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Basic Studieson the Consumptive Use of Water Required for Dry Field Crops (3)
—Red Pepper and Radish—

¢ B O K- # B - FE BT ¥ FT o = B
Kim, ChoulKee. Kim, Jim Han.Jung, Ha Woo . Choi,Hong Kyu.Kwun,Yong Hyun

Summary

The purpose of this study is to find out the basic data for irrigation plans of red pepper
and radish during the growing period, such as total amount of evapotranspiration, coefficent
of evapotranspiration at each growth stage, the peak stage of evapotranspiration, the maximum
ten day evapotranspiration , optimum irrigation point, total readily available moisture and
intervals of irrigation date.

The plots of experiment were arranged with split plot design which were composed of
two factors, irrigation point for main plot and soil texture for split plot, and three levels ; irri-
gation point with pF1.7~2.0, pF2.1~2.4 and pF2.5~28, at soil texture of sandy soil, sandy
loam and silty clay for both red pepper and radish, with two replications.

The results obtained are summarized as follows.

1. 1/10 exceedance probability values of maximum total pan evaporation during growing
period for red peppr and radish were shown as 663.6 mm and 251.8 mm, respectively, and
those of maximum ten day pan evaporation for red pepper and radish. 67.1 mm and 46.9 mm,
respectively.

2. The time that annual maximum of ten day pan evaporation can be occurred, exists
at any stage between the middle of May and the late of August for red pepper. and at any
stage between the late of August and the late September for radish.
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3. The magnitude of evapotranspiration and its coefficient for red pepper was occurred
large in order of pF1.7~2.0, pF2.1~24 and pF2.5~2.8, in aspect of irrigation point and
the difference in the magnitude of evapotranspiration and of its coefficient between levels
of irrigation point was difficult to be found out due to the relative increase in water consumption

resulted from large flourishing growth at the irrigation point in lower water content for radish.
In aspect of soil texture they were appeared large in order of sandy loam, silty clay and

sandy soil for both red pepper and radish.
4. The magnitude of leaf area index was shown large in order of pF2.1~24, pF25~28.
and pF1.7~2.0, for red pepper and of pF2.5~2.8, pF2.1~24, pF1.7~2.,0 for radish in aspect

of irrigation point. and large in order of sandy loam. silty clay, sandy soil for both red
pepper and radish in aspect of soil texture

5. 1/10 exceedance probability value of evapotranspiration and its coefficient during the
growing period for red pepper were shown as 683.5 mm and 1.03, respectively, while those
of radish, 250.3 mm and 0,99, respectively.

6. The time that the maximum evapotranspiration of red pepper can be occurred is in
the middle of August around the date of ninetieth to hundredth after transplanting, and the
time for radish is presumed to be in the late of September, around the date of thirtieth
to fourtieth after sowing. At that time, 1/10 exceedance probability value of ten day evapotrans-
piration and its coefficient for red pepper is assumed to be 81.8 mm and 1.22, respectively,
while those of radish, 49,7 mm and 1,06, respectively.

7. Optimum irrigation point for red pepper on the basis of the yield of raw matter is assumed
to be pF1.7~2.0 for sandy soil. pF2.5~238 for sandy loam, and pF2.1~24 for silty clay,
while that for radish is appeared to be pF2.5~28 in any soil texture used.

8. The soil moisture extraction patterns of red pepper and radish have shown that maximum
extraction rates exist at 7 cm deep layer at the beginning stage of growth in any soil texture
and that extraction rates of 21 cm to 35 cm deep layer are increased as getting closer to the
late stage of growth. And especially the extraction rates have shown tendency to be greatest
at 21lcm deep layer from the most flourishing stage of growth for red pepper and at the last
stage of growth for radish.

9. The total readily available moisture on the basic of the optimum irrigation point become
3.77~8.66 mm for sandy soil, 28.39~34.67 mm for sandy loam and 18.40~25.70 mm for silty
clay for red pepper of each soil texture used but that of radish that has shown the optimum
irrigation point of pF2.5~2.8 in any soil texture used, 12.49~15.27 mm for sandy soil, 23.03~
2813 mm for sandy loam, and 22.56~27.57 mm for silty clay.

10. On the basis of each optimum irrigation point, the intervals of irrigation date at the
growth stage of maximum consumptive use of red pepper become 14 days for sandy soil,

3.8 days for sandy loam and 2.6 days for silty clay, while those of radish, about 7.2 days.
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Table-1. Correlation coefficients between amounts of evapotranspiration of red pepper and radish and meteo-

rological factors during growing season.

Meteorological Pan Mean Mean relative Solar Sunshine Mean wind
factors
Crops evaporation | temperature humidity radiation hours velocity
Red pepper 0.885** 0.344 —0.346 0.616* 0.544* 0.144
Radish 0.863** 0.300 =0.370 0.819* 0.817* 0.192

Table-2. Probability values and its occurring year of pan evaporation for irrigation period from
1967 to 1989.

1) For growth period of red pepper

Classification of !/5 Probability value !/ 1o Probability value !/50 Probability value
irrigation period| Evaporation | Occurring year | Evaporation | Occurring year | Evaporation | Occurring year
For whole irri-

or VIO 645 5(mm)  |1989(6335mm) | 6636(mm) |1988(6626 mm)| 6790(mm) |1967(6785 mm)
gation period
For ten day irri

or e QYT 643(mm) | 1987643 mm) | 671(mm) | 1978(667mm) |  695(nn) | 1977(69.2 mm)
gation period.
2) For growth period of radish

Classification of !/5 Probability value '/ 1o Probability value !/ Probability value
irrigation period| Evaporation | Occurring year | Evaporation | Occurring year | Evaporation | Occurring year
For whole irri-

Of IO M) 043 5(mm)  |1987(2415 mm)| 2528(mm)  [1977(2513mm)| 2608(mm) |1971(261.2 mm)
gation period :
For ten day irrid

enaay 43(mm) [1971( 448mm)| 469(mm) (1985( 469mm)|  492(nn)  [1975( 503 mm)

gation period.
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Fig. 1.Growing condition of red peppers at
each treatment plot during growth-

period.

Table-3. Frquency of ten day pan evaporation for irrigation period by annual maximum series

from 1967 to 1989.

1) For growth period of red pepper

Growth |May11~[May21~|May31~ Junel0~ June20~ [June30~July10~ | July20~ |July30~ | Aug.9~ |Aug.19~ |Aug 29~ Sept.8~
stage |May 20 |May 30| June 9 June 19|June 29| July 9 |July 19 [July 29 | Aug. 8 |Aug. 18|Aug. 28| Sept. 7 |Sept. 17
Frequency| 3 3 1 1 4 2 1 1 4 2 1
2) For growth period of radish
Growth Aug. 22~ | Sept. 1~ | Sept. 11~ | Sept. 21~ | Oct. 1~ Oct. 11~ | Oct. 21~ | Oct. 31~
stage Aug. 31 Sept. 10 Sept. 20 Sept.30 Oct. 10 Oct. 20 Oct. 30 Nov. 9
Frequency 9 2 7 5 . . .




BRETEEGE #32% 155 19904 3A°

Legend
5.00 I 1" Sundy loam, pF25~28
2+Sandy loam, pF2.1~24
3-Silty clay. pF25~28 N
4.50 [— 4-Sandy soil. pF25~28 oM
5--Silly clay. pF2.1~24 / 2:
6--Sandy soil. pF2.1~24 // !
4.00 [~ 7--Sandy loam, pFL7~20 7
&-Silty clay, pFL7~20 3
9--Sandy soil, pFL7~20 / /% @
3.50 74 5
%\ / | —16)
300 - ,,
= feal
g / ]
8 250
§ L —18 @
© 2,00
q S 7 i
'3 A
1.00 //
0.50 A

Sep.4 Sep.14 Sep.24 Oct.4 Oct.14 Oct.24 Nov.4 Nov.14

Fig. 2.Growing condition of radishes at each

treatment plot during growth period.
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Table-4. Evapotranspiration for red pepper and its coefficient with three levels of irrigation point
and soil texture.

Irrigation point pF1.7~2.0 pF2.1~24 pF25~238

Growth Pan
i Sandy Sandy Silty Sandy Sandy Silty Sandy Sandy Silty
stage evaporation Soil loam clay Soil loam clay Soil N loam clay

1 mm mm mm mm mm mm mm mm mm mm

May~1May . ) | 0700 | (070) | (068) | 069 | (069) | (061 | (068) | (067
470 33.14 3292 33.10 3191 3261 3243 3131 32,09 3143
May 21 079 | (084) | (0.79) | (074) | (0.78) | (078) | (0.75) | (078) | (077
~May 30 484 38.24 40.84 38.20 35.73 37.92 37.69 3622 37.77 37.30
May 31 (089) | (094) | (086) | (085 [ (092) | (089 | (083) | (090) | (0.85)
~June 9 50.2 472 47.14 43.18 4292 4594 4483 41.88 4496 4254
June 10 093) | (097) | (092) | (093) | (097) | (094) | (090) | (096) | (0.93)
~June 19 57.1 53.32 55.14 5257 52.82 55.65 53.78 51.55 55.03 52.90
June 20 (1o2) | (o6) | (097 | (099 | (1om) | (102) | (098) | (L04) | (099)
~June 29 643 65.50 6822 | 6262 63.85 68.60 65.56 62.78 66.97 63.39
June 30 (1.06) (1.08) (102) | (102) | (109 | Qo7 | (100 107 | (103)
~July 9 516 54.65 55.75 52.38 52.65 56.46 55.35 51.42 55.33 53.25
July 10 (11 | (112) | 05 | (Lo | (114 | (110 | o4 | (115 | (1.08)
~July 19 313 34.60 35.08 3284 3257 35.66 3445 32.46 35.86 33.94
July 20 115 | (115 | (Lon | (o8) | (116) | (14 | (oe) | (114 [ (113)
~July 29 282 32.46 32.36 30.25 3047 3279 7209 29.92 3213 | 319
July 30 (119) | (2 | (14 | (1149 | Q2D | 18 | 110 | (123 | (118)
~Aug. 8 295 35.09 35.60 3353 3357 35.57 34.70 3255 36.18 3423
Aug 9 (1200 | Q200 | (114) | (u18) | (1220 | (119 | (114 | (12D | (18)
~Aug. 18 39.6 47.39 47.49 45.19 46.74 4818 47.13 45.29 47.72 46.74
Aug. 19 115 | 1® | Qi | 1) | a1 | Q49 | Q1o | (118 | Q13
~Aug. 28 416 47.89 49.08 4631 46.32 48.87 47.22 45.64 4892 47.17
Aug. 29 (1.09) 112) (Lo7) (106) | (112) (1.08) (L) | 112) | 1oen
~Sept. 7 335 36.36 3751 3592 3551 37.63 36.06 3493 3752 35.83
Sept. 8 (100 | (108) | (103) | (102) | (109 | (108) [ (103) | (108) [ (104
~Sept. 17 36.0 37.46 38.74 37.00 36.69 39.10 38,07 37.25 3870 3748
Sept. 18 . (1.02) (1.05) (1.03) (LoD (1.05) (1.04) (1.02) (1.05) (1.03)
~Sept. 27 386 39.35 40.63 39.70 38.96 40.69 40.16 39.38 4051 39.60
Sept. 28 (103 (100 | (02) | (Lo | (05 | (1o | (099 | (105) | (104)
~Qct. 7 330 33.84 34.30 33.69 3352 3449 34.28 32.77 34.70 34.47
Total 6299 (1.01) (1.03) (0.98) (0.98) (1.03) (1.0 (0.96) (1.02) (0.99)
63401 | 650.80 | 61648 | 61422 | 650.16 | 63380 | 60535 | 64439 | 62219

Remark : Figures in parenthesis represent coefficient of -evapotranspiration for each growth stage.
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Table-5. Evapotranspiration for radish and its coefficient with three levels of irrigation point and soil texture.

Irrigation point pF1.7~2.0 pF2.1~24 pF25~28

Growth Pan
) Sandy Sandy Sily Sandy Sandy Sily Sandy Sandy Silty
sage evaporation Soil loam clay Soil loam clay Soil loam clay

mm mm mm mm mm mm mm mm mm mm

A”g‘fiug_ N O | ) | @ | s | 0 | 06 | ©en | 08 | 069
33.3 2367 23.50 2362 22.87 2316 2294 2247 2263 2296
Sept. 1 (0.78) (0.82) (0.82) (0.79) (0.84) (0.82) 0.77) (0.79) (0.80)
~Sept. 10 345 2707 .| 2842 28.28 27.23 29.05 28.27 26.49 27.30 2744
Sept. 11 (0.89) (091 (0.90) (0.87) (0.92) (0.91) (0.88) (0.90) (0.87)
~Sept. 20 425 37.64 38.84 3834 37.08 39.17 38.69 3741 38.08 36.77
Sept. 21 (097 (1.0 (0.99) (0.99) (1.06) (L03) (1.00) (1.02) (1o1)
~Sept. 30 340 32.96 3441 3372 3375 35.87 3493 34.07 34.80 3417
Oct. 1 (1.04) (11D (1.05) (1.06) (11D (1.07) (107) (11D (1.05)
~Qct. 10 34.7 36.24 3867 3641 36.81 38.44 37.29 36.99 38.68 36.38
Oct. 11 (1.09) (1.16) (1.09) (1.09) (1.16) (1.10) (1.10) (1.15) (1.09)
~QOct. 20 260 2835 3025 2841 2845 30.10 28.71 2871 29.93 2839
Oct. 21 (114) (1.20) (113) (117" (1.20) (117 (119 (119 (118)
~QOct. 30 20.2 23.10 24.20 22.81 2354 24.22 23.67 2394 24.09 2375
Oct. 31 (119 (1.23) (1.16) (1.23) (124) (1.24) (1.23) (1.26) (123
~Nov. 9 163 19.43 20.13 18.89 2007 2027 2014 20,09 2048 20.01
Tota sl (0.95) (0.99) (0.95) (0.95) (0.99) (0.97) (0.95) (0.98) (0.95)
22846 | 23842 230.48 229.80 240.28 234.65 230.17 236.00 229.87

Remark * Figures in parenthesis represent coefficient of evapotranspiration for each growth stage.
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ETC=0.228 log(LAI) +0.982++++++++--
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Fig. 4.Relationship between leaf area indexes
of radish and the coefficients of evapo-
transpiration.
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Fig. 5.Relationship between coefficient of
evapotranspiration for red peppers and
the weight of raw matter with three
levels of irrigation and soil

texture.
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Table-6. Significant test of the difference in
yields of red pepper between three
levels of soil texture.

Level of sandy [sandy| silty
. Remarks
treatment soil [loam | clay
Difference in weight of
raw matters between —9027 +200 |LSD=3280
each treatment (g)

Table-7. Significant test of the difference in
yields of red pepper between three
levels of irrigation point.

Level of pF1.7|pF2.1|pF2.5
Remarks
treatment ~20|~24|~28
Difference in weight of
raw matters between —444.2 +215 [ LSD=221.1
each treatment (g)
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Table-8. Significant test of the difference in
yields of radish between three levels
of soil texture.

Level of sandy |sandy| silty
. Remarks
treatment soil |loam | clay
Difference in weight of
raw matters between —1305 +887 | LSD=316.0
each treatment (g)

Table-9. Significant test of the difference in
yields of radish between three levels
of irrigation point.

Level of pF1.7|pF2.1{pF2.5
Remarks
treatment ~20;~24{~28
Difference in weight of
raw matters between —1517 —287 LSD=512.0
each treatment (g)
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Fig. 7.Relationship between intervals of irri-
gation date and amount of ten day eva-
potranspiration at red pepper plots.

Legend
Sandy soil*:*A
(day) Sandy loam-O
20 Silty clay--* X
ok ¥3=53.1% {4
2 8 (pF25~2.8)
-} 7 AR _ »
° % v=0.88
5 6 vy
2 5 ¥2=38.31 %
£ s o (pF2.1~24)
- r=064**
S 4 Ja L]
o - - ] Tt 5
g C ¥1=109x
2 5 (pF1.7~2.0)
- r=061**
1 | “
10 20 30 40 5060708090100(mm)

Amount of ten day evapotranspiration(x)

Fig. 8.Relationship between intervals of irri-
gation date and amount of ten day eva-
potranspiration at radish plots.

7~20, WELAME pF25~28, WWEEL
N pF2.1~24013, 7HEF-$9 HALER
of theh #ARS o= 4§ Bt pFas~



BERBETREIE $32% F15 19904 38

28 o|ER, o]& KR I R AHKEHAY
HE EERETEEE 139 A piidMde
140, BiELAAE 380, MPEELAME
26H°1H, 7I&5F99 Ay AHZ 728 S

Yol oh 8 Zoldh.

VE B

23] (o3 = B ~]

APt E 3 R 7HE5-o AF
o MAERE(HEKE), WMHIARRRE

BRARBBOTS RARBWE(RARKEY

o RAMAKE), HEIERKS, MREAEK
&, EERMETAE 5 BHHE 189 X
AHEME FILA A o] BEE ET
371 st HRERET #ALE TEE,
TS MIEE st 2EN 3KEGEKS | pFL
7~20, pF2.1~24, pF25~28, L@@+,

FFh. o] REIA Lol FRE B
<3 2t}

1. EEESY REAECTEARRS 1/10M%
fi= 2FAM 6636 mm, 74 2518
mm& Ul 3t R AEEARERY 1/108#
e 1F9A 67.1mm, 7FHF%A 469
mm©| v}.

2. RZEBHEBEY FRAMIT BET F
e 239 AL 5AFmAA 88 FTa7tA At
8H T 97 Fa7tA A

olell, 7H&F¥-¢+=

oo F7E3IAT.

3. 1LF9] AEMETS HEHMAES 27e
KN Eul pFL7~2.0>pF2.1~24>pF2.
5~2.80°4 74 A EKSREE pF2.
5~28% ATE A Fo| A HETLE AT
S KBNS A SRR RS
BRI AgAc. 18 el HE
33, MRS B BELASHPEEL > L
9] IgS. 2 vrebstT),

4. 15 g 7HER-o) EEEERY A0=
koA B 4% pF2.1~24>pF25~2.8>

pFL7~20%} pF2.5~28>pF2.1~24>pF1.7~2.
09 lEe|x, tH@EelAd B¥, =T pili>
HREEE >+t HoZ el

5. ZAEFHIRIY 139 10FMRARKE S
RBERGREE 6835 mms} 10390 dH diskd,
7HEF-9-9] 10FHERRRRET ARRRES
250.3 mm$}t 0.998 HEEE ).

6. L3 RAEEHC] dojus Kl B
RE90~100HES 8F9H~8H18H 73t
o Wty T2 = 9A ThHo R #HEE M,
o] W AT 10FMRYERRET] BRHE
By 159 ME 818 mmst 122014, JI&F
M= 497 mmet 10622 #EE AT

7. A3 AGFENA 2 EEEKSE Bt
o X+= pFL.7~20, WLl pF2.5~28,
WHEELAMNE pF2.1~248 vy, 7S
9 BEEEK S otk My pF25~28
2 Yehdrh

8. TBKSHEALE 1) 71T BF
EFHH & ol kol 7Tem@ A 7H &
KyHERS Jep L oy, AFEz 2
FE 21em/§ 2 35 cm/Fo) Ko HERL #in
3R aL, #3] nFME MY AFo] HES
RHARE, 7HeR-SdAe AFRHY, 21om
&o KyHEEE 7 AAE EHS Ve
c}.

9. 3139 M5 HEIEFEAKSANA B MRE
B ES Bt He 377866 mm, W
Lol Me 2839~34.67cm, MWEELANANE
18.40~25.70 mmojt, o= f-H:oll M} pF2.5~
2.89) EIEEAHE7HA 7Moo E Bt
A 12.49~15.27 mm, ##+o) M= 23.03~28.
13mm, MHEHELANE 2256~27.57 mmE
Hact.

10. BIEBEKSS KR 3 FA KRN
o] FHENEMME H R 132 A BldAe
140, B+ M= 380 MPERFLIME 26
AolH, 7F&R9-9 A5 KHhZ 72HS ol&
¢tEl FoZ e



U HEKEC B9 EEe Fean)

o] F S 19865F K XHME HAFFER
bt FEE Rl st HEEAS

2 % X M

1. Hargreaves G. H. (1968) : Consumptive
use derived from pan evaporation data,
Proc. of ASCE, Irr. & Drai. Div. Vol.
94 NO. IR pp. 97~104

2. MR ERRE(1985) | P A D VOF
Sl-HfERKEERBDORME BE pp. 31~
208

3. MMbEREREE(1984) [ LK. pp.
41~116

4. &EG, PR, FRE, HTH(1980) !
HfFe] DEKERES A% E, BER
ETEEE Vol. 22 No, 3, pp. 37~45

5. &EE, &HHEE, £HE, (1988) . LY
HEKE BT EBMHR-ErE %
7heul 5 - MBI TR EE Vol, 30 No, 3
pp-41—52

6. @EE, ¢EE HLF&K, EHfE, EEHR
(1989) : LIFHMBEKES) B3 EBEAEF
M —-vts 9 Qo|-BEBTBEG
Vol. 31 No. 3, pp.41~56

7. £rAlE, FRE, #E£01984) @ BIEK
7 HEERAENE, BEETES Vol
26 No. 2, pp. 47~58

8. B, WARB—, 5me5(1982) : KMREr

10.

11.

12.

13.

14.

EDNAKBIEEE PAKBICET S5
F-IF ARRFEIZ DOV T - FEARSH
% A. 10 pp. 147~160

AR,  HMHESK, KKE=Q967) -
NTAZFIINT B BAKRR(EI®) L8
DKBEHEFIYY), E—T OB
BIIDOWT, REENE #365, pp.
59~61

WERY, KRE=, REEL0969) @ HIEE
KBTI Z2EDKEBRESEIZHET AW
% RBRIEBEABBRE #3055 pp.
91~111

R, BNRDT%, EERS, JAEFIE9
63) . BREZ XD SPANVD A A
KEIZ BT AHH%, ML A AV BRIk
B0 . 77~79

HRERE, SEH, 390980 ¢ F$, uy
Fol #Y EADRAR, EHAFH pp.
219~237

wREME, MFH, MEMQ98D) | EHREK
AB—LEYERC B3 R, ER®
CE#7 %) pp. 362~368

WRERE, AEHR, ki (1987) @ EAEY
EKRERRe] 15, 79 € w39 k&
v X & FE, BARXEEE), 29(D pp.
24~29



