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Basic Studies on the Consumptive Use of Water
Required for Dry Field Crops(2)

— Garlic and Cucumber —
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Summary

The purpose of this study is to find out the basic data for irrigation plans of garlic and cu-
cumber during the growing period, such as total amount of evapotranspiration, coefficients
of evapotranspiration at each growth stage, the peak stage of evapotranspiration and the
maximum evapotranspiraton, 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 ;
irrigation points with pF 1.7~2.1, pF 2.2~25, pF 2.6~2.8, for garlic and those with pF 1.9,
pF 2.3, pF 2.7, for cucumber, soil textures of silty clay, sandy loam and sandy soil for both
garlic and cucumber, with two replications.

. The results obtained are summarized as follows

1. There was the highest significant correlation between the evapotranspiration of garlic
and cucumber and the pan evaporation, beyond all other meteorological factors considered,
as mentioned in the previous paper. Therefore, the pan evaporation is enough to be used
as a meteorological index measuring the quantity of evapotranspiration.

2. 1/10 probability values of maximum total pan evaporation during growing period for
garlic and cucumber were shown as 495.8mm and 406.8mm, respectively, and those of ma-
ximum ten day pan evaporation for garlic and cucumber, 63.8mm and 69.7mm, respectively.

3. The time that annual maximum of ten day pan evaporation can be occurred, exists at
any stage between the middie of May and the late of June(harvest period) for garlic, and
at any stage of growing period for cucumber. ‘
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4. The magnitude of evapotranspiration and of its coefficient for garlic and cucumber was
occurred in the order of pF 1.7~2.1>pF 22~25>pF 2.6~2.8 and of pF 1.9>pF 2.3>pF
2.7 respectively in aspect of irrigation point and of sandy loam>silty clay>sandy soil in
aspect of soil texture for both garlic and cucumber.

5. The magnitude of leaf area index was shown in the order of pF 2.2~25>pF 1.7~
2.1>pF 2.6~28 for garlic and of pF 1.9>pF 2.3>pF 2.7 for cucumber in aspect of irriga-
tion point, and of sandy loam>sandy soil>silty clay in aspect of soil texture for both garlic
and cucumber.

6. 1/10 probability value of evapotranspiration and its coefficient during the growing
period for garlic were shown as 391.7mm and 0.79 respectively, while those of cucumber,
423.1mm and 1.04 respectively. ‘

7. The time the maximum evapotranspiration of garlic can be occurred is at the date of
thirtieth before harvest period and the time for cucumber is presumed to be at the date
of sixtieth to seventieth after transplanting, At that time, 1/10 probability value of ten day
evapotranspiration and its coefficient for garlic is presumed to be 65.1lmm and 1.02 respecti-
vely, while those of cucumber, 94.8mm and 1.36 respectively.

8. In aspect of irrigation point, the weight of raw garlic and cucumber were increased in
the order of pF 2.2~25>pF 1.7~2.1>pF 2.6~28 and of pF 1.9>pF 2.3>pF 2.7 respecti-
vely. Therefore, optimum irrigation point for garlic and cucumber is presumed to be pF 2.
2~25 and pF 1.9 respectively, when the significance of yield between the different irriga-
tion treatments is considered.

9. Except the mulching period of garlic that soil moisture extraction patterns were about
the same, those of garlic and cucumber have shown that maximum extraction rate exists
at 7cm deep layer at the beginning stage after removing mulching for garlic and at the be-
ginning stage of growth for cucumber and that extraction rates of 21cm to 35cm deep layer
are increased as getting closer to the late stage of growth.

10. Total readily available moisture of garlic in silty clay, sandy loam, sandy soil become
to be 18.71~24.96mm, 19.08~2543mm, 10.35~13.80mm respctively on the basis of the op-
timum irrigation point with pF 2.2~2.5', while that of cucumber, 11.81mm, 12.03mm, 6.39mm
respectively on the basis of the optimum irrigation point with pF 1.9.

11. The intervals of irrigation date of garlic and cucumber at the growth stage of maxi-
mum consumptive use become to be about three and a half days and one and a half days
respectively, on the basis of each optimum irrgation point.
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Table-1. Correlation coefficients between amounts of evapotranspiration of garlic and cucumber and
meteorological factors during growing season.

Meteorological Pan Mean Mean relative Solar Sunshine | Mean wind
Crops factors evaporati.on tem;;erature humidity radiation hours velocity
Garlic 0.848** 0.826* —0454 0.589 0.666 0.100
Cucumber 0.886** 0.203 —0.643 0.734* 0.502 0.091
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Table-2. Probability values and its occurring year of pan evaporation for irrigation period from
1967 to 1988.
1) For growth period of garlic ;
1/5 Probability value 1/10 Probability value 1/20 Probability value

irrigation period |Evaporation |Occurring year|Evaporation |Occurring year |Evaporation (Occurring year

Classification of

For all irrigation
period

For ten day
irrigation period

482.9(mm) | 1977(483.7mm)
61.3(mm) | 1987( 61.4mm)

495.8(mm) | 1968(498.3mm)
63.8(mm) | 1977( 62.9mm)

506.6(nm) | 1988(510.2mm)
66.0(mm) | 1978( 66.0mm)

2) For growth period of cucumber
1/5 Probability value 1/10 Probability value 1/20 Probability value

irrigation period |Evaporation |Occurring year|Evaporation |Occurring year | Evaporation [Occurring year

Classification of

For all irrigation
period

For ten day
irrigation period

388.8(mm) | 1968(385.0mm)
66.5(mm) | 1983( 66.9mm)

406.8(mm) | 1967(409.7mm)
69.7(mm) | 1982( 69.2mm)

422.3(mm) | 1982(420.2mm)
72.4(mm) | 1978( 73.0mm)
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Table-3. Frequency of ten day pan evaporation for irrigation period by annual maximum series

from 1967 to 1988.

1) For growth period of garlic

Growth |Oct.29~ |Mar.27~ |Apr6~ |Apr.16~ |Apr.26~ |May 6~ May 16~|May 26~|June5~ |June
stage |Mar.26 Apr5 Aprl5 {Apr25 |May5 |Mayl5 [May25 |June4 |Juneld |June 24
Frequency (N{J‘g;%g 1 3 1 4 3
2) For growth period of cucumber
Growth May 11~ |May 21~ [May 31~ (June 10~ |[June 30~ |June 30~ |July 10~ |July 20~
stage May 20 May 30 |June9 June19 |June29 |July9 July 19 July 29
Frequency 4 4 3 3 5 1 1 1
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Fig. 1. Growing condition of garlics at each
treatment plot during growth period.
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Fig. 2. Growing condition of Cucumbers at each
treatment plot during growth period.
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Table-4. Evapotranspiration for garlic and its coefficient with 3 levels of irrigation point and soil

texture.
Growth Pan Irrigation point;pF 1.7~2.1 pF 2.2~25 pF 2.6~238
Sandy | Sandy | Silty | Sandy | Sandy | Silty | Sandy | Sandy | Silty
stage evaporation | soil loam | clay soil loam | clay soil loam | clay
mm mm mm nm mm mm mm mm mm mm
Oct. 29, 87 0.50)) (047)| (0.46)| (0.53)] (0.50)| (0.53)| (0.54)| (0.52){ (0.50)
~Nov. 7 149 766 693, 686| 790| 739| 791 7.98 7.67 7.39
Nov. 8 (051)] (0.46)] (045)| (043)| (049)] (044) (0.48)| (0.46)| (0.51)
~Nov. 17 139 703 | 633| 625 6.01 6.81 6.13 6.68 640 | 7.02
Nov. 18 041)| (042)| (043)| (0.40)] (0.39)| (0.39)) (037 (040) (043)
~Nov. 27 15.2 617 | 633 626 | 608 594| 594 547 | 607 | 653
Nov. 28, 87 Impossibility of soil moisture measurement owing to the freezing of soil water

~March. 16, 88 (winter season)

March. 17 0.23)| (021 (022)| 021 (021 (022)] (0.22); (0.23)| (0.23)
~Mar. 26 25.6 5.89 5.26 5.67 5.39 5.89 551 5.51 591 5.79

March. 27 0.63)] (0.67)| (0.61)| (0.64){ (0.65)[ (0.63); (0.62)| (0.62)| (0.62)
~April. 5 39.6 24.72 | 2629 | 2417 2534 | 25.75 | 24.77 | 2455 | 2444 2435

April. 6~ 0.71)] (0.70)] (0.67)| (0.66)] (0.66)| (0.67)] (0.64)| (0.64)| (0.57)
~April. 15 43.2 3062 | 30.05| 2873 | 2850 | 2828 | 2872 | 2743 27.70 | 24.59

April. 16 0.69)| (0.73)| (0.76)| (0.67); (0.66)| (0.70)] (0.70)| (0.73)| (0.66)
~April. 25 | = 429 2928 | 3128 | 3239 | 2880 2827 | 29.86| 29.82| 3101 | 2813

April. 26 0.72)} 0.76)| (©.76)| 0.749)| (0.73)] (0.72)| (0.76)| (0.73)| (0.69)
~May. 5 54.0 3894 | 4081 40.74 | 3996 | 3941 | 3881 | 4110 39.22 | 37.23

May. 6 (0.89)| (0.89)| (0.90)| (0.92) (0.90)| (0.92)| (0.88); (0.90) (0.85)
~May. 15 49.2 4363 | 4382 | 44.11 | 45.07 | 4425 | 4527 | 4298 | 44.12 | 41.59

May. 16 097 (1.02)| (1.00)| (©98) 01| (097 (1.00)| (0.97)| (0.94)
~May. 25 54.3 5240 | 5517 | 54.03 | 5321 54.84 | 5255 54.08 | 52.81 ( 51.08

May. 26 (1.00)| Q.01 Q01| 099 Q.O0D| (1.02)] (096)] 099 (097
~June. 4 441 44.13 | 4454 | 4431 | 4366 | 4454 | 4476 42.13 | 4356 4244

June. 5 097 (0.99)] (0.98)| 097 (0.99)| (0.99)] (0.93)| (0.93) (0.92)
~June. 14 54.6 5266 54.06| 5351 | 52.96 | 54.05| 53.81 | 50.87 | 50.45| 50.16

June. 15 093)] (0.93)| (096) (0.94)| (09| (0.96) (0.95)| (0.93) (0.89)
~June. 24 58.5 5404 | 5412 | 5593 | 54.95| 5491 | 5587 | 5555 | 54.14 | 52.04

Total 0.78)] 079 0.79)| (0.78)| (0.79)| (©.78)] (0.77)| 0.7 (0.74)
510.0 397.17 | 405.09 | 402.96 | 397.83 | 402.33 | 399.91 | 394.15 | 393.50 | 378.34

Remark : Figures in parenthesis represent coefficient of evapotranspiration for each growth stage.

aEgez P i@iﬁ%ﬁ?ﬁ-‘ﬂ RBREABREY 8X104) 2, o}& L.olo g HEEEHE L
1/10 #HRMEQ 4068mmE F1HlS] K¥eo 2 & EEFHES WERKESR KEStdx A
W, olmo] HEEMAREELS 423 1mm(=406. dS7t Azrgr



BEETRGE $31% F£3% 1989F 9A

Table-5. Evapotranspiration for cucumber and its coefficient with 3 levels of irrigation point and
soil texture.

Growth Pan Irrigation point;pF 1.9 pF 2.3 pF 2.7

Sandy | Sandy | Silty | Sandy | Sandy | Silty | Sandy | Sandy | Silty

stage evaporation | soil loam clay soil loam clay soil loam' | clay

mm mm mm mm mm mm mm mm m mm

May. 11 (0.80)| (0.82)] (0.81)| (0.76)] (0.78)| (0.77)| (0.75)| (0.76)| (0.78)
~May. 20 576 4576 | 46.73 | 46.77 | 4343 | 44.92 | 44.04 | 43.15 | 43.67 | 44.48

May. 21 (0.85)] (0.89)] (0.89)| (0.83) (0.88)| (0.85)| (0.84)| (0.91)] (0.88)
~May. 30 513 4344 | 4563 | 45.70 | 42.81 | 4495 | 4341 | 42.87 | 46.69 | 44.88

May. 31 0.96)] (1.00)] (0.98) (0.95){ (0.95) (0.96)| (0.90)| (0.97)| (0.94)
~Jun9 375 35,70 | 37.39 | 3680 | 35.36 | 35.64 | 35.72 | 3359 | 36.30 | 35.11

Jun. 10 (1.03)| (1.05)| Q04| (1.01)| Q.01 (1.02)| (096) (1.00)| (0.99)
~Jun. 19 60.7 6201 | 63.61 | 6281 | 61.34 | 61.07 | 61.82 | 58.00 | 60.29 | 60.07

Jun. 20 (1.09)] (1.10)| (1.02)| Q.06 1.07) (1.06)| (099 (1.03)] (1.02)
~Jun. 29 60.8 66.12 | 66.80 | 65.25 | 6448 | 64.85 | 64.70 | 59.98 | 62.59 | 61.71

Jun. 30 (1.20)] (1.20)| (115 (@118)| (115 (1.14)| (110 (1.14)] (11D
~Jul. 9 49.2 58.85 | 5890 | 5644 | 57.86 | 56.36 | 56.47 | 54.05 | 55.85 | 54.55

Jul. 10 (1.32)| (1.36)| (1.26) (1.32)] (1.27)| (1.27| (1.20)] (1.23)f (1.22)
~Jul. 19 17.2 2259 | 2343 | 21.73 | 2256 | 2176 | 21.76 | 2056 | 21.07 | 20.97

Jul. 20 (1.19)| (1.20)] (1.15)| Q19| @1.13) @111D| Qo7 A.05)| (1.11)
~Jul. 29 36.6 4366 | 4395 | 42.20 | 43.39 | 41.34 | 4064 | 39.02 | 38.37 | 40.56

Total (1.02)| (1.04)| (1.02)[ @.00)] (099 (099)| (0.95)| (0.99) (0.98)
3709 378.13 | 386.44 | 377.70 | 371.23 | 370.89 | 368.56 | 351.22 | 365.46 | 362.33

Remark - Figures in parenthesis represent coefficient of evapotranspiration for each growth stage.
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Fig. 5. Relationship between coefficient of
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weight of raw matter with 3 levels of
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