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Growth and Yield of Rice as Affected by Saline Water Treatment
at Different Growth Stages

Chung Kuen Lee*’, Young Hwan Yoon*, Jin Cheol Shin*, Byun Woo Lee**, and Chung Kon Kim*
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ABSTRACT : Rice cultivar ‘Janganbyeo’ was cultivated
by irrigating the saline waters of high salinity (3.0%) and
medium saliniy (1.5%) for 4 days, and low salinity (0.5%)
for 30 days at tillering, early meiosis and heading stage.
Leaf injury due to salinity was most severe at tillering
stage in 1999, but at heading stage in 2000. Heading date
was delayed by 1 to 5 days by treatment of saline waters
only at tillering stage. Culm length and panicle length
were most severely shortened by treatment at early meio-
sis stage. Yield and yield components except for panicle
number were decreased most by high salinity treatment
regardless of growth stages. In particular, ripening ratio
and grain weight among the yield components were
decreased most conspicuously by the saline water treat-
ment regardless of salinity and growth stage. Regarding
grain weight, grain-filling rate and duration, there is no
remarked difference among the concentrations and treat-
ment durations of saline water at tillering stage. However,
their reductions were very different among the concentra-
tions and treatment durations of saline water at early mei-
osis stage, being greatest when treated with high salinity
for 4 days and followed by low salinity for 30 days. Also
their reductions were very severe only when treated with
high salinity for 4 days at heading stage.

Keywords : rice, sea water, salinity. growth stage, leaf injury,
grain-filling rate, salt stress
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Table 1. Chemical properties of soil before this experiment

OM P.O Ex. Cation SO, Sl
: Y5 (cmol(+)Ykg) 10, Salt concen-
Year P (o/kg) (mglkg)- M: (mg/kg) tration (%)

1999 587 203 368 093 35 613 0.09
2000 560 231 375 083 45 56.1 0.10
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Fig. 1. Seasonal change of air temperature and sunshine duration
for 5 days from July to September in 1999 and 2000.
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Fig. 2. Leaf injury of rice treated with different duration and
salinity of sea water (4 days at 3.0%, 4 days at 1.5%, 30
days at 0.5%) at different growth stages in 1999 and 2000.
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Table 2. Heading date, culm length, and panicle length of rice treated with saline water of different concentrations at different growth

stages. Data were averaged over two years, 1999 and 2000.

Treatment siage Sea water Heading date Culm length Panicle length ~ Shortening ratio of ~ Shortening ratio of
g treatment (m.d) (cm) (cm) culm length (%) panicle length (%)
HS Aug.14 77.1c 193a 5.1 -0.2
Tillering MS Aug.11 83.7a 184b -2.6 4.5
LL Aug.10 69.8 de 17.1¢ 14.1 11.0
HS Aug. 9 56.6 f 14.1d 30.3 26.7
Early Meiosis MS Aug. 9 709d 17.0¢ 12.7 11.6
LL Aug. 9 669¢ 16.7¢ 17.7 13.8
HS Aug.9 774c 194a 47 -1.0
Heading MS Aug.9 774c¢ 194 a 4.7 -0.5
LL Aug.9 789 bc 185b 2.8 3.9
Control Aug. 9 81.2ab 192a 0.0 0.0

TThe same letters in a culm are not significantly different at P<0.05 by DMRT.

* HS : 4 days at 3.0%, MS : 4 days at 1.5%, LL : 30 days at 0.5%
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Table 3. Dry weight at maturity treated with saline water of different concentrations at different growth stages in 2000.
Treatment Sea water Green leaf Dead leaf Shoot Panicle Total
stage treatment g/m?
HS 108 ¢ 95 def 472 ab 596 ab 1272 abe
Tillering MS 136b 114 bed 510a 636 ab 1397 ab
LL 90 cd 84 ef 475 ab 543 b 1192 be
HS 56e 78 f 373¢ 226d 733f
Early Meiosis MS 106 ¢ 84 ef 484 ab 429 ¢ 1103 cd
LL 63 de 106 cde 394 be 270d 834 ef
HS 18 f 131 ab 477 ab 309d 934 de
Heading MS 71 de 125 abc 534 a 575 ab 1305 abc
LL 70 de 147 a 552a 573 ab 1342 ab
162 a 130 ab 519a 662 a 1473 a

TThe same letters in a culm are not significantly different at P<0.05 by DMRT.

* HS : 4 days at 3.0%, MS : 4 days at 1.5%, LL : 30 days at 0.5%

Table 4. Yield and yield components of rice treated with saline water of different concentrations at different growth stages. Data were
averaged over two years, 1999 and 2000.

Treatment Sea water Ripening No. of spikelets No.of Wt.of 1000 grains Grain yield
stage treatment ratio (%) per panicle panicle/m? () (kg/10a)
HS 76.9 be 713 a 381.5¢ 21.8ab 436.7b
Tillering MS 79.0 ab 70.7 a 495.1 ab 21.4 abc 5447 a
LL 80.9 ab 59.1b 503.9 ab 21.1bc 4162b
HS 312e 419¢ 458.0b 16.8d 112.1d
Early Meiosis MS 77.1bc 61.1b 482.3b 19.6d 39890
LL 60.5d 593b 5309a 18.8d 3014c
HS 13.0f 70.7a 469.0b 15.1f 142.9d
Heading MS 70.5¢ 72.1a 460.1b 208 ¢ 416.0b
LL 73.1bc 75.7a 469.2b 20.9 be 466.8b
Control 86.4a 693a 453.6b 222a 549.8 a
TThe same letters in a culm are not significantly different at P<0.05 by DMRT.
* HS : 4 days at 3.0%, MS : 4 days at 1.5%, LL : 30 days at 0.5%
A) Growth stage B) Salinity

Ripening ratio Ripening ratio

No.ofspikilets
per panicle 1o

= No.ofspikilets
100 per panicle’

No. of panicle
—&—HS ——MS
—&— | |. —®—Contro!

No. of panicle

—®—Tijllering *—Early meiosis
—4—Heading “*— Control

Fig. 3. Reduction of yield components as affected by concentration and growth stage of saline water treatment. * HS : 4 days at 3.0%, MS
: 4 days at 1.5%, LL : 30 days at 0.5%.
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Table 5. Characteristics of late-occured panicles and their
contribution to yield, Data were averaged over two
years, 1999 and 2000.

Late-occurred panicles

Treatment Sea water  No. of L No. of
stage  treatment  papicle Ripening spikelets CRY
ratio (%) . (%)
per plant per panicle
HS 1.0c 24.7 be 302b 05b
Tillering MS 08¢ 456a 24.1b 08b
LL l.6¢c 439 ab 227b 14b
HS 165a 92cd 276b  120a
Early
e MS 38b 35.0ab 243b 28b
Meiosis
LL 40b 28.5 ab 247b 2.1b
HS 1.0c 0.0d 18.0b 0.4b
Heading MS 09¢c 33.7 ab 46.8 a 13b
LL 1.0¢ 39.7 ab 25.1b I.1b
Control l4c 47.0a 22.2b 1.3b

TThe same letters in a culm are not significantly different at
P<0.05 by DMRT.

TCRY : Compensation Ratio for Yield

* HS : 4 days at 3.0%, MS : 4 days at 1.5%, LL : 30 days at 0.5%
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Table 6. Estimated parameters of logistic function to describe the grain growth with days after heading under different duration and
salinity, and the calculated maximum grain weight, grain filling duration, maximum grain filling rate in 2000.

Estimated parameters of logistic function

Maximu grain

Treatment Sea water Maximum grain Grain filling filling rate (mg/
stage treatment a b c weight (mg) duration (day) & day)
HS 20.5™ 74™ 0.152™ 20.1 68.1 0.780
Tillering MS 20.0™" 8.9™ 0.168™" 19.8 70.5 0.842
LL 21.9™ 70" 0.164™ 21.7 60.9 0.899
HS 123" 53 0.228™" 12.3 36.0 0.705
Early Meiosis MS 19.4™ 9.7 0.201™ 19.3 63.0 0.973
LL 3.7 72" 0.223" 13.7 45.6 0.766
HS 10.3™ 24" 0.136™ 10.1 39.0 0.348
Heading MS 20.3™ 79" 0.193™ 202 56.3 0.979
LL 20.3™ 8.1 0.170™" 20.1 65.1 0.862
Control 23.1™ 9.7 0.183™ 23.0 69.1 1.056

*HS : 4 days at 3.0%, MS : 4 days at 1.5%, LL : 30 days at 0.5%.
** ***Siginficant at the probability levels of 1% and 0.1%, respetctively.
Ty = a/(1+be-ct), where y is grain weight and t is days after heading.
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Fig. 4. Grain growth after heading and grain filling rate of rice treated with different duration and salinity at different growth stage in 2000.
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