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Abstract. This study was carried out to investigate the effect of two shading methods, shading agent spray
on the glasshouse and interna shading screen treatment, on the growth and fruit quality of paprika (Capsi-
cum annuum L. ‘Cupra and ‘Coletti’) in summer season cultivation. In the shading agent treatment, a com-
mercial shading agent diluted with water at a ratio of 1: 4 was sprayed on the roof of a glasshouse. In the
internal shading screen treatment, a 10~20% shaded screen was used during the day time when the sun radi-
ation was greater than 700 W - m2. Compared to the unshaded control, photosynthetic photon flux density
(PPFD) decreased in the greenhouse in the shading agent (SA) and shading screen (SS) treatments by 20%
and 30%, respectively. Lower air temperatures and higher relative humidities were observed in the SA thanin
both the control and the SS treatment. Time to reach the bresk point of humidity deficit 8 g - m™3 was 2 hours
late in the SA than in both the control and the SS treatment. Compared to control, both the SA and the SS
treatments showed lower instantaneous temperatures of leaf, fruit, and flower by 2°C, 5°C and 3°C, respec-
tively. There were no differences in number of branches, stem diameter, and leaf size among treatments
athough both shading treatments promoted plant height in both cultivars. Botrytis infection ratio declined
with the SA treatment by 14.7% in ‘Cupra and 22.1% in ‘Coletti’ as compared to that in the control. Shad-
ing increased fruit size in both cultivars, whereas no differences were observed in the number of locules and
thickness of fruit tissue among treatments. Shading treatment increased mean fruit weight by a range of 10 to
15 g per fruit, while it decreased soluble solids contents as compared to that in the control. Similar Hunter
values were observed among treatments, while fruit firmness increased dightly in shading treatments. Com-
pared to the control, shading treatments improved marketable fruits by 11.7~22.6% and increased the number
of fruits per plant by 4~9.2 in both ‘Cupra and ‘ Coletti’. The results of this study indicate that shading agent
application on the roof of glasshouse would be one of the most effective options to reduce heat stress imposed
on the paprika crop in summer cultivation, resulting in improved crop growth and fruit yield.
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HoE ALt FAl vt 240N 7P ol
S8 WIS BAHS] o] i Ao
Rz FHQ] 2Py Al2E 2otk Xpg Alawle
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T YA TEAEEE TSl FEARIM A
O AF=E FolH, ) dze)7h Ete] el
oA = 3l& Aoltt. wEbA AgA =X Q1%
AP 850 wiste} s e E7gel ofsl vzt
e ST FRl viAle Fe TEEA ATE

Al
al

T ©

<
¢

SR \=
Tz L
gz )7} WA Cupra 2} =4 ‘Coletti’ (Enza
Zaden Co. The Netherlands) ¥53 2403 dZd

TEFe]d vsste] A (EC 2.0dS-m?, pH 55)°
2 FFAZ) 9PEEE(10cm x 10cm x 6.5cm)el] URFE
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Fig. 2. Changes of instantaneous photosynthetic photon flux
density (PPFD) measured a a hourly internd in the
paprika greenhouse as affected by shading agent and
internal screen shading treatments on a summer day.
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e AL dukF oz P o8 F e Yo
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Fig. 3. Changes of temperature in the paprika greenhouse as
affected by shading agent and internal screen shading
treatment on a summer day.
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Fig. 4. Changes of relative humidity in the paprika green-
house as affected by shading agent and internal screen
shading treatments on a summer day.
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Fig. 5. Changes of humidity deficit in the paprika green-
house as affected by shading agent and internal screen
shading treatments on a summer day.

24 U Hdisss tkevb o A4 fA8ked &
Aol 3t
24 Y $5 FEE (humidity deficit) WH3l= F4]
gt Ui 239 AelTre] A9 2 oAl ofv]
o) SEHAE Hloju 5 24l A2 Hil 166
7} 13.8g - m7FA]el| o]2FItH(Fig. 5). A A
e FAETe Ui 239 AH2FET 243 F
¢l 119 86g-meRE 18 WS Hlojtal, o
4Xel Ha1 12.1g - m A ZFESIGATh. xR A=
e 25 AIFEE 890 =L, F1E
ToF R 23d HETelle g AR FRl 2% 8
AR 5890l Bt shazE)z) Aol #H A
FE FEEL 4-45g - molal, 58 9= 2-8g-m®
Jrolth. st Hot & FEo] ¥ Fa3% 9
HE e, S5 BERS 1mPe] 370 5717}
z3pd w7l FEo] o8 = e B9 ¢S 9
t]$th(Lee 5, 20058). XPF3A] 22l TollMs 24
29| Fge] o] oA 257t ks 24 10
ARE] 25 A7EAIY] HA O F HEES A}
A ZYARY, FAETY Ui 231 A2l HlE)

2~59-m?* AL F& FEEo| sk adE UE
At
Qo] L= FAET 36.0°C, Wi 238 A+

33.3°C, A AElT 34.0°CE T2 ol uls|
2C ol YolAle AHE BYtHFg. 6). o] &
= FAET 420°C, UF- 23" Al 37.5°C,
253A A2l 37.0°CE FA{2ltol] Hlsl 4.5-5°C %
oA e BHE YERIQITE 2o 2% 9] AT
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Fig. 6. Effect of shading agent and internal screen shading
treatments on leaf, fruit and flower temperatures of the
paprika crop on a summer day.
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ofx e oJgt 2Bl Fa1 ¢le] 71¥e] ¢
A Fo] FAte] STt AEAY] &7} Holzl
Ao Azidnt. wEb, 2pRgAeL g 2o R
AUAA Fh=e B BN AEA 2%
£ o] mzeg)zle] AxME S =fo] Helt
A7),

A2t S-S vlwgk vi(Tadle 2), 7 85 =5
W 238 Aol XgA] AelTrllA] Tzl
Hls| 2go] freldoz oAt o)A Aoz 4
2o] Golr] Fhkeo] Thasle] M2 Aol &
S FU7) wEo R AE) SR BX)<F, A7,
dazle FoAdol AAFHA Lttt ‘Cupra <f
‘Coletti’ #F&o] Adgolo] e FA2] 29.7%,
33.9%, Wi =3 A2 21.7%, 22.5%, xPEAl
AT 15.0%, 11.8%= XA HzlgolA =4 7+
2814t} A8 170 E Fk S5 o] Bol]
3 FFAGEC] HolRle § 12 AEHAE v H
t}. olgt A} ZEo] Aol ol wWe] Wby
B0] SV Hedl, AdEgolEe thae] SAE
215 FAsl] wiEel Aol o] mE Zlo] 54
o]tH(Lee &, 2005b). {27l BIal xpgA] A2+
oF U1 239 Aol x] AhlEsgols WA Zztell
a0 F Yehd o= xRgAIet XY 2T
o] AgEle] 24 U ZHEe] AsEEo] siidE o]
2go] A5o] FolxA] Yl gk AgAde] I

Table 1. Effect of shading agent and internal screen shading treatments on the growth and incidence of Botrytis disease in

paprika.
. Plantheight ~ No.of  Stemdiameter  Lesf Size(cm) Botrytis (%)
Cultivar  Treatment - -
(cm) branches (mm) Length Width  Incidence Removal
Cupra Control 267.9 39.7 19.6 223 111 29.7 230
Screen 279.7 40.7 189 223 11.0 217 150
Shading agent 297.7 410 18.8 233 10.7 15.0 75
Coletti Control 276.3 40.7 20.6 239 10.9 339 283
Screen 291.0 41.0 204 25.3 11.0 225 174
Shading agent 305.7 41.3 20.3 26.0 11.3 11.8 6.4
Significance?
Cultivar (A) * ns * * ns ns ns
Treatment (B) i ns ns ns ns *x *x
AxB ns ns ns ns ns *x *x

ns, ™™ Nonsignificant or significant at P < 0.05, 0.01, respectively.
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Table 2. Effect of shading agent and interna screen shading treatments on the quality of paprika fruit.

Fruit size (cm i i it wei
Cultiver Trestment ( ) No. of Pericarp thickness Fruit weight
Length Width locules (mm) (9
Cupra Control 7.8 7.7 37 0.63 1374
Screen 8.1 79 37 0.65 1431
Shading agent 85 8.4 37 0.68 149.1
Coletti Control 177 81 38 0.64 133.9
Screen 8.0 82 36 0.65 1474
Shading agent 84 83 37 0.67 149.1
Significance’
Cultivar (A) ns ns ns ns ns
Treatment (B) *x ns ns ns *
AxB ns ns ns ns ns

ns, """ Nonsignificant or significant at P < 0.05, 0.01, respectively.

Table 3. Effect of shading agent and internal screen shading trestments on the soluble solid content, hunter value, and hard-

ness of paprika fruit.

i Hunter vaue? Hardness
Cultivar Treatment Sol lf,ble solid -
(°Brix) L a b Pericarp Flesh

Cupra Control 82 36.4 343 18.9 1,688 659

Screen 7.8 36.7 34.9 19.6 1,685 637

Shading agent 72 36.9 35.8 19.2 1,771 682
Coletti Control 7.6 58.4 8.2 535 1,642 573

Screen 72 57.3 82 489 1,674 586

Shading agent 7.0 57.8 7.9 525 1,714 616
Significance”
Cultlvar (A) ** ** * % ** ns **
Treatment (B) *x ns ns ns ns ns
AxB ns ns ns ns ns ns

“L, lightness; a, redness (+ red, — green); and b, yellowness (+ yellow, — blue).

YMeasured by arheometer with a probe ¢5 mm.

*ns, """ Nonsignificant or significant at P < 0.05, 0.01, respectively.

=of Yepd Axtz g3t

o] A7l F FE EFOA FAET His)
U 23 A2)teh ZgA] 22lTelM S71kaL,
Ao} ) FAE fod e Al HolA] &
stor, Haage Tl Hlsl Wi =39 A7
T-o} Al A2l A 10~15g St (Table 2).

AL Wi 239 A2lE Tl fse de A

dole] 24 W 5L sl Z0Y 5EFS
Zolx FHHFL F/MIA HYZ o FIRe oA
o] F7hete] ghAOR A =19t FAVL F

Flae Aoz Basidrt, GEs FATe] v
- 2219 el sk A Aol gasigaL,

Lo

N

A S (Hunter valuey= xpg=iE]e] dao] giiem, 73
TE ZRA| Aol o3l ot Flele AEE B
tHTable 3). Y=o ZAae 3 =717} 715kl u}
2t NPE Fafo] A Rl 7|k, B X%
Al Aol osf Fado] AXEA froAde AR
RARE 5 FAVY STl Axe] FUlel| FFS
H3& Aoz wetEn)

FEAE FAET vis] Ui 39 At
21334 A2 FollA ‘Cupra 4~5.87W, ‘Coletti’ 7.1~
9.0 ©l Z71eldth(Table 4). HIAFET = xpg=]g]ol
°l&] ‘Cupra 0.6~3.17H, ‘Coletti’ 3.7~3.97] 743}
Setl, 53] 100g vIRHe] At 7)) ol &

= AL
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Table 4. Effect of shading agent and internal screen shading treatments on the characteristics of harvested fruits of paprika.

Fruits per plant
Cultivar Treatment Unmarketabl €
Marketable Total
Small BER Others Totd
Cupra Control 17.7 35 13 04 52 229
Screen 21.7 15 0.7 05 2.7 24.5
Shading agent 235 14 04 0.3 21 25.6
Coletti Control 14.7 5.0 24 0.7 8.0 22.7
Screen 218 23 14 0.7 43 26.1
Shading agent 26.9 23 11 0.7 41 30.9
Significance”
Cultivar (A) ns *x *x * *x ns
Treatment (B) *% *% * % ns *% *
AxB ns ns ns ns ns ns
zSmall, < 100 g; BER, blossom end rot; others, diseased and bent fruits.
"™ Nonsignificant or significant at P < 0.05, 0.01, respectively.
Table 5. Effect of shading agent and internal screen shading trestments on the fruit yield of paprika
Yield (kg - 10a™
Cultivar Treatment Mar_ketz;lble (kg )
fruits (%) Marketable Unmarketable Total
Cupra Control 77.1 9,028 231 9,259
Screen 88.8 11,456 253 11,709
Shading agent 91.7 12,961 269 13,230
Coletti Control 64.2 7,320 231 7,551
Screen 83.2 11,910 253 12,163
Shading agent 86.8 14,864 269 15,133
Significance®
Cultivar (A) i ns ns ns
Treatment (B) i i ns *x
AxB ns ns ns ns
ns, """ Nonsignificant or significant at P < 0.05, 0.01, respectively.
HE RSt sl o] ol BEES o] Yok S ol STEEItaL AdEn
AlTel vis) - 23 Aelrel x| ATl gk o5E 443}7}011*1 FA FEAS ol
A ‘Cupra 11.7-14.6%, ‘Coletti’ 19.0~22.6% =7} 25 ZERATIE Y9 9] SRR H3)= AL v
SIAAL, 2RgA] AR I3 = T FF BT ASHelth o)A Al tETHeE Ao o]
oHo g F7lelirk(Table 5). 24le) 590 2hf  Fo] ol sludx Ago) Yoluks Az
o) £xv} Sephe mFao) Skt ol A bl B, 53] G nevlle Faae) ol 2

50| 2712 A1) okl FAEo) ol qe
Aol v, Uw}, S4B 5ol 1%15}1471 4oy,

olefdt S WS AP A 20 4

£ B AR 48A L7t 3 —a—}oq 2
9 SEFS wAse] 4T A% #FS S
7L NN A gl Y, 98P 59 v
2o ZofSo] YFEIG} HolAm, gETe] ulE

Fo] AR o3| Kalar Yo =znt olFated i
A3}k whAfo] 718l Eth(Lee 5, 20059). %12
Toll Blal ZpgAl Aol i 23 ATl
wjEALale] vkio] 7hAs AT x5S EEH Nt’xﬂ
o] 257} sHEsle] ke A=A,
=5 Eo] 4y Bo] JAE oFsto UrE‘rtP Az}
(Mutwiwa 5, 2008)2}al HAsdTt. SEA|Th 71A)%

2=
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% - QA - BES - LS - F5A - RS - AT
Aol v AuA AR S Fohge] me 2wl vs) Al Hel el ol mevlel 35
NN AEsh AR F4 E9} ol et o 9} gl A0= Vehgr,
3% o AEsllol @ gloz Az

0]

v}Zg)7}( Cupra, ‘Coletti’) SJE2F7] AujA] .2
7] FES 8 Ui g =3 (©F=ge] 700w -
m? ol wj xpFTY AEsie] 10~20% AREE
AN Z5gA A GRAILE B8 1049 HIEE 3§
Asle] 24 oJF S AE 3% =] AFE
AN B35 st A5 st PPFD
© ZRGA| A7t TRl Bl 30%, Wi ==
& g) 7ol vl 20% A7 EAE Btk 2}
A AglFrellA FAlelTtek i 237 22T H
3] PPFDO] A7l B Kol xRgA|e] 2gE
7 o =kar, AgA Aol o8] 24 ] 2%
Fagpt o A4 JET F5 5 Hile T
A7t i 239 A7) A9 231 ool Al
82101 8g-m3g Hofuh 77t 0% 2A]e] Har
16.69 - m=3¢} 13.8g - m7HA] = P9, 25EA]| A
TollMe FAETet W 239 AR 243
Q1 1r]el 8.6g-mHECE &G WIS Hojal, &
F el Ha 121g - mIRA] Assle] A8 =
zo] t] Faaizleh. xpRgAl HelTtet Wiy 239 A
glrellA] gl HIs) o] 2°C, #HHo] 257}
5°C, 18]al Zo] &5} 3C AR vhoxle ad=
BT XgA] ATt Wi 23 Aejrolx] F4
g7l vl 2go] F FE EFeA fejHew 2
AR, BAF, B, dA7I= Frelide] 1A &
AT Aulgsgolo] HRAYE-S Fxjg] ol Hls) X534
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