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Abstract

Introduction

Increasing the efficiency of water consumption and water management is necessary to meet the water needs of
agricultural plants which need to consider the variables affecting water consumption, including water needs and
the amount of evaporation and transpiration. In this regard, evaporation and transpiration are important
indicators in the process of plant growth and their amount is considered equal to the water requirement of the
plant. On the other hand, climate change can affect water demand by changing the expected patterns for the
average weather condition in the long term in a specific region or for the entire global climate. In the present
study, the phenological stages of the seedless barberry tree were determined based on field observations at the
Ghaen synoptic meteorological station. The seedless barberry tree is one of the commercial cultivars in Iran. In
this research, the effect of climate change on the water requirement of barberry cultivation has been evaluated
based on RCP scenarios in the near and far future.

Materials and Methods

In the field part, in order to identify the occurrence time of the phenology stages and temperature thresholds, a
series of visits and daily and weekly notes were made in the field during growing season of the barberry tree. For
this purpose, a private and fertile commercial orchard with a suitable cultivated area of seedless barberry trees
was selected. The studied garden group with three hectares of cultivated area in Qain city was identified as one
of the most fertile gardens in the region. This private garden is located in Qain city, at a position of 33 degrees
and 43 minutes of north latitude and 59 degrees and 10 minutes of east longitude and a height of 1432 meters
above sea level. In this study, the phenology stages of seedless barberry trees as one of the commercial cultivars
of Iran were determined. The BBCH coding system was used to record the phenology stages (Enriquez-Hidalgo
et al., 2020). This scale has a 100-part table with codes from 0 to 99 and is designed for different phases
(Feldmann and Rutikanga, 2021). It was used in the synoptic meteorological station of Qain city for one year
from the beginning of germination to the end of the dormant period. In fact, the codes of the phenology stages
were observed and recorded in the field. After determining the phenological stages of barren barberry trees, the
water requirement of the selected tree species has been calculated. In the next step, to determine the water
requirement, the reference evaporation and transpiration rate must be multiplied by the plant coefficient. For this
purpose, the available data including hours of sunshine, the average temperature during the growing season,
average rainfall, minimum temperature, maximum temperature, evaporation, and transpiration obtained from the
National Meteorological Organization for 18 valid meteorological stations from 1987 to 2017 on hourly and
daily time scales were used to predict the climatic condition. Toward this, the climatic condition of the near
future (2059-2030) and the far future (2089-2060) has been predicted considering pessimistic (RCP8.5), and
optimistic (RCP4.5) scenarios.

Results and Discussion

The results showed that barberry needs six phenological stages to complete the growth period from early April to
late November. Also, the amount of water requirement for barberry trees in the base period (1987-2017) on a
daily basis in the eastern region under study is more than in the west and northwest of the region. The water
requirement in the northwestern and western parts is more than in the east of the region under study, which is the
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reason for the increase in the length of the barberry phenology stage in the region has been mentioned. The
results of climate change analysis showed that the daily water requirement of barberry (2030-2059) based on the
RCP8.5 model during the growing season varies between 4.5-5.8 mm per day and the total water requirement is
990-1260 mm. According to the RCP4.5 model, the daily water requirement of barberry varies between 5.6-5.8
mm per day and the total water requirement is 1290-990 mm. The daily water requirement of barberry according
to the RCP4.5 model (2060-2089) varies between 4-5 mm per day and the total water requirement is 960-1150
mm. Also, the daily water requirement of barberry according to the RCP8.5 model varied between 4.5-8.2 mm
per day. The total water requirement of the barberry tree is 950-1300 mm.

Conclusion

The present study was conducted with the aim of measuring the phenology stages of the seedless barberry tree
and the water requirement of the barberry tree according to the conditions of climate change in the areas prone to
its cultivation in Iran. The results showed that the barberry tree needs six phenology stages to complete its
growth cycle. The growth period according to climatic conditions and topography lasts from early April to late
November. The results of estimating the water requirement in the base period showed that the cities of Kerman,
Yazd, Qain, Birjand, Zahedan and Torbat Heydarieh need the most water during the growth stage (1330-1240
mm per day) and the lowest water requirement of the barberry tree in the north It is in the west and west of the
country, but in the future, the amount of water needed by the barberry tree in the northwest and west is more than
the center and east of the study area, which is the reason for the earlier completion of the phenology stages in the
center and east of the country, for this reason, these areas are among the unsuitable areas. It is considered
cultivation. Since the annual rainfall changes from year to year; Therefore, the irrigation project cannot be
planned only based on one year's information, so long-term records are needed to calculate the effective rainfall
based on the probability of occurrence. Cultivation of barberry is very desirable in terms of irrigation for dry and
semi-arid areas where farmers are facing water shortages. Considering that water is the main and essential
requirement of any product; Therefore, it is essential to estimate the water requirement of each plant.
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Table 1- The beginning and end date of the phenology and heat accumulation stages of the barberry tree in different stages of
growth at Qain station in the water year 2016-2017
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Figure 3- Spatial distribution of barberry tree water requirement (a: daily water requirement - b: total water requirement) in
millimeters in the base period (1987-2017)
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Figure 4- Spatial distribution of barberry tree water requirement in millimeters during the growth stage in the base period (1987-
2017)



AY

e 0 5 el s B g K35 850 08 (lajligs Jolpe (b))

Jad Jsb > Kiy; ol 5 IS jobay oS sl ol VoY
3 Egeme g 0391 yito 59, 5 ytai e FID-OIA e A3
roke S sba (b JSB) cusl o e AR -VE
(g0 U (23J5) 358 oy B9 )3 Sy 8 ol 3l
Vedo JI VAR o o] @l olie 9 ol ool 5las]
4 byye 2l b s (58 g ol e o) 50 e e
(Y JS8) canl 355 5 (S5l B9

8,9 , RCPAS Juo wlul p Kiy; &g, oI 5L
o Aley ol 5L5 890 oyl 3 a8 aly s Yere-Ye 0 ()bl
IV 5L Egeme g 0dgs piie joy 40 yia ke O/S—A/D
(a0 JSs ) cul o dio 21

&bl 8y90 3 RCPAS 4 RCP8.5 (ggojliw 93 I jL5 =YY

Ye0-Y.Y
e 231 ol S neS e 9 13y (b o5 amde i
ioye 4 by ol Sl caicie 5 w3l bl 5 o]
02505 &S po> 5 (S5ls2) el o po )3 sl ady Sle
390 soliuml S tn 1 ol 5L e o)l d9xg T 5L
pyo A yo )3 sl yiolo O+ ) S bawgie jsbods aslllas
oo > )b b el Fo olSinl Sk (eled
29005l 5y 0 sadee A ol S5 (e S505 pole
29 sl N0 ) St bl Soie ol b oty doye
sl S (7 U)ol 595 03 e s YO ol 55 it o o

E = N Z - N
2] = e
z z
= L&
g 27
= z
»‘stj\i;’a:iiw |
2 Yo QA Sy
Kool gl : QA+ ) eVe i :;
- iY-tY A\ = VeveyN0e o
Z | £V-0 ‘ z T s
2= 0404 = Y - ] ___4 . )
o= o5 oA el L § ., AYE YT s S50 570 T
&
T T T T
45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E 45°00"E. 50°0'0"E 55°0'0" 60°0°0"E
J‘
=7 £ 24
)| 1 + !
L8
&
Z z
g &
- i
= . £
g Dty 7
La;hb .’. \ X
e Ky ) e
&,j;é,;dl}udlj\'; e Q‘G 7
WEE-EA i [ ARAEE
- | tA-0Yx Vg z | B Yoy
£ | ox-ov i 5 |LIVyerye !
-1 g L . .
S oy e g = AR 0
% (mae ) Lk b - ; .
'. Yo" Yor! e 45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E
45°0'0"E 50°00"E 55°0'0"E 60°0'0"E o

YYo=y 04 (5ol 893 () RCP8.5 5 (Lill) RCPA5 (g1l o yio o o y Kby5 €y ol 5 Egatme ol @ije5 —0 JS
Figure 5- Spatial distribution of the total water requirement of barberry trees in millimeters in RCP4.5 (a) and RCP8.5 (b) scenarios
for the statistical period of 2030-2059
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Figure 6- Spatial distribution of barberry water requirement in millimeters during the growth stage based on the RCP4.5 scenario in
the statistical period of 2030-2059
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Figure 7- Spatial distribution of barberry tree water requirement in millimeters during the growth stage based on the RCP8.5
scenario in the statistical period of 2030-2059
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Figure 8- Spatial distribution of the total water requirement of the barberry tree in millimeters in the RCP8.5 (a) and RCP4.5 (b)

scenarios in the statistical

period of 2060-2089
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Figure 9- Spatial distribution of water requirement of barberry tree in millimeters during the growth stage based on the RCP4.5
scenario in the statistical period of 2060-2089
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Figure 10- Spatial distribution of barberry tree water requirement in millimeters during the growth stage based on the RCP8.5
scenario in the statistical period of 2060-2089
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