5539 A 12 1 *E &~ 2 Eild Vol.39,No.12
2019 4F 6 A ACTA ECOLOGICA SINICA Jun.,2019

DOI: 10.5846/stxb201807041463

WRARIDE A TG, 2RIV, (R, R0 0, 0, RABC R 43 0T SRV D A Ay A AR M (1 S ) AR S 24, 2019,39(12)
Chen C X, Xie X H, Wang Y P, LiJ P, Xin J, Zhu T T, Liu J, Chen M.Effects of salt and drought on the physiological characteristics of Elaeagnus
angustifolia L. seedlings.Acta Ecologica Sinica,2019,39(12) .

0 53 A0 T F 3 b 7 4 v A 3R 1 B9 2 i

AT AT EFA EM R R B R
VIR R AR B 2 e/ LR W) TR SC %, P 250014

2 WREARE TR AN R, AE 257091

3 WA YA by, M 261200

WZE : LI E (Elaeagnus angustifolia L.) #118 R SCIAEL, 06 AT 32 B T 58 ( RIE S KR 7%9—9%) EE T8 ( HIESK
it 39%—5%) 100 mmol/L NaCl LA & 100 mmol/L NaCl Ab38 R [RIF2 B Y b AL aa Ab B Ab 2 2 J8Jm DN EC A 3R AR A dE A K
BhR JEA RN BB IRAR LU R K G A K AR, BT 5 52 L 30 X VDR 4 o AR SRR s i, S5 SRR B AE L 2R
FE T REX R A YRR B, T R R T YR EY R, TR RERE TR REE T2, 452
T R AR K& E, BERINT Na' & & e & & T E s AV0R S & S S SR & A
HEAH 100 mmol/L NaCl Kb & SRR T VDL AR Y o A3l K& i, B8N T Na* & i i & | nIv ok
PEO R APLER S &t S AN BT 5 i 5 IR AL SEAH LU B B T SR AR 23 S i X Vb A A I ) A IR AR IR 3 2 S T B
TR A0 R R T VAL AR R R BOK— RS AR T ST LA A B UK, PSSR
B, b5 AT S A A S0 T VDA AR K R T R R R LA ST VG I R —E W3S ST N IR T
TREHAIMET %,

SRR VDAL AR TR ; R R ALA ;38 SUE T
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Abstract: The problem of soil salinization is becoming more and more serious, and the area of saline land is increasing,
which seriously affects the sustainable development of agriculture. The Yellow River Delta ( YRD) of China not only has
highly saline and alkalized soil but also drought in spring or autumn. Coupled with salt in the soil, the plants growing here
are often subjected to double stress from salinity and drought, resulting in a decline in plant yields and economic benefits.
Elaeagnus angustifolia L. is a tree species that can tolerate salt and drought. In recent years, research on the stress
resistance of E. angustifolia has been abundant, but most of them focus on a single stress factor. There are few studies on
the physiological characteristics of E. angustifolia seedlings under double stress from salinity and drought. An experiment

was carried out to investigate the effects of drought and salt stress on the growth and physiological characteristics of
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E. angustifolia seedlings to provide the theoretical basis for the introduction of E. angustifolia to the YRD. In this study, the
seedlings of E. angustifolia were used as experimental materials and subjected to mild drought (7%—9% of soil moisture
content) , severe drought (3%—5% of soil moisture content) , 100 mmol/L. NaCl, the salt and drought stress treatments.
The physiological indexes were measured after two weeks of treatment, which included growth, photosynthesis, osmotic
adjustment index, and growth index after re-watering, in order to study the effects of salinity and drought interaction on the
physiological characteristics of E. angustifolia seedlings.The results showed that compared with the control, mild drought
had no significant effect on the biomass while the biomass of E. angustifolia seedlings significantly decreased under severe
drought. Irrespective of the drought condition, the net photosynthetic rate and K* content were significantly ( P<0.05)
reduced, and the content of Na*, proline, soluble sugar, organic acid, total phenol, and flavonoid of the E. angustifolia
seedlings were significantly ( P<0.05) increased. Compared with the control, the biomass, the net photosynthetic rate, and
K" content were significantly ( P<0.05) decreased, and the content of Na*, proline, soluble sugar, organic acid, total
phenol, and flavonoid of E. angustifolia seedlings significantly ( P<0.05) increased under 100 mmol/L NaCl treatment.
Compared with NaCl treatment, the indexes of E. angustifolia seedlings showed no significant ( P>0.05) change under mild
drought and salt treatment. Compared with NaCl treatment, the biomass, the net photosynthetic rate, and K" content were
significantly ( P<0.05) reduced, and the content of Na”, proline, soluble sugar, organic acid, total phenol, and flavonoid
of E. angustifolia seedlings significantly ( P<0.05) increased under salinity and severe drought treatment. After one week of
re-watering, only the E. angustifolia seedlings under mild drought can return to the control level. The findings of this study
suggested that salt and drought treatment significantly inhibited the growth of E. angustifolia seedlings. Under mild drought

and salt stress, the E. angustifolia seedlings showed some cross-adaptation, while severe drought exacerbated salt damage.

Key Words: Elaeagnus angustifolia L. ; salt stress; drought stress; salt and drought co-stress; cross adaptation
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oAU AR BRI T BV R A T EURR T RE AR AT ) o R Y AMESR
TRt 390 ) S B ol 2 75 ] LA B G 4 oy SR 7 5 T3 A IR AT AR SR AR, i LA SR AR 40 2] — £
it XA PR ER AL RIRG , RBI5E k70 A 5L R ol X Ay i A K R A BHURR R B R IR DT R
VDAL | HE A — AUl DX SRR

1 M5 F®

1.1 Stk

SERAEE AP A ( Elaeagnus angustifolia L) 218 . ASEHG % T 2017 42 YOS N & 25 W9 A VAR S F 2R
SR A B TR R R R TR SR B A VAR A
1.2 FORHRYREIR

PUOT R R BRI, W Rl 73748 — i T B AL B, FH 28 1K S 52 vh e, 48 T IR RH 8 TIRR (0—
4°C) AT Z AU B (AR IRAL BRI IR S IR 46 | L. B BE RS s A5 LRH- 600F ) , LUFT i R HIR I Ak Fh
B DME TR %, 10 d JRRemp - HUE (IR E 288 1) o il T8 DR Anvb i 3Rk b 25 Rk 20
KA (FPFEEVP I 2 em) , SRIGHE SRS (J658 600 wmol m™ s~ s HAXFILEE : 70% ; B :24°C ;06 16 h
J65E,8 h SR ) N BE SR B R GE K AR T3, RR R 7 5, 45 1R DK B B8 1/2 Hoagland 8 57U .
FR AR 2—3 7 B AT ] (OR BE A A AR et H AR ROIR I R BN R 1Y 7—8 BRI |, Fr 4l
HARK B 5—6 Fr BRI, FF4R a5
1.3 Scimib

SISy 6 N ALER AR S AR, KPR TTEANT .

DX (the control, CK) ; — H %W 1/2 Hoagland & F#

Q#2JE T (the treatment of mild drought,LS) : 7 1/2 Hoagland B35 7 d, ZJ5 i T IES/K B R
FETEAnE( RS KR, 7%—9%, FIR) 14 d, B K TR 3 il & 7K & (Soil water content were
determined with an HH2 moisture meter with a WET-2 sensor ( Delta-T, Cambridge, UK) ) , #M5& 1/2 Hoagland
TR, S KRR, R IR

QHEET 5 (the treatment of severe drought, SS) CBEPE 12 Hoagland 537 7 d, Z 5 PR FF LIS /K ETE
B PR (LSS KR 3%—5% , N IA)) 14 d, R TR 3 Yl & K & 4h5E 1/2 Hoagland %I,
S K R A T IE],

@2 (the treatment of 100 mmol/L NaCl, 100CK) : — B HE#E %74 100 mmol/L NaCl % 1/2 Hoagland
T

G +12F T 5 (the treatment of 100 mmol/L NaCl and mild drought, 100LS) ; 7¢%# %54 100 mmol/L NaCl
i 1/2 Hoagland EF7WK 7 d, Z J5 /45 T S /K AR T AR UE 14 d, K TR e =l &85 K &

O©ih+HET 5 (the treatment of 100mmol/L NaCl and severe drought,100SS) : 5545 100 mmol/L NaCl
) 1/2 Hoagland B FRW 7 d, Z 5 OAF T3S /K A H T FARMUE 14 d, B K TR b i =l i 5K &

1.4 AR BRAIN E
1.4.1 Bl MR S KR SR 5 L il e

AbIR 2 TR 20 B RO ke e (VD TED LA Bk ) SR /N O f B RRAE ) B Vv s ] 220 8 R AR
RIFFREE L 540 F #0016 B (fresh mass, FW) o REEEAPRUECA 105°C FHEAE 2R 10 min J5,80°C 4t T
AR, SR S TS T (dry mass, DW) o AR AR ALK ALY AT

Bk = (B E - T8/ X 100%
RO =4 F 8/ b
1.4.2 &SR E
KR AL R TR RS g R A,
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M4 E S (mg/g FW) = 8.02A,,+20.21A,,

K, Ags M 645 nm LAY IGRE 5 Aoy o 663 nm ARG
1.4.3 S6EZHmNE

K2 ] CIRAS-2 BIFE[E PP.Systems 23 @ H #5204 VR FH I 2 A0 Vb A 58 4 R T (1 86—
AT 53 % (netphotosynthetic rate, P, ) | ffl[8] CO, ¥ & (intercellular CO, concentration, C,) < fL 5 &
( stomatal conductance g, ) 7 # %R ( transpiration rate, T.) % Y6E& S E MM 2, W& L 2 G IR 2 A 1500
pmol m™* s™", KA BE AR A [ 2 20—24°C , KA CO, We AR A Bl 2l 477—497 wmol/L, I 5 B ] 2y
10:00—11:30,
1.4.4 FOCSERINE

R AREEN R SR A S K A4 H AR (9:30—12:00) , F OS5-FL A 3 il =04 %
PN HTAL (OPTI-SCI-ENCES , ¢ [ ) Il 22 Ye1E . T A B KA 223808 ( maximum: quantumefficiency, F /F,) |
R G I 52 PG4k 2% & F 20 (quantum  efficiency of photosystem 11, ®PSIT) DA M G 4k 22 B K &R #
( photochemical quenching coefficient,qP) , B¢ 42 R I 1 [F]— W43 (1) 0 S8 0 7 I, 00 Bof 5 [ 2 2 v A
A 32 5 —F, B AR BRI E 2 20 it DU I N S E SRR AR 4 W 15 1Y 20 min,
1.45 JTCHLE & mEaillE

SRR L BT R DA b R R T T S 3R b 550°C Ik Ak, Ik 4 PR RS R vA e , 2 28 Je R
FWOCIEL ( H 37 Z-8000 #) M 7E Na® &1 K& i, AgNO,Tif & 0 5E Cl i .
1.4.6 fili&R & & 0 E

SRR PR =Ek " AR NI A LU R

IR A (wg/g FW) = (XxVi)/( WxVsx10°) x100%

Ao, X ARl A 1S I R i (pg) 5 Ve AHRBURART (mL) s W R FESL A TS () 5 Vs S B T
FE i BARER
1.4.7 TR A e

KB FREL 0.2 g VM BB AT ML T A E 10 mL .08, 80% LR B O JF ER E
25 mL, MERRW ORI PR IO/ 2 mL KR 28 & OB, WERINK 10 mL SEPEAERESE 20 ff . IR E ISR
2 mLATAEE T, 18 5% 620 nm T AY OD (EIFF T3 AT PR & &
1.4.8 S & A E

K H Folin-Ciocalteu Fefa ik | MG T I HHHLUP A& & .

SR (/g FW) = XXV/m

A, X Sk O B AR I R A A 45 5 v R VAR (mL) sm WFREEE (g) .
1.4.9  ZEHTR& HAgE

SR S RN -AE R ARt e T MR T AR 4 s 5 o

B (pe/g FW) = XxV/m

b, X Sk p RO B H AR o R A A 25 5 5 V O R (mL) sm WFREE R (2) .
1.4.10 75 [ ( MDA) &9 E

SHN-AT WA TR L AREE T TR 414U MDA B & i .

MDA & (mmol/gFW)= AA xN/(155 xW)

o, AA R AL Ay (925N g F IS BUEAARTR 155 4 1 mmol SN RN = ¥I7E 532 nm AL AW W 2250, W o FK
B RS (o) .
L5 Admgeitotr

AR AL 5 ANEE TSR SigmaPlot 10.0 7EE], ] IBM SPSS Statistics 19 /4T B 4534, IRl —F

http ; //www.ecologica.cn



12 4 175 S P | RO R e se R RO AL 5

AR S FSAEIEFREZE E FRIR (mean+SD ) | [RIR FHFRIREE (P<0.05 FoRfEE R EM 2R |
2 #R

2.1 R FILA XD AL i A A SRR AR A S )

BRI TSR T BRAC T VDA bk = AIARAS A1, X Vb A (1 A5 i 5 /K e B R i) R 2 B T R A B I %
T VRS AR (E 1, £1), BRTEKELISN, 100 mmol/L NaCl B SRR T VDA R4 A Kb br, Al
100 mmol/L NaCl ZbFEZ 44N (945 T A B A5 A EL , 42 B T2 1 100 mmol/L NaCl 2 3 % v i AE K ey
B S (H SR H T SR 100 mmol/L NaCl e £ 0] i AL T 1A K

E1 HEHEBMEXDELDEHERKHIN
Fig.1 The effects of salt and drought co-stress on the growth of E. angustifolia seedlings
CK: %18, the control ;LS : %% T 5  mild drought;SS: HJ¥ T 5 severe drought;100CK: %k, 100 mmol/L NaCl; 100LS : &+ %+ 5,100 mmol/L
NaCl and mild drought co-stress;100SS: £h+H & 15100 mmol/L NaCl and severe drought co-stress

F1 HEHPBEXNDEERKIERHOZ N

Table 1 The effects of salt and drought co-stress on the growth index of E. angustifolia seedlings

it AbFR Treatment

Parameters CK LS SS 100+CK 100+LS 100+SS
b FEEH Shoot fresh weight 1.11+0.29a 1.11+0.30a 0.92+0.17b 0.88+0.31b 0.70+0.22bc 0.59+0.13¢
Hb T Shoot dry weight 0.23+0.06a 0.25+0.05a 0.23+0.04b 0.20+0.06b 0.19+0.05be 0.17+0.04¢
i H Root fresh weight 0.73+0.03a 0.65+0.04ab 0.51+£0.02bc 0.40+0.02cd 0.35+0.02d 0.30+0.02de
T Root dry weight 0.12+0.04a 0.11£0.04ab 0.07+0.02b 0.07+0.06b 0.07+0.03b 0.07+0.02b
FE 7 Plant length 11.06+£0.98a 9.40+1.00b 6.87+0.58d 9.68+0.75b 8.31+0.58¢ 6.77+0.80d
R4 Root length 8.77+0.76a 7.36+0.55b 6.04+0.62de 6.92+0.63bc 6.46+0.83cd 5.69+0.69¢
Hb | & 7K 42 Shoot water content 78.73+£2.40a 77.72+3.14a 74.42+4.40h 76.82+3.07a 72.40+2.30¢ 71.47+2.53¢
MR L Root shoot ratio 0.16+0.04a 0.14+0.03ab 0.11+£0.03e 0.13£0.04bc  0.12+0.03cd 0.09+0.02d

R B AR 2 (n=5) 5 ANRVNG FEERIR AR FALHLZ 1] 22 5 1 3 (P<0.05) ; CK: %R, the control; LS: 5 & T 5%  mild drought;
SS. HE T 5, severe drought ; 100+CK ; £, 100 mmol/L NaCl;100+LS: Eh+REE T2 100 mmol/L NaCl and mild drought co-stress; 100+SS : Th+H T

=) ,100 mmol/L NaCl and severe drought co-stress

2.2 ER LA XA SRR S R R

RETEXNRY MR EZ T B WA, (AREE T2 BRI T R E S5, 100
mmol/L NaCl & 3 AR T VDAL il -4 2 &4 (P<0.05) , A1 100 mmol/L NaCl &b B A4 1945101 A= B 45
FrAf b, R0 100 mmol/L NaCl ke X H% A 235 %20 ( P>0.05) ,{HJ& E 521 100 mmol/L NaCl
LS E ATBH RS T VR L SRR A (P< 0.05) (E12),
2.3 ER LA XY G A SR

BRPE T BR T RRAR TV o Al R A AL S AN, SH VDA IR] CO, e B 78 IS MR A R
(P>0.05) ,{H 2T T 2408 BRI TERME CO, WM G SE(P<0.05) , BR T LA (FRIL)
FIff[E] CO, M EE (F+5) &1, 100 mmol/L NaCl XJVP B %46 & SH A %M (P>0.05) . 1 100 mmol/L NaCl
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USRS A 945 506 & S H0M L R 2 A DA B S .
FLSEEAN 52T 58 100 mmol/L NaCl & [l 36 X b 4 — 14l £ i be
B RO B (P>0.05) LR EE FRA & jdl BN
100 mmol/LNGCI JETHEHB I TOR AL | T
BCALRIE AR L R T R co vk £3
(P<0.05) (& 3). §§ el
2.4 SR FIEA L RSO SR R £ el

2T 288 100 mmol/L NaCl &A% T Vo i i K % o2 |
AL BRI R F RS AR A S e Ak .
SRCRIAT R (P>0.05) , P T8 FE T 5 40 1 1 o 1 $ 05 % 8 4 ¢
T VA% 5B H(P<0.05) . H1 100 mmol/L NaCl g & 8

32 1% DS K & T 54H1 100 mmol/
A ”iT e Ijl; “&jﬁ\t Kj%g\:jlij“*% e 2 HBABOTH AU RES RO
L NaCl 2% Hj}lﬁ' Xd‘ R E,:J x jlﬁ e é‘& (& ﬁ g & ﬂ[ﬂ ( P> Fig.2 The effects of salt and drought co-stress on the chlorophyll
0.05), B2 H T 51 100 mmol/L NaCl H:Jif 38 21 B content of E. angustifolia seedlings

WK T W5 S (P<0.05) (K 4), P R S PR AR HE 2% (n=5) s A RVINE 5B R R [ b Bt
2.5  ELR I X VDA A T S A R Z IR 25 . (P<0.05)

Y L E 5 S T 1 (s e e I A
HOR RS K&, WaERN T Vb - MR Y Na® & & (P<0.05) ., 100 mmol/L NaCl ¥ i 35 F& (I T VD A1) b

~ 77 a g 700 |
- £
= 6 T g 600 f a
£ g b ab _:[_
S b =
<5 57 T G g S0 w o
%3 4t c BE w0 b &
® c ¥ E
do.e d S e
RE 3 28 300 |
®E 5s
e 20
) O 200 f
£ 2
I = 100
Z :
0 E
¥ 3 8 ¥ 3 8 ¥ 3 8 ¥ 134 8
+ + + I + +
g & & g & &
60 % 08 r
o L =m 0
£ 50 2 _I_ ij_ be  ap
—g b ON 0.6 b _I_ b
. E 40f ¢ =
< - c g =
= %
Eﬂb:ﬁf 307 HE o4t
=3 @ 2
-
TF a0t ® e
o = |
E S
S 10t a
0 T
¥ 4 38 ¥ 3 8 ¥ 4 8 ¥ 3 8
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g & & g 8 &
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Fig.3 The effects of salt and drought co-stress on photosynthesis of E. angustifolia seedlings
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Fig.4 The effects of salt and drought co-stress on fluorescence parameters of E. angustifolia seedlings

RRHE R A KT A R T YDA | MR Y Na® i (P<0.01) . A 100 mmol/L NaCl ZbFRZ&F T 1Y
VAR, B T2 H1 100 mmol/L NaCl H:fifrifn DL K # B 152 F1 100 mmol/L NaCl e fif 31 &8 i 2 %
fIC T o B R B KB, RN T VDA - MR Na'™ 55 (P<0.05) (FS5) .
2.6 FHFILA XV E L) WA ALY T B R A ARG 5

BT 5B T X VDA R rpa] s I SR AR B R A (P>0.05) , SR T VAR
HhA ML SRR AR AR =4 B 2 (P<0.05) (R TR B 1 52 5 4R o T AR AR & i (P<0.05) o BRI 2088 7 =
A1 ,100 mmol/L NaCl BH {2 42 55 T VD& i (A HLA o0 Bk A=A 7= 40 % & ( P<0.05) . 1 100 mmol/L NaCl
Sb BB SR B TR AR AR L, 3% 5 T 541 100 mmol/L NaCl 2 fis D) K 5 5 T 52 F1 100 mmol/L NaCl 6
R E TGN T &GRS i (P<0.05) (#6),
2.7 R FILRE X KT VDAL T A A R

SOK—J8JG BT 55 TR T UL i T 8 S AT A6 XU A b L e M b R 0
b b b RN E b R SEE I 4 b M T E RO E 4 A R (P>0.05)  (HJEE
JE T A WA REAR T B K VR R AE Y A8 AR (P<0.05) . 100 mmol/L NaCl i ZREAR T & K5 U L4 H i
B EAEPR (P<0.05) . F1 100 mmol/1. NaCl ZbFH A4~ (14 45 30 A= Py i 8 A A UL, BB T 52 F1 100 mmol/LL
NaCl e 5 i b i 5 LA K Hl b 5 76345 0 7 4 b A0 04 At 2B P s 48 AR A 32 ( P>0.05 )  (HR E T2/
100 mmol/L NaCl F:pia Z1BH 2 FRAK T 2K G R A K (P<0.05) (F£2),
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Fig.5 The effects of salt and drought co-stress on ionic content of E. angustifolia seedlings

®2 SXk—FRBEHEPEINDEEYEHZNE

Table 2 The effects of salt and drought co-stress on biomass of E. angustifolia seedlings after rhydration for one week

P A Treatment

Parameters CK LS SS 100+CK 100+LS 100+SS

Hi L #F Shoot fresh weight 1.44+0.05a 1.43+0.04a 1.07+0.06b 1.09+0.05b 0.85+0.06¢ 0.68+0.05d
T B T

ﬂﬁrﬁi th H ’,}Hﬁ 0.26+0.0la  0.26+0.0la  0.16£0.01d  0.240.01b  0.22+0.01hc 0.15+0.01d

Shoot fresh weight increase percentage

Hi I T H Shoot dry weight 0.30+0.02a 0.31+0.02a 0.27+0.01b 0.25+0.01bc 0.24+0.02¢ 0.19+0.01d

|- i INH

LT u)j]ﬂﬁ.ﬁ’uﬁ 0.28+0.01a 0.28+0.01a 0.17+0.01c¢ 0.26+0.01b 0.25+0.01b 0.17+0.01¢

Shoot dry weight increase percentage

i £ FE Root fresh weight 0.98+0.04a 0.87+0.05b 0.64+0.04c 0.51+0.02d 0.48+0.04d 0.37+0.03e
o

iﬂT@ii Eﬁ” H ﬁkt 0.35+0.01a 0.34+0.01a 0.23+0.01c¢ 0.30+0.01b 0.29+0.01b 0.23+0.03¢
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Fig.6 The effects of salt and drought co-stress on organic matter content and secondary metabolites content of E. angustifolia seedlings

—E WA E N

b TF RS AR, Db 2 I A DG AT AL, RN HAS T CO,#EA M 82mi T CO, 2 5 A
H BEAR T AR 50 A 3202 5 €O, R FEAIR WM F) st TR g 225 R R, ™ H I 38 22 B O 45 45
Ha I AR C AR R R AR I B T SRR, BRI IE) CO, ¥R EE AN Vb A&l iy HAt e &
SRS TS E B BTSSR FIEMHa T, 2L B SRS TOLSHER MR CO, kAN AR S
Bl S PEGESE MIXLEER T LIE R T R A WA VR A i e — e R R b 3l i i D e 3
TAFE RIS PR AR e A P DI RE , BILIEG A 3R A T R R L i FOL R 48 T M a AL R St
i, A MR T RN 2, i AP LR R R S T A ROBT A — 20

http ; //www.ecologica.cn



10 JAE = 39 %

BB ) A IS AR I SR T R R AR Y Edh BRI R A TR
IR LAGE 3 50 R H e o A PR QI S 8 e AL S 1 LGS 1 R ) I A O 2R s 40 L v
JE FEARTE 2 3, I AEAy IE 14 A0 RS2 s o T (A A P9 5 2 R DG AR 2 BT S 3 2R, 4R A I D
REPE 2 AR RV AL AT 5 A UL T R T S B RN (EER Na®)
R DA FORAR R BARM B B IR RE ), X 5D MU 7EERBaa T 925 R — 207, X Fiba
), AR R A LI ot B I 2R, A 2R A o — b B 2 138 a2 ) 00 S5, A ) ) T 06 e v 4 T Y
PR, KA T F W ZRR A0 3 I W . T B s AR L e AR R B TR BB B T
JEA AL 2 R SRR AR AR 4 ASIRARI 0 35 5 ) T AR A M i B BT 0 AR5 1 YD A )y e T B 2%
I 3 5 DR R R 20 R T R AR v R A T T L X AR EAEY Wang S5 I 5T 45 AR
—H,

BRI AL BRI AN YA i A AR R R PR A A AR A A R B —
S SOE MBS . VA i B R AR R BB B I 1 W it BRI A ™ W R AR P30 85

5% 30k ( References) ;

[ 1] JiaJ, Huang C, Bai J H, Zhang G L, Zhao Q Q, Wen X J. Effects of drought and salt stresses on growth characteristics of euhalophyte Suaeda
salsa in coastal wetlands. Physics and Chemistry of the Earth, Parts A/B/C, 2018, 103: 68-74.

[2] LinJ, LiJP, Yuan F, Yang Z, Wang B S, Chen M. Transcriptome profiling of genes involved in photosynthesis in Elaeagnus angustifolia L. under
salt stress. Photosynthetica, 2018, 56(4) : 998-1009.

(3] WHE, ERE. DEMBGRAERF O E. o EEARY T, 2008, 27(5) : 32-34.

[ 4] B&3Ch, WREE. ATHERA B S I R BURIRIT. 2R EHR, 2012, 18(19): 119-120, 213-213.

[5] QiY, LiJP, Chen CX, Li L X, Zheng X L, Liu J, Zhu T T, Pang C H, Wang B S, Chen M. Adaptive growth response of exotic Elaeagnus
angustifolia L. to indigenous saline soil and its beneficial effects on the soil system in the Yellow River Delta, China. Trees, 2018, doi: 10.1007/
s00468-018-1746-4.

[ 6] KRady, Zils, WM, XI5, Fhase. Hh 558 SO0 X B 4l i A 1< 2o A BA AR ME A S . P AR 24 4k, 2012, 32(1):
124-130.

[ 7] S, sk, sk, Wepds, 3rag, 80, KM, LR, EN. P2 AW /N Qi AL K FOK S B2 R, A 2452440,
2017, 37(7) : 2244-2252.

[ 8] BB, T, THE. SR UWHAX I 5226 A A TEARRIRE . = NG 2A2AM. ASRBIEM, 2017, 37(2) : 52-57.

[ 9] #Ft, XV, fkEHT, 2000, skun. Hbh NG A K IR A FRAR M. AR B4, 2014, 34(1) . 64-70.

(101 dE, KA, XNEPE, WO, 0k, 5. HEaa e R RS Eh a6 & 5 7B R AR, RYE A, 2010, 34(6) : 671-677.
(117 Z=, /N, EFHRE, SR, AEE, 22X, SESEM T Rl RSt & S8 m. fEY24, 2008, 34(2) : 326-329.

[12] 46, Z5me, Fokde, ERA, MR /NEHRRISESHOTH 2R RILGRIRA S RN R. 1EW2¥R, 2012, 38(4) : 657-664.

]
]
]
]
]
] EFRF, SR, §Ivels, BUKE, A, NaCl e Xy 2RI AN K Na®F1 CI 4310 (95200, AE284283, 2007, 26(3) : 348-354.
1 WE, 22F4. AR E Tk ik, R B R . HARFIARR, 2005, 33(4) :10-12.
[15] XY, Tiede, BRKWE, T2 Mifnd, SCRMY, 228l nIIE MR & I (IS ) SCsb ik, S =B, 2013, 16(2) ; 19-20.
1 MgHE, TICF, REAIH, I Folin-Ciocalteu L (A7 a2 K2 M vh S By 25 AF 9O AE. &0 AL, 2016, 32(2) : 51-54.
] R, JEAT, TRESER, 3K 2. KT NaNO,—AI(NO, ) ;—NaOH Fb (o i I 52 B 8 i 7 vk AR, 254 24k, 2002, 22(2) : 97-99.
] OSREKME, REELL, HEIE, PG, B YRR T R iR S . AR Bk A o, 2016, 52(8) ¢ 979-985.
1 BUDER, BRI, BN, R H o, RHET SR 2 ARG A TR AL A KO A AR 0 e . PR LA 24, 2009, 29(7) « 1387-1393.
] Farquhar G D, Sharkey T D. Stomatal conductance and photosynthesis. Annual Review of Plant Physiology, 1982, 33 317-345.
1 RSP MR YO TSR R SRS, YR, 1999, 16(4) ; 444-448.

1 FFal, WABK, HEE, KA, TR, Rat, ORGSR F R T R R /NZE SRR 6 A R, fEY AR, 2008, 34(12) .
2196-2201.
(23] SRATRN, HBRZE, BERE, Sk, BOGA, AR, B4 TREHOS R b & E R R A2 . 4 84%4R, 2011, 31

(5): 1303-1311.

[24] s, &N, K. TR0 X ETE SRR BT Y 0. R, 2011, 40(4) : 56-59.

http ; //www.ecologica.cn



12 4] 175 S P | RO R e se R RO AL 11

[25]

[26]
[27]

[28]

[29]

[30]

[31]
[32]

X, BRECAR, 285805, KL & TREPHAX RS ARKRMBEN YRS EMZmE[]]. WILEY iR, 2011, 31(11) .
2259-2264.

XU, T4, ThH, DM S3hac UMa XL Qi A KORNS B AT Y B2 . K R OREER, 2012, 26(3) :244-248.

Yang C W, Shi D C, Wang D L. Comparative effects of salt and alkali stresses on growth, osmotic adjustment and ionic balance of an alkali-
resistant halophyte Suaeda glauca (Bge.). Plant Growth Regulation, 2008, 56(2) : 179-190.

LR, Efar, 0k, iR, 2RE. KA X W B AN AT A ) O A SRR e A Ak i S R R Rl R AR
2007, 30(2) . 5-8.

Sperdouli I, Moustakas M. Interaction of proline, sugars, and anthocyanins during photosynthetic acclimation of Arabidopsis thaliana to drought
stress. Journal of Plant Physiology, 2012, 169(6) . 577-585.

Foyer C H, Lelandais M, Kunert K J. Photooxidative stress in plants. Physiologia Plantarum, 1994, 92(4) : 696-717.

BRI, WROR, WM. K30 X SR AN S 2 S A AR, P ARl A, 2008, 17(4) :91-93.

Wang D H, Du F, Liu HY, Liang Z S. Drought stress increases iridoid glycosides biosynthesis in the roots of Scrophularia ningpoensis seedlings.

Journal of Medicinal Plants Research, 2010, 4(24) : 2691-2699.

http ; //www.ecologica.cn



