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abstract

This study was conducted to assess the effect of different irrigation levels on some growth characteristics 
of fruitless mulberry (Morus alba. Fruitless) in the condition of Tehran landscape during two consecutive years, 
2016 and 2017. Therefore fruitless mulberry water requirements were computed using FAO penman-monteith 
method and WUCOLS III model. A field experiment was performed as split plot based on randomized 
complete block design with four replications. The effect of four irrigation levels and 125% water requirement 
on some parameters of fruitless mulberry seedling were evaluated in seven months. Results showed that the 
lowest amount of water requirement was in April in both years, whereas it reached its peak in Jun and July 
2016 and 2017, respectively. Irrigation at level of 50% water requirement significantly led to a decrease in 
current monthly increment of seedling height, shoot length, stem diameter, crown diameter and leaf vitality, 
and also an increase in proline content, shoot dry matter and leaf dry mater in comparison with the control 
treatment. There was not any significant difference in the most parameters measured between 75 and 100% 
water requirement treatments. Generally speaking, the results obtained showed that mulberry trees can be 
irrigated at the level of 75% water requirement from April to August and 100% water requirement in October 
in the landscape of Tehran.
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introDuction

Urban landscapes are natural or artificial arenas covered by different species of 
trees, flowers, turf grasses (Rabbani, Kazemi, 2015), which account for one of sources of 
encouraging, ecological, architectural and biological diversity in urban areas (Kjelgren et 
al., 2016). Urban green spaces decrease noise and air pollution and therefore they produce 
their positive effects on human life and environment by reduction in human mental 
diseases, violence, urban heat and soil erosion (Rabbani, Kazemi, 2015). Urban population 
is anticipated to raise to 66 percent of world’s population by 2050 (Nations, 2014), 
therefore, development of green spaces in urban areas and suburbs is desperately needed to 
create an appropriate environment and without any pollution (Zehtabian, Farshi, 1999). 
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Water scarcity especially in arid and semiarid areas has limited the allocation 
of water to urban green spaces which are in tough competition with agriculture and 
industry that are consuming approximately 70% and 23% of the water around the 
world, respectively (Falkenmark, Widstrand, 1992). Although the rate of landscape 
water consumption is not generally high in comparison with agriculture water use, it 
can be considerable in metropolitan areas especially in arid zones (Kjelgren et al., 2000). 
As a result, raising water use efficiency in urban green spaces and imposing restrictions 
on the species of plants for landscaping aims are among strategies to reduce concerns 
about scarcity of water resources around the world (Stabler, Martin, 2000). In the case of 
water use efficiency, the estimation of plant water requirement (WR) constitutes one of 
important measures to manage irrigation water which leads to reduction in water losses 
and costs in landscape (Mostafazadeh-Fard et al., 2009). Moreover, owing to the current 
issue of water shortage, the estimated plant WR can be regulated by society (Kjelgren 
et al., 2016). WR for landscape plantings can be estimated by different methods. The 
FAO-56 penman-monteith (PM) method is currently considered as a standard method 
which relies on reference evapotranspiration and landscape coefficient to determine 
plant evapotranspiration (Alkaeed et al., 2006). In previous studies the amount of WR 
of some plants in urban landscape such as ash, robinia, plane tree (Esmailpoor et al., 
2013), elm and tree of heaven (Zehtabian, Farshi, 1999) were estimated.

Iran is located in arid and semiarid areas of the world where water is the key limiting 
factor for agriculture and landscaping (Modarres et al., 2007). Fruitless mulberries are 
tolerant to air pollution and dry conditions (Gilman, Watson, 1994), and also is one of 
the most important trees planted in the landscape of Iran. It quickly produces dark green 
mass of foliage, a short trunk or group of trunks and is used as shade trees (Gilman, 
Watson, 1994). Regarding their adaptation to Tehran landscape environment and being 
considered as a useful selection for the low water use areas of a landscape (Schrock, 
1998), this species is as a good candidate for water wise plant choosing. Therefore, 
this study was carried out into estimation of WR and also into assessment of the effect 
of different levels of water irrigation on some growth and physiological properties of 
fruitless mulberry trees in Tehran landscape. 

Materials anD MetHoDs

site description
This research was conducted during two growing seasons, 2016 and 2017, from 

late April to late October in Tehran province (Afsariyeh; lat. 35° 39′ N, long. 51° 30′ 
E, altitude 1203 m). The region is arid; annual mean precipitation and mean annual 
temperature were 257 mm and 16◦C, respectively. The soil of investigated area was loamy 
sandy (79% sand, 7% clay and 14% silt), with pH of 7.4 in water and hydraulic conduct 
4.36 cm hr−1. 

Mulberry WR was estimated using FAO-56 penman-monteith (PM) method 
for drip irrigation and WUCOILS III method. Reference evapotranspiration (ET0) was 
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calculated daily using FAO-Penman-Monteith standard equation and Cropwat software 
in both years. The meteorological data were obtained from Dooshan Tapeh station. The 
FAO-Penman-Monteith standard equation is as equation 1:

Td = [ps+0.15 (1-ps)] × ETc      (1),  
where Td is the daily water requirement (mm.day-1), ps is the maximum percentage 

of shadow surface, and ETc is the maximum daily evapotranspiration of the plant and 
calculated as equation 2:

Etc = Ks × Eto (       2), 
where Ks is the species coefficient, and Eto is the plant reference evapotranspiration 

potential (mm.day-1). Ks was 0.4, using the WUCOLS III method (Costello et al., 2000). 
It is necessary to mention that based on performed calculations the leaching 

requirement (LR) of the investigated soil was less than 0.1 (0.06), therefore the soil did 
not need to be leached. Finally, irrigation rates were determined for each month (Table 1). 

experimental design and statistical analysis
To evaluate the effect of irrigation on mulberry (Morus alba. Fruitless) an 

experiment was carried out as split-plots based on randomized complete block design 
with four replications. Main plots were four irrigation regimes (including I1, I2, I3 (control 
treatment), and I4, defining as irrigation treatment with 50, 75, 100 and 125 % of WR, 
respectively) and seven time levels (April to October) were considered as subplot. Data 
were statistically evaluated using analysis of variance (ANOVA). The mean comparisons 
were tested with least significant difference (LSD) test at the p < 0.05 level. Data were 
analyzed by SAS software version 9.4.

plant material and measured parameters 
Three-year-old mulberry seedlings with an average height of 1.8 m were 

transplanted to study station on February 7th 2015. One year later, established mulberry 
trees were treated by irrigation regimes. The drip irrigation system was designed and 
installed to meet the objectives of the project. Weeding was performed with hand during 
the growing season. some seedling properties such as seedling height, stem length, 
stem and crown diameter, leaf vitality, proline content and leaf and shoot dry matter 
were measured at the end of each month (from April to October). The seedling height 
and stem length were measured using measuring tape, stem and crown diameter using 
absolute digimatic caliper. Finally, measurements were used to calculate current monthly 
increment (CMI) which is defined as the increase in seedling height, stem length, stem 
diameter and crown diameter per unit time (month) (Ashiono et al., 2017). CMI 
calculated as equation 3:

CMI = current month growth – previous month growth   (3).
Eye evaluation may be of help in better understanding aesthetic appearance. Using 

colour, size and frequency of leaves at shoot tips, three different grades was assigned for 
rating of vitality, where 3 indicating leaves with dark green, normal size and abundance 
(the highest quality), 2 indicating a slight reduction in leaf number, mid-sized and light 
green leaves and 1 indicating leaves with yellow green colour, considerable reduction 
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in leaf size and number at shoot tips (the lowest quality). Proline content of leaves was 
determined according to Bates et al. (1973). To determine shoot and leaf dry mater 
percentage, leaves and shoots were dried in an oven (80ºC for 48 h). Then, the dry 
weight was measured on a digital scale and the percentage of these parameters was 
calculated (Haddad et al., 2004).

results

Results indicated that the computed amount of WR for fruitless mulberry in 
investigated area fluctuated in different investigated months. The lowest amount (16.80 
L/round) was in April in both years, whereas it reached its peak in June (67.80 L/round) 
and July (100.50 L/round), in 2016 and 2017, respectively (Table 1). The observed 
rises in amount of WR were approximately by 4 and 6 fold in comparison with April 
month in 2016 and 2017, respectively (Table 1). Overall, the sum of mulberry WR in 
investigated area over seven studied months, according to water round and amount of 
WR per each round, were 2540.3 and 2974.3 L in 2016 and 2017.

In the case of the effect of irrigation on mulberry seedling, results showed that 
some properties including CMI of seedling height, stem height, crown diameter and 
stem diameter significantly were affected by irrigation, time and their interaction in both 
years studied. Irrigation at level of 50% WR significantly reduced CMI of seedling height 
when compared with the control treatment (I3; 100% WR) from April to September in 
both investigated years. Overall, reduction in CMI of height reached its peak at 0.00 
in July 2016 and 2017, which remained constant until October (Table 2). However, 
application of 75% WR (I2 treatment) significantly led to decreases in CMI of seedling 
height in May and June in 2016 and 2017, respectively. The highest CMI of seedling 
height in the I3 and I4 treatments were recorded in April 2016 and May 2017 (Table 2). 

The results showed that severe drought stress (I1; supplying 50% WR), significantly 
reduced CMI of stem growth in all studied months in both years when compared with the 
I3 treatment, except for April and October in 2016; when from June to October application 
of I1 treatment did not promote any stem growth in both years (Table 2). However, only in 
the first four months of 2016, there was not any significant reduction in CMI of seedling 
stem length compared with those months under I3 and I4 treatments, whereas there was 
not any significant difference between I2, I3 and I4 treatments in 2017. Results indicated 
that irrigation at 125% WR had no significant effect on CMI of stem length compared 
with the 100% WR treatment (control), with the exception of October 2016. In general, 
it seems that obtaining the desired stem length is possible by applying 75% WR, whereas 
application of 50% WR significantly led to decreases in CMI of stem length growth. 

table 1. Irrigation water volume for mulberry seedlings in investigated area (liter per round)

year april May June July august september october

2016 16.80 61.80 67.80 66.00 63.60 51.60 36.60

2017 16.80 28.80 88.80 100.50 98.25 99.00 98.55
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The results also showed that CMI of seedlings crown diameter significantly 
decreased under irrigation of I1 and I2 in May, June and July of both years, in comparison 
with the control treatment, with the exception of I2 treatment in July 2016. On the 
other hand, the application of severe drought stress (I1; 50% WR) led to decreases in 
CMI of seedlings crown diameter in May, June and July in both years (by 33.3, 100 and 
100% in 2016, and 50, 37.5 and 100% in 2017). However, the difference between the 
I3 and I4 treatments was not statistically significant in both years. 

Application of I1 (in both years) and I2 (only in the first year) treatments 
significantly decreased CMI of stem diameter when compared with the control 
treatment. The lowest level of irrigation (I1 treatment) significantly reduced CMI of 
stem diameter by 45 and 100% in May and June 2017, respectively. 

According to results, the highest increase rate in CMI of seedlings height, stem 
length, crown diameter and stem diameter, for all irrigation treatments, were measured 
in the first two months of the growing season (April and May) in both years, whereas 
these parameters decreased in the middle and end of the growing seasons (Table 2). 

There was a considerable decreasing trend in leaf vitality during the growing 
season under severe drought in 2016 and 2017; when in the first year, at 50% irrigation, 
the significant decrease in the vitality began in June and in the second one it was observed 
in July and reached its minimum level in September. Irrigation at the level of 50% 
WR led to decreases in leaf vitality in different months of both years when compared 
with the control treatment (I3 treatment). However, there was any significant difference 
in life vitality between seedlings irrigated with the I2 and I3 treatments in all months 
studied of both years, with the exception of October. Similarly, leaf vitality in seedlings 
irrigated with I3 and I4 treatments were the same, except for in October 2016 (Table 3).

Proline content, an assessing parameter for scheduling irrigation programs (Bates 
et al., 1973), showed a significant increasing trend over growing season from April to 
October with the lowest level of irrigation (I1 treatment) in both years. Moreover, the 
highest amount of proline content (0.325 and 0.300 mg. g-1 FW in October 2016 and 
2017, respectively) was measured in the seedlings irrigated with the I1 treatment (Table 
3). Moreover, in other treatments proline content showed an increasing trend reached 
its highest point in August before declining to as same amount of proline as in April, or 
even declining to higher or lower than that in April.

The interaction effect of irrigation and time on shoot dry mater was only 
significant in 2017 (Table 3). In 2016, the highest percentage of shoot dry matter 
was recorded in seedlings irrigated by 50% WR (I1 treatment); when there was any 
significant difference between other treatments. Irrigation with the I1 treatment led to 
increases in shoot dry mater by about 7% in comparison with the control treatment. In 
2017, the highest percentage of shoot dry mater was recorded in August and September 
months in mulberry seedlings which were under the I1 treatment. 

The results demonstrated that leaf dry mater was significantly affected by the 
interaction of irrigation and time (Table 3). The highest percentages of leaf dry mater 
were induced by the lowest rate of irrigation (I1 treatment), in both years, which led to 
increases in this parameter by approximately 6 and 14% in comparison with the control 
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treatment. Overall, there was an increasing trend in leaf dry mater over the seven month 
period in both years, which reached their pick at 53.11 and 57.06%, in August 2016 
and 2017, respectively. However, before the rising trend between June and August, leaf 
dry mater percentage remained statistically stable from April to May in 2016 and from 
April to June in 2017, and after that showed a decreasing trend from August to October, 
whereas never reached as low as in April in both years.

table 2. Effects of different level of irrigation on some characteristics of fruitless mulberry 

cMi of crown 
diameter (mm)

cMi of stem 
diameter (mm)

cMi of stem 
length (cm)

cMi of seedling 
height (cm) Month irriga-

tion
2017 2016 2017 2016 2017 2016 2017 2016
1.75bc 1.50 de 1.00 c 1.00 de 0.00 k 7.50 a 0.25 lm 6.75 bc April

50

1.25de 1.50de 1.25 c 1.00 de 5.75 b 1.00 fgh 8.50 b 4.00 d May
1.25de 0.00h 0.00 d 0.00 f 0.00 k 0.00 i 4.00 e 0.50 kl June
0.00f 0.00h 0.00 d 0.00 f 0.00 k 0.00 i 0.00 m 0.00 l July
0.00f 0.00h 0.00 d 0.00 f 0.00 k 0.00 i 0.00 m 0.00 l August
0.00f 0.00h 0.00 d 0.00 f 0.00 k 0.00 i 0.00 m 0.00 l September
0.00f 0.00h 0.00 d 0.00 f 0.00 k 0.00 i 0.00 m 0.00 l October
1.50cd 2.00bc 1.25 c 1.62 bc 3.87 cd 8.00 a 3.50 ef 8.00 a April

75

2.00b 1.75cd 2.00 ab 1.87 b 6.25 a 5.00 b 10.00 a 6.50 c May
1.50cd 1.25ef 1.75 b 1.00 de 3.62 cde 3.00 c 5.00 d 3.50 de June
0.00f 0.75g 0.00 d 1.00 de 2.62 fgh 1.50 ef 2.25 ghi 2.50 fg July
0.00f 0.00h 0.00 d 0.00 f 0.875j 0.50 hi 0.75 klm 1.75 hi August
0.00f 0.00h 0.00 d 0.00 f 1.87 hi 0.75 gh 2.00 ghi 2.00 gh September
0.00f 0.00h 0.00 d 0.00 f 1.87 hi 0.50 hi 1.50 ijk 1.00 kj October
1.50cd 1.75cd 1.00 c 1.87 b 3.25 def 8.12 a 4.25 de 8.50 a April

100

2.50a 2.25ab 2.25 a 2.25 a 6.75 a 5.00 b 10.25 a 7.25 b May
2.00b 1.75cd 2.00 ab 1.12 d 3.75 cde 2.05 cd 6.00 c 3.75 d June
1.00e 1.00fg 0.00 d 0.75 e 2.25 ghi 1.00 fgh 1.75 hij 2.00 gh July
0.00f 0.00h 0.00 d 0.00 f 1.75 i 1.25 fg 1.00 jkl 2.00 gh August
0.00f 0.00h 0.00 d 0.00 f 2.50 fhi 2.00 de 2.75 fg 3.00 ef September
0.00f 0.00h 0.00 d 0.00 f 2.25 ghi 0.00 i 0.00 m 1.25 ij October
1.50cd 1.75cd 1.00 c 1.75 bc 3.75 cde 8.12 a 5.00 d 8.00 a April

125

2.50a 2.50a 2.25 a 2.25 a 6.75 a 4.75 b 10.00 a 7.25 b May
1.75bc 1.75cd 2.00 ab 1.50 c 4.25 c 2.50 cd 6.25 c 3.75 d June
0.00f 1.00fg 0.00 d 0.25 f 2.25 ghi 1.00 fgh 2.50 gh 2.50 fg July
0.00f 0.00h 0.00 d 0.00 f 1.75 i 1.00 fgh 2.00 ghi 1.25 ij August
0.00f 0.00h 0.00 d 0.00 f 2.00 hi 2.50 cd 2.75 fg 3.00 ef September
0.00f 0.00h 0.00 d 0.00 f 2.00 hi 1.25 fg 1.75 hij 1.50 hij October

note: Means with the same letter in each column were not significantly different using LSD at p < 0.05.
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Discussion

WR of landscape plantings is a function of different factors, including reference 
evapotranspiration, species, density and microclimate factors and effective rainfall 
(Costello et al., 2000). Regarding the incidence of the lowest amount of mulberry WR 
in April of both years and considering this fact that some of the effective factors are 
constant over all investigated months, it is most probable the lowest amount of reference 

table 3. Effects of different level of irrigation on some characteristics of fruitless mulberry 

leaf dry mater
 (%)

shoot dry mater 
(%)

proline
 (mg.g-1 fW) leaf vitality 

Month irriga-
tion

2017 2016 2017 2016 2017 2016 2017 2016
52.68a 46.08a 46.74fghij 52.25a 0.167ef 0.068ijk 3.00a 3.00a April

50

54.17 a 48.58 a 45.57hijk 55.99 a 0.187de 0.103fgh 3.00a 3.00a May
54.78 a 50.99 a 45.17hijk 55.88 a 0.225bc 0.212c 3.00a 2.25c June
63.61a 53.73 a 58.79ab 57.24 a 0.290a 0.265b 1.25c 1.75e July
63.96a 55.91 a 60.38a 56.70 a 0.300a 0.325a 1.25c 1.00f August
56.76a 52.86 a 60.32a 56.72 a 0.257b 0.215c 1.00d 1.00f September
54.42a 51.32 a 49.91efghi 57.89 a 0.225bc 0.157de 1.00d 1.00f October
49.54a 44.51 a 48.29efghi 50.25 a 0.127ghi 0.023n 3.00a 3.00a April

75

47.53a 45.58 a 47.02fghij 53.58 a 0.150fg 0.062klm 3.00 a 3.00 a May
51.99a 48.02 a 47.64efghij 53.55 a 0.190de 0.105fgh 3.00 a 3.00 a June
59.38a 51.85 a 56.84abc 56.24 a 0.212cd 0.162d 3.00 a 3.00 a July
60.03a 54.45 a 58.23ab 54.53 a 0.227bc 0.195c 3.00 a 3.00 a August
55.34a 50.88 a 44.76hijk 53.96 a 0.135ghi 0.150de 2.75b 3.00 a September
50.04a 48.94 a 46.14ghijk 55.29 a 0.095jkl 0.111f 2.75b 2.00d October
49.49a 44.94 a 40.39k 49.54 a 0.075l 0.047m 3.00 a 3.00 a April

100

46.99a 46.04 a 42.43jk 50.91 a 0.110ijk 0.065jklm 3.00 a 3.00 a May
49.39a 47.87 a 42.97ijk 51.26 a 0.165ef 0.088ghi 3.00 a 3.00 a June
52.09a 50.93 a 53.36bcde 54.13 a 0.205cd 0.108f 3.00 a 3.00 a July
52.90a 50.58 a 56.03abc 55.95 a 0.212cd 0.141e 3.00 a 3.00 a August
50.93a 49.96 a 51.95cdefg 53.96 a 0.147fgh 0.081ijk 3.00 a 3.00 a September
50.80a 48.39 a 45.17hijk 52.06 a 0.087kl 0.064klm 3.00 a 2.75b October
47.17a 44.71 a 41.88jk 51.10 a 0.090kl 0.048lm 3.00 a 3.00 a April

125

47.40a 46.11 a 43.24ijk 51.33 a 0.12hij 0.068ijk 3.00 a 3.00 a May
49.15a 47.29 a 43.49ijk 53.72 a 0.142fgh 0.085hig 3.00 a 3.00 a June
50.54a 49.41 a 51.65cdefg 53.72 a 0.142fgh 0.106fg 3.00 a 3.00 a July
51.37a 51.51 a 54.95abcd 54.48 a 0.220bc 0.144de 3.00 a 3.00 a August
51.75a 49.10 a 52.08cdef 51.98 a 0.132ghi 0.079ijk 3.00 a 3.00 a September
50.02a 47.97 a 44.31hijk 51.66 a 0.095jkl 0.068ijk 3.00 a 3.00 a October

note: Means with the same letter in each column were not significantly different using LSD at p < 0.05.
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evapotranspiration and highest amount of effective rainfall in April have led to mulberry 
lower water need in April. 

Irrigation at level of 50% WR considerably resulted in a decrease in mulberry 
seedling vegetative factors such as CMI of seedling height, stem growth, crown diameter 
and stem diameter compared with the control treatment. In agreement with our results, 
drought stress led to decreases in plant high in ornamental barberry (Setayesh et al., 
2017) and populous (Yin et al., 2005). Reduction in shoot growth and leaf expansion 
(canopy decrease) are mentioned as one of the initial responses of plant to water stress 
(Johnson, Handley, 2000). Similar reduction in vegetative characteristics of trees such as 
stem growth, trunk perimeter, canopy volume have been reported in pine and pistachio 
trees under drought stress (Klein et al., 2014; Memmi et al., 2016). Water stress impairs 
in some plant processes such as mitosis cycle, cell elongation and expansion, which finally 
leads to a reduction in plant growth (Farooq et al., 2009). Impaired cell elongation is 
result of decreasing turgor pressure and tissue water content. Similarly, drought stress 
reduces photo-assimilation and metabolites required for cell division causing to growth 
reduction (Farooq et al., 2009). 

According to the results, the rate of mulberry seedling growth (such as CMI of 
plant height, stem growth and crown diameter) was affected by the level of irrigation 
applied and air temperature. In other words, seedling growth rates were reduced under 
drought stress conditions (I1 and I2 treatments) and in warm months of two growing 
seasons studied, whereas the highest growth rate occurred in the mulberry seedlings 
which were under sufficient water in April and May. Plant water stress is not only a 
function of the relative rates of water absorption from soil but also it depends on plant 
water loss (Kramer, 1963). Therefore, changes in air temperature and consequently air 
warming leads to increases in plants water loss (Penuelas et al., 2004), and intensified 
water stress. Air warming is likely to decrease net photosynthesis in areas where it is close 
to optimum temperature (Saxe et al., 2001).

Irrigation at the level of 50% WR decreased leaf vitality which was assigned as an 
indicator for colour, size and frequency of leaves at shoot tips. Similarly, reduction in leaf 
area under moderate to severe stress conditions was reported by Rahmati et al. (2014). 
Drought stress induces leaf senescence which occurs gradually. This highly regulated 
process is characterized by leaf yellowing and eventually abscission (Munné-Bosch, 
Alegre, 2004). Plants get benefits from leaf senescence as an important mechanism for 
their survival under drought stress condition. In fact, leaf abscission leads to avoiding 
water loss from transpiring leaves, favouring plant water balance and remobilization of 
nutrients which allows the youngest leaves, flowers or fruits take advantageous from 
nutrients collected in duration of leaf life (Munné-Bosch, Alegre, 2004). Although leaf 
senescence has benefited survival of plant itself but it is a sign of drought stress (such as 
leaf yellowing/browning and abscission), which is not an acceptable characteristic for 
aesthetic appearance of landscapes. Leaf vitality of mulberry seedlings under 75% WR did 
not change in comparison with the seedlings irrigated by sufficient water (I3 treatment). 
Therefore, in the investigated area to conserve more irrigation water, mulberry trees can 



29

be irrigated with 75% WR from April to September without any significant reduction 
in growth characteristics and in aesthetic appearance of landscape and for October it is 
necessary to consider irrigation at 100% WR.

The results showed that the amount of proline in the mulberry leaf rose by increasing 
of drought stress level, indicating its possible role in mulberry drought tolerance. This 
is in line with results reported on olive (Sofo et al., 2004), in which proline content 
in both leaves and roots of olive trees increased matching with the severity of drought 
stress. In the previous studies it has been reported that its content in safflower genotypes 
(Ninganoor et al., 1995) and mulberry (Ramachandra et al., 2004) increased in the 
plant which were under drought stress. Regarding shoot and leaf dry matter, the highest 
percentage of these parameters were measured in the plants irrigated by 50% WR in 
August in both studied years. Although reduction in amount of dry mater in leaves 
and shoots under drought stress have been reported in many investigations (Kage et al., 
2004; Liu, Stutzel, 2004; Hellal et al., 2017), in agreement with our findings Rahmati et 
al. (2014) reported that the percentage of leaf dry mater content of peach trees increased 
by 30% under severe drought stress in comparison with mild stress. It is very probable 
that the observed increase in percentage of dry mater in leaf and shoot has resulted of 
reduction in water content.

conclusion

Despite agriculture, yield is not used as a criterion for amenity landscape, aesthetic 
appearance, shading and ground cover, are used to evaluate landscape performance which 
makes water conservation easier (Kjelgren et al., 2000). It means that supplying only the 
proportion of water maintaining the plant in a healthy and aesthetic appearance is vital 
and can be used to increase water use efficiency in urban landscapes (Zehtabian, Farshi, 
1999; Nouri et al., 2013a, b). 

In landscape of Afsariyeh, Tehran province, drought stress (irrigation at 50%WR) 
had a negative effect on fruitless mulberry growth, its components and also leaf vitality. 
While leaf vitality of seedlings which were under 75% WR did not change from April to 
September in both years, in parallel with no significant reduction in growth characteristics 
such as CMI of seedling height, stem length and stem diameter. Therefore, in the 
investigated area to conserve more irrigation water for landscapes, fruitless mulberry 
trees can be irrigated with 75% WR from April to August, while they have aesthetic 
appearance. In October it is necessary for fruitless mulberry trees to be irrigated at 
100% WR because although CMI of stem length (in October 2016) and of seedling 
height (in October 2017) of the mulberry trees under 100% WR reduced to zero, they 
could maintain leaf vitality (a slight reduction or no change in leaf vitality under 100% 
WR in 2016 and 2017) as one important indicator for landscape performance and 
aesthetic appeal, whereas the leaf vitality index in the trees under 75% WR decreased 
in comparison with the control treatment (I3;100% WR). Furthermore, irrigation of 
mulberry seedlings with extra water, 125% WR could not induce considerable changes 
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compared with 100% WR. Moreover, consuming water more than plants need will 
exacerbate the issue of water deficit in cities and should be avoided. 
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