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The Influence of CaCI2 Priming in Rice under Salinity Stress at Germination Stage
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Abstract

In the northeastern region of Thailand, saline soils cover an estimated areas of about 11.5 million
rais where are mainly rice growing areas with low rice yields. The strategy to solve this problem is improving
salinity tolerance in plants. One method is using seed priming technique which based on hydration seed
control with low osmotic potential solutions in order to increase germination percentage and germination
rate. The research aim was to investigate the effect of rice seed priming with calcium chloride solution (CaCIz)
on seed germination under salinity stress. Factorial in CRD (8x3x3) were conducted with 3 factors as followed:
1) eight rice varieties which had 4 hybrid rice varieties from China (Pao-Tou-Hung, ZHE733, Shai-Kuh and
Guan-Yin-Tsan) and 4 inbred rice varieties from Thailand (RD41, RD43, RD73 and SPR60) 2) three rice seed
priming methods (non-seed priming, seed priming with H O and CaCIz) and 3) three concentration levels of
NaCl (0 80 and 120 mM). Total 72 treatment combinations with 3 replications were carried out at Thailand
Rice Science Institute during March-May 2018. The results showed that unprimed rice seeds had low seed
germination rate, whilst seed priming with CaCI2 enhanced rice seed germination. The results also showed
that germination percentage and speed of germination index under salinity stress at 80 mM concentrations
of NaCl were highest in the variety Guan-Yin-Tsan comparing with the others. Furthermore, germination rates
of the varieties RD43, Pao-Tou-Hung and ZHE733 were better than those others. In addition, coefficients of
germination of the varieties SPR60, RD73, ZHE733 and Pao-Tou-Hung were higher than the rest of the
cultivars. It was also found that the mean germination time was shorter in the variety RD43, RD41 and Pao-
Tou-Hung. The critical information derived from this study shows that rice seed priming with Ca(312 enhance
seed germination under salinity stress.
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Chinese rice Thai rice

Fig. 1 Plant materials used in the study including 4 Chinese hybrid rice varieties: Pao-Tou-Hung (A), ZHE733

(B), Guan-Yin-Tsan (C) and Shi-Khun (D) and 4 Thai inbred rice varieties: RD41 (E), RD73 (F), SPR60
(G) and RD43 (H)

Pao-Tou- ; Guan-Yin-
- Shi-Khun - ZHE733 RD41 RD43 RD73 SPR60
Hung Tsan
L |

Hydro Osmo
priming priming

Fig. 2 Flow chart of three priming methods on Chinese and Thai rice under three salinity stresses
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Table 1 Analysis of variance (ANOVA) of germination percentage, speed germination

index, germination rate, co-efficient of germination and mean germination time

of rice seeds under salt stress

Source of of Mean square

variation GP SGl GR CG MGT
Salt stress () 2 95.80ns  770.21** 6.69**  635.33* 21.35*
Priming (P) 2 558.57**  116.53™* 2.97**  372.22** 8.58™*
Variety (V) 7 4438.64**  501.58** 2.64*  603.19*" 8.27**
SxP 4 76.44ns  20.56*" 0.12* 141.67** 1.96**
SxV 14 173.72* 32.08* 0.31**  146.49™* 0.50**
PxV 14 322.15** 19.62** 0.24** 41.46™* 0.58**
SxPxV 28 56.46ns 8.69™* 0.10** 26.54** 0.21*
CV (%) 7.7 15.3 18.2 9.6 9.4

* ** = gignificant difference at P < 0.05 and P < 0.01, respectively

ns = not significant difference, GP = germination percentage,

SGI = speed germination index, GR = germination rate, CG = co-efficient of germination,

MGT = mean germination time
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Table 2 Means of germination percentage, speed germination index, germination rate,

co-efficient of germination and mean germination time of rice seeds under

different salt stress

malbsirgss GP SGl GR e MGT
NaCl (mM)
0 89.47  17.84a 138a 30.83a  3.09c
80 88.39 1331b  1.03b 27.99b  3.65b
120 87.17  1149c  078c 2490c  4.18a
LSD (0.05) 2.26 0.71 0.06 0.89 0.11
CV (%) 7.7 15.3 18.2 9.6 9.4

GP = germination percentage, SGI = speed germination index, GR = germination rate,

CG = co-efficient of germination, MGT = mean germination time

Means in the same column followed by a common letter are not significantly different at

0.05 level by LSD

Table 3 Means of germination percentage, speed germination index, germination

rate, co-efficient of germination and mean germination time of rice seeds

under salt stress with difference priming method

Priming method GP SGI GR CG MGT
NP 86.06 b 12.78 b 0.84 c 25.30b 4.30 a
HZO 87.53 b 14.66 a 1.11b 28.98 a 3.52b
CaCI2 91.44 a 15.21a 1.24 a 2945 a 3.37c
LSD (0.05) 2.26 0.71 0.06 0.89 0.1
CV (%) 7.7 15.3 18.2 9.6 9.4

NP = no priming, GP = germination percentage, SGI = speed germination index,

GR = germination rate, CG = co-efficient of germination, MGT = mean germination time

Means in the same column followed by a common letter are not significantly different

at 0.05 level by LSD
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Table 4 Means of germinatiqn percentage, speed germination index, germination rate, co-efficient

of germination and mean germination time of rice seeds under different sait stress and

priming method

Salt stress Priming method GP SGI GR CG MGT
NaC! (mM)
0 NP 89.25 b 17.27 a 1.20¢c 3140 a 3.13f°
H20 87.50 b 18.27 a 1.34 b 30.73 a 3.16 e
CaCI2 91.67 a 17.99 a 1.61a 30.38 a 297g
80 NP 86.08 b 12.04 d 0.79 e 23.98d 4.08b
HZO 87.58 b 13.25¢ 1.10¢c 29.26 b 3.54d
CaCI2 91.50 a 14.64 b 1.21¢ 30.73 a 3.34e
120 NP 82.83c 9.03f 0.54 f 20.51e 487 a
HzO 87.50b 12.45d 0.89d 26.95¢ 3.87b
CaCl2 91.17 a 12.99d 0.91d 27.22¢c 3.79¢c
LSD (0.05) 2.26 0.71 0.06 0.89 0.11
CV (%) 7.7 15.3 18.2 9.6 9.4

NP = no priming, GP = germination percentage, SGI = speed germination index,

GR = germination rate, CG = co-efficient of germination, MGT = mean germination time

Means in the same column followed by a common letter are not significantly different at 0.05 level

by LSD
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Table 5 Means of germination percentage, speed germination index, germination rate, co-efficient of
germination and mean germination time of rice seeds under different salt stresses, priming methods

and varieties

SAllSIEES g method  adsty GP SGl GR CG MGT
NaCl (mM)
0 Nopriming  RD43 98.00ab 2253bc 136de  39.14ab 256 fg
SPR60 5333d 5959 050fg  20.00ef  4.18cd
RD41 9400ab 1458de 1.00ef  2941cd  3.43ef
RD73 9333ab 21.12c  159cd 23796  3.16ef
P-T-H 100.00a  1975cd 1.30de  3565bc  2.81fg
ZHE733  9867ab 2211bc  134de 37.77b  265fg
SK 98.67ab 2047c  163cd  37.48bc 267 fg
GY-Ts  7800bc 11.64ef 088ef  27.93de 358 de
H.0 RD43 96.00ab 2519b  158cd 43.12a 2329
SPR60 48.00d  634fg 087ef  2448de 4.14cd
RD41 9467ab 1686de 128de  3458bc  2.90f
RD73 86.00b 29.83a  222b  1466fg  3.19ef
P-T-H 9467ab 1325ef 107e  2675de  3.74de
ZHE733  100.00a  2367bc 1.36de  38.89ab  2.57fg
SK 9200ab 17.61cd 143cd  3513bc  2.85fg
G-Y-Ts 8867ab 1339e  089ef  2821d  355de
CaCl, RD43 9867ab 2322bc 166cd  39.07ab 256 fg
SPR60 7000c  819fg 08lef  2256ef  352de
RD41 9333ab 16.11de 169cd  3417bc 293 ef
RD73 8200b 2867a 293a  1207g  291ef
P-T-H 100.00a  17.83cd 171cd  3497bc  2.86fg
ZHE733 ~ 9867ab 18.00cd 1.71cd  3491bc 287 fg
SK 9400ab 1533de 122de  3197cd  3.13ef
GY-Ts  9667ab 1655de 1.17de  3334c  3.00ef
80 Nopriming  RD43 91.33ab 14.23de 086ef  29.01cd 346e
SPR60 67.33cd 6219  044fg  17.72f  5.02bc
RD41 9200ab 1144ef 077ef  2404de  4.16 cd
RD73 96.67ab 17.67cd 125de  1973ef  3.70 de
P-T-H 9467ab 11.92ef 069f  2437de 4.11cd
ZHE733  96.00ab 1357de 085ef  2677de  3.74de
SK 890.33ab 14.96de 1.01ef  3027cd  3.37ef
GYTs  6133cd 628g 047fg  19.92ef  5.09bc
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Table 5 (cont.)

Salt Stress . .
Priming method Variety GP SGl GR CG MGT
NaCl (mM)
80 H,0 RD43 100.00 a 17.22cd  1.69cd 34.09bc 293 ef
SPR60 62.00 cd 7.38 fg 0.78 ef 23.11 ef 433 cd
RD41 88.00 b 1428de 1.14de 31.82cd  3.15¢€f
RD73 97.33ab 16.92d 1.30 de 33.867bc  3.10ef
P-T-H 92.00ab 11.52ef  0.79ef 2482de 4.03d
ZHE733 94.00ab 15.72de 1.39d 33.29¢ 3.01 ef
S-K 83.33b 13.51de 1.13de 3146cd 3.18ef
G-Y-Ts 84.00 b 9.43fg 0.56 fg 21.79 ef 463c
CaCl, RD43 98.00ab 17.89cd 1.57cd 34.84bc  2.87fg
SPR60 66.00 cd 8.07 fg 0.91 ef 23.78 e 4.21 cd
RD41 97.33ab 1546de 1.04e 31.19cd 3.21ef
RD73 97.33ab 16.22de 1.49cd 33.72bc  3.04 ef
P-T-H 97.33ab 16.17de 1.24de 32.67¢c 3.07 ef
ZHE733 96.00ab 16.56de 1.69cd 34.13bc 293 ef
S-K 96.00ab 16.06de 1.09de 31.81cd 317 ef
G-Y-Ts 84.00 b 10.66ef  0.63fg 23.73 e 422 cd
120 No priming RD43 95.33ab 11.75ef 0.66f 2342¢ 4.27 cd
SPR60 58.00 a 4629 032g 15.51 fg 524 b
RD41 82.67b 8.62 fg 0.51fg 20.27 ef 4.96 bc
RD73 96.67 ab 9.81f 0.63 fg 19.77 ef 524 b
P-T-H 98.00ab 11.12ef  0.57fg 21.98 ef 4.57 cd
ZHE733 98.67ab 10.39ef  0.52fg 20.42 ef 4.90 be
S-K 86.67 b 11.85ef  0.78 ef 2570de 3.90de
G-Y-Ts 46.67 d 410g 0.30g 17.03 f 5.87 a
H,0 RD43 98.67ab 17.05cd 1.39d 33.33¢c 3.00 ef
SPR60 47.33d 5219 0.68f 21.25 ef 4.72 bc
RD41 87.33b 1241ef  0.82ef 27.42de 3.65de
RD73 96.00ab 16.18de 1.05e 31.80cd 3.21ef
P-T-H 89.33ab 11.24ef  0.866f 2497de  4.01de
ZHE733 09.33ab 16.46de 1.16de 32.82¢c 3.05 ef
S-K 94.67ab 1259ef  0.72f 25.11de 3.98de
G-Y-Ts 87.33b 8.50 fg 0.41fg 18.92 f 534 a
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Table 5 (cont.)

Salt Stress Priming method Variety GP SGI GR CG MGT
NaCl (mM)
120 CaCl, RD43 98.00ab 17.11cd 1.70cd 3443 bc  290f

SPR60 70.00 c 6.03 g 0.42 fg 16.81 f 4.73 bc
RD41 88.00 b 10.47 ef 0.42fg 22.50 ef 4.46 cd
RD73 98.00ab 15.89de 1.04e 32.32cd  3.29 ef
P-T-H 98.67ab 16.24de 1.29de 32.55cd  3.07 ef
ZHE733 96.67ab 1541de  0.96 ef 31.33cd  3.19¢€f
S-K 96.00ab 14.15de  0.79 ef 28.12de  3.56de
G-Y-Ts 84.00 b 8.63 fg 0.49 fg 19.71 ef 5.08 bc

LSD (0.05) 11.05 3.47 0.31 4.34 0.55

CV (%) 7.7 15.3 18.2 9.6 9.4

P-T-H = Pao-Tou-Hung, S-K = Shai-Kuh, G-Y-Ts = Guan-Yin-Tsan, SPR60 = Suphan Buri 60

GP = germination percentage, SGI =

germination, MGT = mean germination time

speed germination index, GR = germination rate, CG = co-efficient of

Means in the same column followed by a common letter are not significantly different at 0.05 level by LSD
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