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drought stress

LI Fang-Lan, BAO Wei-Kai®, WU Ning
Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041 ,China
Acta Ecologica Sinica 2009 ,29(10) 5406 ~ 5416.

Abstract: Sophora davidii, an endemic leguminous shrub, is a potential tool species for vegetation and ecosystem
rehabilitation in the arid region of the upper reaches of the Minjiang River, southwest China. In order to assess the ability
of tolerating drought in the species, we investigated the effects of drought stress on growth, biomass production and
partitioning, water-use efficiency, leaf anatomical characteristics and photosynthetic pigment contents of S. davidii
seedlings. Two-month-old seedlings were grown under water supply regimes of 100, 80, 60, 40 and 20% water-holding
capacity (WHC) , respectively, in an open-sided greenhouse. Leaf area, branch number, basal diameter, root length, root
mass per soil volume, biomass production and WUE were the greatest in the seedlings of 100% WHC treatment, and they
slightly declined in 80% WHC but were greatly reduced in 60% —40% WHC and were severely retarded by 20% WHC.
As expected, drought induced an increase in root mass fraction and a decrease in leaf mass fraction, thereby maintaining a
balance between water-losing and water-obtaining processes. Drought stress increased palisade mesophyll thickness while

reduced spongy mesophyll thickness. Moreover, drought significantly increased Chla, Chlb, Chla + b, and carotenoid
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contents ( Car) , but decreased the ratios of Cha/b and Chl/Car. The results demonstrated that S. davidii seedlings avoid or
tolerate drought by reducing branching intensity and leaf area while maintaining a high percentage of root mass and
chlorophyll content in leaves. The fact that there was no mortality and leaf shedding in the seedlings even under 20% WHC
condition indicates that this native N-fixing shrub species has a great potential for vegetation restoration in dry valleys of the

Hengduan Mountain and other arid regions.

Key Words; drought stress; Sophora davidii; morph-anatomical traits; chlorophyll; biomass partitioning; water-use

strategy
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FRIZE (Sophora davidii (Franch. ) Skeels) J& ERHRJE , ZAWT I X T R4 K FEILTT TRBX EH
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T re J ik R e AR BE B i AR , (LR H AL 3 R AE 40 % T 52 3508 L RE 1) S @ RLHLH OB TS 38 38Rk =
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B 1R, I ECF R EE(2.9 £0.1) em, [RIRUER ST EENGBEY R, FYEN
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YR GEKI [E] g 8:00 ~9:00, ff 100,80,60.,40 #120% (WHC) Z&44 T i % + S PR Bt & & 7K 8 70 7 4E e 12
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em JEERARED UMUK DZER, IF B AL R E | AT 2 AR AL L3RR R K
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Fig. 1 Variations in total leaf area, the number of branches, basal diameter and root length of Sophora davidii (Franch. ) Skeels seedlings along
different drought stress gradients
AR FERHIERERBE (n=4, P<0.05); BisFRirfiiR  Different letters show significant differences among five gradients (n =5, P <
0.05) ; Bars indicate SE
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Fig. 2 Variations in biomass production and its allocating percentage of leaf, stem and root in Sophora davidii ( Franch. ) Skeels seedlings along
different drought stress gradients
A FREREFEE (n=4, P<0.05) ; Bi s £ /RinfEIR  Different letters show significant differences among five gradients (n =5, P <
0.05) ; Bars indicate SE
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Fig. 3 Total leaf area/root mass ratio, root density and water use
efficiency Sophora davidii (Franch. ) Skeels seedlings under different
drought stress gradients

AAFEHEREZFBE (n=4, P<0.05); BARRIRMER.
Different letters show significant differences among five gradients (n =

4, P<0.05) ; Bars indicate SE
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ZRTEHRE" . R, 7E20% WHC (FFREKE(8.1£1.1)% ) M TRHIT A AE MR IETH
2, X UL A BRI e BA BGRK T RE M AETT

*1 AETEEHETBERELDEM FESHIE
Table 1 Leaf morph-anatomical characteristics ( means = S. E) of Sophora davidii ( Franch.) Skeels seedlings under different drought
stress gradients

WAL EERRRRE

2R 2H a0
fb3 TR I B JEEE *%E B Palisade BHAR Adaxial T%&E B
. Midrib Spongy mesophyll P/S . Abaxial epidermal
Treatment leaf area Leaf thickness R mesophyll 8 . epidermal R
) thickness . thickness ratio . thickness
(% WHC) (em?) (m) (um) thickness (um) thickness (um)
m m m
# (pm) W (pm) .
100 2.7+0.1a 193.4 +11.8a 247.9+6.5a  74.5+2.6a  84.3 +6.0ab 0.9 +0.1a 15.9 £0.9ab 14.4 +£0.3a
80 2.6+0.1a  201.9+7.47a 248.8+6.3a 88.1+1.3b  86.6 +4.3b 1.0 +0.1a 14.8 +1.1b 14.6 £0.8a
60 2.4+0.1a  205.8+12.5a 247.1+8.5a  86.7 +4.2b  83.1x3.9ab 1.1+0.1a 15.0 £2.0ab 14.7 1. 1a
40 2.0+0.2b 195.6 +14.3a  253.8 +20.5a 91.0+5.8b  79.9 +2.5a 1.2 £0.2a 16.6 +0.5a 14.1+1.2a
20 1.1£0.1c¢ 196.2 +21.0a 236.5 +27.6a 87.2+8.3b  72.5+7.0c 1.2 £0.2a 17.2 +1.7a 14.1 +£0.6a

[FIF AR NFRER IR KIS EZ A 2557 8.3  Different letters within a column indicate significant differences among drought stress gradient (n =
4, P<0.05)

x2 AETEMEHETANESHNOAGERIE (FHHE MR, n=4)HEL
Table 2 Variations in photosynthetic pigment content ( means + S. E) of Sophora davidii (Franch. ) Skeels seedlings along different drought

stress gradients

Kb 3 Treatment Chla Chlb Chl a+b Chla/b Car Chl/Car
(% WHC) (mgg™") (mgg™") (mgg™") (mgg™")
100 2.04 +0.09ab 0.42 +£0.02a 2.46 +0.11a 4.88 +0.04a 0.32 +£0.01a 7.28 £0.25a
80 2.10 £0.09b 0.55 +0.01b 2.75 +0.10b 3.81+0.13b 0.37 +0.03ab 7.43 £0.20a
60 2.05+0.11b 0.68 £0.03¢ 2.73 £0.15ab 3.01 £0.04c¢ 0.45 +0.04b 6.06 +0.45b
40 2.28 £0.09¢ 0.72 £0.03¢ 3.00 +0. 12be 3.16 £0.05¢ 0.53 £0.01c¢ 5.77 £0.32b
20 2.49 +0.08¢c 0.84 +0.03d 3.33 £0.10¢ 2.97 £0.07¢ 0.59 +£0.03¢ 5.64 +0.21b

[FIFNAF/NFERE R RK D EEEZ 225 B3  Different letters within a column indicate significant differences across drought stress gradients ( P <
0.05)

®3 TEBMETANESEHFESEM AGERSTE . EYWESEMASFI FAREZ EH Spearman 183X 48R (n =20)
Table 3 Spearman’s correlation matrix of leaf morph-anatomical characteristics, photosynthetic pigments content, biomass partitioning and

WUE on Sophora davidii (Franch. ) Skeels seedlings under drought stress gradients (n =20)

La Bm WUE Rm/Bm La/Rm Rd Pth Sth Chla +b Chla/b

Bm 0.96 ** -

WUE 0.78 ** 0.77** -
Rm/Bm -0.71** -0.77** -0.62** -

La/Rm 0.83** 0.79 ** 0.61** -0.80** -

Rd 0.83** 0.80** 0.67 ** -0.48* 0.59 ** -

Pth -0.51* -0.47" —0.34ns 0.33ns -0.32ns -0.48" -

Sth 0.65** 0.67** 0.58**  -0.44ns 0.52* 0.68** —0.16ns -
Chla+b -0.66** -0.70** -0.36ns 0.55* -0.67** -0.60** 0.35ns  -0.59** -

Chla/b 0.81** 0.80** 0.75** -0.80** 0.79 ** 0.62** —0.29ns 0.53* -0.47* -
Chl/Car 0.65** 0.69 * 0.65** -0.72** 0.57** 0.73** -0.48" 0.50* -0.51* 0.78 **

La M}y B Leaf area per plant; Bm £ 4 & Biomass; Rm/Bm #4475/ S A4: Y5 2 [, root mass/total biomass ratio; La/Rm M- J BV AR A4y
# Leaf area/root mass ratio; Rd 325 & root density; Pth HJ}#~2H 4 JE B Palisade mesophyll thickness; Sth 4 ZH 4 JE B Spongy mesophyll thickness ;
“ _7FIRHFHAFE “ -7 indicate negative correlation; * * FRMBEMHE(P<0.01); * FREBEHE(P<0.05); ns JoiHEMHEM (P>
0.05) s s indicate significant correlation at the 0.01 level ; * indicate significant correlation at the 0. 05 level; ns indicate no significant correlation at

the 0. 05 level
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3.2 HRIFEL SR R TSR A 3E X 5

R T REMRA T, ARIZESH AR g 5 T AR AR K S8 35 B By  (BAH EL T &, T AR
Sy B T R A B B SARAE KRR, I TE R B AU/ ) 2 B TR R K 4 B e 4 e
A K5 A2 B, R T 2 A LR R A A AR R B8 Y o Hovp AR /INBA g 2 4 i
38 R RS R — 0 Y2 B T R AR 8 R R I R A 8 | B T AR R
S G  FARRAREEN ERE/N T HE SR AR RE N T, X RN A KRG A= EER
HWZ—. B, ETREME EaRESE M HRSEYRZEREGEBENEHXXR (£3). &
1o 56 2 AR RN R T Al b R A 2R & AR, TR T AR A K 2 80k, X AT BB 4 i v T
B8 T A 3E AL

ARBEZ A YRS SHEY KT REM S FIAEX LR T R0, L 5T AR NAHE
Sy FIFHE A K A R FSCR R T RE R BE ST o —Medth, 76 T R bh3d T A 438 28 338 A4t 540 EL 51
FARE KA B IR R R RS2 B, TR A YRR B B R R b Z [ fE 7R B R
W2, WV (Sabina vulgaris) SEA:E HIARST +3987K 43 281k A R 8 T 0 25, IR T Bl 2 7K 43U/ ot
TR R HEI TR, ML (Moslach inensis) 4B AEMR ALK M 22 18] 943 B b 51 5 7K 43 36t
SEREA K, FETREIMET (60% HXEKE) AR RZEEYRILHIHRK, HAEYE HEIR/ND . APFTRS,
FAER, ERITEL T AR (25 AR B AR B A T 5 0 16 38 SR T /0N , (R AR AR 4 BT o ) Ee 9] B B 3 K (I
2) , EEMNE AR LB T 150% . BRI KRR SRR R BRE RO RE X,
BRI K A AR RS 2 ZE K A AR I, 4R R 3K, IR P AR B B RO, A RE S TR )
AR B K o iR A KRBT s b3 sk b A it e TR a T, i TORE =R ET
Ree T S B AR SR AL B B K A A P ot , AT BR A6 T AR I AR 4 LRI BE /T S b, IR SR 45 SRR B B I AE 4
T Ao - SR B AR A SR AURK , T 5 P D8/ B BB R A e e T B AR A A B L B N ()
3A) I XFAEA R FRRK S RKESE 5K B EHEE Z B, 4H TR I8 3SR R

KK FIFRE (WUE) HR ke THYAEYRRRBALSBRPRKENEZ D, HEAHEFKRENFZME
T,WUE &paE AR RN LA, miG TR, -5y 2 T52E (LHEEPETR) #f WUE
T S T 55— ey b R B AR R AR AR TR E T ARMEY WUE (2808 85T 5 iha
R B B A ) (7K o A P S MI A G o Zhao 26 A T R A T WUE RIS R T Ak 4 8 A0 T /N
ARG R TR, Y 1K MET 80% WHC B, HRIFES ) WUE B2 TF (& 3),%B 60% ~20%
WHC T 5 8 % 4 A6 & A BR ) ELAFE K BN, 5 Zhao MWL R4S —B, Singh S 23, TREPHAT
ENEEBAE (Dalbergia sissoo) ZEMIGE R (Pn) TRELZEBHE R (Tr) R, F3 WUE TR, B0, EH
FRPNE TS50 RN KBS TR, FRE T Prn, BA S WUE F#K> . Akhter &I\l WUE 5%
R (HFKS) FETEHa T YRS, — & 54 MERNAE SR, WHZAEY R F R 28 BUK 25 X R
W % 54 Y B W 1 K 42 /N R, {2 WUE FH35 , 00358 B % R 4 LA R <P B K 43 ) 56
LAEA: IR WUE BE5 A 9 8 AR R R /K s/ 1T B (2 R A1, F B HC7E T 52 e T R YR 28 B K 43 F1
XF 5K o

R A A BRI AR 3038 o7 5 AR v o TR R B AL R Y . BRIE S R B P AR S R A
iE, P AR AT R 40 A S HES 4 X R i A 4141 X R HOE I T R SOG4 25 IR B O A5 M Lk O AT
MR R, TRNAMX BRFETERMARETRSASRES, B TR TRRAMZ T, HREsE
KRR SBHEREY " . XEEEER R REG 1 E T S a 3RS A K R i BB R 2
—o MIRGEREN, SAEKSEME, TRBHE TR RSN SE00 LR/, 7542 96d T R AR5
MR PR 2 AR HES 7 RS e A AR R P B AR, T8 40E B FA R AE - 88 50 454 2 0vt 4 s 18] T 52 2 o o7 AR
B, X RS ARE R A BRI TRAZEAE R, HREM F LA ERRN EZG T, AREN A4S
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JREES 4 A Y8 K WUE 2 [a] B AR S 5C R 32, I P 20 4R BE 9 38 AL XA ) A K Bk o P AR R %
Wi, I HL 5 T A AR/ NSO R T AR B R A AR A E R o X T R A T OB B L A S BF
M BARE] T R

KE MBI REY, TR a6 4 8 s R, B R R R AL TR,
KARAE BN NS (M. inensis) [ GRS REHHEA/K RIS EL LI, 16 60% HX K BEMHT
B, )G DU R 1E 30% AEBRARMF T ieflfe B2, FEASKIAM T, B T AR BRI R, H R840 W 4%
REENE PR EGBIAMEHNMEE . B (Quercus pubescens) SF7ETRMHA T H K AR SR WRI TH
HUREAT TR A TR R S BT AR S A KRN S AR A R AR o I T R
INEFMEVEF SR ARG A R i A R LA

i BRI R HBCLIEN B RE S KL S A E MG RZ B T 2 a0 Hrp Chla/b 2RI
AN, =S E R A R (LHC 1) 23] T4, 5302 T 5 e T i A4 2 SRR/ 5
WZ—; B —JTERVI SRR a 7ET R TR E AR, AR T aREs s Bam TRE 26N, T
EJpa T Chl/ Car FEARATRES I A rp B fr B QST ™= A TS TR AR RA 58, IR T 23R 5 rp AU aa i e &
GREGE . M GEIIRSH I E SR WIE , 7E 40% ~20% WHC &1 FObL¥ KB (gP)
BN AR S S (gN) i, #E—BUDERGE T (PSID) 23T T2#E. TRMamE LA
FELH ) Chla/b & Chl/Car 54K S5 A Y& WUE 22 8] 5 IE A 5656 8 h5X 2o s 32 48 T 74 A IE S o

LR TR, N RIS BE ) T R ba X 4R ARSI AR A ERBALE ARKR-ET B
EWRN . 1 100% WHC HHOK AT, 4 E R YRR K WUE KK ;80% WHC 428 AU 41
T AR A S P A R BE R A 5 T 60% WHC 724 T3S /K B R4 AR K A AR K WUE 32 21 B 55 FR ]
T R EE R BE, I B R PR R ARG B BMAE A T BERZML;7E 20% WHC T2 HHE T 40
MR AP R WUE ROEHIRAE 322 T EMHl . HROKA4ERrE 20% WHC DA EIA FI T 92/ 248
HEAh B A BE N ER R BIRR . AT 7EETRMHE T, RSB A% Rt iR . XY
A FRIZESh v B BOR ) T R UREE N RE ST VBN & L G R E REAR , ZY MR T RAAE T2 T
BXEUAESREMPIKE ERH RABRIN A . HlhA F5EEE T 28 , 4 R TS5 4
25 77 THI A B SR, G 2 e/ N b 3R o 97 S I AR SO IR R 9 A K AGR R K 70 25 5 5 OGRS B 2 T ) F-
;1 F R Chl/Car PU{ET [ M SRR & B INREB 1 — E R _E S A Ma Xt RE M 05% , to ] R X
M AR — R AMEDLE . R, AASBRFS SRR E , BARSRM T BRIEL S B Z A B UUE R T 5
frE X AL A RG] o TEEFANRIR A KPS R R, BRIER T RE RN E T E,
BESCAR T LUBlih 30% Ze43 s F H TR TR TR R ZFRE DARMR, K - 0.8 TFES] - 1.2 Pm B, F 74
ZFR 65% FEAREN 13% o AT, 139650 T R BE A M TR Z , AR T 5 e X b 1 2% 25 ) BR 1 45 o ]
R AR MR EFNERZRNR, TEE ST RIS BRFF T REER TR/ A RT3
B 5 27 RE 15505 I R RGBT o
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