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Seed priming to enhance seed germination of purple upland rice
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ABSTRACT: Purple upland rice has been of interest due to it contains antioxidant substance such as anthocyanins.
Upland rice is commonly sown by dry direct seeded method in dry seedbed. This results in uneven field emergence
and lower seed yield. This study aimed to investigate seed priming method in attempt to improve field establishment.
Water imbibition pattern, imbibition periods, 24 and 48 h were compared among priming treatments including soaking
seeds in NaCl (-1.25 MPa), CaCl2 (-1.25 MPa), polyethylene glycol (PEG 8000) (-1.5 MPa), 300 times diluted wood
vinegar (WV), distilled water and unprimed or dry seed as a control treatment. Results revealed that three purple
upland rice, Leum Pua, ULR 038 and Maled Pai primed with NaCl, CaCl,, PEG or WV imbibed water faster than
primed seed with distilled water. Phase II of water imbibition ended earlier when seeds were primed in WV (ULR
038) or in NaCl or WV for Maled Pai. Soaking seed for 24 h had a higher seed germination percentage, compared
to 48 h soaking when germination was set immediately after soaking. However, effect of different soaking periods
was not evident when germination was set after primed seed was dried to initial moisture content. Seed priming with
NaCl, CaCl,, PEG and WV increased germination compared to unprimed seed or dry seed. Effect of seed priming
with WV was more pronounced than other priming methods during storage of primed seed under ambient condition.
Keywords: seed hydration, plant derived smoke, pyroligneous acid, seed enhancement, upland rice, dry direct seeded rice
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Table 1

Variety 1000 seed weight (g) % seed coat to seed weight Germination (%)
Leum Pua 35.11 19.99 89
ULR 038 33.30 20.01 83
Maled Pai 26.36 19.99 87
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Table 3 Germination percentage of Luem Pua rice evaluated at 5 days after germination (first count evaluation)

Priming methods Germination (%) after imbibition (h) Germination (%)° after imbibition (h)
24 48 Average 24 48 Average

CaCl, 92.50 ab 89.00 bc 90.75 A 89.00 abc 90.00 ab 89.50 A

NaCl 92.00 ab 89.00 bc 90.50 A 84.50 cd 85.00 cd 84.75B

PEG 96.50 a 88.50 bc 92.50 A 92.00 a 87.00 bcd 89.50 A

Wood vinegar 95.00 a 92.50 ab 93.75 A 92.50 a 91.00 ab 91.75 A

Distilled water 96.00 a 85.00 ¢ 90.50 A 83.50 d 88.50 abc 86.00 B

Average 94.40 A 88.80 B 88.30 A 88.30 A

F-test

Priming methods (P) ns *

Imbibition periods (1) ** ns

PX| ok ok

C.V. (%) 3.66 3.78

'germination test was conducted after priming; “germination test was conducted after primed seeds were dried to
original seed moisture content

Initial germination of Luem Pua dry seed was 89%; ns = not significant; *, ** = significantly different at p<0.05 and 0.01,
respectively

Means within priming methods (P) or withinimbibition periods (1) followed by the same capital letter(s) were not significantly different
by Least significant difference (LSD) at p=0.05

Means within P X | followed by the same lower case letter(s) were not significantly different by Least significant difference

(LSD) at p=0.05

Table 4 Germination percentage of Luem Pua rice evaluated at 14 days after germination (final count evaluation)

Priming methods Germination (%)" after imbibition (h) Germination (%)? after imbibition (h)
24 48 Average 24 48 Average

CaCI2 93.50 bc 92.00 bcd  92.75 ABC 90.00 abc 91.00 ab 90.25 A

NaCl 93.50 bc 90.25d 91.88 BC 85.50 cd 86.00 cd 85.75B

PEG 95.00 ab 91.50cd  93.25AB 93.00 a 88.00 bcd 89.50 A

Wood vinegar 97.00 a 91.50cd 94.25A 93.50 a 92.00 ab 92.75 A

Distilled water 90.25 o’ 91.00cd  90.63C 84.00 d 89.50 abc 87.00B

Average 93.85A 91.25B 88.30 A 88.30 A

F-test

Priming methods (P) * *

Imbibition periods (1) ok ns

PXI - *

C.V. (%) 2.00 2.60

'germination test was conducted after priming; “germination test was conducted after primed seeds were dried to
original seed moisture content

®Seed germination percentage of the final count was lower than first count due to the developing seedlings decay.
Initial germination of Luem Pua dry seed was 89%; ns = not significant; *, ** = significantly different at p<0.05 and 0.01, respectively
Means within priming methods (P) or within imbibition periods (1) followed by the same capital letter(s) were not significantly
different by Least significant difference (LSD) at p=0.05;

Means within P X | followed by the same lower case letter(s) were not significantly different by Least significant difference
(LSD) at p=0.05
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Table 5 Germination percentage of ULR 038 rice evaluated at 5 days after germination (first count evaluation)

Priming methods Germination (%) after imbibition (h)

Germination (%)° after imbibition (h)

24 48 Average 24 48 Average
CaCI2 86.50 82.00 84.25 AB 84.00 ¢ 89.00 b 86.50 B
NaCl 88.50 81.50 85.00 A 90.50 ab 93.50 a 92.00 A
PEG 90.00 80.50 85.25 A 91.50 ab 91.50 ab 91.50 A
Wood vinegar 91.00 85.50 88.25 A 94.00 a 91.50 ab 92.75 A
Distilled water 82.00 75.50 78.75B 83.50 ¢ 88.50 ¢ 83.50 B
Average 87.60 A 81.00 B 88.70 A 89.80 A
F-test
Priming methods (P) * o
Imbibition periods (1) sk ns
PXI *

ns

CV- (%) 6.74 3.46

' germination test was conducted after priming; * germination test was conducted after primed seeds were dried to

original seed moisture content

Initial germination of ULRO83 dry seed was 83%; ns = not significant; *, ** = significantly different at p<0.05 and 0.01,

respectively

Means within priming methods (P) or within imbibition periods (1) followed by the same capital letter(s) were not significantly

different
by Least significant difference (LSD) at p=0.05

Means within P X | followed by the same lower case letter(s) were not significantly different by Least significant difference

(LSD) at p=0.05

Table 6 Germination percentage of ULO 038 rice evaluated at 14 days after germination (final count

evaluation)

Priming methods Germination (%) after imbibition (h) Germination (%)° after imbibition (h)

24 48 Average 24 48 Average
CaCI2 89.00 92.00 90.50 A 86.00 91.00 88.50 B
NaCl 93.00 94.50 93.75 A 92.50 95.50 94.00 A
PEG 92.75 93.00 92.88 AB 93.50 93.50 93.50 A
Wood vinegar 94.00 92.50 93.25A 96.00 93.50 93.75 A
Distilled water 85.50 86.50 86.00 C 83.50 90.50 85.50 B
Average 90.85 A 91.70 A 90.70 A 91.80 A
F-test
Priming methods (P) ok ok
Imbibition periods (1) ns ns
P X1

ns ns

C.V. (%) 2.79 2.40

' germination test was conducted after priming; * germination test was conducted after primed seeds were dried to

original seed moisture content

Initial germination of ULRO83 dry seed was 83%; ns = not significant; *, ** = significantly different at p<0.05 and 0.01,

respectively

Means within priming methods (P) or within imbibition periods (1) followed by the same capital letter(s) were not significantly

different

by Least significant difference (LSD) at p=0.05
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Table 7 Germination percentage of Maled Pai rice evaluated at 5 days after germination (first count evaluation)

Priming methods Germination (%) after imbibition (h) Germination (%) after imbibition (h)
24 48 Average 24 48 Average

CaCl, 91.50 ab 87.00 b 89.25 AB 94.50 ab 94.50 ab 94.50 A

NaCl 92.00 ab 86.50 b 89.25 AB 88.50 ¢ 88.00 ¢ 88.25B

PEG 94.00 a 88.00 b 91.00 A 96.00 a 87.00 c 97.50 A

Wood vinegar 92.00 ab 88.00 b 90.00 AB 91.50 abc 96.00 a 93.75 A

Distilled water 92.00 ab 80.50 ¢ 86.25 B 88.00 ¢ 89.00 bc 88.25B

Average 92.30 A 86.00 B 91.70 A 90.90 A

F-test

Priming methods (P) * o

Imbibition periods (1) ok ns

PXI * *

C.V. (%) 4.30 4.19

' germination test was conducted after priming; * germination test was conducted after primed seeds were dried to
original seed moisture content

Initial germination of Maled Pai dry seed was 87%; ns = not significant; *, ** = significantly different at p<0.05 and 0.01,
respectively

Means within priming methods (P) or within imbibition periods (1) followed by the same capital letter(s) were not significantly different
by Least significant difference (LSD) at p=0.05

Means within P X | followed by the same lower case letter(s) were not significantly different by Least significant difference
(LSD) at p=0.05

Table 8 Germination percentage of Maled Pai rice evaluated at 14 days after germination (final count evaluation)

Priming methods Germination (%)" after imbibition (h) Germination (%)? after imbibition (h)
24 48 Average 24 48 Average

CaCI2 94.50 ab 95.00 ab 94.75 AB 94.00 ab 94.00ab  94.00 A

NaCl 91.00 bc 92.50 abc 91.75C 91.00 bc 93.00 abc  92.00C

PEG 96.00 a 88.50 ¢ 92.25 BC 96.00 a 89.00 ¢ 92.50 B

Wood vinegar 95.50 a 96.00 a 95.75 A 95.00 a 95.25 a 9512 A

Distilled water 89.50 ¢’ 91.00 bc 90.25C 90.00 ¢ 89.00bc  89.50C

Average 93.30 A 92.60 A 93.20 A 92.05 A

F-test

Priming methods (P) ** *

Imbibition periods (1) ns ns

P X1 * *

C.V. (%) 3.12 4.78

' germination test was conducted after priming; * germination test was conducted after primed seeds were dried to
original seed moisture content

®Seed germination percentage of the final count was lower than first count due to the developing seedlings decay.
Initial germination of Maled Pai dry seed was 87%;

ns = not significant; *, ** = significantly different at p<0.05 and 0.01, respectively

Means within priming methods (P) or withinimbibition periods (1) followed by the same capital letter(s) were not significantly different
by Least significant difference (LSD) at p=0.05

Means within P X | followed by the same lower case letter(s) were not significantly different by Least significant difference

(LSD) at p=0.05
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Table 9 Germination percentage of primed seeds during 3 months storage under ambient condition

Treatments Germination (%) of primed seed after storage (m) under ambient condition

0 2 3 0 2 3 0 2 3
Imbibition period (1) Leum Pua ULR 038 Maled Pai
24 h 93 a 89 81 89 89 84 90 b 92 79a
48 h 90 b 89 80 89 89 86 9% a 92 78 b
Priming methods (P)
CaCl, 92abc 92a 84 b 90 a 90 b 85b 94 ab 8de 78 bc
NaCl 91 bc 88 b 83 b 93 a 93 a 88 a 91c 95ab 75c
PEG 93 ab 91 ab 80 bc 92a 92ab 9a 96 a 92cd 82ab
Wood vinegar 94 a 93 a 89a 93 a 92ab 91a 95ab 94bc 85a
Distilled water 90 cd 89 Db 76 ¢ 86 b 86 c 81c 89 ¢ 96 a 84 a
Unprimed seed (control) 89 d 81c 72d 80 c 81d 87 c 84 d 90 d 67d
F-test
Imbibition periods (1) o ns ns ns ns ns * ns >
Priming methods (P) ok . ok . . . . ok *
I XP ns ns * ns ns ns ns * ns
C.V. (%) 5.21 4.52 4.98 8.27 4.34 5.90 6.87 2.18 5.67

ns = not significant; *, ** = significantly different at p<0.05 and 0.01, respectively
Means followed by the same letter(s) in the same column were not significantly different by Least significant difference
(LSD) at p<0.05

Table 10 Effect of interaction between imbibition period and priming methods on germination percentage of
Leum Pua at 3-month storage and Maled Pai at 2-month storage

Treatments Leum Pua Maled Pai

Germination (%)

at3m at2m
Imbibition period (I) x Priming methods (P)
24 h x CaCl, 83.00 b 84.00d
24 h x NaCl 83.50 b 94.50 ab
24 h x PEG 76.00 c 91.00¢c
24 h x Wood vinegar 91.75a 96.00 a
24 h x Distilled water 76.00 c 95.50 ab
Dry seed 73.00 cd 89.50 ¢
48h x CaCl, 84.00 b 84.50 d
48 h x NaCl 82.00 b 95.00 ab
48 h x PEG 84.00 b 92.50 be
48 h x Wood vinegar 85.75b 91.00 ¢
48 h x Distilled water 76.00 c 96.00 a
Dry seed 69.50 d 91.00 c

Means followed by the same letter(s) in the same column were not significantly different by Least significant difference

(LSD) at p=0.05
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