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Growth, physiological and biochemical characteristics of Populus pruinosa

seedlings under salt-drought stress
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Abstract: Using annual Populus pruinosa seedlings as the test material, an experiment of drought and salt stress was carried
out by using field salt and water control methods. Growth, physiological, and biochemical indices were used to investigate
the growth and adaptation of seedlings under combined salt-drought stress. The results showed that compared to the control
group, there were significant differences in the antioxidant enzyme activity, and the MDA and proline contents between
Populus pruinosa seedlings under salt, drought and cross-stress. (1) The relative growth of the Populus pruinosa seedlings
was significantly inhibited under salt treatments of 8 g/L., 11 g/L and 15 g/L, (P<0.05), while there was no significant
difference between drought stress and salt stress. (2) Under salt-drought stress, the activities of antioxidant enzymes SOD,

POD, and CAT first increased and then decreased with an increase in the degree of stress, and the difference was
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significant; the activities of SOD, POD, and CAT were significantly increased under drought stress; (3) Under the
conditions of salt, drought, and cross-stress, the MDA content first decreased and then increased, which was in accordance
with the trend of increasing the activity of antioxidant enzymes and then decreasing. The proline content increased with
significant difference (P<0.05). Therefore, the activity of antioxidant enzymes has a certain limit on the damage of lipid
peroxidation, while the MDA content is negatively correlated with antioxidant enzyme activity, and Populus pruinosa showed

some tolerance under salt-drought stress.
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Table 1 The experiment designation of salt and drought stress

TR aE B Salt stress
Drought stress CK (%) B C D
CK CK B C D
T, T, T, B T, C T, D
T2 T, T, B T, C T, D

3 A ERIT A AL BE A B(8 ¢/L) ,C(11 g/L) ,D(15 g/L) , 2 AT Wi Ab BE A 16 B A /K T, (25 L) M T,(15 L)

2.3 METE
2.3.1 AEKIEFREIE

BAEK RIS I 09— K, A RO A PR e B AR P e K e 2 e R e 8 DA S e B
2.3.2  AHAAIEAR I E

RIS S5 AR, A A FEEURE 3 43, 23 i s HAROCHE bR, R AR AL ) B AR (SOD ) ¥4 R FH T il 2k
DU (NBT) 38 ik 5 s AL (POD ) 6 PR R @ AR By i 5 oo S AL S0 ( CAT) 1 MR 1 T ok
T TR (MDA) B i A0 A2 SR P B FLZ R 5 Vi 88 14 i 20 ( Pro ) 5 12 A0 5 R P Rk B — il 4
gk
2.4 FdnabE

FH DPS 7.05 #F0E47 05 2250, HeA kb BRI 1) 22 57 &, SR Origin P 1A

3 ERaW

3.1 R[RIEKE ER S FAS EAR R XK ER R 91 A 0 5 e

FE ) 2 A A BB A5 EL 55 B L A9 s o7 A 0 T #E A B8 B AR 45, A K J000 ) 2 A 49 o) 396 45 i) 7 e 50U ) 3k
RO g 2 FR e — T Rk ER A T 2 A 0 D s TR (i e R A K B 1 i A7 5
TR AR AR AR EE 53 25.0% (37.0% (T 5 ENE ) (71.0% ,88.09% (#hJHE ) 22 5 W3 (P<0.05)
SRR X AR v P I AN K T A R K R B AR T8 B N FE B AR FE R TE R RS 7E €D R iR
ik, 25 5% W3 (P<0.05) , FRUIKIAM EA — & iyt B0k, SiRITE R — T SRR T, K 2 213 i
S35 AT N RO

F2 AE#EKE RRERZXHETHKAGHHERS BREKIEKENZ N
Table 2 Effects of different irrigation amount and salt concentration and intercross stress on increase of plant height and crown diameter and

branch length in Populus pruinosa

pis: B T iR N fb e R S e 3N
Treatment Plant height/cm  Crown width/em  Branch length/cm || Treatment Plant height/cm  Crown width/cm Branch length/cm
CK 10.76+1.95abc 13.53+1.64a 14.40+0.95a T,C 6.44+1.13abed 6.51+0.51bcde 4.73+0.86de
11.72+2.65abe 9.19+1.19abc 6.73+1.27cd T,D 3.50+1.80d 3.54+0.31e 4.53+0.65de
8.28+1.91abed 8.16+0.52abcd 6.70+1.21cd T, 9.94+1.96abc 10.15+1.28abc 9.06+1.18be
3.7+0.46d 3.92+0.51de 4.60+0.78de T,B 5.3+0.49cd 5.77+0.43cde 5.03+0.28cde
T, 10.68+1.12abe 11.78+1.39ab 11.43+1.02ab T,C 3.98+0.23d 5.1+0.32cde 4.16+0.57de
T,B 11.26+1.91ab 7.88+0.53bcde 7.06+0.75¢d T,D 3.30+0.66d 3.38+0.52de 3.36+0.26de

AR ) 7 B3R 7R % AL B 2 [7] 2 5 A8 1.3 s AN IR (9 7 BEROR 22 57 .35 (P<0.05)
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69.3% ;75%F 76.6% , FEWRAH B Z [0 3A 25, ULHAEEE R B A T | ik B RS2 m KA 4l i A K i
FEA T, FRE, SN E I 22000, ERE K 3hor U KSR Rac B ANERTT | A £ 0 e X B A 4 A % s
AR (F=2.6719,F,=6.238,F, .. =0.722) MHXHK(F, =2.18,F, =20.252, F .. = 1.389) L1 K e i 34 5t
(Fyp=1912,F,; =9.779 ,F ., =0.141) =4 T W3 5200 (P<0.05) , AN 6] (937K 1 7K 3h 28 AL SR A
R
3.2 R[REKE AR RS HAR R XK EA 45 )i A= B A A i
321 AFFEAKS ERAFEE HAE TS X K EIAG 4 B R A A b Bl T 1) 5 )

FEISBEMIE T A ) AT B G Pl 0T il 9 285 [ 0 2R 9 L 4 At L o 1 ARk 400 3 T L A R AR
ARG (SOD) (i 48AL YT (POD) it %846 ZU I ( CAT) 5 J& 5 A0 45 16 JEE 25 B HE Ik, 2680 85 | 25 (CAR) 45,
SOD ,POD , CAT J2 i 4 4 PN 2 2 (%) 36 1 R0 T B 8 , v SOD B 2 480 H F AR A 58 — AN, o 2 o6
G

W 1 FNER 3 AL 7R RENE T, KA1 SOD 15 PR R 5 5 ikt AR R BB IR W N, T, 5 CK T,
5 T M, BR8N 7% 2% , 5 AR RE B T,5 CK AH RN 9% , 2 5 8% (P<0.05) . UL KEA T
TR0 B RAFAE N AT . FEERIA T K4 SOD &Mk E Mo By, 23k LAET
Rr R AR T B AL RIS IEA BB, N 29.1% , S BRAFAE L& 25 57 (P<0.05) , 1£ D ZLBEF SOD i
PEAH BT B T R I, BRI 7E A m R B (O Eh JB 38 T, SOD TG 1R & 232 Bk, o 4E 5 1 % K V. RUILE
— M BN KRR N E R TR . EERRACE N N BR T T,D AL KE# X1 SOD T
PEY) BT, HS5X IEAEfE W 22 57, 45 A BB A7 AE B 35 25 57 (P<0.05) . 7E T\ RUR[RIER 4y 22 B Bha T, b 5
JBiR 36 B JINEE , SOD i 4 Se 1 15 38 B W F B J5 FAAIG, 5 X0 BRURH L34 i 40 310 R 43.3% .31.1% 1.5% ., #E T, AL FEFI
ANFER 2 T HA TS | BEE Mra 09 in g, SOD i M 53 = /5 A, 76 T,D 23T, AH Fb X R SOD W& A BT T
B BEIRN 24.7% , AR KA AEKER A B IME T, TR Wm0 il 2 S i, S B A Bha R, T LA
oS SOD , S EAAZ Al i ot (RO 3 B 1) 3 58 BB a7 S AT K A A il 37 A RS R
Z RN PA e E IR T B M Dl K EAs AR

#3 TERKEFRRHEE TRAGEUBTESNEERNAESH

Table 3 Repeated measures ANOVA on the effects of irrigation amount and salt concentration on physiological and biochemical characteristics

in Populus pruinosa

b3 A AL E ARG R S AR PR
Treatment SOD activity POD activity CAT activity MDA content Pro content
HE7K i Irrigation amount 21.185"" 0.69 33.076 " 58.473 ™" 12.859 **
£84> Salt concentration 120.495 ** 7.354"F 8.394"" 349.652 " 18.6"
KA xR 53

5.096 " 2.521"F 3.244 " 4.576 " 4.469"

Irrigation amount XSalt concentration

SOD, superoxide; POD, peroxidase; CAT, catalase; MDA, malonyldialdehyde; Pro, proline. * ,P<0.05; **,6P<0.01

3.2.2  A[EHEAKE R AISE HAR R X KSR S v B ol S A B 1 1 5 )

W 1A 3 APAL, RN KA POD I B 2 W0 FE R A I, R EUE BT, B x)
WA #2253 (P<0.05) 76 T, TLALBE T B8 50518 29.19% 73.4% . Ui K4 1 POD X HAE + 5
N ARSI EA EEAEN, EERNA T, A POD TR 0 R B N TR 5 SE R S B
fRiEa®s, 76 B AEET POD 36 ik Bl i i , 50 IR AY 22 558 1) B K P (P<0.05) |, 340 72.8% , Ui B IRk
FER AR | T LASTE KA S E POD I o, s AT 68 ), B SRV BE i 4k 223 i, POD % M B 2 RE
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Fig.1 Changes of SOD and POD activities under different irrigation amount and salt concentration in Populus pruinosa

SOD: BRI LEE, superoxide; POD: A LYIME, peroxidase

%, 76 D BT SA B EAR , (EA & T X R 38916y 38.2% , F W B vk BE 5 2337 POD & |, i HOR RE k45 1F
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(P<0.05), ©LorHrRUITE, 8RB AT, KA S 32 2R, POD 6P T+, Bradi Pk 3 o |, {5 Bl &
JEFREE AINE, POD 16 P S REAR , Z0058R & 0 R (H 25 70N 38 (P>0.05) |, LA, JK A5 4T POD 17548k
RAELNER, thBLFRATTHEWT , #2555 A B e i — 25 N 8 0 i e A SRR, WK A 2 POD T 4 2%
ZHHH
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Fig.2 Changes of CAT activities and MDA under different irrigation amount and salt concentration in Populus pruinosa

CAT: 18 LS ; catalase; MDA, N %, malonyldialdehyde

CAT F 534 T FAL SR 4 R B2 19 H, 0,16 BR, 15 SOD BirIa] 52 B, 8 7% 1 40 4 45 72 AR 1y 7K
- AT B BN AR W A A R R SRR AN A AL A RIR , S AU

2 R AE T RRATS KW A CAT 5 LR HE /K & 5998 /0 3 W T e, 6 T, T, AR B 560 BEAR
L, S0 31.3% \72.5% , HIE 5 3% (P<0.05) o (EFRMHA T, KA ET CAT {6 PERfE £8P A3,
LB S S AR A S BTG e T IR 5 0 B 35 25 5% (P<0.05) , 75 C AL BN SA B, 3 i
47.9% ., X VLI BEE M0 FRIE B3I, CAT R P3G, DTG B D9 b de ™ A 14 1 o 22, (EUR: 5 #h W id ik
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PG BEE T IT0GZ 214061, B i SRR PG E bR, O 2 8] — 0 F T, 0 B N I T R R IR AR
IR RS CAT BTG, 1 D AFETT CAT BEIGPE AR W2 = TR (B 284 T R 3, Ul FE B —Eh 5k
HTRIEA T, KA CAT JLR A B m Thithie .

IR H AR E T, SRR R A B N KN B CAT 161, Bl W0 B2 B i eE | 2 9 5%
RS W SRS 5 R 48.1% ,60.6% ,29.1% , TE T, 5 AR WA HIA T, KA R CAT T 1%
[ A S B ST 8 i el A a3 | B ik BB R, 2 N 107.1% ,77.4% ,48.5% o X PEBIXT TR A4 CAT i,
IKERZZ A T R A S

P (MDA) JEAR L AL R B = 2 —, Bl 5S40 1 8 H R B 45 A sC B 22 06, A
MR A W A 4540 5 Th e, x4 Bt O I, XH2F 22 A2 0 R4 1 394 WA A, IR MDA R LA S )
WRE R 1 S A/ B —Fh 2R AR MDA R BB SRV B e 2710 BE R G Z i B BB bR 2
— 2 MDA B2k 2 R W4 SR P RE s >

I 2 AT 7E B — Y Eh Ay sl T S0 R, B a RE B (IR, KA 4 MDA 5 38 R B A1
Je I E S IR B 25 5% (P<0.05) X S HTA A TG PR SE T e R AR %) B AR B

R HMA T A T, 5 RRIER R E S B AT, B 3¢ B FE R (N e, IS 4 MDA & & 5%
B S RA S S a3 (HAE T, SRR AR BE A B0 T, JKEAAGZI T MDA S B in, 25 55 o 3%
(P<0.05) , 341853 ik #) 23.3%,96.3% ,140.6%

VPR LE R 528 it o v B POl R B 1 N B, KA A 4 i A L P B S A T R R, ) P R T A
Ea Tk, NI 51 & T BRI S AE T, X an i = 2 AR

T 2K MR K = W, B BOR K& 60
1 MR BRI T R A5 A B T =l — vl
IR 3 R 3 n U R — T R el N o
YA KA R AR & R R I E S HE 0
hE PR ER SRR E S T TR, T 5
T AHLE, IR & I i 3 22 % (P>0.05) . X ULH,
IR 41 A TG B — R 4 Bk T R e B e SR 1) 1
JH Sl 17 1% A ol 3 T R 6403

e TS T A T, B W3 i 00 2, KB A 4 ‘ 251
W i 2R B A S RN, A5 R R A B A AL R Y ML H Treatment
IREAMIR IR & i T & — 3 A sl T2 hia F 3 R EEET Pro & BHL
9P ik H 35 2257 (P<0.05) o 5 T MILL, T, A [l R Fig.3 Changes of Pro activities under different irrigation amount
WREASH R, KA Y1 M 7 I 24 R % S 3 %X and salt concentration in Populus pruinosa
K, 918 155.3% ,188.0% ,235.9% . I EE FA58 Pro: Bf%R, proline
AR AN IR St RSN, KA 4
HPT 2015 B R

[

30

Profgr &

Pro content/(ug/g)

20

4 RS

AR A R N Y 2R G R, R AR Y P R AN SR PR A SEAhR e, 7K EhRE N ARERE
NI R AR | AR RIE S A5 AR A 2 A e 25 o e A MR R, FE T R AL A I, B 2 R Ui )
FET=12 AR RMT T8RS TR G e O e | BRI A A i B MR A3V 1 D 3K 43
BRI TR D AR S G K R U R Y O D R Vb A A5 SRR B TR
FEE R INEE AR W E B T, I bR s B e MR 252 BN R R BE A, 22 5 38, 1K LR T se 2 R —
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19 4 A 25 2R B A XUA X K% ( Populus pruinosa ) 411 v A K A A AL RPE B2 ) 7

B, FERFA T, BTN E SR, KA TCE IR 987K 73, AT 2 e 25 Az BN, S BOK 28
FeZ FHNH , (0 10 i 452105 2 B S AN AR ], 26 038 XA 7= A ) A R Ik s8R B Bk T+ 5 iaa , 52
Joh 3 X M 0 0 s 3 B E  B adm W, TR A X A 06 Rl B s A TR

MR AR BT e T, AR RS S 2 A AR — AR e e SR Bac B A Yt S R K
() OH™ 1 H,0, , [RIEH & N HT AL EE SOD . POD (CAT JEPER N, K i ¥ bR N AE 35 A9 76 PR, B Lk e S 40
MR35, USRS AE I A TE R AE 7122 FEARAE ) Tl i AR U 2 v e K RS U R BRI R, R R
T T R R A B E B 52 SO A TR AR VDR A AR 3P (SOD . POD | CAT) T 34 b7t (H 7E 5
R AT PR RIS MR BE R R KT, A E U S e R ST R A, B NaCl ik 1Y
H4in, POD SOD 2 F{ 3 i G e 2 B LT T RER

AN FE TR IKEA D1 P AGRE SOD \POD | CAT & PEAN 32 31 5B s Bl 25 19k 7 fin i, G0 M 3R a0 o
FRELHGIN . AEER 2 e AR A SUPIa T R B e S s T ReR a3 WK 4 i o e BA —
E G ] 7R3 40 R K S 2 B IIGE T, IS4 B PR 9 A B 8L (0 I 22 G0 R B BU PR RRAIE 1Y A= B0 2l Bl
SR, PrEALES SOD POD | CAT I MAE LA S N W N, AT BREh 43 F0 T 5 e i S 3500 i Fr v ™ Az 5k
2 T AR (R B T R BE A 0, i e i M SR B R AR I, R B — R I Y N R A
RERZBRE D], FEOLA R IE BRI N At 22 [ e 36 DT B T 200 R AR S i 22 200 A I IR, U BH R4 il 33 1
B — B AR Z W R AR B X — RS, (R4 SOD ,POD | CAT {EPES 2R R I,

M A KRBT 37 B0 IRA | BERG J% A ot UMk, 40 M A5 A% 1 &% 2k A2 30 Bl IR 1 (8 5 B 43 852 MDA J&
TG o A A I AR B 2 =1, FE A rp AR SR 22 /D] LI Rt SR R B R R 22 M R e 32 105 5 I R
R, RARIAT ) SRR 5 — A A RS S A Y 2 R R | B T SRR 5 M T B B0, B R BT
AL SOD (CAT F1 POD & P34 S BUAE N R T LT B ka3 6 40 /e T 16 KT T B i %) 3% 1, i EL T
& FIEEACE R, AR5 BEE a0 N E , K i MDA & & 2N R 5
RS, fE T, T, AEARER R CK B 3 B HA N, KER M 7 MDA 5 2 52 SE RS B9 i ea 3%,
RS8R EERM A C D S HEIHA N, A — EHRE N, 25 B3 (P<0.05) ., UHHTER R Sa T,
PRI B RE S A 451 ], TG R B35 Lk RS fi it S A R KA A 1 1 3, (B 7 | B 38 DR il 3% S22 309 ], A
FH 2R I BRI IR IR B , S 30 1 B R G032 BIR , i il 1 AE 4 i A 22 S SO e T

Ui B3 I 2482 ( Pro ) S2AF A A 1) — oo 5 352 (%) 98 50 0 I, RE 8 A R0 DR 4 AR PN 7K 93P, A1 9 7 i /K
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