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A study of the spectral variations of solar radiation inside and out-

side the inter-crop system of Paulownia trees and wheat crop

LI Fang-Dong,FU Da-Li, WANG Bao-Ping, WEN Rui-Jun (Paulowina Research and Development
Center of China,Zhengzhou 450003,China)

Abstract: We studied solar radiation by separating it into three wavebands :ultra-violet radiation (UV R, 300
~ 400nm) , photosynthetically active radiation (PAR, 400~ 700nm) and near infra-red radiation (700~
1100nm). The comparative study showed that the spectral composition of the solar radiation UVR : PAR
: NIR was 5.2 ¢ 48. 2 : 46. 6 inside the inter-cropping system and 5.1 : 52. 4 : 42. 5 outside the inter-
cropping system (control). The compositions of three wavebands,UVR : PAR + NIR were 5.2 : 51.5 :
43.2 and 5.0 : 51.9 ¢ 43. 1 inside and outside the inter-cropping system during flowering,respectively ;and
4.9:46.5: 48.6 and 5.3 : 52. 6 : 42. 1 inside and outside the inter-cropping system druing grain filling,
respectively and 5.4 : 45.0 ¢ 49. 6 and 5. 0 * 53. 4 : 41. 6 inside and outside the system during maturing ,re-
spectively. Since grain filling, PAR inside the inter-cropping system of Paulownia trees and wheat crop was
significantly reduced. Diffuse PAR of the incident radiation was attenuated more than direct PAR, and
NIR was attenuated less than PAR by the trees. The fractions of direct UVR(D-UV R) or diffuse UVR (S-
UVR) of the total solar radiation inside the inter-cropping system were 2% ,similar to those outside. The
fraction of direct beam PAR (D-PAR) of total solar radiation was 30% inside the inter-cropping system,
5% less than that outside the system;whereas the fraction of diffuse PAR (S-PAR) inside the inter-crop-
ping system was 16% ,1% higher than that outside. The fraction of direct NIR (D-NIR) of total solar ra-
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diation was 30% ,4% less than that outside ,and the fraction of diffuse NIR (S-NIR) was 20% ,8% higher
than that outside. Outside the inter-cropping system,the fraction of PAR of the direct beam radiation posi-
tively correlated with the flux density of direct beam radiation,the fractions of PAR of the diffuse radiation
and total solar radiation were not significantly correlated with their respective flux densities,and approxi-
mately constant (52% ). Inside the inter-cropping system,the fraction of PAR of the direct beam was posi-
tively correlated with the flux density of direct beam radiation,the fractions of PAR of total solar radiation
inside the inter-cropping system are not significantly correlated with their respective flux densities,and ap-
proaches a constant value (52% ) when the flux density is greater than 150W /m?* for both diffuse and total
solar radiation.

Key words :inter-cropping system;solar radiation ;spectral composition ;direct beam ;diffuse ;ultra-violet ra-

diation (UV R) ;photosynthetically active radiation (PAR) ;near infra-red radiation (NIR)

:1000-0933(2000)01-0109-09 :S181,S718. 5 A
3 : (UVR 300~400nm) , (PAR 400~700nm)
(NIR 700~1100nm), 5 o,
[} Fz-‘o
. [310
(Paulownia) s s s s s
. 60 s s
s 0.8 0.9 s
0.1 0, ,
. , ) 60 o
[6~7]D x
[s~10)
1
s :34°18'N,114°26'E,
s s s N o 14.3C,
689. 7mm 1883h, 33(Paulownia X' Tomentosi-fortunei 33') 1990
s s 5m X 10m,5m X 15m,5m X 20m,5m X 25m s Sm X
20m . 13m, 5.3m, 5. 6m, 832
(Triticum aestivum Linn. cv.'Yuxi 832'), 225kg/hm?,
2
Li-cor Li-800 o 7:00 17.00, 2h
s o s 0. 5m
s s 0. 05m
s 1. 5m s o
11Jc
5m X 20m 7 s s s
, CK, o 7 : Im( 19m, )



1 111
3
3.1
1 . ,
3 : (UVR 300~400nm), (PAR 400~700nm) (NIR 700
~1100nm), s s s
,PAR : NIR~1 : 500~700nm . .
, , PRA .
1.4 - 3. BIES
~12-
JE 1
= .
%' 0.8
%é\;/ 0.6-
R g0.4-
o2
2 9

300 400 500 600700 800 900 1000 1100
¥ Wave length {nm)

1

1] L . ! - L
300 400 500 600 700G 800 900 1000 1100
i Wave length (nm)

Fig. 1 Spectral composition of solar radiation under different sky conditions
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Fig. 2 Comparison of solar radiation at different locations in the inter-cropping system of Paulownia-wheat
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Table 1 Comparison of spectral composition inside and outside the inter-cropping system of Paulomnia-wheat growth and
development
Date
Waveband Site 4-20 4-25 4-30 5-05 5-10 5-15 5-20 5-25 5-31  Average
CK 5.59 4. 89 4.58 5.22 5. 64 4.93 5.27 4.91 4. 84 5.10
UVR(Y%) * 5.49 4.99 5.29 5.12 5. 36 4. 06 5.39 5.43 5.62 5.19
CK 52. 11 52.48 51.01 50. 44 53.79 51.76 53. 66 53.08 53.58 52.43
PARCY) 51.94 52.02 50. 97 48.57 48. 82 43. 64 45.62 46. 09 46. 38 48. 23
CK  42.30  42.63  44.41  44.34  40.57 43.30  41.07  42.01  41.57  42.47
NIRCY) 42.57  42.99  43.74  46.31 45.82 52.30 48.99 48.48 48.00  46.58
* Inter-cropping system
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Fig. 3 Variation of the spectral composition at different times inside and outside the inter-cropping system of

Paulownia-wheat

E East to the row of trees,M

West to the row of trees,CK

NIR
51.5 1 43.2,
UVR (
13:00,

Control

’

JVR : PAR : NIR 5.0 51.9:+43.1,
CK),11:00 s

PAR

The middle between rows of trees, W

2), s UVR.PAR
UVR: PAR: NIR 5.2:
9:00

9:00,



o s s o s UVR
11:00, UVR 15:00 s JVR : PAR :
NIR 4.9: 46.5+: 48.6 5.3:52.6:42.1, s UVR : PAR : NIR
5.4:45.0:49.6 5.0:53.4:41.6, s s
PAR s s °
2

Table 2 Comparison of the diurnal variation of the spectral composition inside and outside the inter-cropping system of

Paulownia-wheat of different stages of wheat growth and development

Time (O’clock)

Period Type Site 7 9 11 13 15 17 Average
CK 5.27 5. 37 5.13 4. 80 4.59 4.96 5.02
UVR(Y%) . 5.17 5.26 5.26 5.32 5.21 5. 20 5.24
CK 52.76 52.33 52.56 52.10 50.43 51.02 51.87
PARCY) 51.15 51.79 52.16 52. 46 51.16 50. 44 51.53
CK 41.97 42.30 42. 31 43.10 44.98 44.02 43.11
NIRCY) 43.68 42.95 42.58 42.22 43. 62 44. 37 43.24
CK 5.39 5. 51 6. 14 5.18 4. 80 4. 82 5. 31
UVR(Y%) 4.72 5.09 4.72 4. 82 5.06 4. 81 4. 87
CK 52.56 53. 60 54.72 50. 57 52. 47 51. 36 52.55
PARCY) 46.97 47.84 46. 54 44.02 46. 80 46.76 46.49
CK 42.05 40. 89 39. 14 44. 25 42.72 43. 82 42.15
NIRCY) 48. 30 47.07 48.74 51.15 48. 14 48.43 48. 64
CK 4. 44 5.08 5.26 5.39 4.91 4.71 4.96
UVR(Y%) 5.74 5.31 5. 44 5.34 5. 20 5.21 5.37
CK 52.97 53.82 53.99 54.16 53.16 52.17 53.38
PARCY) 43.15 46.74 47. 26 43. 20 45. 35 44. 37 45.01
CK 42.59 41. 11 40. 75 40. 45 41.93 43.11 41. 66
NIRCY) 51.11 47.96 47. 30 51.46 49. 45 50. 42 49. 62

* Inter-cropping system
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Fig. 4 Comparison of the spectral compositions of the direct beam (A) and diffuse radition (B) inside and outside

the inter-cropping system of Paulownia-wheat

E East to the row of trees,M

The middle between rows of trees, W

West to the row of trees,CK Control
R B. RN
A RRCK In systemn
- D-UVR
SNIR D-IZJ'(;]/R S-NIR
2%
S-PAR i
15%
S-PAR
SUVR 16%
% SUVR D-NIR
30%
5
Fig. 5 Comparison of the compositions of direct beam and diffuse radition

system of Paulownia-wheat
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Fig. 6 Diurnal variation of the spectral composition of direct beam and diffuse radiation inside and outside the inter-

cropping system of Paulownia-wheat
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Table 3 Comparison of diurnal variation of the composition of direct beam and diffuse radiation inside and outside the

inter-cropping system of Paulownia-wheat

Time
Type Site 7:00 9:00 11:00 13:00 15:00 17:00 Average
CK 1.58 3. 14 2.93 3.42 2.94 1.48 2.58
UVR(Y) 1. 30 3.34 3.17 2.70 2.48 1.52 2.42
CK 36. 83 48. 82 49.58 47.59 48. 27 37.09 44.70
PARCY) 31. 20 40. 09 42.95 38. 85 37. 86 30. 35 36. 88
CK 61.59 48.03 47.49 48. 99 48.79 61.44 52.72
NIR(%) 67.50 56. 56 53. 88 58. 44 59. 66 68.13 60. 70
CK 5.95 7.35 7.45 3.61 6.71 6. 64 6.28
UVR(Y%) 5.88 5.34 5.13 4.90 5.05 5.49 5. 30
CK 51.29 46. 62 49.32 38.99 53.11 54. 90 49. 04
PARCY) 41.95 36. 89 34. 63 36. 82 42.02 44. 45 39. 46
CK 42.76 46. 03 43.23 57.40 40.18 38. 46 44. 68
NIR(Y%) 52.17 57.77 60. 24 58. 29 52.93 50. 07 55. 24
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