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Abstract: Objective To investigate the effects of single salt stress on seeds germination and seedlings growth of Amygdalus
mongolica. Methods The single salt stress condition was simulated with various concentration of NaCl, Na,SO,, and CaCl,
solutions; And the indexes of seeds germination and seedlings growth was tested under this condition according to the requirements
of paper bed germination test. The study material used in this study was the seeds (without endocarp) of Amygdalus mongolica
which was an endangered plant species from the Nature Reserve of Qilian Mountain. Results The germination rate of seeds, the
fresh weight, and dry weight of the seedlings increased with the increase of the solution concentration when the concentration is in
the range of 0.02—0.04 mol/L; The three indexes mentioned above decreased with the increase of the solution concentration when
the concentration was in the range of 0.06—0.18 mol/L; And this correlation was consistent among all the three salts used in this
study. Seeds germination index, seeds vigor index, saturated moisture content of the seeds, seedlings height, length of primary roots,
root length, total number of the secondary roots, saturated moisutre content of the roots, and the root dry weight of the seedling
decreased significantly when the condition of the salt stress was intensified (P < 0.05). Conclusion The seeds of A. mongolica is
very sensitive to the changes of the salt concentration and the results showes that when NaCl and CaCl, solution is used, Psy concentration
for seeds germination is 0.12 mol/L, and for seedling growth is 0.10 mol/L; When Na,SO, solution is used, the Ps, concentration for seed

germination and for seedling growth is 0.10 mol/L and 0.06 mol/L respectively. Stress of high concentration of signal salt could
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make some seeds to be dormant, thus the viability of those seeds could be remained and the germination rate of the seeds which failed to

germinate under the condition of single salt stress was up to 82%—89% after rewatering.

Key words: Prunus monogolica seeds; germination; seedling; single salt stress; germination index; vigor index
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FAH BEZER (P>0.05); CaCl, WIALEE, 0.06
mol/L #BE B 75 (P>0.05), 0.02. 0.04. 0.08.
0.10 mol/L JbEEA W 2R (P<<0.05), FiAth#%Aba
BIp W AL (P<0.01).
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Table 1 Effect of different single salt stress on germination of seeds of Amygdalus mongolica

AL B /(mol-L ™)

(Y CIEY o 4

KFHR Y%

KR

K

NaCl CK
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
Na,SO, CK
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
CaCl, CK
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18

A A B BRA LN NN DN DN U LR DR WL LN DN DN PR DR DR LD DD DNDDNDDNDDN

95.0042.06 Aa
98.00+3.50 Aa
99.0042.00 Aa
99.0042.00 Aa
96.00+4.12 Aa
96.00+4.12 Aa
96.00+1.29 Aa
88.00+1.26 Bb
82.00+3.69 Cc
73.0043.46 Dd
95.0042.06 Aa
98.00+3.19 Aa
98.00+1.92 Aa
96.00+0.85 Aa
94.0045.69 Aa
93.00+2.72 Aa
82.00+5.78 Bb
73.0042.23 Ce
53.00+2.58 Dd
20.00+3.85 Ee
95.00%2.06 ABb
98.00+1.92 Aa
99.00+1.55 Aa
98.00+1.67 Aa
91.00%+3.19 Be
89.00+1.68 Bc
86.00+3.10 Cd
76.00+2.22 De
68.00+1.33 Ef
59.00+2.45 Fg

42471145 Aa
38.80£1.05Bb
37.42+0.74 Bc
33.46£0.75Cd
30.24x1.15De
30.14£1.10 De
17.77£0.20 Ef
16.6410.22 EFf
15.34+0.56 Fg
13.21£0.82 Gh
42.47+1.45Aa
39.96+1.10 Bb
37.97+1.16 Bc
25.20£0.36 Cd
24.90t1.86 Cd
19.60£1.39 De
19.60+1.39 De
11.454+0.20 Ef
8.381+0.34 Fg
2.87£0.46 Gh
42.47+1.45 Aa
40.98+0.64 Aa
37.57£0.70 Bb
30.67x1.11 Cc
27.46%1.45Dd
23.30x2.01 Ee
15.60£0.77 Ff
13.13£0.36 Gg
11.25+0.22 GHh
9.52+0.28 Hi

2226%1.11 Aa
20.09£0.59 ABc

19.96+2.53 BCb
15.88+2.20 Cd
13.16£0.74 De
12.1340.20 De
6.61+0.15 Ef
5.83+0.17 Efg
5.32+0.17 Efg
4.28+0.50 Fg

2226x1.11 Aa
22.03£0.99 Ab

19.41£1.75 Be

10.32£0.23 Cd
7.6313.74 CDe
5.73+0.45 DEe
3.35+1.41 EFf
1.8610.02 FGfg
0.80x0.04 FGg
0.20x0.04 Gg

22.26+1.11 Aa
21.49%1.05ABa

19.98+1.59 Bb

14.90+1.27 Cc

10.56+0.87 Dd
7.94+0.91 Ee
4.92+0.26 Ff
3.72+0.17 Ffg
3.14+0.26 FGgh
1.8340.06 Gh

FIZIPAFERS FBEORTE 0.01 KPZER B3, ARG TREORTE 0.05 KFZEREE, T

Capital letters indicate significant differences at the 0.01 level in the same type of column, lower case letters indicate the type of significant difference at the

0.05 level, same as below
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AbBEAR BEAERCA 13.21, CaCly WAL BE[% Ky 9.52,
1M Na, SO, AL BEAY Jy 2.87. SxtIEAMIEL, NaCl.
NapSO4 il AL T, - Ab BRI 25 B AI% (P<<0.01);
CaCl, % RALEE, 0.02 mol/L AP B EZER (P>
0.05), AR AP L EH L (P<0.01),

IS T FREOK M, 1EX AT N R 1 48
B 22.26, 5 5k AT L, NaCLE WAL FE, 0.04 mol/L
b3 S5 PR (P<<0.05), LA & Ab 3 I 0 25 B
ik (P<0.01); NaySO4 ¥ ALEE, 0.04 mol/L 42
WFEBHK (P<<0.05), B 0.02 mol/L AbH G i 2% 7
FeAh (P>0.05), A% 4 BRI R E K (P<
0.01); CaCl % WALFE, 0.02 mol/L AbFH TG b 2 %
5 (P>0.05), A& AbE LR EZEFMK (P<
0.01).

gr BTk, Sk kRl -1 & /r NaCl #1 CaCl,
iR, 2EEBEIKE (Psg) A 0.12 mol/L, NaySO,
P8R Pso 24 0.10 mol/L.
22 FREIREBRHRMEXN R EREkLEE KM

R (R 2) R, TEXTEA N4
A ZFKEN 5.66 cm, SXTIRUAHEL, NaCl # i ab#E,
0.02 mol/L AbIH B #EFE(E (P<0.05), HiAth % AbEH
PIR R BRI (P<<0.01); Nap SO, AR B, 5% 0.02
mol/L #bFE % % 5 (P>0.05) b, HAh &b
PR PR (P<<0.01); CaCly AL EE, 0.024
0.04 mol/L AT E %R (P>0.05), HALK4b
FRIR R PR (P<<0.01)

MARA AT, o0 AR R 4R R 12.02
cm, TMHER 0.18 mol/L Ab3 R, NaCl % AbEE N
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Table 2 [Effect of different single salt stress on growth of Amygdalus mongolica seedlings

A FE/(mol-L ™) PIPEZF K fem HK/em B 5 BRI i g UERA
NaCl CK 5.66+0.08 Aa 12.02+0.33 Aa 2.6310.21 Aa 15.00+0.96 Aa
0.02 5.2310.35ABa 7.77£0.22 Bb 2.33%0.06 ABb 12.00£0.82 Bb
0.04 4.75+0.47 Bc 7.25+0.11 Bbe 2.66+0.30 Aa 8.00+0.50 Dd
0.06 3.63+0.28 Cd 6.41+0.34 Bc 2.37+0.28 ABb 6.001+0.96 Ee
0.08 345+0.12Cd 545+0.12Cd 2.1840.19 BCbe 3.00£0.50 Bc
0.10 2.8110.23 De 5.12+0.41 De 2.01x0.13 BCDcd 1.00£0.50 Ff
0.12 1.88x0.11 Ef 4.75£0.32 DEef 1.86£0.05 CDEde 1.00£0.50 Ffg
0.14 1.74£0.99 Ef 4.3610.24 EFfg 1.75£0.04 DEde 0.00+0.00 Fg
0.16 1.69+0.39 Ef 4.16+0.37 FGg 1.74£0.07 DEde 0.00£0.00 Fg
0.18 1.56£0.05 Ef 3.741+0.10 Gh 1.62+0.18 De 0.00£0.00 Fg
Na,SO, CK 5.661+0.08 Aa 12.024+0.33 Aa 2.631+0.21 Bb 15.00+0.96 Aa
0.02 5.33+0.22 Aa 7.0910.59 Bb 5.7610.09 Aa 11.00+0.50 Bb
0.04 4.1310.44 Bb 6.2410.64 BCc 2.5610.23 BCb 7.00+0.50 Dd
0.06 2.41£0.11 Ce 6.1410.49 Cc 2.05%0.07 Ce 4.0010.50 Ee
0.08 2.13£0.39 Cc 5.284+0.56 Dd 1.50£0.70 Dd 2.00+0.50 Be
0.10 1.35+0.42 Dd 4.17£0.70 Ee 1.46£0.05 Dd 1.00£0.00 Ff
0.12 0.6010.34 Eef 2.814+0.16 Ff 0.851+0.34 Ee 0.00+0.50 FGg
0.14 0.32£0.17 Eef 2.58+£0.02 Ff 0.81x0.01 Ee 0.00+0.00 Gg
0.16 0.25+0.53 DEe 2.25%0.17 Ff 0.47£0.02 Eef 0.00x0.00 Gg
0.18 0.19+0.03 Ef 2.13%0.10 Ff 0.34+0.02 Ef 0.00+0.00 Gg
CaCl, CK 5.66+0.08 Aa 12.02+0.33 Aa 2.631£0.21 Aab 15.00+£0.96 Aa
0.02 5.76+0.29 Aa 4.10+0.12 BCcd 4.10£0.12 Aab 12.00+0.50 Bb
0.04 5454+0.32 Aa 4.534+0.31 Bb 2.621+0.10 Aa 10.0040.50 Dd
0.06 3.681£0.37 Bb 4.4610.45 Bbe 2.6610.21 Abc 8.00+0.50 Ee
0.08 3.13£0.12 Cc 3.71x0.26 Cd 1.92+0.12 Bd 5.00x0.00 Be
0.10 2.45+0.48 Dd 2.1610.32 De 1.70£0.10 BCe 3.00+0.00 Ff
0.12 1.46+0.03 Ee 1.76 £0.09 De 1.58£0.02 CDef 1.00£0.50 Gg
0.14 1.32+0.04 Eef 1.16+0.28 Ef 1.41£0.05 Df 0.00£0.00 Gg
0.16 1.274+0.21 Eef 1.024+0.23 Ef 1.3940.11 Df 0.0040.00 Gg
0.18 1.05£0.05 Ef 0.83+0.14 Ef 0.9610.06 Eg 0.00+0.00 Gg
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3.74 cm, Na,SO,#RALHLE K 2.13 cm, 1M CaCl,
WHAR A 0.83 cme HXFHEAHLL, 3 Bl dh %Ak
TR G2 PRA% (P<<0.01). A&l &k 20 #7
TEXIRAAE T S bRt il 2.63 g, &5
XA EL, NaCl %A, 0.04 mol/L AbFE TG 2 3%
Z5 (P>0.05), 0.02. 0.06 mol/L 4b3 i 2% [EA%
(P<<0.05), AhAbI I EZEBFIL (P<0.01);

Na, SO, VWAL B, 0.14. 0.16 mol/L AbFH i 25 PRI
(P<<0.05), 0.18 mol/L AbFiA% i 2 &M% (P<<0.01),

HoAh S A BETE B2 25 5 (P>0.05); CaCl, % 45 4b
FRB B 2 FRIK (P<<0.01).

MIRAEARA B HT, AEXTRESRAE B IR AR 2
15 AN, 124 NaCl. CaCly Wik 3K 4 0.14
mol/L I, AR IR, Na,SO, % 0.12
mol/L Zb¥ N4 HT IR AR . 55X IEARLE, 3 Rl dh
AL FRIIH R FEIE (P<0.01).

IIMTEE R (3R 3) KW, EXTRESA el s S
PR T4 0.51 g, HXTHAHLL, NaCl Ak 3,

R3 TRBHEPEMNEKERUGEER. WRAEMZIE

Table 3 Different effects of salt stress on growth, dry matter distribution Amygdalus mongolica seedlings

b ER/(mol- L™ B 5 BRTETRRg 5 BRI TR /g YR K% i 2 PR /%
NaCl CK 0.511+0.02 ABab 0.0710.04 Aa 80.471+1.05 Aa 0.00+0.00 Ee
0.02 0.554+0.04 Aa 0.0610.02 Bb 79.25+2.75 Aab 0.004+0.00 Ee
0.04 0.554+0.03 Aa 0.06%0.05 Bc 78.66+0.87 Aab 0.004+0.00 Ee
0.06 0.5240.02 ABab 0.05%+0.01 Cd 77.85+1.93 ABab 0.00%+0.00 Ee
0.08 0.514+0.06 ABab 0.0540.03 Ce 76.48+0.96 ABbc 0.00%0.00 Ee
0.10 0.46+0.09 BCbc 0.04%0.02 Df 73.87+£1.32 B¢ 0.00%+0.00 Ee
0.12 0.4240.00 CDcd 0.04+0.03 Eg 69.50+1.25Cd 25.00£1.59 Dd
0.14 0.4140.01 CDcde 0.0440.02 Fh 66.25+2.06 CDe 51.00+2.22 Cc
0.16 0.40%0.01 CDde 0.03+0.03 Gi 62.50+1.73 Df 67.00+1.83 Bb
0.18 0.3540.00 De 0.031+0.01 Hj 5525+ 134 Eg 82.00+1.71 Aa
Na,SO; CK 0.5140.02 ABb 0.07+0.04 Aa 80.471+1.05 Aa 0.004+0.00 Hh
0.02 0.9940.79 ABb 0.06+0.04 ABab 79.17+1.71 ABa 0.0040.00 Hh
0.04 0.5740.07 ABa 0.06+0.04 ABCb 77.83+£1.02 ABab 0.0040.00 Hh
0.06 0.524+0.03 Aa 0.0540.02 CDcd 74.71+0.66 ABb 14.0010.96 Gg
0.08 0.4840.03 Bbc 0.0440.03 DEde 73.72+2.08 Bb 22.00£0.58 Ff
0.10 0.38+0.44 Bbc 0.0340.00 DEef 73.69+1.06 Bb 33.001+0.48 Ee
0.12 0.3640.02 Bbc 0.0340.02 EFef 63.641+0.75 Cc 46.00£1.63 Dd
0.14 0.354+0.01 Bbc 0.03£0.02 EFfg 57.52+1.91 Dd 56.00+1.15 Cc
0.16 0.2440.01 Bbc 0.02%£0.01 FGgh 50.344+2.09 Ee 72.00+1.91 Bb
0.18 0.184+0.01 Bbc 0.01£0.01 Gh 46.25+1.39 Ef 85.001+1.26 Aa
CaCl, CK 0.514+0.02 ABb 0.0740.04 Aa 80.471+1.05 Aa 0.004+0.00 Ff
0.02 0.554+0.05 ABab 0.0540.03 Bb 79.11%+1.51 ABa 0.004+0.00 Ff
0.04 0.574+0.07 ABb 0.0540.04 Bb 78.48+1.43 ABab 0.004+0.00 Ff
0.06 0.584+0.01 ABc 0.0440.03 Bb 75.97+1.56 Bb 0.004+0.00 Ff
0.08 0.5540.00 ABab 0.031+0.02 Cc 71.41£1.68 Cc 0.004+0.00 Ff
0.10 0.5140.04 Bb 0.0240.01 Dd 70.22+1.28 Cc 33.00+1.71 Ff
0.12 0.4240.08 Cc 0.0240.01 De 64.50+1.29 Dd 63.00+2.16 Ee
0.14 0.3940.00 CDcd 0.01%0.00 Ef 61.25+1.50 De 73.00%+3.56 Cc
0.16 0.3740.00 CDc 0.01%0.00 EFf 53.75+2.22 Ef 83.00+1.15Bb
0.18 0.3540.00 Dd 0.01£0.00 Fg 48.25+3.10 Fg 89.00+0.58 Aa




* 2514

¢ 8% Chinese Traditional and Herbal Drugs 3£ 48 % 285 12 #§ 20174E 6 A

0.02~0.10 mol/L 4 BETE 235 2 7 (P>0.05), HiAih
A PRI BRI (P<<0.01); Na,SO, WAL B,
0.04. 0.06. 0.08 mol/L Ab¥¥4) L (P< 0.05)
HoAh A Ab 3 B W 2 55 (P>0.05), 0.02 mol/L
AEFER 25 PRI (P<<0.01); CaCl2 #ALFE, 0.02.
0.08. 0.10 mol/L Ab¥E L H 2% % 5 (P>0.05), 0.04
mol/L #bF G ZFR% (P<<0.05), HiAth & 4bFH I
BFERE (P<0.01).

MG BT AT, AEX RS T 4
5 BRI N 0.07 g, SXHEAHLEL, NaCl. CaCl,
VWA AL BRI B B2 25 P (P<<0.01); NapSO,4 i
AR, 0.02 mol/L AbFETE 3% 25 5% (P>0.05), 0.04
mol/L AbH L ZE B (P<<0.05), Hith % AbBEIAIFK
WERME (P<0.0D). ZEAHHAKEN, i
BEh A KAE NaCl F1 CaCl, AR, Pso 4 0.10
mol/L, NaySO4 il T Psy 24 0.06 mol/L.

LRI IR SR BT, 70 B T 4 i Al
FKEN 80.47%, HXTHUAHLL, NaCl #liAb#E,
0.02~0.06 mol/L AbHI W 2% % 5% (P>0.05), 0.08
mol/L AbFE i 2 K (P<<0.05), Hith 44 AbFissy it
W R B (P<0.01); Na,SO4 WAL, 0.02.
0.04 mol/L A3 2 3 F#AIL (P<<0.05), 0.06 mol/L 4b
AR T 25 PG (P<<0.01), oAb ANETE B3 %R
(P>0.05); CaCly %iAbEE, 0.02. 0.04 mol/L AbH
TwEZER (P>0.05), A LI 2 3 AL
(P<0.01).

WA R IR KM, 7E 0.18 mol/L ALEE R,
NaCl BN 82%, NaySO4 ¥l M 85%, CaCly ¥l
H 89%. HXFIEALL, NaCl¥WALFE, 0.02~0.10
mol/L A BE 2R (P>0.05), HAL®ATEY
W B THE (P<<0.01); NaySO4 iliAbEE, 0.02.
0.04 mol/L WHILEF =R (P>0.05), HAhik
PR R TR (P>0.05); CaCly %A EE, 0.02~
0.10 mol/L AbHICW % 257 (P>0.05), A& 4t
PRI E T (P<0.01),

3 #it5itie
3.1 ARIREBREMB T H Rk &Z/I5 0

Toh Wi R RN e A SR AR A — A rh O
TBURRRY B, SLHA R RE IR B RE ) se i 6 A Pl i
(1o A L PR A Sz 25 SR W, IR 1) R 26
BRE L RERN Wk, MIBEEWRET S, X
AW A, BARRILN 0.02. 0.04. 0.06 mol/L
NaCl FRFF KR TN 98% 99%-~ 99%, =

T CRZEZN 95%) 3%~4% (P>0.05), 0.02.
0.04 mol/L NaySO, kAT K 2F %35 0y 98%, 3%
TR 3% (P>0.05), ifi 0.02. 0.04 mol/L CaCl,
IR TR R BN 98% 99%, B TR
(95%) 3%~4% (P<<0.05), 5% fbkFl 11
KA NaCl. NaySO4. CaCly £h45 — 7€ 13 NV Y5 il .
T A5 T v A P B SR 00 b R Ak BRIPE L, 3L
0T REE 5 ot B R AR 8 ) 3 K S 4 = (P<<0.05),
ANTRIFR S B R (A R B AN ], NaCl #h i il
5559, 76 0.18 mol/L WKL, Fi1 R ZFH 1A 73%,
NaySO,4 sh NI FH ik, {E 0.18 mol/L ¥R NFp1
REFFALUN 20%. 53 H1IN A NaCl £h5 CaCl, $hab#i
XP R AR PR REAE P35 T NapSO, 5, 1M i
RN LRSI NapS0,>CaCl,>NaCl. K, 7
- RhERTIH N T BRSSO kI, R s
YL, AR E R R, R YE SR sl ik
BRSCR T, FARFIT R, A R O .

YT R S D = QL s R RN TN
FRAEVS 1, 2R AR FRIKE, B NaCl,
Na,SO4+ CaCly ¥R JF (1) 4k 23 K Ff 11 e Pk 2 %A%
WETR (P<0.01), 43KJEN 0.18 mol/L I F1
FIHT R K R0 82%. 85%- 89%, Z5HT,
VR SR I R R IROR SRR K G R
BiMAS R PR FRFER L ER (P>
0.05) o X W] ER e Mk B gl e, M1 RE RS Wi K
X S AR AE SR S PR N YRR AR AT
{1
32 ARIKEBRHMBEXNFHBRSEE KNI

WG N REEE. BRI AL N
R R I AR 2 P Sl R T
RGFRE. MRS WIAEMRKRE . REK. AR
AN MR KR AR T T R R AR I
TR (P<0.05), FREEAHBAED, BT E
(1 0L R V5 RO 52 1 Ak 4 1 AR K T S S A
(P>0.05), B ¥ %A W7 - e 00 1610 200 1. Sk =5 48 it
(P<<0.05), 73 Bk k58t Bk 4 v 26 K R 52 Ak
JESINERES i) IS ER

W BERAE) r= AE SF AR ()5, [ A A
X BT P A e E N AR, X AR 2 A
W 5 10 A A AL R S e ok, szt o oL i
TN, ARG ER U R SR Bk 4 R AR K
80.47%, BEA 3 M shys oK FEIANT TH iy, 4l
PR K MR 235 PR (P<<0.01), 7E 0.18 mol/L
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W N, NaCl. Na,SO,4. CaCly, EhI4h A& K
N 55.25%. 46.25%. 48.25%, Z3HTilK, 3
P Ep R A B AR BEAK K2 NapSO4>CaCl,>NaCl.
XIS, 5 R dk 4 v a e BRI 5 K
H, R EBIE AR K S T AR -

ARSI R TR, 3 FOANFER L 0.02~0.06
mol/L W, HAJAZFT e T r b, HE
HhnEaHe (P>0.05), 1A BT KT Ak
FH, BEEFEEBA (P<0.05). 11 3 A
#R1E 0.12~0.18 mol/L, HJAEZFT i AR Fi )
KT b, HEREEFFEER (P<0.0D.
LRI, 23 BT DA R A — s R R Y [ P ) S AR Jih e
BEAE SRR EE 3G I, WIZEZE s, R
HR 00 PRI, R LU it o B 6 2 1 o J) S A
FIGEE (P<0.01), TN S A Bk % i xf
THMAR RIS GRARPrE) (5em, SRR A
KR 2ORMATIEN A K, bk g —
Y0 R B AR ST i, T8 I AR AR K 1 T AN RE
HATIE R AR, S bkl i R & 52 B0 2 )
il (P<0.01), AREpELRIET:. B, fE5Eh
BRSNSV IR R, Bk
ERXT A AR A, BRI AR K
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