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Table 1 Geographical environment and climatic characteristics of sampled areas

SR REK i
S eIy BRSNS TSIEES e .
_ . SR E Y Annual B K
Hb#5 Site Longiude and . Soil moisture L Humidity )
Climate feature precipitation Soil type
latitude (%) coefficient
(mm)
121° 26" E . R
YT TR P T LA 14 652 1.65 '
37° 24" N Brown soil
114° 18" E ot ALy S e FRiE+
SJzZ I ki 2 k0 2 XU R A 9 568 1.07
37° 42" N Brown soil
106° 12" E . IR
YC ol R 2 200 0.50
38° 31" N Gray desert soil
89° 11' E 3 ) " TR A
TLF PNHiR A R RS RSN U 4 15.6 0.04 _
42° 55" N Gray desert soil

W YT, MHA: SIZ, A%E; YC, @)Il; TLE, it 3% . A Note: YT, Yantai; SJZ, Shijiazhuang; YC, Yinchuan; TLF, Turpan.

The same below. (DTemperate zone oceanity monsoon climate, @Sub-humid warm temperate continental monsoon climate, @Mid-

temperate continental climate, @Temperate continental arid desert climate
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WAESEURS gL 48.7%, HIR WILB S
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Table 2 Types of vesselsin theroot of Ziziphus jujuba var. spinosa relative to regions

JH {5 Yantai

£ %)L Shijiazhuang

FEAL He 151 ; Hefs1 .
) Al i —wfik MR . Bl TR —unAT R WA
Vessel type  Proportion . Proportion .
Type No tail One tail ~ Two tails Type No tail One tail  Two tails
(%) (%)
Lo 27.9 3 + + + 34.4 3 ¥ + i
B 4.7 1 + 6.3 1 +
EE G 16.2 3 + + + 14.8 3 + + +
S L 47 2 - + + 7.1 2 - + +
PR RE® 23 1 + 7.9 2 - + +
A4 44.2 1 + 29.5 1 - - +
4RI Yinchuan %7 Turpan
e e . . . e . " "
_ FAl xR AR MR _ B3] R —wmAR MimA R
Vessel type Proportion Proportion
Type No tail One tail  Two tails Type No tail One tail  Two tails
(%) (%)
Lo e 24.4 3 + + + 12.4 3 + N N
O e L 8 3 - + + 2.5 1 +
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gk
441 Yinchuan i 447 Turpan
RECESES Hefs1 ; ‘ \ 2411] ; \ _
) Fe TR —uwAR Wua e ) B TR —IiA R PimA R
Vessel type Proportion Proportion
Type No tail One tail  Two tails Type No tail One tail  Two tails
(%) (%)
EEGE 7.7 2 + + 27.5 3 + + +
Y GaEY 3 2 - + + 10.1 2 - + +
BT A 8.3 2 + + 12.5 3 + + +
R4 48.7 1 + 35 1 - - +

. +: FoRARE; -: F/RJCENote: +: means have tail,
@ Annular vessel; &Scalariform vessel; ©Xylon

P JRAE A T AT A A 3R SR . G
AL i BRI A R A, FEA A B R
HRET, FLERE . ARG | RGNS R
W, FLESEYEEITRER . —mA B . P
AHRRAR FROr T o — i A R A i A
B RS WA R (%2, B1) . MG,
AR TR R AR R IR Y N R
AL, PR TR P IR S A 3R S AR AL . BRI
i) S0 548 o0 G R R — i A7 R U2 A, i H Al
R 1 1 W 20 45 B 00 5 3R R B S AR
FE LA P A R, A SRR bk — it A R AR
Ui B, BRI bk TG R R M — o A B AR, i
G AR TR A . — i R R R A R 3
P (R2, K1) .

A
C

-: means no tail (DPitted vessel; @ Spiral vessel; @Reticulate vessel;

22 WM HETFREEBEPRERAMNUASENT

WA E

TEVUABR B T R A T, ok 7R M R AR
R ECFERKE R KIL674.5 pm, UG HEHL
I3 NIN16.8% , Tl A1 53 A b ) 80 3485 A K B A /S
H497.4 pm, BIHEHEHIE/N3.9%. A, 4R
A b 1) 1Y) 0 3 7 B8 A 0 15 A b T ik /1N 13,3 %
(p<0.05) (FE2A) o £ S FA45 1 58
HKEMZLBIRMEL, SHEFEmAHEL,
B 2 Y ST SR N5.0% (p<0.05) ,
T A7 3 1 AR 1AL 0 23 51 /N 26.1% F126.9 %
(p<0.05) (FE2A) . SMEHE, HAaRHhR
FRRP MO E HAEWAN, A% E. B/,
£ R M A A B N3S5 1% . 33.1%F111.4%

A: fHE Yantai; B: f1 % E Shijiazhuang; C: 4% J1] Yinchuan; D: -7 Turpan
E1 AR[FIFEHL R AR R 48

Fig. 1

Root vessels of Ziziphus jujuba var. spinosa relative to ecotope
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Fig. anges in structure of the reticulate vessel in the root of Ziziphus jujuba var. Spinosa relative to sampling area
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Fig. 3 Changes in structure of the pitted vessel in the root of Ziziphus jujuba var. spinosa relative to sampling area
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72.4% ( p<0. 05) (El4B) . BREC A8 0 REJE B
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ig. anges in structure of the spiral vessel in theroot of Ziziphus jujuba var. spinosa relative to sampling area
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Fig. 5 Changes in structure of the scalariform vessel in the root of Ziziphus jujuba var. spinosa relative to sampling area
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Fig. 6 Changes in structure of the xylon vessel in the root of Ziziphus jujuba var.spinosa relative to sampling area
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Mechanism of Plasticity of Root Vessel Structure of Ziziphus jujuba var. spinosa
Adapting Ecotopes along a Natural Drought Gradient

ZHU Guanglong' CHEN Xubing® Irshad Ahmad® LIU Jiawei’ ZHI Wenfang’® JIAO Xiurong'
ZHOU Guisheng" *!
(1 Joint International Research Laboratoryof Agriculture and Agri-Product Safety, the Ministry of Educationof China, Institutes of
Agricultural Science and Technology Development, Yangzhou University, Yangzhou, Jiangsu 225009, China )

(2 Jiangsu Provincial Key Lab of Crop Genetics&Physiology, Yangzhou University, Yangzhou, Jiangsu 225009, China )

Abstract [ Objective ] Root system of a plant plays a vital role in drought tolerance. Water and
nutrients are absorbed by roots, which have to adapt themselves in structure and function to adverse
environments for survival, and the structure determines their function and efficiency of water/nutrient
translocation. However, little information is available about plasticity of the vessel in structure in the
root system of the plant growing in different ecotopes. So, study on plasticity of the vessel is the key to
understanding plant adaption to ecotopes along a gradient of drought. [ Method ] Therefore, this study was
done to explore plasticity of rootvessels in structure of Ziziphus jujuba var. spinosa growing in different
ecotopes, such as Yantai, Shijiazhuang, Yinchuan and Turpan along a natural drought gradient. Roots were
sampled from the four ecotopes for analysis of characteristics of the vessels in the secondary xylem of the
roots using segregation process and microscopy. [ Result ] The root vessels could be classified into six types
and varied sharply in number and structure with the ecotope. The vessels could be sorted into three types
according to their tail structure: no tail, tail on one end and tails on both ends, which demonstrate specific
adaptive properties and regularity. From Yantai to Turpan with the drought aggravating, the reticulate
vessel increased in thickness of the wall, but decreased in length of tails; the pitted vessel decreased in
length, width and diameter, but did reversely in thickness of the wall and length of the tails; the spiral
vessel decreased in length, thickness of the wall and length of the tails; the scalariform vessel decreased
in length, width and diameter and evolved from tailless to multi-tailed; and the xylon declined gradually
in length, width and thickness of the wall, but did reversely in length of the tails. In addition, compared
with the tree in Yantai, the trees in Shijiazhuang, Yinchuan and Turpan had the pitted vessel decreased by
17.63%, 11.23% and 7.67% in length, the spiral vessel decreased by 20.2%, 11.4% and14.6% in thickness of
the wall, the scalariform vessel decreased by 29.1%, 37.6%, 31.4% and 20.7%, 48.5%, 28.6% in length and
width, and the xylon decreased by 0.7%, 1.5% and 2.6% in length, by 2.2%, 4.7% and 5.4% in width and by
33.2%, 29.3% and 22.1% in thickness of the wall, respectively. [ Conclusion ] All the findings indicate that
the root vessels of Ziziphus jujuba var. spinosa are high in plasticity and vary in structure with the ecotope
to adapt to local conditions for better adsorption and transport of water nutrients. All the changes in vessel
structure improve tenacity and extendability of the roots, enabling the root to go deeper into the soil to
adsorb more water from deep soil layers to make up the loss through transpiration in dry environments, thus
improving the plants’ resistance to drought and adaption to harsh environments to ensure normal growth.

Key words Ziziphus jujuba var. spinosa; Vessel element; Anatomic structure; Drought gradient;

Ecotope
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