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ABSTRACT

The tice vatiety, Nongkwang was used in two factorial experiments with the combina-
tich of 15 kg and 20 kg of N per 10 a, 3 levels of P05 (0,4 and 8 kg per 10 &) and
4 levels of potash (0,2, 4 and 8 kg per 10 &) in the reclaimed soil areas containing 0. 48%
oh the averagé :alt content throughout the vear (0.67% at the end of April).

The absorption of N, K and Ca was accelerated by increased N applicaticns. The ab-
sorption of P itself was rot enhanced by the increased application of P2O; but the absorp-
tion of K;O reduced the absorption of Mg was affected. The increased application of K,0
reduced the abgorption of Si and seemed to increase the content of carbohydrate in the
rice plants. )

Twenty kg of N and 4 kg of P,05 per 10 a produced satisfactory yields of rough rice,
potash applications are ineffective in this experiment dn rice grain production.

INTRODUCTION

The results of the first year experiments(Im, 1967) revealed that an increased application of
fertilizer over the standard application (N 10 kg, P:Cs 8 kg and K,O 8 kg per 10 a) did not in-
crease the rice yield in the non-salty area, while .2 and 1.5 times of the standard application of N
showed outstanding effect in both low-salty area (0.5% of salt content at the end of April) and
high-salty area (1.0% of salt content at the end of April), respectively, The yield was not in-
creased by any treatment over 8 kg per 10 a of P,U; in the above two plots while K,O did not
show any effect on each salty plot.

#% This work was performed as part of the Trust Fund, MOST, USAID Res. Proj. TF 68—7, from
United States Agency for International Development to Korea.
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zports indicate the satisfactory reaults of an incrsassd N application in the reclaimed soll area
on increasing rice yvields (Im, 1957, Shimoss, 71956 a, b, 1958). According to Yoneda (1958 a,b)
and Shimoss (1955), 1.5 and 2 timas the standard fertilization rate of N is favorable for the
growth of the ricz and barley in the reclaimed area. They also reported that aa  additional appli-
“cation of N reduces salt damaze whan the damage symptomns appsar.

According to the report of Honam Crop Exparimant Station(1966),” 9 to 12 kg of N per 10 a
brought about satisfactory productivity and the larzest vield was produced with 12 kg of N per
10 a application. It was furthsr reported that by strip fertilization four times during the growing
season was most favorable to high rice yields.

It is comsidered that the high effectiveness of N fertilization in the saity area may involve less
N in soil, acceleration of N absorption and a chzck or decline in the Na absorption (Im, 1967) in
the reclaimed salty soil. However thé basic mechanism has not hesn clearly understood(Shimose,
1953 a, b, 1955; Shimoss & Mifune, 1956). Althouzh it is apparent that L 5 to 2 times the
standard application for the non-salty area produce good yields in the reclaimed soil area, there
has bazn few experiment conducted on the fertilization of rice with phosphatic and potassic
materials (Im, 1987).

The first year experiments (Im, 1967) showed that the higher the salt concentration the larger
the phosphate content present in the experimental plots. According to Yoneda (1953 a, b), the
effactiveness of P,0; becomes high due to the formation of acid phosphoric alkali in the reclaimed
sol area of alkalic Na-Myz clay and Cl absorption is checked when a large amount of Py0s is
supplied. Yoneda and Shizgeda(1957) indicated that P:0; leaching occurs together with alkalic
leaching as time passes after reclamation. Therefore it is desired to pay a special attention to the
application of P,0; in the reclaimed salty soil area.

As ohserved in the first year experiment (Im, 1987), K20 absorption was checked throughout
the full growth staze in the salcy area (Im, 1967; Pearson, 1959). Shimose(1959, 1958) reported
that K,Q absorption varies differeatly at the later growth slage of rice plant than the early
growth stage. The reclaimed avea contains originally a large amount of KO (Im, 1967) and it
may be readily presumed that the antagonism of K+ absorption occurs due to an excessive Nat
absorpton. However, considering the symptom of salt damage that is commonly similar to the
deficiency of K,O. The function of K,O as an activator of enzyme within the plant body and
disturbance of metabolism by the deficiency of K:O, the study on KO nutrient and fertilization of
rice plant is considered to be of great importance. It is reported that the disturbance of Ca and
Mg absorption except K also occurs and the Si0x(Im, 1967; Shimose, 1959) absorption is accele-
rated in the salty area (Im, 1967; Shimose, 1955, ‘58, 64).

As dexcribed above the nutritional absorption of mineral elements substances and their meta-
bolism by the rice plant is not simple in the salty area. Therefore, the present experiments are
intended to investigate the optimum application of P;0; and KyO fertilizers to N levels and its
effect on the metabolism of inorganic nutrients and yield components.

—22-—



Juri., 19707 IM: Balt Tolerance of Kice and Other Crops a3

MATERIALS AND METHODS

This experiment was performed by dividing the combination of the following treatiments of the
three feriilizer elements irito the first and second experiments:

TN N 15, 20 2 levels(Kg/10 a)
P: PO, a, 4, 8 3levels¢ » )
K: K0 0, 2.4, 8 4 level=s( » )
First experimant:
Treatmeat nunber  N—P—K Treatirent numnber N—P—-K
' Py 15—-8—0 Fy 20—-8—0
Fy 15—8-—2 Feg: 20—8—2
Fa 15—8~—4 Fr 20—8—4
Fg 15—8—8 Fs 20—§—8
Szzend experiment:
Treatment number N—P—K Treatment number N—P—K
Fg _ 16—0—4 Fia 20—0—4
Frot- 15—4—4 Fag: 20—4—4
Fu: 15—8—4 Fra 20—8—4

The rice variety, Nongléwang, was sown in the seed bed on April 27. The standard method
normally used in the non-salty area for the fertilizing managemant of the sead bad was practiced.
Transplantation was done with 7 plants per hill at intervals of 21 cn by 15 cm o1 June 13. The
salt concentration at the transplanting period of the silt loaw soil was 0.61%. The plot size was
6 mX3m. Each plot in the factorial design was replicated 3 times. The ratio of N application for
basal, tillering and heading was 3:4: 3.

RESULTS AND DISCUSSION

1) Absorption of mineral nuirients

Investigation was conducted on the absorption of mineral nutrients and the content of carhohy-
drate at the time of increased fertilization with N, PyJ; and K.O in the salty arsa (0.'41% of
salt content at hending stage). ’ '

As observed in the first year experiment(Im, 1967), an incraased application of N accelerated
the absorption of N, K and Ca in the salty area (Im, 1967). Shimose (1965) reporied that the
incraased application of N under salty soil condition increased the total N, solubls -N, carbohy-
drate and phosphate of the rice plants However, there was observed no increass in the content
of carbohydrate in the pressnt experiments. ' '

It is considered that the absorption of N and P may be generally enhanced by N fertilization
in the salty areh (Gauch & Wadleigh, 1944; Imi, 1967; Shimwose, 1938, ° 1963). According to Shi-
mose (1956 a;b), the N treatments bring abjout changes in. the-frae amino acid and amidas within

the pl%nt body- and increasss the-content of ‘the N compounds such. as amides and: amino acids. -

C—— g —
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Although the increased application of phosphates did not affect the abscrpticin of other ions as
observed in the first year experiment (Im, 1967), it did affect the Mg absorption. It seemed also
to reduce the content of carbohydrate.

It is reported that the increaszed applicaticn of PJQ;5 accelerates generally the P abscrptien (Im,
1967, Omcri & Kawaraka, 1666; Shimcse, 1958, 1263). Accarding to Lagerwerff arnd Holland
(1960), the P aksorpticn is affecred ratter by SAR tlam salinity under salt ccnditiors. Increased
applications of K reduced the absorption of Si and increased ihe carkchydrate content. It is a
widely krewn fact that K is sienificantly ccncerred with the physiclegical functicn in the meta-
bolism of carktohydrate. However, a further study is ccnsidered recessary om the disturkance of
Si absorption by the increased application of K;O In the salty area. It is reported that the abso-
rption of Si is accelerated, in general, under salty conditions(Im, 1867; Shimose, 1956, '58, '59).

Tabie 1. Chemical Analysis Data of Plant Materials(Heading stage, dry weight, %)

Total . Total

N-P-K ‘f\{ PO K0 Cabd Me0 Na0 Si0, Carbo-
hydrate

15-8-0 0. 54 0.14 1.54 0-28 0.23 0. 95 10.00 30.3
15-8~4 0.58 0-15 1.32 0. 32 0. 15 101 8.10 30.3
15-8-8 0.58 0.17 1.38 0.28 0.22 1.00 6. 94 38.8
15-0-4 0.54 0.14 . 1.30 Q.25 0.23 Q92 8.97 38.8
15-4-4 0.70 0.15 1.58 0.32 0.21 0.96 8.17 43.4
15-8-4 0.58 0.15 1.32 0.32 0.16 1.01 8.19 30.3
15-8-8 0.58 0.17 1.38 0.28 0,22 1.00 6.94 38.8
20-8-8 0.73 0.22 1.64 0.42 0. 25 0.92 7.00 36.6

There are many reports (Bernstein, 1964; Kim, 1958; Pearson, 1959; Shimose, 1956, '58, ‘39,
‘63, '64) indicating that the incresed absorption of Nat and Cl-(Bermstein, 1964; Im, 1967; Kim,
1958; O mori & Kawanaka, 1966; Shimose, 1956) affects the K* in the rice plant under salty
condition. According to Osawa (1961), a large amount of Na*t--K* in the leaves of vegetables
indicated a strong salt tolerance. It is considered, therefore, that the effect of K aksorption is
closely related to the mechanism causing salt da_mage to rice. There are some dlfferent TEpOrts
(Kim, 1958; Im, 1967; Qmori & Kaw*maka 1966; Shimose, 1956, '63, 1964 a,b; Shimose &
Miyake, 1957) maintaining that the increased, reduced and does not affected the Ca absorption
ete. in maay. plants grown in salfy area. It has also been reported that the absor_ﬁtion of Mg is
not affec_ted or accelerated etc. by salty congli;tions (In_], 1967; Kim, 1958; Osawa,- 1960, 196i;
Shimose,, 1963).. ‘ _ -

Most of these results were obtained fromr water apd pot culture. As discussed previously it
seemed that the absorption and accumulation of catlons vary and the results observed were also

vary according to the composition of each cation of the culturing sofl in addition to salt content

- 24—
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Tabk 2. The Effects of N, P and K on the Yield Components.
K0 (kg/102) ' PO, (kg/10a)
0 2 4 8 Aver. 0 4 8 Aver.

Culm length (cm)
Ny 110.3 111.6 111.2 114.0 111.8 112.3 112.9 111.2 112.1
Nao 115.7 116.3 114.6 15.9 116. 4 118.0 118.8 114.6 117. 1
Aver. 113.0 115.5 112, 9 1i5. 9 114. 1 115.2 115.9 112.2 114. 6

1~
@ or

Length of panicle (cm)

Ni; . 20.6 20.3 20.7 21.3 20.7 20.8 21.1 20.7 20.9
Ny 21.8 22.1 21.2 2.2 21.6 22.0 219 2t.2 21.7

Aver. 212  2L2  3LD 9.3 212 2.4 2.5 219 213

No. of panicle _ ‘ .
Nis 10.6 10.4 10.0 10.5 10.4 10.6 10-6 10.0 10.4
N 11.3 12.3 12.8 11.9 12.1 12.6 11.9 12.8 12.4
Aver. 11.0 1.4 1.4 1n.2 1.3 11.6 11.3 11.4 11.4

Wt. of panicle ()

Ny 1.55 1.73 1.79 1.75 171 1.52 1.71 1.79 1.67
N 1.69 1.63 1.52 1.50 1.61 1. 40 1.53 1.52 1.52
Aver, 1.62 1. 68 1.66 1,68 1.66 1.46 1.67 1.65 1.60

1,000 grains weight (g)
Nis 26.4 25.8 24.5 25.0 25.4 25.3 25.9 24.

Na 24.4 25. 4 243 23.8 24.5 24.4 24.6 24.
Aver. 25.4 254 - 4.4 24.4 25.0 24.9 25.3 24.

W o on
20 = b

No. of grains per panicle

N 65 75 $s 8 76 69 71 85 75

Nz 85 78 72 80 78 68 Y- 72 72

Aver. 75 77 79 80 78 68 75 7 . 74
Ratio of matured grain (%)

Nig 87.9 86. 1 81.2 8.1 84.9 83.4 89.7 81.2 84.8

Mz 78.0 75.9 80.7 82.1 81.2 84.7 82.8 80.7 82.7

Aver. 82.5 81.0 81.0 83.6 83.1 84.1 86.3 81.0 83.8
Wit. of rongh rice (kg/10a) .

N, 494 540 537 554 531 483 554 537 525

N 575 601 583 572 583 558 582 583 574

Aver. 535 571 560 563 557 . 521 558 560 550

especially the SAR, growth stage, and k,nds of plants (01"101'1 & Ka\vanaka 1566).

2) Yield components
Table D shows that fncreased fertilization with N increased the length of culms and panicle,
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increased the number of panicles and reduced the panicle weight. It also reduced the weight of
L 000 grains and -the ratio of matured grains while the number of grains per panicle was little
affected. The tendency indicated by these characteristics was almost the same as that observed
in the first year experiment (Im, 1967).

According to Park (1965), the increased application of N to the non-salty paddy Ffield brought
about an increass in the number of panicles, reducsd the ratio of matured graius and the number
of grains per panicle was decreased. In the present experimeznts, however, the number of grains
per panicle was not decreasad even by an increased N fertilization from 15 kg of N to 20 kg in
the salty area (Matsushima & Manaka, 1962).

Tsuno and Shimizu (1962) reported that the number of grains per panicle is closely correlated
to the N content of the leaf blades at the heading stage and to the number of the secondary
rachis from the morphological point of view (Matsushima & Manaka, 1962). It was considered
that higher living activity (Im, 1967) at the later growth stage of the rice plants in the salty
area may have been influesnced to a great extent. As reported by Park (1965), a negative cor-
relation was observed between the content of N and Mg in the rice plants and the ratio of
matured grains in the salty area.

It was observed within the scope of the present experiments that the panicle weight and the
number of grains per panicle ssemed to be enhanced by the increased application of phosphate.
In the first year experiments (Im, 1967) thers was observed no effect of phosphate fertilization
on the above two factors. It is felt necessary that a further ianvestigation should bs carried out.

The potash fertilization in the salty area increased the number of grains per panicle. It may

¢ interesting to further investigate the methanism of this phenomenon.
3) Yield of rough rice

The increased application of N showed a significant difference of 1% in both the first and
second experiments. This is illustrated in Fig. 1 as the fertilization with 20 kg of N.per 10 a
increased significantly the vields than the 15 kg of N application.

In the compound experiment(Im; 1968) of planting density with 8 kg of P,0; K,0O per 10 a
and thres N fertilizing levels (10kg, 156 ke and 20 kg per 10 2) on the rice variety Kusabue, no
significant difference was observed in the yield of rough rice betwesn the fertilization 15 kg of N
and 20 kg. This phenomenon is considered to appear by the diiferent reaction of N fertilization on
different rice varieties.

-’oneda (1958) indicated that the nitrogen economy of the reclaimed: scil is not simple; e (D)
the available nitrogen content is very small because of meager number and eak activity of
Azolobacter, (2) the N fertilizer is absorbed - and fixed in the soil and (3) the soil at the early
stage-of reclamation requires a large ams)unt of N becausz of the oscurrence of smaller amount
of disintegration than N required for the formation of humus. Berastein and Ogata(1946) reported
the delay of the nodulation of the leguminous plants and the ammonification and nitrification
activities in the salty area (Kapp, 1047; Yoneda, 1958).

Accordmg to the report of UNDP (SF)(1965, 1968) on many replicated experiments conducted
in paddy tields fhroughout Korea, 10 kg.of N per 10 a appsars to be the optimum -rate of N fer-



Jun., 19703

IM: Salt Tolerance of Rice and Other Crops

w

Table 8. Yields of Rough Rice. and Various Agronomic Characteristics from .the Fertilization
Experiment.
y Length Wt. 1,000 - - No. of Ratio of Wt of -
- %;}ntlh of gﬁfo' of grain grains  mativel rough
[reatment (cﬁ)‘ panicle anicle  Danicle  weight  per grain rice -
. (cm) pant (2 (2 panicle (%) (kg/10a)
Fy (15-8-0) 110.3 20.6 10.6 1.55 26.4 65 87.0 494
Fy (15-8-2) 111.6 20.3 10. 4 1.73. 25.8 75 86.1 540
- Fa (1580 111.2 20.7 10.0 1.79 24.5 85 81.2 537
Fo (15-8-8) 140 213 105 176 25.0 80 85.1 554
Fs (20-8-0) 5.7 21.8 1.3 1.69 244 85 78.0 575
Fe (20-8-2) 119.3 22.1 12.3 1.63 25. 4 78 75.9 601
P, (20-8-4) 114.6 21.2 12.8 1.52 24.3 72 80.7 583
Fs (20-8-8) 115.9 21.2 11.9 1.60 23.8 30 o821 572
Fy (15-0~4) 112.3 20.8 10.6 .52 25.3 69 83.4 483
F1o(15~4-4) 112.9 211 10.6 1.71 25.9 71 89.7 554
Fu(15-8-4 111.2 20.7 10.0 1.79 24.5 85 81.2 537
FL.(20-0-4) 118.0 22.0 12.6 1.40 24.4 67 84.7 558
F15(20~4-4) 118.8 21.9 1.9 1.63 24.6 87 82.8 582
F1.(20~8-4) 114.6 212 12.8 1.52 24.3 72 80.7 533
- Ktfica
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Fig. 1. Effects of phosphate and potash treatments on yields of rough. rice.
©—® N 15kg/10a, @@ I N 20kg/10a -
tilization for non-salty areas. It indicated further that the maximum point of rough.rice. vield is
N 12kg, P;0s 6 kg and K;O 8 kg per 10 a. The present experiments have show that the’ N reg-

uirement is much greater in the salty area than the non-salty area.
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The fertilization of phosphate showed & Siemificant differente of 5 %. Tiz. 1 shows that 4 kg
and 8 kg of P05 per 10 a produced almost the same rough rice vields. Therefore, it is considered
that the optimum amount of fertilization is 4 kg per 10 a of P05 in the reclaimed salty paddy
fields.

Lee et al. (1068) indicated that the effect of phosphorus carrving fartilizer en rice plant in the
ordinary paddy field in Korea is lower that than in other countries. The UNDP (SF) report (1965)
also wolnts cut this fact and that 6 kg per 10 a of P.0; is effective in increasing i‘éu'ﬂh rice yield
in nen-salty paddy fields. Yoneda (1957) and Shimoese (1966) cited the phenomencn of alkalic
leaching of phosphate on the reclaimed area and reported that the optimum amcunt of phosphoric
acid on wheat is 6.5 kg per 10 a. The experiment on the fertilization of phosphate in the reclaimed
salty area of Korea has been rarely studied.

As observed in the first year experiment (Im, 1967), effect of potash fertilization was also
negative in the present experiment, The increased application of K30 at the peak of 2 kg per 10
a reduced markedly rough rice vields }11 the 20kg of N per 10 a plots ag illustx?ted in Fig. 1,
while the application of K;Q over 2 kg increased rough rice vield by 35 kg per 10a on the 15kg
of N plots when compared with the non-potash plots. Therefore, it was felt necessary to continue
experiment on the potash. )

The UNDP (SF) report {1965) ndicated that increased K0 fertilization (Hong, 1966; Kapp,
1947; Oh, 1963) in the ovdinary raddy field of Korea is lsss effective and that the maximum
point of rough rice yield i 8 kg (The Association for Potash Research 1066) per 10 a of K,0.
Park (1666) rerorted thkat the application of 4 to 8kg per 10 a was significantly effective in
increasing rough rice yields in the alluvial deposit compared with the nonpotash plots. Shimose
and Miyake(1957) indicated that the optimum ameount of potash for rice plants is 4 kg per 10 a
and that excessive applications reduce the rough rice yields in the reclaimed paddy fields of
Japan,

Some fertilizing experiments (Agr. Exp. Stat, 1922, 1930, 1938) in the reclaimed paddy fields
of Korea were conducted with clacium cyanamide, ammonium sulfate, compost and calcium
phosphate in 1920s durirg which the Japanese imiplemented reclamation prejects in the southwest
coastal areas, According to the results of these experiments, increased applications of potash
n the reclaimed scil 2rea are more effective than in the alluvial deposit. However in 1967 (Im)
and 1968 there was na effect of potash anplications.

# =3
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