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Effect of Shading Treatment on the Growth of Spinach
(Spinacia oleracea) Affected by Different Growing Periods
in Summer Greenhouse.

Woo, Young—Hoe - Lee, Jung—Myung* - Nam, Yooun—IIl
National Horticultural Reserch Institute, *Kyung Hee University

Abstract

This experiments were carried out to investigate the growth responses of spin-
ach to temperature controlling by shading treatments at different times during
the summer, and the effects of environmental parameters on the growth and
yield were evaluated.

The fourth cultivation was showed maximum temperature at air temperature
of 33.1°C and soil temperature of 28.6°C, followed by third, second, fifth and
first cultivation. Among the tested temperature decreasing by shading, shading
with silver —coated PE film strips was the most effective in lowering greenhouse
air temperatures by showing 1.1°C decrease as compared to the outside air tem-
perature and 3.1°C decrease as compared to the air temperatures inside the non
—shaded PE house and 2.3C decrease as compared to the air temperaturese
shading with black—coated PE film strips, the soil temperature was showing 2
‘C decrease in both shading treatments than non—shaded PE and outdoor. In
first cultivation, diffcult cutivated as compared to others period owing to bolting
of spinach. This first period was cultivated used two domestic cultivars and six
imported cultivars, significantly better growth and higher yield of spinach were
recoreded in glory, manchuparuk and sunlighr cultivars. The effectiveness of
shading on spinach, as expressed by the crop yield increase, was the highest in
the planting from July 1 to August 24.
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Table 1. Variation of cumulative mean air and soll temperatures affected by growing periods
and shading treatments in summer greenhouse.

Growing period Shading Air temperaturey Soil temperaturex®
(month/day) treatment’ Max. M. Mean Mean

(°C) (C) () (C)

5/24~6/28 Check(PE) 37.0v 15.9 26.5 23.1
Black 30.3 16.0 23.2 20.7

Silver 30.1 15.0 22.6 20.5

6/16~7/22 Check(PE) 38.1 23.1 30.6 26.8
Black 324 22.4 27.5 24.4

Silver 32.1 21.8 27.0 24.2

7/1~8/5 Check(PE) 38.6 24.0 31.3 27.9
Black 35.8 23.0 294 26.4

Silver 34.0 23.7 28.5 25.7

7/15~8/24 Check(PE) 40.2 25.9 33.1 28.6
Black 35.3 24.8 30.1 26.0

Silver 334 24.1 28.8 25.5

8/5~9/12 Check(PE) 33.6 20.3 27.0 25.9
Black 32.0 21.7 26.1 24.9

Silver 29.6 21.7 24.8 24.5

Check(PE): Transparent PE film covering only, Black: 45% black PE shade covering under
transparent PE film covering, Silver: 45% shading with phormium screen coated with
aluminum under the transparent PE film covering. Y1 cm above ground. *10cm below the soil
surface. *Each value is the mean collected during the relevant growing periods.

Table 2. Effect of shading treatments® on the growth en vironment of summer greenhouse for

spinach.
Inve:rt‘liia:jtedp Shading Air temperature Axlrl'n:jeeTp. Soil Relalive Leaf
(month/ treatment” Dry bulb  Wet bulb shaded temp.’ humidity temp.
) ) T . QoD (%) (c)
day) material®”

8/6~8/12 Check(PE) 34.2a" 28.5a 37.4ab 3l.1a 63.7b 39.5a
Black 33.4a 28.2a 39.5a 29.1b 68.6ab 29.3b
Silver 31.1b 28.0a 34.0b 29.0b 79.8a 29.7b

Outdoor 32.2ab 27.2b — 31.2a 68.1ab -

‘Mean temperature between 12:00~15:00PM. *Check(PE):Transparent PE film covering only.
Black:45% black PE shade covering under transparent PE film covering, Silver:45% shading
with phormium screen coated with aluminum under the transparent PE film covering.

*1.2m above ground. *2.5m above ground. *10cm under ground.

*Means followed by the same letter within column are not significantly different by Duncan’s
multiple range test at 5% level.

—214—



EW A ERRBE(EIE B250)

Fiel o3 WL IA) dtow M o
2~3C T%"]at}"f_‘ ﬂ:ﬁ_iﬂllll&ﬂ.%)i 31
o B AdE AR ohle NLE 1~3
c A vehdo.

2. AI7|8 Aol WE ASR MIEE

ERGHCR A3ty Fd9 P 73
=0 A7el A 1x27](549 24~64 28)
o FFHE FUE, Fd1, +H%E A
A3 (F 3) FRWFY FT3E= A& 277
%, =1 5.7cm, $% 1198.2kg2 233519
o £FL WE T I, AYolE, 282
o] zZ}z} gL 1.0, 2.0, 0.2%. =g 1.
0, 2.9, 1.6cm. $~=-& 1471.0, 1,888.1, 1,307.8
kg/10a8 $dtgloy 8 2EEL Fa13
A Al o] 2,623.5 kg/l10asd ot x}gd]
45 KA Azl EFNAF A=
750.0 kg/10a, &M sty 3}e A= 550.0 kg/
10a2 o}F E%F3ct dd FWF: 3
3o} $UF B3 HF 3, Aol B} Fo9
Adygol vayg How YT $48e o
3 A7} 71ed F5o2 ddsih

E 4 fEfd & g A A9
BEEH o 9 S5 Ui ez,
Ak A7 ALA A7 e v E R
g FofE QIste] A elr]st olel-E A7]7
1136 01) ol Zao] W3 7 olole] AEFH
s> Birste] el A7) ulsle] YKo
H43 £FE Yokt o] AUy Ki
L Fxbgo] 1930.8kg/10a, 3-A xbgwto] 877.
9kg/10a, 24 xtF o] 655.4kg/10a2. 2 A A
Fo] 23y AlFAQ 4BHL MEEE Ao
2 #@dsy 2E BHEHAAE Ad77)
FatgtRo JdokEd, £ENH == =
M argduct S Agatel A v AsHA el
Aoz Azl

ZuprlQl A2z A7) 1R dS 233
ol 9% Hs4eg JAI AEA deldd.
T2 F-apgol 1274.8kg/10a, EA 3}y vto]
610.7kg/10a, 24 algnto] 344.9kg/10a2 A
1xke} zro] F-xpg, EA kg, o4 zpgwt

ol AT o] AlgAF 128} 23} 2y
dXE e & eVt 9& Aoz Ay
At

321 A7) AvlEd 79 14 A 3e7)
gl 89 55Ul e, o] AJA S
23133 422.9kg/10ae] ulsled A& 804.9kg
/10ax} 24 2} g}k 658.0kg/10a 2 A 2pF-7
A o] Fstow AFY FHA wlA
t Eq gyl LA AFgR Ekoh o
Al Fd ¥ o FHrig
FUAE A3t gde] ksl A7 M
‘2 Auld F4E g3tEd, ole AHFMMY
Fulrlol = FHga a4 9% gugez
AFuye] gou YKFIFIde Ao
A& FEEIF EBE 7] wlFoloh.

A4 Aol B SRME KastE
A Z(7TY 159 ~8Y 249U)E Txge e 4
-2 349.5kg/10a. &4 2139 544.8kg/10a,
2 2bgge 701.0kg/10aZ A 33} =H7jdl] A
s} 2ol AgEA st BEHU = xFEel
= SR A 238 £Fe] Uk 1
Hu o] AVl LAY HEREESZ QA3
A&y ZAEAu s A Brbeg A eee
2 ged brkg Ao 2 Al Al
T FalREd Ao 2 A=

A 53 L7 A FHEE Ho e A7)
(89 5U~949 129)E HF2 T4 625
9kg/10a, =M 213} 634.8kg/10a, &M =}3
W 365.4kg/10ag A Fx1gzt 4 2}zl
= FEM #wesHA gtoy 2AzxgyL
Aol e AFT vste] MK Ao A
o

o4 Axg B AFH AFAuE
g5d 3 12 TELAA 8¥F4L A}
ole] &EiHolzle AR} e AAE
5]_01 ‘T‘ﬂ 9‘1]:}13.24.25.26).

E 5 Al dE AFX AHERXES &
obRy] $ste AsEE gANAM % H
HERESTY AEREES FAT Rl
relative growth rate (RGR, A4 A4 &)L o
BN B¢ AEFY F7HE ZTAHE A
Al o], crop growth rate (CGR, A FH &%)



S5 HEY RERMHN AR £F T EAHR

Table 3. Effect of greenhouse shading treatment on the growth of spinach in early summer
greenhouse, investigated on June 28, 1994,

Shading treatment®

Cultivar Check Black Silver Means
Bolting Seamina 58.3 38.1 35.4 43.9
rate’ Glory 23.7 31.1 28.2 27.7
(%) Atlas 66.7 87.7 89.0 81.1
Titan 35.0 14.1 12.7 20.6
Paruku 23.9 14.5 11.5 16.6
Manchuparuku 3.0 0.0 0.0 1.0
Sunlight 6.0 0.0 0.0 2.0
Orion 1.0 0.0 0.0 0.3
Means 27.2a* 23.2b 22.1b
Flower stalk Seamina 14.3 7.8 13.3 11.8
height Glory 5.0 7.7 4.5 5.7
(cm) Atlas 14.0 16.4 14.0 14.8
Titan 9.0 6.6 7.0 7.5
Paruku 8.0 6.1 3.9 6.0
Manchuparuku 3.0 0.0 0.0 1.0
Sunlight 4.7 0.0 0.0 2.9
Orion 4.7 0.0 0.0 1.6
Means 47.8a 5.6b 5.3b
Yield Seamina 884.1 755.2 287.0 638.2
(kg/10a) Glory 1648.3 1012.8 933.4 1198.2
Atlas 709.3 152.5 266.6 376.1
Titan 1573.0 661.4 671.5 968.6
Paruku 2115.6 1291.1 749.6 13854
Manchuparuku  2800.0 1000.0 622.1 1474.0
Sunlight 3092.6 1400.0 1171.8 1888.1
Orion 2623.5 750.0 550.0 1307.8
Means 1920.9a 877.9b 655.4c

‘Check(PE) : Transparent PE film covering only.

Black:45% black PE shade covering under transparent PE film covering,

Silver:45% shading with phormium screen coated with aluminum under the transparent PE
film covering.

"No. of inflorescence with height of 1 c¢cm or higher.

“Means followed by the same letter within column are not significantly different by Duncan’s

multiple range test at 5% level.
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Teable 4. Effect of greenhouse shading treatment on the growth of spinach affected by differ-
ent growing periods in summer greenhouse.

Growing Largest leaf No. of  Bolting Yield
period Shading Length Blade Petiole Width leaves rate’
(month/ treatment (cm) length length (cm)  develop- (%) (kg/10a)
day) (cm) (cm)
5/24~6/28 Check(PE) 22.68a* 11.67a 11.01a 8.30a 20.04a 27.9a 1930.8a
Black 22.32a  10.82ab 11.50a 7.20a  14.71b  23.2b 877.9b
Silver 19.35b 9.69b 9.67b 6.29b 14.33b 22.1b 655.4¢c
6/16~7/22 Check(PE) 18.40a 8.07a 10.34a 6.06a 15.50a 17.9a 1274.8a
Black 14.24ab 6.80b 7.45b 4.71b 13.50ab 15.4ab 610.7b
Silver 6.00b 5.40b 6.53b 3.64b 11.38b 13.2b 344.9¢
7/1~8/5 Check(PE) 10.00c 5.31b 4.69b 3.08b 10.42a 10.2a 422.9¢
Black 17.89a 8.28a 9.60a 5.25a 10.63a 9.3a 804.9a
Silver 15.45b 7.37a 8.09a 4.47a 10.67a 10.1a 658.0b
7/15~8/24 Check(PE) 8.72b 4.77b 3.95b 2.75b 9.40b - 349.5¢
Black 14.81a 7.13a 7.68a 4.50a 9.21b — 544.8b
Silver 13.05a 6.95a 6.11a 4.84a 10.57a — 701.0a
8/5~9/12 Check(PE) 14.25b 7.53a 6.72b 5.19a 9.67a — 625.9a
Black 17.63a 8.07a 9.57a 5.50a 8.75a - 634.8a
Silver 16.47ab 6.21b 10.26a 4.00b 7.81b — 365.4b

‘Leaves longer than 1 cm were counted as developed. *No. of inflorescence with height of lem
or higher. ‘Means followed by the same letter within each growing period are not significantly

different by Duncan’s multiple range test at 5% level.
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Table 5. Growth analysis of spinach affected by different growing periods and shading treat-

ments in summer greenhouse.

Growing Growth analysis parameters*
oty resimon, FORCGR O LALSLA - LAR
day) (g/g/day) (g/m*/day) (m*/m?) (em¥/g)  (ecm¥g)
5/24~6/28 Check(PE) 0.161¥ 8.180 1.576 268.020 0.019 0.706
Black 0.143 3.606 0.922 380.168 0.026 0.664
Silver 0.130 3.043 0.885 359.896 0.026 0.710
6/16~7/22 Check(PE) 0.135 3.713 0.882 308.656 0.022 0.721
Black 0.113 1.511 0.445 330.601 0.024 0.737
Silver 0.104 1.000 0.261 281.510 0.021 0.736
7/1~8/5 Check(PE) 0.097 0.823 0.131 156.917 0.011 0.738
Black 0.114 1.163 0.384 281.960 0.021 0.755
Silver 0.110 0.985 0.336 303.667 0.022 0.767
7/15~8/24 Check(PE) 0.096 1.148 0.134 155.351 0.011 0.720
Black 0.099 1.274 0.362 290.962 0.020 0.700
Silver 0.113 1.984 0.383 248.332 0.018 0.720
8/5~9/12 Check(PE) 0.134 2.134 0.334 264.510 0.020 0.814
Black 0.126 1.743 0.353 397.640 0.028 0.752
Silver 0.107 1.035 0.247 323.460 0.022 0.733

‘RGR:Relative growth rate, CGR:Crop growth rate, LAl:Leaf area index
LWR:Leaf weight ratio. YEach value is the mean of 4 blocks.

area, LAR:Leaf area ratio,
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