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Summary

Regulated deficit irrigation (RDI) can be used as an effective strategy for increasing water 
use efficiency (WUE) under arid and semiarid climate. Therefore, in this study the effect of 
RDI (50 and 75% evapotranspiration of a crop under irrigation (ETC)) as compared to control 
during pit hardening and after fruit harvest on vegetative growth, fruit yield and quality of 
Japanese plum 'Methly' was investigated during two consecutive years. The results showed 
that water available limitation in RDI 50% both during pit hardening and after fruit harvest 
significantly reduced shoot growth. RDI treatment during postharvest decreased both node 
number and internode length. The highest flowering rate and fruit set percentage was found 
when plum tree was irrigated 75% ETC during pit hardening in both years. In the first year, 
RDI decreased fruit yield, whereas, in the second year, RDI 75% during pit hardening even 
increased slightly fruit yields for 6 and 11% as compared to control and postharvest stage, 
respectively. Fruit weight was significantly reduced under RDI 50%. Fruit produced under 
50% RDI showed higher firmness and lower soluble solids concentration (SSC) and titratable 
acidity (TA) than control and other treatment. Furthermore, RDI treated fruits had lower 
N, P, Mg content and N/Ca and Mg/Ca ratio and higher Ca content than control. Overall, 
moderate water stress (75% RDI) improved fruit yield and saved water without undesirable 
effect on plum fruit quality. 

Key words

firmness, nutrient elements, pit hardening, vegetative growth and fruit quality

1 Department of Horticultural Science, University of Guilan, Rasht, Iran 
2 Department of Irrigation Engineering, University of Guilan, Rasht, Iran

✉ Corresponding author: ghasemnezhad@guilan.ac.ir

Received: June 9, 2019 | Accepted: November 26, 2019



Agric. conspec. sci. Vol. 85 (2020) No. 1

62 | Ghasem HAJIAN, Mahmood GHASEMNEZHAD, Reza FOTOUHI GHAZVINI, Mohammad Reza KHALEDIAN

aCS

Introduction 
Water deficiency is the main limiting factor for producing 

horticulture crops in arid and semiarid area in the world. In 
recent years, it became clear that maintenance of a moderate water 
deficit at a particular phenological stage can change partitioning 
carbohydrate into fruits and control excessive vegetative growth 
(Chalmers, et al., 1981), giving rise to what has been termed by 
Chalmers et al. (1981) as ‘Regulated Deficit Irrigation’ (RDI). 
RDI is an irrigation technique successfully adapted for vineyards 
irrigation (Santesteban et al., 2011) and is extensively used to 
implement irrigation in other fruits. Under water stress condition, 
RDI is a useful technique to improve water use efficiency (WUE) 
through reducing water use or eliminating the irrigations with low 
efficiency (Chalmers et al., 1981). However, this strategy decreases 
crop production per area; but, it can appropriately improve 
cultivation in low-water land regions; therefore, resulting in an 
increase of crop production (McCarthy et al., 2002). Under RDI, 
plants reduce vegetative growth and improve WUE which results 
in increased fruit yield (Santesteban et al., 2011). 

The RDI technique has been identified as one of the key water-
saving strategy in agriculture (Chai et al. 2014) since it helps to 
improve WUE and reduce irrigation rates during a specific period 
of growth and development, maintaining or improving fruit yield 
and quality (Chai et al., 2016). This technique has been successfully 
applied to many fruit trees such as apricot (Pérez-Sarmiento et 
al., 2016), pears (Stino et al., 2016), Asian pears (Behboudian 
et al., 1994), apple (Chenafi et al., 2016), plum (Maatallah et al., 
2015) and loquat (Cuevas et al., 2007). Thus, the effective use of 
irrigation can be a key component in the reliable production of 
high quality fruit crops.

Chenafi et al. (2016) found that RDI impact during summer 
allowed a water-use reduction of 47% without undesirable effect 
on fruit yield and fruit quality. Furthermore, soluble solids 
content (SSC), fruit taste and the colour improved under RDI 
treatments (Perez-Sarmiento et al., 2010). In apricot, SSC, soluble 
solids concentration, titratable acidy ratio (SSC/TA) and fruit 
colour were improved while vegetative growth was decreased by 
RDI. However, fruit yield was unaffected (Perez-Sarmiento et al., 
2016). In contrast, application of excess water at inappropriate 
time is waste of water resources and leads to poor fruit quality 
(Behboudian and Mills, 1997). Berman (1996) found that the 
relationship between fruit growth and water stress is dynamic and 
depends on the phenological stage. Mahhou et al. (2012) found 
that that vegetative growth and fruit growth are differentially 
sensitive to water deficit. Therefore, choosing the appropriate 
growth stage for applying RDI treatment play an important role.

Stino et al. (2017) found that pear leaf potassium, phosphorus, 
magnesium, iron and copper content were attributed to the lowest 
irrigation regime when applied during stage II (pit hardening) 
but zinc and manganese content increased by applying excessive 
irrigation during stage II. 

Water affects different aspect of plant growth anatomical, 
morphological, and physiological and biochemical changes. 
Cheng et al. (2012) found that water stress reduced shoot growth 
by 9.6% - 18.8% in pear. Bolat et al. (2014) showed that increased 
water stress decreased the relative shoot length, diameter, and 
plant total fresh and dry weight. Therefore, the aim of this study 

was to evaluate the effects of RDI in two different phenological 
stages of Japanese plum.

Materials and Methods
The experiment was performed during 2016 and 2017 at a 

commercial plum orchard which is located in Alborz Province, 
Iran (36°N, 50.31°W and 1200 m.a.s.l.). The plant material 
consisted of 8-years-old plum trees (Prunus salicinia Lindell 
'Methly' grafted on wild plum rootstock) and spaced 4.5 × 3.5 m. 

The irrigation system was a double drip lateral with four 
drippers at each tree. The plum trees were irrigated from mid-
April to mid-October, based on the plant's water requirement. The 
average of the thirty years of meteorological data, and some other 
climatic factors are summarized in Table 1.

Two RDI strategies, 75% evapotranspiration of a crop under 
irrigation (ETC) and 50% ETC during stage II of fruit growth (pit 
hardening) and immediately after fruit harvest were compared 
with full irrigation over fruit growth and development (ETC 100%). 
The metrological data were obtained from local synoptic weather 
station near the orchard (Table 2). Thereafter, water requirement 
for each plum tree was calculated according to CROPWAT 8.0 
software. Irrigation scheduling was set based on holding capacity 
of soil for unavailable moisture and defined treatments using 
following relations (Equation 1 and 2). Therefore, control received 
full irrigation over fruit growth and development season (32 
L/tree per hour) and 75%, and 50% of full irrigation water for 
treatments. 

In: Net irrigation water content (mm), Fc: Field capacity (%), 
PWP: Permanent wilting point (%), pb: Soil bulk density (gr/cm3), 
Dr effective depth of root (120 cm) I: Irrigation interval (day), 
K: Coefficient of plant, ETC: evapotranspiration of a crop under 
irrigation.

However, vegetation evaporation and transpiration were 
corrected with respect to the shadow level of the tree, so that 
the water requirement for drip irrigation was calculated more 
accurately.

Fruit quality and storage condition	

Plum fruits were harvested at commercial maturity stage 
(SSC = 15 - 18˚Brix) approximately in the early September. In each 
tree, fruits were harvested from four different sites of canopy. For 
each replication 20 uniform fruits free from defect were harvested 
and transferred to the laboratory. Fruits were divided into two 
groups, 10 fruits were evaluated immediately after harvest, and 
the remaining 10 fruits were put in plastic basket and transferred 
to cold storage with 0 ± 1° C and 90 - 80% of humidity for 60 days. 
At the end of storage some fruits characteristics were evaluated 
again. 
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Table 1. The monthly average of climatic factors during thirty years on experimental site

Months Wind Speed (m/s) Relative humidity (%) Relative humidity (%) Average of monthly
temperature (°C)

April 2.5 55 39.1 14.2

May 3.3 49 19.5 19.2

June 3.0 35 2.7 24.6

July 3.5 22 3 27.1

August 3.9 19 1.2 26.8

September 3.4 24 1.6 22.9

October 3.2 30 15.1 17.1

November 3.1 42 27.7 9.9

December 3.8 54 33.5 4.6

January 3.6 68 30.8 1.8

February 2.7 61 32.1 4.1

March 2.6 58 45.4 8.7

Table 2. The average of evapotranspiration (ETc) of the main plant, the crop coefficient (Kc) in specified period, the total effective rainfall and the 
required irrigation during the growing season of Japanese plum 'Methly' fruit

Growth period Crop evapotranspiration 
(mm/dec) Crop coefficient (Coeff) Total of effective rainfall 

(mm/dec)
Requirement of irrigation 

(mm/dec)

Primary 28.15 0.8 25.2 29.8

Development 60.59 1 34.5 389.6

Middle 66.67 1.2 10.7 522.7

Terminal 22.65 1.04 55.2 42.8

Twig growth 

Twig length, node number and internode length was recorded 
immediately after leaves fall. In the following spring, the flowers 
number was recorded at popcorn stage and was expressed as 
flower number per unit length of branch. In addition, the fruitlets 
number was recorded as number of fruits per one meter of twig 
(Girona et al., 2003). 

Fruit yield and Weight

Total fruit weight of each tree was record and expressed as a 
kg/tree. Twenty fruits from each replication were weighed and 
mean fruit weight was calculated. 

Fruit firmness, SSC and TA

Immediately, after harvest and at the end of two months of cold 
storage fruit firmness, titratable acidity (TA) and soluble solids 
content (SSC) were evaluated for five fruits. Flesh firmness was 

measured from two opposite side of fruits using a penetrometer 
with an 8 mm diameter probe and expressed as kg/cm2. SSC was 
determined with a digital refractometer and TA was measured by 
titration of juice against 0.1 M NaOH and phenolphthalein as an 
indicator. The effect of RDI treatments in post-harvest stage on 
fruits quality was investigated in the second year of study.

Fruit mineral nutrient composition

The effect of RDI after fruit harvest on fruits mineral elements 
content was investigated in the second year of study. Mineral 
nutrient element content such as nitrogen, phosphorus, potassium, 
calcium, magnesium and the ratios were evaluated in fruits. The 
Kjeldahl method is used to determine the nitrogen content (Jones, 
2001). The phosphorus content of samples was determined by 
the vanadate-molybdate colorimetric method (Chapman and 
Pratt, 1982). The absorbance of samples was measured at 470 
nm in a UV/Visible spectrophotometer (model PG Instrument 
T80+, Leicester, UK). Potassium (K) was determined by the flame 
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photometric method as described by (Jones, 2001). Calcium (Ca) 
and magnesium (Mg) were measured using atomic absorption 
spectroscopy. Briefly, digested extracts were diluted with distilled 
water (1:9 v/v), then 4.75 mL lanthanum nitrate [La (NO3)3] was 
added to 250 mL of the diluted extract. Finally, the absorbance 
was measured at 422.7 nm for Ca and 285.2 nm for Mg by 
atomic absorption (Jones, 2001). All nutrient content values were 
expressed as gram per 100 gram dry mass basis. 

Statistical analysis

Analysis of variance was performed on all fruit data as a factorial 
design. In the first year analysis of variance of characteristics, 
except for vegetative attributes, was performed as randomized 
block design. All statistical analyses were undertaken using the 
general linear model (GLM) procedure of the SAS version 9.0. 
The Duncan’s multiple range test (P ≤ 0.05) was used to evaluate 
differences between treatments.

Results and Discussion 

Vegetative growth characteristics 

According to the variance analysis (Table 3) twigs growth was 
significantly affected both by RDI treatment and growth stage 
during two consecutive years. As the results showed, water available 
limitation during both pit hardening and postharvest reduced 
significantly twigs growth. Plum trees which were irrigated with 
50% full water requirement (RDI 50%) after fruit harvest stage 
showed the lowest twig growth in two consecutive seasons (Table 
4). In agreement with obtained results, previous study also showed 
that in response to deficit irrigation, the twig length and the trunk 
diameter decreased which results in a reduction in the size of 
the tree and the crown (Perez-Pastor et al., 2009). Furthermore, 
Sortiropoulos et al. (2010) also found that deficit irrigation 
during pit hardening and after harvest reduced branch growth in 
peach trees. Li (1993) reported that deficit irrigation during fruit 
development and postharvest in peach trees significantly reduced 
vegetative growth, but fruit production was not significantly 
affected until the fourth consecutive year. Pérez-Pastor et al. 
(2014) reported that vegetative growth decreased according to the 
intensity and duration of the water deficit applied, and depending 
on the phenological period when the water deficit occurred. 

The effect of RDI on node number and internode length 
was dependent to phenological stage (Table 3). The lowest node 
number and internode length was found in plum trees which 
received RDI 50% after fruit harvest (Table 4). Thereafter, plum 
tree which received RDI 70% showed lower values than control. 
It seems that the lowest twig length in RDI treatments is result 
of decreasing both node number and internode length. Previous 
study showed that fruit growth at stage II in stone fruits coincides 
with vigorous growth rates shoot; therefore, moderate water stress 
during this stage will reduce tree crown development (Lopez et al., 
2008). Thus, this stage provides an opportunity to reduce the tree's 
growth potential by deficit irrigation without harming the fruit 
growth. This reduction in vegetative growth is a useful technique 
in high-density orchards, especially in peach orchards, where it 
is necessary to control vegetative vigor in order to optimize tree-
light interception and to improve the economic success of the 

orchards (Chalmers et al., 1981). Podesta et al. (2011) reported 
that water deficit can be used to control vigor and promote early 
production of cherries, while saving significant amounts of 
water. Withholding irrigation applied after harvest also reduced 
vegetative growth of early maturing peach trees and improved 
fruit quality (Gelly et al., 2004).

Flower number and fruit set

The analysis of variance showed that flower number and fruit 
set percentage of plum tree was significantly affected by both RDI 
treatment and phenological stage (Table 3). The highest flower 
number was found in plum trees when received 75% of their 
water requirement during pit hardening stage. However, RDI 
50% significantly reduced flower numbers. As the results showed, 
moderate water stress during pit hardening stage increased flower 
number (Table 5). 

In the first year of experiment, the plum trees irrigated with 
RDI 75% during pit hardening had the highest rate of fruit set 
while the lowest fruit set was found with RDI 50% (Table 5). As the 
results showed, deficit irrigation during pit hardening increased 
fruit set in the following year of treatment.

Stone fruit tree productivity can be greatly influenced by the 
tree water status and crop level (Naor, 2004). Thakur and Singh 
(2013) reported that RDI technique during the postharvest 
stage has to be performed avoiding high levels of drought stress, 
which could negatively influence the accumulation of reserve 
carbohydrates, flower development and thus, indirectly, crop 
yield. They also found that deficit irrigation with 58% and 33% 
increased flower density in 'Summer Bright'. It seems that nitrogen 
content decreased and C:N ratio increased in shoots with deficit 
irrigation (Thakur and Singh, 2013). Girona et al. (2003) found 
that water stress during pit hardening did not affect return bloom, 
whereas water stress during postharvest apparently reduced both 
parameters. However, Samperio et al. (2015) showed that RDI 
increased fruit number per tree. 

Fruit Yield 

The results of variance analysis showed that RDI treatment 
significantly affected fruit yield in two consecutive seasons 
(Table 6). The results showed that severe water stress in RDI 
50% significantly reduced fruit yield of plum (Fig 1 and 2). No 
significant difference was found between control and RDI 75% in 
the first year, but in second year RDI 75% slightly increased fruit 
yield as compared to control (Fig 2). 

In each RDI treatments including RDI 75% and RDI 50%, 
fruits yield increased 11 and 6%, respectively, in pit hardening 
stage as compared to post-harvest stage. The decrease in fruit yield 
in second years by application 50% ETc during post-harvest (RDI 
50%) can be attributed to reduced vegtative growth, fruit set and 
fruit weight that was also confirmed by (Naor et al., 2006). It can 
be related to lower pollen viability and lower winter starch reserves 
in the shoot (Lopez et al., 2007). In contrast, a moderate level of 
post-harvest water stress (RDI 75%) had less effect on fruit weight, 
fruit set percentage as it was found by Girona et al. (2005) for 
peach trees. Munitz et al. (2017) found that RDI treatment from 
flowering time to bunch closure and lower irrigation from bunch 
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Table 3. Analysis of variance of effect of regulated deficit irrigation (RDI) during two different phenological stages on vegetative growth, flower 
number and fruit set of Japanese plum 'Methly' tree during two years

Treatments DF
MS

Twig growth Node number Internode length Flower number Fruit set

First Year

Block 2 4.66ns 0.88ns 0.00001ns 3.50ns 1.50ns

RDI 2 3338.16** 403.72** 0.098** 138.50** 10.50**

Growth Stage 1 338.00** 40.50** 0.0117** 193.38** 12.50**

RDI × Growth Stage 2 87.16** 13.50** 0.003** 48.38** 3.16**

CV (%) 1.91 1.77 0.43 0.85 4.17

Second Year

Block 2 1.38ns 0.50ns 0.0003** 48.16ns 4.38ns

RDI 2 6329.05** 1160.16** 0.074** 645.50** 16.88*

Growth Stage 1 180.50** 24.50** 0.0046** 329.38** 14.22*

RDI × Growth Stage 2 45.50** 6.16** 0.0018** 145.72** 6.22ns

CV (%) 1.24 1.001 0.34 2.08 7.65

** - Significant differences at 1% level, * - Significant differences at 5% level, ns - Not significant

Table 4. Mean comparison effect of regulated deficit irrigation (RDI) and growth stage on vegetative growth characteristics of Japanese plum 
'Methly' during two years

Growth stage RDI
treatments

Twig growth (cm) Node number Internode length (cm)

First Year Second Year First Year Second Year First Year Second Year

Pit hardening

100% 155.33 a 165.00 a 74.66 a 94.66 a 1.82 a 1.85 a

75% 138.33 b 158.33 b 63.66 b 94.00 a 1.79 b 1.79 b

50% 115.33 d 109.00 d 48.33 c 72.33 c 1.61 d 1.67 d

Postharvest

100% 155.33 a 165.00 a 74.66 a 94.66 a 1.82 a 1.85 a

75% 126.66 c 149.33 c 50.66 c 87.66 b 1.71 c 1.77 c

50% 101.00 e 99.00 e 41.33 d 53.66 d 1.54 e 1.60 e

Values with the different letters are significantly different according to Duncan’s Multiple Range Test at P<0.01 and P<0.05

Table 5. Mean comparison effect of regulated deficit irrigation (RDI) and growth stage on flower number and fruit set of Japanese plum 'Methly' 
in the second year

Growth stage RDI
treatments

Flower Number Fruit set (%)

First Year Second Year First Year Second Year

Pit-hardening

100% 165.66 b 175.00 bc 15.00 b 20.00 a

75% 176.66 a 185.66 a 16.66 a 25.33 a

50% 167.00 b 171.66 c 14.33 b 22.00 a

Post-harvest

100% 165.66 b 175.00 bc 15.00 b 20.00 a

75% 166.66 b 179.33 ab 14.33 b 21.33 a

50% 157.33 c 152.33 d 11.66 c 20.66 a

Values with the different letters are significantly different according to Duncan’s Multiple Range Test at P<0.01 and P<0.05
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Figure 1. Effect of RDI on fruits yield of Japanese plum 'Methly' in the 
first year.
*Values with the different letters are significantly different according to Duncan’s 
Multiple Range Test at P<0.05

Table 6. Analysis of variance of RDI and growth stage on fruit yield and quality of Japanese plum 'Methly' fruit at harvest and at the end of two 
month storage

Treatments DF Fruit Yield
(kg·tree-1)

Mean Square

Fruit weight (g) Firmness (kg/cm2) SSC (%) TA (%)

at harvest after
storage at harvest after

storage at harvest after
storage at harvest after

storage

First Year

Block 2 8.11ns 2.1ns 0.11ns 0.004ns 0.02ns 0.11ns 0.007ns 0.08ns 0.02ns

RDI 2 138.7* 183.4* 136.7* 0.27* 1.84** 1.47* 2.1* 0.16ns 0.74 *

CV 5.83 2.05 1.09 2.09 4.73 2.22 1.42 2.89 2.62

Second year

Block 2 4.22ns 0.66ns 1.05ns 0.003ns 0.008ns 0.18ns 0.1ns 0.01ns 0.003ns

RDI 2 260.7** 458.1** 333.7** 0.25** 1.41** 4.08** 5.53** 0.97 ** 0.76*

Growth stage 1 37.5* 53.3* 37.5* 4.4** 3.82** 0.045ns 0.53* 0.2* 0.34*

RDI×Growth stage 2 12.05* 13.7* 10.5* 1.11** 0.96** 0.06ns 0.18* 0.05 * 0.15*

CV 2.66 1.47 1.5 3.61 3.89 1.43 0.7 1.35 2.25

** - Significant differences at 1% level, * - Significant differences at 5% level, ns - Not significant

closure to harvest has the potential to generate the best balance 
between vegetative growth, high yield and wine with enhanced 
color and aroma compounds. However, Razouk et al. (2013) in 
plum and almond and Cheng et al. (2012) in pear found that RDI 
treatments didn’t have significant effect on fruit yield on plum 
and almond, while, higher fruit yield and quality was obtained in 
peach with RDI 75% (Razouk et al., 2013).

Fruit Weight 

The variance analysis showed that fruits weight was significantly 
affected just by RDI treatments in the first year, but in the second 
year the fruit weight was affected by the interaction of RDI and 
phenological growth stages (Table 6). The mean comparison 
showed that RDI 50% significantly decreased plum fruit weight 
(Table 7). But, no significant difference was found between control 
and RDI 75% in the second year (Table 8). 

In agreement with this finding, previous study showed that 
severe RDI treatment (RDI 50%) decreased fruit weight (Mahhou 
et al., 2012). Marsal et al. (2000) also demonstrated that RDI pear 
fruits were significantly smaller than control. However, Cheng 
et al. (2012) showed that no significant difference was found in 
fresh fruits weight at harvest between water stress treatments 
and control. The effect of water stress on fruit growth could be 
explained by insufficient water for cell elongation (Mitchell and 
Chalmers., 1982) and the smallest fruits were produced when 
trees were under an imposed water deficit during rapid growth 
stage (Li et al., 1989). 

Fruit firmness

Fruits firmness was significantly affected by RDI treatment 
in first year (Table 6). The highest and lowest fruit firmness was 
found in RDI 50% and the control, respectively (Table 7).

Figure 2. Figure 2. Effect of RDI on fruits yield of Japanese plum 'Meth-
ly' in the second year. 
*Values with the different letters are significantly different according to Duncan’s 
Multiple Range Test at P<0.05
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Table 7. The effect of regulated deficit irrigation (RDI) on fruit weight and quality of Japanese plum 'Methly' fruits at harvest and after two month 
storage in the first year

RDI
treatments

Fruit weight (g) Firmness (kg/cm2) SSC (%) TA (%)

At harvest At harvest After storage At harvest After storage At harvest After storage

100% 105 a 2.23 c 1.16 b 19.6 ab 19.56 a 8.03 a 7.5 a

75% 101 a 2.46 b 2.43 a 20.3 a 20.6 a 7.86 a 7.66 a

50% 90 b 2.83 a 2.53 a 18.93 b 18.43 b 7.56 a 6.73 b

Values with the different letters are significantly different according to Duncan’s Multiple Range Test at P<0.01 and P<0.05

Table 8. The effect of regulated deficit irrigation (RDI) and phenological growth stage on fruit weight and quality of Japanese Plum fruits at har-
vest and after two month storage in the second year

Growth stage RDI
treatments

Fruit weight (gr) Firmness (kg/cm2) SSC (˚Brix) TA (% Malic acid)

At harvest At harvest After storage At harvest After storage At harvest After storage

Pit-hardening

100% 103.6 a 2.46 c 1.23 c 18.93 b 19.06 b 8.16 a 7.9 ab

75% 103.6 a 2.76 b 2.73 a 20.46 a 19.26 a 8.06 a 7.93 a

50% 90.3 c 1.36 d 1.4 b 18.8 b 17.26 d 7.56 c 7.56 b

Post-harvest

100% 103.6 a 2.46 c 1.23 c 18.93 b 19.06 b 8.16 a 7.9 ab

75% 99.1 b 2.96 a 2.8 a 20.13 a 19.6 a 7.8 b 7.73 ab

50% 84.6 d 1.4 d 1.36 b 18.83 b 17.96 c 7.2 d 6.9 c

Values with the different letters are significantly different according to Duncan’s Multiple Range Test at P<0.01 and P<0.05

However, in the second year, RDI 50% treatment decreased 
fruit firmness compared to control in the both pit hardening and 
postharvest stages (Table 8). In general, the results showed that 
RDI 50% in the first year and RDI 75% in the second year increased 
fruit firmness compared to control. Increasing fruit firmness has 
already been reported previously by Maatallah et al. (2015), which 
was attributed to an increased cellular density due to a reduction 
in fruit size. Mpelasoka and Behboudian (2002) also found that 
apple fruit firmness increased with deficit irrigation strategy. 
They also found that both early deficit irrigation and late deficit 
irrigation increased flesh firmness in apple fruits. 

Soluble solid content (SSC)

In the first year of experiment, RDI treatments significantly 
affected fruit SSC both at harvest and after two months of storage 
(Table 7). Fruits SSC reduced significantly by RDI 50%. However, 
no significant difference was found between RDI 75% and control 
(Table 7). In the second year, no significant difference was found 
between control and RDI 50% (Table 8). However, fruit SSC 
content in RDI 75% treatment both at harvest and of after two 
months storage was significantly higher than control and RDI 50% 
(Table 8). In fact, moderate water stress of RDI 75% could increase 
SSC of plum fruits. 

In agreement with finding of this study, Perez-Sarmiento 
et al. (2010) showed that SSC content of apricot fruit increased 
significantly by RDI treatment. In another study, SSC, fruit taste 
and colour enhanced by RDI treatments (Perez-Sarmiento et al., 
2016). However, Razouk et al. (2013) reported that the acidity and 
sugar content remained unchanged with the variation of irrigation 
treatment in plum, but was significantly affected in peach.

Titratable Acidity (TA)

As the results showed, in the first year, no significant difference 
was found between RDI treated fruits and control for TA content 
at harvest time, but it significantly affected on it after two month 
of storage (Table 6). TA content of RDI 50 % was significantly 
lower than RDI 75% and control (Table 7). In the second year, 
RDI treatment both in pit hardening and after fruit harvest 
significantly affected TA content both at harvest and at the end of 
storage (Table 8). However, no difference was found between RDI 
75% and control. In agreement with finding of this study, Treeby et 
al. (2007) showed that water stress decreased TA content of navel 
orange fruit. In contrast, Gasque et al. (2010) reported that TA 
level in the control was lower than in RDI treatments. However, in 
apricot (Pérez-Sarmiento et al., 2016) and in plum (Intrigliolo and 
Castel, 2010) TA content was unaffected by RDI irrigation. 

Fruit mineral nutrient composition

Nitrogen content 

The results showed that RDI treatment significantly affected 
fruits nitrogen (Table 9) in two consecutive seasons. Nitrogen 
content of RDI treated fruits was significantly lower than in 
control. On the other hand, water stress applied during growth 
season significantly reduced fruits nitrogen (Table 10). With 
increasing water stress, the nitrogen content declined (Table 
10). The results showed 20.9% decrease in nitrogen content for 
RDI 75% and 39.5% for RDI 50% in the first year (Table 10). 
In the second year, fruit nitrogen content was reduced by 9.5% 
and 29.5% for RDI 75% and RDI 50%, respectively, compared to 
control (Table 10).
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Table 9. Analysis of variance of effect of regulated deficit irrigation (RDI) and phenological stage on mineral nutrient content and ratio of Japa-
nese plum 'Methly' fruit

Source DF
Mean Square

N P Ca Mg N/Ca Mg/Ca

First Year

Block 2 0.1ns 0.01ns 0.0001ns 0.00007ns 0.34ns 0.0007ns

RDI 2 2.03 * 0.003 ns 0.014** 0.0028** 13.3 * 0.084**

CV - 7.1 4.9 1.12 0.87 7.1 2.01

Second year

Block 2 0.06ns 0.005ns 0.0002ns 0.00008ns 0.61ns 0.0036ns

RDI 2 2.43 ** 0.06 * 0.0043** 0.0056** 16.1 ** 0.0856**

Growth stage 1 0.008ns 0.005ns 0.0000ns 0.0001ns 0.34ns 0.0005ns

RDI×Growth stage 2 0.003ns 0.03ns 0.00006ns 0.00007ns 0.04ns 0.0002ns

CV - 5.15 6.9 1.44 1.28 6.1 2.45

** - Significant differences at 1% level, * - Significant differences at 5% level, ns - Not significant

Table 10. The effect of regulated deficit irrigation (RDI) on mineral nutrient elements content (g·100 g-1 dry mass) and ratio of Japanese plum 
'Methly' fruits at harvest time and after two experimental years

RDI
treatments

First year

N P Ca Mg N/Ca Mg/Ca

100% 4.3 a 1.16 a 0.51 b 0.63 a 8.32 a 1.21 a

75% 3.4 b 1.2 a 0.64 a 0.61 b 5.36 b 0.95 b

50 % 2.6 c 1.13 a 0.63 a 0.57 c 4.24 c 0.9 c

Second year

100% 4.4 a 1.26 a 0.47 b 0.64 a 9.37 a 1.36 a

75% 3.98 b 1.18 a 0.51 a 0.62 b 7.71 b 1.2 b

50 % 3.1 c 1.06 b 0.51 a 0.58 c 6.09 c 1.12 c

Values with the different letters are significantly different according to Duncan’s Multiple Range Test at P<0.01 and P<0.05

Nitrogen is one of the main macronutrient that plants require 
it large amount. Drought stress may decrease nitrogen mobility 
in the soil (Bloem et al., 1992). Furthermore, the absorption of 
nitrogen by roots requires the presence of water in the soil, since it 
is the agent factor that transports solutes to the soil–root interface 
(Jaroszewska, 2011). Drought stress reduced crop transpiration 
rate and decreased N transport from roots to shoots, thereby 
limiting nitrogen uptake (Tanguilig et al., 1987). In agreement 
with finding of this study, Jaroszewska, (2011) also observed a 
decreased nitrogen content in plum, cherry and apricot under 
deficit irrigation. 

Phosphorus content 

No significant difference was found for phosphorus content 
between RDI treated fruits and control in the first season. But 
in the second year, RDI significantly affected fruit phosphorus 
concentration (Table 9). The results showed that phosphorus 
content significantly decreased under RDI treatment. Therefore, 

the highest phosphorus concentration was found in control fruit 
and the lowest one in 50% RDI (Table 10). However, no significant 
difference was found between treatments 100 ETc and 75% RDI 
for phosphorus. The phosphorus content in fruit under RDI 50% 
was 15.8 % lower than in control (Table 10).

In agreement with our finding, Turner (1985) showed that 
phosphorus deficiency appears to be one of the earliest effects of 
mild to moderate drought stress in soil-grown plants. Sanchez-
Rodriguez et al. (2010) found lower concentration and uptake of 
phosphorus in watermelon and cherry tomato under water deficit 
conditions. In contrast, Jaroszewska, (2011) reported that water 
stress treatments had no significant effect on fruit phosphorus 
contents of plum, cherry and apricot trees. 

Calcium and Magnesium

The variance analysis showed that calcium and magnesium 
content of plum fruits was affected by RDI treatments in both years 
of experiment (Table 9). The results showed that RDI increased 
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fruits calcium content. The highest calcium content was found in 
RDI 75% treatment and the lowest content found in control fruits. 
In contrast, RDI reduced fruits magnesium content compared to 
control and the lowest fruits magnesium content was found in 
RDI 50 % (Table 10). 

Calcium is a nutrient which greatly impact fruit quality. Its 
deficiency causes cracking of cherries and plums. Previous study 
showed that mineral uptake decreased when water stress intensity 
was increased (Singh and Singh, 2004). In agreement with these 
findings, Jaroszewska (2011) reported that irrigation increased 
calcium concentration of cherry fruits. Podsiadlo et al (2009) 
indicated that irrigation did not cause any change in calcium 
content in cherries. 

N/Ca and Mg/Ca ratio

The analysis of variance showed that RDI significantly 
decreased N/Ca and Mg/Ca of plum fruits in two consecutive 
seasons (Table 9). With increasing RDI intensity, nitrogen content 
decreased, while Ca content increased (Table 10). The highest Mg/
Ca ratio was found in control fruits and the lowest of it was found 
in RDI 50% (Table 1). 

In order to find the balanced state of mineral elements and 
the impact on internal quality of fruits, N/Ca ratios need to be 
considered (Pacheco et al., 2008). Reducing the ratio of nitrogen 
or potassium to calcium increases the quality of fruits (Bramlage 
and Weis, 2004). 

Conclusion
RDI is a useful technique to improve WUE in crop production. 

In this study, RDI 50% significantly reduced fruit weight and fruit 
yield of Japanese plum cultivar 'Methly'. However, a moderate 
water stress with RDI 75% slightly increased fruit yield. Plum 
fruits quality attributes such as firmness, SSC and TA significantly 
affected by RDI treatment. The highest fruit firmness was found 
when RDI 50% was used while such fruits have showed the lowest 
SSC and TA. However, no significant reduction in fruit quality 
was found with RDI 75% as compared to control. The results also 
showed that nitrogen, phosphorus and magnesium content of 
RDI treated fruits significantly decreased under RDI treatment. 
The results showed that RDI increased fruit set, while calcium 
content fruit was slightly increased. The highest calcium content 
was found in RDI 75% treatment. It is recommended a moderate 
water stress by RDI 70% during fruit pith hardening stage save 
water without undesirable effects on fruit yield and quality.
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