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AR EREE . ANFEHLIXH SR SR KRGS AT M A BT FB 3 8 OARRAE , AL ™A
W [F)FEAL T 3 S A EE - CarlquistHe t AT Bk AR 2@ 4, NI AR 5
A A iy B 22 o Dh el N A KA B 45 2R, S5 L 78S A F DL AL B2 A %
XA A S AR 5 LD REVEE BRI U R, RAEARFUE T 8 T KE . SEMRE
R R A AT AR RO, T ELAR R AN B, SR, SR R R RIS TR
BRI 2 5 A 35 R AR ) 3 4 I A5 G T BRI T RO W T AL D e, AR DL 6
A R 6 7 A (R Sk 3R TR B A AR B P A I B AR R R
NI, FIHSE SR Y) BRI TR AR A AR B -SE 0 B AR
52 B N ) P SRR AR, PR TR A3 5 K 5 T BE R AN [F) S P R e S S A AL
B, NBRAEBERITRFE . EYPCENE R SRR K E R AR TR
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1.1 R XER
RIEM AR B ILRE G GELX KR  mdba A GRREILaR) o TEER
N CRZENFGED)  FEEEF (LEAS =B 4NRBERE. A EREBEHLECLOMR I #5
O CRIRZFSRAIND AR IER, ARRIUFEIENBREEE, KRS A /N5 m,
DAPRAERURE 35 511, B R PR BE B AIRRER (R FISR 0 R o SRR AR R (G -4 K-
J-HEEFE) , MER—A BRRIBREE T 2RI . SR B SR 5% S e R LR 1.
F1 RAEEH X HIDIRE K SIEHHE

Table 1 Geographical environment and climatic characteristics of sampled areas

4 ) tapaki  FRRE oy .
oy  EHE SRASE KR el AR
Site Longl_ude Climate feature oft moisture precipitation Hum_|d_|ty Soil type

and latitude (%) (mm) coefficient

121°26'E Il i FEPERE R it
YT 37°24'N 1=® 14 651.9 1.65 Brown soil

114°18'E Bl 1B i ZF X 3e S
SiZ 37°42'N KRk S 9 568 .07 Brown soil

106°12'E _— e 20 K+

] | | ) .

Ye 38°31'N " AR TR 2 200 0.50 Gray desert soil
89°11'E K PERR IR it T 7 KB

TLF 42°55'N Fo S 4 156 0.04 Gray desert soil

F: YT, WG, SIZ, AFEE; YC, #R)I; TLF, &% . FIF 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

1.2 XA

E SRR T 2R, 43 s B 3R 44 AE 5 54 A= R AR Ak 32 MR B0 VR AR AR B3 S b4
B CREFREEFR ) R 20 em4k, 3~5 em&MYIEL , BENLIEEL 10K BURE J5 o7 BRI 3% N FAARE &
W (70%Z 90 ml, #E/RLHR5 ml, UKESEZ 5mD) HH{RAF.
1. 3 Jeffrey S E B %

FREHA B FAAR 224 0, BEHLEBGSNEES, K ILDI0.5 cm>0.2 em K/ K
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%, e NJeffrey BT (L0%%5 IR : 10%fiHR=1:1) ', B T40°CHMEEMA ZH3~5d. ¥
BT A R B T8 b, B GB5 min, 78 SCER[1L]M 77 R B, I s
% A, Nikon E20006 2% B A NS IR0 IR . BEALE205K DI iR, SE RS
<@%%%&E\AE\ BEJE L R KAEIERR) R HMotic Images Plus 2.0 B4 73 #7842
E, BRANFEHLREAN S HON R S50 B
1.4 BIBELIE

| FH Statistix 9.0F1SigmaPlot 10.0%K 4 G it Mt . /B, XFREZH . Ab3 4 [A) 1) 2
S S Ve A R R tR 56, A [R) b B K P 2 TR SR FH B IR 3R T 22 4 i 2 EE U IBCR A LSD (i
N FEZERFD P, AR Z AT R, R R R .

2 45 B

2.1 MBS SR RFORE RGBS E LB K AT L5
RER AT FEMNRY S N6 M FLATE. @&B” WS FE . HGUFE .
GGE RS, FERBEF G HIWRE 2 iR, WERERRSER, KRF4EHE
%, 5 44.2%; Mt%&aﬁﬂﬂ&%%,ﬁw£ZM%ﬂun% LA EE R IEN
E“ﬂﬁ4m»ﬁ&%%%mﬁzwmﬁﬁﬁmﬁﬁ%¢u%éEM@ SR
MA%,k%%mzﬁzwm,H&Emﬁlﬁm,ﬂaawﬂﬁaa”ﬁiwé %
5 7.1%A0 7.9%, BASEHERDN 6.3%. IR R SE AT 4R L 5
48.7%, HUCNILLUFE N 24.4%, BEUTE . MOlFE . BAUIFEREMEAR, &
ﬁswa(mﬂ 7.7%, HECFERE R 3.0%. 1M EFRENW R P ART4HE
%7 35.0%, MELFE 7 27.5%, FLEUTE MBS E HEM 4 &N 12.4%H 12.5%,
Wy T8 10.1%, B SFERERDHN 25% (K 2).
R 2 TR RBRERASELRE

Table 2 Types of vessels in the root of Ziziphus jujuba var. spinosa relative to regions

M Yantai £ %K JE Shijiazhuang
SR =] . — Ui H Wi (7] . —hE  WuE
) Bt TR ) Bt TR
Vessel type  Proportion J& One J& Two  Proportion & One  J& Two
Type No tail Type No tail
(%) tail tails (%) tail tails
Largs” 27.9 3 + + + 34.4 3 + + +
IBGUGE" 47 1 + - - 6.3 1 +
G 16.2 3 + + + 14.8 3 + + +
WY &Y 47 2 + + 7.1 2 + +
PO 2.3 1 + 7.9 2 + +
KREFHE® 44.2 1 + 29.5 1 +
& Yantai f1 K L Shijiazhuang
FHERM L g3l . — Ui Wi Lk g1 . —Wa WA
Vessel type  Proportion J& One JE Two Proportion J& One J& Two
Type No tail Type No tail
(%) tail tails (%) tail tails

LorgE” 24.4 3 + + + 12.4 3 + + +
RS GE 8 3 + + + 2.5 1 +
EEETa 7.7 2 + + 275 3 + + +
VG 3 2 + + 10.1 2 + +
RGE 8.3 2 + + - 12.5 3 + + +
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REFHYE® 48.7 1 - - + 35 1 - - +

VE: +: oA & -: XN E Note: +: means have tail, -: means no tail (D Pitted vessel; @ Spiral vessel; @ Reticulate
vessel; @ Annular vessel; ® Scalariform vessel; ©®Xylon

ZIRE RKA TR E 2 N 3 M. TRM., —mA RMMMmA R, /£
ANEBRAR AT, LOTE . HREE . REENEEMRA, SCE et
R, —imf R, Wi B 3 f MO EN N~ R a R, KLY
BoamimA RN (R2, B D. ME. AxE. hEFFMERER AR EHNL
A, TR IFEHb R A 4 3 MBS AL o BRI RE L A X S04 v e R AN — i A e
B2, i HARAE A ST E B 3 AR, BRALRE A SO i A R,
AR EREHON — A R AP A B, R oy o RN — i A R Y, i i A
WaFE IR, —mA RREMM A R 3 MR (R2, B 1.

PRIR0 pami

A, H8 A& VYantai; B, /A% EShijiazhuang; C, $RJIlYinchuan; D, it&%& Turpan
E1 FRMBRERRASE
Fig.1 Root vessels of Ziziphus jujuba var. spinosa relative to ecotope

2.2 UM BEETREREPEBRERANLSERNTIIFHIE

TEDUABE T RAS T, & F AR AR R NS K B KIA 674.5 pm, LI
BFEHLIIE N 16.8%, 1A K EANSURE K E RN 497.4 pm, B G FEHE
13.9 %, JbAh, HY)NFEHL R N SUF B K FERUE S AL Jk s 13.3% (p<0.05) (] 2A). %
FEH S0 1) 56 B S KA A AR L, S G AA L, &R S
55 BERE AN 5.0% (p<0.05), T A3 58 HEAIAR T REHIL R 43 8/ 26.19%71 26.9% (p<0.05) (]
2A). MG, AR R R MECTE BRI, AXE. B R
HU 23 SR 35.1%. 33.19%1 11.4% (p<0.05) (/& 2B); M/ BE J5 B A7 58 FERE H IR/
14.8%, AR AN 2 R R 23 I K 21,6980 82.1% (& 2B). WAL SA Y K B BT ek
AN, G REHL R S0 R K 20 )N 68.6 pm A1 156.0 pm, A1 5K R B R B /D,
SRS ARG, A KRR S EE R 0 i) 42.0%F0 78.8% (P<0.05); H)IIMS&:
BN R, BN 37.1%, HEFREHLT ;AN 6.8%F1 58.6% (p<0.05) (&
2C). MLIrFEEREME, &RALR.
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180
1000 s 180 2 a <
A m— % E1KE Vessel length) o= B S E H {Z Vessel diameter MWEE 160 = /% 1 Length of tail No.1
ﬂ!g z = § HEE Vessel width o2 E 160 = 8 & B & Vessel wall thickness w53 0 == &R 24 Length of tail No.2
Z E 800 S 140 a_
BE3 wWEo ®IT
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¢ Wz SE 80
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53 39 40 g% w0
RS 200 RS Y
[ 8 EE 2 20
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F # it X Sampling area 3R # #tt X Sampling area 3 # it K Sampling area

Kl 2 A IR X R AR 2R N 805 AR AE
Fig.2 Changes in structure of the reticulate vessel in the root of Ziziphus jujuba var. Spinosa relative to
sampling area
2.3 O ETFREERFRERAFLLSENZWHHE
FLECFE KL LUE e R R B, 9 575.1 pm, S5IEG ML, AXRE. R ik

ERFEHA A DR/ 17.6%. 11.2% F1 7.7% (p<0.05). FLECSE 58 B IR G A o8 ke
AR, 230 171.4 A1 175.5 pm, AR AN & 35 0 58 EERL/N, B & R 23 980/
37.3%F1 2.7% (] 3A) . FLAL T BAR LA FEFFHLIK 5K, 4 110.6 pm, = T/ & 5. 6%,
B)NEE R EAR R, SHERHAAH LR/ 37.6%, TS FEHANIEN 10.2% (&
3B). fLAUFEE BRI S ERE I iR, S G RILL, A SRR A A B 5 B2 /)
9.1%, TIER) AN & F REHE 14 53S0l 34 0 3.59%F1 31.1% (&1 3B). BEBLETRANREI, #FEh
WAALCTFEERZHINE, WEWERRE, EB1. B2 7750y 42.6 #1338 pm. 5/
AR EL, O VR ATE SRR LA B R 1 2K T 5.1%.54.4%741 106.5%
(p<0.05), &JE 2 /51N T 112.0%. 113.0%F1 202.0% (p<0.05) (K 3C). LK,
FLECFERKE., . BARECN, BRI, FRAK.

@
8
3

"
@
3

5 EiKE Vessel length A MB 140
w. = = § E&E Vessel width ol ﬁ = 160 | — g ggg\f:::, :I‘:m:knsss B = = 14€ Length of tail No. 1 a c
BZS o ] 5 'S E 120 | == ®M 24 Length of tail No. 2
LE3 = we
wes .23 K
2 w3 -
%8 3¢ ui:
wsg ms 2 ws o
2 8o 2 2
p5E cE ops =
2a wsE goo
2‘32 200 5o So
RS g E < mis
[
0 ®5
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YT siz Yc TLF YT siz Ye TLF
Sampling area
R # ity K sampling 5 ## H8 X Sampling area R # it X Sampling area

K3 AR X R AR AR AL ST AR AR
Fig.3 Changes in structure of the pitted vessel in the root of Ziziphus jujuba var. spinosa relative to
sampling area

2.4 MM EETFRER PERR REN SE T WHHE

R ARIRLC T K BB TR R R B, A 2 ERE L K Ry, 9 492.7 pm,
HIRG A, A KR RS EKRERCN 9.3%, £ 1FNn: & Z FEHh 1780/ 2.9%F1 6.5%

(B 4A) . WBRSUTE M REEEREEE, WHE. AXEEMR)IR, BACTE W5 E R

FEfS, SHEFEHAREL, 1 5 AV 1D T8 10 58 2 20 01l PR 6.9%F1 37.7%, Tt &2
FEH T RR S0 T 58 3G K 87.0% (p<0.05) (] 4A). MRSUTE H AR5 %5 IR0 35 AH
L, MHEFEHL RS E HAS N 66.0 pm, A 5 FEAVE) AR ) 8 BARBUH G FEb ) 7
FE/)N 38.9%F1 45.9%, 11 k- FFEHL NG I 72.4% (p<0.05) (K& 4B). REUSFENE
BEJE AR AR /N, MG BE Ry 107 pm, SIHEFERUIAE L, AR -1
I 65 2 R L PR AP BE 23 IR/ 20.2% . 11.4%H11 14.6% (p<0.05) ([ 4B). B4l S RBK
AL, X R A A M R R AT A N T R, R R e M PR Dy 7 3 A R 2
HIHERMEHEL, RN RIRSCRE R 1 MR 2 KEZAN, 70500/ 22.2%41 10.2%
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(p<0.05) (I 4C). WRAUFE KL/, ERAH, &HRAM.

A S EKE Vessel length
== § EEE Vessel width

O

mmm EE 1< Length of tail No. 1
120 a_ = &R 2 Length of tail No. 2

60
a b
40
20
0
YT siz Yc TLF % siz vc TLF YT siz Yc TLF
R # #tt K Sampling area R # it X Sampling area R # #tt K Sampling area

4 TR XES AR R IR S E TALHHE

Fig.4 Changes in structure of the spiral vessel in the root of Ziziphus jujuba var. spinosa relative to sampling
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2.5 UMEETFRERPIERTRABILSENTILIFE
BERREE SN, BRECRERKE. RN WMEFMBESCE K. TR, 7
B4 726.7 pm A1 237.2 pm, SIEGFEHRILL, A )R SR AL B ST K
J& 53 318/ 29.1%. 37.6%7F1 31.4% (p<0.05), % & 73 5l 98 /1N 20.7%. 48.5%7F1 28.6% (p<0.05)
(Kl 5A). HholTE BARRMA RN, HE R E R RN 142 pm, TR T
/N 60.7 pm, BUE GV 57.3%, A5 AT AL B AR AR Y, AR G AE T A
i€ 21.1%F1 21.0%. MHEFEHBRSU R B B BEJE N 11.7 pm, S5 GFEHUAHLG, H)1RE
(R BESG N 56.7%, A 5% FE AT & 35 10 1K) 73 70 ek /> 16.1%H1 5.3% (] 5B). MG FFEHE
FIBREUTE N TC R Y, A S FE AR R Dy — A7 R 2, T ek B 2 A e 00 D P o A R 2R
SEERKEZEIE R (K 5C). EMETRAERTRERASCFERKE., EEMNER
B, WLRB MG R .

Vessel diameter B
Vessel wall thickness

S K Vessel length A

— 3 a
== § HEE Vessel width BR 1L Length of

80 tail No. 1
== ER2i Length of
tail No. 2

40 c

Length of the tails of the
scalariform vessel (um)

BEUSEERERKE

BUSEMKE. BEum)
Length and width of the
Diamerer and wall thickness of

the scalariform vessel (um)

scalariform vessel (um)
IS
5]
8

BUSEMER.BE

YT siz Ye TLF YT siz Yc TLF YT siz Yc TLF
3R # il X Sampling area R # it X Sampling area R # ith X Sampling area

5 T [E)Hh X B FIR RPN S E T IUHFE
Fig.5 Changes in structure of the scalariform vessel in the root of Ziziphus jujuba var. spinosa relative to
sampling area

2.6 MM HEEFRERPERFR AR TILIFE
R LR 6 o, MG ZEM SR, TSI, ALK g AL
Ny HE FEHB AR ET A FEM B8 FE 5K, 2093009 775.2 pm AT 24.4 pm, SIS FEHIAHEE,
A AR IR & 2 B R E A B2 73N 0.7%. 1.5%A1 2.6%, 111 B8 5 73Sl Jai /)
2.2%. 4.7% 5.4% (& 6A, K 6B). KRLYEMEAZLURIFEHEHRK, H5HEREHAHEE
B4 14.8%, A S FEANI & AR U AR AR, 20000 i) 8.2%F1 17.9% (p<0.05). ARZF
YL BE JR RS A AN, G REHORET AR BE B )5 6.7 pm, AL AR
I 2 R b P B BE SR RE 23 RN 33.2%. 29.3%A11 22.1% (p<0.05) (& 6C). & FEHY
KU R 1A 2 KEE2r 54 83.1 A1 53.4 pm, 4RI EEHL ) 1 K FERUE G 18 hn 12.5%,
1T A7 5 FE R I 5 28 A 1 1) 0 3 5l BRI 23.1%F1 20.7% (p<0.05); B 2 KRB 44 52 38 Iy
s, SMERRIMHEE, AR RIS F R AR L4 R 2 4> BN 27.8%-
27.3%71 13.7% (p<0.05) (&l 6D). HHItLA W, BEBLETRhI0m, RFYEKREE. WEREAE/N,
EREARHE, BRI,
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Fig.6 Changes in structure of the xylon vessel in the root of Ziziphus jujuba var. spinosa relative to sampling
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MIBERHE . A X ERTFRIEE A EAR) . &%, FRKE. R R R
—ANELE . RRUER) BRI TR I8, IRACIZIX R RS AR, 2 Yt
PRI SRIG A R AR RAEA R AR K R T R, AR IR AR B34
KA SFELB G5 RE A SR 2 BT LR AR ML AT 2, 8 BRAN[R] ) 2R 25 3 N
fit, BRAMR AR FE LSSV B R, 2RI B R o 5 A5 0 A 1t A0
&

AR E UL R AN RS SR AFE N AR, AR AR BB ik
Koy, ATRABELE. KIrs FR0s IRESFSMER Z MmN 22 AL UK R R A,
i H SRR R AL AN IS4, A& BA A5 LA, AR AT 8 B IR v Ak A
M, AR R AR YIRSOK 2 AR ) B A, SR PR 23 1 20 B S AR
PRI, TS E K A AEE, SEMNAREEEVIMG. £2RME
Yorbr, HOUFEMRSCSE HOEMEAR B R, DUEM ST KRR A K. HXPH S
BRERD, R/KRCRIRE, BESOMMSCTE BARK, RKRCRE, R Y 3 205
IR, AR TR W] A R A, AR AL S, S SRR, e
KT R RE R RS, K o B R A K 0 5 S K RE RIBUE 2 p Eok R D At
FORIMIHE Bk &%, BET 2L, RABXERBIIRSCTE 27 A KA/
B EEAR AR AR 7 A, XA DT I ORIE T TIPS . HUMCSC R AT
RORKITIRE, 5 — J5 A T A AR 2 4% B B AR N G RIE N, R )
ZER S OIREM T RIREAL, AV AR —

S E MR SCT A 8 TSR, WG k&2, MRARIRAEAR B NS
M RE L B8 RE SR 1, A BEMISE LRI I, FRAR 1K is iR 7T, Sk 8
ERERIIN RSG5 T PUSYERE . MBSSCRE IR RN BRI, B2 T HEH.
B NRIBSEEL, BE— D IR RER U R RE . R T R e, H
Bfess. HedE; EREREIBEEMN, BV, AR5, HRAmi e
Z, MMEEMS EPGRIBE, AR M RENIIEE, ZKRERRE 7K isk
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22 SR TIRAR PR I EVERENS), A BT BRAUEPRAE T AR 58 TP IR LR IBUK
At

REYERE R E RIS . RN R MR, BREET R AT, BRAMRR KA
AR AL YERAC FEAN 58 LB AL/, AR . DR I8 0 T AN ERESE I H AL
M R 5 T HL B 4 55 0 K 5K 0 3R v BE X K 2 IR D IR ALK o BN R T
R AP B IEAR SRR, TSR I BT R RE 00, Be A, T LU
AR F K7 F 0 T UIE G iR 2R /K 3R T SR AR K 1 R B RR R, DA AR 23 A i i A
FED2A, R AELERIPRH ZASE K T 1K) T2 BT REAE T 348 . PUNUE 51, A2/ INAOR 1 4E 1S
TARMBCENEMERL, AR THERR AR & FFI 5 g, v fRiE
PRAE b A58 rp A [ AR K B2 58 it PRI, FE 2RI S o, BRAUR AR AR AR BT T
R T4 T 7 L K

FESTHERAMBFETRMA SRR £ T 2Man, mimHESEN—
i FL R I E AR BN, SRS RS T E RAE, KT EE ARG,
REA R 7K 737 I SR I AI4T5K A1 8e 71, 3% R T K 70 i 5 R PO & 22 K KA
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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?f

(1 Joint International Research Laboratory of Agriculture and Agri-Product Safety, the Ministry of
Education of 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] 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 Ziziphus jujuba var. 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. spinosa 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
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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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