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Abstract. Maintenance of adequate soil water potential during the period of crop growth is necessary to sup-
port optimum plant growth and yields. A better understanding of soil water movement within and below the
rooting zone can facilitate optimal irrigation scheduling aimed at minimizing the adverse effects of water stress
on crop growth and development and the leaching of water below the root zone which can have adverse envi-
ronmental effects. The objective of this study was to evaluate the feasibility of using a portable irrigation con-
troller with an Watermark sensor for the cultivation of drip-irrigated vegetable crops in a greenhouse. The
control capability of the irrigation controller for a soil water potential of —20 kPa was evaluated under summer
conditions by cultivating 45-day-old tomato plants grown in three differently textured soils (sandy loam, loam,
and loamy sands). Water contents through each soil profile were continuously monitored using three Sentek
probes, each consisting of three capacitance sensors at 10, 20, and 30 cm depths. Even though a repeatable
cycling of soil water potential occurred for the potential treatment, the lower limit of the Watermark (about
0 kPa) obtained in this study presented a limitation of using the Watermark sensor for optimal irrigation of
tomato plants where —20 kPa was used as a point for triggering irrigations. This problem might be related to
the slow response time and inadequate soil-sensor interface of the Watermark sensor as compared to a porous
and ceramic cup-based tensiometer with a sensitive pressure transducer. In addition, the irrigation time of 50 to
60 min at each of the irrigation operation gave a rapid drop of the potential to zero, resuiting in over irrigation
of tomatoes. There were differences in water content among the three different soil types under the variable rate
irrigation, showing a range of water contents of 16 to 24%, 17 to 28%, and 24 to 32% for loamy sand, sandy
loam, and loam soils, respectively. The greatest rate increase in water content was obsetved in the top of 10 cm
depth of sandy loam soil within almost 60 min from the start of irrigation.
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Table 1. Textural properties of soils used in the study (reproduced from ref. Kim et al. (2009)).

Textural class Textural properties (%) Bulk deniity Porosity EC L Organic
Sand Silt Clay (mg-m™) (%, v/v) (dS-m™) matter (%)
Loam 27.1 48.9 24.0 1.42 4633 £ 1.13 0.39 0.46
Sandy loam 62.4 28.9 8.7 1.28 51.70£2.32 0.48 0.47
Loamy sand 73.8 19.8 6.4 1.15 56.55+0.92 0.44 0.27
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Fig. 1. Photos of tomato plants cultivated in the experimental station consisting of three different soil types (left) and Sentek
soil moisture sensors and irrigation tubes installed in each soil bed (right).
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Fig. 2. Watermark 200SS-V sensor and ENCOSY'S irrigation controller used in the study.
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Fig. 3. Twenty-day history of water potential (left) and moisture content (right) measurements for three different soil types.
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Fig. 4. Changes in water content measured in three different soil types over time elapsed after irrigation at different depths of
10 cm (left), 20 cm (middle), and 30 cm (right) from the soil surface under automatic irrigation control.
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Fig. 5. Changes in water content measured close to the irrigation point (Jeft) and at a distance of 20 cm from the irrigation

point (right) in three different soil types (top: sandy loam, medium: loamy sand, bottom: loam) over time under automatic
irrigation control.
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Jsiact. AR, oFEe] A9 30cm ol B¢
T A HEE A VEREA] 3tk o]igt 9]
2 GE U HE R o & FEFEHeE 7
o] 30eml AUl =LA 7] WEQ) AHog |}
Bttt EAEE Zlo|d Siste] AAAzE
10cm, 20cm, 30cm ARelollA hH o2 10~30%-
9] gk YeERIITE B Aol o1foixl ¢F 6
B2 Tt FGTE BEE W] R W)
T ASHOE HAF-E SIS e Hls BAg 4
3 ATATHKim 5, 2009)9F viwsl AT HE
F Zo] 10cm, 20emeol| 2] B U] 4-E5go] v
WA W AZE <ol HAshE B4 Bk SRR,
30cm ZololMe 1 Wsht A9 gle AoE et
AAHGE o] 83 FEAR] FEAS V&S HEs)
7] ol o] 9l Aoz Akeitt

AFsagol e X2 RSk Fig. 59 2ol
A2 sk AX9] Ae- AV EY BT #
7] 2o wet RS §43] sk As)
HEol| wheh GAS W 718718 A §3to]
7Aadhe Aoz Yehdtl BEAEE 833 7)1e7)
= A2 gskon okdAlEe] 79 Eakere] M3y
=7} 7P w3t R wslkges vl b
A ARt WE wigso] gebx W s
YERARATE. o]Hst ojfin= Wt whe] ko) e kg
ol ofste] SRS A7t WA 7] WER]
Aoz FesiT}. ZEol|A 20cm HolR x|He] 21
o H FEFFL AEol| QIFT YR} viwEt S o
A7HA] Bk B Tl o3t wsd e mlusidtt.

r%: £ rlo

¥

¢

olelgh, 2ok Age] QT BT SE-FFo) 0%l
2 R s GHEs Be] Bag X FEFF

& sl £270) B4R B PERL eriei

3. ASE0l 2Bt EOIE MR §M

Mz ke Bzl AulE EftEE Fig 60 U
et ule} o] eSS} AlkENA A2 5 35U A
o 6kg/m® o] S UERi oW tiAHoR
4kg/m? o) )& BErtET} AIRERA FEE Ao
2 el viE wEage] gl Adololx SA14
o2 AA3py| o) AAIAT 40Y olFolE= ALk
EollM x3 EvfEe] dteko] oA AjE Ert
EXT golth ST, AR Aew A &
203 7ol fAkeE FEEF Ang JEIASE B
3131 259 o] % Akvly- Ullo] WEHAA e H
o7 Qlaly 85A] B3k FAIE HAEA. Fig.
6(rightye 282 H|=d)| Auise FAAES] ErjE
Z & dol ¥ TAoF AAHE EFE HoFT
WA, Fig. 6(left)] FRANES] W F8#-2 Ho
o8l ErtE AJgol Sul=x] Raf avE ekl
ke FAsiATt. ol s, FAAE o] AEAlE
Az Qe FFAFME B e Asdr
z710] AEASO vXe JFE A 7HYE Faot
Artsr Fstgct.

q 2

£ Aeae sue] A ol AeAelel Aatt

—99 —



At

. L—_U]Oé] .

A 71ES L] 913 A dAE AR
W3l AE)E ol8ske YEvla AXME AR 48 A
EEHE AEAN E83)] AFrr|ee] a4
& THslaAl sl o1& $is) HldEke Ul ok
£ BEAE 2 EUS Ao d3does 243
T BErfES A3l EHulES 20kPa 5EOF
AFo7 ZgsEA Alsiact. HAag] ue B
& ) Qo SFEMH3= Sentek Y FEANES
o8-8l 273313t AERIZ MG o] 83) SR e
A AATLS (-)20kPa FFTRE-NA §AFR] 91
HEHO R 0~(-)20kPa NN & W3} e v
Ehfjo] QB Ao]=] B3t Ao g vt B3], & 3
FE BRI o 50-60% BlwA 7] A)ZHEOH
Pxlo] FEFFo] AA=E= EA7F JeERto Ax
Al REEE ] Ms) Adsd wkeo] Heg
Hsk= Bt SRS Jepint. o3t 24
Hem =AM Y] B 1= F2der) gaxie)
BAEA vis g2kl d&Hos e 4 ¢l
TZo)7] HER1 AR Aksin). AFsagol wh
BT sl 1 7o BEAEE MR
on] FAALES] 79 FE-gHFe] W gEr) 7}
w0 Ese] BlskEE Yt wke] Bg- A
el ;E Wslgo] gebA WAl Fels Yepid
o} ol2igt ol Wt Hhe) Awaie} e Rl
ofsie] FEFIEF Ajo|7h WAsIN 7] wEl Aew
AT ZEA 20cm HolR 2| &) Zold 4
Te A2l AT AR} mwslHe w AR
EY BT o] o3 s mrjste] Zhgo
AFT Tk FEFHo| ARFHOF o|RoXE RS
RISHAT}. F5F AollA FAALE WsoM e
EnE A% 5% &4 Jde gedE Ake 2e
st 2379 Y BAE ddse Rgldo) o
At

2 ok

N

B

o

)

Pes

FAl0]  FEE, HETEAN, A5, AodE
€3, BA, BErEvRd

-100 -

08 - BAS - o)FR
o8 3

. Fares, A. and A.K. Alva. 2000a. Evaluation of capaci-

tance probes for optimal irrigation of citrus through
soil moisture monitoring in an entisol profile. Irrig. Sci
19:57-64.

. Fares, A. and AK. Alva, 2000b. Soil water compo-

nents based on capacitance probes in a sandy soil. Soil
Sci. Soc. Am. J. 64:311-318.

. Hansen, R.C. and C.C. Pasian. 1999. Using tensiome-

ters for precision microirrigation of container-grown
roses. Appl. Eng. Agric. 15(5):483-490.

. Hur, S.0., S.K. Ha, and J.G. Kim. 2009. Verification of

TDR and FDR sensors for volumetric soil water con-
tent measurement in sandy loam soil. Korean J. Soil
Sci. Fert. 42(2):110-116(in Korean).

. Irmak, S. and D.Z. Haman. 2001. Performance of the

Watermark granular matrix sensor in sandy soils.
Appl. Eng. Agric. 17(6):787-795.

. Kim, H.J., D.W. Son, S.0. Hur, M.Y. Roh, K.Y. Jung,

JM. Park, J.Y. Rhee, and D.H. Lee. 2009. Compari-
son of wetting and drying characteristics in differently
textured soils undrer drip irrigation. J. Bio-Env. Con.
18(4):309-315(in Korean).

. Lee, D.H.,, K.S. Lee, and Y.C. Chang. 2008. Develop-

ment of an automatic water control system for green-
house soil water content management. J. Biosys. Eng.
33(2):115-213(in Korean),

. Lee, B.l. 2009. Protected horticulture, pp. 187-189.

Hyangmoon Sa, Seoul, Korea(in Korean).

. Thompson, R.B., M. Gallardo, T. Aguera, L.C. Val-

dez, and M.D. Fernandez. 2006. Evaluation of the
watermark sensor for use with drip irrigated vegetable
crops. lrrig. Sci. 24:185-202.

. Thomson, S.J., T. Younos, and K. Wood. 1996. Evala-

luation of calibration equations and application meth-
ods for the Watermark granular matrix soil moisture
sensor. Appl. Eng. Agric. 12(1):99-103.

. Thomson, S.J. and C.F. Armstrong. 1987. Calibration

of the Watermark model 200 soil moisture sensor.
Appl. Eng. Agric. 3(2):186-189.



