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Introduction

Human activities and the substantial increase in greenhouse gas concentrations-particularly carbon dioxide
(COz), methane (CH4), and nitrous oxide (N2O) have exacerbated global warming and triggered significant
alterations in climatic patterns. Consequently, climate change has emerged as a critical challenge for natural
resource management and agricultural systems in recent decades. These changes, especially temperature and
precipitation fluctuations, directly impact plant phenological and vegetative cycles and may even shift the
suitable geographical ranges for cultivating certain plant species. Among these species is Ziziphus jujuba Mill.

(Family: Rhamnaceae), a medicinally valuable plant that exhibits relative adaptability to arid and semi-arid
climates, such as those in Iran. However, it remains vulnerable to climate change impacts. Historically cultivated
in South Khorasan Province, this region now accounts for over 72% of Iran’s jujube production. Investigating
climatic trends and their effects on the reproductive and vegetative thresholds of Ziziphus jujuba is both
scientifically and practically significant. Such analyses enhance our understanding of regional climate change
dynamics and facilitate predictive assessments of its agricultural consequences. Therefore, the objective of the
present study was to identify the reproductive and vegetative thresholds of jujube throughout the year in the
counties of South Khorasan Province and to spatially analyze these thresholds in terms of temperature and
precipitation, both under baseline conditions and future scenarios influenced by trends in temperature and
precipitation changes.

Material and Methods

In this study, the modified Mann-Kendall test, Sen's slope estimator, and linear regression analysis were
employed to analyze trends in data related to determining the cultivation range of the jujube plant. The study
data included monthly temperature and precipitation averages from seven synoptic stations within the study area,
covering a statistical period of 25 years from 2000 to 2024. These data were extracted from the National
Meteorological Organization and served as the foundation for the study. Station data were converted into z-
scores using the modified Mann-Kendall test in Minitab software. Additionally, linear trends of variables such as
minimum temperature, maximum temperature, mean temperature, precipitation, sunshine hours, and hot days,
along with their corresponding slopes, were examined.
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Results and Discussion

Jujube plants, like other plant species, require specific temperature ranges for optimal growth during different
vegetative and reproductive stages. This study examined the thermal thresholds that impact the growth of jujube
trees. It was found that 25°C was the threshold at which reproductive growth stops, while 40°C was the threshold
for the cessation of vegetative growth. Additionally, the biological zero for jujube growth had been established at
11°C, and this plant can tolerate low temperatures down to -33°C. Some studies have even reported the plant's
ability to withstand temperatures as low as -40°C. In this research, each of the seven studied stations in the
region was individually analyzed in terms of maximum temperatures and critical points leading to the cessation
of vegetative and reproductive growth.

Conclusion

The findings revealed that the Zirkuh station, with an average annual precipitation of 182.8 mm, received the
highest rainfall among the studied stations. Nevertheless, even at this station, jujube plants required
supplementary irrigation of 267.2 mm. Fortunately, the region's climatic conditions were characterized by rare
and minimal summer rainfall, a phenomenon that could otherwise cause fruit cracking, making this area
particularly suitable for jujube cultivation. Analysis of climatic data from 2000 to 2024 demonstrated significant
spatial heterogeneity in temperature trends. Modified Mann-Kendall test results indicated a warming trend across
all stations, with the most pronounced increase observed in Nehbandan station (3.43°C) and the least in Zirkuh
station (0.94°C). These spatial variations can be attributed to altitudinal differences, geographical positioning,
and localized microclimatic conditions. Sen's slope estimator corroborated these findings, showing the steepest
positive slope in Ferdows station (0.24) and the gentlest in Khosf station (0.03). Linear regression analysis
revealed a decadal temperature increase ranging from 0.07°C in Birjand and Zirkuh stations to 2.48°C in
Nehbandan station. Statistical analysis of p-values demonstrated significant spatial patterns in temperature
changes. While northern and central stations (e.g., Birjand, Boshruyeh, and Ghaen; p < 0.05) show no significant
trend, southern stations, particularly Nehbandan (p < 0.02), exhibited statistically significant warming.
Regarding precipitation, all stations showed decreasing trends, with a maximum reduction in Nehbandan (-3.32
mm) and a minimum in Birjand (-0.63 mm). Sen's slope analysis indicated the steepest decline in Ferdows (-
0.34) and the mildest in Zirkuh (-0.13). Regression analysis estimates an annual precipitation decreased ranging
from 0.04 mm/decade in Zirkuh to 1.80 mm/decade in Ghaen. Statistically, northern and central stations (p <
0.05) show significant drying trends, while southern stations like Nehbandan (p = 0.28) exhibited no statistically
significant trend.
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Figure 4- Distribution of annual maximum temperature in the study area based on base period statistics

Juad o il oS cui g Ll cpired (o 0 JSE) Cul
o lpy sl ope Ole cdp gy WG Gl
ol ol > Slj) asdie o] laoge (50,885
(18 JS) b s b sns s & e > i 1
S iy ole s ¢y Jlonl (ame ol dilais

g 0

L9y Julad

P ol Glajiall (a2l L (ol gy )y polateds
bl (slasby,  cadlllas 3,90 adlate > 4l 0)90 )3 Clis 1)
(Z ool §) o3l L) osbgmonas JWiS— e gl Jabs ibiee
P-value g (b) (das (y90)5 ) e (QMeM) (oo G )5 (a5
logially 1 Sy sl oo ol 51 ol ol b oslizl
23,5 &yl lizme Jolia 53 g dpuloe S &4 onl8l

&S dad o ol Glis ol Wy b b pe dlal (cdor aoyp

Jb o> pSlis 5 51 oS ol il 5 (oegy slaslin]
oddicud pdlde 5l 51)8 caalllas 5y50 (slaoKiiuw! olod o (bl
Olieo cdaldl j3 5)ls j15 wlidlan (slaodly wlwl p 4l 0y93 4
MR8 el 3y90 35 adlate 3 Glis cuwlio 03y gl gllae (350
S9e it ke ey Sllbe olal (1 JS5) ool a5
2l Gloj ) ol 45y 0093 Jobo o Clis gllae 13y (ol 5l
ygly yio oo Y0+ dgd> (youy0d B9l jd cudlyy b il gl
o) sble Sy o (Jbopll (Song & Bai, 2015) cul sids
@ P8 55 > Ojgob g plecdee Voo d9ae (SH)L L (> olS
; Ghous & Haderbadi, Ashrafi et al., 2013) cul A,
e cilaie cboliugl 4Vlo 3yl cloosls Julos L .(2013
e b o585 olSiual & bgrye sk olise oyt 8 25
oS aad o s il e opl ol Jle 55 e Lo VAY/A
$9p0 (sheoSS )l 5 oalisl colie dinge 18 4 oliod sl

50 200
g . o
§ A Wi c o5 B &
S 40 °
8 ‘.g 150
X 'a 30 L8
q’ ‘G o 125
I ‘S
3 =2 D9 o
32 % a
12> / L= 75
< 10 38
] g 50
5 Ak
S 0 98
JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEP. OCT. NOV. DEC s 0
S 8 2la ) Aty Magm dhed epd
~—Boshruyeh 4s,% ——Birjand S » Khusf wie 5 Boshruyeh Birjand  Khusf
c— p— ¥ —Zii B 3
Ferdows w392 Qaen o Zirkuh 25525 County GiSasd

Figure 5- Monthly (a) and annual (b) precipitation in the study area

Ferdows Qaen

ok 25550 Olagd

Zirkuh Nehbandan



FYV Glie olS ol oogum 5 a9y 3 (ouly soailinl 3 5T ;5T 5 (od)l 3 (203 Oy Wigy Sl ( sehusl (she0

ool (oyline iolal clyls (p=+/+1) olaies oK) s g 3,1
g Sloybcis Hlady Sl il sxmd ol a5 edg (g8
ol e )l ol .l liwl o (81,5055 o ol lacgles
OM3] ygman olge il cou oled jlai ) adlate oS cl
ool (Glelale (52 Slapiuns b 5 S5 Cubge elis)|
2l 0dd plod slaigy )3 (2laS ke & pxie &S
3 S osidgmmas JUiS— e os)] gl 55 At (lod 390
VoYY B Yoo gylol 0y90 (b olSiu) oled > iljbl x4,
9 VIEF ke b g ol 13 Gl cpyiden (V) Jgi) ol
ol 035 €3 WY o 065,55 o) 15 Lalsdl oy pieS
N9y b Cute ol (pyid 45 W3 LB (g b WS
Blie Cuto e (S g <Y+ ko b ogS ol 4 by
ot g Sy e ol Cal < [oA lade b (B oSl 4
apd +o YV e gledgdzee ) dlndn gled AVl iuliEl £y
O gmdas 4230 FVYA B 058 15 oS! (gl 4dd po 40 pogmidis
P-value ,olie oo Cosl juiie Ciwgs ol (gl and oy
Olpss oniad lis dalllas 3yg0 (sloolSiiun! o alin (slod (sly
g g dizyn ool gy sl (g)bline L
colol (g )blias 39 486 (sl S50 5 Jlod 53 (p < +/-0) (08
(0= +/+¥) s w5l s colSiu] a5 Jb s sl o3
Al Glabl 730 g )3 g)l] (g )blas 58 g, (sl
S 5 o Golio > Gl o cud o] S gl

() Jss2) casl oy &) 5 3VL olel il b (g (ol 5

sy 9 dias slales Ol yuadd g ooy
JS— e 905l 51 oolil b sasplosl sla ldos wlul y
oKl olod 3 aieS slod 4 bgspe Z polis cosdpuzual
uqu I) uw.u]).‘?‘ d.ﬁ9) Y¥F LG Yeoo d)'.o] 092 L:J" axllas d)y90
b gl ol )3 (Al lie oyt () Jgi) mdce
bl Jelos 51 036 Biaes eglis o) sl odd samli
2 ool e Syl 5 gy e 51 Aol (gli] e
Barani & ) )8 9 Sl sbasdl L mls oyl cwl ddkais
ol ddbie 1) aueS gl i3l a8 (Karami, 2019
2 oebdy cpl (55,08 saimdlis 9 o)l led e cilod,S (5)l58
e b (g8 ol 4 bgye Kg) bd Cute cand o yiin
R e b sy oS c\:dlxmw "‘“"’OJ)""’S9 <IvY
wlod VLo (Il E55 o dad o )S) sl ol
oK) (slyr dmd y2 )d wgudis dnyd +o/FA Lo slojl o dleS
U"?))é DKL.%] LS‘)’. And y& 3D U”?"‘“‘L“’ a5 +V/0V G b9§ﬁ.)'
P S sl lp P-value  polie Jdoo cwl e
Gl (g boline slad @lyuss sniad lis dallles dy50 (sloolKinw!
1{ u:lﬁ 9 Ju>/w) uL.wl Lg)f)n 9 ‘_;Lo.m L;Lmbliu.\ul ‘C;LJ U»L.»l »
Golel (gyboline gy 381 (p=+/F b Chwgs P=+/\\ g p=+/-A
solKiw! 5 gy ol S b il e aneS sl
Sblae gaw b (p=e/eY 0585 p=leY wgpls) Siog
N3 s loline 5y0 53 (P=4/+0) (93,5 o] sl olpon (53208

VeYEY oo gylol (503 53 hmba g 4ine (Slaled Wig (owpr =) Jgo
Table 1- Review of the trend of minimum and maximum temperatures in the statistical period 2000-2024
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Table 2- Review of the trend of average temperature and precipitation parameters in the statistical period 2000-2024
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Table 3- Review of the trend of sunny hours and hot days parameters in the statistical period 2000-2024
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Table 4- Trend of changes in climatic parameters affecting jujube plant growth based on the Modified Mann-Kendall method
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Figure 6 - Spatial Variability Trends of temperature and precipitation under the influence of climate change
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