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Effects of Supplemental Lighting on Growth and Yield of Sweet Pepper
(Capsicum annuum L.) in Hydroponic Culture under Low Levels of Natural
Light in Winter

Yong Bum Kim', Jong Hyang Bae’, and Me Hea Park"

'National Institute of Horticultural & Herbal Science, Rural Development Administration, Eumseong 369-873, Korea
*Division of Horticulture and Pet Animal-Plant Science, Wonkwang University, Iksan 570-749, Korea

Abstract. This study was conducted to examine the effect of supplemental lighting on the growth and yield
of hydroponically grown sweet pepper (Capsicum annuum L. cv. sprit) under low levels of natural light in
winter. The plants were treated with natural light only (control), 3-hour supplemental lighting before sunrise,
after sunrise and after sunset with high pressure sodium (HPS, 400W). As the result of these three treatments,
the supplemental lighting promoted photosynthesis in the low light intensity condition and particularly
photosynthesis was more active right after sun rise in the morning, 1.5-3.0 umolCOym™s™ comparing to
those of supplemental lighting after sunset, 0.5-1.5 umolCOym™s™. Transpiration rate and stomatal conductance
sharply increased with supplemental lighting after sunrise then they decreased again after turning the lights
off. Stomatal size was observed 32.2 um’ after supplemental lighting, whereas the size of the natural light
was almost closed at 7.7 um’. The average plant height of sweet papper cv. spirit was 185 c¢cm before sunrise,
188 cm after sunrise and 208 cm after sunset with supplemental lighting for 3hours while the control was
171 cm. With supplemental lighting a better number of fruit set per plant was measured 4.3 before and after
sunrise, 3.7 after sunset but 2.6 in the control. Interestingly, there were no significant differences in the sugar
content (°Brix) degree between treatment of supplemental lighting, whereas slight differences between seasons
were seen. The marketable fruit yield of sweet pepper (cv. spirit) was 116.0 kg-ha with supplemental lighting,
whereas the control (natural light only) was 75.8 kg-ha. Despite of spending electricity and depreciation cost,
the economic analysis showed net income with supplemental lighting after sunrise was 51% higher than control

treatment in cv. spirit.
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Fig. 1. Changes of solar radiation in a glasshouse measured
in a sunny day and cloudy day in winter.
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Fig. 2. Distribution of illumination intensity of sweet pepper at
different leaf position under the lighting condition 8:30-9:30
in the moming in winter (T: Top, MI: Middle inside, MO: Middle
outside, Bl: Bottom inside, BO: Bottom outside).
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Fig. 3. Relationship between gross photosynthetic rate and
photosynthetically active radiation (PAR) as affected by
supplemental lighting in the sweet pepper plants using
hydroponic system under the Iow intensity day in the glass
house (Measured on 6.25 cm® PLC).
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Fig. 4. Changes of photosynthetic rate (Pnt) and photosynthetically
active radiation (PAR) in the sweet pepper plants grown under
the supplemental lighting before the sun rise in the morning
(A), after sun set (B) in the glass house.
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conductance (B) of the sweet pepper grown in the glass house
after 3-hour supplemental lighting between 05:00 to 08:00.
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Table 1. Comparisons of stomatal size of the sweet pepper grown under supplemental lighting and natural light only.

Stomatal pore

Treatment Measured time - - No of stomatal®
Width (um) Length (um) Girth (um)
07:10 343 £ 0.64 153 £ 1.99 341 +£53 11.3a"
08:20 3.79 + 0.66 141 = 217 33.8 £ 7.1 14.1b
Supplemental lighting
09:40 3.62 £ 0.69 13.8 £ 1.98 327 £ 57 14.9b
11:00 4.00 £ 1.0 15.0 = 2.30 328 + 6.8 14.3b
07:10 232 £ 0.87 121 + 1.84 268 £ 53 12.2a
. 08:20 3.02 £ 0.96 13.8 + 2.24 327 £ 6.3 11.9a
Natural light only
09:40 3.19 £ 0.96 134 £ 1.9 208 £ 54 11.8a
11:00 254 + 0.77 13.7 £ 2.24 301 £ 71 14.2b

*Measurement area: 60,000 pm?

YMean separation within columns by Duncan’s multiple range test at p = 0.05.
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Table 2. Specific guard cell size of sweet pepper leaves grown under supplemental lighting and natural light only.

Ti Width (um) Length (um) Girth (um) Area® (um?)
ime
Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min.
A 305 283 264 355 340 307 127 118 107 881 759 637
o B 311 282 241 358 327 323 126 117 100 889 746 562
Supplemental lighting
C 333 292 267 422 340 286 139 119 112 1023 754 650
D 311 296 274 36.8 338 293 130 120 107 864 772 629
A 270 258 235 308 296 269 106 101 88 612 582 569
) B 297 276 254 377 335 310 131 117 108 880 739 626
Natural light only
C 296 281 265 357 320 282 119 111 104 741 691 572
D 307 275 241 364 328 287 123 115 100 793 691 533

“Measurement area: 60,000 um?.

YMeasurement time: A, 07:10; B, 08:20; C, 09:30; D, 11:00 a.m.

Table 3. Leaf chlorophyll fluorescence of sweet pepper plants grown under supplemental lighting and natural light only from 10:40

a.m. till 13:50 p.m.

Parameters Fo® Fm’ Fv/Fm* Fmo" Ft'
Supplemental lighting 546 + 25.8 2,741 £ 41.3 0.800 £ 0.008 2,548 + 38.6 0.199
Natural light only 543 + 31.6 2,491 £ 98.7 0.781 £ 0.007 2,295 + 75.3 0.189

“Fo: Ground state value (increase at low intensity or heat stresses on plants).

YFm: Maximum fluorescence (decrease under stress condition).

*Fv/Fm = (Fm-Fo)/Fm: potential of photosynthesis.
Fv (maximum variable fluorescence) = Fm - Fo.
“Fmo (Fm/Fo): Index of stresses on plants.

'Ft: fluorescence intensity at the steady-state T level.

Kor. J. Hort. Sci, Technol, 29(4), August 2011



Table 4. Plant height, number of leaves, stem diameter and number of fruits per plant in sweet pepper grown under supplemental

lighting and natural light only.

Year Treatment Plant height (cm) No. of leaves Stem diameter (mm) No. of fruits (ea/plant)
T1* 152ab’ 29.6a 17.0a 4.5a
1st year T2 137bc 29.2a 18.1a 4.6a
(16. Mar.) T3 167a 29.6a 17.4a 3.5b
T4 131c 27.5a 17.1a 3.2b
T1 218ab 37.9a 16.9a 4.2a
2nd year T2 239ab 40.0a 16.6a 4.0a
(11. Mar.) T3 249a 39.0a 17.6a 3.9a
T4 211b 36.5a 17.1a 2.0b

*T1: 3-hour lighting before sun rise (05:00-08:00), T2: 3-hour lighting after sun rise (08:00-11:00), T3: 3-hour lighting after sun

set (17:00-20:00), T4: Natural light only.

YMean separation within columns by Duncan's multiple range test at p = 0.05.

Table 5. Fruit weight, sugar content of sweet pepper grown under supplemental lighting and natural light only.

Fruit weight (g/fruit)

Sugar content (°Brix)

Investigation years  Treatment

Nov.-Dec. Jan.-Feb. Mar.-Apr. Mean Nov.-Dec. Jan.-Feb. Mar.-Apr. Mean

T1* 183.3 209.9 196.3 196.5a" 8.8 8.0 8.2 8.3a

1st year T2 197.5 207.3 219.8 208.2a 7.1 7.9 7.6 7.5a
(16. Mar.) T3 168.5 223.5 212.3 201.4a 7.3 8.7 8.5 8.2a
T4 208.5 201.4 212.7 207.6a 7.7 8.1 8.1 8.0a

T1 2134 193.6 189.0 198.7a 75 7.7 8.0 7.8a

2nd year T2 218.1 185.2 183.2 195.5a 7.6 7.6 7.7 7.6a
(11. Mar.) T3 203.8 195.9 191.8 197.2a 8.0 7.7 7.9 7.9a
T4 211.8 197.9 179.6 196.4a 75 7.8 8.6 8.0a

*T1: 3-hour lighting before sun rise (05:00-08:00), T2: 3-hour lighting after sun rise (08:00-11:00), T3: 3-hour lighting after sun

set (17:00-20:00), T4: Natural light only.

YMean separation within columns by Duncan's multiple range test at p = 0.05.

A B

1 O_Ltm

Fig. 6. Stomatal pore opening in sweet pepper leaves at 7:10
a.m. under the supplemental lighting (A) and natural light only
(B) in the glass house (Images were captured using a Nikon
eclips E-600 attached to a compound microscope 400x).
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Table 6. Grade level of sweet pepper fruits grown under supplemental lighting and natural light only.

Cultivars Treatment Commercial grade level Corr;irgﬁjrmal Total yield R?tio
below 130 g 130-160 g 160-180 g above 180 g Non-marketable fruits (kg) (kg) (%)
12 8.0 132 115 30.2a 0.3 62.8 63.1 164
) 113 16.0 135 19.9b 0.4 60.7 61.1 158
Spirit 3 7.6 75 7.8 18.2b 0.5 41.1 415 107
T4 5.6 6.8 6.1 19.9b 0.7 38.4 39.1 100

mean 8.1 10.9 9.7 22.0 0.4 50.8 51.2

*T1: 3-hour lighting before sun rise (05:00-08:00), T2: 3-hour lighting after sun rise (08:00-11:00), T3: 3-hour lighting after sun

set (17:00-20:00), T4: Natural light only.

YMean separation within columns by Duncan's multiple range test at p = 0.05.

Yield unit: kg/21 plants.

Table 7. The potential impact on commercial yield and net income by supplemental lighting cultivation in sweet pepper cv. Spirit.

Treatment COMMercial Yield Gross income Management cost (1,000 won/10 a) Net income  Income ratio
kg-10a™ (%) (1,000 won/10 a) Requirements  Electrical Total (10 a) (%)

T1? 10,073(133) 35,799 18,702 1,864 20,566 15,233 113

T2 11,605(153) 41,244 19,013 1,864 20,877 20,367 151

T3 8,164(108) 29,015 19,719 1,864 20,584 8,431 62

T4 7,578(100) 26,932 16,207 935 17,142 13,529 100

*T1: 3-hour lighting before sun rise (05:00-08:00), T2: 3-hour lighting after sun rise (08:00-11:00), T3: 3-hour lighting after sun

set (17:00-20:00), T4: Natural light only.

Facility cost for supplemental lighting: 8,500,000 won/10 a = facilities for electric power supply 4,000 chonwon/30 kw + installing

lights 4,500 1,000 won (HPS lamp: 80,000 won/1 set).

Facility cost for internal electric power: kw/per 100,000 won.

Capacity of electric power: 40 kw/10 a.

Consumed eletric cost/month (for agricultural): 929,400 won = 4 month x 232,350 won = (Basic 100 kw x 1,060 won) + (using

for monthly 3,500 kw x 36.1 won).
Consumed electric power/month: 3,600 kw.
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