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Modeling Effective Rainfall for Upland Crops
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Summary

A model for estimating daily effective rainfall of upland crops was developed. The infiitra-
tion process was described by Green-Ampt infiltration model developed by Chu(1978). The
model considers delayed surface ponding and surface detention storage under a uniform
soil profile. The Green-Ampt parameters, that is, average hydraulic conductivity and average
capillary pressure head on a sandy loam soil were determined from field experiment using
Air-entry permeameter developed by Bouwer(1966). The model was verified by comparing
measured and simulated surface runoff. The ratios of effective rainfall to total rainfall for
red pepper, soybean, sesame and Chinese cabbage were evaluated using Borg's root growth
model(1986) respectively.

The followings are a summary of this study results ;

1. In a sandy loam soil, average hydraulic conductivity was 3.28cm/hr and average capillary
pressure head was 3.00cm.

2. The root growth of upland crops could be expressed by Borg's root growth model
successively.

3. The measured and simulated surface runoff was agreed well with each other.

4. As the rainfall amount was increased, the ratio of effective rainfall to total rainfall

was decreased exponentially till a certain growing period.
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Table-1. Physiochemical properties of the experimental soil

Specific H OM. Porosity Mechanical analysis Soil
gravity P (%) (em*cm®) | Sand Silt Clay classification
2.59 6.7 111 0.44 70 22 8 sandy loam

Table-2. The Kolmogorov-Smirnov normal and log-normal test for saturated hydraulic conduc-

tivity(K) on subsoil

m K F(K) FO(K) A, B: Y F(Y) FO(Y) A, B
1 2.89 0.04 - - - 1.06 0.04 - - -
2 4.07 0.08 - - - 1.40 0.08 - - -
3 457 0.12 0.04 0.08 0.04 1.52 0.12 0.03 0.09 0.05
4 4.70 0.15 0.06 0.09 0.06 1.55 0.15 0.05 0.10 0.07
5 4.78 0.19 0.08 0.11 0.07 1.56 0.19 0.06 0.13 0.09
6 5.50 0.23 0.22 0.01 0.03 1.70 0.23 0.25 0.02 0.06
7 5.64 0.27 0.26 0.01 0.03 1.73 0.27 0.30 0.03 0.07
8 5.72 031 0.28 0.03 0.01 1.74 0.31 0.33 0.02 0.06
9 6.12 0.35 040 0.05 0.09 181 0.35 048 0.13 0.17

10 6.30 0.38 0.46 0.08 0.11 1.84 0.38 0.55 0.17 020"

11 6.40 042 0.49 0.07 0.11 1.86 042 0.58 0.16 0.20*

12 6.40 0.46 0.49 0.03 0.07 1.86 0.46 0.58 0.12 0.16

13 6.46 0.50 0.51 0.01 0.05 1.87 0.50 0.60 0.10 0.14

14 6.51 0.54 0.53 0.01 0.03 1.87 0.54 0.62 0.08 0.12

15 6.69 0.58 0.56 0.02 0.02 1.90 058 | 0.68 0.10 0.14

16 6.72 0.62 0.57 0.05 0.01 191 0.62 0.69 0.07 0.11

17 6.75 0.65 0.58 0.07 0.04 191 0.65 0.70 0.70 0.08

18 6.84 0.69 0.61 0.08 0.04 1.92 0.69 0.73 0.04 0.08

19 6.93 0.73 0.64 0.09 0.05 194 0.73 0.76 0.03 0.07

20 7.11 0.77 0.70 0.07 0.03 1.96 0.77 0.81 0.04 0.08

21 743 0.81 0.80 0.01 0.03 201 0.81 0.89 0.08 0.12

22 8.75 0.08 1.00 0.15 0.19* 217 0.85 1.00 0.15 0.19

23 9.02 0.88 - - - 2.20 0.88 - - -

24 9.17 0.92 - - - 222 0.92 - - -

25 12.53 0.96 - - - 2.53 0.96 - - -

m
Note. F(K)———N+1
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Table-3. The Kolmogorov-Smirnov normal and log-normal test for average capillary pressure

(S) on subsoil

m K F(K) FO(S) A, B: Y F(Y) Fo(Y) A B
1 0.50 0.05 - - - —0.69 0.05 - - -
2 0.59 0.10 - - - —0.53 0.10 - - -
3 0.65 0.14 0.01 0.13 0.09 —043 0.14 0.00 0.14 0.10
4 1.05 0.19 0.06 0.13 0.08 0.05 0.19 0.09 0.10 0.05
5 1.09 0.24 0.07 0.17 0.12 0.09 0.24 0.10 0.14 0.09
6 116 0.29 0.08 0.21 0.16 0.15 0.29 0.13 0.16 0.11
7 1.34 0.33 0.11 0.22 0.18 0.29 0.33 0.20 0.13 0.09
8 1.69 0.38 0.18 0.20 0.15 0.52 0.38 0.35 0.03 0.02
9 171 043 0.18 0.25 0.20 0.54 043 0.36 0.07 0.02

10 1.94 0.48 0.23 0.25 020 - 0.66 048 0.45 0.03 0.02

11 218 0.52 0.29 0.23 0.19 0.78 0.52 0.54 0.02 0.06

12 2.87 0.57 048 0.09 0.04 1.05 0.57 0.75 0.18 0.23

13 346 0.62 0.58 0.04 0.01 124 0.62 0.87 0.25 0.30*

14 3.68 0.67 0.64 0.03 0.02 1.30 0.67 0.90 0.23 0.28

15 391 0.71 0.70 0.01 0.03 1.36 0.71 0.93 0.22 0.26

16 5.08 0.76 0.92 0.16 0.21 1.63 0.76 1.00 0.24 0.29

17 6.07 0.81 0.99 0.18 0.23 1.80 0.81 - - -~

18 6.77 0.86 - - - 191 0.86 - - -

19 7.04 0.90 - - - 1.95 0.90 - - -

20 7.13 0.95 - - - 1.96 0.95 - - -

Note. F(S)=—2— A, =F(S) ~Fo(S) Bi=F(Si-) ~Fo(S) A,=F(Y) —Fo(Y)

N+1

B.=F(Yi-0)— Fo(Y)
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Table-4. Observed and simulated surface ru-
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A ath 7] W) Al 2Ee) T 24 noff(’89/6/5~'89/8/22)
. unit . mm/day
3 .
]-:)ai 2 50~8% 9 otel o7l [T Time Rainfall Surface runoff
899 68 5¥~8d 30 _%—L 9 " (mon./day) | (mm) | Observed | Simulated
FHRo dig At S A3 6/05 445 0.20 0.18
6/29 373 043 0.40
HHE
4. w2l RE 7/11 318 0.17 0.04
fep3) el g 3Nd(C87~'89) /16 106 0.17 0.10
o X EhSHY. BEAKS E%E AA o e | 2
AN BAKES Fohhe YL o) &3 ' ' '
6}: 1 ﬁkg"f’# - j‘o }j 0%4:” crest 8/20 253 017 0.68
Borg §rol 9% f’F%BU wadgddse o 8/22 298 0.84 1.01
3 o
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.......................................... ( 33 ) g ] +
\E 204 ’
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.......................................... (34) 2 ]
& 10j °
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.......................................... (35) 04 a ; ) L c .
2 4 6 8
3 . RDr=045+0.47 sin (3.03 Tr—1.47) Time(hr)
.......................................... (36) Fig_ 2. Observed and simulated surface ru-
noff(7/25/89)
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Fig. 3. Observed and simulated surface ru-
noff(8/21/89)
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Table-5. Cumulative days of each crop stages
for 4 upland crops

Stage |Vegetation|Development| Maturation
Crop No. 1 2 3 4 5
Red pepper] 34 67 84 | 115 | 145
Soybean 23 43 65 83 | 110
Sesame 19 36 55 85 | 104
Chinese 18 28 48 68 84

cabbage
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Fig. 4. Rainfall effectiveness during growing
period of red pepper

110

Q 1()0 L] -
7 90 *

¢ 80 +

g

g 60 a

& go4—[Stage 1

o + Stage 2

5 4010 Stage3

E 301+~ A Stage4 9

&  904— X Stage5

10 r—
0 - . . - . 4
0 20 40 60 80 100

Rainfall(mm)

Fig. 5. Rainfall effectiveness during growing
period of soybean
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Fig. 6. Rainfall effectiveness during growing
period of sesame

50 - W
40+4-L] Stage 1
304 + Stage 2
10O Stage 3 _°
A Stage 4 o

1g~r X Stage 5 v
0 20 10 60 80 100

Rainfall(mm)

Rainfall effectiveness( % )
oy
(=]

Fig. 7. Rainfall effectiveness during growing
period of Chinese cabbage
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