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Salt Injury and Overcoming Strategy of Rice
Seung Tack Lee

ABSTRACT

Salt injury in rice is caused mainly by the salinity in soil and in the irrigated water, and occasionaly
by salinity delivered through typhoon from the sea. The salt concentration of rice plants increased with
higher salinity in the soil of the rice growing. The climatic conditions, high temperature and solar
radiation and dry conditions promote the salt absorption of rice plant in saline soil. The higher salt
accumulation in the rice plant gernerally reduces the root activity and inhibits the absorption of minerals
of rice plant, resulting the reduction of photosynthesis, The salt damages of rice plant, however, are
different from different growth stage of rice plants as follows :

1. Germination of rice seed was slightly delayed up to 1.0% of salt concentration and remarkably at 1.
5%, but none of rice seeds were germinated at 2.5%. This may be due to the delayed water uptake
of rice seeds and the inhibition of enzyme activity,

2. It was enable to establish rice seedlings at seed bed by 0.2% of salt concentration with some reduction
of leaf elongation., The increasing of 0.3% salt concentration caused to the seedling death with
varietal differences, but most of seedlings were death at 0.4% with no varietal differences.

3. Seedlings grown at the nursery over 0.1% salt, gradually reduced in rooting activity after
transplanting according to incresing the salt concentration from 0.1% up to 0.3% of paddy field.
However, the seedlings grown in normal seed bed showed no difference in rooting between varieties up
to 0.1% but significantly different at 0.3% between varieties, but greatly reduced at 0.5% and died at
last in paddy after transplanting.

4. At panicle initiation stage, rice plant delayed in heading by salt damage, at meiotic stage reduced in
grains and its filling rate due to inhibition of glume and pollen developing, and salt damage at heading
stage and till 3 weeks after heading caused to reduction of fertilization and ripening rate.

In viewpoint of agricultural policy the overcoming strategy for salt injury is to secure sufficient water

source, Irrigation and drainage systems as well as underground drainage is necessary to desalinize

moere effectively. This must be the most effective and positive way except cost.

By cultural practice, growing the salt tolerant variety with high population could increase yield, The

intermittent irrigation and fresh water flooding especially at transplanting and from panicle initiation to

heading stage, the most sensitive to salt injury, is important to reduce the salt content in saline soil.

During the off-cropping season, plough and rotavation with flooding followed by drainage, or

submersion and drainage with groove could improve the desalinization. Increase of nitrogen fertilizer

with more split application, and soil improvement by lime, organic matter and forign soil addition,

could increase the rice yield. Shift of trans-planting is one of the way to escape from the salt injury.

VEMRER S (Crop Experiment Station, RDA, Suwon 440-100, Korea)
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Table 1. Salt content and root growth of rice plant grown at different salt concentration(Ota)

Salt. conc. Salt content Root length No.of roots Root dry wt,
(%) (%) {cm) (No.) (mg)
0 0.72 45.7 16.8 52.6
0.1 1.41 42.0 15.9 49.2
0.2 1.79 15.2 45.8
0.3 2.51 14.7 42.5
0.4 3.34 13.8 40.1

Table 2. The formation of root hairs in rice

(by Kown, Chung & Cho)

Salt injury Percentage of hair, Length of Electric conductivity
bearing epidermis root hair of sail solution
Slight 41% 191um 0.05mv/cm
Common 38% 134um 0.28mv/cm
Serious 28% 83um 0.85mv/cm
2l BHERS HAE sl AoE Nol HEE g WETFE Bk BEsl HBS BKEHRS
7b 5 o HETY BEARL HETA BAE FEY AL v Bid B EHE KESol

9 &7 b B EE BFRSEA B8 v
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Table 3. Salt and P3** absorpsion at top and root of rice according to different salt concentration

treatment {(ota)

Salt conc, plant Salt content P3*2 absorbancy
(%) (%) Sealtd media Usalted media
21.75UC 53.46UC

0 top 0.48 358 4,048
root 0.39

0.15 top 1.16 233 3,198
root 0.85

0.25 top 1.79 161 2.429
root 1.75

0.40 top 2.91 97 1, 660
root 2.48

Table 4, Content of salt, moisture, chlorophyll g AN WETFs L fEe EMAS BN e o

and photosynthisis of rice leaf grown at
different salt concentration.

Salt cont (%) 0.0 0.15 0.25

0.40
Item

Salt content 0.55
Miosture content 82.2
Chlorophyle content|93.1 88.5 69.1 59.6
Assimilation rate 8.97 8.45 6.16 4.46

Chlorophyll content based on Gatrys solution(10g
of fresh leaf equevalent to 85mg of chlorophyll)

1.13
81.4

2.07
80.6

3.29
79.9

Table 5, Contents (%)
concentration (simose)
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of carbohydrates of rice plant grown by sand culture of different salt

I Treatment In plant In grain
t
o (NaCl me/1) Jul.28 Aug.11 Sep.8 Nov.5 Nov.5
0 1.75 4.52 4.52 4.52 1.33
Total 24 1.95 3.70 2.36 3.13 2.91
sugar 48 3.53 4.45 2.99 2.64 2.94
72 4.59 5.56 3.48 3.06 3.66
0 1.36 3.78 2.95 2.61 1.22
Reduced 24 0.78 2.67 2.03 2.84 2.30
sugar 48 2.67 3.86 1.75 2.00 2.30
72 0.72 2.17 2.25 1.28 2.44
0 0.33 0.74 1.57 1.91 0.11
Sugar 24 1.17 1.03 0.33 0.29 0.61
48 0.86 0.59 1.24 0.64 0.64
72 3.87 3.39 1.23 1.78 1.22
0 11.08 10.29 13.41 13.12 53.35
Starch 24 7.96 12.48 12.68 12.23 49.74
48 4.20 6.51 7.72 6.40 49.04
72 4.32 6.25 4.54 5.15 49.34
0 32.48 32.05 43.65 46.60 7.44
Crud 24 28.10 25.23 33.70 45.15 9.96
fiber 48 25.53 19.75 36.25 37.89 11.07
72 23.08 19.73 32.68 35.45 11.40
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Fig. 2. Changes of moisture content in rice and brown rice at different salt concentration.

Table 6. Germination percent of pre-soccked rice
grains at different salt concentration

(Ota)
Salt
HAD gonc| 0 0.3 0.6 1.0 1.5
6 2.4 0 0 0 0
9 5.1 2.5 0 0 0
12 8.8 5.0 3.6 0 0
15 22.5 8.2 5.9 0 0
18 35.1 16.7 9.0 0 0
21 51.4 26.5 14.4 1.5 0
24 65.6 37.0 23.5 2.9 0
27 74.8 50.6 35.0 4.1 0
30 82.5 67.9 56.4 13.8 0
0.18)** (0.22) (0.38) (0.58)

*Hours after incubation

**Salt content (%) in rice at 30hours after incubation
in parenihesis

Table 7. Salt contents of unhulled rice, hull and

brown rice on different salt concentra-
tion (by Ota)

Salt content (%)
0.3 07 15 3.0 50 7.0
Unhulled rice 0.10 0.17 0.38 0.65 0.97 1.26
Hull 0.13 0.25 0.49 1.57 2.58 4.69
Brown rice 0.08 0.11 0.22 0.49 0.55 0.68
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Table 8. Effects of salt concentration on seedling rice and dry weight on different variety and nursery
bed in rice (Gyewhado sub-station of Honam CES, 1984)

Protected irrigated nursery Lowland nursery
Variety | coar. 30 DAS 40 DAS 30 DAS 40 DAS
(%) Seedling Dry wt, Seedling Dry wt. | Seedling Dry wt. | Seedling Dry wt,
rate (%) (g/10 rate (%) (g/10 |rate(%) (g/10 |rate(%)  (g/10
plts.) plts.) plts.) plts.)
0.1 86 1.40 84 1.84 72 1.10 72 1.56
0.2 74 1.06 72 1.65 34 1.00 - -
Taebackbyeo| 0.3 24 0.62 22 1.22 - - - -
0.4 - - - - - - - -
0.5 - - - - - - - -
0.1 90 1.65 90 1.85 82 1.30 82 1.69
0.2 81 1.25 76 1.68 74 1.20 73 1.28
Dongjinbyeo | (.3 73 0.72 7 1.57 46 0.53 43 0.80
0.4 - - — - - - — -
0.5 - - - - — - —
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Table 9. Effects of salt concentration on salt content in rice plant and its growth. (Ota)

Salt conc, Salt. content No. of No. of Panicle Panicle Deaded
treated (in plant) tillers panicles wt, length leaf
(%) (%) (g) (cm) (%)

0.0 1.21 14.7 11.7 22.6 24.6 16.1

0.1 2.69 13.9 11.2 19.7 23.4 25.7

0.2 2.98 13.8 10.9 19.1 21.1 27.2

0.3 4.29 12.9 9.9 14.0 20.5 40.2

0.4 5.73 12.5 9.3 13.3 17.4 46.5

0.5 7.20 12.4 8.4 10.2 16.8 51.8

B ko] RS Bioshd HAH BEEA FHaws Table 10. Salt conent, pollen germination, fertili-
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zation, and grain filling of rice grown
at different salinity, (Ota)

Salt concentration treated(%)

Item
0.0 0.15 0.25 0.40
Saltcontent (%) 0.55 1.13 2.07 3.29
Pollen germination 81.2 78.6 70.7 59.6
Fertilization (%) 87.7 8.2 756 T71.2
1,000 seed wt. 22.5 20,5 17.6 12.8
Panicle wt (g) 18.4 15.9 9.6 4.5

* unhulled
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Table 11. Heading date of rice varieties grown at different salinity (Keywhado sub-station, Honam CES,

1986)
Var. | Annapurna | Keywha 2 Seonjinbyeo | Baywun chal byeo Norin 4 Taebagbyeo
Salt conc.
0.0 % 8.10 8.19 8.20 8.17 8.10 8.14
0.15 8.12(2) 8.21( 2) 8.22( 2) 8.20( 3) 8.14( 4) 8.17( 3)
0.30 8.15(5) 8.25( 6) 8.29( 9 8.29(12) 8.20(10) 8.27(13)
0.45 8.19(9) 9.1 (12) 9.3 (14) 9.2 (16) 8.25(15) 9.3 (20)

* Delayed heading days compared to control in parentheses (Planted on April 25 and transplanted on june

5)
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Table 12. Yield index Vs control of japonica and indica x japonica rice variety at different treated at

different growing stage.

(Kyewhado, Substation, Honam CES, 1981)

Var | Japonica Indica x Japonica
Salt conifage Rooting  Tillering  Earformation Heading | Rooting  Tillering forl;:r?;t_ion Heading
o 100 100
0% (5.1) 100 100 100 (8.0) 100 100 100
0.15 90 62 87 99 89 68 81 87
0.30 78 53 82 94 62 59 79 81
0.60 49 40 76 97 43 51 70 75

( )* Unhulled rice weight in gram per hill in parenthesis

_73_



Table 13, Effects of fresh water flooded befor transplanting to soil surface up to 10 cm deep in salin soil
(CES 73)

Treatment

Salt conc (%)

Effe
(Aftﬁg/(%lﬁftgence

Flooding (days) Drain (times) Befor flooding After flooding
0 0 0.54 0.39 27.8
5 1 0.68 0.43 36.8
10 0 0.58 0.34 41.4
10 2 0.48 0.26 45.9
20 0 0.41 0.24 41.5
20 4 0.44 0.26 40.9
30 0 0.59 0.27 54.3
30 6 0.51 0.22 56.9
Salt concentration Table 14, Effects of underground dranage on
147 152 179 desalinization and yield of rice in
5 100 different years after reclaimed(Kye-
E 310 whado Sub-Station, Honam CES)
% (kg./\\ Salinity (%) Yield (kg/10a)
ES) 10a) [ d Years, after |Undrain leﬁgitrtll?rjn) Undrain ]Rair;led
reclaime B ength (m)
1 2 3 4 5 8 8
Times of plowing 1 st 1.08 0.08 1.08 — -
Fig. 6. Effect of plowing in 30cm deep with 2 nd 0.45 0.19 0.33( 232 31 311
flooding on desalinization (Honam CES) . 3rd 0.38 0.17 0.29| 324 417 414
4 th 0.24 0.09 0.13 354 419 414
5 th 0.24 0.08 0.13 381 441 436
AR e] A3 BAKEHE 2 Ao BREHRE/N 2
Fle] Az oA e Aol REBR 6 th 0.21 0.08 0.10| 402 461 459
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JEE 2 BilmAA BEor RUE 3 A
W& MFASe il WEBHE HREstE Al
Aflstelete BRaE Tol g2 HEgol ofFolzich

1) ARWHESY MARE A BEKY KEE
A wscED e RS A ud BAEKY mARR
+ BAEEd s P5T ¢ Jd3 BEE X 1544
o} o) 2 4GS = AK 450kg/10a HFRANA B
Y B el s 34EEN = HIK 900kg/10a 1
oA 44 = [IK 1,350kg/10 2 AR X

Bl 24 Jehd HilkgEe) B udtek 3
B AKEA% 4FEY BY= AKERAES 8
of w4 BEE A Jdehga glch

AHEE HAEY #ed =zt HkE S Bisl
HiB R 7HS Ftaiel MRSt Ek#tslE Aol
MBI TH(E 15 Z=2).

2) Bkl MERE w4 Bl R KA
HEE old fEIEY AMME EEAA K3 B\

Table 15. Effect of lime on yield of rice in saline

soil (Agriculture Science institute,
1979)
(Rice yield : kg/10a)
Amount of lime Year
(kg/10a) 1st 2nd 3rd 4th
0.0 345 744 675 642
450 270 765 694 688
900 306 747 717 750
1, 350 246 643 684 781
Average 292 725 693 715

Salt content of soil befor experiment ; 1.4%

Table 17,
saline soil (Honam CES ’82)

Table 16, Effect of Organic matter application on
rice yield in saline soil (Honam CES :°’

72)

Organic matter Brovs(/lt:gl}ilcoea)yield Index
Compost 1, 000kg/10a 393 112
Rice straw 300kg/10a 366 104
Green manure 300kg/10a 372 106
Rye straw 300kg/10a 362 103
Untreatment 352 100

s AR e oA fikiEe] 2 A
o MRS AAgel s Aol Rol HHeE Anrh
EERBE v} Ghof TEE o] i°}2% i o] Bk
3 AHS BAT $= Hieste Ze] mRAER

5 Fo FrH(E 16, 17 #F).

3) BL, Aerjo]E, old AR BEH ¥
Eioll = lJJi‘f:t~ Hrgonsd mtgie EMm
shod WeEio] EotAltel &t I BEHMET K

106
102 104
100
y 430
2 |ke/
g 10a
=
e
P
0 0.5 1.0 2.0
Ziollite (kg/10a)

Fig. 7. Effect of ziollite aplication on rice yield
in saline soil (Honam CES)

Effects of organic matter application time and method on salt content in plant and rice yield in

Salt content (%)

Time Application Rooting  Tillering Earformation Heading Rooting Yield
stage stage stage stage rate(%) (kg/10a)
Autumn Straw +tillage 0.24 0.17 0.30 0.26 93 293
straw+no—tillage 0.30 0.19 0.30 0.33 78 191
Tillage anly 0.30 0.21 0.32 0.42 70 164
Spring Straw +tillage 0.27 0.20 0.29 0.32 88 278
Straw +no—tillage 0.37 0.23 0.31 0.45 56 167
Tillage only 0.41 0.23 0.40 0.51 55 159
2 weeks Straw +till 0.41 0.19 0.32 0.44 58 174
befor compost +tillage 0.4 0.23 0.35 0.43 59 171
irrfg‘a“t‘ Tillage only 0.45 0.24 0.39 0.50 47 140

*1) Salt conent in soil befor performed : 0.6%
2) Fresh straw applied : 600kg/10a
3) Compost applied : 1, 200kg/10a
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Table 18. Clay and organic content of soil and rice yield in soil added and rice straw applied saline

paddy field (Honam CES)

Forig SOH (Etyzllav) Clay content (%) O0.M(%) Yield (kg/10a)
a
(ton/10a) £ 77 77 78 77 78
0 0 0.31 0.28 450 213
400 9.0 0.29 0.32 527 384
15 0 0.27 0.26 407 ‘ 342
400 10.0 0.27 0.32 554 407
30 0 0.25 0.25 503 341
400 11.3 10.2 0.26 0.32 556 407
111 116
109
109
107 100
367
100 w | ke/
] 10a
% £
5
g =
- L
= &
[
S 72 109 144
0 Zn-Km F7E ZnSo4 Poputaion (hills/3.3m?)
Fig. 8. Effect of Zink from various source Fig. 9. Yield in different planting density of rice
fertilizer on rice yield in saline soil. in saline soil(Kyewhado sub-station,
(Honam CES : '77) Honam CES) .
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Fig. 10. Comparison of rice yield between two
transplanting methods in saline soil.
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Table 19. Effects of seeding rate on seedling rate, number of spikes and rice yield in saline soil. ('87
CES)
Amount of Mature No. ) Yield
seeding seed seedling ofestaflish Spikes/m? (kg/10a)
(kg/10a) (rate) -ment/m?
7 33.0 69 389 418
9 26.7 78 391 458
12 23.4 96 466 485
14 24.9 112 452 457
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Table 20. Dry weight of root per 10-sample at two soil daptha, 0 to 5 and 5 to 15cm form soil surface

(by Kim and Chung)

Field Water management Total (g;g) (50_1.%15)
Noninterval flooding 2.8708 1.495 1.375
Saline Two day interval flooding 2.822 1.355 1.467
Underground drainage 3.655 1.585 2.070
Matured Noninterval flooding 3.595 1.390 2.205
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Poldered paddy field

----- Matured paddy field
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Fig. 11. Increase of nitrogen fertilizer loss in
paddy field according to days after
fresh water flooding (Namyang Brach
Station, CES, 1984).
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Fig. 12. Rifferences of nitrogen utilized and yield
in rice between urea and ammonium
sulphate in saline soil. (Kyewhado sub-
station Honam CES)
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Fig. 13. Yield according to different times of
nitrogen application in salin  soil
(pointed at vegetative (*) and reproduc-
tive stage(**) salt concentration was 1.
08% befor experiment). (Kyewhado sub
-station, Honam CES, 1980).
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