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ABSTRACT

Field studies were conducted with Kusabue variety and factorial design of 12 treatments

composed of 3 levels, 10 kg, 15kg and 20 kg of N per 10 a, and 4 levels of 80, 100,
' 120, and 14C hills per 3.3 m? plot in reclaimed salty area having an average of 0.48 %

salt concentration. N

The law of spacing effect was observed in the increase of the number of stems at
any application levels of N, and the increased N application exceeding 15 kg N per 10a
did not increase the number of stems in maximum tillering stage. The light recieving
efficiency of plant population was greatly reduced by close planting when compared with
the effect of increased N applications in heading stage,

The spacing effect on the C/F ratio W'-ELS- not noted but was reduced markedly by the
ncreased N applications, accordingly the spacing effect on r&ugh rice vields to the LAI
was less than by the increase N application. Closer spacing mcreased the number of
panicle, and non-efféctive stems, decreased the nurrher of grains per panicle and banic:le
weight. ' ’

The increaséd N applications also increased the numiber of panicle, reduced the weight
of 1,000 grains and the ratio of matured grains. It is fecommended to plamt 100 hills per
3. 3m? with the application of 15 kg N per 10 a in the reclaimed salty area of Korea.

# This work was performed as part of the Turst Fund, MOST, USAID Res. Proj. TF 68—6, from
United States Agency for Internation Development to Korea.
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INTRODUCTION

There were some experiments(Buller ef af., 1955; Canode, 1968; Carlson, 1964; Colville, 1958;
Hoag ef al, 1968; Miller ¢ al., 1967; UNDP, 1965) reported in recemt years regarding the
combined effects of N fertilization levels and plant spacings and their interactions.

The effects of planting densities on grain yields and other yield components of pea and sor-
ghum were reported by Gritton and Fastin(1568) and Atkin ef @f. (1968). Colville (1968) investi-
gated the micro-climate of lightness, relative humidity and temperature within plant populations
of corn-grown at various-planting densities. He emphasized especially the effect of lightness on
the ecosystém in corn farm. Kanda and Sato (1963) and Kanda and Nishizawa (1967) studied
LAT and growth of rice plant populations with different planting densities. Horie ef a/. (1967 a,b)
studied morphological characteristics of rice plant population with different planting densities and
N fertilization levels. However, none these experiments has ever been conducted under salty
soil conditions.

MATERIALS AND METHODS

The sample variety of Kusabue was cultured in an ordinary season with 12 treatments of 4
levels of plant densities and 3 levels of N dressing on reclaimed salty area (0.67% of salt con-
tent as of the end of April) with silt loam.

No. of hills PEr 3. 3mPe e 80, 100, 120, 140
N level per 10a. et 10 ke, 15 kg, 20 kg

The seedling grown uniformly by the standard management were transplanted in 7 plants per
hill with the above planting density on June 12. The fertilizer dressing ratio for basal, tillering
and heading was 3:4:3 with the basal dressing P;0; 8 kg and K,0 8 ke per 10 a. The standard
method of the non-salty area was applied to the maintenance and management of the plots,

EXPERIMENTAL RESULTS

1) The number of stems and pl‘;mt height at the maximum tillering stage;

The numkber of stems per 3.3m? was remarkably increased by raising the density level per
3. 3m? with changes at 10 kg, 15 kg and 20 kg levels of N per 10 a. The increase in the num-
ber of stems by the increase of density was greater in the 15 kg plot than that in the 10 kg
plot, while it was -not so great in the 20 kg plot when compared with that of the 15 kg plot.

The number of stems was increased evidently by an increased N dressing in each density
plot, and it was more remarkable in case of sparse plantation than close plantation. The effect
of inerease in the mumber of stems per unit area was more great by close plantation with an in-
creased number of hills than by increased N dressing.

Although there seemed no density effect, in particular, on the increase of the plant height
within the treatment scope of the present experiment, the plant height was promoted by increa-
sing the N dressing level. For instance, the average plant height in the 10 kg plots was 66. 5¢m,
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Table 1. N Dressing Level and Planting Density Effects at the Maximum Tillering Stage

Number of stems/3. 3m? Plant height, cm
Nw* le* N30$ Aver. Nm* N15* Nzg* .A.Ver.

Dy, (80) 1,008 1,072 1,080 1,053 -65.6 68.8 70. 1 68.2
D., (100D 1,080 1,000 1, 300 1,157 67.0 68. 2 70.7 68.6
Ds, (120) 1,272 1, 404 1,356 1,344 66.7 69.9 69.3 68.6
D,, (140) 1,470 1,506 1,498 1,521 66.5 67.7 70. 4 68.2
Average 1,208 1,291 1,309 1,269 66.5 68.7 70.0 68.4

* Ny Nys and Ny—kilograms N per 10 a.

while it was 70.0 cm, in the 20 kg plots. The effect of an increased N dressing on the plant
height was also greater by sparse plantation than close plantation. ’
2) Productive structure and leaf area index of plant population;

The dry matter production of various plant populations is generally in proportion to leaf area
before heading stage. However, it often correlates negatively to leaf area after heading stage.
Such negative correlation is remarkable in case of close plantation with mass-fertilization. In this
case the enhancement of photosynthetic effic’ency by the balanced assimilation part(photosynthetic
system) and non-assimilation part (non-photosynthetic system), optimum leaf area of plant popu-
lation and optimum space distribution of leaf will be one of the most important factors for an
increased yvield under a given environmental condition.

The productive structure and LAT (leaf area index) of plant population were mvestigated at the
panicle differentiation stage (on August 6) and heading stageCAugust 26), respectively. Figure 1
illustrates the productive structure when the number of hills is changed to 80, 100, 120 and 140
per 3.3m? plot with N 15kg, per 10 a fixed and when N is varied 10 kg, 15 kg and 20 kg with
planting density fixed at 100 hills per 3.3m? plot. '

The left side of the center line indicates the space distribution of the assimilation part cut by
stratum at 15cm intervals in each treatment plot and the right side shows the non-assimilation
part and panicle part including stem and leaf sheath indicated in the weight of dty matter par
1m? The left line represents the variance of the produgtive structure when the planting density
is changed and the right lme represents the same when the level of N fertilization is changed.

When the number of hills per 3.3m? was varied with N fertilization fixed at 15 kg per 10 a,
80 and 100 plants per hill showed almost the same pattern; 1. e., predominant distribution of
assimilation leaves at the height of 45—60cm above the ground. 120 and 140 hills also showed
similar patiern, the central part expanded more intensely than the former at the height of 45—
60 cm and a many of the leaves were also distributed over 60—75cm stratum. It is appeared
that light shortage may occur under 45cm. The productive structure of close planting was
observed in case of more than 120 hills pér 3.3m?, and the total -dry matter of the assimilation
part was vot increased by 140 hills compared with 120 hill per 3.3m?2 -

There was no structural difference in particular between the non-assimilation part of 80 and
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Fig. 1. Productive structure of plant population when the application N was fixed with 15 kg/lo a

o and the number of hills per 3.3m?* was changed (left), when the number of hills was
fixed at 100 and changed the apphcatlon of N levels (rxght) at the heading stage
Figurés for each treatment shiow dry weight of rice in grams per m?.
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100 hills per 3. 3m® while 120 and 140 hills showed almost the same pattern with well deyeloped.

The dry weight of the panicle part at heading stage became heavier by close planting. Tt seemed
that the dry weight of panicle was closely related at this time to the number of panicles.

The productive structure of heading stage was presented by expansion of the assimilation part
at the same density treatment (N 15kg) in comparison with the structure of the panicle differ-
entiation stage and the non-assimilation part was greatly developed by the elongation of the culms
in its top portion. -

In the comparison of the productive structure when N fertilization was changed with the number
of hills fixed at 100, 15 kg and 20 kg of N fertilization showed almost similar effect on the assimi-
lation parts and appeared with intense developmental pattern when compared with 10 kg treatment,
The leaf distribution at the height of 45~60 cm above the ground was not intensely expanded.
It is apparent, therefore, that the effect of increased N fertilization was not apparent in severe
light deficiency of the lower leaves. The weight of the non-assimilation sz_u‘t was little or not
changed by the increase of N fertilization, and also no change was observed in the weight of the
panicle parts at heading stage in each treatment

The productive structure of plant population at heading stage and that of the panicle differen-
tiation stage were compared. The non-assimilation part developed rapidly in case of the lower N
fertilization plots, while the assimilation parts were not expanded particularly in each treatment.
It has been known from the results of the first year's experiment (1967) that the increase leaf
area is correlated high significantly to the rough rice vield. However, the expansion of leaf area
by close planting within the unit area causes naturally mutual cover and the increase of assimi-
lation amount becomes blunt. The proportion of assmilatory capacity of population/respiration
activity decreases as the weight of the non-assimilation part becomes heavier by close planting

Kifioa Ka/ioa and then the material consumption follows by
g A0 0} respiration.
%ﬂ - Q/”’/ s /"° It may be seen, therefore, that the expansion
g - B0 of leaf area by close planting reduces light re-
o r Gr EI:" ceiving efficiency in its productive structure
2 30%,_ r L il compared with increased N fertilization. As
2 T Y . .
> K - K //: ., shown in the productive structure of 120 to
= ; i* - I :L i 140 plants per hill, the excessive expansion of
< & 'y the middle part by overgrowth resulted in the
= T SR B N . O .
80 100 120 140 Nig N Ngp reduction of assimilatory efficiency due to
Number of hills Applicated N levels light deficiency of the lower leaves and in-
gvlglsa?};}é‘éat‘;oﬁh (Iff;‘(;“dbgi %01’5‘“5 was creased respiratory consumption. It is apparent,
15 kg/10a) " therefore, that the production of dry matter as
Fig. 2. Relationship between the planting the balance between the photosynthetic capacity
density and applicated N levels and i L
the rough rice yield and LAL and respiratory consumption is not great.
®—@ : Heading stage The development of the non-assimilation and
| ® : Panicle differentiation stage o .. . .
(O——0 : Rough rice yield _ assimilation parts is illustrated in Table 2.
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. Table 2. *C/F of Top -System at the Paricle Differentiation Stage and Heading Stage (Dry

.w.eighst ) -
B ‘Pamcle d1fferen‘c1atmﬂ s‘t’Age T 'TigadihEStégé ;
" Treatrent B I ) ' )
Non assi- Non -assi- . .
(Number of - .AESIH}]:]& o . Assimila- ;
milation - =GR milation C/F
Irglllséeeggnz tlon part . part tlon part part _
8 174 318 183 174 588 - 3!
100 © 153 283 . 1.56 186 604 32
120 . C 21y . 390 3.8 246 779 o317
140 T 242 445 -1.Bd 231 232 3.60 -
Ny - 142 27 29 1a 52 400
Nizoo .- 153 -28% - LB D +: 1 T : 3%
Now T 206 B2 - - - LT B/ £9J <294

*C/F: Noﬁ-assimilatioﬁ part/assfmifation plai-tL o
When the planting density is changed, the density: effect anpsars i almost similar trend at the
assimilation and non-assimilation parts at hath ‘panicle .differantiztion and heading stages. The
C/F is not affected by the planting .density accordingly.. ' :

‘However, when the N application level is'varied, the-C/F decreasss in its numerical .value at
both panicle differentiation and heading stages as the N application increasss, This sucgssts that
the asaimilation part develops jmore than the non-assimilation part. ’ '

Fig, 2 shows the comparison of LAI and rough rice yields when the nuwmber of hills per
3.3m? is changed with 15 kg/10 a of N is fixed and whsn the lavel of N fertilization is varied
with 160 hills fixed at panicle differentiation stage and heading stage, respectively.

LAI was increased rapidly by the planting -of 120 and 140 hills par 3.3m? while rough rice
vield was not greatly increased. As describad above, the planting of 100 hills® par 3. 3m? showed
a reletively propsr productive structure and the assimilatory capacity psr LAI seemsd to high.

LAT of heading stage with wvaried N -fertilization showed highly positive correlation to rough
rice vields. The expansion of leaf area by the increassd N {fertilization also acceleratad markedly
the increase of the number of tillers and lzaf length as shown in Fig. 3. The increase of LAI
by close planting resulied n an increase of the numbar of tillers, and leaf length diminishes in
the case of more than 100 hills per 3.3m? plot. ’ ’
-~ Ag describad above, the increase of LAI by close planting showed quite a different pattern {rom
that by the incrsased N fertilization in it productive structure, ratio of non-assimilation part/
assimilation part, space distribution of the assimilation parts and elongation of the upper leaves.

3) Effects of increased N fertilization aund planting density on both the culm and panicie
lengthy -

The.effect of increased N fertilization on.culm length was remarkable, In the presznt experi-
ments with Kusabue variety, the culm length was longer by about 10cm with:20 kg of N fertili-
zation'per 10 & coinpared with Tokg: The culfn length was somewhat reduced -by c:lo:.e planting.
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Although the planting density did not affect markedly the culm length as a whole, it was ob-
served that the tendency of increased lengthened development as the N fertilization level increased
(Fig. D. '

Fig. 5 iliustrates the effects of close planting and increased N fertilization on the cross sec-
tioned area of the first elongated internodes, As obtained from the first year’'s experiment (1967),
the planting of 30 hills per 3, 3 2 plot produced the larges_t diameter culms and became smaller as
the planting was moro closely-spaced. The changs {ollowed by the varied levels of N fertiliza-
tion produced the thicker diameter culms at N 15kg/10 a next in thickness at 20 kg and the
thickest at 10 ke.

The increase in planting density produced shorter panicle length in the case of 20kg of N per
10 a. Other N ireatments were not so obvious, Although panicle length was apparently enhanced
as N fertilization increased with thin plantng increased N fertilization affected very little an in-
crease in panicle length with closs plantings. The effects of plaﬂting density and increased N
fertilization on panicle length were almost similar to the effects on culm length. -
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Fig. 4. Relationsnip hetween the planting dansity and applicated N levels and the culm length,
numbear of panicles and weight of panicles.

@ : 30 hills, x :100 hills, ¢ :120 hills, [:140 hills per 3.3 m? respectively.
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Applicated N levels ) 4> Plant spacing and agrq:wmic plant

Ny N ™ N % characteristics; | _

I B A P As shown in Fig. 4, the effectiVe close plan-
- \ \ w‘“‘ 1 tmg was apparent in the remarkable increase

Jdi2 6f the number of panicles in at the various N

—

fertilization level. The effect of increased N
fertilization on the increased number of paniclés
was mors pronounced in sparse plantings than
in clo:au plant‘ngs The?‘e was no diffrence in
" the numbe1 of pamclﬂs batwesan 15 kg and 20

1. ke of N per 10 2 in cloze plantings of more

! ! 1 1 T . than 120 hills per 3.3 m®
80 100 120 140

There was no particwiar difference i panicle
MNumber of hills weight, as shown in Fig. 4, at any level of
Fig. 5 Relationship between the, piamting | planting density except on the 140 hills per
density and applicated N levels and 3. 3112 plot between 10 kg and 15 kg N treated
the area in cross SeCtiCin of firstelon-  plots. However, a somewhat heavier trend was
%ffg 123?5& eﬁii?;o;eggii Sj;ifs observed in the 15 kg N plot and the penicle
® —@ : planting density, weight was decreased markedly at any planting
O : applicated N levels, density in 20 kg of N feriilization. Panjcle
weight bacame light apparently by clése plan-
tings at any N level,

The planting density effect on the weight of 1, 000 grains was not seemingly as appareht atany N
fertilization level as experienced in the first year's experiment (1967). Fig. 6 shows that an increased
N fertilization reduced the wéight of 1,000 grainé markedly, especiellly in the 20kg N plot.

The planting density effect on the number of grains per panicle was apparent afid reduced
the number of grains per panicle as the plantmfr density was heavier. Increased N fertilization
did not affect the number of grains per pamcle as fllustrated in Fig 6.

Matured grains production in this expenment was not decreased by close planting as the
1967 experiments. However, it was reduced apparently by planting of 140 hills per 3.3 m? with
20 kg of N per 10 a as the N apphca'mor}were reduced. In general, the ratio of matured grains
were 93. 2%, 91.3 % and 88.5 % (on " the ave\rﬁge), respactively, at 10 kg, 15 ke and 20kg of N
fertilization per i0 a. ’

~ 5) Yield of rough rice;

In the present expenments with the split plot design, the results of analysis of variance on
the yield of rough rice showed 4 1% swmﬁcance between the main plot treated with increased
N application and the sub-plot of planting density treatment.

The effects of increased N applications and planting density on the vield of rough rice are
shown in Fig, 7 and Table 3, respectively. Yields were increased as the planting deﬁsity was
increased in case of the lowest N application. The effects of close planting were minor as the
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Fig. 5. ifects of the increment of N fertilization and density on the ratio of matured grain,
1,400 grains weight and number of grains per panicle. ‘
@ 80 hills, X 100 hills, (120 hills, ;140 hills per 3.3m®, respectively.

N applications increased. Practically the same vields of rough rice were obtained in the plantings
of 100—140 hills per 2.3m? with 20 kg of N per 10 a.

The average vield of rough rice at 10 kg N per 10 a was 509 ke per 10 a and at 15kg N and
20 kg the rough rice yields were 609 kg. Therefore, the optimum N fertlization is 15 kg per 10 a.
As shown in Table 4 the results of the Duncan’s Range Test showed no significant cifferences
among 100, 120 and 140 hills per 3.3m? plot. It iz felt, therefore, that the planting of more than
100 hills with 15 kg of N per 10 a is the most effective syacing for rice in salty areas.
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Fig. 7. Effects of the increments of N fértilization and planting density on rough rice yields.

© [ 80 hills, X :100 hills ;120 hills, []: 140 hills per 3.3m?, resectively.

Table 3. Effects of the N Dressing Increment and Plant Spacing

N, kg/10 a
10 15 20 Average
D, 428 554 568 517
D, 492 609 619 573
D, 545 625 630 609
D, 573 650 621 614
Average - 509 : 609 . . 609
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.. DISCUSSION

In the present research project experiments- were conducted continuously as in the first year
project (Im ef al , 1967) to ‘investigaté the effects of planting densities and N fertilization levels,
when varied on morphological and asronomic "characteristics of rice plant populations in the re-
claimed salty. area.

The planting density effect was apparent by an increase in the number of tillers at the maxi-
mum tillering stage in spacings treatment plots within the scope of the present expetiments. The
number of tillers increased 'in proportion to the increase of the number of hills per 3.3m? area.
This tendency was not affected greatly by the increased appplication of N fertilizer. The effect
of increased N fertilization was also remarkably minor in comparison with that of increased
planting denstiy on the ihcreasing tiller mumbers. For imstance, the number of tillers increased
in 470, on the average, on the planting or 140 hill plot compared with 80 hillsp er 3.3 m? plots
while it was increased in 100, on the average, by double fertilization of N 10 kg per 19 a.
Therefore, the most "effective method to increase the number of tillers per unit area is close
planting which is considered to be the most important factor affecting the productivity of plant
population in its early growth.

The elongation of plant height (maximum tillering stage) by competition batwesn individual
plant in the rice plant population was scarcely observed, while it was evidently affected by the
increased N fertilizer application.

It has becoms known recently that the increassd averaze lightness or enhancemesnt of light
receiving efficisncy within rice plant population is greatly related to ths productivity. Matsuo
(1966) stated that such morphological characteristics of rica plant population, as lsaf area, num-
ber of tillers, plant height, angle batwesn stem and lzaf and the leaf thicknsss are closely related
to light utilization recelving efficiency.

The increass of the number of tillers by close plantings of multiple plants pzr hill within the unit
area brings about concentrated distribution, which reduces apparently thz light receiving éfficiency
of the lower part of the plants due to mutual cover this decreases the productivity of the whole
plant population . (Matsushima ¢f @l., 1963, 1965 and 1968).

On the contrary, ths increés_ed application of N enhance plant height, which will makes the
lower leaves receive tht more ‘effec-tively. Matsuo(1966) claimed that light receiving efficlency
is closely correlated to Ay/h (A:leaf érea, h:plant height). It is felt, tharefore, that the impor-
tance of optimum planting density and effective N utilization ware apparently important in deter-
mining the morphological characteristics of ths plant population after the tillering stage.

Fiz. 1 shows ths vertical space distribution of leaf within plant population at the panicle
differentiation and heading stages. The light receiving forms of the assimilation part appeatred
in productive structure of the fertilized plots are remarkably different when th® numbar of hills
is increased to 120 or 140 hills per 3.3 m? with 15 kg N fixed and when N is increassd to 20 kg
per 10 a with ths number of hills par 3.3m? fixed at 100. The former shows the distribution of
over grown leaves at the height of 40 to 60cm reduces the light receiving efficiency of the
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whole plant population. It has been alréady known that the penetrated light of plant populatior
declines exponentially as the-uppsr-leaf area-increases. The developmental variation of® the non-
assimilation parts by the increased application of N fertilizer was not noticeable éonti‘ary" to the
increase of the non-assimilation part by, close.planting after the heading stage. a

The leaf area increases remarkably by the increased applications of N fertilizer and close
plantings. As shown in Table 2, the C/F ratio(non-assimilation parts/assimilation parts) at the
panicle differentiation stage and heading stage was not affected by planting -densities while it
was decreased apparently by the.increased applications of N fertilizer.. - : ,

It is felt, therefore; that the increased application of N fertilizer resulted in higher. yleld ratios
as seen from the comparison of the increase curve of LAI and yield curve of rough rice by
mcreasmg the ratio of assimilatory capacity/respiratory capacity of the plant population.

Matsush_ma et al. (1964) reported that the increase of assimilatory production after heading
is the important factor in raising rice yields. for which it is important to [D promote the assimi-
latory capacﬂ:y per unit leaf area by increasing the N content of the leaf blade aftsr heading
and 2) enhance light receiving efficiency by keeping proper productive structure of population
after heading. Matsuo (1966) indicated that light receiving efficiency is affectsd primarily by
leaf area and its growth for which he gives the following formula:

P=AfP,
where, P, : Assimilatory capacity of plant population, A : Leaf area, f : Daclining light dus to
shading in plant population, P, : Assimilatory capacity per lzaf area representing plant
popilation,
At this time f is usually influcnced by the produciive structures of plant population. Horie &
al, (1966 a, b) stated that the productive structure varies according to planting deunsity and
application level of N fertilizer.  (positive number less than 1) being pressnted as a shading
effect by overgrowth is a phenomenon ocouiring generally due to excessive LAT Watson(1947)
claimed that LAI is the regulating factor of crop productivity. This is identical to the theory
©f optimum leaf area for maximum crop yield as stated by Donald (1958).

Kanda and Sato (1963) reported that the dry matier production of rice plant reaches the
maximum at 3.5—4.0 of LAI and bacomes zero at 7—8. Matsushima &f 2l (1964) and Matsuo
1966) stated that the maximum production is at 6.0 and 5.8, respectively. In the present experi-
smants, it was at not more than 5with 120—149 hills per 3.3 m? area of 15kgof N per 10 a and
4.2 with 20 ke application with 100 hills per 3. 3m?

Takeda (1961) reported that the optimum LAI varies due to the effects of growth stage, sun-
light and other limiting factors of rice plant. In the salty area plant height is usually low and
an excessive close planting to expand leaf area results in the enhancement of non-assimilation
parts, as discussed above, in addition to apparently unfavorable effect on the scil dimension
woccupied by the root system compared with the effect of the increased application of N ferti-
lizer,

According to Miyasaka and Ishikura (1964) and De Dotta (1968), the increase of NAR (net
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assimilation rate) and RGR: (relative growth rate) at maturing stage is closely correlated to
yields. They further reported that the increase of these factors also depends upon the increase
of N content-in the leafand the leaf aren as well  as the prevention of leal withering of the
lower patts of the plants. The increase.N content in the leaf Qm & al., 1957) was observed
in the salty area as in the last year's results, but the withering of the lower leaves due to
salt damage is a very difficult problem to be solved in rice culture in the saliy area. It is
felt that the effect of the increased apnlication of N fertilizer on crop yields is particularly
significant as it increases N content in leaf, leal area, prevents leal withering effectively and
not increased the non-assimilation plant parts.

1 the present expariments, the RGR of the heading stage was great as the planting density
becane high due to the enlargemest of the non-assimilation paris. The increased applications
of N fertilizer did not increase the RGR remarkably. In the latter’s case there was 1o diffe-

rence cbserved in the RGR between the N treatments. This might be due to non-increase of

the non-assimilation parts, as shown in Table 2, by the increased application of N fertilizer. In

1

ills per 3.3m? area with the application of 20 kg of N, th

density of 140 1}

za declined at the heading ¢ It was felt that the NAR of this period was not corre-
lated to the vicld and that the decreasing phenomenon of leaf area and NAR after heading
would be affected by the treatment of increased planting density and N fertilizer application,

Although the culm length was shertened by close planting under the condition of multiple N
applications, the increased N applications enhanced the culm lenzth in either case. It is consi-
dered that lengthy culm affects greatly the umiform light penetration in vertical direction of
plant population by lessening the dip angles of the upper leaves and enhancing the height of the
plants in the total leaf area(Hayashi and Hiroshi, 1962).

As.the results obtained from the first year's experiment(1967), the first elongated stem was
reduced in diameter by close planting while it was increased by the application of 15kg of N
per 10 a in comparison with 10 kg per 10 2 and slightly larger by 20 kg of N per 10 a. Conse-
quently, it is felt that no lodging will occur within the scopé of the increased N {reatments of
the present experiment.

The number of panicles was increased markedly (Im ef af., 1967; Kawada, 1955) by both
close plantings and increased N applications. The ratio of productive stam was 96% at the
planting densizy of 80 hills per 3.31n? and 86% =zt 140 Lills, respectively. This indicates a re-
markable decreasing tendency, in general, by close plantings. On the other haad, however, the
ratio of productive stem was increased by the increased N application; i.e., 84 % at 10kg of N
per 10 a, 93 % at 15 ke and 98 9% at 20 kg. The latter growth is usually more active than the
early growth in 1he reclaimed soil areas in Korea. Therefore, it may be considered that the
tillers with a weak by N supply at this time is probably growu to prodactive stem and that
productive tllering stage is likely retarded as the growth is delayed generally in the salty area.

The nanicle weight was reduced (in 1968) by close planting as in the first year's experiments
(1567). The average weicht of one panicle at the applications of 10 kg of N per 10 a and 15 kg
were the same, but the welght was decreased remarkably at 20 kg.
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The number of grains per panicle was greatly affected by planting densities; the 1
pPlanting density the lesser the number of grains produced in the first year's experi
However, it was not affected by the increased applications of N fertilizer( Akomatsy, 1968 .a-
wada, 1956). :

Although the spacing effect on the weight of 1,000 grains was slight the increased N a  .ica-
tions (Atking ef af., 1968) reduced the weight per 1,000 orains. The ratio of matured gra. s in

the salty areas showed a somewhat decreasing tendency by cloes plantings only & 1;:er
level of N applications. The weight of 1,000 grains and tne ratio of matured gzrains mayv be
decreased by close plantings in the non-salty areas. Thais pasnomenon was not anpeared in the
experiments on planting space of the salty areas in the last g

and present regsarch project. It is

felt, therefore, that this is probably due to the declined salt’ concentration at the maturing stage

and the favorable physiological activity of rice plant at the latter growta wnaz1 the salt tolerance
2Comes stronger.

The rough rice yield curve of the increased N applications shows that the law of dirminishing
return is functioning in each space treatment as illusirated in Fig, 7. There was a certain degree
of difference in either sparss plantings or close plantings with the increased feriilization excesding
the turning point of 15 kg of N per 10 a, but the law of diminishing returns was clearly apparent.

The condition of multiple N applications vigorizad the formation of organs such as the num-
ber of stems and of the leaf area, thereby resulting in mutual cover of léaves on the productive
structures of plant population making the light receiving system unfavorable and thus reducing
the praduction of dry matter-sugar and starch at the matwing stage, It is obvious, therefore,
that the diminishing returns occurred by the decrease of their accumulation in the panicles. This
phenomenon was apparent by the decrease in the weight of I, 000 grains,

The increased N application did not increase the number of grainz per panicle in the salty area
but reduced the function of the Floral organs. Jt also resulted in the inability of pollination or
early hibernalism of the material accurnulation processss, dscreasing the ratio of matured grains
by which the diminishing returns probably occurred. It is considered that the decrease in the pa-
nicle weight by these two conditions sesmed to appear in th: diminishing rétura of rough rice
vields bayond the increass of the number of panicles by the increased N applications.

Accorbing to Matsuo (1956), in the rice plant the toial of dry matter production plus dry
matter consumption and the ntensity of the solar radiation by assimilatory capacity of the plant
Ppopulation mamtaing always a high positive corralation which is expressed in the following for-
mula: ‘

AW-+RweaLl. 8, P, C
hence, AW=K.L.S Py, P—Rw (X is a constant)

The dry matter production (AW) is produced by taking the consumption by respiration from
the product of leaf area (3)- unit assimilation (Po)- light receiving cosfficient (P). solar radia-
tion(L).

Although close planting increased the number of stems and even the leaf area at early growth
stage, it reduced not only the light receiving efficiency due to mutual cover as illustrated in

E
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Fig. 1 but enlarged rapidly the non-assimilation parts in the latter-growth stage. Consequently,
light deficit leaves of the lower part of the plant population and the respiration of non-assimila-
tion parts increased and thereby the dry matter production decreased in the latter growth.

In the salty area, close planting increased actually the number of panicles but decreased the:
number of grains per panicle and the panicle weight. As illustrated in Fig, 7, the law of
spacing effect was applied at 10 kg of N per 10 a. The vield was increased by close planting
but the law of constant in final yield was applied substantially in close plantings of more than
the turning point of 100 hills per 3.3 m? area in the N treatment exceeding 10 kg of N per 10 a-

i = :

KEEE BRI Tl B 0.48 %A E 0.67 %) BHTihHel A TA-3 & fHikshe] Nii
B2 K% 10kg, 15kg 2 20kgd] 37k, S.3m¥ IEFEES 80, 100, 120 B 1409 4k¥S] @A
o] 12BEE st KESEBE, KEEER I WESH w3 NEEsE BEREsS ¢ HEEA
£ 2o Bk I ERES EHeh okeie} 2Tk

1. BESELA Y B o)l NJEE K Ax BERSE EAl] velgeh H il
el ol Hglste] 2wt ®instdch. 22l N 15ke/10a Bl fEfE A= HEuginel #Ha
NEEHE g BEd H3 NgRgis BEildot EEHRs dds

2. SHRESEEIS) HARKIS) (HBRTE AESMIE delA BEE DB HEERE VMR eE REE
o mEEES Fotel (AIEE Zkisxe] NEIEY 2l Kite] =/ KRS+ A2 Rk

3. 2wl ol Tl e fkat RIS B FERl SERMEEY g A et NEE
PR SERMEEY B BEERA ootk melEE O/T kel 8E BEHRE €200 NEEE 2
AL Ews AA shdeh wiEld (@B B RRS HE 2ol NIRIESRE WEHRE el
o] REMIS miptEL =AY A HHT

4. LAl 3 Bl g NEFER-t BEsitudd o gk

5. NiflEs BES HiAAes S—HEGERYE il 24 syt BEe NEeslt B
ol BEL @A stgon BmEg kfstd E—AEHMEE AAsd

6. s Nl ki el #ins vhe] EFslg ot REEE 2 wel AEEL
o] A Welzl o NEFL oL HRdAT HRELES BES FinAgch _

7. Mg ¥5 BWEACRL BEele ook N 10 ke/10 ag)k 15 kgfElEd] A& #Eo] Tgron 20kg/
10 asl| A = @R ot '

8. NBIEL THE BEES w5kl o ksl A s $Ess gov. BERne T
B3l BERdE PO gyt HERLE T4 =gk

0. LlEs zre] NigiumEel mEY R AEMEY WEERSH HAT 2EL 714
R oF NFEIEASEL B 2BERS BN 2 vhioer & Aom JAgdel. 2ea o8
ST PR RG] MY NHEIEIESS 15 ke/10 a2 BB o = WENRRS Bite] el =
g N 10 kg/10 22 [R5Ha 5 NjgikEa A 3.3 m*E 100%ES Blio s RBkE—EY B
Fre] viehudvh,

welA B TRl A= N 15 kg/10 ash 3.3 m* 1008E A% Aol Fo-
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