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Response of Picea mongolica and Picea crassifolia Seed
Germination and Seedling Growth to Drought and Salt Stress

WANG Fei',LIU Shizeng®” ,LIU Youjun®,LI Delu®
(1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2 Gansu Desert Control Research Institute,

Lanzhou 730070, China)

Abstract; The adaptability of Picea mongolica and Picea crassifolia seeds to ecological factors was studied
by the effects of water and salt stress on the germination characteristics and seedling growth. The results
showed that: (1) The restriction of PEG-6000 and NaCl stress to seed germination and seedling growth of
P.mongolica and P. crassifolia seeds were more significant (P<C0. 05). The critical value and maximum
value of water stress were —0. 03 MPa, —0. 15 MPa and —0. 5 MPa, —0. 58 MPa;the critical value and
maximum value of salt stress were 78 mmol/L,148 mmol/L and 284 mmol/L,345 mmol/L. (2) After salt
stress relieve,the recovery germination rate(RGR) decrease after increase first with the increase of osmotic
potential and NaCl concentration. (3) At same water potential, the PEG-6000 solutions were inhibitorier

than NaCl solutions to seed germination and seedling growth;the osmotic stress was the dominant restrain
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factor and ionic toxic action was less than it. The research found that P. mongolica and P. crassi folia seeds

showed certain tolerance to water and salt stress,their tolerant ability to salt stress was strong than to wa-

ter stress. P. crassi folia seeds tolerant ability to salt and water stress was strong than that of P. mongoli-

ca;lLow salinity and sufficient water supply are the most important for the survival of P. mongolica and P.

crassi folia seeds.

Key words: Picea mongolica ; Picea crassi folia ;seed viability; water and salt stress;germination rate
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—0.9,—1.2,—1.5,—1.8,—2.1,—2.4 fil—2.7
MPa; 553 Wity NaCl %5 1, 152 B W BB BE AR
2 0,50, 100, 150, 200, 250, 300, 350, 400, 450
mmol /L, 7E350 W (8], B FR 8 ok #b 50 5 28 & i
HO B K 43 o R 5 B A Ab B VR R I A R . R
HEAT 00U RN G0 53 o DA AR T00 0 o e A Ry K 28 b o 55
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4% W Excel #1 SPSS 11. 5 S5 i1 4387 5 {40 %) %k
AT AR A (81 051 43 B L AH DG A3 A BT R I
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FEH(P>0.05)  H P [ R [ v B Ak 3 22 [ 22 55
B (P<0.01), W&V IR & 2R LI B K,
Gy R 59. 0% F1 66. 0% , #5 AUk BE AL FRLY K 2E R 5

XF HEORH T 22 57 (3% (P<<0. 05)

i — 2 1 8] 5 43 7 R W], PEG-6000 B # 5
W MBS TR L FREHEAAHLG
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~—0.9 MPa Z [ B} 5 X} BOAH bE 22 % AN 2 (P>
0. 05) , i HoAth 11912 3 H T S n9 W & 5 0 BOAH bbb 3%
AR (P <C0. 05) , 136 B Vb b = 42 Fh 7 18 32 18 B2 1)
K3 Wp 38 B 2545 1k . 24 B 38 AR B S RB AR PR Y K
SEW R R I — A N T R A R RE T s AR E I

#F 1 PEG-6000 B R EKFTDIMALZINBTEZHLBEENEN

Table 1 The effect of PEG-6000 treatment and covering water on seed germination of P.mongolica and P. crassifolia

1 2 W % # 2 Initial germination rate/ % %5 % # % Recovery germination rate/ % & 7 2 Total germination rate/ %
()/: t N . e — 1 N — e — y _ e
SO W= G U I 7 Hil ol W3 P G

potential/ MPa

P. mongolica P. crassifolia P.mongolica P. crassifolia P. mongolica P. crassifolia

0 59.0+5.69a 66+1.41a 0.540.5d 0+0d 59.5+6.08a 66.0%1.44a
—0.3 37.0£7.94b 45+5.32b 14.544.57¢ 0.5+0.5d 51.5410. 18ab 45.5+5.56b
—0.6 11.5£1. 71c 142£0. 82¢ 29.045. 45b 14.544. 35¢ 10. 545, 5he 28.524.99cd
—0.9 0d 0d 10. 543. 86a 35.5%5.12a 10. 543, 86bc 35,545, 12bc
—1.2 0d 0d 28.5+1.71b 28.5%3. 5ab 28.541.71cd 28.5%3. 5¢d
—1.5 0d 0d 28.516.08b 23.0%5.07be 28.526. 08cd 23.0%5. 07cde
—1.8 0d 0d 20,043, 56bc 19.0£4. 12bc 20,043, 56de 19.0£4. 12de
—2.1 0d 0d 18.520.96bc 15.0£4. 80c 18.520.96de 15.0£4. 80de
—2.4 0d 0d 15.043.32¢ 15.044. 65¢ 15.0£3. 32de 15.0£4. 65de
—2.7 0d 0d 11.0£1.73cd 11.0£4.51cd 11.0E£1.73¢ 11.0E£4.51e

T« [ 9 s A A [ 5 Bk 7R A LR 7E 0. 05 K P 253 B3 T,
Notes: values within each column followed by different letters are significantly different at 0. 05 level; The same as below.
K2 DHMAEMBEBIEMFHHEFE()F PEG-6000 IKE(DOXEFHER
Table 2 The relationship between germination percentage of P. mongolica and

P. crassifolia seeds and PEG-6000 concentration

PEG-6000 1 i $4
PEG-6000 osmotic potential/ MPa

LR LEPS w5 5 it
Species r Regression equation I (8 P
Critical value Maximum value
V=42 P.mongolica 0.955 y=17.5292® +64. 4512+52. 795(—2. 7 x<C0) —0.03 —0.50
HF B A2 P. crassifolia 0.957 y=19.8652%+73.4142+60. 655(—2. 7<<x<C0) —0.15 —0.58
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2.1.3 #hEKE %3 BoR.HE KD
T, D = A2 R I = AZ Bl T 10 4 R R 1 R B
) HA s 45 v B A B 55 ) R L 3 22 S B 3 (P <<
0. 05) + Ut B 45 7K 5 1 360 Ak B %6F &0 1 26 K T AN T
FEEE RN . K o3 i fRBR IS Y L B AL R
K2 YA B Bl B 5 37 0 B AR e 18 s b L 9t 4
BI#E—0.9 MPa f1—0. 6 MPa B} is 3] k. HE 5
Xof BEAH Fb 24 2% 53 @ 3% (P<<0. 05) , 4t W] #7758 2
— 7 W] 7K 43 W 38 05 25 10 0035 I AR 8 I 3F 1 R
P A K H W E S T — 1.2 Mpa I X &% Wi k%
K. & Zn A8 EAE PEG-6000 4b 3 ik & 7
KRG . HEZEMFHOHKERRER TR
}2 (P<C0. 05) , LI 7 i = 12 Fh 5 4 i % K 43 W 38
FR3E L 3 VD b 5 A2 5

2.2 #OoMEXNDHMALMEBILMFHLM
DEERKHZIG

2.2.1 WIREZFER HE4H AR
AL IS VDM = A2 FE W = A2 T T W) IR R AR
Y52 B ATl B B2 0 300 ) . LG & 5wk BE ) T s 4 o
PR . &0 200 W s 2 ME o2
Wl & 2F 2 A6 A [a] 5 v BE 4b 3R] 25 S W 3 (P <<
0.05) ., ¥ =2 15 1§ = 12 W) 46 & 2 % 3 Wil A
200 mmol/L F1 300 mmol/L h ik BT 2 T &K
28900 270, UL B T ¥ = A2 HL VD b = A2 T B R 8
e SUHAZAE R H 2T KR
50 mmol/L NaCl Jiif T & & » M 78 NaCl ¥ B &5
50 mmol/L J5 & B T R . BIAK 8 vk B2 42 oF Fh 1 0
Kot B U AW A ¥ & 5 7E 50 mmol/L NaCl Jif
R R 22 50 B L 22 RO 2 (P>0.05),
f5 T 50 mmol/L NaCl i T i & 25 26 5 %) BUAH L
# 5[ F (P<C0.05).

£ 3 PEG-6000 & BREEKM M BAZMNBEBEALHEKENZN

Table 3 The effect of PEG-6000 treatment and covering water on seedling length of P. mongolica and P. crassi folia

i K JE Seedling length/cm

WK G S K JF Recovery seedling length/cm

BiER
Osmotle potential W 7 A HiEE v 7 A EAT
! P. mongolica P. crassifolia P. mongolica P. crassi folia
0 8.33£0.53a 8.5540.41a 0.23%0. 23¢ 0d
—0.3 2.9840.56b 5.032£0.18b 1.832£0.39b 0.2340.23d
—0.6 1.1840. 4c 2.08+£0. 3c 2.94740.47a 5.14+0.97a
—0.9 0d 0d 3.39+0. 40a 4.737£0.54a
—1.2 od od 2.7240. 36a 3.3740.37b
—1.5 0d 0d 2.63%0.42a 1.68+0. 12¢
—1.8 od 0d 2.2140.21b 1.66+0. 21c
—2.1 0d 0d 1.9540. 3b 1.7340.12¢
—2.4 0d 0d 1.77+0.12b 1.96+0. 24¢
—2.7 0d 0d 1.6640.27b 1.31+0.43cd
x4 NaClREREAMDPHMAEZMEBTAEZHERNZMN
Table 4  The effect of NaCl treatment and covering water on seed germination of P. mongolica and P. crassi folia
BER W1k % 2F % Initial germination rate/ % PR % 2 % Recovery germination rate/ % %% Total germination rate/ %
Osmotic BHEY 1 51 PHEY i 5 1 BHEY 51
potential/MPa P. mongolica P. crassifolia P.mongolica P. crassifolia P.mongolica P. crassifolia
0 60.5+3.77a 59+5ab 0.67+0. 5¢ 0d 61.17+3.88a 59+5a
50 53,044, 8ab 61+3.11a 2+1.5e 0d 55+3.5a 61+3.11a
100 49.5+7.37ab 57.5+2. T5abc 6+0. 95bed 1+0.58d 55.5+7.88a 58.5+2.87a
150 16+2.83b 55.5+4. 27abc 5.33+1.29d 2.540.5d 51.33%2.8%a 5813.92a
200 28+6.68¢ 5040. 82bc 6+0.81cd .5+ 1. 26¢h 34+6.98b 56.5+1.26a
250 27+2.38¢c 17.5+2. 36¢ 6.67+1.29abed 5.540. 5¢ 33.67%1.42b 5312.38a
300 19+1. 29¢d 2744, 04d 7.33+1. 25abed 8+0.82b 26.33+1. 5be 3544, 44b
350 1941, 29¢d 19+4.8d 8+0. 96abc 1240. 82a 31+0. 5be 31+5.26b
400 13.540.96de 19+3.42d 10£0. 81a 13+1. 29 26.5+1. 26bc 32+2.52bc
450 6.5%0. 5e 6.540. 5¢e 100, 96ab 11+1a 16.540. 82¢ 17.5=x0. 96¢
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i — 2 553 B R W Yt = 42 (r= — 0. 982,
P<20.01) M =4 (r=—0. 950, P<<0. 01) ¥ 4
KR () 5 R BE (o) AR AE W 3 I SRR G OG R (3R
5), AAEXF KR HHE S 50, 0% F 25. 0% 43 B 45 5]
T 2 5% I 3 v o a7 4 I A A AR BR A
AT G W 2 42 1 i SR AR FRAE AR = T b b =
12 s T iE— 2D AR B 3 1 = A2 i P 0k
2.2.2 WMEXRFR KA ERPamERE. D
= AR TR B K 25 R (RGR) B %5 £ 40 BR ¥ FE 11
BT3GR e KAE R 1026, 11 75 18 = 42 Ff TPk 2
K2 (RGR) B & 5 43 36 v BE 1 38 n S 3 I )5
W, 3 AE 400 mmol/L NaCl B} ik 2| & K {H
(13%) . RGBS FIKE kKR
B X U B R B 38 X TRl R R . T
NaCl & W a1 T W = A2 5 i = 42
W & 283 43 BI#E 0~150,0~250 mmol/L Z [ i 5
X REAH B 25 R B 3 (P=>>0. 05) , 111 HiAth 1 18 13 #
TR & 56 BE A Eb B 3 B AIG (P <C0. 05) , i —
UL W 2 LU 2 K2 Bl T R

T3 A ST R G DAL Y s 2
H Wl oA BT R 2R AE 2 T 538 5 A e T
Gy . RIS U M A2 R W S A2 AR AT 51 R
A 0 AT B AR 2 JBh L 5 R AR ME R

2.2.3 HEKE X6 @R . DHAEMEELE
4 &)y A 32 B 2 v 1 484 o T ek 2 T W 3 i
Wik I 22 0 H B Ak VAR B ) B S B s b 1
#, 5 PEG-6000 4b ¥ K 52 7K % H 4y ¥ K B 19 52 i)
AR fE R AL . VD3 2 A2 F 8 A2 5 1 4h
WA R RAE 4 518 0. 65 cm Fl 1. 30 em, K 43
136 R R S I B R S IS T R e
AR BT B 2 — R 38 2 Al S U b = A2 R
G = A2 R P LU &2 W & B OB i i 4 v K
JE LK 43 Wik 36 2 A i 7 AR R 5
2.3 HMAENMEEIEMTFHARSBEERKE
2 EBRKEMBETRE

VW5 3 B3 B AR 4 PEG-6000 ¥k 2 5 H B
BEAE RO NaCl 3 B 5 H B B3 6 g0
5 . 2, 200, 250, 400, 450 mmol/L NaCl 43 3
5—0.9,—1.2,—1.8,—2.1 MPa %%, 7£& %
#H—0.9,—1.2,—1.8,—2. 1 MPa ff§ PEG-6000
M NaCl 5B WA T . W b = &2 f i i = A2 Fi
T WG & ZF R i K KA R TR S 1
4 v B A R 2R bR AR PR O TR IR 25 S 3 (P <
0.05,% 7). Ho, 7T —0.9 MPa & i& # 1
NaCl ¥ 10 3 = A2 T 1 = 42 B0 7 il 8 & i
H 4K E RO 1 em. M 7EF B MPEGHE W T, &

RS DHAMMBEIEMNFNBREFREWOMBEREOXRSNER

Table 5 The relationship between germination percentage of P. mongolica and P. crassi folia seeds and salt concentration
hyk )& Salt concentration/(mmol/L)
ik LEPSEY [ )5 5
Species r Regression equation Il FLAE e PR 1A
Critical value Maximum value
i =42 P. mongolica —0.982 y=—0.1212+59. 391(0<Tx<C450) 78 284
HE =42 P. crassifolia —0.950 y=—0.1272+68. 755(0<<x<C450) 148 345

F6 NaClRHEBREKWNPMAZLMEESZLHEKE

) 5 Ml

Table 6 The effect of NaCl treatment and covering water on seedling length of P. mongolica and P. crassi folia
NaCl ¥k i i K ¥ Seedling length/cm W52 G S K B Recovery seedling length/cm
a3 Bisp T Bl e
/ P. mongolica P. crassifolia P.mongolica P. crassifolia
0 7.21+0. 24a 8.20+0. 69a 0.03=£0.03c Oc
50 3.92+0.22b 5.99+0. 33b 0.61+0.09a Oc
100 1.1640.17¢ 2.26£0.17c 0.03=£0.03c 0.05=£0. 03bc
150 0.622+0.08d 0.124+0.01d 0.16-0. 05bc 1.3040.41a
200 0.1+0e 0.1+0e 0.08+0.03c 1.2140.12ab
250 0.1+0e 0.140e 0.11£0.01bc 0.88-0. 20ab
300 Oe 0.1+0e 0.65%+0. 20a 0.84+0. 38ab
350 Oe 0.1%+0e 0.58+0.11a 0.65+0.27b
400 Oe 0.1+0e 0.32+0.11b 0.12-+0.01bc
450 Oe 0.1=%0e 0.27-0. 08bc 0.10=£0bc
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R7 HiEEH PEG-6000 1 NaCl BB WA MEB LM FHARYBEERKBT L
Table 7 The effect of same osmotic potential PEG-6000 and NaCl stress on

P. mongolica and P. crassi folia seed and seedling growth

W BEH MR KR YK WE KR LIS
Species ()SHIOT/IR/[}];(;EHII&I Inmalré;teer/r’n&natlon beedll?fniength Recovei)r/ltge;??matlon Rec?e\:rifhjeedlmg
/ / /0 ate/ /o gth/ cm
PEG 59.00%5. 69a 8.3340.53a 0.5040.50e 0.2340.23d
0 NaCl 60.5043.77a 7.2140. 24b 0.6740.50e 0.0340.03d
PEG 0d Oc 40.5+3. 68a 3.3940. 40a
0 NaCl 28.0046. 68b 0.1%0¢ 6.000. 81d 0.080. 03d
PWER L PEG 0d Oc 28.5041.71h 2.7240.36h
P. mongolica ' NaCl 27.00+2, 38b 0.1+0c¢ 6.67+1.29d 0.11+0.01d
PEG 0d Oc 20.0043. 56¢ 1.9540. 30¢
oL NaCl 13.500. 96c 0c 10.00+0.81d 0.3240.11d
PEG 0d 0c 18.50+0. 96¢ 2.2140.21b
I NaCl 6.50£0. 50cd 0c 10.00£0. 96d 0.2740.08d
PEG 66.00+1.41a 8.5540.41a Oc Oe
0 NaCl 59.00£5.00b 8.2010.69a Oc Oe
PEG Oe 0b 35.50+5. 12a 4.7340.54a
0 NaCl 50.0040. 82¢ 0.1040b 6.5041. 26¢ 1.2140.21cd
HiB A L PEG Oe 0b 28.5041.71a 3.3740.37h
P.crassifolia ' NaCl 47,5042, 36¢ 0.100b 5,500, 50c 0.88+0.2d
PEG Oe 0b 19.00+4. 12b 1.66+0.21c
oL NaCl 19.00+3. 42d 0.1040b 13.00+1. 29hc 0.1240.01e
PEG Oe 0b 1544, 80bc 1.73+0. 12¢
“el NaCl §.5040. 50¢ 0.10+0b 1141, 00be 0.140¢

RN 0, Al W AEM R K A& T . PEG I
SEB B NaCl i W00t R w7 % BA 5 R 9 10 4] £
L R i DR Py P N R R 2 LU W S U R SR v
SN a s A UE N R (VS N

31w

3.1 FhFEgR Ik F0Eh o B8 &4 R

JK 3 1y 38R B 53 P 368 6 A ol 4 i A AT B
PR A A R B AR 1 1) 2 R AR B
{1900 e 113 5 B I L SEE R Rl i 1 A ] A R
S RV o = A2 AT 1 = A2 1 A2 K 23 i 38 Rl
38R 1 24 52 0 0 LA ) R BE R R B 0B R
F1% 38 DA T R g » o P 9 T ) R 7K 3 CRIS o2 50 ) BHL
B 7R TR BT A X 5 B A Y b R A A W Y HiE
BB NFRAS SRR E DI s R i S
R R ¥ AEAR A £ NaCl i 80P 1 i 2R 00 W S 47
TR B PEG-6000 # . JLHZETE 50 mmol/
L R W - 1 2 A2 Bl R 28 A 1k L WA
W NaCl i X TR M Tk A —EN
FEBEAE X 5 Karimi- ™ B ERAH F o H 22
PRI AT RE S 24 il DI 4 Sl 3 K 53 i fln T R 40

HEE R 8 AN 8 B 20 L PN T — 28 43 - 40 R MR AL
2 IR LT T R EB RIS, bl A Wk Bl
TN 5 . IR R A5 B 2 B G
R R VA VRORT DA R AR 1 O A L OK RE ) R
8 i - Ao R b R B A5 L A HE R T R
Hb B FIEMRER IR B s AR+ (i FL 02 05 S B
K A B s K 2 i N

K G Jolh 36 R0 ER 43 Bk 38 R BRS04 TS T
TASTP IR B S 28 FERRARAIG AL VD b = A2 AR 32
K Gy T8 JE PR A R 2F AR T LS ) BRAH b 25 S AN
WEFHP>0.05, P tZflF7E PEG % By ¥
SR RS TAE NaCl 3l b 2k 2 %
B 76 A7 3R 2 W38 JE A0 SR A SR R, R AR
MEVR S . DRIL X 5 | ol it 190 AR 58 4% A2 IO R ) 9 7o,
SR I Ay $5 i 3k 4 U0 b 2 2 RS M S A AE RN T R
SN G A T A7 R A T 38 L A D 2 R BRI Ak R
N SYEIESE GNOE A e
3.2 ZBBEBEMET PEG-6000 #1 NaCl 35 i X3 f
FHEMZME

435 % # PEG-6000 I NaCl i 3t % 48 4 Fb 1
W %A AR PEG ¥ 0L B Fl 715 %
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18 B2 AL R BN 1B 38 3800 » T R V8 W S W B T
BB LR A B RO I ELR 32 2 AR Y
BB RO T AN 2 B T RO L AR T AR B
NaCl AL B 0 3 = 42 M i = A2 B 5 28
B3 & T PEG-6000 ¥ 040 HL, I H 76 1% £h # W
K 2 AR T R R O B e 2R X AT RE R A O T
TR A P AT RE A I WML I R B JC AL B
T AT Y A I PN O R LA A i A A R ik
/0 2 5 A A o (8 JEL A R bl 2 v R SO G D
G h B TR REE . A RO AT 8 3 W 1 LUR ST
SRS EREE I £ W38 L 5 ELAR Y B 15K RS A T
AE 7 Bl A £ 185 VROV B 11 1 T 2 v . T AE PEG-
6000 ¥ 19 V0 L = A2 R 16 25 42 b1 I X DA S
BB H IR N K LB BT RE 2 B E
/IS ERIDEVR

i b PTIR AR RAR BN TS 0z 2 T i
AT S A4l R B ¥ 52 B 4 L R B4
F1 7 J3E N T 57 i 5 74y B (LA [ 9K A2 2 R R AR
Je P 4y B B X T S W AR 2 SR R

S E Wk

BIFTEAL N 25 38 e &y W A B8 45 05 T8 W b = A2 T
T HIPTE I ER R S 100 5 T 00 0 = A2 R3S ¥ = A2 90
SRS R WL A AT 5 2k — B IR AR ST .

4 45 1B

(D= AZ R W = A2 B 5 16K 43 38 FnEh
G338 N B R R4 R BE X 2 B A 0 ) AR
B A5 95 35 TR 35 KM 32 & . PR 2 A2 B 7 X6 7K 43 1y
JH Pl A A% BR B 43 ) J& — 0. 03, — 0. 15 MPa
F—0.5,—0.58 MPa; X 5 43 Bl 381 14 11 515 A A KR
(B4 51 /= 78,148 mmol/L Hl 284,345 mmol/L, #]
FLEL N & 75 1 = A2 R0 F LL VD = A2 T i 5 LT

(2) fhid i bR G W = 12 5 1 = A2 Fh P 52
R NI G 1 ) 1 K B G 53 F O NaCl ik
JE B e 3G I g 2, B TE PEG P IR R
K2R TAE NaCliE b Wk 2 & 28 %

(O TEM IR A ZME T PEG ¥ W L 553 1) NaCl
VARG U Ml 2 A2 0 VB 2R B 40 4 R R
AR FH 028 U T AS S B8 TR0
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