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ABSTRACT : This study was carried out to determine
adequate planting date, to compare the growth character-
istics between early and late maturing cultivars, and to
provide the data for the cultivation techniques of soybean
{Glycine max (L.) Merr.] in double cropping system with
winter crops on paddy field in Korea. Cultivars were
planted on 26 May, 16 June, and 7 July with a planting
density of 70 cm (row width) x 10 cm (planting spacing).
Seed yield of soybean planted on June 16 and July 7 was
approximately 37 % and 53 %, respectively, less than that
of conventional planting date of May 26 in Pungsan-nam-
ulkong, and planted on June 16 and July 7 was about 30 %
and 37%, respectively, less then that of conventional
planting date of May 26 in Hanamkong. The number of
pods and seeds per plant decreased as planting date
delayed. Seed weight increased in Pungsan-namulkong but
decreased in Hannamkong as planting date delayed. The
flowering date was late in delayed planting plots, but it
was shorted for days from emergence to flowering and
from emergence to maturity. The plant height of Han-
namkong was greater than Pungsan-namulkong from the
emergence to flowering stages, but in contrast, it was
greater in Pungsan-namulkong than Hannamkong after
flowering stage (50 d after emergence) when it planted on
May 26. There were no significant differences between two
soybean cultivars at planting dates of June 16 and July 7.
Leaf number, leaf area, and dry matter were also reduced
by late planting, and Both of them were shown in high
reduction at the later planting. There was a high significant
difference at the flowering (r = 0.87%*) and pod formation
(r = 0.91*%*) stages between leaf dry matter and seed yield.
Crop growth rate (CGR) was greater at R2~R3 growth
stages compared to R3~R4 or R4 ~ RS growth stages in two
soybean cultivars and the greatest CGR was obtained at
planting date of May 26 in two soybean culitivars except for
R4~RS growth stage in Pungsan-namulkong. There was a
highly significant positive difference between the seed yield
and the leaf area index (LLAI) across R3 to R4 and R2 to R3
stages. The photosynthetic rate (Py) of the uppermost leaf
position had no significant difference among planting dates
and between two soybean cultivars. However, Py of the 7t
leaf position increased as the planting date delayed.
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ncreasing soybean yields at late planting dates (after

mud June) 1s major agronomic objectives in southern
Korea where adverse double cropping after winter cereals.
In this practice of double cropping, planting dates of soy-
bean are delayed until late June to early July. This delay
reduced yield and affected most agronomic characteristics
compared with full season soybean (Quattara & Weaver,
1994). Late-planted yields can be improved by correcting
environmental stresses that slow down CGR during emer-
gence to RS stage (Fehr et al, 1971; Board & Harville,
1996) and by narrowing inter-row spacing and increasing
plant population (Boquet, 1990).

Delayed planting reduced the number of days to maturity
(Board & Harville, 1996), reduced the number of days to
flowering, and decreased the length of vegetative and repro-
ductive pertods of development. Delayed plantng also
decreased plant height, stem width, number of branches and
number of mam stem nodes, perhaps due to a shorter vegeta-
tive period (Parker er al , 1981; Chu ez al., 1996; Seung e al.,
1995). This reduction was more pronounced for late maturing
cultivars than for early maturing cultivars (Shin er al., 1992).
However, although these reports indicated that late maturing
cultivars decreased more than early maturing cultivars, others
indicated similar with two maturing types or conversely,
decrease more early maturing cultivars than fate maturing cul-
tvars (Chung, 1988). Also, growth reduction was more pro-
nounced for indetermunate cultivars than determinates (Chu et
al., 1996; Quattara & Weaver, 1994)

On the other hand, n order to elevate the self-supply, to
increase the yield per umt area and to extend the cultivation
area of soybean 1n Korea, it 1s necessary to extend the culu-
vation area to paddy fields. However, in case of soybean cul-
tivation on the paddy field, there was one of the important
factors 1 waterlogged which was caused by heavy rainfall
or poor drainage at rainy seasons (late June to August). Also,
detrimental effects of prolonged rainfall are usually attrib-
uted to an madequate oxygen supply to sustamn root respira-
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tion and root availability (Seong et al., 2000).

Therefore, this study was carried out to determne ade-
quate planting dates, to compare growth characters between
early and late maturing cultivars, and to provide the data for
the cultivation techmques 1 double cropping system with
winter crops on paddy field in Korea

MATERIALS AND METHODS

Field studies were conducted at the Honam Agricultural
Research Institute on Junbuk Province in the southwestern
Korea (36° N) on a commerce silt loam soil at paddy field.

The early maturing cultivar (cv. Hannamkong; semi-
determinate growth habit) and the late maturing cultivar (cv.
Pungsan-namulkong; determinate growth habit) were cho-
sen for study (Shin er al., 1995; Suh et al., 1997). Cultivars
were planted on May 26, June 16, and July 7, using a plant-
g density of 70 cm (row width) x 10 cm (planting spac-
ing). Plants were sowed with a high seeding rate and thinned
with two plants prior to V3 stage. Based on soil test recom-
mendations, fertilizer was applied prior to planting at a rate
of 1.5-1.5-1.7g (N-P-K) per m’. Weeds, diseases, and
msects were controlled by recommended pesticides.

Main plots were cultivars and split-plots were planting
dates 1n a split plot design with each split plot replicated
three times in randomized complete blocks. The plant sam-
ples for measuring plant height, leaf numbers per plant,
number of main stem nodes, main stem width, and dry mat-
ter were obtained at 20, 30, 40, 50, 60, 70, and 80 d after
emergence. The number of leaves was counted. Leaf area
was determined by leaf area meter (LI-COR L1-3100, USA).

The photosynthetic rate (Py) of the uppermost leaf position
and 7" leaves of mam stem was measured using a portable
photosynthesis mstrument measuring device (LCA-4, UK) at
the flowering (R2 by Fehr er al., 1971) and the seed develop-
ment stage (R5). Measurements of six replications per each

cultivar were taken from 9 : 30 m the moming to 2 - 30 in the
afternoon. The hight mtensity used to measure the photosyn-
thesis was 1n the range of 1700 ~ 2000 pmol m?s™' photosyn-
thetically active radiation (PAR) The CO, concentration was
330 ~ 370 ppm and the flow rate of the air was 400 ml mmn™.

Net assimilation rate (NAR), leaf area ratio (LAR), crop
growth rate (CGR), and specific leaf area (SLLA) were derived
by following equations (Hunt 1982) where W, T and L, rep-
resented weight (g), ume (day) and leaf area (m?), respec-
tively.

CGR (g m*d!) = oW/oT

NAR (gcm?d ') = 1/L, x OW/OT

LAR (cm? g') =L, /W

SLA (cm? gy = 1/2(La; /W, + Ly /W)

RESULTS AND DISCUSSION
Yield and yield components

Delayed planting dates from May 26 to July 7 had a large
effect on the seed yield of two soybean cultivars (Table 1).
The seed yield of Pungsan-namulkong planted on June 16
and July 7 was approximately 37% and 53%, respectively,
less than that of conventional planting date (May 26). Also,
the seed yteld of Hanamkong planted on June 16 and July 7
decreased about 30% and 37%, respectively, compared to
the seed yield of soybean planted on May 26. According to
planting dates, the yield reduction of Pungsan-namulkong
was greater than Hannamkong.

Lee et al. (1989) reported the effect of planting date in
yield of soybean cultivars. The yield decreased more in late
maturing cultivars than in early or middle maturing culti-
vars. This result indicated that the reduction of seed yield
according to delayed planting resulted from insufficiency of
seed development due to shorter vegetatrve periods which
affected reproductive stages with sensitive response against

Table 1. Yield and yield component of two soybean cultivars with different planting dates

Number of pods Number of seeds  Seeds per pod Seed weight Yield
Cultivar Planting date (no. plant™) (no. plant™) (no.) (g 100 seed™) (g m™)
May 26 600 1197 200 10.9 362
Pungsan June 16 30.7 559 182 123 228
Namulkong
July 7 27.0 46.9 174 132 170
May 26 400 715 180 123 260
Hannamkong June 16 306 553 181 11.8 181
July 7 28.8 523 181 11.1 163
Cultivar (A) ns * * * ok
Planting date (B) ok * *x * *E
AxB * kK ns ke *
CV (%) 175 194 52 29 11.4
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Table 2. Date of flowering, days from emergence to flowering and days from emergence to maturity of two soybean cultivars 1n different

planting dates.
Cultivars Planting Date Flowering Date Emergence to Flowering (Day) Emergence to Maturity (Day)
May 26 July 30 58 129
Pungsan June 16 August 11 41 119
namulkong
July 7 August 15 35 106
May 26 Tuly 21 49 114
Hannamkong June 16 August 4 35 110
July 7 August 12 32 101
a short daytime and high temperature (Table 2) The number 100
of pods and seeds per plant also decreased with delayed ~ g0l
planting dates. The reduction was more m Pungsan-nam- E
ulkong than m Hannamkong with delayed planting date E 60F
The seed weight of Pungsan-namulkong increased with T a0k
delayed planting dates but which of Hannamkong decreased. E
Although the seed weight, number of pods, and number of E a2t
seeds were reduced by delayed planting dates, increase of o 1 ] . . . . .

seed weight of Pungsan-namulkong showed relatively fewer
seeds per pod in delayed planting date than that of conven-
tional planting dates. However, there was no significant dif-
ference in delayed planting dates in seeds per pod and seed
weight of Hannamkong which was an early maturing culti-
var

On the other hand, the flowering date was late in delayed
planting dates, but days from emergence to flowering were
shorted and days from emergence to maturity (Table 2).
When soybean was planted on May 26, the flowering date
was earlier about 7 days in Hannamkong by July 21 com-
pared to that of Pungsan-namulkong by July 30. Also, when
planted on June 16 and July 7, the flowering date was
August 4 and 12, respectively, in Hannamkong, and August
11 and 15, respectively, in Pungsan-numkong. Days from
emergence to flowering and days from emergence to matu-
rity also were shorter in Hannamkong than in Pungsan-nam-
ulkong with delayed planting dates.

The plant height of Hannamkong was greater than Pung-
san-namulkong across the emergence to flowering stages
but, 1n contrast, the plant height of Pungsan-namulkong was
greater than Hannamkong after the flowering stage (50 d
after emergence) when planted on May 26 There were no
differences, however, between two soybean cultivars
planted on June 16 and July 7 (Fig. 1). The plant height of
soybeans was measured at 80 days, 70 days, and 60 days
after the emergence once these were planted on May 26,
June 16, and July 7, respectively.

The plant heights of Pungsan-namulkong and Hannamkong
planted on May 26 were 59.5 cm and 49.0 cm, respectively,
at R1 growth stage, but they were reduced as 31.4 cm and
28.3 cm at the late planting date of June 16, and as 25 3 cm

20 30 40 50 60 70 80 90
Days after emergence

Fig. 1. Plant height of two soybean cultivars mn different planting
dates Light symbol indicates Pungsan-namulkong and dark
symbol indicates Hannamkong @ and O were planted on
May 26, B and [J was planted on June 16, and A and a
were planted on July 7. Means are +SE, n=9.

and 18.3 cm at the late planting date of July 7, respectively.

The leaf number, leaf area, and dry matter were also
reduced by late planting. However, although the growth of
main stem was stopped at the flowering stage 1n determinate
soybean cultivars, the main stem was progressively growing
after flowering stages in paddy field. The plant heights of
Pungsan-namulkong reduced by 59.5, 31.4, and 25.3 cm,
and of Hannamkong reduced by 49.0, 28.3, and 18.3 cm at
R1 growth stages when planted on May 26, June 16, and
July 7, respectively. The leaf number, leaf area and dry mat-
ter were reduced by delayed planting in Hannamkong than
mn Pungsan-namulkong (Table 3).

Reduction of the number of leaf with the late planting was
17% and 38% on June 16 and on July 7, respectively, in Pung-
san-namulkong, and was 31% and 43% on June 16 and July
7, respectively, in Hannamkong compared to on May 26.

Also, the leaf area reduced with the late planting about 17
t0 24% on June 16, and 33 to 36% on July 7 compared to on
May 26. Dry matter of leaves and roots also reduced similar
to the leaf number and leaf area with the late planting. On
the other hand, there was a high significant relationship
between leaf dry matter and seed yield at the flowering (r =
0.87**) and pod formation (r = 0 91**) stages, but no signif-
1cant relationship at seed development stages (Fig. 2).
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Table 3. Growth traits of two soybeans at R1 and RS growth stages in different planting dates.

Dry matter (g m )

Number of leaves Leaf area
2 2 -2
Culuvar Planting (no m™) (m"m™) Leaf Stem
date
R1 RS R1 RS R1 RS RI RS
May 26 459 713 206 4.20 131 237 297 550
Pungsan
June 16 322 589 1.31 322 87 168 191 355
namulkong
July 7 284 439 1.14 282 75 144 173 304
May 26 376 750 1.81 352 89 226 167 434
Hannamkong  June 16 236 521 107 2.67 52 143 105 267
July 7 189 425 090 2.26 47 129 96 222
Cultivar (A) * ns * * * ns ok Hk
Plantlng date (B) Kok Hk sk *3k sk ko sk Hk
A X B * * sk * ok ns Kk %
CV (%) 157 151 147 16.2 139 131 159 133
250 was clearly high in cultivars of high seed yield. The CGR
200 SDS(r=0.14ns) oI under the conventional planting date of May 26 was higher
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Fig. 2. Relauonship between seed yield and leaf dry matter with
different planting dates 1n two soybean culuvars @ :

flowering stage (FS), @ pod formation stage (PFS), A
seed development stage (SDS).

Results from this study were similar to results from
QOokawa et al (1999). They carried out the study to compare
yields of two soybean cultivars, and stated that soybean cul-
tivar of higher dry matter after flowering could attain a
higher seed yield Therefore, in order to obtain the most seed
yield, the most leaf dry matter production at R1 ~ R4 growth
stages was very important during reproductive growth
stages of soybean.

Growth analysis

The CGR was greater at R2 ~ R3 stages compared to R3 ~
R4 or R4 ~ R5 growth stages in two soybean cultivars, and
the greatest CGR was obtained at planting date of May 26 in
two soybean cultivars except for R4 ~ R5 growth stages in
Pungsan-namulkong (Table 4). Kokubun & Watanabe (1982)
observed that high-yielding cultrvars tended to have higher
CGR during the flowering and pod formation stages.
Ookawa et al. (1999) reported that the CGR during ripening

i Pungsan-namulkong than in Hannamkong, but 1t was
opposite compared to the conventional planting date for rel-
atively late planting of after mid-June. Therefore, present
results indicated that the reduction of seed yield in early rip-
ening growth habit types by late planting was smaller than
that of other types

Board & Harville (1996) stated that increasing level of
CGR across R1 to RS stages showed a very important factor
1n seed yield at relative growth rate with late planting. From
this report, since the greater CGR was obtained from a rela-
tive lower planting density and earlier planting time, our
results was different from this report. They also stated that
optimal gain was mainly related to a rapid vegetative growth
and a high capability to expand the leaf area during the
period of flowering at high planting density. Board & Har-
ville (1996) stated that mcreasing level of CGR across R1 to
RS stages in higher density showed a very important factor
in seed yield at relative growth rate with late planting.

NAR of soybeans at conventional planting date of May 26
was greater in Punsan-namulkong than in Hannamkong 1n
general, but the NAR of the later planted soybean was
greater in Hannamkong than 1n Pungsan-namulkong.

The NAR of Pungsan-namulkong was the greatest at
R2 ~ R3 stage, thereafter it was slightly decreased. But the
greatest NAR of Hannamkong was obtained at the latest
planting date of July 7. The LAR showed slightly increasmg
tendency at the later planting dates during reproductive
growth stages (across R2 ~ R5) in the two soybean cultivars.
The LAR was lower in Pungsan-namulkong than m Han-
namkong planted on May 26, but it was not different in two
soybean cultivars at late planting date except for LAR at R4
~ RS5 stages planted on July 7. The SLA also showed similar
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Table 4. Growth analysis of two soybean cultivars across flowering and seed development stages in different planting dates.

Growth CGR (gd™) NAR (g m*d™") LAR (cm’g™) SLA (cm’g™)
Stages | anung date——p ey HN PSN HN PSN HN PSN HN
May 26 242425 228+26 85106 45106 576170 80579  527+54  7194%77
R2~R3  June16  143+13  169+1.9 75408  83+09 1022491 974489  951+84 893481
July7 12317 129406 72407 84408  107.8£101 1067494  118.3+112 1146491
May 26 21331 238433 75106 38104 543167 66568  557t48 57649
R3~R4 Junel6 150408 129413 54105 57405 938481 94599 926478 992482
July7  149tL1  129+17 46+05 71309 1142491 1208+103 1108494 1263£101
May26 150409 16721 39104 23103  539+58 62357 552447 66952
R4~R5 Junel6  160+16  14.8%16 41404 49406 941486 976182 954474 963481
July7 217432 10.8+1.0 43103 5906  1047+101 114.1496  841+7.1 105689

! Pungsan-namulkong, ”"Hannamkong

Table 5. Photosynthetic rate (CO, mol m™ s™') of the uppermost leaf and 7™ leaf positions of two soybean cultivars at the flowering and

seed development stages 1n different planting dates

Flowering stage

Seed development stage

Cultivar Planting date " »
Uppermost leaf 7" leaf Uppermost leaf 7" leaf
May 26 262448 12.2+5.9 325150 10.4+6 4
Pungsan-namulkong June 16 31.1£1.8 2474 8 328440 174468
July 7 290+17 227462 36.5+4 9 177837
May 26 24.2+49 13014 5 30.3+69 10.1£58
Hannamkong June 16 29.126.7 22.3+3.7 32.626.5 13.5%1.5
July 7 317124 287140 30.244 3 14.4+29
trend as LAR. _ 40
Photosynthesis T
g 301
The Py of the uppermost and the 7™ leaf positions at the E
flowering and seed development stages were shown 1n Table ; 20r
5. The Py of the uppermost leaf position had no significance )
among planting dates and between two soybean cultivars. Z 1or
However, the Py of the 7™ leaf position increased as the 0 . .
planting date delayed. The Py at the flowering stage, Pung- 0 50 100 150

san-namulkong was the highest by 24.7 CO, umol m? s 1n
planted on June 16 and Hannamkong was the highest by
28 7 umol m* s planted on July 7.

At the seed development stage, the highest Py, of Pungsan-
namulkong planted on July 7 was 17.7 CO, umol m? s and
of Hannamkong planted on July 7 was 14.4 CO, umol m? 5!
in. The Py on the 7" leaf position of Pungsan-namulkong
was greater than that of Hannamkong at the seed develop-
ment stage.

Cho er al. (2003) reported that photosynthesis at seed
development stages among soybean cultivars showed posi-
trve correlation with seed yield in middle and lower leaf posi-
tion. Sagawa (1998) also showed the positive correlation
with yields at seed development stage. From this experiment,
higher yield of Pungsan-namulkong compared with that of

SLA (cm’ gh

Fig. 3. Relationships between photosynthetic rate (Py) and leaf
specific area (SLA) at the flowering ( O ) and the seed
development ( @ ) stages with different planting dates in two
soybean cultivars.

Hannamkong might cause to increase the Py at middle and
lower leaf as well as the 7" leaf position at the seed develop-
ment stage planted on June 16 and July 7. Also, there was a
positive correlation (r = 0.75%) between Py of the 7% leaf
posttions and SLA, but no significance (r= 0 17ns) between
Py of the uppermost leaf positions and SLA (Fig 3)
Generally, the Py of middle and lower leaves had an inti-
mate relationship with the hight intensity character of the
leaf, the late planted soybeans had less LAI, and the size of
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mdividual leaf area was smaller compare to the conventional
planted soybeans. So, the late planted soybeans had a good
light intensity at middle and lower leaves (Cho et al., 2003;
Sagawa, 1998). In this experiment, late planted soybeans
showed higher Py than the conventionally planted soybeans,
and Pungsan-namulkong had higher Py than Hannamkong.
Some reporters stated that there was no correlation between
the photosynthesis and yield because the photosynthesis was
measured with flourished leaves (Ford et al., 1983; Kuku-
bun et al., 1988).

REFFERENCES

Board,J E and B G. Harville 1996 Growth dynamix during the
vegetative period affects yield of narrow-row late-planted soy-
bean. Agron J. 88 : 567-572.

Boquet. D J. 1990. Plant population density and row spacing effects
on soybean at post-optimal planting dates Agron J 82 59-64
Cho, J. W, C H Kim, and J D. So 2003 Varietal difference of
dry matter production and photosynthesis of middle and lower

leaves 1n soybean. Korean J Crop Sc1 48 - 25-30

Chu, Y. H., K W. Chung, and M K Joo 1996. Effect of different
planting dates on growth and yield component 1n two ecotypes
of soybean KoreanJ Crop Sc1 41 86-94

Chung, K W 1988 Growth and dry matter accomulation in differ-
ent ecotypes of soybeans (Glycine max. L) KoreanJ Crop Sci.
33:174-181.

Fehr, W R, C E Caviness, D. T. Burmood, and J S. Pennington.
1971. Stage of development descriptions for soybean, Glycine
max (L.) Mernll Crop Sc1 11 929-931

Ford, D. M., R. Shibles, and D. E. Green 1983 Growth and yield
of soybean lines selected pod divergent leaf photosynthetic
ability Crop Sci. 23 517-520

Hunt, R 1982 Plant growth curves An mtroduction to the func-
tional approach to plant growth analysis Edward Arnold, Lon-
don, pp. 14-46.

Kokubun, M., H. Mochida, and Y Asahi. 1988. Soybean cultivars
difference 1n leaf photosynthetic rate and 1ts relation to seed yield
Jpn. J. Crop Sc1 57 - 743-748

Kokubun, M. and K Watanabe 1982. Analysis of the yield-derter-
muning process of field-grown soybeans 1n relation to canopy
structure. VI Characteristics of grain production 1n relation to
plant types as affected by planting patterns and planting densi-
ties JapanJ Crop Sc1 51 - 51-57.

Lee,S.C.,K. G.Choi, J.H Kim,and Y N Chang 1989 Variation
of major characters in soybean varieties Effects of seeding
date Korean J. Crop Sct 34 : 440-448.

Ookawa, T., Y Takase, K Ishihara, and T Hirasawa. 1999 Dry
matter production and ecophysiological characteristics between
soybean cultivars, Enre1 and Tachinagaha Jpn.J Crop Sct 68 :
105-111.

Paker, M B, W H Marchant, and B. ] Mullinex, Jr 1981 Date of
planting and row spacing effects on four soybean cultivars.
Agron. J. 73 . 759-762

Quattara, S and D B. Weaver. 1994 Effect of growth habit on
yield and agronomic characteristics of late-planted soybean
Crop Sci1. 34 . 870-873

Sagawa, S. 1998 Varietal difference 1n photosynthetic rate of mud-
dle and lower leaves and 1ts relation to seed yield 1n soybean
plants. Jpn. J. Crop Sc1 67 221-225

Seong, R C,J Y. Sohn, and S I Slum 2000 Responses of soy-
bean cultivars to excessive moisture imposed at different growth
stages Korean J. Crop Sc1 45 282-287

Seung, Y. K, S. H. Lee, Y H Kim, S D Kim, K. W. Chung. and
C. S. Moon. 1995. Varietal difference of flowering, maturity
and yield n response to planting time 1n soybean. Korean J
Breed 27 .252-258

Shin, D C,H. S Suh,,and K Y Chang 1992 Studies on limiting
time of soybean planting 1n southern region of Korea 1. The
effect og different planting times on the vanability of character-
wstics 1 soybeans Res Rept RDA. 35 40-46

Shin, D. C, C K Park, T Y. Baek, . Y jung, S B Song, H S
Suh, and Y. J. Oh 1995 Early maturing, resistant to disease
and logging, small seed size sprouting soybean variety “Han-
namkong” RDA.J. Agn. Sc1 37 139-143

Suh, S.K.,H.S Kim, Y J Oh,K H. Kim, S. K. Cho, Y J Kim, S
D. Kim, H K. Park, M. S Park, and S Y Cho. 1997 A new
soybean variety for sprout with small seed lmgh yielding “Pung-
san-namulkong” RDA J Sca1 39 120-124



