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Effects of Combined Drought and Salt Stress on Growth, Physio-chemical
Characteristics of Dalbergia odorifera Seedlings

. .o . .o *
ZHOU lJingjing"*, MIAO Lingfeng!®, LI Dadong!*°, TIAN Mengjie"**, YANG Fan'
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Engineering of Hainan Province, Haikou 570228, China; 2a. School of Ecological and Environmental Sciences; 2b. School of Plant Protection; 2¢. School of

Life and Health, Hainan University, Haikou 570228, China)

Abstract: In order to explore the effects of drought-salt combined stress on the growth, physio-chemical
characteristics of terrestrial woody plants, pot experiments were conducted in drought-salt combined stress (SD),
the growth, photosynthetic pigment content and physiological and biochemical indexes of Dalbergia odorifera
seedlings with three planting densities [1 plant (DI), 2 plants (DII) and 3 plants (DIII) per pot, respectively] were
studied under 25%-30% field water capacity + 150 mmol/L NaCl. The results showed that SD treatment
significantly inhibited the growth of plant height, basal diameter, total leaf area, taproot length, total chlorophyll
content and relative water content at DI density, but increased the activities of catalase and glutathione reductase
(GR), soluble protein and soluble sugar content. Compared with DI density, DIII density further reduced GR
activity and reduced glutathione content, resulting in inhibition of seedling growth. Therefore, under the combined
drought and salt stress environment, planting density would affect the growth of D. odorifera, and low density

planting mode should be considered in the coastal zone.
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[F ) TRV HL R K BE D802, T R b7
T2 Lo AT B X A ) 22 5 TG 7K 5
B ER A R E B E . R R AR )
BRE ESMELHAETRE, szm K.
M2k A RS A RS S, T E N IR 2 BHASAE
WK E fe N AR, HEE, e esl
EHE ALK R & 2ERK B EE RS
IK AT R R B ARG B8 S AT R 240 P 25 184 o 5
MY ZBFNHIEC, (HEFARERH, —SEyE
B E G E Tk B A — i 128 & R 1 i
TN Be % GE T R e &/ (Triticum aestivum)
(13535 R 45 fe 2 A A AR AKOIR BT 5 B (Platy-
codon grandiflorum)Wt 5 3 & & KA B J11E
B HEAMNE T RERS, W oBEERERIE,
DR IE 32 S R AE R EI A B ARG YY), s fili A=
RAFEY) N F- 2R 55 G hiE 2 15 B & — e 28 X
N HRTUIANERE . i ah, P2 R T A
VIR E WITVE, 8 SR AR T8 AR A
T A ) R E P T A B A P AR A,
IR IEAR R ORI, WP 18] 1) 58 4 22 IR T
G B AR N R S KU BEAKHERE IS N, =
YT Bi(Alternanthera philoxeroides) ™M 2 8] 1) 54
o FERWIRES , AR IR TG Rl Y K5 5%
4 % 1 (Dodonaea viscosa) =5+ W) & Fl L HE W)
o B AR R D R Y R AR T
FERIE AR T IEZARIEM a2, femE Kl
A A r=Re a4, Rk, T ORRNE R A A S
SSPERNGZ ARV X AR SRR, AL ETTR R
;A Wria 50 RE % A BAF AR AREY A K
KB s T .

YT T N B PR o AN A A R 2 AR AN
AR, FAAEVF R — . B K AR E
S 2 I SRR ON T AR R AR AR AR R
IRESIIE NEHLE, T B I i B s pp, 4
TR TAk NI 2 = N Vel o E /IR UL = R S I
F% 45 I8 (Dalbergia odorifera) 9 FHLeguminosae) i
JEAE I £} (Papilionoideae) ¥ 18 J& ¥ - 7% H 7 0K,
FESAERE R T SR, AEE

FrAwa, BARERZNET . 5 MAESME. 6
N FER W e A B 4l i R — @ B R i 5
it S AN /K TRE 7, TR DAt AIT 2 A A2
SRE R AR AU O0, DR, JRATTHREI P A B
A REE - R A A i E AR N ER AR
FERMBE A B TR A ER R, Jvife s A 450
OB iz AR 7 SR EER A HE

1 BRI %

1.1 AR

1 a AERFE T (Dalbergia odorifera)#)iti T 2021
1AM E R R AR ERIEIZ(18°39' N, 108°44' B),
FE 4T B (0 RN S R 48 2 B e R T R K
HHIREIX (20°03' N, 110°20" E)iff 2= M B RHC 6
T (K e x =60 cm*20 cmx 14 cm), +3EAZE L
Mb+(rv, 2:1), §#17.16kg: 2% 1.69 gkg; 4=
1 7.49 g/kg; AHLIK 7.5 glkgs pH 1A 6.12.

T 1 P4 B A 4 v e . 2 R R A ) T
ZERRW], 4IEAE 150 mmol/L NaCl F EA —E M
fif 521, PRIEL 150 mmol/L NaCl VAU B 7 5 1
HHT RS E A, KA 3 REROKS . Bk,
FhiE 2 ) se AL, WE 3 AR, 49
JEFR 1 BR(DI). 2 #R(DID). 3 #R(DII). BHEKBE
2% Goharrizi ZP A FFEE N, BEE 95%~
100% FH [8] 5 7K & 5 FRZH(CK); - 25%~30% HH [a] R
7K E+0 mmol/L NaCl )+ F 42 ZH(D); 150 mmol/L
NaCl+95%~100% H [a] #5¢ 7K & 1 #h e ZH(S);  25%~
30% M [ 25 8+150 mmol/L NaCl FJ5-3h5E & hia
AP (SD): BERLLE KKK, &2 dRHE
1 RAHD BRI B SE T 12 AN Ak B, fpAbsE 5
MEYIFEES, BONER 2 A, Bt 120 ZH.
2 MG, BEIY L EE A2 R R S om
hb, WKL 4 MAFKHRREE, EF 60 &
it oW R E . AMTIE S KBIEAR St
ITHEER . AbFE 50 d JEM FrJraaAesE, B, 50d 5
MEAEK AR, FEXNEEZER . 25, kT
KFE, RAFT-80 C, TGS T
1.2 38Rl E
1.2.1 EKSH e

P (H)R S RGEHR 0.1 em)l &, FEit&E
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JAl At SR S A 0T o A B 4l i A M A B AR (R 5 199

MK EUH); R R RGEEFH 2] 0.01 mm)
TERERR B HLIE 3~4 cm WD EREMRIEELS, JRiT5IE
IR (4D); 8 A5 oL T AR AL LI-3000C
(Li-Cor, Inc., USA) Ml 5& & ¥k 4 i 1 2 - i A7
(TLA); £ H(SFW). W E(LFW) S HL 1 R
(FE73 0.001 g)FRE:, FFHRZIHT FAH MK E(MRL)
HERCGEFR] 0.1 cm)I & .
1.2.2 AR bR I E

AR (CAT) I E #2 B A SAE I R 3R E
BHHEARAR, EHEAE, HAH U/(mg FW-min)
TR o B IH IS IR B (GR)FI A e H K 2:(GSH)
Z MR MR R ki, Hod GR B E T2
e 184 1.5 mmol NADPH B3 N, LA
AN NADPH st B, FH 206t BT 7E S K 340 nm
AhAE 30 s P 1 IRIOEE, MK 2 min,
7 A U/(mg FW-min)#&7~. M HERESE AHX
MG, n[VA YRS ORI ERE & R S | i ) )
(1977325 o W i R K3 7K B AT SR FH LR 922,
KR i G, F T R AREUE B (FW),
SR F 2R KR BN, FREUHL ALK EE (SW) &
N 80 CHEAH Mt T PR H T #H (DW), FHXT & /K&
(RWC)=(FW-DW)/(SW-DW)x100%.
1.3 KRG EIEN ST

ZRE VEUME A2 F W ) 52 3 AR a R T )
HESRAS, BUEBCR R A KRS AR, R
F1 SPSS 21.0 3 A4 3E47 32 5 3 73 B DA B A £ 4w 4%
FE, RIGIERPE R 2 BT ER 90% LA B4
gy, MRAE S A o A E R E R EUERY, &%
Li B  B GV E . S TIBE W=

WE, e NERD DRI | FRRIY T %
1.4 ARG IH5HT

I 8 SR SPSS 21.0 AT SEH 4047 Ak
R A] 48 PR FH 5L 2277 %2 (One-Way  ANOVA) )
MrdtdT, ASFEIALER R 2% 748 F Duncan % 5 HEATE
KK (P<0.05). b, K4y, oy FliEE A =4
22 H KON R FH 22 K 7 2 43 M (Multi-ANOVA )it .

2 SRR

2.1 WEKKERIFH
R 1 AT, 78 DI F, $—WHE(S. DFE

A B (SD)3) 2 E ] TR E(aH), R
(AD)FIZE 4 H (SFW) (P<0.05); 5 CK AL, S &%
BT A4H. 4D FiI SFW; A1, 5 S MLk, Dl
SD B B Z L T AH 4D, EHK(MRL)M SFH; 5
D #tk, SD EEFHHK T 4D, TLA FIrf & (LFW);
£ DI %444 F, 5 CK MLk, S. D 1 SD ¥ 8.3 [%
&7 4H. TLA. MRL #1 LFW; 5 S AL, D i
SD ¥ & #4047 AH. 4D 1 SFW, {H D 35 F&1%
7 MRL; 5 D MLk, SD EE MK T AH. AH. TLA.
MRL F1 LFW, {HX} SFW %% . {E DI %
£, 5 CK ML, il A F 85 5 2 30 T AH. 4D
MRL 1 SFW; [FI¥E, AHELE—ig, HHER7E SD
TEZEW/D T 27.01% (CK vs SD).11.68% (S vs SD).
12.47% (D vs SD). It4h, 5 DIAHEL, CK 4bBErh
") DII. DI &3 KT 4H. 4D F1 MRL; S. D 4k
H e DI & 2 F#{% T 4H. MRL Al SFW. 7£ SD 4t
RN, 5 DIAIEL, DI EZEBKT MRL, {H 4D
To 3
2.2 WAEBERNIEMH

3R 2 AT, 76 DI N, &M b sl 52 A
T RHHZRE(Chl ath), 7300 FFE T 20.31% (CK vs S).
51.04% (CK vs D). 46.87% (CK vs SD); D 1 SD .3
J#/07 Chla. Chlb FIZEHIEE ;2K (Caro) )& & (P<
0.05), 1HS LREZER. fEDI F, S. D F1 SD #3
BHEFECT Chl a. Chl b A Chl atb &; A4k, 5SS
AHEG, D A SD ¥R F#{K 7 Chl av Chl b, Caro I
Chla+b, {H5 D #ftt, SD £E#EZ#R; £ DI 4
PURR R B, UiBHARLE T S B ibEE, D A1 SD
B S TSR A . 5 DI. DI AL, DI
() SD 4bFE 2 4K 7 Chla. Chlb F1 Chla+b 5.
2.3 StAEEERR
2.3.1 XA & K B (RWC) AKXt L 5 3 (REL) 1)

Al

HE 1AW, £ DI %4 F, 5 CK #flk, SD
AEFRF RWC B35 FEMK T 23.99%; D Ml SD )83
BT RWC, HS TREER; fEDUFKMAT, 5
CK fHLt, D #1 SD ¥R EFFK T RWC; 5 S. D
FIEE, SD J87> T RWC 30.61% (S vs SD).20.82% (D
vs SD); fE DI &4+~ 2 IR #E, 5 CK A
tt, S\ D M1 SD ¥ L 7 RWC: 5 S, D #fLL,
SD . EFLT RWC, FEILES 7N 33.25% (S vs
SD). 26.49% (D vs SD). 5 DI #1 DIl #Htt,, DIII &
E4H T RWC.



200 TS 7T R A AR 133 %

R W ERbIE iy E R SR

Table 1 Effect of stress on growth of Dalbergia odorifera

B Wit P i FeAHK R (mm) IS LK ES 300 IH- i
Density Stress Iqulc.requnent of Increment of Total Iea;C Main root Stem fresh Legf fresh
eight (cm) basal diameter Area (dm?) length (cm) weight (g) weight (g)
DI CK 44.53+0.99Aa 2.89+0.03Aa 32.3842.53Aa 40.67+0.93Aa 104.19+6.39Aa 67.95+3.36Aa
S 36.30+0.78Ba 1.80+0.08Ba 29.64+4.88Ab 43.33+1.01Aa 64.43+4.18Ba 67.36+0.66Aa
D 27.27+0.07Ca 1.35+0.08Ca 26.56+0.46Ab 31.50+1.23Ba 36.88+1.64Ca 22.20+0.86Ab
SD 26.27+1.63Ca 0.65+0.09Da 20.77+1.05Ba 32.924+3.08Ba 35.74+0.9Ca 44.53+3.85Ba
DII CK 30.72+1.46Ab 2.47+0.03Ab 33.49+0.6Aa 35.00+4.27Aa 56.62+1.6Ab 69.08+2.6Aa
S 27.25+0.63Ab 1.29+0.02Bb 23.64+0.8Ba 23.42+1.47Bb 49.44+6.1Ab 51.28+3.97Bb
D 19.17+0.83Bb 0.81+0Cb 22.06+1.12Bb 30.0+1.04Ab 27.80+1.31Bb 35.71+1.95Ba
SD 13.4241.42Cb 0.63+0.07Da 17.68+2.12Ca 26.67+1.54Bb 22.01+1.99Bb 23.90+1.35Cb
DIII CK 27.89+1.14Ab 2.30+0.08Ab 17.40+0.92Aa 33.33+1.17Aa 44.34+2 98 Ab 33.95+4.04Ab
S 22.44+1.37Bc 1.23+0.05Bb 14.38+0.43Ab 19.61+0.56Bc 28.76+0.93Bc 22.36+1.19Bc
D 13.33+1.55Cc 0.67+0.05Cb 14.51+1.91Ab 15.13+1.2Cc 20.79+1.42Cc 24.47+2.59Ab
SD 11.33+£0.83Cb 0.40+0.04Da 12.70+0.6Bb 15.22+1.9Cc 22.20+0.86Cb 23.77+2.68Ab
#E Density (d) 0.000"" 0.000™"" 0.000""" 0.000""* 0.000™* 0.000™"
/K5 Water (w) 0.000""" 0.000™"" 0.000™"" 0.000™"" 0.000™" 0.000™"
2k Salt (s) 0.000"" 0.000"" 0.000"" 0.001™" 0.000"" 0.000""
dxw 0.817 0.081 0.001"** 0.001"** 0.000™** 0.000™**
dxs 0.819 0.017 0.216 0.003™" 0.007" 0.0027**
WXS 0.045" 0.000""" 0.856 0.004™* 0.000™"" 0.000™""
dxwxs 0.024" 0.003"" 0.268 0.032" 0.001""" 0.016

CK: i S: #hHid; D: T RMil; SD: -5 A il; *: P<0.05; **: P<0.01; ***: P<0.0010 AN[FI K5 FI/NG 5 BESR B R AN R A HRIE]FIAN 7] % 1]
Z R (P<0.05). F[AE
CK: Control; S: Salt stress; D: Drought stress; SD: Salt-drought stress; *: P<0.05; **: P<0.01; ***: P<0.001. Different capital and small letters indicate

significant differences at 0.05 level among different treatment and different densities, respectively. The same below

2 PHEXH RO E BRI

Table 2 Effect of stress on photosynthetic pigments in leaves

R Jiria HERE a H4R% b ISUIRE S K bR
Density Stress Chl a (mg/g) Chl b (mg/g) Chl a+b (mg/g) Caro (mg/g)
DI CK 1.23+£0.04Aa 0.69+0.11Aa 1.92+0.14Aa 0.39+0.04ABa
S 1.08+0.11Aa 0.49+0.05Aa 1.53+0.11Ba 0.44+0.01Aa
D 0.69+0.04Ba 0.26+0.03Ba 0.94+0.07Ca 0.32+0.03Ba
SD 0.60+0.03Bab 0.22+0.01Bab 1.02+0.03Ca 0.32+0.01Ba
DII CK 1.14+0.04Aa 0.56+0.01Aa 1.70+0.04Aa 0.44+0.01Aa
S 0.91+0.04Ba 0.39+0.03Ba 1.3140.07Ba 0.43+£0.02Aa
D 0.77+0.02Ca 0.24+0.02Ca 0.94+0.04Ca 0.32+0.02Ba
SD 0.77+0.02Ca 0.27+0.01Ca 0.90+0.04Cab 0.33+0.01Ba
DIII CK 1.09+0.06Aa 0.49+0.05Aa 1.58+0.1Aa 0.44+0.02Aa
S 1.04+0.07Aa 0.40+0.03Aa 1.31+0.1Aa 0.42+0.03Aa
D 0.58+0.07Ba 0.27+0.02Ba 1.03+0.04Ba 0.34+0.02Ba
SD 0.58+0.07Bb 0.18+0.02Bb 0.76+0.09Bb 0.30+0.02Ba
#JF Density (d) 0.322 0.052 0.011" 0.766
/K% Water (w) 0.000™** 0.000™"" 0.000™"" 0.000™"
2 Salt (s) 0.006™ 0.001™ 0.000™ 0.987
dxw 0.065 0.047" 0.205 0.833
dxs 0.888 0.691 0.649 0.226
wWXs 0.084 0.023" 0.008™ 0.523

dxwxs 0.022" 0.219 0.132 0.404
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Fig. 1 Effect of stress on relative water content and relative electrolytic leakage of Dalbergia odorifera leaves

76 DI #1 DI %14 F, 5 CK #itk, S 4bFEE%
&% 7 REL, 4373800 37.65%- 39.95% (P<0.05);
S 5 SD Ab# Al o W& Z R 1£ DI 244+ F, S M
SD ¥J M T REL, 4374 32.23% (CK vs S).
32.65% (CK vs SD). fE CK 1 SD 4b¥~, 5 DI Al
DII #itt, DI &5 T REL.

2.3.2 NPy MR AR A (SP)AITAT I TR (SS) I 52

HE 2 7T, £ DIk, 5 CKAHL, S. D
A1 SD ¥R HRE T SP Al SS A B(P<0.05); 5 S All
D AL, SD B3EHE 7 SP Al SS &, HIES N
2.70% (S vs SD). 7.46% (D vs SD). 26.40% (S vs
SD). 31.90% (D vs SD); DIIZ&A4 T LA E .
DIII %44+ F, 5 SAHIEL, SD W& HEm T SP Al SS

¢k
80
W% Density (d) 0000  dxw  0.001
JK43 Water (W) 0.000 dxs 0.000
# Salt (s) 0.000 wxs 0.003
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Fig. 2 Effect of stress on soluble substances of Dalbergia odorifera leaves
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ME 3 W, 76 DI %4 F, 5 CKAHEL, S,
D 1 SD b ¥ B EH & T CAT W51 GR G E .
5 Sk, D BERS T GR G, 1 SD &
I CAT i& ik 25.56% (S vs SD): fE DI %44 F, 5
CK fHLEt, S\ D #1 SD #4385 CAT. GR i&1E; 5
S AHEL, D A1 SD ¥4 1 GR G, 43 a5 hn
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(S vs SD), M5 DALk, SD tHEEHIN T GSH &
£ 68.19% (D vs SD). 7£ CK 41, BEE % FEHn, CAT
PR T3S 0 78 SD AT, BE 2 55 I AN,
GREMEA GSH 7 & 2 /e 38 s AR & %, (H CAT
EMLREER.
2.4 LAY

FE 3 AL, S AR FEEIR FE bR HEAT A 4E
Ja13 2] 4 HRHEE, 55 1 DMIERHEEN 65.130%,

R 3 RImEH T

Table 3 Membership function analysis

552 NMRFIEEA 11.744%, 55 3 MRFIE(E N 10.481%,
B ANRHEEN 4.972%, 2R EI1E ) 90%LL L.
Sy B DI BB % Z F CK. S, D i1 SD 44
KPR 0 AH X U, BRI AN E o BN
0.873%- 0.733%-. 0.411%. 0.382%. fj DIIT Fi#
R CK. S, D Ml SD 4 i 4= KR A ® 45 22,
ZEA VPN E 2 BN 0.556% 0.408%. 0.266%-
0.216%:

B it

Density Stress (1) C?2) C(3) Cc4) M(1) M(2) M@3) M(4) CE
DI CK 1.802 0.203 —0.184 1.461 1.000 0.535 0.432 0.956 0.873
S 0.900 1.418 0.578 —0.036 0.737 0.912 0.659 0.429 0.733
D -0.121 0.641 -1.639 —0.288 0.436 0.671 0.000 0.341 0.411
SD —0.600 1.701 —0.461 -0.911 0.296 1.000 0.350 0.121 0.382
DII CK 1.263 —0.587 —0.134 0.569 0.842 0.290 0.447 0.642 0.715
S 0.197 0.661 0.832 —1.258 0.529 0.677 0.734 0.000 0.542
D 0.366 —0.806 -1.523 —0.233 0.364 0.222 0.034 0.360 0.308
SD —-1.090 —0.465 -0.250 1.336 0.152 0.328 0.412 0.912 0.245
DIII CK 0.663 -1.523 0.668 -0.775 0.666 0.000 0.686 0.169 0.556
S —0.433 —0.525 1.724 —0.569 0.345 0.309 1.000 0.242 0.408
D —0.611 -1.114 —0.560 —0.877 0.292 0.127 0.320 0.133 0.266
SD —-1.611 0.398 0.951 1.584 0.000 0.595 0.770 1.000 0.216

Clu): FHE{E; Mu): RIEREE, p=1,2,3,4; CE: LG NE.

C(n): Eigenvalue; M(x): Membership function value, u=1, 2, 3, 4; CE: Comprehensive evaluation value.
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Fig. 3 Effect of stress on activities of catalase (CAT), glutathione reductase

(GR) and glutathione (GSH) content of Dalbergia odorifera leaves
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