg per tree. Yield efficiency (YE) 
was calculated as the fruit produced/TCSA (kg yield/cm2 
TCSA) measured at autumn [27]. Water use efficiency 
was determined by the yield of tree (kg of fruit)/amount 
of applied water  (m3) [28].

Total antioxidant activity, total phenolic content, total 
anthocyanin and soluble proteins
Total antioxidant activity (AA) of the leaf and fruit sam-
ples were determined by 2, 2-diphenyl-1-picrylhydrazyl 
free radical (DPPH) assay [29] using 0.5 g fresh samples 
of leaf and fruit. Total phenolic content (TPC) of leaf and 
fruit were measured by Folin–Ciocalteu method using a 
plate reader (EON, Bio Tek America) at the wavelength 
of 725 nm [30]. For this measurement, 0.5 g of the fresh 
samples of leaf (collected at three times) and mature fruit 
were homogenized with 1.5 ml of 80% methanol and cen-
trifuged at 15,000g for 15 min, 10 μl of supernatant was 
removed using a sampler and added into the plate well, 
then 75 μl of 10% Folin–Ciocalteu was added to the well, 
then 75 μl of 6% sodium carbonate was added to the reac-
tion mixture. Total phenolic content was expressed as 
equivalent of mg gallic acid/g FW on the base of absorb-
ance of the sample and its comparison with the standard 
curve.

To calculate the total anthocyanin content (AC) of 
fruit, the method of differences of light absorption at 
different pHs (pH = 1, potassium chloride buffer and 
pH = 4.5, sodium acetate buffer) was used [31]. For meas-
uring AC, 0.1 g of fruit samples were crushed in 1.5 ml of 
80% methanol and transferred to a 2 ml tube. The mix-
ture was centrifuged for 15 min at 15,000g at 4° C. Then 
23 μl of supernatant of each sample were transferred into 
two separate plates and the extract in the one plate was 
diluted with 200  μl potassium chloride buffer and the 

Electrolyte leakage percent =
(

EC1

/

EC2

)

× 100

Table 1 Physical, chemical and  hydrological 
characteristics of  the  soil in  the  experimental site used 
in this study

Soil parameters

Particle–size analysis

 Total sand (2 > ∅ > 0.02 mm) 63%

 Silt (0.02 > ∅ > 0.002 mm) 18%

 Clay (∅ < 0.002 mm) 19%

Organic matter 0.89%

Chemical properties

 Total nitrogen 0.75%

 Available phosphorus 18.4 ppm

 Exchangeable potassium 400 ppm

pH 7.75

Electrical conductivity 2.57 dS  m−1

Physical properties

 Field capacity (by weight) 20.6%

 Wilting point (by weight) 10.2%
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other plate diluted with sodium acetate buffer. The light 
absorbance of these samples were measured by a plate 
reader (EON, Bio Tek America) at the wavelengths of 
520  nm and 700  nm. Finally, total anthocyanin of each 
fruit sample calculated based on the following equation.

 where A: absorbance; MW: molecular weight of the 
cyanidin 3 glucoside (449.2); DF: dilution factor (10), ε: 
molar absorptivity of cyanidin 3 glucoside (26,900).

Measurement of soluble proteins (SP) was conducted 
using the method described by Bradford [32]. Amount 
of 0.1  g of grinded fresh fruit samples were transferred 
to the tubes, then 1  ml of phosphate buffer (50  mM, 
pH = 7.8) added. After 2 min of vortex, the samples were 
centrifuged for 15 min at 4 °C and 13,000g. Finally, 10 μl 
of extract was added to 200 μl of Bradford solution in the 
plate and after 20  min, the absorbance at 595  nm was 
read with plate reader.

Measuring the leaves total antioxidant activity (AA) 
and total phenolic content (TPC) were at June  (T1), 
August  (T2) and October  (T3), and the fruit characteris-
tics measurements were at harvest time.

Statistical analysis
This experiment was conducted in frame of split factorial 
based on randomized complete block design with three 
replications per treatment. The main plot was deficit 
irrigation levels and sub-plot was kaolin concentrations. 
SAS statistical system software (ver. 9.4) was used to 
perform analysis of variance, and means were compared 
using Duncan’s test.

Results
Plant growth and physiological parameters
Monthly water consumption in different irrigation treat-
ments during growth period measured by TDR (Time 
Domain Reflectometr, Mini Trase, California (USA)) 
instrument. Total water used during the growing season 
was 10.26  m3 for each tree at 100% ETc treatment and 
8.70 and 7.16 m3 for treatments with 85% and 70% ETc, 
respectively.

Irrigation treatments had a significant effect on relative 
shoot length growth (SL), relative shoot diameter growth 
(SD) and chlorophyll index (CI) (Table  2). The highest 
levels of SL, SD, TCSA growths and CI were observed 
at irrigation level of  I1 or control (18.80%, 13.01%, 1.79% 
and 44.33, respectively) and the lowest was observed at 
 I3 irrigation treatment or 70% ETc (11.09%, 3.26%, 1.65% 

A = A (520−700) pH4.5− A (520−700) pH1

Total anthocyanin content
(

mg/l
)

= A×MW× DF× 1000/ε

and 31.12, respectively). Thus, as expected, at 70% ETc 
deficit irrigation the growth parameters for shoots and 
chlorophyll content of leaves were decreased compared 
to non-stress 100% ETc. At 85% ETc deficit irrigation 
also the SL and SD decreased significantly (43.24% and 
28.28%, respectively). The SD was significantly affected 
by  I3 treatment. Although kaolin treatments increased 
these traits but it only affected SD growth significantly at 
5% level.  K3 on ‘Golabʼ and  K2 on ‘Shafi-Abadiʼ increased 
SD growth 30.9% and 22.3% respectively, compared 
to control (Table  4). The ‘Golabʼ apple without kaolin 
had the highest TCSA growth.  K3 treatment increased 
TCSA growth 19.3% relative to  K1 in ‘Shafi Abadi’ apple 
(Table  4). Between the two cultivars, the higher TCSA 
growth was in ‘Golabʼ (1.84%) while CI was higher in 
‘Shafi-Abadiʼ (43.08) (Table 2).

Interaction of irrigation and kaolin was significant for 
TCSA growth at 5% level. Also, interaction of kaolin and 
cultivar on SD was significant at 5% and for TCSA at 1% 
levels. The interaction of irrigation, kaolin and cultivar 
was significant only for CI at 5% level (Table  2). Based 
on the means comparison, the highest amount of SD was 
recorded in  K3 treatment on ‘Golabʼ and  K2 treatment 
on ‘Shafi Abadiʼ (Table 4). Golab cultivar without kaolin 

Table 2 The effect of  irrigation treatments  (I1 = 100%, 
 I2 = 85% and   I3 = 70% ETc), kaolin application  (K1 = 0%, 
 K2 = 3% and   K3 = 6%) and their interaction, on vegetative 
traits of ‘Golabʼand ‘Shafi-Abadiʼ apples

Relative shoot length growth (SL), relative shoot diameter growth (SD), trunk 
cross sectional area (TCSA) and chlorophyll index (CI)

Means within each column for each treatment followed by the same letters are 
not significantly different at P ≤ 0.05

ns not significant

* and ** significant at 5% and 1% level by Duncan test

Treatments SL (%) SD (%) TCSA (%) CI

Irrigation (I) ** ** ns **

 I1 18.80a 13.01a 1.79a 44.33a

 I2 10.67b 8.42b 1.75a 41.25a

 I3 11.09b 3.26c 1.65a 31.12b

Kaolin (K) ns * ns ns

 K1 12.10a 7.39b 1.77a 37.39a

 K2 14.16a 8.91a 1.71a 39.32a

 K3 14.30a 8.40ab 1.72a 40.00a

Cultivar (CV) ns ns * **

Golab 13.69a 8.31a 1.84a 34.72b

Shafi Abadi 13.36a 8.16a 1.63b 43.08a

Interactions

 I × K ns ns * ns

 I × CV ns ns ns ns

 K × CV ns * ** ns

 I × K × CV ns ns ns *
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had the highest TCSA growth (1.99%) (Table  4). Kaolin 
treatments significantly improved the CI of cultivars but 
it was not consistent (Table 5). The highest CI (51.9) was 
observed at  I1 irrigation level for  K3Sh and the lowest CI 
(22.8) was in the  K1Gb at  I3 irrigation.  K3 in  I3 irrigation 
increased CI (44.56%) compared to  K1 in the same irri-
gation (Table  5). The electrolyte leakage (EL) of leaves 
at August showed no significant differences, however, in 
October, close to leaf-fall season, the electrolyte leakage 
was higher than the August time (Fig.  1). This increase 
could be attributed to the aging of the leaves. Although 
at  I1 irrigation, kaolin had no significant effect on EL, but 
at  I2 irrigation, kaolin treatments increased the EL com-
pared to control. For  I3, the  K3 had the highest EL of the 
leaves (Fig. 1).

Yield, yield efficiency, water use efficiency and water 
productivity
Irrigation treatments had a significant (P < 0.01) effect 
on yield, yield efficiency (YE) and water use efficiency 
(WUE) (Table  3). For irrigation treatments, the high-
est and lowest for yield, YE and WUE were observed at 
of  I2 and  I1, respectively.  I2 treatment compared to  I3, 
increased yield, YE and WUE at 30.3%, 10.3% and 13.3% 
respectively. Kaolin treatment significantly reduced the 
YE but had no statistically significant effect on yield and 
WUE (Table 3). Cultivars also significantly affected yield, 
YE and WUE at P < 0.01, ‘Golabʼ showed higher val-
ues than ‘Shafi-Abadiʼ (Table  3). The analysis for inter-
action effect of irrigation levels by kaolin and cultivar 
are presented in Table  5. The highest yield for ‘Golabʼ 
was obtained at  I2K2 treatment (72.66  kg  tree−1) while 
the lowest was for  I1K3 treatment (19.66  kg  tree−1). For 
‘Shafi-Abadiʼ the highest yield was at  I2K1 (42.00  kg 
 tree−1) while the lowest was at  I3K2 (20.33 kg  tree−1).  K3 

treatment compared to  K1 for ‘Golabʼ and ‘Shafi-Abadiʼ 
in  I3 irrigation treatment decreased yield by 7.2% and 
22% respectively. Probably  K3 treatment can exacerbate 
stress due to high concentration of kaolin. There was 
not a clear trend for yield by kaolin application and each 
cultivar responded differently (Table  5).  I2 and  I3 treat-
ments increased YE levels by 78% and 60%, respectively 
(Table  3). This is due to reduced vegetative growth and 
reduction of competition between branches and fruits for 
nutritional resources.  K2 and  K3 treatments showed a sig-
nificant reduction of 32.1% and 34.2% respectively in YE 
compared to control. With increasing levels of kaolin, YE 
decreased in both cultivars, and this decrease was higher 
in ‘Shafi-Abadiʼ than in the ‘Golabʼ (Table 4). The highest 
and the lowest WUE for ‘Golabʼ was in  I2K2 (7.28 kg m−3) 
and  I1K3 (1.61  kg  m−3), respectively, while for ‘Shafi-
Abadiʼ the highest was for  I2K1 (4.20 kg m−3) and lowest 
for  I1K2 (1.85 kg m−3) (Table 5).

Chemical traits
Total antioxidant activity, total phenolic content, total 
anthocyanin and soluble proteins
Irrigation treatments did not have significant effect on 
total antioxidant activity (AA) of leaf and fruit and fruit 
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Fig. 1 Effect of the time of the year (August and October), irrigation 
levels  (I1 = 100%,  I2 = 85% and  I3 = 70% ETc) and kaolin application 
 (K1 = 0%,  K2 = 3% and  K3 = 6%), on leaf electrolyte leakage percent of 
‘Golabʼ and ‘Shafi-Abadiʼ apples. Columns with the same letters are 
not significantly different at P ≤ 0.05 level

Table 3 The effect of  irrigation levels  (I1 = 100%,  I2 = 85% 
and  I3 = 70% ETc) and kaolin application  (K1 = 0%,  K2 = 3% 
and  K3 = 6%) and cultivars (Golab and Shafi Abadi) on fruit 
yield, yield efficiency (YE) and water use efficiency (WUE)

Means within each column for each treatment followed by the same letter are 
not significantly different at P ≤ 0.05 level

ns not significant

* and ** showing significant effects at 5% and 1% level by Duncan test

Treatments Yield
(kg  tree−1)

YE
(kg  cm−2)

WUE
(kg yield 
 m−3 
water)

Irrigation (I) ** ** **

 I1 26.72c 0.076b 2.22c

 I2 47.16a 0.136a 4.72a

 I3 32.83b 0.122a 4.09b

Kaolin (K) ns ** ns

 K1 36.66a 0.143a 3.84a

 K2 36.61a 0.097b 3.71a

 K3 33.44a 0.094b 3.49a

Cultivar (CV) ** ** **

Golab 43.70a 0.128a 4.54a

Shafi Abadi 27.44b 0.095b 2.82b

Interactions

 I × K * ** *

 I × CV ** * **

 K × CV ** * *

 I × K × CV * ns *
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total soluble proteins (SP), but had significant effect on 
leaf total phenolic content (TPC) and fruit TPC and 
anthocyanin content (AC) (Table  6). The highest lev-
els of leaf and fruit TPC and fruit AC were observed 
in the  I3 irrigation treatment. Kaolin application sig-
nificantly affected leaf and fruit TPC and increased this 
trait (Table  6). The effect of cultivar was not significant 
on chemical traits. Leaf AA and TPC traits were also 
affected by time of the year (Table 6).

Based on mean comparisons for interaction affects 
(Fig.  2a), the highest leaf AA observed at  I3K3Sh treat-
ment (51.3%) and the lowest at  I1K3Sh treatment (19.6%), 
but no significant difference was observed between  I1 and 
 I2 levels between kaolin and cultivar treatments (Fig. 2a). 
Leaf TPC was lower in early June (deficit irrigation start), 
then increased in August (middle of drought stress) and 
ultimately declined again in October (end of drought 
stress), coinciding with late growing season which tem-
perature dropped and leaf abscission started. The highest 
levels of leaf TPC were observed in  I2 and  I3 treatments 
in August (1.96 and 1.95  mg  g−1 F.W. respectively); 
about 21% higher than in control plants at the same time 

(Fig.  2b). Based on mean comparisons for interactions 
(Fig. 3a), the highest amount of fruit TPC obtained from 
 I3K3 treatment (7.13 mg g−1 F.W), which was 31% higher 
than  I3K1 and 18.6% higher than  I3K2 and the lowest was 
in  I1 treatment which was significantly lower compared 
to  I2 and  I3 irrigation levels (Fig. 3a). Hence, with decreas-
ing the amount of available water in apple, the amount 
of phenolic content increased. Kaolin treatment at 3% 
increased the amount of phenolic content. The high-
est amount of fruit AC was recorded in 70% ETc irriga-
tion for  I3K1 on ‘Shafi-Abadiʼ compared to the other two 
irrigation levels (Fig. 3b). Fruit soluble proteins were not 
affected significantly by the treatments (data not shown).

Discussion
Irrigation treatments had a significant effect on relative 
shoot length growth (SL), relative shoot diameter growth 
(SD) and chlorophyll index (CI) (Table  2). The SD was 
significantly affected by  I3 treatment (Table 2). Bolat et al. 
[25] investigated the effects of different irrigation treat-
ments including 100%, 75% and 50% FC from mid-July 
to the beginning of the fall period on the morphological, 

Table 4 Effect of  kaolin application  (K1 = 0%,  K2 = 3% and   K3 = 6%) and  cultivars (Golab and  Shafi Abadi) on  relative 
shoot diameter growth (SD), relative trunk cross sectional area growth (TCSA) and yield efficiency (YE)

Means within columns for each trait followed by the same letters are not significantly different at P ≤ 0.05 level

SD (%) TCSA (%) YE (kg cm−2)

‘Golabʼ ‘Shafi Abadiʼ ‘Golabʼ ‘Shafi Abadiʼ ‘Golabʼ ‘Shafi Abadiʼ

Kaolin (K)

 K1 7.1b 7.6b 1.99a 1.55bc 0.15a 0.13a

 K2 8.5ab 9.3a 1.95a 1.48c 0.12ab 0.06d

 K3 9.3a 7.4b 1.58bc 1.85ab 0.10bc 0.08dc

Table 5 Interaction of  irrigation treatments  (I1 = 100%,  I2 = 85% and   I3 = 70% ETc), kaolin application  (K1 = 0%,  K2 = 3% 
and  K3 = 6%) and cultivars (Golab and Shafi Abadi) on chlorophyll index (CI), yield and water use efficiency (WUE)

Means within columns for each trait followed by the same letters are not significantly different at P ≤ 0.05 level

Irrigation (I) Kaolin (K) CI Yield (kg  tree−1) WUE (kg  m−3)

Cultivar Cultivar Cultivar

Golab Shafi Abadi Golab Shafi Abadi Golab Shafi Abadi

I1 K1 38.73d–g 46.90a–c 28.00gh 24.00gh 2.35hj 2.01ij

K2 41.00c–f 49.43ab 42.00c–f 22.33gh 3.49eh 1.85j

K3 37.96e–g 51.9a 19.66 h 24.33gh 1.61j 2.03ij

I2 K1 42.43b–e 40.13c–g 50.00b 42.00c–f 5.01b–d 4.20cf

K2 34.40gf 47.23a–c 72.66a 27.66gh 7.28a 2.77gj

K3 37.23e–g 46.06a–d 57.66b 33.00e–g 5.77b 3.31ei

I3 K1 22.8 h 33.33 g 46.00b–c 30.00f–h 5.74b 3.74d–g

K2 24.96 h 38.90d–g 34.66d–g 20.33 h 4.33ce 2.51gj

K3 32.96 g 33.80gf 42.66c–e 23.33gh 5.32bc 2.91fj
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physiological and biochemical characteristics of the 
‘Santa Mariaʼ apple scion grafted on the M9 apple and 
MA quince rootstocks. Deficit irrigation had a significant 
effect on the vegetative traits of the scion on both root-
stocks. With increasing deficit irrigation, the length and 
diameter of the branches significantly decreased, which 
is similar to the present results. This is due to the higher 
sensitivity of vegetative growth compared to reproduc-
tive growth to deficit irrigation conditions. The increase 
of ABA biosynthesis in the roots and the reduction of 
cytokinin synthesis in the roots, branches and buds in 
deficit irrigation affects the vegetative growth [33]. It has 
also been reported that, rootstock and scion diameter 
of young apple trees were affected by water deficit treat-
ments of 70% and 55% of the field capacity from July 7th 
until August 22nd and significantly decreased compared 
with the full irrigation (FC 100%) [34]. The highest levels 

of SL, SD, TCSA growths and CI were observed at irri-
gation level of  I1 or control and the lowest was observed 
at  I3 irrigation treatment or 70% ETc (Table  2). Similar 
to the results of present study, there are several reports 
about decrease in trunk growth in different fruit species 
including Citrus [13], Japanese plum [35] and apricot [11] 
under drought stress conditions. In line with the results 
of present study that 70% ETc treatment reduced the 
chlorophyll index, Trigo-Córdoba et al. [36] reported that 
drought decreased the relative chlorophyll content on 
two grape cultivars under rain fed and 50% ETc irrigation 
treatments. Similar observations were reported about 
other fruit species including Citrus rootstocks [37] and 
fig trees [38]. In apple trees grafted on M9 rootstock and 
irrigation stopped from early summer, chlorophyll index 
decreased significantly in deficit irrigated trees com-
pared to control [39]. This shows that the photosynthetic 

Table 6 Effect of  the  irrigation treatments  (I1 = 100%,  I2 = 85% and   I3 = 70% ETc), kaolin application  (K1 = 0%,  K2 = 3% 
and  K3 = 6%), apple cultivars (Golab and Shafi Abadi) and time of the year (June, August, October) on total antioxidant 
activity (AA), total phenolic content (TPC), total anthocyanin content (AC) and soluble proteins (SP) of leaves and fruits

Means within each column for each treatment followed by the same letter are not significantly different at P ≤ 0.05 level

* and ** showing significant effects at 5% and 1% level by Duncan test, ns: not significant

Treatments Leaf Fruit

AA (%) TPC (mg g−1 F.W) AA (%) TPC (mg g−1 
F.W)

AC (mg/100 ml) SP (mg g−1 F.W)

Irrigation (I) ns * ns ** ** ns

 I1 28.23a 1.560b 36.00a 2.36c 2.24b 0.29a

 I2 29.43a 1.616ab 38.36a 3.58b 2.53b 0.28a

 I3 37.47a 1.702a 37.94a 5.95a 7.54a 0.26a

Kaolin (K) ns ** ns ** ns ns

 K1 30.60a 1.541b 38.04a 3.35c 4.24a 0.28a

 K2 32.76a 1.687a 38.08a 4.59a 3.96a 0.28a

 K3 31.78a 1.650a 39.18a 3.95b 4.13a 0.27a

Cultivar (cv) ns ns ns ns ns ns

Golab 32.03a 1.608a 37.36a 4.14a 4.13a 0.27a

Shafi Abadi 31.39a 1.645a 39.50a 3.79a 4.09a 0.28a

Time ** ** – – – –

 T1 57.61a 1.353c – – – –

 T2 16.50c 1.842a – – – –

 T3 21.03b 1.684b – – – –

Interactions

 I × K ns ns ns * ns ns

 I × CV ** ns ns ns * ns

 T × I ns ** – – – ns

 K × CV ns ns ns ns * ns

 T × K ns ns – – – ns

 T × CV ** ns – – – ns

 I × K × CV ** ns ns ns ** ns

 T × I × K ns ns – – – ns

 T × I × CV * ns – – – ns

 T × I × K × CV ns ns – – – ns
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pigments are very sensitive to the drought stress, and 
this may result in the destruction of chlorophylls. In fact, 
drought, high temperatures and severe sunlight usually 
result in lower concentrations of plant pigments (chlo-
rophylls and carotenoids) that make a pale green color, 
resulting to increased light reflection from leaf surface 
[40]. It is suggested that glutamate, which is a primary 
source for production of both chlorophylls and proline, is 
more used for production of proline as a protectant com-
patible solute under stressful condition [41]. Moreover, 
activation of the chlorophyllase enzyme can be another 
reason that can cause reduction in chlorophyll content 
[42].

In the present study, there was no significant dif-
ference for kaolin treatment on SL and TCSA growth 
(Table  2). Reports about the effect of kaolin spray on 
plant growth are different. There are some reports indi-
cating that kaolin treatment could increase vegetative 
growth [43, 44]. This is in accordance with the results of 
Sugar et al. [45]. Kaolin treatments of 3% and 6%, which 
were applied on apple trees every week from petal fall 
to harvest, reduced the canopy and leaf temperature 
but did not have a significant effect on chlorophyll 

content [19]. Gharaghani et  al. [46] reported that the 
use of 3% and 6% kaolin prevented thermal and light 
stress in walnut trees and increased the chlorophyll 
content by 11.9% compared to the control trees. It is 
stated that the chlorophyll content in plants grow-
ing under high temperature stress might be reduced, 
resulting to the reduction of light absorption by plant. 
The results of present study confirm the positive effects 
of kaolin in reducing stress on apple leaves. Leaf elec-
trolyte leakage were not significantly affected by differ-
ent treatments at the August sampling, but at October 
it was higher in  I3 (75% ETc) compared to  I1 (100% ETc) 
(Fig.  1). Ying et  al. [47] reported that electrolyte leak-
age in red bayberry plants significantly increased under 
deficit irrigation treatments compared to the control 
plants, which is in accordance with the results of pre-
sent research. Electrolyte leakage in sensitive almond 
genotypes grafted on the GF677 rootstock increased 
by 43% at water shortage condition [48]. Severe water 
stress in coconut (Cocos nucifera) trees did not increase 
the electrolyte leakage, but increased under full irriga-
tion [49]. This might be attributed to the differences in 
plant natures. Pear trees treated with kaolin at 3% and 
6% concentrations had 10% reduced electrolyte leakage 
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compared to control [50]. While in present study kaolin 
had no pronounced effect on EL of the leaves (Fig. 1).

Present results indicate that irrigation treatments at 
85 and 70% ETc levels increased the yield, yield effi-
ciency and WUE compared to control (Table  3). In 
accordance with present results, Alikhani-Koupaei 
et  al. [51] reported that 70% ETc irrigation treatment 
significantly increased date palm cluster weight and 
yield, while 100% ETc treatment had the lowest clus-
ter weight and yield. There are other reports approv-
ing yield increase under water deficit irrigation in some 
fruit trees including apple [52], Japanese plum [53] and 
pear [54]. As reported by Ebel et al. [15], RDI treatment 
on ‘Delicious’ apple trees reduced stem water poten-
tial, stomatal conductance and fruit growth rate, and 
trees treated with RDI had similar vegetative growth 
or less than control trees, but their yield were similar 
or greater than the control trees. However, the size of 
fruit at harvest time was influenced by the interaction 
of irrigation treatment and crop yield. They suggested 
that RDI should be ended before the size of fruit is 
reduced. In fruit trees, total yield depends on genet-
ics, irrigation, nutrition, climate conditions of the year, 
flowering behavior and cultural practices. Agricultural 
management practices such as thinning (by increasing 
the relative number of leaves to fruit and consequently 
improving the development of the remaining fruits) 
and pruning also affect fruiting. The effect of DI and 
partial root-zone drying (PRD) on the yield, size and 
quality of ‘Fujiʼ apples in 2001–2003 was studied in 
the semi-arid region of Washington. PRD and DI were 
compared from 40 days after full bloom to before har-
vest. Soil water level was maintained for control plants 
over 80% of FC. While DI and PRD received irrigation 
at about 50% of control in 2001–2002 and 60% in 2003. 
By using DI and PRD treatments, about 45–50% water 
saving was achieved without any significant effect on 
fruit yield and size. This might be due to the climatic 
and soil conditions of the region. However, with the 
use of DI, apple fruit yield decreased in the second year 
compared to the control [55].

Kaolin treatment significantly reduced the YE but 
had no statistically significant effect on yield and WUE 
(Table 3). It has been reported that the use of particle film 
of kaolin increased the yield of pear trees by decreasing 
fruit abscission, which was attributed to the reduction of 
pests and diseases by kaolin [56]. In ‘Empireʼ apple, kao-
lin application of 3% and 6% concentrations improved 
crop production [19] which is not in accordance with the 
results of present research, and ‘Golabʼ and ‘Shafi-Abadiʼ 
yields were less affected by kaolin due to early ripening. 
Kaolin application after fruit set had a positive effect on 
olive trees production in Mediterranean regions and the 

increase in the yield was due to the increase in the weight 
and size of the fruits [57]. Kaolin significantly increased 
the final fruit set and fruit weight of orange trees and sig-
nificantly reduced the abscission of fruit [58].

Cultivars also significantly affected yield, YE and 
WUE, ‘Golabʼ showed higher values than ‘Shafi-Abadiʼ 
(Table 3). Sun et al. [34] set the combination of two sci-
ons (‘Pink Lady’ and ‘Qinguan’)—one rootstock (Malus 
hupehensis) under two irrigation treatments of 70% and 
55% of field capacity. ‘Qinguan’ apple improved WUE 
more than ‘Pink Lady’ under well irrigation and drought 
conditions. WUE in both cultivars increased signifi-
cantly at 55% FC compared to 70% FC irrigation. WUE of 
papaya trees was improved under PRD and regulated def-
icit irrigation (RDI) treatments, relative to control trees 
[59]. Ruiz Sanchez et al. [60] suggested that probably due 
to the production of ABA, the vegetative growth and sto-
matal conductance decreased in the grapes under PRD, 
but WUE increased and the fruit quality also improved 
which is similar to the results of current research.

Contrary to this research, it has been reported that 
the particle film of kaolin increased WUE in ‘Ruby Redʼ 
grapefruit [61]. Also, Glenn et  al. [19] reported that 
spraying of kaolin on leaves of ‘Empire’ apple caused 
increasing in WUE due to lower temperature and evapo-
transpiration of leaves and increased stomatal conduct-
ance, leaf photosynthesis and fruit weight. However, in 
another report, Glenn (2010) [62] reported the decreased 
WUE index in the ‘Empireʼ apple which might be due to 
the interaction of particle film with climatic and envi-
ronmental conditions which is in line with the results of 
present research. Kaolin application reduced leaf tem-
perature and vapor pressure deficit (VPD) and increased 
stomatal conductance, photosynthesis and WUE in adult 
grapefruit trees during hot days [61]. The application of 
kaolin in field conditions was beneficial when the inten-
sity of light increased the temperature and the VPD. They 
concluded that in the grapefruit production regions, 
where high light beams and VPDs can limit the photo-
synthetic capacity, kaolin application, especially on young 
trees or small canopy trees having more leaves exposed 
to direct sunlight, can improve the potential of carbon 
absorption [61]. In the present study, kaolin increased 
vegetative traits, which results to more competition of 
branches with fruit for absorption of carbohydrates at 
the early of growing season and due to the early ripening 
fruits in present work, there were no significant effects of 
kaolin application on yield and WUE (Table 3).

Deficit irrigation is used as a strategy to reduce the 
negative effects of irrigation on the quality of apple 
fruit, saving water and improving water use efficiency. 
In present study, deficit irrigation treatments increased 
the level of leaf and fruit TPC and fruit AC (Table 6). In 
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line with these results, in peach trees, RDI reduced veg-
etative growth, increased exposure to sunlight, reduced 
vitamin C and carotenoids but increased phenolic com-
pounds such as anthocyanin and procyanidins (to reduce 
oxidative damage) in the fruits [63]. According to Bolat 
et  al. [25] the content of anthocyanin and phenolics in 
apple trees under deficit irrigation (50% and 75% FC) on 
both rootstocks of M9 and MA was more than control 
(100% FC), but only the phenolic content had a signifi-
cant difference with control plants. The increase in defi-
cit irrigation intensity resulted to the more activity of the 
peroxidase and the phenolic content in both rootstocks, 
although the activity of catalase and anthocyanin and 
proline content increased with stress intensity, but this 
increase was not significant [25]. ‘Galaʼ apple trees were 
studied at Switzerland under various irrigation treat-
ments [64]. Results showed that effects of full irrigation 
and RDI did not differ for the size and quality of apple 
fruit (soluble solids, total phenol content and vitamin C). 
In present study, kaolin application significantly affected 
leaf and fruit TPC and increased these traits (Table  6). 
As reported by Dinis et  al. [23], spraying of 5% kaolin 
on grape at the onset of ripening, inhibited the hydroxyl 
radicals and increased antioxidant compounds such as 
phenolics (40%), flavonoids (24%), anthocyanin (32%), 
vitamin C (12%) and all key metabolites in berries rela-
tive to control. Kaolin affected the secondary metabolism 
and transcription of the phenylalanine ammonia lyase 
and chalcone synthase genes [23]. Kaolin treatment had a 
little effect on grape berry size after the onset of ripening, 
but it affected fruit compositions. As reported by Glenn 
et al, the use of kaolin particle film (3% and 6%) improved 
the color of the ‘Empireʼ apples [65, 66]. In present study, 
the effect of kaolin treatments were not significant on 
fruit anthocyanin (Table  6). This might be because the 
studied cultivars are not real red skin apples and the 
may produce pale pink on exposed surfaces specially in 
Shafi-Abadi cultivar. Kaolin treatments of 3% and 5.5% 
were applied on late ripening ‘Granny Smith’, ‘Braeburn’, 
‘Fuji’, ‘Royal Gala’ and ‘Cripps Pink’ apples and the results 
showed that kaolin treatments reduced sunburn in all 
cultivars and the color of ‘Granny Smith’ and ‘Royal Gala’ 
cultivars improved, but there was no effect on anthocya-
nin and phenolic content of fruit in all cultivars com-
pared to control. Similar to present result, DI treatments 
did not affect the protein content of pear jujube fruit [67].

Conclusion
Deficit irrigation by reducing water use during a par-
ticular or entire growth period of a crop, is a strategy 
for reducing irrigation water use and increasing WUE, 
meanwhile benefiting the increase in quality attributes 
of the product. Reducing irrigation levels at present 

research decreased vegetative growth and leaf chloro-
phyll index of two early ripening apple cultivars, but the 
kaolin treatment improved these traits. Irrigation treat-
ment of 85% ETc  (I2) increased the yield, YE, and WUE 
levels compared to 100% ETc  (I1). However, kaolin did 
not have a significant effect on yield and WUE. Deficit 
irrigation (85% and 70% ETc), increased leaf and fruit 
total phenolic content (TPC) and fruit anthocyanin con-
tent (AC), also kaolin sprays increased leaf and fruit TPC. 
According to result of present work, application of 85% 
ETc DI for these early ripening apple cultivars are recom-
mended for improving the YE and WUE as well as the 
quality attributes of the fruit.
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