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Abstract: Objective To reveal the characteristics of seed germination and seedling growth of Rheum palmatum, R. tanguticum and
R. officinale and the effects of gibberellin (GA3) priming on seed germination and seedling development under high salinity stress.
Methods The double-layer filter paper culture method was used for the analyses of seed germination and seedling growth of three
rhubarbs under various treatments including 0, 100, 150, 200, 250 mmol/L NaCl stresses, and seed dressing or seed soaking with 200
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and 250 mg/L GAS3, respectively. Results Seed germination rates of three rhubarbs decreased and the relative injury rate of salinity
increased with the increasement of NaCl concentration (P << 0.05). The cotyledon, hypocotyl, root and seedlings length were all
strongly inhibited with the increasement of NaCl concentration (P << 0.05). Seed dressing or soaking with GA3 could significantly
improve the germination rate of R. palmatum under 200 mmol/L NaCl (P << 0.05), and under 250 mmol/L NaCl only seed dressing
had effect (P << 0.05). Seed dressing with two concentrations of GA3 and seed soaking at low concentration of GA3 improved the
germination rate of R. tanguticum under 200 mmol/L NaCl (P << 0.05), and under 250 mmol/L NaCl GA3 had no promoting effect
(P > 0.05). Seed dressing with GA3 and seed soaking with high concentration GA3 enhanced the seed germination rate of R.
officinale under 150 mmol/L NaCl (P << 0.05), and under 100 mmol/L NaCl GA3 had no promoting effect (P > 0.05). Seed
soaking with GA3 could promote the growth of root and seedling for R. palmatum, R. tanguticum and R. officinale under the
included salinity stresses (P << 0.05). Conclusion Seed germination and seedling growth of the three rhubarbs under the included
NaCl stressesall showed repressed. The three species displayed different tolerance at the seed and seedlings stages against salinity
stress, and R. officinale was the least. Either Seed dressing or soaking with GA3 priming could alleviate the seed germination and

seedling development of rhubarbs under high salinity stresses.
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Different lowercase letters in the same species showed significant differences among different treatments at the 0.05 level
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Fig. 1 Effects of different NaCl concentrations on germination rate and potential of Rhei Radix et Rhizoma seeds
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Fig. 2 Effects of different NaCl concentrations on relative germination rate and potential of rhubarb seeds
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Table 1 Effects of different concentrations of NaCl on seedling growth of rhubarb seedlings

WyFh Qb3 FHK/mm JEF < /mm A /mm HK/mm FEX 7755 1%
L PN CK 598+040a 9.53+1.07a  34.50%3.15a 58.47+3.21a 0.00
100 mmol L NaCl ~ 543+0.62b 7.77+0.73b  27.73+1.89b 44.08+1.15b 0.03
150 mmol L *NaCl ~ 5.10+059b  6.80+055c  17.05+2.86¢c 31.48+2.18¢c 0.04
200 mmol L1 NaCl ~ 3.38+0.21c  5.32+1.01d 4.67+0.42d 15.53+0.52d 0.24
250 mmol L1 NaCl ~ 3.49+0.32c  5.14+0.80d 2.51+0.11d 12.32+1.31d 0.59
EERERE CK 5.01+0.56a  5.3210.69b 30.29+2.57a 44,28 +1.55a 0.00
100 mmol L NaCl ~ 4.71+0.33a  6.48+0.26a  26.33%0.66b 38.07+0.34b 0.02
150 mmol L NaCl ~ 3.684+0.40b  4.3240.75bc 5.95+0.84c 16.03+0.90¢c 0.18
200 mmol L1 NaCl ~ 3.02+0.00b  3.75+0.34c 4.07+053cd  12.48+1.01d 0.20
250 mmol L1 NaCl  3.29+054b  3.14+1.27c 2.18+0.45d 9.89+2.15¢ 0.60
N CK 6.11+0.64a  8.28+1.40a 40.38+1.95a 58.16+2.61a 0.00
100 mmol L NaCl ~ 4.67+046b  6.38+0.33b  17.58+1.77b 31.35+0.58b 0.29
150 mmol L NaCl ~ 3.51+0.21c  5.45+0.56b 7.27+0.15¢ 17.79+0.76¢c 0.61
200 mmol L1 NaCl ~ 353+0.08c  3.75+0.40c 3.59+0.77d 12.08+1.14d 0.89
250 mmol L. NaCl - - - 10.54+0.40d 0.98

FFIAFE NG FERRAA 27 B3 (P<0.05), —RpaAT &
Different lowercase letters in the same column showed significant differences among different treatments at the 0.05 level, — indicates undetected.
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Table 2 Effect of seed dressing with GA3 on seed germination and seedling growth of rhubarb under NaCl stress

I AoH REFE % R 1% THKmMm K /mm K /mm K /mm

MK 200 mmol L7 NaCl 67.33+4.68c  1067+£6.53c  3.38+021b 532+101b  467+042b  1553+0.52hc
200 mmol L1 NaCl+200 mg L2 GA3  84.00+365h  16.00+163bc 3.75+042b 6.38+£127b  3.74+110c  14.79+1.40c
200 mmol L NaCl+250 mg L GA3  95.20+£390a  22.80+3.350  4.06+050b 7.36+£1.000  4.24+251b  16.46+2.33b
CK 9567+557a  9400+537a  598+040a 953+107a 3450+3.15a  58.47+3.21a
250 mmol L NaCl 2567+742c  120+110b 3494032 514+080b  251+011b  12.32+131b
250 mmol L1 NaCl+200 mg L2 GA3  53.60+£2.19b  4.33+£2.34b  454+061b 677£172  6.09+185h  17.68+2.06b
250 mmol L1 NaCl+250 mg Lt GA3  54.00+1.63h 3.33£231b - - - -

FEHEEKHE 200 mmol L NaCl 46.00£7.21c  13.00£141b  3.02+0.00b 3.75+034c  4.07+053b  1248+1.01c
200 mmol L1 NaCl+200 mg L2 GA3  69.50£1.92b  13.60+£2.97h  307+038b 6.04%0.100  3.09+116b  1538+2.02hc
200 mmol L1 NaCl+250 mg L2 GA3  66.40£4.780  17.00£5.030  348+062b 6.66+=1.100  4.65+157b  18.33+1.52b
CK 7920+2.68a  7440+167a 5010562 5324069 30.29+257a  44.28+1553
250 mmol L NaCl 40004633  200+000b  329+054b 3.14+127c  2.18%045¢c  9.89+2.15¢
250 mmol L2 NaCl+200 mg L GA3  4267£306b  2.00£0.00b  358+0.0b 5.12+128h  3.27+1.86b  13.39+1.72b
250 mmol L1 NaCl+250 mg L GA3  4050£3.00b  2.00£0.00b - - - -

iR 100 mmol L. NaCl 55.00+6.48b  19.83+240c  4.67+046b 6.38+033b  17.58+177¢c  31.35+0.58b
100 mmol Lt NaCI+200 mg L1 GA3  52.33+2.080  22.33+£1.16bc 537+121b 868+184ah 23.12+803b  36.67+4.78b
100 mmol Lt NaCl+250 mg L2 GA3  49.00+5.66b  27.00£2.83h  569+057b 8.69+1.70ab 19.15+534b  34.92+4.20b
CK 69.83+4.40a  51.83+458a  6.11+064a 828+140a 4038+195a  58.16+2.6la
150 mmol L. NaCl 20.00+4.56¢ 2.83+279¢  351+021c 545+056c  7.27£0.15¢ 17.79+0.76c
150 mmol Lt NaCl+200mg L GA3  32.33+2.31b  7.67+058bc 4.30+0580 5.87+070h  7.96+1.34c  19.79+142c
150 mmol Lt NaCl+250 mg L GA3  34.33+351b  10.00£346b  4.67+066b 6.43+148h 12.76+1500  26.57+4.14b

FFFE—#HKES CK ANAR/NGFRFREREE (P<0.05) ~FrAalE. TR
In the same column, different lowercase letters among the same salt concentrations and CK groups showed significant differences at the 0.05 level, —

indicates undetected, same as below
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#F 3 GA3 Z#3t NaCl 8 T AEMFIAA RAEEKNFI
Table 3 Effects of seed soaking with GA3 on seed germination and seedling growth of rhubarb under NaCl stress

Wik W K% REAY%  FrKmm K /mm MK /mm T H/mm
EHKE 200 mmol L1 NaCl 67.331468c  10.67+653d 338+£021h 532+101b 4674042  1553+0.52%
200 mmol L:NaCl+200mg L1 GA3  86.80+4.38b  62.00+58% 4.74+084b 74311830  16.44+042h  30.08+-095b
200 mmol L:NaCl+250mgL 1 GA3 ~ 80.00+6.63b  2680+363c 587+059h 8224149  17.96+033h  33.14+0.65h
CK 9567+557a  94.00+537a 598+040a 953+107a 345043158  5847+321a
250 mmol L% NaCl 2567+7.42b  120+110c 349+0.32b 514+080b  251+0.1lc  12.324+13lc
250 mmol L2 NaCl+200mg {1 GA3 26404434  350+192b 442+038b 61941100  9.61+221h  2249+1.71b
250 mmol L2 NaCl+250mg L 1 GA3 ~ 21.67+6.62b  400+231b 461+042b 7.2241300  1135+247h  2487+117h
FEHE K 200 mmol L2 NaCl 4600£7.21c  13.00+141b 3.02£000c 375+034c 4071053 1248+101Lc
200 mmol L:NaCl+200mg L 1 GA3 564047540  17.33+£6.11b 4.26+073b 6.69+070b 152742200  28.11+2.27b
200 mmol L"*NaCl+250mg L 1 GA3 ~ 54.00+2.83bc  20.00+£7.83b 4.37+055b 50540520  12.44+133h  24.20+167h
CK 7920+2.68a  7440+167a 501+056a 532+06%  30.20+257a  44.28+155
250 mmol L% NaCl 40004633 200+£000c 329+054h 314+127c  218+045c  9.89+2.15¢
250 mmol L2 NaCl+200mg L1 GA3 328045020  200+0.00c 368+0.29b 49640520  8.85+224h  19.04+2.14b
250 mmol L2 NaCl+250mg L 1 GA3 ~ 39.20+4.60b  7.00+258b 385+047b 5364053  10.05+196h  21.21+2.76b
MK 100 mmol L1 NaCl 550046480  19.83+240b 467+046b 6.38+033c  17.58+177c  31.35+0.58¢
100 mmol L I NaCl+200mgL 1 GA3 ~ 57.33+7.77h 8674153 512+090b 8.06+0.75h  22.04+363b 37.61+458hc
100 mmol L I NaCl+250 mg L 1 GA3 ~ 65.67+513ah  9.33+116c 5.27+044h 866+-13%bh 2350+3.28h  40.66+2.90b
CK 69.83+4.40a  51.83+458a 61110642 8.28+140a  40.38+195%  58.16+261a
150 mmol 4% NaCl 2000+456c  283+27%b 351+021c 545+056c  7.27+015c  17.7940.76¢
150 mmol L1 NaCl+200mgL 1 GA3 ~ 2550+495hc  1.00+000b 3.92+052h 697+142b  791+24%  1954+252%h
150 mmol L 1 NaCl+250 mg L 1 GA3 ~ 3350+071h 03340580 3.76+057h 622+153b  7.77+146b  19.31+1.32h

xR EHEER (P>0.05), KFEHRMLH
IR GA3 HRIEHER (P<<0.05); 4tk S
Xt FEAH EE T B2 481k (P>0.05), 2 AN K E GAS3
BRI R AR AR (P<0.05).
7E 100 mmol/L NaCl e ~, XJ 25 H K7
St 200 A1 250 mg/L GA3 #E:fh (£ 2), R#FEXRE
SHEM LT EE 2R (P>0.05), miEKE GA3
PR ERER Y (P<0.05); FHK. Bk
A K E X A TG R E R (P>0.05), &2
FIEHE(P<<0.05). LA 200 F1 250 mg/L GA3 iZFh (K
3 I, MTRFRSHBMELEEEZR (P>
0.05), RHEHEEMH (P<0.05); THKS5XIIE
LR IEE B Z 7 KTF (P>0.05), 2 NMRAEKR
J¥ GA3 kiR, MAHMAEK (P<0.05), 1
150 mmol/L NaCl i3t~ , %t 24 F K s Fl -7 S2 i 200
F1 250 mg/L GA3 ¥ (% 2), REFZHEXHAHLL
BIRERE. mARKE GA3 BRIt R FH (P<
0.05); 2 AN Bk FE GA3 & R HE Ll 1 I R il
MAK (P<0.05), mikEE GA3 B R dE il Ak

K (P<<0.05). A 200 A1 250 mg/L GA3 iZFf (% 3)
I, SRERERECERFRE (P<0.05), K
FWAE (<1.00%) HEXEMELTEEZR (P>
0.05); 2 MKRFE GA3 ABEER, 2t i, IahK .
MK S5HKEIRS (P<0.05).
3 g

SR A T R A T W P A 2 2 0 35 o TR
1, 24 R T A& RO 2R 5 7K 40 FH DR IR 5 4%
Jpia T, AR B SR AR S B HL R )
B, RS A BEE H R R BRIRZE X,
Hu RS TR RIMNES LI = M iE,
9T R B PR R 5 18 A% 4 L[R]3 BOR AL 232 By 2
TEMZE RIS, AR E IR ARG 3 Fi KB R+
B R S 4T R B N SR M N, ek o) B R vy
A TR AN [E R B P 5T ot ST ALt B9 5 Bkl AT
GERRI 3 MREM T RARKFR. RFEHBLIME
NaCl iy 5 52 (14 G 57T FEAI, AE 9555 22 Bl #h A FE
BRI, X550 AR A ShIR T
IR 2R BB R e — 820, 3 Fhok 4l 1
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M, IRAhK . AR AT KB NaCl ik B2 im AR 5,
FFEMARTIERE. S FBARB, HY)
i 4 2 S5 55 200 it A 22 26 B 2B A0 AR i i R 255 D) A
R, K HE 244 B AT S ST R I KB R
R SAREERE LU R R 2%, B = E
AREICE L RFAERA) B BN R T R K B 3
Mgk T2 R, BRI, R
AT RER I H T IS E B = (T 52 1, A R IR
WENIE TIX— 5L, BPZGRREM i R A K%
R aFZR IR, R SR 1 S22
TERYPh TR RGOS AR, REE ZON iR PR o
JEEAAR R E AR, v LA IR A
R A KRB AR R, EEfT
JVE P B 1 R ARG B30, W AUAE SR A R —
WREE GA3 12 Fh 51 K Be A R 5 d oS e, Bl
SRR, KRV T H K, FH GA3
PERD ARG AR I GA3 FERhER RS AE B
200 mmol/L NaCl F# M- KFEFIF R ZFR, FHhikE
A 250 mmol/L NaCl i}, 1 GA3 #:F e dh 1 & 2
GA3 FEFhEAR B (200 mg/L) GA3 IZFhRE(E
#t 200 mmol/L NaCl N JE R R BRI 2F, #Hhik
5% 250 mmol/L NaCl i, GA3 $:fhalig fhiyk
RALFAEA; GA3 FEFEIZ A% 100 mmol/L NaCl
JoipiE R 25 R B M T R F R EE R, GA3 #EFEL
B (250 mg/L) GA3 ZFiHE(EE#E 150 mmol/L
NaCl e PR RZE. 3 FRTER P RXT GA3
SIRAEHEZESR, PERERFEANFEILIRE NA
EHHER, TTRES 3 MM EAL S A B IE A K
GA3 2Pl i il $E i A K A, R
P79 AR B AE A AR S PIRVE T, R EEIRI R & &
P i 2324, 3 PR SR E A 3 B B, GA3 HEFREK
B DL B e N R R 2 R ALEE AR IR
HIHIET GA3 Bl KA P T KA e
BEER, T B AR R B RIS AN R AR
H—EZ M. NaCl haF, FHAMFHEIN GA3 &
HEZFRMR K T2 xR, m i &k E (400
mg/L) GA3 JZFl 36 h Bk, HIFARME T
SR GA3 IR, AR I GA3 2RI RER
BEER A T MR R A2 KT
MRAITH A, JOHR SRR 2 150 mmol/L
NaCl i}, Bl (250 mg/L) GA3 2 Fh B &
HEZG P CE AR 1A K IX e A B 7E AN 5256

WE R HE 5 200 mg/L B8 250 mg/L 2 N E
JZ GA3 SN, GA3 1AM H T~ B R BN
R RTEAN K E » GA3 FEAf R M A H T L 1
BTIAHRENEHKE. i T, GA3fEmM+

LA oK B E KRR e, (8RR o K

TR, AR AR AR R I R K Ak A A

fih IR, AT BE A AS B AL AR AE A, XAT

RERZAWITT GA3 Sl ARt shlhin N R4 m A K

AR R e . EAt, ASHIFFTiE A IAE 250 mmol/L

NaCl I, E RSN R SR A s A K2 1) R 2%

FHME R PR S TR GA3 PR ™ B ] = Eh

i TR B AN A KA E , WS GA3 FERRAE R

Al RE Y S ARG SRR M, (ER A

(S IR SRS N 2 1
HBEAR PAEEHFARELEF YR
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