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Effect of Sodium Salt Stress on Seed Germination Characteristics of Polygala tenuifolia

ZHAO Ting, LI Jing, PENG Liang", HU Ben-xiang®, WANG Yuan-yuan, AN Yan-ru, HUANG Tao
( Shaanxi University of Chinese Medicine, Xianyang 712046, China)

[ Abstract | Objective: To provide reference for the early seedling cultivation of Polygala tenuifolia in
saline alkali soil, improve the yield of P. tenuifolia, and promote the efficient utilization of saline alkali soil by
studying the germination characteristics of P. tenuifolia seeds under different sodium salt stress conditions.
Method: P. tenuifolia seed germination was stressed with the single salt NaCl, Na,CO,, Na,SO, and mixed salt
NaCl + Na,SO,, NaCl + Na,CO,, Na,CO, + Na,SO,, NaCl + Na,CO, + Na,SO, salt solution, with distilled water
as the control. The number of germination was counted and recorded everyday; the germination potential,
germination rate, germination index and vigor index were calculated; the root height, shoot height, fresh weight
and dry weight were measured after germination. Result;: When the NaCl concentration =150 mmol-L™", Na”

mixed salt (NaCl + Na,S0O,) concentration =50 mmol -L™", Na' mixed salt (NaCl + Na,CO, ) concentration =

100 mmol-L ™", Na* mixed salt ( Na,CO, + Na,SO,) concentration =25 mmol -L "', Na® mixed salt ( NaCl +
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Na,CO, + Na,SO,) concentration =50 mmol+L ", the germination rate of treatment group was significant lower

than that of the control group (P <0.05), significantly inhibiting the germination of seeds. When the Na,CO,
concentration=5 mmol-L ™", the germination rate of the seed was significantly lower than that of the control group
(P <0.05), significantly inhibiting the germination of seeds of P. tenuifolia, and the inhibitory effect was
gradually increased with the increase of concentration. Conclusion: The results showed that low concentration of
NaCl, Na,SO,, NaCl + Na,SO,, NaCl + Na,CO,, Na,CO, + Na,SO,, NaCl + Na,CO, + Na,SO, salt solution
had no effect on germination of seeds, but with the increase of concentration, they had obvious inhibitory effect on
the germination of seeds. Single salt Na,CO, solution had the strongest inhibitory effect on seed germination;

Na,CO, =5 mmol - L' had significant inhibitory effecton germination of seeds, and the effect was gradually

increasedwith the increase of stress concentration.
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Table 1 NaCl,Na,CO,,Na,SO, treatments on germination of Polygala tenuifolia seeds(x +s,n=5)
otk #¢ B /mmol - L~ KRR/ % REHS % R SRR EDOE N2 V)
NaCl 0 46.67 +3.34" 44.44 +1.93° 24.05 +0.63" 12.51 £0.32° 0
10 55.55 +6.93° 43.33 +8.82° 21.70 £3.22° 9.33 £1.39" -19.03
25 57.78 +6.93" 36.67 £8.82° 23.41 +2.86" 10.09 +1.26" -23.81
50 56.67 +8.82° 44.44 +1.93° 21.21 +£2.31° 5.52 £0.60° -21.43
100 56.67 =3.34" 13.34 25.77" 15.92 +2.18" 0¢ -21.43
150 8.89 +3.85" 0° 2.15 £0.76° 0! 80.95
200 6.67 +3.34" 0° 1.16 £0.56° 0! 85.71
Na, CO, 0 46.67 +3.34° 44.44 +1.93° 24.05 +0.63° 12.51 £0.32° 0
5 42.22 +1.92" 25.56 +1.93" 15.88 £0.91" 4.92 +0.28" 9.53
12.5 35.56 +5.09° 30.00 +3.33° 15.25 £2.04" 3.35+£0.45° 23.81
25 27.78 +1.92¢ 6.67 +0.15" 6.83 £0.87° 0! 40.48
50 0° 0° 0! 0! 100
75 0° 0° 0! 0! 100
100 0° 0° 0! 0¢ 100
Na, SO, 0 46.67 +3.34% 44.44 +1.93" 24.05 +0.63° 12.51 £0.32° 0
5 37.78 +6.94" 18.89 +6.94"™ 13.38 +3.17° 3.88 +0.921 19.05
12.5 43.33 +6.67" 26.66 =11.55" 16.36 +3. 12" 5.39 +1.03¢ 7.16
25 56.67 =3.34" 31.11 £5.09" 19.10 £2.50" 7.07 £0.93" -21.43
50 41.11 +3.85" 14.44 +5.09 13.94 +1.01° 0° 11.91
75 40.00 +8.82" 17.78 +6.94" 13.14 £2.54° 0° 14.29
100 33.34 £5.77" 3.33 +3.34¢ 7.25 +£2.00¢ 0° 28.56

TE RS R /NG R R R A B W) 25 53 25 (P <0.05) (22 ~4 [H])
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(Na,CO, + Na,SO,) ¥ & =25 mmol- L™, JE é’il‘
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R2 BEHMEMNEZEMFEAFHNEM(x+s,n=5)
Table 2 Effects of mixed salt treatment on germination of Polygala tenuifolia seeds(x +s,n=5)
RAEH e i /mmol - L~ KR % REFHS % REFHREL W 1484 AHXT 3 R/ %
NaCl + Na, SO, 0 46. 67 +3. 34" 44.44 +1.93" 24.05 0. 63" 12.51 +0.32° 0
10 41.11 £6.94° 23.33 +£3.34" 16.67 £2.01" 6.84 +0.82" 11.91
25 38.89 +6.94° 17.78 +3. 85" 13.25 +0. 80° 5.56 +0.34° 16. 67
50 25.67 £3.35" 24.44 £1.93" 16.97 £1. 47" 4.24 +0.37¢ 44.99
100 25.67 £3.34" 11.11 £5.09° 14.05 +1.39" 0° 44.99
150 23.33 £6.67" 3.33 3. 33" 5.94 £2.67¢ 0° 50. 01
200 0° 0! 0° 0° 100
NaCl + Na, CO, 0 46. 67 3. 34° 44.44 +1.93° 24.05 0. 63* 12.51 +0.32° 0
10 43.33 £12.02°  30.00 +3.33" 16. 86 +3.80" 6.74 +1.52" 7.16
25 43.33 £5.77° 26.67 £6. 67" 16.02 £2.89" 5.77 1. 04" 7.16
50 41.11 £8.39° 26.67 +6.67" 15.00 +4. 07" 0° 11.91
100 10.00 6. 67" 1.11 £1.92°¢ 1.81 1. 44¢ 0° 78.57
150 4.44 £1.93" 0° 0.32 +0.13° 0° 90. 49
200 o’ 0° 0° 0° 100
Na, CO, + Na, SO, 0 46. 67 3. 34° 44.44 +1.93° 24.05 +0. 63° 12.51 +0.32° 0
10 43.33 £5.77""  22.22 +6.94° 14.72 +3.24" 5.15+1.13" 7.16
25 38.89 +5.09" 29.99 +5.77" 15.68 £2. 40" 4.55+0.69" 16. 67
50 28.89 +3.84° 4.44 £1.93¢ 7.13 £2.23¢ 0° 38.09
100 1.11 +1.92¢ 0! 0.25 =0. 43" 0° 97. 62
150 .11 +1.92¢ 0! 0.25 =0. 43" 0° 97. 62
200 0! 0! 0! 0° 100
NaCl + Na, CO, + Na, SO, 0 46.67 +3.34° 44.44 +1.93° 24.05 0. 63* 12.51 +0.32° 0
10 38.89 +3.85" 22.22 £5.09" 13.99 2. 64" 5.321.00" 16.79
25 43.33 +8.82° 26.67 +6.67" 17.12 £2.79" 4.79 +0.78" 7.16
50 5.56 5. 09" 2.22 +3.85° 1.54 £1.98° 0° 88. 08
100 2.22 +3.85" 2.22 +3.85¢ 1.22 £2.11° 0° 95.24
150 o’ 0° 0° 0° 100
200 ob 0° 0° 0 100
150 mmol - L™"B}, & ZE (KK 0, Na,S0,) =10 mmol-L~" [}, 7 2k Fh - (1 & 25 35 %

B Rl 2 S a5 17 - )
NaCl ¥ W BE T, A2 RS2 . NaCl ik ¥ <
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RN R ZF R RO B W A

24 Na,CO, ¥ J¥ =5 mmol-L "', Na,SO, #
5 mmol-L ™", J& & h Na® (NaCl + Na,SO, )(/'{Er
£k Na* (NaCl + Na,CO, ) ¥ & =
10 mmol - L™' | J& 4 %k Na® (Na,CO, + Na,SO,) =
10 mmol-L ™', & & & Na® ( NaCl + Na,CO, +

m

)drt

f?

10 mmol -1 ™" JRE

R R W /N TR
NI BUEFF A FERFEMAERENES

WAL, 7 — 114 A A J3E Y P P, b T DL A R A K
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21| B A o 5 (NaCl + Na,SO, ) ¥k & =10 mmol - L™, JR & £

FH AE XS £ R AT A, NaCl 5 i 6 3t 32 Fp - 19 4 Na* (NaCl + Na,CO,) ¥ ¥ =10 mmol - L ™" IE & %k
EFR R IR EE ) NaCl i {mhzgmﬁ¥ﬂﬁ7;z5f (Na,CO, + Na,SO0,) i ¥ =10 mmol - L ™" i}, ¥ i 134

HATGE #E4E T, 24 NaCl ¥k B2 34 K = 150 mmol - L~
BF R X 5 5 338 O, 1 o ‘TﬁquF?E’JH)ﬂﬁ SR,
Na,SO, ¥ J& < 25 mmol - , IR & £ (NaCl +
Na,CO, + Na,SO, ) ¥ J¥ <25 mmol - L'}, B % W38
e AU NG DO T B R A NG BT O T o

{ﬁlﬁAil\

RN ST 75 Tl 1~ F)  5 E E  W  C

3.2 fiEhphaE X AR K Rk R B R
3,4 AP, NaCl g W6 35 AR A md 4 ) 76 ) B
55, 5 AT vk B o R Ak B A A B B, NaCl ik
JF <25 mmol-L"~ Hﬂ‘,@uﬁﬂﬁkﬁﬁﬁﬂﬁjﬂﬂfﬂﬁ

Na® ( NaCl + Na,SO,)

<12.5
B <12.5 mmol-L™" JREEEN
E Na™ (NaCl + Na,CO,)

o

a
e BE <25 mmol - L™ JIRE

W <10 mmol - L™, J& & 4 Na® ( Na,CO, +
Na,SO, ) ¥ < 10 mmol - L.~ 'R A Eh Nat (NaCl +

Na,CO, + Na,SO, ) ¥ J& <10 mmol - L~ [}, i 75 19 AR

.64 -

J3 3% 0 4%, Na, SO, ¥k & =50 mmol - L™ R FEW K . 4 NaCl ¥R B =50 mmol- L', iE &
Na* (NaCl + Na,CO, + Na,S0O,) =50 mmol - L.~ [if, M AR AR F X RS R AR, M ) G AR AR
Ui BB HH K. 4 Na,CO, =5 mmol- L' IRA K.
%3 NaCl,Na,CO,,Na,SO, BB Xz HEMEI(x+5,n=5)
Table 3 Effects of NaCl,Na, CO;,Na,SO,treatments on Polygala tenuifolia (x +s,n=5)
PfLER e g /mmol - L ™! PR/ em K/ em fif F /mg T HE/mg
NaCl 0 0.506 7 £0. 03* 2.750 6 £0. 72" 18.233 3 +1.39* 1.833 3 £0.42°
10 0.433 3 £0.07° 3.226 7 +£0.74" 17.300 0 = 1. 42" 1.333 3 £0.21°
25 0.445 8 £0. 04* 3.893 3 +0.36" 19.833 3 +1.76* 1.400 0 +0.17*
50 0.266 7 £0. 03" 0.976 4 £0.28° 9.166 7 £0.32¢ 1.533 3 £0.32°
100 0° 0° 0! 0"
150 0° 0° 0! 0"
200 0° 0° 0! o*
Na, CO, 0 0.506 7 £0. 03* 2.751 6 £0.72° 18.233 3 +1.39° 1.833 3 0. 42°
5 0.311 5 £0. 08" 2.130 8 +1.43° 14.500 0 £4. 62" 1.166 7 £0. 21"
12. 0.223 3 £0.02° 1.623 6 £0. 39" 7.9333 £1.72° 1.933 3 0. 15°
25 o¢ 0" 0! 0°
50 04 0" 0! 0°
75 0¢ o* 0! 0°
100 0! 0" 0! 0°
Na, SO, 0 0.506 7 £0. 03* 2.756 3 £0.72° 18.233 3 +1.39° 1.833 3 0. 42°
5 0.486 7 £0. 006" 1.970 4 0. 65* 10. 600 0 +4. 34" 1.033 3 +0.21"
12. 0.332 6 £0. 04" 1.596 7 1. 11 10.033 3 +2.25" 1.500 0 +0. 35°
25 0.266 7 £0. 04° 0.683 3 £0. 08" 7.833 3 +0.83" 0.900 0 0. 1"
50 04 0° 0° 0°
75 o¢ 0° 0° 0°
100 04 0° 0° 0°
4 Na,CO, ¥ i mmol - L ™", Na, SO, KEXNHILREEZS, %E%L BE RS R, 2

Na,SO, ¥ # =25 mmol- L™ ,{E |
Na,SO, ) # =50 mmol - L' I 4

4 4h Na® (NaCl +
4 & Na® (NaCl +

Na,CO,) ¥ & = 25 mmol + L', J& & 45 Na®
(Na CO +N8.ZSO ) 225 mmol.L’],{L %I’E Na+

(NaCl + Na,CO, + Na,SO,) ¥ =25 mmol - L ™" i},
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x4 BEHRMEIZENEM(x£s,n=5)
Table 4 Effects of mixed salttreatments on Polygala tenuifolia(x +s,n=5)
RAEL ¥ BE /mmol - 1, ™! &/ em WK /em fiif i/ mg T/ mg
NaCl + Na, SO, 0 0.506 7 £0. 03" 2.751 6 £0.72° 18.233 3 +1.39° 1.833 3 +0.42°
10 0.406 7 0. 16° 2.422 5 £0. 54° 12.433 3 2.39" 1.400 0 £0. 44°
25 0.425 2 +0. 09" 2.293 7 0. 28" 20.266 7 +3.37" 1.933 3 +0.55°
50 0.251 0 +0. 04" 1.4233 £0. 11" 14.666 7 + 1. 80" 1.833 3 +0.35°
100 0° 0° 0° 0"
150 0° 0° 0° 0"
200 0° 0° 0° 0"
NaCl + Na, CO, 0 0.506 7 £0. 03" 2.750 7 £0.72° 18.233 3 +1.39" 1.833 3 £0.42°
10 0.403 3 +0.04" 2.611 3 0. 82" 23.000 0 + 1. 84" 1.966 7 £0.23"
25 0.362 5 +0.04° 0.853 3 £0.26" 15.300 0 +5. 53" 4.633 3 £5.51°
50 0! o’ 0° 0°
100 0! o* 0° 0°
150 0! 0" 0° 0*
200 0¢ 'M 0° 0°
Na, CO; + Na, S0, 0 0.506 7 0. 03" 2.750 0 £0. 72" 18.233 3 1. 69" 1.833 3 +0.42°
10 0.346 7 0. 04" 2.040 0 1. 14* 20.366 7 +1.85" 1.533 3 +0.23"
25 0.293 3 £0.02° 1.063 3 £0. 35" 16.766 7 +1.72" 1.033 3 £0. 15"
50 0! M 0° 0°
100 0! 0" 0° 0°
150 0¢ /M 0° 0°
200 0! M 0° 0°
NaCl + Na, CO, + Na, SO, 0 0.506 7 0. 03" 2.750 0 £0. 72" 18.233 3 +1.39* 1.833 3 0. 42"
10 0.383 3 +0. 006" 3.250 0 +1.03" 19.800 0 1. 36" 1.800 0 0. 72"
25 0.276 7 0. 06° 0.713 3 £0. 12" 13.866 7 0. 93" 1.366 7 £0.25°
50 0! o* 0° 0"
100 0! 0" 0° 0"
150 0¢ 'M 0° 0"
200 0! o’ 0° 0"

TG AR A A 32 B 2 ]

B B ok B, R NaCl, Na, SO, FlR A& 5
(NaCl + Na,SO, ) X izt 7 B &5 (0 400 il /5 FH A 55 . 24
NaCl ¥ JF < 25 mmol - L™ , Na,SO, w <

5 mmol-L ™", J& & h Na’ (NaCl + Na,SO, ) ¥ ¥ <

25 mmol - L~" i}, 378 3 (4 Bk '?XTMTEE% T2 5.
2 NaCl ¥ £ = 50 mmol - L', Na,SO, ¥ i =
12.5 mmol- L™, j& & #h Na® ( NaCl + Na,SO, ) ¥
J# =50 mmol-L~" i, bk 5 5 % B 1L i 3% B AT

(P<0.05), &Mz EmAER,
Bh Na,CO, iR A (NaCl + Na,CO,) iR &

(Na,CO, + Na,S0, ), i& & % (NaCl + Na,CO, +
Na, S0, ) X i€ 7 A= K 0 30 il 7 1 858 . 4 Na, CO,
W ¥ =10 mmol - L' I & 5 Na® ( NaCl + Na,CO,)
W = 10 mmol - L', i 4 4% Na® ( Na,CO, +
Na,SO,) ¥ ¥ =10 mmol - L ™" JE A& %h Na® (NaCl +
Na,CO, + Na,SO,) ¥ J& =10 mmol - L. ™" i}, 2 i £ bk
A E /N T X (P <0.05) , HL 6% ik 30 v B 1 18

PN =75 [ (NN T o N | R (R B 3
H 55

3.3 fEEMma xR E R T EA R R 3,
T 51 PO [ ) 8 S A s £ D A e s R
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St R T A7 R4 b (NaCl + NaySO, ),
1R A4k (NaCl + Na,CO, ) , 1B & £k (Na,CO, + Na,S0,)
Xof I ik T ) A 4 A 5, B O 3B VR EE Y 1 R
BT RN B, IR A3 Na® (NaCl +
Na,SO,) ¥ )& <25 mmol - L ™", J& 4 h Na® (NaCl +
Na,CO; ) #J# <10 mmol-L™" J& 44k Na* (Na,CO, +
Na, S0, ) ¥ i <10 mmol - L ™"}, 3 7 (1) &£ T K W30
WL B 1Y R W Tt o ) R W B 25,10, 10
i ik B d KA éu{ 4k Na® (NaCl +
Na,SO,) ¥ ¥ =50 mmol - L.~ {[»,Aﬁ'; Na® ( NaCl +
Na,CO, ) ¥ & =50 mmol-L " JE4&%h Na* (Na,CO, +
Na, SO0, ) ¥ & =50 mmol- L ~" [, it 35 1 # 5 5 % B
FH I B EFRAR (P <0.05) .
Hiih NaCl iR & 5 (NaCl + Na,CO, + Na,SO0,)
Xof I ik T ) A AR RO ARV R ) A R TR
AL S A T TJC R W), 24 e B ORI R uﬁ?iﬁ%
WAEIE - 24 NaCl ¥ B <25 mmol-L™ IR &
£h Na* (NaCl + Na,CO, + Na,SO, ) ¥ & <10 mmol -
L™V 8 Al A £ o e S o0 R G B 25 5 . NaCl
¥ B =50 mmol - L.7' B E Eh Na® (NaCl + Na,CO, +
Na,SO, ) ¥ Ji =25 mmol - L' [, f &5 B F L. 5
£k Na,CO, F1 Na,SO, it 7 fif 5 (1) 410 il 7 1 f ok
24 Na,CO, #11 Na,SO, ¥k & =5 mmol- L~ N ]
fief 0 Y4 4 0K B, L B A G O
VE JH 38 W7 48 54
M EHE R B, B3R NaCl, R 4 #h (NaCl +
Na,S0,) ,iB&3h (NaCl + Na,CO, ) , IR & 3k (NaCl +
Na,CO, + Na,SO,) XULJZL,._,\T“EEI’JW il VB i 55 o
NaCl ¥ J# < 50 mmol - L', JB &k Na® (NaCl +
Na,SO,) ¥ ¥ <50 mmol - L.~ "IR A Na® (NaCl +
Na,CO,) ¥ & <25 mmol - L ™", JE A& %k Na* (NaCl +
Na,CO, + Na,SO,) ¥ J¥ <25 mmol - L "'}, L2549 T
CIRSPONI /M E 2 dP -
Na,SO, WA T, B W0 9 B A 38 e 3
i S TE R R, Y Na,SO, ¥k EH 12.5
mmol - L ™" i, 376 &% 14 T 11 B A K AH, 5 0 R G
FPEES . IREE (Na,CO, + Na,SO,) il F,Na®
W&‘FSIO mmol - L ™" fif, T 5 X} G B E £ F
Na* ¥ =25 mmol-L ™" i, F 5 5 % BE A L & 3% F&
1. Na,CO, B30 T X 3 2+ 5 19 30 il 4 FH e
30,24 Na,CO, ¥k JE =5 mmol- L~ "B, AR T E R
FAR T X B, HLBE A R B G K, T B WA
4 iTH’l?
8RR A K R T & T IR Y, HERE A 7E R
. 66 -

mmol - L~

B 1t o A A, OB 1 B B Bl g e AR RE

ENGIELERN IR RO AR I S A SR N $iiyi4
EFES TR0 B RN A R R A i
BN B, 508 e Bl 22 350, 7K A X AR, £ A TR
JK PRI 40 4 K 2 B AR S e B RS
B o b 3 A B B AR L A I IR BF 9T NaCl,
Na, CO,,Na,SO, HEE 3% ¥ fil NaCl + Na,CO,, NaCl +
Na,S0O,,Na,CO, + Na,SO,,NaCl + Na,CO, + Na,SO,
TR G SRV WRON I8 35 M 1 W A RS2 ), 45 R e B, A W)
PR R R VRO S R o 1 I R S I R ] o AR B Y
NaCl, Na,SO,, NaCl + Na,SO,, NaCl + Na,CO,,
Na,CO, + Na,SO,, NaCl + Na,CO, + Na,SO, k% W
Xof G 7 - B B K TG s, B A R R R X A
¥ kAR FE E@ﬁn%ﬁwﬁﬁﬁ NaCl < 100
', Na,SO, < 100 mmol - IR A Eh Na®
(NaCl + Na,S0,) <25 mmol -L ™" | JE 435 Na* (NaCl +
Na,CO,) <50 mmol - L' J& &k Na® (Na,CO, +

mmol - L~

Na,S0,) < 10 mmol - L™, JE & % Na® ( NaCl +
Na,CO, + Na,S0,) <25 mmol- L "I, i & ) &k 4 %
55t B IG B P25 NaCl=150 mmol-L~", NaCl +
Na,S0, = 50 mmol - L™, i & 3k Na’ ( NaCl +
Na,CO,) =100 mmol - L.~ ,{ﬁ'x,Ai’\ Na® (Na,CO, +
Na,S0,) =25 mmol - L™, JE & £ Na™ ( NaCl +

Na,CO, + Na,S0,) =50 mmol- L ™" [}, Ff 7 i /& 2 %
M T B8 R 2 B A% . B3k Na, CO, ¥ 3 X Fh 1 & 2
R4 1 7 FH B2 5% , Na, €O, =5 mmol - L™" Fif i 38 75 i
T A B W AR E T o D T R R X AR
Tl W A A RAE R Trh sy M siE R, X 5
Sy A U — B

AN [R] ik 8 T R 378 A AR R &0 i AR K Y R Al A
AR . NaCl,Na,CO,,Na,SO,3 Fli £k 175 ¥ 0 i i
R = B 52 R, NaCl 310 i /E ] % 55 , Na, CO, 411
il o5k o AS [ 40 50 o) 28 R 40 AR N P A K ) 0 4
VEF /NI F 2 NaCl < Na,SO, < J& -4 h ( NaCl +
Na,S0,) <iR& 3k (NaCl + Na,CO, + Na,S0,) <iBR&
45 (NaCl + Na,CO,) < Na,CO, < &4 %5 (Na,CO, +
Na,SO0,) .

AL S A 5T R B IR B2 19 .k NaCl, Na, SO, ,
R4EEh (NaCl + Na,SO,) , IR & Jin';(NaCI + Na,CO, ),
R & (Na,CO, + Na,S0,), i8 & h (NaCl +
Na,CO, +NaZSO4)Hﬂ}iﬁ?,muﬁ¥ﬁ’37;z;f$ 5 Xk
WG W 35 1 22 S o RV B2 19 F 26 NaCl, Na, SO, , 1R
43 (NaCl + Na, SO, ) i F , m R R K Fikk e 5
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