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Soil Moisture Extraction Characteristics of Cucumber Crop in Protected Cultivation
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ABSTRACT

Water for crop growth were supplied by irrigation in protected cultivation and these are accumulated in the soil and utilized for
crop evapotranspiration. The study for analyzing soil moisture characteristics is necessary for adequate irrigation water and soil water
management in protected cultivation. Soil moisture content, irrigation water quantity and meteorological data were monitored to analyze
soil moisture increment and extraction characteristics in terms of soil layers and cucumber crop growth stages. In first cropping period,
the total amount of irrigation water was 5.07 mm/day, soil moisture increment was 4.82 mm/day and soil moisture extraction was 5.56
mm/day. In second cropping period, the total amount of irrigation water was 4.82 mm/day, soil moisture increment was 4.65 mm/day
and soil moisture extraction was 4.73 mm/day. Soil moisture extraction rate from 0 to 75 cm is 90.3 % in first cropping period and
79.1 % in second cropping period. The majority irrigation water were consumed in root zone, however, about 15 % of soil moisture
were losses by infiltration in lower soil layer. Soil moisture extraction and extraction pattern of cucumber crop calculated in this study
can be utilized as a basic data for irrigation water management in protected cultivation.
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Table 1 Monitoring items, equipments and installed locations
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Fig. 2 Monitoring system in protected cultivation

Items Monitoring period Locations Equipments
Irrigation Every 10 minutes | Inside of protected cultivation | Flow meter
Soil moisture content Everv 15 minutes Inside of protected cultivation | EnviroSMART FDR
v (Soil depth: 10, 30, 60, 90 cm) | (Frequency Domain Reflection)
Meteorological data . . L Automatic Weather Station
. ) . E 1 t Inside of protected cultivat . .
(humidity, wind speed, solar radiation, temperature) very 15 minutes side o protected cuttvation (WatchDog weather station, Spectrum technologies, Inc.)
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Table 2 Dates of planting, harvesting and irrigation times of cucumber

Crop planting periods Fallow period Planting date Final harvesting date Monthly total irrigation times
First cropping period (FCP) Dec. 2~ 23, 2010 Dec. 24, 2010 Jun. 20 Jan. (100, Feb. (11), Mar. (16), Apr. (16), May (17), Jun. (11)
Second cropping period (SCP) Jun. 21~ Aug. 2 Aug. 3 Nov. 2 Aug. (13), Sep. (18), Oct. (17)

1) (): times
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Fig. 3 Meteorological characteristics in protected cultivation
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Table 3 Soil physical characteristics in the experimental

fields
Soil depth Sand ‘ Silt ‘ Clay )

o @ Soil texture
0~10 61.6 22.4 16.0 Sandy loam
10~20 53.4 324 14.2 Sandy loam
20~30 62.6 20.5 16.9 Sandy loam
30~60 54.5 31.8 13.7 Sandy loam
60~90 45.8 43.4 10.8 Loam
90~120 63.8 28.2 8.0 Sandy loam

120~ 150 53.5 32.1 14.4 Sandy Clay Loam
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Fig. 4 Depth range for soil moisture monitoring

40

= R 2=l Yol FeEH, I olst Bl EGF
 AEo] o3t AHET= sHE ESo8 R,
Qo= A4 ]'EEIH A 9k 452% Bel= oF 70 cZHA
3SR HiFE 30 em ofWiellA HEA LR FaERt (Kim
et al., 2001). wpehA] B4R 2hFof oJgt 4n|Q} HER 9l
ok SAS a7 flsto] 2 AtollAd= 0~ 45 emE A= A
& 2719 TY, 0~ 75 cmE 2HE ASLIEAY
dog 7Hgste] B k‘?*‘jr BUHY Z2is At
= AtolAe A9 7H Eq.(2)~ (4)& o]8ste] EdrE
2715 (SMI, Soil Moisture Increment), £ AH|gF (SME,
Soil Moisture Extraction) % 4H]5|&l (SMEP, Soil Moisture
Extraction Pattern)& APg3}3itt.

ASMC,,=SMC, ,—SMC,, , )
SMIL = Y of ASMC,, if ASMC,,> 0 3)
SME, = Y] of ASMC,,, if ASMC,,< 0 )

o7|A, t= A (day), n AlZE (hr), SMCip= t2 nAl7HolA]
o] EOE e (mm/hr), SMIE t49] EGE Z7)eF
(mm/day), SMEZ t49] B2 kf,ﬂi A (mm/day)°]th.

BRSO Anlufel e 2HE S tHAE EZZlo|dE 2

A Yepdth (Chung et al., 1993; Bruno et al., 2006). WA
oM e B, 1‘“ AgdAE E"k*‘:‘ AH|gES
Eq.(5)& ol-g3ato] AHgsgict.

SME;
Y ISME;

i=1

o17]4, SMEP it EZ0]H2] Bt Aulslel (@), p
C R3S it pl B3 3 ARSI s Edolt)

20119 5 9] Qo]Aul717Eget ARz oA o] B &
i 7led A (S, Bah 24k 9 H9gh E42 Table
A9F rom Y, Y 9 Bk mUHE Al Fg.
59} e} FHAIE olgste] WERE 1082 T9= 24 A
A A WA G% A7) (FCP)oll= 13] 3.85 AIZE, 2.57 m¥/hr

asotel=ad AS6d A2, 2014



Foul - g - gYE - P

it

o
)
o,
e}

Table 4 Descriptive statistics for soil moisture content con—
sidering soil depth

Soil depth (cm)
Samples
10 30 60 90
avg. 32.2 36.8 12.8 22.3
med. 30.6 36.0 124 22.2
First cropping period | std. 4.2 3.3 1.8 1.2
(FCP) min. | 27.1 321 10.9 20.8
max. 39.9 42.9 30.7 34.3
Ccv 0.1 0.1 0.1 0.1
avg. 272 35.4 17.0 31.0
med. 27.1 35.3 17.0 316
Second cropping period | std. 0.6 0.6 1.0 2.8
(SCP) min. | 255 340 14.8 26.5
max. 28.6 36.6 22.0 36.6
Ccv 0.0 0.0 0.1 0.1

*avg.: average, med.: median, std.: standard deviation, min.; minimum,
max. maximum, CV: coefficient of variation

% 7817 m’ Wl oH, & WA 9% Al7] (SCP)ofl: 13]
2.90 A7k 2.87 m/hr, & 399.5 m® AEFITh 3L T WA
o] A Aol 6 2693} 279 Z7F A4 A BEokpRO|
Bl 238 skl 15417 (45.8 m®), AR (22.6 m’) TS
Skt

10 cm EZollAE I & B 7P Fetglon, A
WAt = A G A7IE Aol Ao 10 com B B
I+ 32.2 % (FCP), 27.2 % (SCP), 30 cm B3-S 4 36.8 %
(FCP), 35.4 % (SCP)Z 10~ 30 cm EZoA 2] BRI
HAFAOF 60 cm (FCP: 12.8 %, SCP: 17.0 %), 90 cm (FCP:
22.3 %, SCP: 31.0 %) EZ3} vlusto] =9t} 90 cm ES0
A= 10~ 60 cm B3t 2] Il o3t EgE Bk uly]
atoL, 69 26, 274 o] Tt} IHA] Bk Bight %)
o} E3k 79 2 7737] WHE sk kol Bt 90 em

59 Egio] F7telglet, ol 7] AVdAlA] A9
O] HZABF9I7} Assto] oo FFS w97 fiEeRE wt
=} (Hong, 2013).
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Fig. 5 Temporal changes of soil moisture content and
irrigation (fertigation) times in cucumber cropping
periods of protected cultivation
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Fig. 6 Soil moisture extraction and increment in protected
cultivation
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Frio] A WA sl HAG) 12.2 %, F WA G5 Al
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Table 62 EZE EYri AHEOEN, A ES (0~ 100
cm)o| A1 2] Eqki anlgE A WA % Al7]ol= 950.0 mm
(5.56 mm/day), + WA F& Al7]ol= 468.5 mm (4.73 mm/
day) & Table 5] g 9 EY= S7HF} Hlawsto] A
WA GsAl7]ols anlEo] Wokou AMEoR JASHIT

AEHAERE 247 | PR BEfpi g 2 E4o] o
27] mjiof| 2 AolA= Table 73 o] ASTAE ESH
Bk Au|Eke Al G (Growth Stage-1)& ZHEAY
S 271, G2 (Growth Stage-2)= A& A7), G3 (Growth
Stage-3)= A& AJs £7] 9 G4 (Growth Stage-4)= 58]
£ oujgity. A WA G5 A7| AsTAE EYeE aHES
ATEH, 0~45 cm B 9 0~ 75 cm ESIA] Bk
AH[EES G2 AJ7]0f| 5.37 mm/day, 5.49 mm/day= 7P £,
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Table 5 The amount of irrigation and soil moisture incre—
ment in first and second cropping period under
protected cultivation

Soil Moisture Increment
Cropping period | Irigation | 0-20 | 20-45 | 45-75 | 75-100 | Total

(cm)

Total | (mm)| 868.5 389.2 | 186.5 | 139.2 995 | 8144
FCP Dal (mm)|  5.07 2.28 1.09 0.81 0.58 4.76

ai
Y (%) - 479 22.9 17.0 12.2 | 100.0

Total | (mm)| 443.9 156.4 45.5 164.1 94.0 | 460.0
SCP Dl (mm)| 4.82 1.58 0.46 1.66 0.95 4.65

aily
(%) - 34.0 9.9 35.7 204 100.0

Table 6 Soil moisture extraction in first and second cropping
period under protected cultivation

Soil Moisture Extraction
Cropping period | 0-20 | 2045 | 4575 | 75-100 | Total
(cm)

Total|(mm)| 437.0 251.5 169.5 92.0 950.0

FCP|  |(mm) 2.56 1.47 0.99 0.54 5.56
Daily

(%) 46.0 26.4 17.8 9.7 100.0

Total|(mm)| 151.6 46.2 1719 98.8 468.5

SCP Daily (mm) 1.53 0.47 1.74 1 473

(%) 32.3 9.9 36.8 21.1 100.0

Table 7 Soil moisture extraction of cucumber crop in pro—
tected cultivation

. Crop growth stage
Soil depth 3
(cm) Gl G2 G3 G4  |Average
(0-10 days) [(11-25 days)|(26-50 days)|(after 50 days)
0-25 1.74 3.27 3.45 2.35 2.56
25-45 1.65 2.10 0.65 1.55 147
45-75 0.12 0.12 0.13 1.35 0.99
FCP |75-100]  0.18 047 0.15 0.66 0.54
0-45 3.39 5.37 4.10 3.90 4.03
0-75 351 5.49 4.23 5.25 5.02
0-100 3.69 5.95 4.38 5.90 5.56
0-25 0.70 119 1.66 1.74 1.53
25-45 0.32 0.40 0.57 0.46 0.47
45-75 0.54 0.36 1.66 2.44 1.74
SCP (75-100]  0.50 0.30 0.87 1.38 1.00
0-45 1.02 1.59 2.23 2.21 2.00
0-75 1.56 1.95 3.88 4.65 3.73
0-100 2.06 2.25 4.75 6.03 4.73

1) Growth stage: G1=Growth Stage-1, G2= Growth Stage-2, G3= Growth
Stage-3, G4 = Growth Stage—4

asotel=ad AS6d A2, 2014
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Fig. 7 Soil moisture extraction pattern in first cropping period
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Fig. 8 Soil moisture extraction pattern in second cropping period
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Fig. 9 Soil moisture extraction pattern
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