Studies on the Salt Tolerance of Rice and
Other Crops in Reclaimed Soil Areas.
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Abstract

Experiments were conducted by moderate se-
ason culture of each of 7 early, medium and late
maturing varieties which were considered to be
of strong salt tolerance in non-salty, low-and
high-salty reclaimed areas (salt content: 0.5
% and 1% at the end of April). The results
of the experiments revealed that the early
maturing varieties were suffered greatly from
salt damage in such reclaimed salty area which
is the “fall better type” in the year-round
changes of soil salt concentration in Korea
Better yielding varieties in the salty area sho-
wed generally a high yield ratio in the salty
area compared with the non-salty area.

This indicates that they are strong salt tole-
rant varieties. It seemed that the salt toleranc
could be measured by the number of delaying
days in heading, the growth rate of culm len-
gth, number of panicles and numbar of grains
per panicle in the salty area to compare
with the non-salty area. The effects of salt
damage on the yields of =zach variety at matur
ing stage and agronomic characteristics in the
salty area were compared and discussed with

the non-salty area.

Introduc:ion

Some experiments have been conducted in
recent years in Korea on the selection of salt
tolerant varieties of rice for use on the recl-
aimed salty areas. According to the report of
the Crop Experiment Station® (1962), the
varieties with strong salt tolerance were in the
order of Nongkwang, Iri-255, Yachikogane and
Sh{rogane.

The results of the Rural Development Insti-
tute of Kyunggi Province?!> (1966) indicated
that the yields of Jaikeun and Kusabue varie-
ties were 20 percent over the Paldal variety,
and Kwanok was next.

The results obtained by the Rural Develop-
ment Institute in Chonnam? (1960) and Cho-
nbuk’ Provinces® (1966) revealed that the

yields of Kusabue and Shirogane were higher
than other vatieties.

The Japanese Agriculure Experiment Station
reported 1% (1954) that Nongrim 6 had a
strong salt tolerance. Pearson and Ayers
*» (1963) reported that Agami Montakahab
I (Egypt) produced better result than those
varieties of Asahi £1 (Japan), Caloro (USA)
and Kala-Rata (India) which have similarity
in salt tolerance.



Matsr'a's and Methods

21 commercial varieties in Korea were sowed
on the seed beds on April 23, 19567. A rando-
mizaed complete block design was used in silt
loam in the high-salty and low-salty area
and in the non-salty area. The plot size was
4 m X 3 m with 4 replications. Five plants
were planted in each hill with 15 c¢m and 30
cm spaces between each hill.

The transplantation was completed on June
6. The total fertilizer used was 10 kg of N, 8
kg of P30; and 8 kg of K,0/10 a. The basic
dressing of 5 kg of N was followed by 3 kg as
top dressing for tillering and followed with 2
kg as heading. The standard methods to control
insects and plant diseases were carefully foll-

owed.
Results
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Fig. 1. The average precipitation
in 1931-60 and 1967.

The temperature from the tillering and he-
ading stages in June through August was above
normal anc. fine weather continued. Consequently
the rice plant grew well and headed rapidly.

The temperature and precipitation of April
were similar to those of the average year. The
temperature during the 1967 scedling stage in
May was observed to be higher by 2 -30C with
less rainfall than the average year., The temp-
erature of June in 1967, was higher with sma-
ller precipitation than the average year and
during the latter part of June and in the early
part of July in the normal year. The rainy sea-
son was 20 days latter this year than average.
The mean temperature of August was higher by
2-3°C than that of the normal year with abo-
ut 70mm of rainfall in the middle of the month.
The temperature of September and October was
the same as that of the normal year with
the largest rainfall in early September of this

year which was about three times that of the

average year.
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Fig. 2. Seasonal charges of salt content at fhe

experimental farm.

The weather at the maturing stage in Septe-
mber and October was also favorable for rice
growing which resulted in the best harvest

that had ever been before in the whole area



of Kyunggi Province.

The seasonal changes of salt concentration
in the soil is one of the most important fac-
tors in the farming of salty reclaimed area;
i.e.,decline of salt content during the growing
stage of the rice plants which depends exclu-
sively upon the precipitation, sunlight, evap-
etc. The early growth
of the rice plant was inhibited,
the favorable late growth, increased panicl.e

weight and ratio of matured grain in this

oration, temperature,

resulting in

year.

Data on the changes in the salt content of
salty reclaimed areas throughout the year
in Korea are rare. According to the results of
the investigation conducted by Lee??® in 1953

on the changss of the salt content in the top

soil throughout the year in the reclaimed area
at Kozan, Shiheung-Kun, Kyunggi Province,
1.3% of the salt in the high-salty area at the
end of April dropped to about 0.4% in June
and July. Low-salty area of 0.34% of salt also
dropped to 0.02-0.05 % from June through
August.

Fig. 2 shows the changes in salt content in
high-salty area of the experimental farm for
the period from April through November salt
content of top soil of the high-salty area beg-
an to drop along with the increase in rainfall
in the later part of May. It was also dropped
again to 0.8% with increased rainfall in the
middle of July. It steadily dropped to 0.4 %
by ths middle of Septembsr and then began to

rise. In the low-salty area, a similar pattern
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Fig. 3. Relationship between the heading period arnd grain yields of each varieties. Figures

represent the variety number, left circle shows carly maturing varieties, middle

medium, right late in each salty area.



was observed.

In addition, the salt content of the reclaimed
salty area is constantly changing even in the
deep layers. According to Lee’s*2>  (1953)
report, the sait content dropped abruptly in
June to July of 1963. The rooting and tillering
were not sericously interrupted.

Reviewing the changes of salt content this
year, the salt content was low from early
August to early in October. As mentioned
ahove, the early growth of the rice plants was
inhibited but the latter growth was favorable
in 1867.

1. is considared very important to take pro-
per measures to prevent salt damage using the
complete knowledge about the seasonal chang-

es of salt content in the soil.
2) Delay of Heading and Maturing Periods

The heading period of rice varieties is usu-
ally later when grown in salty areas. As
shown in Tebles 1, 2 and 3, the heading and
maturing periods were delayed in more salty
areas. This delay may be assumed to be cau-
sed by the delay at rooting and tillering. The
early maturing variety was delayed for 7.6
days on the average in heading, medium var-
ieties for 6.5 days and late varietes for 5.1
days in the low salty area. In the high salty
the same trends were observed; i.e., the hea-
ding of the early maturing varieties were del-
ayed for 13.4 days on the average, mcdum
varieties for 8.6 days and the late varieties
for 7.3 days.

Figure 3 shows the relationship between the
heading pericd arnd the production of rough
grain per 3.3 m? area. Rough grain yields of
the medium and late maturing varieties were
greater than the early maturing varieties in
the non-salty area. Dough rice yields of the
late maturing varetics were slightly more
than the medium varieties. The rough rice
vields of the early maturing varicties were
found to be less wher growth in the fow-saltw
arca than in nonm salty, thy wedium and late

maturing varicties less than that of the non-~

salty area but always produced more than the
early varieties., The early varieties in low-
salty area produced 56% of rough grain, and
the medium and late varieties produced 66%
than the non-salty area. In the high-salty
area, the early varieties produced 50%, the
medium 58% and the late growing varieties
62% than the non salty area. The early var-

ieties which have a rapid maturing period
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Fig. 4. Relationthip between the number of
delaying for hea&ing and the grain

vields in each variety.
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produced less grain than the medium and late
varieties. The average production on both
high-and low-salty areas was 53% of the
early, 62% of the medium and 64% of the
late varieties, respectively.

Between the rough rice production and ma-
turing periods, there was a 5 percent signific
ant relationship in the non-salty area and

percent in each of low and high salt concent-
ration areas.

A study of the maturing period and produc-
tion (grain yield) of rice varietes indicates
that early varieties in the salty area had
light panicle (weight) with many broken gra-

ins. The relationship of grain production and

the heading period of varieties are shown in
Fig. 4 and 5. Correlation of the delaying
dates of heading with the decreasing rough
rice production per 3.3 m 2 in both low-and hi-
gh-salty areas and also the correlations of

the former with the decreased yielding ratio

in salty aréa vs. non-salty areas were signi-
ficance at the 1 % level. It is assumed that
the effect of various salt concentration on the
delay in heading of varieties can be used to
estimate the decrease in yielding ratio which
will result.

3) Rough Rice Yield

There was observed 5 percent significance
between the rough rice yields and the maturing
period, and 1 percent between varieties, in

non-salty area.

There was a significance of 1 percent between
the maturing periods and between the varieties
with the grain yields in the low salty area.
The varieties which produced good vields were
in the following order; Kwanok, Yachikogane,
Iri-265, Hokwang, Jaikeun, Kinmase, Nongrim
-6 and Kusabue. The varieties giving low yi-
elds in the low-salty areas were Miyoshi,
Dongbuk-72, Suwon-118 and Suwon-~82.

In the high-salty areas there was an equally
1 percent significance between the maturing

periods and between varieties, respectively.

The good yielding varieties in the high salty
area were as follows; Nongrim-6, kwanok
Hokwang, Ayanishiki, Jaikeun, Shirogane,
Iri-265 and Kusabue., The low-yielding varie-

ties were Suwon-118, Miyoshi, Dongbuk-72

and Fujisaka-5.

Table 4 shows the decreased yielding ratio
of each variety grain in'the salty areas. The
early maturing varieties have a low ratio and
moderate for both medium and late maturing
varieties. There seemed to be no correlation
between the yield of each variety in the non-
salty area and salty areas. There was obser-
ved the correlation of r==0.357. However, sin-
ce it. should be r==0.433 to show the correla-
tion at the 5 percent level, there is no correl-
ation between the two. This suggests that
those varieties which produce a large yield in
the non-salty area do not always bring about
large production in the salty areas but depend
greatly upon the salt tolerance peculiar to
each variety.

The decreasing yields of five strong and
weak salt tolerant varieties in the non-salty,
low- and high-salty areas were compared.
The data are shown in Fig. 6. The decreased
yields in the salty areas were varied. The
yields of the weak salt tolerant wvarieties
decreased in the low-salty areas and there
was little difference of yields between the
low-and high-salty areas, while the decreased
vields ratio of the strong salt tolerant varie-
ties was not great in the low-salty area. It is
considered that the point of the salt concent-
ration at which yields decline might be at a
higher salt concentration. However, the weak
salt tolerant varieties may be considered to
have a remarkably decreased in yield in salt

concentrations in above the low-salty area.

Table 2 and 3 show the average yield of each
variety in both low-and high-salty areas.
Seven early varieties produced 53% of the yield
on the non-salty areas than on the non-salty
areas, medium varieties 63 % and the late va-

rieties 64 %, The rough rice production of all



Table 1. Yields and Agronomic Characteristics of Each variety in the Non-Salty area.

Length 1, 000
Date of Date of Culm of No. of Wt. of grain
Variety heading maturing length panicle  panicle panicle weight
cm cm gr gr
V;. Nongrim—17 7.28 9.24 97.1 19.3 12.9 1.73 23.5
Va. Suwon—82 7.24 9.15 90.2 17.8 15.0 1.66 23.1
V3. Shin—2 8.30 9.21 93.3 20.3 13.6 1.77 22.8
Vi. Suwon—118 8.1 9.11 94.2 20.1 12.3 1.58 22.9
Vs. Miyoshi 7.28 9.18 78.1 19.8 14.8 1.69 23.1
Vi. Fujiseka—>5 7.21 9.20 76.5 17.3 11.2 1.72 24.8
V;. Donghuk—72 7.29 9.21 87.0 19.4 15.3 1.69 22.1
Average(early) 88.1 19.0 13.6 1.69 23.3
Vg. Jaikeun 8.15 10. 4 99°3 21.0 16. 2 1.60 23.7
V3. Jinheung 8.17 10.3 95.2 22.0 13.3 1.98 27.2
Vio. Yactikogane 8.16 9.30 100.5 21.5 14.0 1.94 23.1
Vii. Kwanok 8.17 10.3 115.4 21.7 14.9 1.75 25.8
Vi2. Shirogane 8.13 10.3 94.5 20.7 15.7 1.98 22.8
Vig. Susung 8. 14 10.6 89.5 21.9 14.4 1.92 26.3
Vi4. Shinpung 8.16 10.3 95.0 22.1 13.9 1.95 26.9
Average(medium) 99.0 21.5 14.6 1.87 25.2
Vis. Nongrim—6 8.27 19.18 108.7 18.5 18.6 1.45 23.7
Vig- Ayanishiki 8.25 10.18 106.9 19.5 16.4 1.65 25.2
Vi7. Nongkwang 8.2t 10.13 97.9 20.6 13.7 1.94 25.5
Vis. Hokwang 8.22 10. 14 104.9 20.8 15.2 1.67 24.1
Vis. Iri-265 8.24 10. 8 198.7 19.5 13.8 1.86 25.3
Vog. Kusadue 8.22 10. 10 87.6 19.2 15.7 1.54 25.6
V21. Kinmase 8.25 10. 20 87.7 18.2 17.2 1.76 - 29.6
Average (late) 100.3 19.5 15.8 1.70 25.2
Total Averag> 95. 1 19.3 14.7 1.75 24.6
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No. of Ratio Wt. of’ Wt. of Milling Wt.of Rough
grains of rough brown out broken Straw rice/
per matured rice rice turn rice weight straw
panicle grain(%) kg/10a kg/10a (%) kg/l0a kg/3.3m? wt. (%)
79 88.0 484 365 77.4 21.1 1.99 81
74 88.2 538 412 76.5 23.6 1.81 60
84 86.4 530 416 78.4 18.9 1.94 91
68 81.9 357 418 75.0 36.5 1.77 105
76 84.4 540 418 77.4 24.8 1.79 101
75 85.5 416 321 77.3 15.5 1.62 86
85 82.0 558 410 73.5 49. 8 2.47 75
77 85.2 518 395 76.5 27.2 1.91 91
80 76.7 559 426 76.3 30.3 2.59 72
80 84.5 570 440 77.2 27.4 2.80 67
93 80.2 587 445 75.9 34.0 2.20 87
77 79.4 563 429 76.1 46,3 2.63 81
64 84.4 596 461 77.3 26.8 2.42 92
79 82.6 596 456 76.5 32.3 1.98 101
81 85.8 589 462 78.4 28.2 2.41 81
83 81.9 591 446 76.8 32.2 2.44 82
66 89.3 583 468 80.2 20.0 2.76 70
69 89.5 595 456 77.9 32.2 3.64 HL|
82 89.6 575 450 78.2 31.3 3.78 5l
8t 75.6 549 419 79.3 51.8 3.07 60
81 80.1 555 422 76.9 41.0 2.90 60
62 92.2 660 522 79.1 29.1 3.00 73
67 93.1 660 527 79.8 30.2 3.68 57
73 86.6 595 466 78.2 33.7 3.27 61
78 84.6 568 436 77.5 31.0 2.54 74
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Teble 2. Yields and Agronomic Characteristics of Each Variety in the Low-salty Area.

Heading stage Maturing stage Culm  Panicle Ne. of  Panicle gl’rg(l)g

Variety delayed delayed length length panicle weight weight
days days %) (%) (%) %) (%)

Vi, Nonzrim-17 —6 -2 (83) (104) 87) 87) 68)
V1, Suwon-82 —10 —7 (76) (69) (83) (62) 99)
V3, Shin-2 —11 —5 (82) (98) (80) 79 (98)
V4, Suwon-118 —6 —14 74) (89) (80) %)) €1y
Vs, Miyoshi —9 —8 72 8N (69) 61 D
Ve, Fujisaka-5 —3 —4 (80) (95) (96) an (88)
V7, Dongbuk-72 —8 —3 (75) 9 &7 62) 95)
Average (early) —7.6 —6.1 (78) (95) 79 (72) (93)

Vs, - Jaikzun —9 —3 (84) (88) (80) (92) (96)
Vg, Jinh:ung —7 —2 79 (86) 74 (93) (94)
Vio, Yachikogane —h —5 (78) 89 (88) (85) (109
Vi1, Kwanok —4 —6 (80) 9D 79 (105) 99
Viz, Shirogane —8 —2 (81) (93) (63) (60) (99)
Vis, Susung —4 —3 ¢Z)Y) (85) 64 (84) o7
V14, Shiapung —8 —b (78) (83) (76) @D (98)
Averge (medium) —6.4 ~—3.7 @9 (88) 75) 89 (99)

Vis, Nongrim-6 —5 —2 (82) (92) ®7) (94) (103)
Vie, Ayenishiki —5 —3 (83 (93 620 102 (102
V17, Nongkwang —4 —4 (85) 87 70) 84) (95)
>3, Hokwang —6 —4 84 (83) (74) (108) (104)
Vis, Iri-265 —6 —6 89N @7 (78) (96) 102
Va0, Kusabue —4 ~3 @87 (78) (78) 94 (98)
V21, Kinmase —6 —8 (83) (95) 70) (78) 9D
Average (late) —5.1 —4.3 (85) 91) (73) (95) (99)
Total Average —6.4 —4.7 (81 91 (76) (85) on

% The figures of each article in parenthesis indicate the percentage. in

each salty area versus non-salty area.

21 varieties in both salty areas was 6

the non-salty areas.

The varieties giving the least decrease in pr-
oduction on both salty areas when compared
with the rough rice production in the non-salty
area were in order of Kwanok (78 %), Ho-
kwang (75 %), Jaikeun (71 %), Iri-265(71%)
and Nongrim 17 (70 %).

These varieties may

% of

be recognized as those of strong

salt tolera-

nce and prdduced better on salty areas.

— 54 —

Characteristics

Condition

4) Varietal Differences of the Agronomic

in Response to Salty

a) The Cﬁlm and Panicle Length

The average culm length of each variety used



wt. of -Rough

Ratio Wt. of Wt. of
Grains of rough brown Milling broken Straw rice/
per matured rice rice out turn rice weight straw
panicle(% (%) (%) (%) (%) (%) (%) wt. (%
90 (106) 76) 74) ) (56) )] 9
(GTY) (106) (52) (52) aon (62) 71 (72)
(76) (102) (59) (59) (100 (129) (76) 78
(100) (109) 47) 47 97 (68) 62) (76)
74) aon (43) 40 93) (76) (80) (53)
(84) (103) (74 8 (92) (145) (62) (119)
(61) (108) (42) (42) 99 (52) “n (103)
(78) (105) (56) (55) (97) 84) (67 (68)
(83) (118) ) (78} 104 (43) 70) 107
(93) am (63) (63) (10D (63) (63) (10D
70 117 (75) @n (104 (35) 81 93
(C1o] 119 (83) (86) (104 (33) (76) 1on
(83) (110) (62) (63) (102) (42) 6D (90)
(81) (113) (GLY) (35 (102) (15) 72) (74)
72 112) (58 (59 (10D @n 73 (80)
(83) (114) (66) (69) (103) (40) @0 (94)
79 (104) (67) (66) (99) (48) (84) (70)
(99 (103) (64) (64 (100 (38) (55) (115)
79 (106) (6] (59 (100 @7 (52) (114)
9D (116) (76) (78) (102) (22) (69) (115)
@n a1 76) an (101 3D 63) 117
(©2Y) (104 (G1)) (58) (100) (23) (56) 104
(96) (98) 61 (60) (98) (40) (73) (83)
(90) (106) (66) (66) (100) 43) (65) (103)
80 (108) (63) (63) (100 (63) (67) 99

was longer on those grown in the non-salty
area. Those grown in the low-salty area were
next and those the shortest culms were grown
in the high-salty area. The culm length of
the early varieties was generally short, while
the culm length of the late varieties was long.
The culm growth was 80% of the non-salty areas
when grown on the low-salty areas and about

70 % in the high-salty area, respectively.

The correlation of the culm length and rough
rice production is indicated in Figure 7. There
was no sigaifizant correlation in the non-
salty area but it appeared that there was a
correlation at 1 percent level for both low-and
high-salty areas. The longer the culm length
the more grain was produced in the salty areas.

The panicle length of the early and medium

varieties is generally longer in the non-salty



Table 3. Yields and Agronomic Characteristics of Each variety in the

High-salty Area.

1, 000

Heading stage Maturing stage Culm Panicle No. of Panicle grain
delayed  delayed length ldngth panicle weight weight

days dags (%) (%) (%) (%) (%)
Vi, Nongrim-17 —13 —2 (70) (103) (85) 7D (93)
Vi, Suwon-82 —16 —8 (70) (100) (83) 60) (83)
Vi, Shin-2 —13 —5 @4 99 (73) 67 9D
Vs, Suwon-118 —12 —14 (66) (93) 78 (56) - (79)
Vs, Miyoshi —13 —8 (65) 93) (86) (26) (86)
Vs, Fujisaka-5 —15 —7 (76) (103) (96) (62) (88)
V2, Donghuk-72 —l12 —5 (67) (95) 7n (62) 87
Average (early) —13.4 —7.0 (70) (98) (79 (63) 87
Vs, Jaikeun —11 -5 (78) 97 (78) (85) (99)
V3, Jinheung —11 —6 69 (92) )] (66) (83)
Vig, Yachikogane —71 —0 @D (93) (82) (69) (100>
Vi1, Kwanok —4 —7 (68) (100) (86) (88 (99
V12, Shiregane —8 —4 (75) (C19] 3 (75) (95)
Vi3, Susung —10 —3 (73) (93) (83) (67) (98)
V14, Shinfung —9 —5 (73) (64) )] (64 (90)
Average(medivm) —8.6 —5.7 (72) (93) (80) (73) (85)
V5, Nongrim-6 —10 --3 6D (108) ) 94) (€:%))
Vie, Ayanishiki —6 —4 (76) (110) (81) (82) (90)
V7, Nongkwang —5 —6 (79 (103 () (66) (100)
Vig, Hokwang —8 —6 (72) (107 79 (95 (96)
Vi, Iri-265 —7 —9 SN ) (76) (85) (94)
Vi, Kusabue —6 —6 an (104) a2 (93) 92
V.1, Kinmase - —9 —5 (G)) (94) 7o (67) @87
Average (late) —7.3 - 5.6 72) (105) (78) (83) (93)
Total Average —9.8 —6.1 Tn (99) (79) ) (92)

% The figures of each article in parenthesis indicate the percentage in each salty area

Versus non-salty area.

arza, short in the low-salty area and medium in
the high-salty area. However, the late varieties
produced longer panicle lengths in the high-
salty area shan in the non-salty area but shorter
in the low-salty area.

b) Number of Panicle

The number of panicle per hill of the late

maturing varieties was larger than the number
of panicle on the medium maturing ones which
was also larger than the early vareties in non-
salty area. The average number of panicles of
the seven early varieties was 13.6, medium
14.6 and late 15.8. Almost the same trend
may be seen in both low-and high-salty areas



Ratio Wt. of Wt. of

Wt. of Rough

Grains of rough brown ‘Milling broken Straw rice/
per ) matured rice rice out rice . weight straw
panicle grain(%) (%) (%) turn(%) (%) (%) wt. (%)
(84) (95) (66) (63) 97 (60) (64) (102)
(70 (89) (49 (15} 92) 1n (63) (79)
(83} 79 (50 (44) (88) (132) (75) (66)
(50 (95) (33) (3D 93) 71 (58) 67
76) - (93) 40) (40 (95) (74) (73) (67
73 (98) 61) (60) (99) (134) 97 (63)
(74) (85) 44 (59) B9 112) (50) (88)
(73) (90) (50) (49) (93) 99 (66) (73)
(83) (112) 67) (68) (102) (55) 70 . 96
(76) (105) (50) 1G3) (100 @y G (163)
(65) (112) (67) (59) (104) ) (46) 84) (69
(83) (112) (73) (76) (100 (€)) 79 93)
78 (103) (62) (GEY) (103) 39 @D 67)
(©3) 1o (55) (56) (102) 27 (83) (66)
(53) (1o1) (50) (49 99 @D (6Y9) (88)
(72) (108) (59 (60) (102) 43) (69) (92)
(100 D (72) (69) (96) @ 89 (80)
(103) (C)) 67 (65) (98) 39 G0 (131
(63) (96) (54) (53) (69) (48) (48) 112
(89) 113) 74 (75) (100) €3)) (563) (140
(102) (108) (66) 67} (1on) (33) (69) (103)
(100) (98) (53) (53) 99 (19) (64) (83)
8D 92) (50) A7) (€Y 7D (72) (72)
(€1)) (98) (62) (61) (98) (45) (64) (103)
(79) (99) (57) 57 (98) (62) (67 (89)

(i.e., the number of panicles of the early
variety was small and that of the late variety

was large).

The inhibition of tillers by salt was decrea-
sed 76 to 79 % in the salty areas. The rough
rice production in the salty @reas depends

greatly upon the number of panicles produced.

Figure 8 shows that the correlation between
the number of panicles and rough rice weight
in each experiment is significant at the 1 per-
cent level in the non-salty and high-~salty areas
and is significant at the 5 percent level in the

low-salty area.



Table 4. Comparison of the Yields in the Non-salty Areas and the

Decreased Yielding in Each of the two Salty Areas.

Decreased Percentage
Yield in Ave. yield yield in of yield in
Varietr non-salty in salty salty area salty vs.
Kg/10a Kg/10a kg/10a non-salty
Early
Vi Nongrim-17 483.6 340. 2 -143.4 70
V2 Suwnn-82 538.2 271.8 266. 4 41
V3 Shin-2 530.7 287. 4 242.7 54
Vs Suwon-118 556. 8 225.6 231.2 41
Vs Miyoshi 539.7 232.8 206.9 43
Ve Fujisaka-5 415.8 230.7 174.9 69
V7 Donghuk-72 557.7 240. 9 316.8 43
Average (early) 510.5 270 254.7 53
Medium
Vg Jaikeun 558. 6 397.8 160.8 71
Vs Jinheung 570.3 321.9 248. 4 56
V1o Yachikogane 586.5 385.2 201.3 66
Vi1 kwanok 563. 4 437.7 125.7 78
V12 Shirogane 595.8 369.9 225.9 62
Viz Susung 596. 1 324 270.9 54
V14 Shinpung 589. 2 317.7 271.5 54
Average (medium) 579.9 363.8 214.8 63
Late
V15 Nongrim-6 582.9 404. 4 178.5 69
Vie Yachikogane 574.5 381.9 203. 4 66
Vi Nongkwang 575.1 3255 246.9 57
Vis Hokwang 549 414 135 75
Vi Iri-265 554. 4 392. 4 162 71
V329 Kusabue 663 366.6 293.4 56
V1 Kinmase 659.7 366 293.1 55
Average (late) 593.7 278.6 216 64
Total Average £63.7 337.5 228.5 60
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. Fig. 8. Relationship between the number of panicles and the weight of rough rice grown

various salt concentrations.

¢) Panicle Weight

The panicle weights were observed as heavy
in the non-salty area, moderately heavy in the
low-salty area and light in the high-salty area
The total average of the 21 varieties was 1.75
grams in the non-salty area, 1.45 in the low-

salty area and 1.26 in the high-salty area. The
panicle weight of the early maturing varieties

was very light in both salty areas being about
60 % of the panicles of non-salty area. The
medium and late varieties were about 90 to 95

9% and 70 to 80 % respectively of the non-salty
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areas produced panicle weight in the low-and
high-salty areas.

Nongrim-17, an early maturing Kwanok and
Shirogane,

medium maturing varieties and

Hokwang, Iri-265, late maturing varieties,
produced better yields this year with relatively
heavy panicles in the low-and high-salty are-

as, respectively.

The correlation of the panicle weight and
rough rice production in yield is shown in
Figure 9. No significant difference was obseved

in the non-salty area but 1 percent significance
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Fig. 9. Relationship between the weight of a panicle and

rough rice yield.



was observed in both low-and high-salty areas.

Fig. 10 skows the relationship between the
ratio of panicle weight in the salty areas vs.
non-salty arca and the decreased yield ratio of
the rough rice production in the salty areas.
There was osserved 1 % significance of r=0.7
64. This suggests that a decrease of the pa-
nicle weight is caused by salt and is a factor
of the decreased yield in the salty areas.

The relationship between the number and
weight of panicles in each experimental plot
11. There was

a negative correlation of 1 % significance in

is as shown in Fig. observed

the non-and low-salty areass., an increase of
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Fig. 10. Relationship between the decreasing
ratio of panicle weight and grain
yield in the salty areas as compared
with the non-salty area.

areas when compared with the non-salty area.

The effest of th2 ratio of the
number of grains per panicle of each variety

to the decreased yields of rough rice in diffe-

decreasing

rent salty areas is shown in Figure 12. An 1

significance (r=0.547) was observed
beween the two.

percent
A decrease in the  number
of grains per panicle is one of the factors
decreasing the grain yields in the salty areas.

The weight of one-thousand grains varies with

the number of panicles brings about a decrease
in the panicle weight. However, a positive
correlation of 1% significance was observed in
the high-salty area. This phenomenon possibly
resulted from enlarging the space between

plants due to the loss of circumferential hills.

"d) Number of Grains per Panicle and

Weight of One-thousand Grains

The number of grains per panicle in the non-
salty, low- and high-salty areas is 78,65 and
61, respectively. The number of grains per
panicle was clearly decreased by 16 % and 21

% respectively in both low- and high- salty

_.
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Fig. 12. The reiationship between the
decreasing ratio of number of grains
per panicle in each salty area compa-
red to the non-salty area and the
decreasing ratio of rough rice
yields.

each variety and its salt tolerance. In the non-
salty, low-and high-salty areas, the early var-
leties are generally smaller in weight than the
medium and late maturing varieties. However,
the decreasing weights of one-thousand grains
from the salty areas when compared with the
non-salty area 1 to 7% on the average in the
low-salty areas and 5 to 13% in the high-salty
areas, respectively. The yields from salt dam-

age was found to decrease from 7 to 13% for the
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Fig.11. The relationship between the weight of a panicle and the number of panicles per plant.

early variety and 1to 5% for the medium and
late varieties. It was considared that the
decrease in the weight of one-thousand grains
'is one of the decreased yielding factors of the
early maturing variety in the salty areas.

e) The ratio of Matured Grain, Millirg

Recovery and Broken Grain Pnoduction,

The matured grain produced by the seven
early varieties was 85.2%, medium 81.9% and
the late 86.6% in the non-salty area. The ratio
of matured grains of the medium vuirieties
somewhat declined as compared with other
maturing varieties. The total average of the
non-salty areas was 84.6%.

The average matured grain ratio the eariy
varieties was 88.9%, medium 93.4% and late
91.5 % in the low-salty area.

The toal average matured grain ratio in the
high-salty area was 83.4% for the average of
21 varieties. The early varieties were 77.1 %
medium 88.2 % and the late 84.8 % on the
average. The medium varieties were the best.
The high-salty area were characterized by
lower matured grain ratios than the non-salty
area. The matured grain ratios of early var-
iety were especially low.

The matured grain ratio of the early varieties
was poor in the salty areas while those in the
medium varieties group were remarkably bet-

ter. The late varieties were also well matured

as a whole.
It was observed that the early varieties de-

clined and the medium and late varieties were
equally high in their milling recovery perce-
This trend

was also observed in both low- and high-salt

ntage from the non-salty areas.

concentration areas. The total average milling
recovery percentage of the whole 21 varieties
was almost the same for the non-salty as for
both low~ and high-salty areas. In other wor-
ds, there was observed no variation of the
milling percentage due to salt damage, but
there seemed to be a difference in the matured
grain ratio according to the maturing period.

The average weight of broken rice was 31
grams per 3.3m? in the non-salty areas, 14.7
grams in the low-salty areas and 17.9 grams
in the high-salty areas. The amount of broken
rice is remarkably small in the salty areas.
However, the weight of broken rice of the
early varieties is generally 2 times that of the
medium and late varieties in the salty areas.
Therefore, the milling recovery percentage of
the early varieties declines in the salty areas

and the amount of broken rice incre:ses.
f) Straw Weight and Rough Rice Weight
vs. Straw Weight

Data in Table 4 indicates that the straw pr-

oduction was restricted in the salty areas as



compared with the production in the non-saliy
area. There was no difference in the straw
weight per area of 3.3m? in both low-and hi-
gh-salty‘areas. The straw weight of the early
varieties was low in the non-salty and both of
the salty areas. The medium maturing varie-
ties were intermediate in weights and the late

varieties were high.

The ratio of rough rice weight vs. straw
weight of early varieties was high in the‘
non-salty area but declines as the salt conte~
nt rises. The ratio of the early varieties was
high in the non-salty area and the value of

the late varieties was small. This treand was

Table 5. Straw Weight and weight of Rough Rice vs. Straw Weight.

Straw weight (kg/3.3ms)

Wt. of rough rice vs. straw weight (%

Description

Early Medium Late Aver, Early Medium Late Aver.

Non-salty area 1.91 2.44  3.27 2.54 91 69 61 74
Low-salty area 1.26 1.70 2.10  1.69 77 75 63 72
Hihg-sal:y area 1.28 1.66 2.05 1.66 66 72 62 67
Average 1.48 1.93 2.47  1.96 78 72 62 71

generally observed in the salty areas, while
the [ratio o the medium varieties was slightly
higher thar. that of other varieties in the high

salty area.

Discussion

Kapp 192 (1947), Ota and Yasue 26> (1958),
Pearson?7278> (1959 a,b) and Kaddah!®1%> (1
961,1963) rzported that salt tolerance of rice

nlants is the weakest during the seedling stage
and the tolerance increases with increase of
age. There are differences between varieties in
varietal tolarance to salt concentration.

Pearson et al.30> (1965) also reported that
salt inhibited germination by 50 % one week
after soaking the seeds in 21.2-30.5 mmhos in
the salt tolerance experiment performed with
14 varietes such as Bluebonnet, Caloro and
Zenith, and 50% decrease in the weight of dry
matter at tke seedling stage is 6.4 mmhos on
the average and the salt damage at the seedling
stage is over three timss less than that at ge-
rmination.

After transplantation immediate rooting isone
of the most important prob®ms in the rice cu
lture under salt conditions in Korea. According

to Pearson?®> (1959), the 3-week and 6-week

old seedlings of Caloro rice endure generally
in 9 mmhos (salt cont .58 per cent) and 14
mmhos respectively.

The rice seedlings were 44 days old when
transplanted on June 6th. The salt concentra-
tion of the experimental plots at this time
was 0.65 to 0.7% in the low-salty area and
0.9 to 1% in the high-salty area.

From the results of Pearson, the rice seedl-
ings the above seemed to endure salt concent-
rations. In spite of the proper irrigation and
drainage of the experimental plot, however,
there was observed a number of withered hills
even in the low-salty area due to relatively
higher temperature and prolonged drought in
the month of June. In the average year,
the salt content usually falls from the latter
part of June. However, it began to fall from
the latter part of July in the present experim-
netal plot this year as mentioned previouly in
the section of the weather. Consequently, th-
ere was produced a decreased yields by with-
ering in the salt paddy fields where irrigation
and drainage were not thoroughly carried out.
Even though the seedlings were relieved from
being withered, the tillering was inhibited
and decreased the number of panicles.

The wet ssason following immezdiateiy after



transplantation is one of the most important
weather conditions for rice culture in reclaim-
ed salty area because it makes dropping of the
salt concentretion and activates the rooting,
tillering and vegstative growth.

Ehlig!t® (1960) reported that salt damage
under the condition of high temperature is
great. However,under rainy or cloudy weather
condition, the water temperature is relatively
low and the transpiration may be balanced.

Active irrigetion and drainage are necessary
as the salt concentration rises in the salty a-
reas. Even in the high-salty area of 1% salt
content in spring, there is usually frequent
-precipitation during the period of rooting,
tillering and paniclz formation, there by salt
content drops 0.4 to 0.5 percent. Therfore, if
irrigation and drainage are sufficiently carri-
ed out for two or three weeks, rooting and
tillering will be readily active.

According to Eaton® (927), Bernstein® 1D
(1958,1961) and Lagerwerff®? (1961), the os-
motic pressure of plant body rises under the
condition of high osmotic pressure and the
difference of osmotic pressure of the inside and
outside of plant body is continuously maintained
constant at all times. However, Hayward et
al. 12213 (1944 a,b) claimed that the inter-
ruption by plants is primary factor of salt
damage under salt conditions.

As mentioned above rooting follows immed-
iately after transplantation and includes the
problems incurred in the growth of seedlings
in the nursery beds. In other words, it is im-
portant to plant healthy seedlings and also to
give careful attention to the irrigation and
drainage for one or two weeks after transplan-
tation. Those seedlings suffering from severe
damage at this stage can not readily recover
and produce high yields efficiently.

According to Pearson?7>%8) (1959 a,b), salt
damage to the production of rough rice is
greater than that to the vegetative growth.
In other words, the plant height decreases 20
%in the salt concentration of 11 mmhos, str-

aw weight 45 % and the number of panicle 30

%.He cited a decrease in the number of pani-
cle and inhibition of pollen germination as
another important effects of salt damage on
rice production. He also reported that 8mmhos
(0.51 percent) is the 50 percent point of dec-
reasing yield of Caloro rice through its grow-
ing stage.

The average salt concentrations of high- and
low-salty areas of the present experimental
farm from June to the end of October was 11.
9 mmhos (0.76 percent) and 9.1 mmhos (0.58
percent), respectively. The plant height of 21
varieties at the maximum tillering stage and
culm length at the maturing stage were 63.8
and 68.6% respectively on the average of the
high-salty areas, 69.8 and 77.7% of the low-
salty areas in comparison with the non-salty
area. These results indicate little growth as
compared with data obtained by Pearson. This
may be considered attributable to the prolonged
dry weather in the months of June and July.

Choi et al. 356> (1962 a, b, 1963 a, bh)
reported that the average heading period in
salty areas was delayad 7 to 10 days. The
heading dates of the whole 21 varieties in this
experiment were delayad 6.4 days and 9.8 days
respectively, on the average in low-and high-
salty areas as comparad w ta non- salty areas.
In salty areas the average number of days de-
layed in heading compared with non-salty area

was longer in order of early, medium and late
maturing varieties.

It seems that production of rough rice is re-
lated to the heading dates. Those varieties
which headed rapidly produce low yields co-
mparing to the non-salty areas. The salt con-
centrations of both salty areas dropped below

0.55% salt after August 25th. The medium
and late maturing varieties head thereafter

were reduced not so much as early varieties in
the porduction of rough rice while the decrea-
sed yields of the early maturing varieties he-
aded at the time of high-salt concentration in
the beginning of August was 50 to 56% of
rough rice in both salty areas comparing to

non-salty area. The growing period of early



maturing varieties “was short and afflicted
with high-3alt concentrations in early growth.
Consequently, it remained inactive vegetativ-
ely and headed early without recovering from
th= sali demage.

It can be readily understood, therefore, that
the decreased yields of early maturing var-
iety is great in such area of the “fall better
type” in growth as the reclaimed soil area in
Korea where the salt concentration becomes
high at the early growth stage and low at the
late growth stages of rice.

The longer the delaying dates of heading in
salty areas comparing to the non-salty area,
the lower is the production of rough rice in
the salty areas. The heading dates of the ea-
rly maturing varieties are delayz=d especially
in comparison with plants grown in the non-
salty areas It is assumed that the varieties
of longer delay heading dates are those of
weak absolute salt tolerance. The heading of
these varieties might be delayed by a great
inhibition of growth due to salt damagesi.e.,
they are q-..ite sensitive to salt.

According to Francois and Bernstein'!> (19
64), safflower in the salty areas produce a
decreased yield as the number of panicles are
decreased. They also reported that although
the number of seeds is not decreased in the
salty area, the weight of each seed decreases
remarkably due to salt damage during the
growth cycle. The results of the present exp-
eriment show a significant relationship betw-
een the number of panicles per hill and the
production of rough rice in the non-salty and
low-and high-salty areas.

In the pr:ssent expzriment the salt concent-
rations at the heading and blooming stages
of the early maturing varieties in the low-and
high-salty areas in the early of August were
higher than that at the heading and blooming
stages of the medium and late maturing vari-
eties in the latter part of August. It can be

understood, therefore, that this is the cause
of the small panicles of the early maturing

varieties.

The number and weight of panicles per 3.3
m?showed the correlation to be negative at 1%
significance in the non-saity and low-salty
areas, respectively. This indicates that those
varieties that have a large number of panicles
produce lighter-weight panicles. However,
they showed a positive correlation in the high
salty areas. This seems attributable to the
space caused by withered individuals per hill
and lower leaf areas due to high-salt concen-
trations at the early stage of growth and because
of the dropping of salt concentration, active
tillering of the strong salt tolerance varieties
resulted in their heavy-weight of panicles.

It may be further considered that the decr-
eased numder of grains per panicle hada great
effect on the decreased yields of rough rice of
each variety produced in the salty areas and
the decreased ratio in number of grain per
panicle produced in the salty areas comparing
to non-salty area was correlated highly signi-
ficant with decreased ratio of grain yield. The
number of grains per panicle of the early m-
aturing varieties and as the salt concentration
rises was decreased.

Choi et al. 526> (1963a, b) reported a decrease
of the thousand grain weight in the salty ar-
eas although it does not affect the yield in
particular. According to Shimoyama and (go31?
(1956), a decrease of grain weight damage has
a great effect on the panicles produced.

In the present experiment, the decrease of
the one-thousand grain weight of rough rice
was considared to be one of the cause of a
decreased yield in the salty areas. The one-
thousand grain weight is reduced as the salt
concentration of the soil rises, especially in the
group of early matuing varieties than that of
the medium and late maturing varieties in
each salt concentration area. It was assumed
that a decrease of the one~thousand grain wei-

ght resulted in a severe decrease in yields of
the early maturing varieties in the salty

areas. There was no difference in the one th-
ousand grain weight of the medium and late

maturing varieties in the low- and high-



salty areas. Some varieties produced one thou-
sand grain weight with better yield in the
low-and high-salty areas than in the non-salty
area.

The favorable matured grain ratio in the
salty areas was closely related to the salt co-
ncentrations of the soil and prevailing wedt-
her conditions. The salt concentration in the
early of July, one month prior to the early
maturing vareties in the high salty area was
more or less 0.85%, and was lower than at one
month before the varieties of other salty areas
and the respective over all maturing periods. It
is considered that not withstanding the same
v.veather and soil conditions, the matured gr-
ain ratio of the early maturing varieties was
decreased because of high salt concentrations
during the period from the panicle differentiat-
ion stage to the heading stage. It may be ass-
umed, therefore, that the dropping of the salt
concentrations and favorable weather condit-
ion before and after the heading stage of the
medium and late maturing varieties in the
latter part of August resulted in good matured
grain ratio in the salty areas.

According to Ayers et al. > (1960), there
is almost no salt damage to development and
maturing of seed in maturing period of barley
and wheat. However, Shimoyama and Ogo31’
(1956), Iwakil® (1956) and Ota et al.®% (195
5) reported that the matured grain ratio dec-
reases remarkably in the salty areas. Choi et
al.® (1963) also reported that the matured
grain ratio declined in the salty areas. Shim-
oyama and Ogo®!> (1956) reported that salt
damage at the panicle formation stage and at
the miosis stage is guite severe. According
to Ota et al. 2% (1955), salt damage greatly
affects the pollen germination and thereby
produces a great deal of grain inmaturity.

The matured grain ratio of 21 varieties in
the low-salty area vs. the non-salty area was
108 % on the average. This indicates that the
former is 8 % better than that of the latter.
In the high-salty area it was 99 % which s-

hows similar results from non-salty area. The

matured grain ratio of the medium maturing
varieties in both salty areas were very good.
Pearson and Bernstein?? (1959), Iwakil516>
(19562, b), Shimoyama and Ogo3% (1956) repo-
rted that salt damage is not very effective at
the maturing stage. It is assumed that the
ratio of milling percentage, broken rice
grain weight and the one-thousand grain we-
ight in the salty areas do not decline as com-
pared with that in the non-salty area due to a
sharp dropping of the salt concentration at
the maturing stage. It is considered that the
enhancement of photosynthesis per unit area
under low-salty condition is also one of the
active main factors in such salt concentrations
as claimgd by Kling?0> (1954) and Nieman®®
(1962).

Summarizing the effects on the yields of
brown and rough rice in the salty areas, nu-
mber of panicles, number of grains per pani-
cle, one-thousand grain weight and maturing
ratio are the most significant factors affecti-
ng yields. The capacity of each variety to
resist the effect of salt is important. Also
the number of panicles to be made up of as an
early security of rooting and number of tillers
is more peculiar and important factors than
those of the non-salty area. It is espzcially

so in Korea where the wet season comes rejat-
ively late in most years.

In the consideration of an intense variation
of the salt concentration of soil throughout
the year and a great difference of sensitivity
to salt damage according to the rice growing
stage, the present cxperiment was carried out
in the hope that some varieties in each matu-
rity period would be free from salt damage.
The early maturing variety brought about very
poor result in the culture under salt condit-
ion, while the results of the medium and late
maturing varieties were favorable. The medi-
um maturing variety produced somewhat bet-
ter result than the jate maturing variety in
the panicle weight and matured grain ratio in
the salty area. The production of brown and

rough rice was similar to both maturing var-



ieties on the average in the low-salty area,
while the latz maturing variety produced 27
kg more per 10 a in the high-salty area. The
varieties which produced the largest quantity
of rough rice in each salty area were as fol-
low:

In low-salty areas: kwanok, Yachikogane,
Iri-265, Hokwang, Jaikeun, Kinmase, Nongr-
In high-salty areas: No-
Yachikogane,

im-6 and Kusabue.
Ksranok, Hokwang,
Jaikeun, Iri-235 and
Therefoe, the varieties of Kwonok, Hokwang
1ri-265 and Kusabue pr-

ngrim-6,

Shirogane, Kusabue.

Nongrim-€, Jaikeun,
oduced go.d result equally in both salty aseas.
The order of varieties by the weight of rough
rice produced in both salty areas is (1) Kwa-
nok (2) Hokwang (3) Nongrim-6 (4) Jaikeun
(5) Iri-265

The production ratio of rough rice of the
above 5 varieties in the salty area versus non-
salty area it 69 to 78%. These varietes have
the highest salt
referred to as “salt tolerance”) and rice pro-
duction in the salty areas versus npnsalty are-
as. This means that they have higher inherent
production capacity in the salty areas but has
high-salt tolerance and not high productivity in
Therefore these varieties

tolerance value (herein after

the non-salty areas.
are considered to be the so-called “salt tolera-

nt varieties.”
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