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Table 1 Geographical environment and climatic characteristics of sampled areas

AERE K
L F ISR TN .
o SAFAHRAE Annual AT
Hb i Site Longiude and Soil moisture Humidity
Climate feature precipitation Soil type
latitude (%) coefficient
(mm)
121° 26’ E . . FrE 1
YT TR VT T R A 14 651.9 1.65
37° 24" N Brown soil
114° 18" E ‘ - . FisgE
SiZ U Bl Y 2 Y 0 2 XL R R o e A 9 568 1.07
37° 42" N Brown soil
106° 12’ E o TR
YC Hh R R B A 2 200 0.50
38° 31" N Gray desert soil
89° 11’ E . o TR+
TLF R i D T R v A A 4 15.6 0.04
42° 55" N Gray desert soil

e YTHESIZAZREYC, B TLE, &K, FIRNote: YT, Yantai;SJZ, Shijiazhuang;YC, Yinchuan;TLF, Turpan. The same

below. (DTemperate zone oceanity monsoon climate, @Sub-humid warm temperate continental monsoon climate, 3Mid-temperate

continental climate, @Temperate continental arid desert climate
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1.3 JeffreySEBHE
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WA e, I B 2 e, Nikon E200062% B 1%
B RS IFFA I . BEMLER 205K VI AR, BB
AEMSH (OFRFERKE . 5%iE. BE. BKS
T8FR ) K FMotic Images Plus 2.0 K145 #r #5440
G, B FEHL RS SO S e 150 .
1.4 BRI

F]F Statistix 9.0f1SigmaPlot 10.0%K 448 15>
Mrgche . FEIEL, XTI . AbBRA ()0 22 5 0 oy
Mok R 56, AS [7) b BE K S 22 18] 2R B8 2 07 22
ST, ZE B FRLSD (/B EEBE) B,
B TP Z B HEAT A DGR A0 BT, A3 25 55 10 3 1k

Ffr &5 L5l

i R R SIS 6 Fh . FLEUTA
BATE . MRS RERE . BaRE IR
Y, SRS 2R, WA RE
WERFET, RFfEHamE, §44.2%; HK
RALBCRE MM SR, 5 527.9%16.2%;
MR MK L FAEYI N4 T%, BT E RN
23%. AFXRERERRZ P LU FERERLIA
34.4%, KE4ERZHM29.5%, MECF4E514.8%,
Wy aEMBLREREMEY, £57. 1%
7.9%, WRECRE BRI R6.3% AR IR R AR
WARFPEURG R IR Z 148.7%, HIR LB
H24.4%, BBUFE . MOCRE | BECRE A
EARK, %148.3%. 8.0%M7.7%, HoFEEH
AN 3.0% T ik R AR R R F A B
®Z H35.0%, MECRE H27.5%, fLECRE FEL
SRR S N12.4%F12.5%, FECFE 5
10.1%, WREUFE R TRH2.5% (£2) .
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Table 2 Typesof vesselsin theroot of Ziziphus jujuba var.spinosarelative to regions

JH A& Yantai i % JEShijiazhuang
SERM Hef51 —dA P 1]
. B3 TR ) F TR —Vin i WA R
Vessel type  Proportion J&One FETwo Proportion
Type No tail Type No tail One tail  Two tails
(%) tail tails (%)
Lo 27.9 3 + + + 34.4 3 r + .
B g 4.7 1 + 6.3 1 +
EEEGTE 16.2 3 + + + 14.8 3 + + +
Ry E? 4.7 2 + + 7.1 2 - + +
Bho G 23 1 - - + 7.9 2 - + +
REFYE© 44.2 1 - - + 29.5 1 +
4RI Yinchuan it -3 Turpan
FE A 21| —h PIAT A
. B3 TR ) I TR —ViAi R WA R
Vessel type  Proportion FEOne FETwo Proportion
Type No tail Type No tail One tail  Two tails
(%) tail tails (%)
flarsg” 24.4 3 + + + 12.4 3 + + +
Barg® 8 3 + + + 2.5 1 +
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M Yantai 1% JEShijiazhuang
E A Fe i —Nil WA Rl
) FH TR ) FH TR —Ui iR WA R
Vessel type  Proportion FEOne FETwo Proportion
Type No tail Type No tail One tail  Two tails
(%) tail tails (%)
W o 54 7.7 2 + + 27.5 3 + + +
Har FAgY 3 2 - + 10.1 2 - + +
BEEL T 8.3 2 + + 12.5 3 + + +
KEFL® 48.7 1 35 1 - - +

W+ ZRARE; - £RTCENote: +: means have tail,
(@ Annular vessel; &Scalariform vessel; ©Xylon

Fie IR R 1A 0 XD 48 43 3R 28R 6
R —vi A RV A R R . AR AR R R
FRRFREY, LU . AEUFE . R4
M, LTSN EEILRER ., —maRm ., Wi
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AFRE . & TR TR R IR R ER TR
R, IAR AR M A IR S A 3R R AU e HL . 4RI BR
Hiu 1) P 25 45 o0 T 8 B R — g A7 R L2 R, i A
FEHL A W 20 S8 B3RP A B R ARG
FEHD R WA BT, A R RE bk — S A R TR R
Ui A B, HR IR R JC R M — A R AR, i
B RGO RA . — a3

MR (%2, K1) .

A

C

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

22 WIMHETREEEFREREZMUASENT

LHFAE

FEDUA B BE T A B,k 7 R AR
AWM FERKERKE674.5 pm, G H
X IN16.8% , i £ 2 FE b N 80548 1 K B Je /s
4974 pm, BMHEFEHLIE/NIZ.9 %, LA, B
U H 1 X 0 3 48 K 8 0 0 45 6 Bl ik /N 13.3 %
(p<0.05) (F2A) o #HEHh NS T8 1Y 98 5
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B A b ) 2 A S RS N 5.0% ((p<0.05)
A7 2 8 FVER 1A b 79 43 501 0k /N2 6.1 % 712 6.9 %
(p<0.05) (E2A) . SMGHLL, HAR R
AR R M ECTE BRI, AR E. B
e RE A 2 U /N35.1% . 33.1%H111.4%

A W& Yantai; B 4 %)¥ Shijiazhuang; C 4R)I] Yinchuan; D %% Turpan

A, Ml 63 Yantai; B, 1% X Shijiazhuang; C, $#)!|Yinchuan; D, %% Turpan

1
Fig.1

ANTFEE ML PR AR 2 A

Root vessels of Ziziphus jujubavar.spinosa relative to ecotope
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(p<0.05) (KEI2B) ; 1% REE B A R IE A i Y
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10.2% (E3B) o fLOr 48 8 RE LR LA S8 TE AR 1l
W/, SHEAH L, A58 FE i 45 RE R 1 U8

N9 %o, TR T I A b 1Y) 43 00 34 3.5.% il
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2 3 h42.6F133.8 um, SMMEREHAM L, A%
JE o BRRN i A A FL S0 AT R 140 3 K
T51%. 54.4%%1106.5% ( p<0.05) , & RE2435
BT 112.0% . 113.0%#1202.0% ( p<0.05) (&
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L HFE

R R B 40 T 10 A B T 5 R B AR R R
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BAILL, A FIERE A IR 20 348 K /N9 . 3%,
BRI A & e HE HL A I8/ N2.9% F16.5% ((KI4A) o
Rar R RS SERE S, WG . A RE 2R
R, SR 0 SRR FRAR, 5 & R AR
Ll L G300 AR 1A H 5 480 1) 538 B 43 ol B 11K 6.9 %
M37.7% , 1wk 2 7 FE A IR 20 54 T B U] 3 K
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Iy BB /N38.9% F145.9% , i it F 3 FF ML At U 384 ot

E
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Fig.2 Changes in structure of the reticulate vessel in the root of Ziziphus jujubavar.Spinosarelative to sampling area
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Fig.3 Changes in structure of thepitted vessel in the root of Ziziphus jujubavar.spinosarelative to sampling area
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B ] I R R M A R 2T 4 K A3 8N .7 %
1.5%F12.6% , 98 BE 53 8 /N2.2% . 4.7%F5.4%
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B A A AR AR N, N8 2% F11T7.9%
(p<0.05) o ARZF4E 48 RE R B SR 2 AR /N
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Fig.4 Changes in structure of the spiral vessel in theroot of Ziziphus jujuba var.spinosarelative to sampling area
g
'E 800 a e 54 K Vessel length A E 160 q (— 'Z\"%Tl-l_?/-" Vessel diameter B ,é\ 100 w2 1 Length of g C
= == 34555 J¥ Vessel widh & 140 == 34 REJE Vessel thickness = tail No.1
ﬂ'ﬁﬁ b n 80 =182 K Length of, b
s 600 b b 120 c @ ¢
§E§ %E 100 Mg 60 tail No.2
&2 400 G= 80 d pe¥
i-*g 8§ « W == 60 ms 40 ¢
= =
ED 200 d ¢ ﬁ g 40 é‘) 20
3 5 3
o
YT SIZ YC TLF g YT SIiZ YC TLF YT SJZ YC TLF
SeAEHL X Sampling area A SRAEH X Sampling area FeAEHI X Sampling area

5

AN T i X AR 2R A6 80 T A AR AR

Fig. 5 Changes in structure of the scalariform vessel in theroot of Ziziphus jujubavar.spinosarelative to sampling area
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Fig.6 Changes in structure of the xylon vessel inthe root of Ziziphus jujubavar.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' *'
( 1Joint International Research Laboratoryof Agriculture and Agri-Product Safety, the Ministry of Educationof China, Institutes of
Agricultural Science and Technology Development, Yangzhou University, Yangzhou, Jiangsu225009, China )

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

Abstract [ Objective ] Plant growth and production worldwide is subject to increasing environmental
constraints, particularly drought, which is wide in distribution and high in magnitude of impact. The
root system of a plant plays a vital role in drought tolerance and resistance. Water and nutrients are
absorbed mainly by roots, which, therefore, have to adapt themselves in structure and function to adverse
environments for survival. The roots absorb and transport water and nutrients up to the shoots via vessels, of
which 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 Ziziphusjujubavar.spinosa growing in different ecotopes, such as Yantai,
Shijiazhuang, Yinchuan and Turpan along a natural drought gradient. The gradient was determined by soil
moisture, annual precipitation and humidity coefficients. Roots of Ziziphus jujube var. spinosawere 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 Ziziphusjujuba 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
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improving the plants’ resistance to drought and adaption to harsh environments to ensure normal growth.

Key words Ziziphusjujubavar.spinosa; Vessel element; Anatomic structure; Drought gradient; Ecotope
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