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Abstract. Strawberry cultivation in Korea is grown in greenhouse, but most farms manage their water supply using a
timer control method based on the experience of growers. The timer control has problems in that it is difficult to
consider the weather condition, the growth stage of crops, and the moisture content of the substrate, so that the crops
cannot be managed at an optimal level, and the accuracy of cultivation management are lacking. The watering methods
using integrated solar irradiance and substrate moisture contents are control systems that provide eco-friendly and
precise water supply considering the growth conditions of crops. The purpose of this study was to compare the
combined water supply control with integrated solar irradiance and substrate moisture contents and timer control
method in hydroponic cultivation of strawberries using coir, and to set the optimal integrated solar irradiance level for
complex water supply control. The irrigation system was automatically watered when it reached 100, 150, 250 J-cm™
based on the external solar irradiance, and forced irrigation was performed at a substrate moisture content of less than
60% in all treatments. The amount of irrigation at once was 50 mL. The timer treatment was applied as a control. The
smaller the level of integrated radiation to start watering, the greater the daily amount of irrigation. Both the fresh
weight and dry weight per plant were higher in the complex irrigation control method than the timer control, and the
100 and 150 J-cm™ treatment had the highest fresh weight, and the 100 J-cm™ treatment showed a significantly higher
dry weight. The yield was also significantly higher in the complex control method than in the timer, and the early yield
increased as the level of integrated solar irradiance was smaller. The fresh weight of fruit was the lowest in the
timer-controlled irrigation. As a result of this study, the possibility of combined control irrigation method using
integrated solar irradiance and substrate moisture content was confirmed for precise water supply management of
strawberries in hydroponics.
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Fig. 1. Daily minimum, average, and maximum temperature in greenhouse and inside and outside integrated solar radiation during growing period.
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Fig. 2. Changes of irrigation and drainage amount of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different

integrated solar irradiance levels and timer during growing period.
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Fig. 3. Irrigation and drainage EC level of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different integrated solar

irradiance levels and timer during growing period.

Table 1. Leaf characteristics of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different integrated solar irradiance
levels and timer at 85 and 197 days after transplanting.

Integrated Early harvest season Late harvest season
irradiance i i
No. of Pl.ant Petiole Leaf Leaf .Crown No. of Pl.ant Petiole Leaf Leaf width .Crown
levelz leaves height  length  length  width diameter leaves height length length (cm) diameter
(Jrem”) (cm) (cm) (cm) (cm) (mm) (cm) (cm) (cm) (mm)

Timer 89a” 264a 123b 116a 84a 167a 10.8 a 259 a 69 b 6.8 b 53Db 220 a
100 93 a 27.1a 143a 114a 84a 160a 91c 255 a 116 a 10.1 a 81 a 219 a
150 87 a 271a 138 ab 113a 80a 162a 970 272 a 12.7 a 10.6 a 83 a 209 b
250 9.1 a 266a 140 a 112a 82a 163 a 102 b 264 a 83 b 73 b 58b 218 a

“Mean separation within columns by DMRT at 5% level.
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Fig. 4. Plant weight (a, fresh weight; b, dry weight) of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different

integrated solar irradiance levels and timer during growing period.

Table 2. Number of marketable fruits and yield of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different

integrated solar irradiance levels and timer.

Integrated irradiance level

Marketable fruit yield (Above 10g)

Marketable fruit ratio

(em?) Yield (g-plant”) No. of fiuits (%0)
Timer 130.2 b* 7.0 b 769 b
100 2159 a 105 a 859 a
150 196.6 a 9.5 a 83.1 a
250 181.9 ab 88 a 82.6 a

“Mean separation within columns by DMRT at 5% level.

372

Journal of Bio-Environment Control, Vol. 30, No. 4, 2021



AN Al Zah AARER ulA] 2 o 53 Jl Alojell %t “H¥F W7 |(Fragaria annanassa Dutch. cvs. ‘Sulhyang’) 9] A5 3! E

A8 0§73k ol A7) mrhfeld o A e veh)
Aok B Ao} A AAtelata 712o] wh2 ARETHE 100)em”
71 9 A 71 =9kon] o] 2505 em” 7] R e A=
18.7%, 7H4=19.3% -2 Zfolch AEhe Eet elo| o]
N 76.9% 2 7 5E- ZhS Lehhgla B3t Alo] 4] 1007em™
712 gl A ] Lol A 2507-em™ 722K T}3.3% =-2-85.9%
= UeRfigick

e Al 717 F e A S TFig. 5). BRo|H A
o] A 55 130.2g 0.8 BA A 0 7 fofalA| 7P WL 3k
HER ST £ 217k Asatar Sakego] Z71shiA 4]
EA7F BT k= g o] S7ISHAIRE Bl Aloj=
olelg 87 wslo] 48] 88 4= gy mhEel Ao W
o] 24k Al ] 42 PRk B A A0S 5
ol B7] S SN o e A o= ehEny A4k
AR 710 WE F R SR Abo|7F LA kAR
100, 150, 250]-cm™ 2.0 & =0 Z~ako vehyigict. Tyt
129 AYARES 100]-ecm™of| A BAH 0 & FoJ31A] 4
e BT, ZAF QAR 7)o Aot Fof 3157} F71e o]

N
n
=

; mNov. " Dec. mJan. #Feb. Mar.
o HE  EEE e

Timer 100 150 250
Integrated irradiance level (J-cm2)

= - [
=) n =3
S S =3

Marketable fruit yield (g-plant?)
E

Fig. 5. Monthly marketable fruit yield of strawberry ‘Sulhyang’ as
affected by the nutrient solution supplying system using different
integrated solar irradiance levels and timer during growing period.
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Table 3. Fruits characteristics of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different integrated solar

irradiance levels and timer at 121 days after transplanting.

Integrated irradiance level Fruit weight Fruit height Fruit width Soluble solids content Firmness
(Jem?) © (cm) (cm) (°Brix) (g'mm?)

Timer 303 b 49 a 43 a 11.0 a 270 a

100 374 a 52 a 44 a 112 a 269 a

150 352 a 51a 44 a 110 a 264 a

250 386 a 50 a 44 a 112 a 26.8 a

“Mean separation within columns by DMRT at 5% level.
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Table 4. Total irrigation volume per plant, total drainage volume, total retained volume, and water use efficiency(WUE) of strawberry ‘Sulhyang’ as
affected by the nutrient solution supplying system using different integrated solar irradiance levels and timer from December 2019 to March 2020.

Integrated irradiance level — Total irrigation volume

Total drainage volume

Total retained volume

Water use efficiency

Fem®) (L-plant™) (Lrplant™) (Lrplant™) (gL /plant)
Timer 28.8 b 158 a 122 a 262 a
100 324 a 157 a 16.1 a 273 a
150 315a 142 a 152 a 28.0 a
250 21.6 ¢ 103 a 10.8 a 344 a
“Mean separation within columns by DMRT at 5% level.
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Fig. 6. Scatter plot matrix between total irrigation volume per plant (Irr.), total drainage volume (Drain.), total retained volume (Retain.), and water
use efficiency (WUE) of strawberry ‘Sulhyang’ as affected by the nutrient solution supplying system using different integrated solar irradiance

levels and timer from December 2019 to March 2020.

374

Journal of Bio-Environment Control, Vol. 30, No. 4, 2021



A A Fak DA R S sk Bt o) Alofol ojgt
AHEO] S A, w2 S
= HH o R A OW %3}1 oo
o) A -o] gltk AAF A
gl e AE A
gk e Al %PE';OM 1 L Folou
Sty 2= ulof| A ZAr Ak} uljA] 4=Ealel
B ol Aojet ero]m Ao} FoH WS v
N AJof A] 2|2 2] HAt UrRF 7158 A5
ok ZARAALRE Fo We ol dARES 7IECR 100,
150, 250J-cm™ o] g5l AHE0 7 Folshy Hjz| ~Eg)
2F0] 60% v]Rto]H ZJA| FoAsl, 18] FH2RS S0mLE 3
HolgAtE Bro|m Alol= ti 22 AT FHE 7hAl
Sh= A4 dAlg 71580] AR2E ddglgol wete
100J-cm” 7] ol A] o 2500-cm™ 2|7 tjH] 46%
Wtk AR AAE AES %%@P oo Aof ol
Eto|u] AjojH} Egkom, 100 150J-cm™ X2 7Ll 4] 2|4}
B gF)|30] =9k71 100J-cm™ X2 TLojA] ABS0] S-0)5}
Al =2 ghe PRIt 3 3t Bto| v Ajo] R R e 59t
Ao oAl §-oJ8HA| =9k o m Aak Ul 7)ol 2k
5 7] $e5Fo| F7sloiet. Bt B2 eo|u] Ajo] o A]
P& ESkeh & At AahE7] 0 A ol Bl E flste] A
Al AAFE HA] 2 FHE AL S 0] 83 B3t Alo] 287}
573 ERlsklck

oX O
2

)
>o
o ox Q
Mo
9

ﬁ
H
=
N
n
d

[e)

filo
o

°-|~
ul
=2
=
rou
o
o g
ofs
ol

)
o

1
filo

o Mt |
o

0

L oo of ofo mi M

=
)

%
S

o
R oo
J
usd)
I

o_>i
ofs
k=l
by
° 4
s
ofr
Qo
2 O

N

)

F7F A0 : G, PEA, E0]8EE, FDR

Literature Cited

Choi E.Y., K.Y. Choi, and Y.B. Lee 2013, Scheduling non-
drainage irrigation in coir substrate hydroponics with different
percentages of chips and dust for tomato cultivation using a
frequency domain reflectometry sensor. Protected Hort Plant
Fac 22:248-255. doi:10.12791/ksbec.2013.22.3.248

Choi K.L. 2017, Characteristics of water and nutrient uptake in
hydroponics and management of nutrient solution in tomato
cultivation using coir substrate. PhD Dissertation, Gyeongsang
Natl Univ., Jinju, Korea, pp 37-39. (in Korean)

ChoiK.Y., E.Y. Choi, I.S. Kim, and Y.B. Lee 2016, Improving
water and fertilizer use efficiency during the production of
strawberry in coir substrate hydroponics using a FDR sensor-

MEStAX XSS K|, M30H HM4S 20213

J3&F Q7|(Fragaria armanassa Dutch. cvs. ‘Sulhyang)2] AlS- & £2

automated irrigation system. Hortic Environ Biotechnol
57:431-439. doi:10.1007/s13580-016-0072-2

Dorais M., A. Papadopoulos, and A. Gosselin 2001, Greenhouse
tomato fruit quality. Hort Rev 26:239-319. doi:10.1002/
9780470650806.ch5

Farina E., F.D. Battista, and M. Palagi 2007, Automation of
irrigation in hydroponics by FDR sensors-Experimental results
from field trials. Acta Hortic 747:193-196. doi:10.17660/
ActaHortic.2007.747.21

Hayata Y., T. Tabe, S. Kondo, and K. Inoue 1998, The effects
of water stress on the growth, sugar and nitrogen content of
cherry tomato fruit. J Jpn Soc Hortic Sci 65:759-766. (in
Japanese) doi:10.2503/jjshs.67.759

Kim H.J. and Y.S. Kim 2000, Effect of irrigation control by
time and integrated solar radiation on muskmelon quality in
perlite culture. J Bio-Env Con 9:66-72. (in Korean)

Kim H.J., S.W. Ahn, K.H. Han, J.Y. Choi, S.O. Chung, M.Y.
Roh, and S.O. Hur 2013, Comparison study of water tension
and content characteristics in differently textured soils under
automatic drip irrigation. Protected Hort Plant Fac 22:341-348.
(in Korean) doi:10.12791/ksbec.2013.22.4.341

KOSTAT 2021, Agricultural area survey. Available via https://
kosis.kr/statHtml/statHtml.do?orgld=101&tblld=DT _1ET
0017&conn_path=I12 Accessed 28 June 2021

KTSPI 2021, Trade statistics service. Available via https:/www.
bandtrass.or.kr/customs/total.do?command=CUS001View
&viewCode=CUS00201

LedieuJ., Ridder, P.D., Clerck, P.D. and S. Dautrebande 1986,
A method of measuring soil moisture by time-domain
reflectometry. J Hydrol 88:319-328. doi:10.1016/0022-1694
(86)90097-1

Lee S.Y. and Y.C. Kim 2019, Water treatment for closed
hydroponic systems. J Korean Soc Environ Eng 41:501-513.
(in Korean) doi:10.4491/KSEE.2019.41.9.501

Lim M.Y., S.H. Choi, G.L. Choi, S.H. Kim, and H.J. Jeong
2021, Effects of irrigation amount on fruiting period and EC
level by growth period on growth and quality of melon
(Cucumis melo L.) using coir substrate hydroponics during
autumn cultivation. Hortic Sci Technol 39:446-455. doi:10.
7235/HORT.20210040

MAFRA 2021, Agricultural production index. Available via
https://mafra.go.kr/bbs/mafra/131/327493/artclView
Accessed 7 July 2021

Na T.S., J.G. Kim, K.J. Choi, G.Y. Gi, and Y.K. Yoo 2008,
Study on optimum water supply by solar radiation in cut
rose(Rosa hybrida cv Cardnal). J Bio-Env Con 17:215-220.
(in Korean)

Park S.T., G.H. Jung, HJ. Yoo, E.Y. Choi, K.Y. Choi, and Y.B.
Lee 2014, Measuring water content characteristics by using
frequency domain reflectometry sensor in coconut coir
substrate. Protected Hort Plant Fac 23:158-166. (in Korean)
doi:10.12791/KSBEC.2014.23.2.158

375



™

2 4

Lo
i

."7(:)]0].

Park S.T., K.Y. Choi, and Y.B. Lee 2010, Water content
characteristics of coconut coir substrates on different mixture
ratios and irrigation rates and times. Kor J Hort Sci Technol
28:227-233. (in Korean)

RDA 2017, Standard manual of characteristics investigation
for breeding new varieties of strawberries. RDA, Wanju,
Korea, pp 4-29.

RDA 2018, Smart greenhouse guideline. RDA, Haman, Korea,
pp 68-73.

RDA 2019, Manual for strawberry cultivation. RDA, Wanju,
Korea, pp 144.

Rhee H.C., G.L. Choi, J.W. Jeong, M.H. Cho, K.H. Yeo, D.M.
Kim, C.G. An, and D.Y. Lee 2013, Effect of soil water
potential on the fruit quality and yield in fertigation cultivation
of paprika in summer. Protected Hort Plant Fac 22:378-384.
(in Korean) doi:10.12791/ksbec.2013.22.4.378

Rhee H.C., T.C. Seo, G.L. Choi, M.Y. Roh, and M.W. Cho
2010, Effect of air humidity and water content of medium on
the growth and physiological disorder of paprika in summer
hydroponics. J Bio-Env Con 19:305-310. (in Korean)

RohM.Y.,and Y.B. Lee 1997, Predictive control of concentration
of nutrient solution according to integrated solar radiation
during one hour in the morning. Acta Hortic 440:256-261.
doi:10.17660/ActaHortic.1996.440.45

376

A5 - Qug - qYY -

o d ol4do]

Sim S.Y., and Y.S. Kim 2009a, Improvement of water and
fertilizer use efficiency by daily last irrigation time for
tomato perlite bag culture. J Bio-Env Con 18:408-412. (in
Korean)

Sim S.Y., and Y.S. Kim 2009b, Management of dripper position
in tomato perlite bag culture. ] Bio-Env Con 18:413-419. (in
Korean)

Starr J.L., and I.C. Paltineanu 1998, Soil water dynamics using
multisensor capacitance probes in nontraffic interrows of
corn. Soil Sci Soc Am J 62:114-122. doi:10.2136/sssaj1998.
03615995006200010015x

Topp G.C., Davis, J.L. and A.P. Annan 1980, Electromagnetic
determination of soil water content: Measurements in coaxial
transmission lines. Water Resour Res 16:574-582. doi:10.
1029/WRO016i003p00574

Veldkamp E., and J.J. O’Brien 2000, Calibration of a frequency
domain reflectometry sensor for humide tropical soils of
volcanic origin. Soil Sci Soc Am J 64:1549-1553. doi:
10.2136/ss52j2000.6451549x

Yoo S.H., Park, M.E., Han, G.H. and B.S. Bae 1999, Monitoring
of water content and electrical conductivity in paddy soil
profile by time domain reflectometry. Kor J Soil Sci Fertil
32:365-374.

Journal of Bio-Environment Control, Vol. 30, No. 4, 2021



