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This numerical study of crop growth rate (CGR) was conducted to investigate the forage
productivity per unit of leaf area using mean leaf area weighted with relative light intensity
(MLA) in a forage canopy. The results obtained were as follows. (i) The MLA was a kind of
combination of light extinction coefficient (K) and leaf area index (LAI) of a canopy. The MLA
with large K showed a lower value than that with small K for all LAI and the difference increased
with the increase in LAI, suggesting that MLA was small when the shading effect was high due
probably to the large area of leaves inclining horizontally. (ii) The application of MLA to CGR
led to modified net assimilation rate (mNAR) and modified LAI (mLAI), where CGR=(mNAR)-
(mLAI). Higher values in mNAR than in NAR suggested that the combination of K and LAI was
more important than LAI only in assessing the contribution of canopy leaves to forage
productivity, especially when the canopy was large in shading effect and low in the efficiency of
light interception.

INTRODUCTION

Shimojo et al. (1995, 1998), in numerical studies, applied the mean leaf area weighted
with relative light intensity (MLA) and relative amount of light intercepted by MLA (RAL)
to the rough estimation of light interception performance of a forage canopy. The MLA
includes light extinction coefficient (K) as a component, but does not have the informa-
tion about light compensation point, respiration and so on. This is the defect in MLA that
makes RAL an inaccurate index of estimating the photosynthetic activity. However,
relationships between K and RAL (Shimojo et al., 1995, 1998) seems to be in agreement
with some studies (Saeki, 1960; Loomis and Williams (1969) as quoted by Gardner et
al.,1985; Kubota et al., 1971) which show that the photosynthetic activity with small K is
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lower when leaf area index (LAI) is low but is higher in high LAI, when compared with
that with large K. This is why authors of the present paper have been hesitating to throw
the concept of MLA away, and in addition, wish to apply it to the basic production
analysis of forages.

The present numerical study was designed to apply MLA to the analysis of crop
growth rate (CGR) of forages.

MLA AND ITS APPLICATION TO CGR

Properties of MLA
The MLA in a forage canopy results from combining the method by Monsi und Saeki
(1953) and the concept suggested by Shimojo et al. (1995, 1998). Thus,

MLA={[" F-exp(-KF)dF) | { | * exp(-KF)dF)

KA },

= 1 . ——
K {1 exp(KA)-1 L

where F'=cumulative leaf area index from the top layer to the jth layer of canopy leaves,
A=an abbreviation of LAI (leaf area index), K=light extinction coefficient.

The values of MLA calculated at two levels of K and five levels of LAI are shown in
Table 1. The value of MLA was always lower than that of LAI, and the difference was
large when LAI was high and K was large. This suggests that MLA is associated with the
shading effect in canopy caused by the property of leaf distribution, such as leaf area and
leaf inclination. The MLA with large K showed a lower value than that with small K for all
LAI, and the difference increased with the increase in LAI. In other words, MLA is small
when the shading effect is high due probably to the large area of leaves inclining

Table 1. MLA calculated at two levels of K and five levels of LAI

K
0.4 0.8
1 0.467 0.434
2 0.868 0.744
LAI 3 1.207 0.951
4 1.488 1.080
5 1.717 1.157

MLA: mean leaf area of a canopy weighted with relative light inten-
sity,

LALI: leaf area index of the canopy,

K: light extinction coefficient of the canopy.

horizontally.

These results suggest that a forage canopy has its own MLA and the inclusion of K
allows MLA to be compared among various light interception properties caused by leaf
distribution. In brief, MLA might build a bridge between LAI and K of the canopy.
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An application of MLA to CGR
The CGR described using net assimilation rate (NAR) and LAI (Watson, 1952;
Radford, 1967; Hunt, 1990) is given by

Wz - Wl

CGR= "y

=(10g¢A2_10g¢A1 . Wz_Wl )'( AZ—AI )
Az—Al Lo~ by logeAz-].OgeAl ’

where W,={forage weight at time t,, A,=LAI at time ¢,,
{(log. A2~ 108. A, )/(A2— AD} - {(We— W) /(t.— t,)})=mean NAR (NAR) over the interval ¢, to
t2, (A2- Ar)/(log.As - log. A, ) =mean LAI (LAI) over the interval ¢, to ts.

An application of modified NAR using MLA (mNAR) and modified LAI using MLA

(mLAI) to CGR is given by
].OgeMLAz - log,MLA, . Wz‘ Wl ) . ( MLAz - MLA] \ (3)
MLA,- MLA, ta—ty log. MLA,- log. MLA,)’

where {(log. MLA. - log. MLA)/{(MLA;— MLA,)}* {(Wz— W1)/(t.- t,)}=mean mNAR (mNAR)
over the interval ¢, to t., (MLA,— MLA,)/(log.MLA, - log. MLA,) =mean mLAI (mLAI)over
the interval ¢, to t,.

@)

CGR=(

Properties of mNAR and mLAI when applied to CGR

When mNAR is compared with NAR, (W.—- W,)/(t.- t,) is a common component
between them and thus can be eliminated from both terms. Thus, the comparison
between mNAR and NAR results in comparing (log. MLA, - log. MLA,)/(MLA,- MLA,) with
(log. A - log. A,)/(A: - Ay), or rather comparing the reciprocal of mLAI with that of LAI
These two are tentatively called mNAR coefficient and NAR coefficient, respectively.

The calculated values for mNAR coefficient and NAR coefficient and those for mLAI
and LAI are shown in Table 2 (canopy with constant X) and Table 3 (canopy with
changing K). In every combination of K and LAI in both Tables 2 and 3, mNAR coefficient
was higher than NAR coefficient and thus mLAI was lower than LAI. This shows that
forage production efficiency per unit of leaf area is emphasized when mNAR is used than
when NAR is used. Therefore, the contribution of leaf area to CGR is smaller in the
suggested system using mNAR and mLAI compared with the orthodox system using NAR
and LAIL This implies that the combination of K and LAI is more important than LAI only
in assessing the contribution of canopy leaves to forage productivity.

The more detailed comparison of two systems will be given by the use of (mNAR
coefficient)/(NAR coefficient) and (mLAI)/(LAI) shown in Tables 2 and 3. The value of
(mNAR coefficient)/(NAR coefficient) was higher when K was larger and/or LAI was
higher. Therefore, the corresponding (mLAI)/(LAI) showed an inverse relation to
(mNAR coefficient)/(NAR coefficient). This suggests that the production efficiency per
unit of leaf area is more important than leaf area when the canopy is large in shading
effect and low in the efficiency of light interception.

The use of mNAR and mLAI in CGR is to relate the forage productivity to the light
interception property of canopy. This system might agree with other studies which show
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Table 2. The values of mNAR coefficient, NAR coefficient, mLAI and ‘
LAI in canopy with constant K

a) Constant K (0.4) in forage growth shown by the increase in LAI
from 2 to 3 and that in LAl from 4 to 5

LAI (K)
2(0.4)~3(04) 4(0.4)~5(0.4)
A: mNAR coefficient 0.973 0.625
 B: NARcoefficient 0.405 0.223
A/B 2.399 2.801
C: mLAI 1.028 1.600
D: LAT 2.466 4.481
ch 0417 . 0.357

mNAR: mean modified net assimilation rate calculated using MLA
NAR: mean net assimilation rate
-LAT: mean modified leaf area index calculated using MLA
LAI: mean leaf area index
mNAR coefficient = the reciprocal of mLAI
NAR coefficient = the reciprocal of LAI

b) Constant K (0.8) in forage growth shown by. the increase in LAI
from 2 to 3 and that in LAI from 4 to 5

. LAL (K)
2 (0.8)~3 (0.8) 4(0.8)~5 (0.8)
A: mNAR coefficient 1.186 0.895
B: NARcoefficient 0.405 0.223
A/B 2.925 4.009
C: mLAI 0.843 1.118
D: LAT 2.466 4.481
C/D k 0342 " 0.249

that the productivity of plants is controlled by the amount of solar radiation intercepted
by canopy leaves, provided that the other factors do not limit the growth of plants
(Gardner et al., 1985; Charles-Edwards et al., 1986; Simpson and Culvenor, 1987; Sheehy
and Johnson, 1988; Humphreys, 1991a, b). However, the present system remains to be
examined using actual data.
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Table 3. The values of mNAR coefficient, NAR coefficient, mLAI and
LAl in canopy with changing K

a) Changing K from 0.4 to 0.5 in forage growth shown by the increase
in LAI from 2 to 3 and that in LAI from 4 to 5

LAI (K)
2(0.4)~3 (0.5) 4 (0.4)~5 (0.5)
A: mNAR coefficient 1.003 0.658
B: NARcoefficient 0.405 0.223
A/B 2.473 2.948
C: mLAI 0.997 1.520
D: LAT 2.466 4.481
C/D 0.404 0.339

mNAR: mean modified net assimilation rate calculated using MLA
NAR: mean net assimilation rate

mLAL mean modified leaf area index calculated using MLA

LAL: mean leaf area index

mNAR coefficient = the reciprocal of mLAI

NAR coefficient = the reciprocal of LA

b) Changing K from 0.8 to 0.9 in forage growth shown by the increase
in LAI from 2 to 3 and that in LAI from 4 to 5

LAI (K)
2 (0.8)~3 (0.9) 4(0.8)~5 (0.9)
A: mNAR coefficient 1.224 0.937
B: NARcoefficient 0.405 0.223
A/B 3.018 4.198
C: mLAI 0.817 1.067
D: LAI 2.466 4.481
C/D 0.331 0.238

CONCLUSIONS

It was suggested that the use of MLA in CGR gave some information about the light
interception property of canopy to the basic production analysis of forages.
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