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Phenotypic variation in Ziziphus jujuba var. spinosa along a natural drought

gradient

DENG Ronghua, GAO Ruiru, LIU Houxin, ZHAO Yajin, ZHU Guanglong, WEI Xuezhi *
College of Life Science, Shanxi Normal University, Linfen 041000, China

Abstract: Phenotypic variation is a strategy used by some plants to cope with fluctuations in environmental factors. Ziziphus
Jujuba var. spinosa is widely distributed from the east coast to the inland hinterland in North China, and variations in its
phenotypic traits may represent an adaptive mechanism used by this species to adapt to natural drought gradients. In order to
test this hypothesis, 12 phenotypic traits of 3-year-old plants from four natural populations along an aridity gradient
( Yantai, Shijiazhuang, Yinchuan, and Turpan) were examined. Variations in the phenotypic traits of Z. jujuba var. spinosa
were determined by the coefficient of variation and nested analysis of variance. The results showed that (1) leaf area, leaf
length, leaf perimeter, and leaf stalk length all showed decreasing trends from Yantai to Turpan, whereas an adverse trend
was observed in specific leaf area; (2) as the drought gradient increased, the secondary branch length and basal diameter,
bearing branch number of the secondary branch, stem-specific density, stem water content, seed mass, and length of the
short axis of the seed, all decreased; and (3) the average coefficient of variation was the highest for leaf traits (33.70% )
in the four populations along the natural drought gradient. This was followed by branch traits (32.41%) and seed traits (9.
07%) , and all the measured traits showed strong covariance. Our results suggest that high levels of variation in the
aboveground morphological traits of Z. jujube var. spinosa are expressed along a drought gradient, which indicates that Z.

Jujube var. spinosa should be able to cope well with future climate change by exploiting effective combinations of these
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Key Words: Ziziphus jujuba var. spinosa; phenotypic variation; natural drought gradient; phenotypic trait

bt 2 4 Bk A A AR W R K D, AR W R A 14 A K R A3 A e B Sz SR R R A A 7
T FRANE IR HER X AR AR A AR RN AR I3 1 PR B A R R o AR Z [ A A A R R
ARV FEE FIE S S S AEY OIS F I 22 S 2 ol A B 190 38 4% ) I3t 4 B A B T A 19 2 285 P 85 3 (] 4 T 1 485
B ABSEAE YA I HA A IR 1 — Fh R BB X, R R SR EAR 1) 28 B0 A8 S A1 A 703 I Rt Ak - B B
B, B AT IR AR R R A R E i R R R ORUE
(AR Ak Jo 8 5 A S R B AT DG TR — R I 2 R AEAS TR S R B A F T (IR IR K 4%
FER 45 ) | 38 03 B PR AL BRI 0 EOAR R R SRR AR AR 3G 3, B8 B B B A R B 4L A R BRI
Bt S R M R BT A N R T DA A R R A A A R

TR ( Ziziphus jujuba var. spinosa) | 24340 T3 E AL T 1 1) BHIL3E 56 BB FE J A fb i LU A9 e
PR, B BB AR R A IR Ao R A th 2 — b W A A, LIRSl 25 ST Rl MR, TR
AR T P Y B PR T R AT, I A BRI RSB R SRR AN SRS R w
SFAESBAR K BEARAR SR AR S 5T & BN R AR BT T B A A H ke LA R Y3
T 5 BT AE SRS A9 R W R AR R RE RS B T SRR AR N n A TR L RESE R oK R RS
RIRAMIEASAL 5 431728 S AT 500 AR BRALTRI AT S8 2  TEAR KRBT AR 1 2B )0 AN (] AE B )3 1o e
E R BE A R R A 1) b3 43 T AT KRS b e 3 1y 7K 43 PR BE (R AR Ak, FRATTAEXT 4341 T A AR T B0 BE 4
B A EE RN S FRRAT (1) M SRR R AR (2) ARIMARTE B AT BT
BB S R/ NHEATIIE ST (RAVAZ 5 ) 5 (3) Tl i A e o oA SR A A8 Ak iy g iy, D SR I R A X6 1 4K T 50 32
B3 LML AR, DT = T A 3k oy P 708 A %) A 1 S X S R Fn ) S A8 AT, R A I 28 % B+ 5
A 7 1 T A R S AR R IR RESh A

1 #R57FE

1.1 HEHERE SR AR

2013 4F 9 H CREMAHMFARASE) A BEBUNE G A 508 BRI k& 355 4 A RAREBE, M T
GPS JENL , RAFHb T SRR AR R AL 1, FEHAA & T 2 i A R A58 . AT 3
BN BRI JC B AR A EURVRE A 55 B v 5 T RE 38 AR A8 Ry O 3 ke A Al O VE AR, IR
e+ PR el M SR 58 K B RO . BN SRR AL 10 B, WY = 4R (AR5 ZE SR 8T ) |
ARIEH  TCH R SR |, A & B B R AR R AR R FE B AN T 5 m, DURTUEIBCRE 3 511 | s R R B
FRAREER ] B SR R

F1 REMXIBIRE R SIRIFE

Table 1 The geographical trait and climatic characteristics of sampled areas

HiLAE, Site & A2 X R B A AREEREL TSI BRI 2210 i e b LL i [
£5J% Longitude/(°) 121°35' 114°26’ 105°57 88°49"

Z5 % Latitude/ (°) 37°21" 37°39’ 38°31’ 42047

K Altitude/m 58.5 514.8 1398.6 -84.3
AEYREN Annual precipitation/mm 760 568 200 7
HEE R 4L Humidity coefficient 1.65 1.07 0.50 0.04

FRWERIIC RS ROTERM G - AE) R AR TRER0)  oe BRAUE A IR 7R R R

http ; //www.ecologica.cn



10 4] XBoRte A [ IRT RN AR B AL 5 3

ek AR AR i P AL AN T 1 i BE AL B A s I i HAC | AR S B R B, TR AR AN R R
HLERIE 20 F (e B Fr (10 BCRSE K 4 A1 10 em BYZET, BFAMIN i T AR | i o R0 25 1 fif o 9K 5B
SESRIZE T ] S0 2 AR
1.2 I EAEAR N5

B SRR A PRI f5 22 e [RR A5 ik IR HGE B,

KA BRI E < A RO R B ISR B 0.1 em s HI#AR R RO G iHC ARG | kL
FHEFRAL Foh 7R A A SRS 2 0.02 mm;

ZETRFRIAE R R AR 25T TSR K Y 5 fAT (100 mL) o, <7 RIERCI AR

P TR S < P TR AM300 i 485 204 - T AR (SCGHEA Tl o, SR B2 0.01 em®, JE AR IC, Bk T /5 3
S TR

PRI GE O ZE TR A SRR S (FAT004A RUHL 70 RS 2 0.0001 g) , BT 75 “CHEAS
36 h & SREHREH T H, TR B R 2R S KR 1 AR SR 05 4 Bk O A4S Oy 62 v e PR IO (8
BRI E T

o A0 < AT 100 KL & 0E H A9 R S5 KR ST AL B, e RSP FR R THEE 100 R 7 1Y
(B, TN PR R SR 5 3k 2.
1.3 itk

A BRI SPSS 13.0 (SPSS Inc., Chicago, IL, USA) Gt %4347 0871, 43 %) K H Kolmogorov —
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Table 2 Morphological characteristics of Zizyphus jujuba Mill. under natural drought gradient ( nested analysis of variance)

PEAR Trait 455 Abbreviation A B df ¥1J5 MS F {8 F value
< Leaf length LL 39 636.229 40.801***
WA Leaf stalk length LSL 39 9.679 20.800***
TR Leaf area LA 39 372609.037 96.187 ***
M JAK Leaf perimeter Lp 39 5148.228 45.673 "
LI TR Specific leaf area SLA 39 0.032 3.589 *
ZIKBU KL Secondary branch length SBL 39 87.153 2.515*""
TR IS Base diameter of secondary branch DSB 39 1.765 6.708 ***
ZLHBE Stem specific density SSD 39 0.032 1.954**
255K ik Stem water content SWC 39 2.451 10.516 "
) & THES

Thg\ljfa[i?n; Eﬁh number of secondary branch BNSB 39 41.938 4.033"
FhF 4K Length of short axis LSA 39 0.872 2.611%**

FhFH Seed mass SM 11 0.002 36.679 **
Cuw T Cwow “owowox " APRIER/RTE 0.05,0.01 10.001 BEKF 2R EE
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Fig.1 The variations in leaf traits of Zizyphus jujuba Mill. along natural drought gradient( mean+S.E.)
A, B, C, DA E 4rpitaemt& ik b A AR R L T B R /NS R s T SRR Y B 25 S (P<0.05)
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Fig.2 The branch traits variation of Zizyphus jujuba Mill. under natural drought gradient( mean+S.E.)
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Fig.3 The seed traits variation of Zizyphus jujuba Mill. under natural drought gradient( mean+S.E.)
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Table 3 Variation coefficient of Zizyphus jujuba Mill. phenotypic traits along aridity gradient

FEHb Plot LL LSL LA LP SLA SBL
& 17.68 31.74 27.54 16.38 31.44 44.98
ARIE 23.66 38.85 32.40 24.12 19.79 32.21
BRI 19.83 37.21 31.08 19.21 19.60 41.98
IR=¥ 20.13 34.69 32.65 17.13 16.51 31.22
MR Al 26.30 38.74 53.28 26.97 23.57 41.13
FEHb Plot DSB SSD SWC BNSB LSA SM

Mm& 29.20 7.89 38.31 49.01 13.11 0.75
ARIE 20.49 7.64 18.99 41.34 8.05 2.61
gl 26.74 11.19 27.93 30.89 11.31 1.55
ITREE 20.28 10.53 33.78 29.16 11.76 1.97
AR AN 29.74 10.28 39.14 41.75 12.24 5.90

LL. MK Leaf length; LSL: HAR Leaf stalk length; LA ; H1HFH Leaf area;],P;ﬂf}aJ{( Leaf perimeter;SLA ; [RALRTEA Specific leaf area;SBL;:Yj{
i JE Secondary branch length; DSB: —. WK A9 3EHRHH Base diameter of secondary branch; SSD: 2% L% i Stem specific density ; SWC ; 25 & /K i
Stem water content; BNSB; . WK 1 BB 20 The bearing branch number of secondary branch; LSA . T 7 Length of short axis; SM: b7

Seed mass

2.5 AT 2B T R MR A A 5E A

o R I PR =2 1) A AR DM R AT T AR SE A SR G, S5 SRR (R 4) K S b A, Ok S
HRAH S b ¥ 5 i 25 TE AR G (Person AH G R E43 014 0.989,0.967 1 0.960) , 5 i Jil 1 S 4% I 2 A% 1E AH OC
(Person FHIC R ECHN 0.999) ; AR 525K /& 7 5 i 3 L IEAH G (Person AHOC RN 0.976) ; M ALS — ik
R R OREL S I J] R 2 i ik 3 TF AH DG (Person AHOC R 53024 0.993 F110.996) , 5 B+ H &2 Ik 3 1) 1 AH ¢
(Person 1R EH 0.989) ; I Ji K 5 UKL 1) 5B ML K Fl 7 5 52 18 35 14 1E AH 5C ( Person AH G 2R 50439k
0.9777110.972) ; Ho T A5 YA A4S 1 B0 38 A R G ( Person AHOC R BN -0.981) ; ZE HL 25 525K 4y
B BB IEAH DG (Person FHEZRECHN 0.994) o L EESRATLIE W, AR T 2B FRRRA L BIER >
) A7AE A b ) A8 Ak, o iR 5 e MtR 22 18] A 2R B 3 )

x4 BATEHRETHRENEMHRNEXSTER

Table 4 Matrix of correlation coefficients of Zizyphus jujuba Mill. phenotypic traits along aridity gradient

PEAR Trait LL LSL LA LP SLA SBL DSB SSD SWC BNSB LSA
LSL 0.935
LA 0.989 = 0.938
LP 0.999 ** 0.948 0.996 **
SLA —-0.848 -0.814 -0.773 -0.830
SBL 0.741 0.715 0.824 0.767 -0.280
DSB 0.967 = 0.926 0.993 ** 0.977 = -0.694 0.886
SSD 0.770 0.946 0.786 0.795 -0.684 0.619 0.786
SWC 0.836 0.976 = 0.851 0.857 -0.724 0.675 0.849 0.994 "+
BNSB 0.919 0.910 0.867 0.910 -0.981 =  0.445 0.445 0.795 0.835
LSA 0.933 0.755 0.896 0.914 -0.843 0.581 0.581 0.505 0.594 0.859
SM 0.960 = 0.930 0.989 = 0.972 % -0.681 0.894 0.894 0.801 0.861 0.799 0.831

“ox 7w ox 7 APIFIRTE 0.05 F10.01 K BEM K, LL: MK Leaf length; LSL: 41K Leaf stalk length; LA ; #- T #1 Leaf area; LP ;I J& K
Leaf perimeter; SLA ; F 18 B Specific leaf area; SBL; ¥R AL [ J¥ Secondary branch length; DSB: —- YK A% [ 2 H M Base diameter of secondary
branch ;SSD; 25 [ % F Stem specific density ; SWC; 2255 7K Stem water content; BNSB: — YK A% #Y 5 54 The bearing branch number of secondary
branch ; LSA . 7485l 1< Length of short axis;SM; # T 5 Seed mass
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