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Abstract: Objective To study the effect of different temperature and PEG-6000 simulated drought stress on seed germination of
Rhubarb, exploring the optimum temperature and tolerance of seed germination of rhubarb under drought stress. Method To use
six temperatures (10, 15, 20, 25 and 30, 35 °C) and six PEG concentrations (0, 5%, 10%, 15%, 20%, 25%) to simulate the
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temperature stress and drought stress to deal with rhubarb seeds, artificial culture box, with the help of SPSS 24.0 single factor
variance analysis on the germination potential, germination rate, germination index, radical length, hycopotyl length, cotyledon
length index statistics and analysis. Results Drought and temperature had significant effects (£<<0.05) on the seed germination and
seedling growth of these three rhubarbs. Under the same temperature condition, seed germination indexes deceased with the
increasement of PEG concentrations for these species. For R. palmatum and R. tanguticum, seedling growth indexes decreased as
PEG concentrations increased. R. officinale seedling growth indexes showed increased then decreased and reached peak at 5% PEG.
25% PEG severely repressed R. palmatum and R. tanguticum germination, and completely inhibited R. officinale germination. At 20
°C or 25 °C, seed germination and seedling growth indexes of the three rhubarbs all reached maximum under various PEG
concentrations. At temperatures below 20 °C or over 25 °C, seed germination and seedling growth indexes displayed decreasing
trend, while showing decreased dramatically at 35 °C high temperature. Conclusion Over all, under all experimental conditions,
indexes of R. palmatum and R. tangutum seeds showed better germination speed and uniformity, higher seed vigor, and stronger

drought resistance than those of R. officinalis. Mild drought might be good for seedling growth of R. officinalis. This study provided

a theoretical basis for the germplasm assessment, standard cultivation research and applications of rhubarb.
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Fig.1 Final germination rates of three rhubarb seeds under the interaction of temperature and PEG concentration
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Fig. 2 Cumulative germination percentage of three rhubarb seeds under interaction of temperature and PEG

concentration
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Fig.3 Germination potential of three rhubarb seeds under the interaction of temperature and PEG solution concentration

*1 BES PEG REREXEERT 3 MAEMTHAL
WEERHBEST (F1BE)

Table 1 Multivariate an OVA of three rhubarb seeds
germination under different treatments (F value)
- o gy F i
ERFE RHH BARFE
P+ 1444 231" 1044.651**
I 551.992™ 302.004™*
IS E] 512.262% 491.126*
FhF iR 93.788* 22.464™
il S 1= 27.920* 14.111**
M+ e 92.825* 45.930™
B+ IR E + B 8.683" 4977

*P<0.05, ™P<0.01
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Table 2 Radicle length and hypocotyl length of three rhubarb seedlings under the interaction of temperature and PEG

concentration (x x s)

- K JE /mm
=0 wE/IC
fein AT R CK 5%PEG 10% PEG 15% PEG 20% PEG
MR ZY 10 9.26+2.42C 10.01£1.632P — — —
15 214542438 18.27+4.428 18.66+1.81B 10.27 £5.40%¢ 6.78 £4.11b€

41.66+£6.70%4
42.45+3.24%4
13.53+£2.39¢C

20 41.54+£5.49%4
25 43.56+9.19%4
30 12.19+3.46€

35 7.55+1.32%¢ 5.52+1.27%
YY 10 7.98+3.238 —
15 9.34+2.41%8 12.16£3.99%8

27.48+£7.15%
29.54+4.634

20 20.75+8.45%
25 21.17£6.17%

30 8.64+2.59%8 6.93+1.11%¢
35 — —
TGT 10 15.43+3.62€ 15.12£2.93€

25.87+£6.47%
37.00+3.21%4
36.88+7.14%4
12.78 £5.11%¢

15 23.53+4.36%8
20 36.08+6.04%4
25 25.52+7.88%8
30 10.57£2.35%°

35 5.1340.934%E 5.24+1.58%0
B ZY 10 2.07+£0.5120 1.7940.42%C
15 4.36+0.65%C 4.42+0.75%
20 7.16+£1.25% 5.924+1.19v%4
25 5.574+1.22%8 4274+1.268
30 4.6241.23%C 5.334+1.05%
35 2.8940.892D 2.65+0.56%C
YY 10 2.434+1.23P —
15 3.0540.64%C 3.3840.95%
20 5.56+0.94%A 5.73+£0.914
25 5.54+1.08%4 5.89+1.36%
30 4.83+1.60%8 3.9740.56"8
35 — —
TGT 10 5.0140.72%8 4.3240.90%
15 5.5340.80°AB 5.1640.84%8B
20 5.7741.54%A 6.25+1.48%
25 6.00+1.75% 6.52+0.75%
30 4.92+1.90% 5.0440.72%8
35 2.80+0.462C 2.94+0.63%0

16.98+3.43B
20.5743.95%

25.7613.9408
36.17149.6304

29.27+5.65%
32.6517.54%

10.18 £1.71°¢ 10.07 £2.26¢ 8.124+3.32%¢
4.584+0.67°P 4.7740.30P 4.4340.33%P
7.3942.445C 6.861+4.04%8 —

26.58+6.134 16.97+3.05% —

22.22+6.24%8 8.78+2.91¢B —
6.70£1.125€C 5.78 +1.38°E —
12.74+2.68C 9.47+1.83%€ —

18.38 £5.53%8 —
23.3744.58°4 —
18.58+6.43°8 10.64+6.279

20.45+4.448
29.80+4.63%
31.44+5.88%4

14.27+£4.87¢ 10.64+2.88C 9.16+3.18%
3.99+0.68° — —
4.28+1.4724 2.27+0.80¢ 1.53+£1.22%¢
4.7940.67°4 4.56+1.074 3.19£0.97
4.2440.75% 4.6710.88% 3.35£0.494
4.0941.02% 3.99+0.65% 3.01£1.32°8
2.24+0.45% 2.67£0.60C 2.36+0.72%8
2.36+0.48C 2.32+0.40°¢ —
4.85+1.26%4 4.77+£1.09% —
4.881+0.91% 3.77+1.25% —
3.14+0.65% 2.66+3.47C —
3.1040.82 2.4240.31%¢ —
4.7010.62%8 4.1940.94%8 —
5.334+0.91%A 4.7940.88% —
5.7240.81%4 4.22+0.90048 3.624+0.91°4
4.57+0.76%8 4.05+0.63%8 3.68+1.17%
2.14+0.37°0 — —

ANAFERRRZEREE P<0.05, TH

Different letters indicate significant difference P < 0.05, same as below
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F|H Design Expert 8.0 #ff, UIFhFIEA, 4b
Fbia . SRR AFE RN R, DmERFER Ik
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Table 3 Multivariate analysis of variance for growth of three rhubarb seedlings under the interaction of temperature and

PEG concentration

ZRKIE JEAR K /mm AR5 K /mm FHK/mm H1/mm
Fh ¥ 231.448™ 144.155™ 6.779™ 337.940%
R 646.857* 388.082* 10.807"* 781.500*
JiliE 534.149™ 702.375™ 18.991*" 792.751"
Fh 7+ iR E 26.048"" 29.239™ 1.459* 30.334™
WRRE -+ e 47.506™ 30.423" 1.448° 50.087"
¥+ e 19.695™ 14.232™ 0.733* 24.155™
P+ IR+ ha 5.739™ 8.418" 1.770™ 7.472*

*P<0.05, P<0.01

&4 BESPEGHERREXEERAT IMAARDEMNFHKREK (X15)
Table 4 Cotyledon length and seedling length of three rhubarb seedlings under the interaction of temperature and PEG

concentration (x x s)

L N . £ ¥ /mm
fRbR M RIEC CK 5%PEG 10% PEG 15% PEG 20% PEG
T ZY 10 3.92+0.632P 3.88+0.74%¢ — — —
15 5.9440.79C 5.69+0.74%8 5.0240.528 3.2240.64C 2.9340.65B
20 7.63+£1.1024 6.811+1.19% 5.134+0.92%8 5.554+0.78 3.71£0.75%
25 6.82+0.96%8 5.59+1.15% 5.0940.95%8 5.394+0.994 3.81£0.884
30 6.38+0.772BC 5.84+0.8328 5.71£0.7024 4.4741.04%8 3.28+2.09%8
35 3.161+0.57%P 3.524+0.90°¢ 3.3240.55%¢ 3.64+0.51€ 3.08+0.3228
YY 10 3.73+4.21P — — — —
15 4344041 4.38+0.56%8 3.2440.488 3.09+0.83P —
20 6.62+1.0724 6.28+0.8728 5.334+0.96" 4.85+0.87% —
25 6.47+1.61% 7.65+0.902A 5.56£1.06% 4.2340.7948 —
30 6.001+0.9228 4.42+1.4358 3.73+0.68"8 3.96+2.76 —
35 — — — — —
TGT 10 5.434+0.46%C 4.42+0.52bP 3.984+0.54C 2.9840.52¢C —
15 6.68+1.10%8 5.44+0.75€ 5.17+0.455BC 4.59+1.07¢4 —
20 8.17+1.5324 6.28+1.238 5.6511.30bB 5.03+1.15%4 —
25 7.76£0.982A 7.77+0.9324 7.0510.80°4 4.24+0.86B 3.76 +0.65%
30 5.48+0.64¢ 5.41+0.58%¢ 4.4610.82bC 3.8240.71%C 3.15+£0.77¢A
35 3.74+0.632P 3.56+0.51% 3.18+0.512P — —
TH Y 10 15.82+3.432D 15.57+2.36%C — — —
15 37.25+7.38:B 35.12+3.44%8 34.20+6.048 19.83+7.43%C 10.78 +5.88<B
20 68.97£9.7424 65.94+8.6824 46.741+7.06%A 41.00+5.46B 28.46+5.75¢4A
25 74.57+18.6724 67.85+6.9%4 52.361+7.14% 52.261+10.45% 31.254+5.40A
30 27.95+4.92:€ 30.22+3.7928 23.03+3.60bC 19.8512.04%C 12.14+2.97¢B
35 15.94+2.812P 13.23+2.25%C 11.56+0.87<P 11.96+0.21b<¢ 11.43+1.08B
YY 10 13.17£5.19¢ — - - -
15 18.13+3.8428 21.19+5.5328 13.18+2.66"8 14.351+4.96C —
20 34.11£6.67%A 39.71+9.08*A 40.101+8.484 28.97+4.475%A —
25 33.93+8.06" 48.70+4.792A 36.74+6.39%A 19.52+4.79°B —
30 20.48+4.3128 17.81+3.772B 14.79+1.81%8 13.87+3.96C —
35 — — — — —
TGT 10 26.14+2.97%C 23.54+3.272C 22.10+3.67°C 15.88+3.90°C —
15 38.58+3.0228 38.30+6.4828 34.43+4.71%8 28.85+4.575 —
20 53.17£7.61* 52.23+2.79%A 42.19+6.57%A 34.62+4.41A 13.45+4.359
25 46.21+8.83A 56.35+9.08*A 46.35+7.64%A 27.254+9.38% 18.94+6.474A
30 25.14+3.88%C 27.26+6.38%C 24.31+4.07%C 21.48+3.18%8 17.27+4.86%
35 12.67+1.92%P 12.68+1.922P 9.86+1.27°P — —
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Fig. 4 Response surface of interaction between temperature and PEG solution concentration on rhubarb growth
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