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The Optimum Irrigation Level and the Project Water
Requirement for Upland Crops
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Summary

This study was carried out to get the basic information of irrigation plans for upland crops
such as the optimum irrigation level and the project water requirement. Red peppers and
cucumbers were cultivated in PVC pot lysimeters filled with 60cm deep clay loam soil. Four
tensiometers were installed in each pot to measure the soil water pressure head. Six levels
of irrigation were used.

The results obtained from this study are summarized as follows :

1. The optimum irrigation level.

The irrigation level of FC-PF2.7 was found to be the optimum level for both red pepper
and cucumber with respect to the yield and the weight per fruit. In case of FC-PF2.7, total
ET during the irrigation period were 1005.2mm for red pepper, and 429.6mm for cucumber,
respectively.

2. soil moisture extraction patterns.

Average soil moisture extraction patterns (SMEP)during the irrigation period were from
1st soil layer 43% : 32% : 16% . 9% for red pepper and 39% . 34% : 15% : 12% for cucum-
ber, respectively. The extraction ratio of the upper soils showed very large values during
the early stage of growth and decreased largely during the middle stage, and became larger
in the last stage.

3. The project water requirement.

Among the reference crop evapotranspiration(ETo) computation methods presented by FAO,
the Penman method was found to be the best. The effective rainfall was computed by a
modified USDA-SCS curve number equation. Availability ratios of the total rainfall during
irrigation season were 59.2% for red pepper and 48.9% for cucumber, respectively. Net
project water requirement of design year are 837.3mm for red pepper, and 502.5mm for cucum-
ber, respectively.

* ERREEFIAR 716 EEKEE, FEEKE, BRHE, B
R KB BRIKR BIELME, (EREL, Lysimeter, Ten-
siometer, +EKGHERE.
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4. Design irrigation interval and maximum water quantity per irrigation.

It was found that design irrigation intervals are 2 days for red pepper and 3 days for cucum-

ber, respectively. Maximum water quantity per irrigation were 37.4mm for red pepper and

36.3mm for cucumber, respectively.
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Table-1. Test crops and outline of cultivation.

. . Date of Transplantation Beginning date Period of
Crop Species . i . Remark
seeding density of observation harvest
Red Feb. 15, Aug. 1~ | Seeding in
h 2 plants/pot ,» 19
pepper Chuktoma 1988 plants/po June 6 88 Oct. 31 | greenhouse
Baekdda- | Apr. 21, July 8~
t: s

Cucumber dagi 1988 2 plants/pot June 6, 1988 Aug. 31
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Fig. 1. Layout of the field experimental plots.
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Fig. 2. Photo of soil water tension

measurement.
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Table-2. Mean daily ETa of each 10-day period of a month for cucumber. (unit : mm/day)

Irri. level Treatment - I Treatment -IT
Period A(PF1.8-2.0) |B(PF2.2-2.4) |C(PF2.8-3.0) |A(FC-PF17) |B(FC-PF2.2) |C(FC-PF2.7)
F* 3.70 2.81 2.70 3.70 3.38 3.11
June M 406 3.31 1.89 418 3.63 2.37
L 3.20 2.35 1.39 3.39 2.65 1.84
F 8.38 6.55 422 648 5.59 4.88
July M 512 367 224 384 311 393
L 6.82 5.20 3.10 5.88 497 6.52
F 10.33 8.03 493 9.62 8.67 10.13
Aug. M 5.72 444 2.69 523 477 5.26
L 6.78 5.29 3.10 6.32 5.70 5.29
Mean 6.16 475 293 5.52 4.81 494
Total(mm) 536.2 4130 255.2 480.0 4185 429.6
Total irri. qt.(mm) 558.7 4195 255.7 6737 540.3 486.2
Irri. efficiency(%) 96.0 98.4 99.8 71.2 775 884

*F(M, L) : The first (middle, last) 10-day period of a month.
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Table-3. Stem length of cucumber with respect
to irrigation levels. (unit : ¢cm)
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Treatment - I Treatment -1I #rhol e FC~PF 27| £%, 2 HR R i
Date A B C A|B|C BE %S H49X4 B o P33 RFS &E
PF1.8| PF2.2 | PF28 |FC— |FC— | FC EHEOk¥C 2 YEEA.
—20( —24 | —30 | —1.7|PF22|PF2.7 BkiEC 2 ¥EiE FC~PF 279 e
e el el ol | | m| of thal A4vud e Lok AHMRE
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Ty 16| 202 | 182 | 160 | 172 | 147 | 163 RRBHEL 4296 mm(Epd 1.09f) 0] ¥
[e)
Aug. 19 | 364 320 258 360 320 | 344 A i&ﬁﬁét 494 mm/day°]‘31‘:}. ﬂﬁﬁ&ol 7]’
Sep. 3| 396 | 342 | 274 | 387 | 350 | 374 4 & 88 LelE 10.13 mm/dayel o™ B
Table-4. Leaf area index with respect to irrigation levels.
Red pepper Cucumber
Date Treatment-1 Treatment-lI Treatment-I Treatment-II
A B C A B C A B C A B C
PF1.8-2.0| PF2.2-2.4 | PF2.8-3.0 |FC-PF1.7| FC-PF2.2 | FC-PF2.7 {PF18-2.0 | PF2.2-2.4 | PF2.8-3.0 | FC-PF1.7| FC-PF2.2 | FC-PF2.7
June 26{ 020 0.19 0.21 0.20 0.35 0.60 0.72 0.29 0.37 0.56 0.35 0.19
July 16| 0.86 0.69 049 0.75 1.62 3.33 303 172 155 192 155 265
July 26 - - - - - - 391 2,65 2.03 317 2.80 4.15
Aug. 6| 202 156 0.86 178 337 6.09 331 2.25 184 303 2.76 372
Aug26 | 421 3.75 208 431 6.74 858 - - - - - -
Sep.15 385 3.69 192 423 6.35 8.08 - - - - - -

Table-5. Mean ETa, mean yield per plant and mean weight per fruit of cucumber with respect to

irrigation levels.

Ieri. level Mean ETa Mean yield Mean weight

(mm/day) per plant(g) per fruit(g)
A(PF1.8-2.0) 6.16 1561 173
Treatment-I B(PF2.2-24) 4.75 1162 166
C(PF2.8-3.0) '2.93 718 160
A(FC-PF1.7) 5.52 1565 174
Treatment-II B(FC-PF2.2) 481 1525 169
C(FC-PF2.7) 4.94 1585 198
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Table-6. Soil moisture

extraction pattern (FC-PF 2.7).

Fig. 3. Average SMEP when irrigation inter-
vals are devided into 3 equal periods.

SMEP (%)
Crop Month
1st layer 2nd layer 3rd layer 4th layer

June 52 38 6 4

July 43 29 15 13

Red pepper Aug. 37 25 23 15
(Aug-L)* (33) (28) (24) 15

Sep. 37 30 20 13

Oct. 48 32 16 4

Mean 43 32 16 9

June 47 36 10 7

Cucumber July 3 31 19 16
(July-L)* (32) (31) (19) (18)

Aug. 42 33 15 10

Mean 39 kY| 15 12

*The 10-day period which has the largest Kc.
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Table-7. Probable rainfall during the irrigation season and design year.

Irrigation Return Probable Design year
season period (yrs) rainfall (mm) (actual value in mm)

June-Oct. 5 539 1971 (533.6)
(Red pepper) 10 453 1976 - (422.6)
20 383 1977 (390.7)
5 383 1966 (381.9)

June-Aug.
(Cucumber) 10 305 1973 (291.6)
20 240 1977 (2475)
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Table-9. Values of constants in Eg.(5).

Fig. 4. Comparison of ETd values for design
year (1976) from different methods

(Red pepper).

Crop Method C Co Cs Correlation coefficient
: Penman 1.604 0.444 0.303 0.958
Red Blaney-Criddle 1579 0436 0.296 0.953
pepper Radiation 1.967 0.535 0.329 0.948
ETr 1.592 0.440 0.298 0973
Penman 1.167 0.309 0.358 0.968
Cucumber Blaney-Criddle 1154 0.310 0.375 0.967
Radiation 1473 0.385 0419 0916
ETr 1.086 0.297 0.398 0.982
20 ‘ —— Penman method
[Red verper | S Blaney-Criddle method 18
N, = Radiation method ;
18 '}\ ~77 ETr method 16 /’\
1 /N
A / )
16 j/ ‘\ | u an
Re Ay A
E '\’/ﬁ\ 12| Penman : 644.2 mm
g 12 N \\\“_\ N Bla-Cri :© 6396mm / I~
E 10 § S 510 Radiation: 6512 mm /.
i) wL ' = ETr ;
& - % £ s
8 2N :;
b E F Penman method
6 /;;, mmee Blan.ey.-Criddle method
7} ——— Radiation method
o T ] 4 S A ethod
” Penman - 1,080.5mm O
,.f BlaCri © 10749mm 2 e
2 Radiation © 1,109.6 mm
0 ETr © 1,086.1 mm 0
FMLFMLFMLFMLFML M L F M L F M L
June July Aug.
June July  Aug Sep.  Oct. ‘
. Period
Period

Fig. 5. Comparison of ETd values for design

year (1973) from different methods
(Cucumber).
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a9 2ol 3 ETdE tESY o)F
(L3 Aol Fig. 49} Fig. 50]t}. 1139 A%
# FHEoz 33 ETdY &hatsd ®BAze
#£7} 34.7mmel AR Fskh, 28y 2ol
A= ETrikel ETdE o8 Hikdl k3l 48
%3 . olv L0]9] FHEIKAESES 19735F 0]
& s t3 7 AR kol £3) =& BEs
2 HHES JelRo] AGRRIBERTAAN 8%
B 20 cm9] NIRRT} o) HES Wol HE
EpRtt & EpE Yedr) "oz Bge
o}

4) REEWE EEHES H#x

LIk diZ7kA Ko 2 ETo & Ep2%H
ETdg 7% ¥t o= Hikol REEKE 7MY
F KEsta JE7HE dolr ) 98 ETo £+
Epst REEHEAIO19] BRE S8 Bkl
REEFEP ETo T+ Epdll HES tX+ x
EEFZAe KB, BE, OHE 2 REY
H7HAE & 4 A webd HEpE 6~
104 o @7 FHEER TCCO), FHHEERE H
(%), FHAFE S(Ml/m’/day) R FHRE
W(m/se) S Br##= 33 @3 ETo £

Ep(mm/day) & {tB#E= sl SEREIRF ST
< 39tk I HERZE RS A2 & Hikol
o2 RE 2 AHRIREGE Table-10% 2},

ETo(or Ep)=C,+C, T—CsH+C, S+C:s W

UI7HAl ik 5 r=0.995~0.9863 2 ETo
EE Ep7t REERE & K#stn 1o ETd
BEd FHY o 2 FRE} 22 Aoz ¥
Bieo. 1 FoAA% Penman method? FHEA
fREUY 7 ok ERes WI7kA RKREFES
1~27tA & w1 s 2 HRe 52 %
BAS oo fERET £2 stk

E e Hihke g e e S5
ERAT. & HERERAA J2 H5 ETa%t
FHEE) #iR ETo *+= Epfile) # & ETa—
ETo =& ETa—Ep9 #H#EEI AE4E §
BE7L & Aotk Table-89] ETa, ETo %
Ep2%H 8 ¥ ETa—ETo &+ ETa—Ep9
EERES 73 F2E Table-1134 2o}, o]
Al B e} o] Penman method”t 7+ 2h-&
#He B

LIk ETo T Epst REEXY MR,

Table-10. Values of constants in Eg.(6).

Method C C, Cs Cq Cs Correlation Coefficient
Penman 0.083 0.127 0.043 0.238 0.257 0.995
Blaney-Criddle 0.681 0.153 0.044 0.199 0.031 0.992
Radiation 0.566 0.061 0.033 0.257 0.071 0.989
Ep 2.069 0.183 0.079 0.189 0.350 0.986

ETa—ETo %=t ETa—Ep9 Ei#s{Rxe H#g,
E Kc LAI € REKSTIRERS] BtR O o2
Bo —gphom 43 wiel ol UZlA K
#hol A Penman method7} 7} BREZ &
t}3 33t} 338, Doorenbos &%, Allen” %
& %*P% Penman method7} 7} $& Htk
olgti AT vl AUt

Table-11. Standard deviation of ETa—ETo or ETa—
Ep for each 10—day period of a month.

(unit : mm/day)

Standard deviation
Crop
Penman | Bla.-Crid. | Radiation | Ep
Red pepper 295 2.94 315 299
Cucumber 1.01 115 134 116
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Cl. AUMRE

HRHES BES7] A8 EEK o M
72X o) #iREF HBKS KBRS AR 5
R Table-129} Zth o714 $IRLES
SMEPt 24BN 23 #H1t+Rel #HIR+
FEol7l wW&Eo| Table-6lA2 1182
SMEP#tolth. = Table-129) K S HREAEA
KoM t& #EEE ohe EE7LA Y BRS &
KRTE 52 Ed EHEHE t=0, U3 EX
EAS t=5Z 3l tt. Wde HERHE R to) o)
THEKSREE (mm) o)t webA EREEK
K5 B(TRAM) ©] 254mmYU o) EMEH t=00)
© Wd=0°]" t}g EBER t=5% € Wd=254
mm”} €t}

HHEKFRERARS EHT O #EEA
#A oA EHA SKES BLE FHENA
FHIoH EHEHKAT KOHE HEW
A3 2E KefElo] 8o w2tk il mRE=

Ko7 BAEE Holu Q.

WP E SCSARKS FIASIY m, 3, tHEY
kel w2t fEpRIR FHEEEEE ) BHEo
N EHRHRES BES £RE Table-13% 2
=5

2. StHRKE

DlEs 22 #RENY & Epo s
Fo] HEMAKES Bestdd.

0] BB FHRIEHEEQ 197649 FHE
HAKE<L Penman method®] ETdE #HSIR
SHEMI K E =1,080.5—243.2=837.3 mm°] ¥
o & FVL 20FHE BEREN) 130
3l 867.8 mm7t 23t Hig up Yrh,

L0l9] BB FHERIKREFEQ] 197349 FHEIM
A7K&E Penman method & ETdE #H W
FHElE K B = 644.2—141.7=502.5 mm©®] 3L t}.

Table-12. Soil moisture deficit during the period from one irrigation to next irrigaton.

SMEP of Total moisture deficit Equation of soil moisture
C Month TRAM (mm)
o oM control layer(%) of control layer(mm) mm deficit(mm) * *
June 52 13.2* 254 Wd= -0416t>+7.158t
July 43 132* 30.7 Wd= -0.443t2+8.354t
Red pepper | Aug. 37 13.2* 35.7 Wd= 05172 +9.723t
Sep. 37 132* 35.7 Wd= -0517t2+9.723t
Oct. 48 13.2* 275 Wd= -0.368+7.342t
June 47 132* 281 Wd= -0402t*+7.632t
Cucumber | July AU 13.2* 388 Wd= -0.524t+10.38t
Aug. 42 13.2* 314 Wd= -0.389t>+ 8.225¢

*13.2 . (FC—water content at PF2.7) X control layer thickness.

**Wd : Soil moisture deficit at time t.

t : Time length after an irrigation when the irrigation interval is assumed 5 dimensionless units(5 Xtime after irrigation

/ irrigation interval).

Table-13. Available rainfall of design year.

Crop Design di?:; ir::;;:l(lm Computed available Availability
year rainfall{mm) ratio( %)
season(mm)
Red pepper 1976 410.6 2432 59.2
Cucumber 1973 289.8 1417 489
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BESKLIT #% 323% 2L 235%0|2F
TRAM= (0.323-0.235) X 150/0.33= 40 mm©°| t}.
T 39 FHEEEESRY] ARAHEKES Fig
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dayol =2 FrEIfEET H8(=40/18.71=2.1H =2H
s@olr}, whehd FAEHERE = 18.71X 2=37.
4 mmelt},

2019 91014 peakiti®] SMEP= Table-6°1 A
32:31:19:18°122 HIR+ES #H1Eolo
w2k A TRAM = (0.323—0.235) X 150/0.32=41.3
mmo|th, E Qo|o] FH#IEAEF HRANE
KEL Fig. 5914 Penman methodZ 7H T 49|
12.09 mm/day©] 2.2 FAIRET A B =41.3/12.09
=34=3H°|t}, mrebA HA1EERE =12.09 X
3=36.3 mmo]t}.
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2. K HBRE
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sl -t Eo 2 HE 2 E 43% [ 32%
116% (9%, 20°|%F 39% [ 34% 1 15% : 12%
oA},

v AT LK S MBS A BT e
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AR TR HELEC AR IR
B Kfidle Al LREERel HEoe) thAl A
At

3. Ft¥mBKE
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Fo| A% 19765, 2019 3% 19735F 0|},
W FHEEREES) AREE BEHEPIAM
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