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Relationship between Canopy Architecture and Crop Production
with Reference to Light and CO. Environment

I1l. Relations between Canopy Architecture and Construction
Factors for CO, Diffusion in Some Crop Stands
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Laboratory of Crop Husbandry, Faculty of Agriculture,
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Table 1. Crops used for measuring wind speed in canopies.

No Crop Variety Year Locate Area m'
1 barnyard millet —_— 1981 Kyushu Univ. 20 20
2 upland rice Hatakinumochi 7 /) ]

3 wheat Asakaze 1982 Fukuoka Agric. Inst. 150 X200
4 soybean Fukuyutaka N Saga Prefec. Kawazoe 200200
5 grain sorghum (short type)  Plainsman 1982 Kyushu Univ. 20 20
6 " (tall type) Vi Vi i Vi

7 grain sorghum (short type)  Plainsman 1983 Saga Prefec. Kawazoe 80X 40
8 n (tall type) ) ) ) )

9 rice Koganebare 1983 Saga Agric. Inst. 100X 60
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Fig. 1. Productive structure of barnyard
millet and upland rice (var. Hata-
kinumochi) populations.
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TR O B & A TE O BUE & ORI,

U(z)= Unexp [—B(1—2/R)] -rreeeererennreees (1)

F272L, Ulz), EENORRE cm/sec; Ui, TEHHE

DM cm/ sec; A, BEDWERE 2, h, ThZ

EHNOMEEOE S, EHEEOE S cm
DOEFERH B Z LS5 Tv 5 (Goudriaan, 1977
Inoue, 1963 ; Uchijima and Wright, 1964), L 72232
T, BEHGE S AN O BEOBRIEE 2 OFEICE
2R OBERE A BB TS 2Lk DTHS
MLz EI N5,
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Fig. 2. Productive structure of wheat (var.
Asakaze) population.
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0
Fig. 3. Productive structure of soybean (var. Fukuyutaka) population.
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Fig. 4. Productive structure of grain sorghum (var. Plainsman) population. 1982.
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Fig. 5. Productive structure of grain sorghum (var. Plainsman) population. 1983.
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Fig. 6. Productive structure of rice (var. Koganebare) population .
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Fig. 7. Relationship between wind speed and height in different crop canopies.
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Table 2. Characteristics of foliage and = 2 e, (4)
attenuation coefficients of wind speed. Cafe
. 7273, x, Karman ©%:0.4
Na Cro LA] Height By B —
P em noPe TRENTLS, (@) Rx ) RCRAL TERT 2
&,
1  barnyard millet 5.0 100 3.1 0.46
2 upland rice 3.7 70 1.6 0.51 1 D S
3 wheat 3.9 80 3.0 0.80 B = gmCafih = 352 CaFL )
4 soybean 7.9 90 4.2 0.37 o
grain sorghum . R L), BEMREA FEEBERE F E BIAK C.
5 ” 5.1 80 2.7 0.54
(short type) THRbENS,
6 gﬁ&ﬁﬁﬁm 5.7 2000 2.1 0.38 SRS L RERE A O3 Fig 8 0 T &
. grain sorghum ) 7042 54, EOMED S O EHRER KD 515 (Fig. 8«2
7 (short tvpe) 3.8 100 2.7 0.4 ' ] B B
; yp HET (1981) 21 &/ F—F bEIALZ), Ll
g grain sorghum 4.9 180 24 0.32 . . .
(tall type) ) ’ : 755, Fig. 8 WBO TRIRER? S#N-7 — 508
9  rice 4.7 100 2.9 0.45

1) Attenuation coefficient of wind speed,

estimated from

relationship between

relative canopy height and relative wind
speed in the canopy (eq. (1) and eq. (1)).

2) Attenuation coefficient of wind speed,
estimated from relationship between
downward cumulative LAI and relative
wind speed in the canopy (eq. (6)).
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r=0.763
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Fig. 8. Relationship between leaf area index and attenuation coefficients (3) of wind speed in different
crop canopies. *, from Horie, T. (1981).
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Fig. 9. Relationship between wind speed and downward cumulative LAI in different crop canopies.
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Fig. 10. Relationship between leaf area
index and attenuation coefficient (8") of
wind speed in different crop canopies.
Symbols are the same as in Fig. 8.
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Fig. 11. Wind speeds [U(z)] versus In(z—d) for different crop stands.
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Fig. 12. Relationships between mean wind

speeds in the canopy and drag coefficients
of wheat and soybean plant populations.
Arrows indicate the mean drag coefficients.
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Fig. 13. Relationships between mean wind
speeds in the canopy and drag coefficients
of grain sorghum and rice plant popula-
tions. Arrows indicate the mean drag
coefficients .
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1. Relation between canopy height and 002 diffusion

wind speed wind speed boundary layer
at canopy surface in the canopy resistance
U(h) U(z) r !
A a
t
drag coefficient attenuation coefficient €O, diffusion
Cd of wind speed coefficient
8 D(z)

leaf area density
fL 7

mixing length
lm(z)

2. Relation between a profile of leaf area density and CO2

diffusion

attenuation coefficient

of wind speed

B

wind speed

CO, diffusion

3, Relation between leaf inclination angle and CO2 diffusion

in the canopy coefficient
u(z) D(z)
boundary layer
resistance
r t
a

drag coefficient

Cq L\
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Summary

Itis clear that a canopy architecture affects the CO: diffusion in a foliage. The CO:

diffusion coefficient is expressed by
D=U-:- lm

where D is diffusion coefficient, U/ is wind speed, i is relative turbulence intensity and |, is

mixing length.

In this paper we show the relation of canopy architecture with attenuation coefficient (3)
of wind speed (U/) in the canopy and drag coefficient (C.) as one of the construction factors

of 8.

The results are summarized as follows ;



184 /A3 g H kK ™ K

From the profiles of the wind speed above and within the canopies of barnyard millet,
upland rice, paddy rice, wheat, soybean and short and tall types of grain sorghum, the
attenuation coefficients () of wind speed and drag coefficients (C.) of leaves in these canopies
were obtained.

The [ obtained from the wind profile in the canopy can be expressed as

B o< Fr-Cy

where £, is leaf area index. Though C. of the horizontal foliage was smaller than that of
vertical foliage, 8 of the soybean canopy was larger than paddy and upland rice vertical
foliages compared on the same F.. This resulted from the soybean canopy having large leef
area density (LAD) in upper layers of the foliage.

The 3 of the tal type of grain sorghum was smaler than that of the short type. This
resulted from the small C. of the tall grain sorghum canopy.

As mentioned above, it was found that the attenuation coefficient (4) of wind speed was
affected by not only leaf inclination but also vertical distribution of leaf area and canopy
height.



