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ABSTRACT : This experiment was carried out at paddy
field (commercial silty loam soil) in the southwestern Korea.
Pungsannamulkong, a determinate growth habit, was a rel-
atively high yielding and late maturing cultivar, and Han-
namkong, a semi determinate growth habit, was a relatively
low yielding and early maturing cultivar. Seeds were sowed
at two plants and with a planting density of 70 X 10 cm on
May 26, 2003. Fertilizer was applied prior to planting at a
rate of 3.0-3.0 - 3.4 g (N - P,Os - K,0O) per m* by all basal
fertilizations. Experimental design was a randomized com-
plete block with three replications. Seed yield was higher in
Pungsannamulkong by 362 g per m* than in Hannamkong
of 260 g per m” Also, the number of pod, number of seed,
and number of seed per pod were greater in Pungsannam-
ulkong than in Hannamkong. The number of leaves per m*
showed similar with two soybean cultivars up to August 24
but thereafter it decreased in Hannamkong. The leaf area
up to August 4 increased in Hannamkong higher than in
Pungsannamulkong, but after that time, Pungsannam-
ulkong had greater leaf area than Hannamkong. The shoot
and leaf dry matter of two soybean cultivars from June 23
to August 4 were similar but thereafter, Pungsannamulkong
had a significantly greater than Hannamkong. Crop growth
rate (CGR), relative growth rate (RGR) and net assimilate
rate (NAR) for Punsannamulkong were relatively higher
than Hannamkong but leaf area ratio (LAR) and specific
leaf weight (SLW) showed higher in Hannamkong. Most of
leaves distributed in the ranges of 80 ~ 90 cm and 60 ~ 70 cm
from the soil surface in Punsannamulkong and Han-
namkong, respectively. Pods of Punsannamulkong ranged
10 ~ 80 cm from the soil surface and most of pods were dis-
tributed at 40 ~ 50 cm. Photosynthetic rate at the flowering
stage showed a significant difference between cultivars in the
upper most leaf position. There was no significant difference
of the photosynthetic rate at 7" leaf at the flowering stage,
and the uppermost and 7™ leaf position at the seed develop-
ment stage between two soybean cultivars.
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R esearches on photosynthesis and material production
of soybeans had been carried out based on the popula-
tion structure, the light interception characteristics, the pho-
tosynthesis of population, and the photosynthesis ability of
leaf (Asanome & lkeda, 1998; Kokubun er al, 1988;
Sagawa, 1998; Ookawa et al, 1999) Through out these
researches, various factors affecting the photosynthesis of
leaf were proved theoretically including the plant type that
have light mterception characteristics to get high population
photosynthesis (Dornhoff & Shibles, 1970) Also, net pro-
duction of soybean population was highly interrelated
among plant density, planting type and canopy structure,
leaflet orentation, and photosynthetic rate (Ikeda, 2000;
Wofford & Allen, 1982).

On the other hand, the relative growth rate (RGR) takes
genotypes and species treated with different environmental
factors accounted by dividing the absolute growth rate by
inttial weight of the plant. RGR is a function of the net
assimilation rate (NAR) which is an index of the photosyn-
thetic assimilatory capacity of the plant per unit leaf area and
the leaf area ratio (LAR) is an index of the leafiness of the
plant. The crop growth rate (CGR) which 1s one of various
plant growth analysis methods 1s used to an index of the dry
matter production with NAR and leaf area index (LAI) of
the plant (Hunt, 1982, Ookawa ez al., 1999)

Therefore, this research was carried out to compare the
difference of yield production ability according to leaf area,
dry matter, photosynthetic rate, canopy structure, and vari-
ous growth analysis methods in soybean canopy between
Pungsannamulkong (determinate and late maturing growth
habit) and Hannamkong (sem1 determinate and early matur-
ing growth habit).

MATERIALS AND METHODS

Thus experiment was carried out at a paddy field (commer-
cial silty loam soil) affiliated to the Honam Agricultural
Research Institute 1n the southwestern Korea.

Pungsannamulkong, a determinate growth habit, was rela-
tively high yielding and late matuning cultivars (Suh ef al.,
1997) and Hannamkong, a semi determinate growth habit,
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was relatively low yielding and early maturing cultivars
(Shin er al., 1995)

Seeds were sowed at two plants and with the planting den-
sity of 70 x 10 cm at May 26, 2003. Based on soil test rec-
ommendations, fertilizer was applied prior to planting at a
rate of 3.0 -3.0- 3.4 g (N - P,Os - K,0) per m? by all basal
fertilizations. Weeds, diseases and msects were controlled
by recommended pesticides.

Experimental design was a randomized complete block
with three replications. The main stem length, leaf number
per plant, and dry matter of plant samples were obtained on
June 23, July 3, July 14, July 24, August 4, August 14,
August 24, and September 4. The number of leaves was
counted and leaf area was determined by placing the leaf
blades through a leaf area meter (LI - COR L1 - 3100, USA).

The photosynthesis was measured the uppermost, fully
expanded, terminal leaf and the 7% leaves from base 1n maimn
stem was measured using portable photosynthesis measuring
device (LLCA - 4, UK) at flowering (R1 by Fehr ez al., 1971)
and seed development stage (RS) Measurements were taken
from 9 : 30 1n the morning to 2 : 30 in the afternoon with six
replications of measurements per each cultivar. The light
intensity used to measure the photosynthesis was in the range
of 1700 ~ 2000 umol m™ s™' photosynthetically active radia-
tion (PAR). The CO, concentration was 330 ~ 370 ppm and
the flow rate of the air was 400 ml run™

RGR, NAR, LAR, CGR, and SLW were derived from fol-
lowing equations (Hunt, 1982) Where W, T, and LA repre-
sent weight (g), ime (day), and leaf area (m?), respectively.

RGR (mggldh=1/Wx aW/T,

NAR (gecm™2d™) = I/LAX 9 W/ T,

LAR (cm™2 g =LA /W,
CGR(gm2d)=9W/aT,

SLW (g cm?) = 1/2 (LA, / W, + LA, /W)

RESULTS
Yield and yield components
Yield and yield components of two soybean cultivars were

shown 1n Table 1. The seed yield was greater in Pungsanna-
mulkong by 362 g per m’ than in Hannamkong. Also, the

Table 1. Yield and yield components of two soybean cultivars
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Fig. 1. Change of plant height of two soybean cultivars after
emergence Dot and line arrow mark indicate the flowering

date in Hannamkong and Pungsannamulkong, respectively.
Values are the mean + SE (n = 10)

number of pods per plant, number of seeds, and number of
seeds per pod were higher in Pungsannamulkong than in
Hannamkong. The seed weight, however, was higher in
Hannamkong than in Pungsannumkong.

Growth traits

Fig. 1 showed the main stem length of two soybean cult-
vars after emergence. Main stem length was longer in Pung-
sannamulkong than i Hannamkong up to the flowering
stage but thereafter it reversed

The number of leave per square meter was simular in two
soybean cultivars up to August 24 but thereafter it decreased
more 1 Hannamkong (Fig. 2). The leaf area of Han-
namkong was larger than of Pungsannamulkong up to
August 4 but after that time, Pungsannamulkong showed
larger leaf area than Hannamkong. The largest leaf area in
Pungsannamulkong was 4.2 per m? at August 24 and 1n
Hanamkong was 3.7 per m? at the same time. Also, leaf area
of Hannamkong tended to decrease sharply more than Pung-
sannamulkong after August 24.

The shoot and leaf dry matter of two soybean cultivars on
August 4 was smmular but thereafter Pungsannamulkong
exhibited a significantly greater the shoot and leaf dry matter
than Hannamkong (Fig. 4). Both cultivars showed the larg-
est leaf dry matter at August 24.

Cultivars No. of po_cli No of secicli Seed per pod Seed welgljlt Ylelg
(no plant™) (no plant™) (no.) (g 100 seed™) (gm™)
Pungsannamutkong 60058 1197+113 200£05 109+ 04 362+45.0
Hannamkong 400x54 715+87 1.80£04 123+£03 2601303
LSD (5%) 119 34.1 ns 09 87.0
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Fig. 2. Change of number of leaves and leaf area during growth penod n two soybean cultivars. Dark circle indicates Punsannamulkong
and whate circle indicates Hannamkong Values are the mean +SE (n = 10).
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Fig. 3. Changes of shoot and leaf dry matter during growth period mn two soybean cultivars. Dark circle mdicates Punsannamulkong and
white circle indicates Hannamkong Values are the mean £SE (n = 10)

Table 2. CGR, RGR, NAR, LAR and SLW 1n two soybean cultivars

Growth stage Cultivars CGR_l RS]R 1 I\LAR _1 LZAR,I SL“_IZ
(gday™)  (mgm~-day”) (gm™day") (em® g™) (gem™)

Rl ~R3’ Pungsannamulkong 20.2 840 94 895 1112
Hannamkong 148 633 6.0 105.5 945
R3 ~R5 Pungsannamulkong 14.7 34.7 42 835 1197
Hannamkong 69 197 2.0 973 1028
Pungsannamulkong 47 89 11 787 1271

R5 ~R6
Hannamkong 34 8.6 09 928 107.8

JAccordmg to Fehr et al. (1971).

Growth analysis and canopy architecture R1 ~ R3 stage (Table 2).

Canopy architecture of two soybean cultivars at RS
growth stage was shown in Fig. 4. Leaf position by the plant
height was n the range of 20 ~ 100 cm from the so1l surface
m two cultivars. Most of leaves i Punsannamutkong and

Hannamkong was located at i the range of 80 ~ 90 cm and

CGR, RGR, and NAR of Punsannamulkong were rela-
tively higher than Hannamkong, but LAR and SLW were
higher in Hannamkong. The greatest value of CGR, RGR,
NAR, LAR, and SLW for two cultivars was recorded during
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Fig. 4. Canopy architecture of two soybean cultivars at the seed development stage. A* Pungsannamulkong, B Hannamkong, =" leaf dry
matter, _* non assimilatory organ dry matter, @ pod dry matter

=

Table 3. Photosynthetic rate (CO, mol m™> s™') at the uppermost and 7" leaf position from base 1 two soybean cultivars at flowering and

seed development stages.

Flowering stage’

Seed development stage

Cultvars
Uppermost leaf 7" leaf Uppermost leaf 7" leaf
Pungsannamulkong 349148 228+59 325+£50 14064
Hannamkong 259149 225145 304169 17.6+5.8

! The times of flowenng and seed development stages 1n Pungsannamulkong and Hannamkong were August 3 and July 24, and August 24

and August 14, respectively. Values are the mean * SE (n = 6).

60 ~ 70 cm from the soil surface, respectively.

Pods i Punsannamulkong were distributed 1n the range of
10 ~ 80 cm from so1l surface and most of pods were distrib-
uted at 40 ~ 50 cm. Also, pods of Hannamkong were distrib-
uted extensively 1n the range of to 10 ~ 90 cm and most of
pods were distributed at 30 ~ 40 cm.

Photosynthesis

The photosynthetic rates at the uppermost and the 7" leaf
posttion from base at the flowering and seed development
stages in two soybean cultivars were shown m Table 3. At
the flowering stage, photosynthetic rate was significantly
different between cultivars at the upper most leaf position.
The photosynthetic rate of Pungsanamulkong was higher 1n
34.9 CO, umol m™ s than that of Hannamkong in 25.9
CO, umol m™ s™'. There was no significant difference n
photosynthetic rate at 7 leaf at flowering stage and also at
the uppermost leaf and the 7" leaf position from base at seed
development stage between two soybean cultivars.

DISCUSSION

This study was conducted to compare the yield potential
of two soybean cultivars, Pungsannamulkong that determi-

nate growth habit was a late maturing soybean cultivar (Suh
et al., 1997) and Hannamkong that semi determunate growth
habit was a little early maturing soybean cultivar (Shin et al.,
1995), by analyzing the growth characteristics, the growth
analysis, and the photosynthesis. Pungsannamulkong had
greater more yield per square meter compared with Han-
namkong due to higher number of pods, number of seeds,
and seeds per pod except for seed weight. Yield difference
between soybean cultivars has been reported by many
researchers, and 1t has been known that the yield changed
with the plant density, planting time, maturing habit, and
plant type (Ford et al., 1983; lkeda, 2000; Kokubun et al.,
1988; Kokubun & Watanabe, 1982; Ookawa et al., 1999).
The number of leaves from June 23 to August 24 of two
cultivars was similar to each other. Leaf area from the emer-
gence to the flowering stage was higher in Hannamkong
than in Pungsannamulkong, but thereafter, the leaf area was
higher in Punsannamulkong compared with Hannamkong.
Shoot and leaf dry matter also tended to increase more n
Pungsannamulkong than in Hannamkong. The main factor
of much more seed yield in Pungsannamulkong compared
with in Hannamkong was due to a high dry matter produc-
tion. The CGR m reproductive stages (R1 ~ R6) of Pungsan-
namulkong was higher than in Hannamkong The CGR of
Punsannamulkong 1ncreased about 5.4 g per day compared
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with Hannamkong during R1 R3 stage and during R3 ~ RS
stage and the CGR was almost twice in Punsannamulkong
compared with the Hannamkong. Thus, the relatively high
CGR m Pungsannamulkong may be resulted due to greater
leaf area and leaf dry matter during R1 to RS growth stages.
Leaf area and leaf dry matter after August 4 was signifi-
cantly hgher mn Punsannamulkong. Greater leaf area and
dry matter in soybean can be observed better by comparing
RGR during reproductive growth stages.

The RGR that depended on the NAR and the LAR
explained accumulation of dry matter during the growth
times. The RGR was higher 1n Punsannamukong than m
Hannamkong at the same periods. The NAR also was higher
in Punsannamulkong. On the other hand, there were many
reports stated that the photosynthesis had positive correla-
tion with SLW (Buttery & Buzzell, 1977; Cho et al., 2003;
Sagawa, 1998). In this experniment, the photosynthetic rate
during reproductive stages n Hannamkong was less than 1n
Punsannamulkong, and there was a high relationship
between the seed yield and the relatively low SLW, and the
high leaf dry matter production.

The photosynthetic rate at the uppermost leaf position
between two cultivars at the flowering stage, Punsannam-
ulkong showed higher by 34.9 CO, umol m™ s™' than Han-
namkong by 25.9 CO, umol m™ 57!, Also, there was more
photosynthetic rate in Punsannamulkong than that of Han-
namkong at the 7" leaf position at the seed development
stage. Cho er al. (2003) reported that photosynthesis at seed
development stages among soybean cultivars showed posi-
tive correlation with seed yield in middle and lower leaf
position And Sagawa (1997) also showed the positive corre-
lation with yields at seed development stage. From this
experiment, higher yield of Punsannamulkong compared
with that of Hannamkong may cause to mncreasing photo-
synthetic rate at middle and lower leaf as well as 7" leaf
posiion at the seed development stage. Some reporters
stated that there was no correlation between the photosyn-
thesis and yield because photosynthesis was measured with
flourished leaves (Ford et al., 1983, Kokubun ef al., 1988).

On the other hand, most of leaf 1n the canopy architecture of
two soybean cultivars was distributed at further level from the
soil surface i Punsannamulkong compared with in Han-
namkong Generally, the leaf distribution of upper layer in
canopy could influence greatly photosynthesis 1 soybean
because of the mterruption of transmission of the light irradia-
tion mto middle position (Kokubun & Watanabe, 1982; Tkeda,
2000, Ookawa et al., 1999). Nevertheless, the high photosyn-
thetic rate at the 7" leaf posttion in Pungsannumkong may be

resulted due to longer duration of leaf life of Pungsan-
numkong than that of Hannamkong. Sagawa (1997) stated
that soybean cultivars that had a longer duration of leaf hife
and less defoliation might get relatively more gramn yield.
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