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Effects of Canopy Light Distribution Characteristics and Leaf Nitrogen Content on Efficiency of
Radiation Use in Dry Matter Accumulation of Soybean Cultivars : Tatsuhiko SHIRAIWA, Ushio HASHI.
KAWA, Shingo TAKA and Ayako SAKAI (Duviston of Agriculture, Shiga Prefectural Junior College, Nishi-shibukawa,
Kusatsu 525, Japan)

Abstract : The amount of dry matter produced per photosynthetically active radiation (PAR) intercepted by the
canopy (EPAR) and factors which might affect EPAR were determined for various soybean cultivars, and their
relationships were also analyzed in two field experiments. In 1989 and 1990, 11 cultivars and 27 cultivars
respectively, were grown on an experimental field in Shiga Prefectural Junior College. Changes of intercepted
PAR, top dry matter weight, light extinction coefficient (KPAR), nitrogen content per leaf area (SLN) and
nitrogen accumulation in the top (1990 only) were measured. EPAR averaged for all the cultivars was 2.48g M]J~!
in both years and its coefficient of variance among cultivars was =99, in 1989 and + 179 in 1990. In general,
recent cultivars showed greater EPAR than older ones. The correlation coefficients between SLN and EPAR were
0.548 in 1989 and 0.651** in 1990, while there was no correlation between KPAR and EPAR. Since SLN showed
close correlation with SLW (r=0.954** in 1989, r=0.710** in 1990), the difference in EPAR between old and
new cultivars was considered to be attributable mainly to the improved leaf morphological trait and consequently
greater leaf photosynthesis of newer cultivars. SLN further correlated with total top nitrogen content (r=0.736**
in 1990) thus seemed to be limited by nitrogen accumulation.

Key words : Dry matter production, Leaf nitrogen content, Light extinction coefficient, Radiation conversion
efficiency, SLW, Soybean, Varietal difference.
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Table 1 Soybean cultivars tested and measured values of radiation conversion efficiency (EPAR), light
extinction coefficient (KPAR), and specific leaf nitrogen content (SLN).

Year Cultivar Year Date of EpPAR KPAR SLN
namedor R5**
released gM]J-! Ist.*** 2nd.*** gm™2
1989 MIZUKUGURI native AUG.23 2.18 0.757 0.745 1.14
AKAZAYA 1926 AUG.25 2.22 0.674 0.804 1.29
LEE 1954 SEPT.3 2.64 0.773 0.733 1.37
FUSANARI 1961 AUG.19 2.71 0.796 0.838 1.43
FUKUSEN-NARI 1969 AUG.18 2.19 0.967 0.797 1.38
ENREI 1971 AUG.16 2.68 0.747 0.676 1.45
TAMAHOMARE 1980 AUG.26 2.39 0.658 0.572 1.20
TACHINAGAHA 1986 AUG.16 2.66 0.578 0.686 1.67
TOSANG61 1962*  AUG.19 2.54 0.713 0.684 1.61
TOSANG69 1962* AUG.18 2.72 0.756 0.732 1.34
TOSAN155 1979*  AUG.17 2.32 ().688 0.676 1.38
MEAN+S.D.**** 2.48+0.22 0.737+0.098 0.722%+0.075 1.39+0.16
1990 MIZUKUGURI native AUG.16 2.42 0.907 0.513 1.49
MINEYAMA native AUG.26 2.60 0.507 1.35
PEKING 1910 AUG.5 2.25 0.579 0.666 1.11
TAMANISHIKI 1921 SEPT 4 3.15 0.717 1.54
SHIROBANASAII 1923 AUG.24 2.36 0.909 0.812 1.04
AKAZAWA 1926 AUG.18 2.40 0.589 1.39
HAROSOY 1951 JUL.28 2.11 0.716 0.624 1.37
JACKSON 1953 SEPT.1 2.28 0.633 1.20
LEE 1954 AUG.30 2.61 0.438 1.56
FUSANARI 1961 AUG.6 1.50 0.546 0.650 1.13
BONMINORI 1961 AUG.1 2.07 0.501 1.45
SHIROTAE 1965 AUG.14 2.37 0.653 0.726 1.45
FUKUSEN-NARI 1969 AUG.7 2.10 0.668 0.554 1.26
TAMAHIKARI 1971 SEPT.1 2.14 0.479 0.576 1.36
MIYAGIOJIRO 1978 AUG.15 2.80 (.389 0.376 1.50
TAMAHOMARE 1980 AUG.19 2.80 0.623 0.481 1.51
FUKUYUTAKA 1980 SEPT.1 2.92 0.466 1.50
AKISHIROME 1980 AUG.20 2.71 0.552 0.591 1.63
TACHINAGAHA 1986 AUGS5 3.20 0.537 0.520 1.57
HOREI 1987 JUL.31 2.20 0.426 0.603 1.23
TACHIYUTAKA 1987 AUGS5 2.38 0.565 0.622 1.48
TOSANS61 1962* AUG.6 2.99 0.668 0.474 1.61
TOSAN69 1962* AUG.7 2.65 0.439 1.32
TOSAN152 1974*  AUG.27 2.65 0.441 1.35
TOSAN155 1979*  AUGS5 2.27 0.537 0.595 1.29
TOSANQ310 1979*  AUG.11 1.70 0.605 0.753 1.36
TOSAN-VR159-5 1982* AUG.19 3.22 0.622 0.525 1.53
MEAN+S.D. 2.48+0.43 0.582+0.130 0.592+0.107 1.39+0.16

*:The year of crossing.

flowering (1989) or before R5(1990) ,
****-Standard deviation.

R5(1990) .

**Beginning of grain filling?.
and the second
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Fig. 1. Relationship between EPAR values mea-
sured in 1989 and 1990 of the 10 cultivars
tested in both two years.
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Fig. 2. Relative PAR intensity in the canopy
(logarithms) plotted against cumulative
LAI, of soybean cultivar Tachinagaha and
Fusanari at late flowering in 1989 and after
R5 in 1990.

Table 2 The average values and standard deviations of EPAR, KPAR and SLN calculated

for old and new cultivar group.

Old cultivars are ones named or released prior to 1970. New cultivar group includes
cultivars released after 1970 and unreleased lines.

Year Number of EPAE KPAR SLN
cultivars 1st. 2nd.
gMJ~! gm~?
1989 Ol1d 5 2.39+0.26 0.793+0.107 0.783+0.044 1.32+0.11
New 6 2.55%+0.17 0.690+0.066 0.671%£0.053 1.44+0.18
1990 Old 13 2.33+£0.38 0.643£0.144 0.649+0.100 1.33%£0.17
New 14 2.62+0.43 0.525+0.086 0.556+0.098 1.45+0.13
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Fig. 3. Relationship between specific leaf nitro-
gen content (SLN) and radiation conversion
efficiency (EPAR) in 1989 and 1990.SLN for
1989 is the value on Aug. 16 (late flowering
stage) and SLN for 1990 is the averaged
value for the period when EPAR of each
cultivar was evaluated. ** : Significant at
19 level of probability.
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Fig. 4. Relationship between specific leaf
weight (SLW) and specific leaf nitrogen
content (SLN) in 1989 and 1990.SLW and
SLN for 1989 are the values on Ang. 16 (late
flowering stage) and those for 1990 are the
averaged values for the period when EPAR of
each cultivar was evaluated. %% : Significant
at 195 level of probability.
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Fig. 5. Relationship between total top nitrogen
content and specific leaf nitrogen content
(SLN). Total top nitrogen content and SLN
are the averaged values for the period when
EPAR of each cultivar was evaluated. *3%:
Significant at 1% level of probability.
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