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Study on the Establishment of Project Duty of Water
and Facility Capacity in Upland Irrigation

— On the Estimation of Duty of Water for the Upland Crops by
the Measurement of Evapotranspiration —
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Summary

The evaportranspiration of upland crops was measured by four types of lysimeter and water
consumption characteristics together with the optimum irrigation point by the crops was
defind, Among the evapotranspiration estimation formulas, the constant of wind function
in the modified Penman equation was corrected to agree with the meteorological conditions
of Korea,

The evapotranspiration of the crops in the project standard year was estimated according
to the cropping system of the project area in Chungju, and from the estimated evapotras -
spiration, net duty of water per one time and irrigation in tervals were investigated.

The results obtained are summarized as follows :

1. The evapotranspiration of the same crop measured at the same plot was slightly different
by the lysimetric methods, and among the four types of lysimeter, the accuracy of the floating
lysimeter was the highest.

2. The yields among the watering treatments showed the significance of 5% in the expe-
riment with red cabbage and Chinese cabbage, and significance of 1% in the crisphead lettuce,
and the optimum irrigation point for the tested crops was defined ad pF 2.0 by the least
squre difference test,

3. The evapotranspiration of the crops in the mid-season stage showed maximum among
the growing stages, and the average daily evapotranspiration by the crops over the growing
seasons of cabbage, crisphead lettuce, Chinese cabbage, summer cucumber, tomato, salary
and autumn cucumber was 4.18mm, 4.77mm, 3.99mm, 5.68mm, 4.00mm, 4.26mm and 3.39mm,
respectively.

4, From the investigated soil moisture extration pattern(SMEP) of the crisphead lettuce,
cucumber and tomato, the proportion of the first layer in the initial stage showed over 50%,
and the SMEP of the lowest fourth layer during the late-season stage in the experiment with
cabbage and Chinese cabbage was 15.8% and 16.9, respectively, with showed that the root
elongated th the lowest soil layer.
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5. The total available moisture(TAM) of clay loam was 21,.2~23.3mm and that of sandy
loam was 16.1~19.0mm under the optimum irrigation point of pF. 2.0, and the total readily
available moisture(TRAM) of the crops cultivated in the clayloam soil was larger than that
cultivated in the sandy loam soil, and the TRAM during the mid-and late-season were larger
than that of the inital and crop development stage,

6. The estimated evapotranspration by the corrected Pennam equation, which corrected
the constant of the wind function in the modified Penman equation, was nearly agreed with
the actually measured evaporanspiration of grass.

7. Among the several evaportranspiration estimation methods, the evapotranspiration es-
timated by the corrected Pennam equation was closed to the actual evapotranspiration of
reference crop (grass) evapotranspiration, therefore it is suggested to use the corrected Penman
equation to determine the duty of water of corps.

8. The average crop coefficient (Kc) of cabbage by the corrected Penman equation was
0.94 and that of crisphead lettuce, summer cucumber, tomato, salary, Chinese cabbage and
autumn cucumber was 1.07, 1.22, 1.02, 1.01, 1.35, 1.09, respectively

9. The estimated total evapotranspiration of cabbage in the project area(Chungju) by the
corrected Penman equation was 223.9mm and that of crisphead lettuce, Chinese cabbage,
summer cucumber, tomato, salary and autumn cucumber was 215.7mm, 205.9mm, 359.0mm,
300.9mm, 332.1lmm and 202.7mm, respectively.

10. The net duty of water per one time of the crops cultivated in the sandy loam soil, and
the net duty of water per one time in the mid-season & late-season showed larger than that
of the initial stage.

11. The shortest irrigation interval of cabbage in the project area was 4.2 days, and that
of crisphead lettuce, Chinese cabbage, cucumber, tomato and salary was 1.2days, 2.3days,
1.8days, 2.2days and 2.7days, respectively.
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b =g} ‘Fi’&%f e =2 i aE
PREL

t}, Penmanjk
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Table—1. Units and procedures for the Penman equation Aerodynamic Term.
Wind Method
measur - to co— Refer-
Units Units ement Ht, | Units mpute ence
for ET for U (m) for e m wh W2 e crop
(1) (2 (3) (4) (5 (6) (7) (8) 9
mm/day | mile/day 2 mm Hg .35 | 10 0. 0098 2 water
mm/day mile/day 2 mm Hg 0, 35 0.5 0. 01 2 water
mm/day mile/day 2 mm Hg , 35 1.0 0, 01 2 grass
cal/cm Km/day 2 mbar 15, 36 1.0 0, 0062 2 grass *
/day ﬁ
in/day mile/day "2 mbar . 01034 1.1 0. 017 4 alfalfa
mm/day k m/day 2 mbar , 27 0.75 0.0115 5 alfalfa
mm/day km/day 2 mbar , 27 1.0 0.0) 1,36 grass
cal/cm km/day 2 mbar 15, 36 1. 06 0, 0091 4 alfalfa
/day | i
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= LS 2O MU (soll heat flux) G7F &
il ol oel RS & (net radiation)-& t}-&-2 %,
(2-8)% Here=lglot,

R,=(1—)Rs— 0T *mean (0. 56—0. 092 (€dp)?)
. (0. 10-+0. 90n/N) ................... (2‘8)

7)ol 4], Rs=7KF1H H 4 £ (mm/day)
a =St EX (albedo)
o= Stefan-Boltzman %8 (2X 10" *mm/day/* K)
T mean ="THHEIM (K)
n/N=H =z
edp=FEEL i A ol A &) AIFIFK SRR (mbar)
RS Rod #ieste X(2-8)2 22
FeZ 5ol 25t (Jensen? 1974 : Doorenbos and
Pruitt*®'”1977; Wright'® 1982) %k7H4 {515 <l
2w Doorenbos®} Pruitt7} 19774 FAO
Irrigation and. Drainage Paper No, 249 A] 277 &F
fgs g #HENS o R (2-9) % 2}
Rn= (1= a)Rs—T*nean (0. 34—0. 044 €dp) : ) .
(0. 10-+0. 9()n/N) ........................ (2 - 9)

A (2-9) N REHEH o fEpFREANA 0.
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Fmean_ L CK)
—7‘]4 3H RS PSR CK)
=8B el AR K

9K (2- 11)01]*1 Wright™ = £yl He sl
H# Co= %9 0. 15mn/day/° K 2}3L 3hgic),

EE A (2-5) WERE I (psychrometric-
constant) y+= o2 A (2-12) 2 FHE =k

o] 7]of| A,
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e=Hppp7Egol N3 KKK HE (0. 622)
A=FREEW
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CRZRREE T RS 7187 Av oo K

(2-14) 2 =Hp=sich

A=33. 86(0. 05904 (0. 00738 Tmean+0. 8072) ’
—0.0000342) (mbar/C):-sreer (2—-14)

0. fFel # AR ¥ FYERE
1. MK 2 A&

7h, fEaR i

A Al A= FREREY L RAIERES
st o REgE AiEe] B E (ISS-
S)Z= o 28k LR +E - Table -2 o
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B+ (sandy loam) ok il o) L/@H BAL

Table — 2. Physicochemical properties of soil by different layers in the experiment.

Soil T Soil Depth | Specific Bulk o.M Mechanical analysis
type layer (cm) gravity density pH (%) Sand Silt Clay
Ist 0~ 10 2,62 1, 21 6, 3 2.4 45,7 33,2 21,1
Clay 2nd 10— 20 2. 61 1. 20 6,5 2.2 42 4 35, 5 221
Loam 3rd 20— 30 2. 60 1.18 6. 4 2.2 42 2 34, 8 23,0
4th 30~ 40 2. 63 1. 23 6,5 2.1 43, 3 35,0 21,7
Ist 0-10 2,67 1,22 6,3 2.1 52,1 31. 4 16, 5
Sandy 2nd 10— 20 2. 69 1,23 59 1.9 53,2 30. 5 16, 3
Loam 3rd 20~ 30 2,71 1,23 6.0 1.9 52,6 30, 2 17,2
4th 30— 40 2.70 1. 20 6, 2 1.8 53 4 29,8 16, 8
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Table — 3. The tested crops and the measuring apparatus of consumptive use of water.

Crops

Measuring Apparatus of
Consumptive use of water

Specifiation

Cabbage

Crisphed Lettuce
Chinese Cabbage

Chamber
Weighing Lysimeter
Weighing Lysimeter
Weighing Lysimeter
Floating Lysimeter

Ineer diameter 50cm, height 150cm
Inner diameter 30cm, height 40cm
Inner diameter 30cm, height 40cm
Inhner diameter 30cm, height 40cm
Tnner diameter 113cm, height 110cm

Cucumber Chamber Inner diameter 50cm, height 150cm
Water Balance Lysimeter Inner diameter 60cm, height 80cm
Tomato Chamber Inner diameter S0em, height 150cm
Floating Lysimeter Inner diameter 113cm, height 110cm
Salary Chamber Inner diameter 50cm, height 150cm

Weighing Lysimeter

Inner diameter 30cm, height 40cm

By e Mg L o] 739l EiEEe) 2.60, &
Kol 1.20W9] o3, pHE=6.3014 6.52 kol
gk om B R 2 2.1004 2.4% 2 ) &
o glo]olot 3l WEEL 9] 7 Foll= [HEEE 0] 2.70,
B 1.20~1. 2328 HyEE+td Hale of
2y Zom, pHE 5,994 6,322 4] rfkel
kT Em e RS 1.8%~2. 1%% IWHIE
drrel ok Wzl

vh R RERRNTERE

& R A e HEYT KBRS = ¥
KEE oS el wishe] wd EIEE o
o2 EiEGoH, HERIEst ABRENTEE
e Table — 3004 2+ vhe} 2}

o}, REEAKGEE R OREARER

glo] A vl B (lysimeter) & LKA
< Ffslsl ek & shelAvH o] EER
Bl 4] 2.u) E] (vertical tube type tensiometer)S #i
%ol A Sem, 15cm, 25em, 35em Zololl FEETld
BH 4R 1080 A0 e8] KK EolE
HiEstgeh, 23 kS AR, S S
o] A% WAKES pF 1.7, pF 2.0, pF 2.7¢ 3
KHEEC B3 INE BEKAES B9l 2], B
ke, Adzfele] A EAES pF 2002 5
shed WoxETEE dholvh. =T EBAAE ¥
pFREo &kietel BitRES #A&sks) flskd =l
Al oml e ] KRkl Zrfkdl webA EEE 3
B fRERehe] ksl o8t akkiiEs
721 2t

g}, B1FPenmani®| #HIE

R EBHES 1 EPenman 22 HE
sahedl Slel A L RS #ishs) Slske B

FHRBEE B HRT 52Tl A 64 2ho] Al w] H
5 RISk BRI ALl AKEEMERS (R
ol R ES R I ol WMIEIEE &
IF Penmani®| ZeRE) BT POREES ¥
E iR e, &, BUEEES B mE #iE
a7 Sl A =4 EiEPenmanstell REEHE
fAAshA s ER#HES oA E R
HES R st sk, olE EHRE Ak
o] FREBE BT KR SR Table—4 o4 X
el 3ro] EEEHSES FHEM/ENET 0.8
5872 Vel A BIE Penmand® e FEHKE T
W me 15,3604 17.89% WHIESd Bk X
#fpgpel Avl ] EREES HEEsloH ol #
E% EIEPenman®S LIF #HEPenman Role}
H2r18 g},

R IIEY BREEE FHH mS WISk %
#EE Sl Ahv] o] ABHES HENE R 6F
Hiel B¥ AEHE HEEsh BREst —3
shekow EpfEs) HeefEe] T MEPenm-
anX°o] #BIE PenmansXoll Hste] A viebybel,

o}, RS

HEIEY T Solok EvlEs fgH WERS H
Febgon, HEifE = Wkl 4ABES
0.1g &S AL FAstd RBEH= #AE
shgict.

wh, EEFRA

SRS N REHE ¥ KNS
5o F#el warste) ABURE RAEES ¥
BRIE, &F - RERE, AEEE BE BW
B, B, AEHEEESY fRERES
HREpFgel RES BERSBAFIA  FAdst
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Table — 4 Details of energy and aerodynamic term calculated by the modified Penmen egua-
tion to correct the wind function constant m.
‘ (unit : mm/day)

Period | ET(A) Rn+G ATZT Ea(P) | Ea(A) |E4(P)/Eq(A)
82 04 F 2. 60 2. 893 0. 434 1. 750 2,22 0.79
83 04 F 2,10 2,36 | 0.593 2. 564 0. 407 2. 138 142 1,51
85 04 F 2. 45 1,99 1_&577 2. 468 0, 423 1. 352 2 42 0. 56
82 04 M 290 329 0. 586 4,225 0 414 2. 000 1,02 1. 96
85 04 M 2,95 3,03 0. 624 3018 0. 376 3. 066 2. 84 1. 08
83 04 L 2. 20 2,59 0. 657 2. 631 0. 343 2. 591 1.37 1. 89
84 04 L 270 2. 91 0. 646 3, 255 0. 354 2.270 | 1069 1. 34
85 04 L, 3.23 3. 04 0. 631 3. 557 0. 369 2. 196 267 0. 82
86 04 L, 2. 86 3 12 0. 643 3, 467 0. 357 2. 510 .77 1. 42
84 05 F 3.38 373 0. 659 4. 320 0. 341 2,614 1. 56 1. 68
85 05 F 2.97 "2 78 0. 695 2.919 0. 305 2. 496 3,09 0. 81
84 05 M 3. 94 360 0. 698 3. 965 0. 302 2. 783 3. 89 0.72
86 05 M 3 14 3,09 0. 664 3725 0. 336 1.872 1,99 0,94
[ 82 05 L 3. 25 3,44 | 0.724 3. 883 0. 276 2. 366 1,59 1. 48
84 05 1, 3.7 3. 81 0.718 3, 987 0. 282 3,375 301 1,12
82 06 F 3. 45 .58 | 071s 1. 220 0. 285 2. 521 9. 05 0. 28
84 06 I 3. 49 3 14 0.737 4,043 0. 263 3, 260 1. 94 1. 68
82 06 M 3. 58 1.63 0. 741 ). 079 0. 259 3, 231 10, 73 0. 30
84 06 M 459 | 394 0. 754 3. 805 0, 246 4. 520 7.00 0. 65
85 06 M 4,53 400 0. 743 4. 089 0. 257 3,732 5 81 0. 64
86 06 M 3, 54 3 40 0. 741 3, 489 0. 259 3214 3. 69 0. 87

82 06 L, 3.80 1. 90 L 0.753 1, 358 ] 0, 247 3. 559 11,24 0, 32 J
85 06 L 3. 54 3, 60 0. 762 3676 | 0 238 3.310 310 1.07
86 06 L | 394 240 | 0755 2. 506 0. 245 2. 061 9. 74 0. 21
81 07 F 2,09 167 0. 746 1, 664 0. 254 1.755 3 34 0. 53
82 07 F 4,10 ﬁ 04 0, 769 1. 403 0, 231 4,193 13, 08 0, 32
84 07 F 272 | 2,80 0. 768 2.974 0, 232 2. 221 1. 88 1,18
85 07 F 2. 43 2 68 0. 763 2. 837 0. 237 1. 185 12 1. 06
82 07 M 3,90 1.72 0.772 1. 258 0, 228 3, 329 12, 85 0, 26
84 07 M 3. 55 3,57 0. 769 3, 902 0, 231 2. 452 2 38 1.03
85 07 M 311 2,54 0.770 2. 636 0. 230 2. 216 470 0. 47
86 07 M 3 21 1. 92 0.757 1,852 0, 243 2,122 7. 44 0. 29
81 07 L 357 368 | 0 794 3, 802 0. 206 2. 201 2. 68 0. 82
82 07 L 3. 30 1,42 0.770 0.973 0. 230 3019 11, 09 0. 27

83 07 L 1.90 209 | 0777 2. 087 0. 223 2.120 1. 25 .70 ]
86 07 L 428 | 213 0.775 2,136 0. 225 2.107 11. 66 0.18
| 8208 F 3.50 I 5oﬂ%o_ 788 1,139 0,212 2. 896 12, 28 0. 24
81 08 M 3. 06 3. 27 0.776 3, 470 0. 224 2. 588 1 64 1.58
8208 M | 280 1.30 0. 786 0. 944 0,214 2. 648 9 61 0. 28
8308 M| 430 471 [ 0.794 4.870 0. 206 4,107 2.10 1.96
84 08 M 5. 44 4. 24 0. 791 4. 460 0. 209 3, 480 915 0. 38
3 313 0.783 | 3 138 0,217 3 171 3 47 0. 91
Z 223 | 077 2. 432 0. 229 1. 565 9. 67 0.16
2. 2.72 0. 759 2, 891 0. 241 2191 [ 148 1. 48

2, R 0. 761 0. 847 0. 239 1.933 8 18 0.24 |




HE A TEas $305% B4 19884 12

83 08 L. | 240 269 | 0761 | 2581 | 0239 | 3039 | 1.82 1,67
84 08 L 3, 22 2. 71 0.780 2.719 0, 220 2,722 5. 00 0, 54
85 08 L 3. 63 3,70 Q.797 3.751 0. 203 3. 505 3.15 1. 11
86 08 L 4,09 2.75 0, 761 2, 853 0, 239 2,412 8, 03 0. 30
81 09 I 2 .27 2. 44 0,735 2,520 0, 265 2. 261 1. 58 1. 43

82 09 F 2, 66 1,29 0, 738 0. 827 0, 261 2, 640 7. 85 0, 34
84 09 F 2 54 2,19 0, 746 2. 288 0, 254 1,932 3. 28 0, 59
85 09 F 3, 50 2. 70 0, 769 2,705 0. 231 2,700 6.15 0, 44
86 09 4,02 2. 56 0, 749 2. 626 0, 251 2.373 8,18 0, 29
81 09 M 2, 66 2,77 0,700 3,093 0, 300 2. 040 1, 65 1,24
82 09 M 2 44 1,03 0.726 0. 476 0, 274 2, 487 7. 64 0. 33 ]
84 09 M 3. 14 3. 08 0. 717 3. 384 0, 283 2,318 2. 53 0, 92
85 09 M 1, 64 1. 58 0.728 1. 564 0,272 1, 619 1. 84 0, 88
86 09 M 2,62 2, 54 0,715 2, 664 0, 285 2. 256 2. 51 0, 90
82 09 L 3, 06 1,19 0. 696 0, 331 0. 304 3, 144 9. 31 0, 34
84 09 L. 3. 41 2, 48 0, 705 2. 584 0, 295 2. 206 5. 38 0. 41
85 09 L, 2. 35 2. 37 0, 697 2,393 0, 303 2. 340 2. 26 1. 04
86 09 1, 2. 34 2. 07 0, 691 2,172 0, 309 1. 868 2. 71 0. 69
81 10 F 1. 84 2. 14 0, 676 2,175 0, 324 2. 067 1.14 1,81
82 10 F 2, 45 2. 33 0, 697 2. 350 0, 303 2, 316 2. 68 0, 86
84 10 F 2, 67 2. 29 0, 649 2. 600 0. 351 1. 734 2. 80 0, 62
85 10 F 1. 88 2. 02 0, 671 2. 160 0. 329 1. 750 1. 30 1. 35
86 10 I 2. 50 1, 64 0, 681 1. 580 0. 319 1,784 4, 47 Q. 40
81 10 M 1,93 1,77 0, 644 1. 853 0, 356 1,616 2. 07 0,78
82 10 M 1. 84 2. 00 Q. 687 2.011 0, 313 1. 984 1. 47 1. 35
84 10 M 2,51 2,08 0. 666 - 2. 074 0, 334 2. 099 3. 37 0, 62
85 10 M 1.72 1. 89 0. 664 1, 932 0, 336 1. 786 1, 30 1. 37
86 10 M 2,91 1. 50 0. 635 1. 545 0, 365 1, 423 5. 28 0, 27
81 10 L. 1. 65 1. 52 0. 589 1.578 0. 41 1, 465 1.75 0. 84
82 10 L 1. 46 1.77 0. 604 1. 767 0, 396 1,787 0. 99 1. 81
83 10 L 1. 90 1. 69 0, 591 1. 756 0. 409 1. 586 2,11 0.75
84 10 L 1,93 1. 80 0. 607 1,739 0, 393 1. 912 2. 22 0. 86
85 10 L, 1. 62 1.72 0, 641 1,791 0, 359 1. 627 i, 31 1. 24
86 10 LL 3. 59 1. 30 Q, 588 1,210 0, 412 1. 457 6. 98 0. 21
81 11 F 1. 44 1. 3] 0. 510 1, 342 0, 490 1. 316 1. 54 0, 85
82 11 F 1,52 1. 24 0, 615 1,252 0. 385 1. 290 1. 95 0. 66
gt 11 M 1. 22 Q.77 0. 504 0, 874 0, 496 0, 689 1,57 0, 44 1
82 11 M 1. 16 0, 95 0, 578 0, 899 0, 422 1. 022 1. 52 0, 67
83 11 M 0, 80 0. 94 0. 502 0, 965 0, 498 0,915 0, 64 1. 43

ET(A) : Actual evapotanspiration of grass

ET(P) : Evapotranspiration of grass calculated by the modified Penman equation

Ea(P) : Evepotranspiration of aerodynamic term calculated by the modified Penman equation

Ea(A) : Evapotranspiration of aerodynamic term calculated from the actual evapotranspiration of

grass
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o) 3R EArele & BEAORERR MEKES
3.2 FrEelo) A v & FIMSte FET &
B, R HEKES AHEYM (nitial stage ;
HE2 LAIEERRE), R (crop development st-
age; EHFEE R wms 70~80% 2
Sl 7bA), A E R (mid-season stage 5 fi i
ol A el piFtel tAfEE wi7bx)), 2Elar 4
E15H (late season stage)2] 4By Bipd-&
ol ] %{b-E ¥l Table — 5 o 7te] HH
ol 67 Lkl #/aks, £BEFH 65 T
ol Bkghs 2ol #% LBEHI 7H didl B
o obA wASEE o, EAFHHS B3t i
kg 9 AV REREY KRR £&
311 Omm, 280. lmm, 236.9mm, 3 4.64mm, 4. 18mm,
3.53mm A PEAKEhe] o5 KRSl A
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Table — 5. Evapotranspiration of cabbage
' by the watering points during
the growing period (1985).
(unit . mm/10days)

[ Evapotranspiration (mm)

Period pF1.7 | pF2. 0 [ pF2.7
May L 25,1 23. 9 19.7
¥ 35. 4 37.7 30,1

June M 58.0 49, 6 42.0
L 60, 2 52,7 46, 3

F 54.9 49, 6 39,1

July M 32.9 28,2 26.9
L 40, 5 38, 4 32,8

Total 311, ﬂ 280, 1 236, 9
Daily Ave. 4, 64 4.18 3. 53

2) #HERALA

19864F 47 ~68 ol FEERAFA (N HE; Penn-
lake) 2] K EER WA RS FMLTSHA ek &
K pF 1.7, pF 2.0, pF2.7¢ 3iEH =28l
% WEKEAR KB EURS FRaebolAlnl R 3K
5 EMEE 5% Table — 6 3} 2bo] 3 FEKMEE
S EWI 48 bRl frlebs el %o
g skl £FHFM 5H THC RATE R
o A elw] ] B HitKE-S WAKERIE &
% 6.86mm, 6.04mm, 5.56mm%l o, HHEM ol

Table —6. Evapotranspiration of cirsphead
lettuce by the watering points
during the growing period(1986),

(unit ; mm / 10days)

Evapotranspiration (mm)

Period pF1.7 | pF2.0 pF2.7
F 19.0 15.3 14,2

April M 49,7 41 4 36,1
L 41.7 36. 1 30. 4

F 59.0 55.5 48. 2

May M 63.0 52.7 485
L 75.5 66. 4 61.2

June F 51.0 47.5 43 2
Total 358.9 | 314.9 281. 8
Daily Ave. 5. 44 4.77 4. 27

68 Aol HolEol #ik Mastdr, £4F
WIS ks 3 BEAY KRS
KEEBIE &% 358, 9mm, 314, 9mm, 281 8mm % 5.
Adm, 4.77mm, 4. 27mmEAT o &) JEAERR] e
ST 1 sl Sl

3) ZFEvi 5

19864F 8H ~10H 0l 78w 3 (A diE @ 4
x)2 $po v dhod | MO FElo]
AuleE FiREEe] BRI RS AAT
G Table —7 oll4 Bz whel o] A HHM
ol 8F Thol &akd, sl 97 k-
ol fkEhS R % AR, RMERE, HEfEel
Bt 108 Solobd Hojxlomd, N1
K-S BEKEBIE %4 318. 6mm, 276, 8mm, 237.5
mmE A BEKEE] $E FE Y 40mme] AR

Table —7. Evapotranspiration of Chinese
cabbage by the watering poins
during the growing perid (1986)
(unit : mm/10days)

TEvapotranspiration (mm)

237.5
3. 54

Daily Ave.

Period pF1.7 | pF2.0 | pF2.7
Aug. L | 187 ] 171 ] 147
F 48.3 | 42.3 | 367
Sept, M 63.2 | 53,1 46,2
L 62.8 | 52.0 ] 48.9
F 39.4 | 357 | 326
Oct. M 44,7 | 38.5| 326
L 41.5 | 381 28,9
Total 318.6 | 276.8
| 475 413
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AR Wk,
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Table —8. Evapotranspiration of Chinese
cabbage at the watering point
of pF2.0 during the growing
period (1986),

(unit . mm/10days)

Period Evapotranspiration
Aug L 12,7
F 30, 6
Sept M 47. 4
L 58,1
F 38,3
Oct M 40. 8
L 39.3
Total 267.2
Daily Ave. _L 3. 99
4) F20]

BEOKERS pF2.00.238he] Al dwiknt By
Ho R MAEHE oAF ool AHRMED MTKE
2 Table =99} Zo| AFHRWYU 67 TH
o #% 8. 55mm/day®l 8. 87mm/day = EAZE
Boiow, MEEKESE AL ko] 403, 3mm(B
SEH 5. 68mm), S MsEEe] 420, lam (A4 5. 92
mm) 2 A B BRE R HR ERE N
o[ =] kel

5) Eul&E

19874 58 ~7HN KBS pF 2. 00 % 3t
AdHihnt FE- ST ebol A v o R HiEH 5

Table — 9. Evapotranspiration of cucumber
at the watering point of pF2.0

(1987),
{unit © mm/10days)
Method Chamber | Water

Period Balance
May M 21. 4 24,3
L 65.0 52.1
F 55,3 63. 0

June M 61.9 68.7 .
L 85,5 88.7
F 69. 4 75. 6
July M 32.7 35.0
L 12,1 12,7
Total [ 403.3 420, 1
Daily Ave. 5,68 5.92

phE O BE KRS Table-10¢l4 B njs} 7
o fkztel 6H T’U»P 7H kAl £% 65.1
mn®} 55, Inm&) 3., (Fii‘évk - A ghel 346
. Smn (H F#7 4. 50mm) F2$-galo]Au|Est 30
8. 3mm(E1312i@ 4. Omm) 24 A e el o5k Ky
kg FESBelolAnegne RYAEY
pael °1L aﬁﬁ-k‘awﬂﬂlﬂ ol A= i
o) ZREREC] ARl AFBRES A dolve
ol prabe] Al dws EERS mRo swRek
E@?‘ﬂoﬁ %ﬁ&ilﬂ“’c’\ (ﬁ‘ﬂ %uﬂ*h(mou Lt
ghed A Febrlwulvlrt AR 28l
A = 7#%%“&4% “}M»F—s B R
B ) sl Ho®m A Abslc},

Table — 10, Evapotranspiration of tomato at
the watering point of pF2. 0

(1987),
(unit ; mm/10days)
Method Chamber —[ Floating Ly.

Pethod
May M 16. 4 14, 6
L 50. 5 43,1
F 48, 0 45,8
June M 50, 6 42, 4
L 65,1 54.7
F 60, 7 551
July M 30.7 30. 1
L 24. 5 22,5
Total 346, 5 308. 3
Daily Ave, 4. 50 4.00
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Table — 11. Evapotranspiration of salary
at the watering point of pF2.0

(1987),
(unit . mm/10days)
Method Chamber | Weighing Ly.
Period
May M 35.9 36. 1
L 46, 4 39.7
F 45, 9 43, 3
June M 50. 6 47,0
L 57.7 50, 3
F 54,8 45,9
July M 35.9 43, 9
L 28,5 29, 6
Aug. F 14. 6 16,1
Total 370. 3 351. 9
Daily Ave. 4,26 4,04
7) el
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Table — 12. Evapotranspiration of cucumber
at the watering point of pF2.0

(1987).
(unit . mm/10days)
Method Chamber | Floaing Ly.

Period
M 26,5 23,7
Avg . L 27.9 25,2
F 36,1 34, 6
Sept. M 53,1 49, 0
L 44,8 43, 9
F 47. 6 46, 4
Oct. M 34, 4 34,7
L 20,7 20, 1
Total 2911 277. 6
Daily Ave. 3.55 3. 39
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Table —13. The evapotranspiration of grass measured and calculated by different evapotran—

spiration estimation methods.
{unit : mm/day)

. Period April May June July

Method F M L F M L F M L F M L
Actual ETgrass 238|268 2761281 |304]335]3333 89| 3,421 2 64| 315|316
Cor Penman 2.38|3,28| 318|340 3.58|358| 368)3 b4 | 3, 18| 2. 59| 2,.80| 3,03
Mod. Penman 226|312 3.03]327|3.45|3,45]3.37|3.49 3.07| 2491271 ] 294
FAO B&C 281 |3.17] 349 3.65|4.01]390| 471511 4,40 3,60 3,97 3.98
FAO Radiation 297|351 3.331368|3,82|367]391]|3. 64 3.09| 2 19| 2 471 2 80
FAO Penman 29313, 73| 3,69|3.85|4.24|4.21)414]4 161 3,41 |2 77| 2.94| 3.52
FFAO Pan Evapo. 2602 99| 2 9613073, 143,264,083 631 27712893041 3, 35

Period Aug. Sept. Oct. Nov.

Method F M L F M L F M L F M | Ave.
Actual ETgrass 284382 308(300|248 258211204 2,03 1,27 1.06]| 2 74
Cor. Penman 3,21 3252712 34| 242 231|216 1,94]1.74|1.38]0.957274
Mod. Peman 321|315 2 61224} 232|220|206]1.85 1,631,291 0,89 2 62
FAO B&C 4.2714,10| 3,47 3.53|3.38|297]236)2 461,941,500, 62| 3.35
FAO Radiation 279307123012 26240] 235|219 1,971 1.87]1.24]0.94| 271
FAO penman 3. 46| 3.59| 26712552292 48| 2 06| 1.99 1,73 1.22] 0,911 2 98
FAQO Pan Evapo. 3,29 25825712562 622492071 921 1,78 1.31 | 1,13] 2.70
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o) 2 AA PR corrected Penman equation in
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Fig. 2. Variation of referencecrop evapotr

anspiration (ETgrass) by the
corrected Penman equation in1986.
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Fig. 3. Variation of reference crop eva-
potranspiration (ETgrass) by the
corrected Penman equation in1987
EolebA 0.88~1, 0322 HmEh 4 4EH
io:] = 04 o
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FHfell
thitfell 1, 08~0.90° 2 FAfEE
HBE W= 1.02~0.87% s
O s 0. 942 vielutTh

2) FEERALA]

R BERALA Y R Table 14
s} zko] AFWA 0.81, R 0.89~0.
91, B 1.27~1. 44, LHFHL 1. 18~
1.00, el 4fEErge] 10724 okefFol H

Table — 14. Crop coefficient (Ke) of cabbage, crisphead lettuce, summer cucumber, tomato

and salary.

Crop crispheab’ summer
Period cabbage lettuce cucumber tomato salary
April F 0, 81
M 0. 89
L 0. 80 0, 91
May F 0. 88 1,27
M 1,03 1,44 0. 97 0.74 0. 82
L 1.08 1.18 1. 26 0. 98 0. 90
June F 0. 90 1. 00 1.13 0. 98 0, 94
M 1. 02 1. 21 0. 99 0. 99
L 0, 87 1. 59 1. 21 1. 07
July F 1. 47 1, 29 1,16
M 1,15 1. 08 1. 27
L 0. 99 0. 91 1. 06
Aug. F 0. 92
M
L
Average 0. 94 1,07 22 | 102 1.0l
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Table —15. Crop coefficient(Kc) of Chinese cabbage and autumn cucumber.

Crop Chinese Autumn
Period cabbage cucumber

Aug. M 0. 67
L 0.75 0. 85

Sept. F 0. 90 1. 09
M 1. 26 1,19

L 2,05 1.32

Oct. F 1,53 1,47
M .77 1,18

L 1,12 0. 95

Average 1,35 1, 09
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Table _ 16 Soil moisture extraction pattern of the crops by the growing stages at the wat-
ering point of pF2. (.

(unit : %)
Stagef_h . Crop Mid Late
Crop . Initial .
Soil Layer Develop. Season Season
B Ist | 440 39,7 34,1 33,3
Cabbage 2nd 38, 2 33, 4 30, 2 27.2
3rd 101 15, 4 21,0 23,7
4th 7.7 11,5 14,7 15,8
Ist 56, 2 41,9 35,2 34,7
Crisphead 2nd 29, 4 31,0 30, 1 27. 9
Lettuce 3rd 9.6 17.7 22.3 24,2
4th 4.8 9. 4 12, 4 13.2
B 1st 42,1 34, 1 32, 8 30,5
Chinese 2nd 36, 8 30, 9 28, 4 28. 0
Cabbage 3rd 13,0 20, 3 225 24 6
4th 8] 14,7 6.3 | a9
Ist 52. 3 43,8 40, 4 39, 6
Cucumber 2nd 32,7 33,1 30 4 28, 9
3rd 11,4 16, 7 21,4 235
4th 3.6 6.4 7.8 8 0
Ist 54, 0 44 1 T 42, 8 40. 7
Tomato 2nd 33. 2 36, 2 34, 9 33, 6
3rd 9.7 13.7 15,8 16, 9
4th 3.1 6,0 6,5 8, 8
Ist 46,7 40, 4 37,2 34,9
Salary 2nd 37.2 36, 0 33,5 29, 6
3rd 11,4 15,1 19,1 22,3
4th 4,7 B 8.5 10, 2 13,_2

Table — 17, Total available moisture by the crops calculated from the field capacity and
moisture content at the watering point of pF2. 0.

Crisphead Chinese
C bb ~umb Salar
rop Cabbage Lettuce Cabbage Cucumber Tomato Salary
Average
43, 6 43, 4 38, 3 33. 4 33. 4 33. 4
C. (%) c
Ave M. C. (%)
ve L. A 37.8 38, 1 34,3 28,7 28,7 28,7
at pkF2. 0
Total I
233 21,2 16,1 19. 0 19,0 19. 0
A. M. (mm) ’ ’ ’ ’ ’ ’
Soil Clay Clay Sandy Sandy Sandy Sandy
texture loam loam loam loam loam _loam

* The moisture content is percent by volume and values are average of three replications.

EN i %Oﬂ 11

FAEE ARKSES Table -

173} 2row % 4B Aok

A (T %) ol A

Wk sy fe (43 %)% 1

HEK Bilhg!

B O
JT BT

[l 75 7K
#hel pF 2. 00142 +
HEE ghell & igel

Bt

10~20cm,

Hzl o] Zo|E
B & LEel Bk (AM)S
Fags oot B GELE D 0~10em, #2/G:
@ . 20~30cm, 4k

3l

Fabed pistadel. fEpel

KEUE L ol 4

30~40cm)



HEETRE $305% F45% 19884 128

PR 444 5 7Imm, 6.17mm, 5.76mm, 5. 61mm= 4 &
FROK S 8 (Total Available Moisture; TAM) o]
23, 25mmSl L, KYEHELA A kR REER AR
+EE &% 4.96mm, 5 04mm, 5. 31mm, 5 91mm
24 TAMoe| 21 22mm3ivt, H3F #H I 4o A
Frgsl A -2 A= BBk S R LR
#4 3.78mm, 4. 06mm, 4. 18mm, 4. 08mmeqd A A&
BoKsrEo] 16, 10mme FYEE LY oL £ GmuiE
Holow, AA WEE+ A A s ool Ent
gl Adelels Bk Ee] @R &4 4.72
mm, 4.42mm, 4.71mm, 5. 16mmo) 3L HEHEBOKS B
o] 19. 0lmm®A] 4] HyEHELL] A28l
3nmAREE A ek,

ela (Rl A EERRER LK EEN(S-
MEP)E L@ HEoKg el foAshe] Zat
% EREY kTS Heee R 98 =2 ki
HEEE R Jdehd+s HRES 3 3 4
SRR E (TRAM)S & {dffpel 45
Bepi = gARt 455 Table — 18 oll4] B w}
s} zho] FREE LN A RIEE (Bipo] WEEEL
ol A g fRpR el &5 REROKG Bl R
o RBEMERNEE TR K ko) 7
Ay EEpRiet Bl Ay ERuky el A&
B wisked ik Hpnskalch

ah, RElT AR

1458 BEAcES e % ool EMt

DHEESE RERAZER) O EERLRSIRRS FET B B (rriga-
tion interval)e}l s+ LS el K3 Eol
BRI BRG] grsl ol el W IUScR
e Bl olsto] wiE=lan, wleld EaRaE
A8 fEpol ZASE] 713 s mpthol 5%
431 =l A BElA RS $RrEmEY
AFEMR MEEEE 2o Table — 18 of| 4] &
= abe} zro] ofwiF-o) 7S fhEMHO RAMIH &
7t 2,98, el AFSEC 3 18R vlxd g
Lnf EERRALA) = AEhiiel] 2, 2R® BERE
B#E vebich, sl 5o AT 4G
o FETHECT 2.2R2A A getoy (R
o 2.4R3 & £R} e, pEKkEe] M
R B ol fMEMS AEdel MK
ol gl w2 el tedked Bekar,

e AEFEYMSL SRS RIETH oL A et
woat el AFfE e eyt =
gk Aeje)e] A= AHE, R, 4Ed
Wb %4 2,88, 2.7, 2.8HE AL 2ok
 AEH B 5 0824 kR A

~
R o] e
A B e S A

{53

V. AXES #E
1. EEINSHE
SR (el R RS SR o

Table —18 Total readily available moisture and irrigation interval of the crops by the grow-
ing stages.
TRAM (mm) &ﬂ Stage Soil
oi
Crop Interval Initial Crop Mid Late
Texture
develop season season
Tk 13.0 14, 4 16,7 17,2
Cabbage I % % 3 3 29 . 3 5 3 Clay loam
Crisphead T W 8.8 1.8 41 14,3 Clav 1
Lettuce I 2.9 3.2 2.2 3,1 ay loam
Chinese T 9.0 11,1 11,5 12, 4 Sandy 1
Cabbage I 3.2 2.4 2.2 32 andy foam
T 9.0 10, 8 1,7 .9
Cucumber I 37 L7 3 4 Sandy loam
T 8.7 10, 7 11,0 6
Tomato I 60 23 20 9 Sandy loam
T 10, 1 1.7 12,7 13. 5
Salary I 28 27 28 50 Sandy loam

*T=Total Readily Available Moisture

* %] =Irrigation Interval
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m ] K o= shel e, 1072
8 1986471 15@&521 MRS AT A
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Table —19 Reference crop evapotranspiration (ETgrass) estimated dy the corrected Penman
equation of the planning standard year with ten year’s drought frequency

in ChungJu.
(unit : mm/ 10days )
Period April May T June [ July
FIMJL|F[MJL[F[MJL FJ[M]L
17.2 L 23,6 24,5 27,1} 32 1] 34,21 37,5| 40, 6] 40, 6| 27.5| 35 1148 5
Period Aug. Sept. Oct. Nov B
F ML [F[MIJLIFI[M]L |F M [Av
30,6132 035 524 3|25 4|24 2|20 2|16, 5] 14, 0] 10,7 9, 71275

Table —20 Estimated evapotranspiration of cabbage, crisphead lettuce,summer cucumber, to-
mato and salary by the corrected Penman equation.

(unit : mm/ 10days)
N Cabbage Crisphead Summer Tomato Salary
Period lettuce cucumber
April F 13, 9
M 21,0
L 19. 6 22. 3
May F 23. 8 34, 4
M 331 46, 2 31,1 23,8 26,3
L 36, 9 40, 4 43, 0 33,5 30, 8
June F 33, 8 37. 5 42, 4 36, 8 353
M 41,4 49,1 40,2 40,2
L 353 64,6 49,1 43, 4
July F 40, 4 35, 5 31,9
M 40, 4 37. 9 44 6
L 48,0 441 514
Aug. F 28,2
Total 223, 9 215, 7 359.0 300, 9 3321
Average 32,0 330, 8 44,9 37. 6 36,9
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Table —21 Estimated evapotranspiration of Chinese cabbage,

ected Penman equation.

autumn cucumber by the corr-

(unit : mm/ 10days)

Crop Chinese Autumn

Period cabbage cucumber
Aug M 21,4
L 26,6 30, 2
Sept. F 21,9 26, 5
M 32.0 30, 2
L 49, 6 31,9
Oct. F 30, 9 29.7
M 29,2 19.5
L 15.7 13,3
Total 205, 9 202, 7
Average 29. 4 253

Astel FHHE= SRS RIS R (R E 1F
R Ke) S Fshe] AR S 7RBHES H#
et fEEE Table-20 ol BE uhel zro] of
Wl A AFURETO B
223.9mm% 3L, FEERALR = 215 TomP o™ o B
Lol 359, OmmE A oSt FEERARR] | pEH
o 100mmpl bBeEstin, ErbELE 300. 9mm L2 AL
Aelelw 332 Imm= HEES vk =5 fetBl A

WAHEAKES oFNF7)F AFEEE 65
ol 41 4mm, #EERA217E 58 dofgell 46, 2mm, o
Fo0l7t A4l AEychie 67 Fael 64, 6o,

EntE o] A9E gole} o] HHHI 65 T
el 49, Im& FAZS veblles, Arex
AHESES 67 Ta 53 9mmE FAGC}

223 A e shS o)) EEKES HE
EZ F5F Table —2104] BE upol o] 7%
w52 749 MMEKES 205 9mmgl oW Bk
RS 98 T 49. 6mmSIch, 1Ela At
Lol MARBHEC] 202 Tom2 A AHSu) F0)
dlab gl o, MR AREHNES AT R 9
A TAel 3L 9mmS v,

LAbe] FERE el e HiF Penmanzell 2|
shol HETEE (RSl AEHEER MK ES %Mt
= Fig. 4 ol B nle} 2o

5. 1042 #EkE
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PEEl 2h-E KEE Lol wEEL 2 (R
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35 / / pr
f/
30 //
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201/
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T T T T T T T
FML FML FML FMLFML
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4 5 b 7 8 9 10
Period
Fig.4. Variation of the estimated evapotran

spiration of crops calculated by the
corrected Penman equation during

the growing period.
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FEEDKES R N8BS (Fpe EEERER
[T 0 = Table — 22014 B2 nlke) 7o) oful
= AHE, MEY, S, Bt £% 6.6
H, 448, 4.98, 420190, &Hdz=
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Table —22. Irrigation interval of the crops
by the growing stages of the
project area,

(unit : days)
Stage Stage Late
Initial| Crop Mid

Crop develop |season | season
Cabbage 6.6 4.4 4.9 4.2
Crisphead |, 5 | 53 | 1.2 3.8
Lettuce
Chinese 34| 3.5 | 23 4.2
Cabbage
Cucumber 2.9 2.5 1.8 2.7
Tomato 3.6 2.9 2.2 2.6
Salary 3.3 2.7 2.8 2.9

BelE £% 2.9H, 2.5H, 2.2HH ¥ 2.6HZ
iy 18 e RoFglon, Eulge A
e HEye 3.6 Alestas 2.2~ 2.9
AZ vebda, Asels AFEEREHIE £%3.3
B, 2.7H, 2.8H, 2.9HEA 94| i vE
Al vebske},
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o] MiFEAKR, HETE#ES Hoeskddod, 1 &
BE Biyetd op-gab 7o)
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