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Effects of the High Pressure Sodium Lamp Lighting on the Dynamics

of Growth and Dry Mass Partitioning in Sweet Pepper Plant

Kim Eun JeongT, Sang Hyun LeeT, and Jeong Hyun Lee"

Department of Horticulture, Chonnam National University, Gwangju 500-757, Korea

Abstract. The objective of this study was to describe and analyze the effect of high pressure sodium lamp
lighting (HPS) on dynamics of growth and dry matter partitioning, and light use efficiency of sweet pepper
crop grown over winter season. Young sweet pepper seedlings were planted at 3.75 plants per m’ on September
29, 2010 and treated with HPS for 16 hours from December 14, 2010 until March 18, 2011. The number
of leaves per plant were significantly increased with HPS, whereas the number of internodes and leaf area
were less affected. HPS reduced the plant height with higher number of fruits per stem compared to those
of without HPS lighting (CON). There were large differences in total dry mass production, stem and fruit
dry mass between HPS and CON and those with HPS increased by 67.8%, 28.5%, and 97.1% compared
to CON, respectively. Each organs of dry mass partitioning was calculated by leaf, stem or fruit growth
rate divided by total plant growth rate. Dynamics of dry mass partitioning to leaf and stem between HPC
and CON was measured in range of 45-47% at beginning of growth phase and drastically decreased after
starting fruit growth in both treatments. Dry matter partitioning to vegetative organs was 4% higher compared
to the plant grown under HPS lighting. Averaged dry matter partitioning to fruit with HPS, however, was
largely increased by 14.2% compared to CON. Dynamics of the plant growth were well described by expolinear
growth equation with three parameters of maximum relative growth rate, absolute growth rate and lost time
to reach linear phase. The maximum growth rate of leaf, stem and fruit with HPS was increased by 18.6%,
74.7%, and 143.5% compared to CON. There was a linear relationship between intercepted light integral
and vegetative organs (leaf and stem), fruit or total dry mass production. Light use efficiency (LUE, g-MJ")
of total dry mass was 4.90 g-MJ"' for HPS and 3.84 g-MJ"' for CON, LUE of vegetative organs was 1.56
g-MJ" for HPS and 1.61 g-MJ"' for CON and LUE of fruit dry mass was 3.34 g-MJ"' for HPS and 2.23
g-MJ" for CON. The difference in LUE of total dry mass between treatments, therefore, occurred mainly
from the different in LUE of fruit dry mass.

Additional key words: dry matter partitioning, expolinear, light use efficiency
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Fig. 1. The changes of global radiation (closed symbols) and
the daily temperature (open symbols) during the sweet pepper
growing from September 29, 2010 (the date of planting) to
April 8, 2011 (192 days after planting). Vertical bars indicate
the standard deviation of the sample means (n = 7).

Table 1. Comparison of plant height, the number of internodes, the number of leaves included leaves on side stems, and the
number of fruits of sweet pepper plant grown with (HPS) and without (CON) high pressure sodium lamps lighting.

Plant height No. of internodes No. of leaves Leaf area No. of fruits
Treatment 2
(cm) per stem per plant (m?) per plant
CON 189.9* 38 128 1.167 17
HPS 175.7 40 141 1.197 26
Significant NS NS * NS **

ZThe values are an average of five plants and measured at 191 days after planting.

NS,*

“"Non-significant or significant at p = 0.05 and 0.01, respectively.
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Table 2. Comparison of the dry weight of leaf, stem included
petiole, and fruit included flowers of sweet pepper plant
grown with (HPS) and without (CON) high pressure sodium
lamps lighting.

Dry weight (@)

Treatment

leaf stem fruit Total
CON 54.4* 75.9 200.6 330.9
HPS 62.4 97.5 395.3 555.2
Significant NS * b b

“The values are an average of five plants and measured at
191 days after planting.
“"Non-significant or significant at p = 0.05 and 0.01,
respectively.
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Fig. 2. Effects of the high pressure sodium lamps (HPS) lighting
on the fruit volume (A), fresh weight (B), and dry matter
content (C) of sweet pepper. Vertical bars indicate the standard
deviation of the sample means (n = 50).
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grown with (HPS) and without (CON) high pressure sodium
lamps lighting. Vertical bars indicate the standard deviation
of the sample means (n = 5).

and Monteith(1990)9] -+t Axte} A X35}
ool Ot A g
2% 9 B o ARF
1279 Fo]8-F -&(light use efficiency, LUE, g-MJ")<
Fig. 5o Uebilth. HPS A 2] kel th2 B 74 4337
ol B AL dFHel BAS welon, T £YY
FHAES] Z7H= HPS A23t7h gjztof uls) 28%
S7Fol At (Fig. SA). & AFolA= FAE7IHe At
2719 LUES #2729} 79| 2o]7} g9l Li(Fig SB).
shale] Aol Ug LUB: A2l77) vlzsol vla) 49.7%
= Y thFig. 50). ol FeMhHE9] oFo] Iz ¢
=2 H&E ElE 1, Lee and Cha(2009)9] u}iZz]7}
Baof wre B4 wgol kobHrks Aol g A}
SA1BHITk HPS He) o] Zuiako] o} gzl us)
sink strength7} 0.0, A2 ko] vls| Fat A=
A FAEe] o =% Ae® ALrH Hall(1977)&
B3p8 A2AZL 287 e ABARG £ SRTEL
ATt 31g.om, Clough et al.(1981)9] ¥.10] oa}H
S7h e Eo] & ATRFL Bt o9l
P 2ol e B BRARE FohkEol 4
wob Thzelztel 34 23S HANA0H, A2
sink strengthS o]FQich Jut £7)2
ol 7+ SlgiAk, Rel el ele] 4ol F7tel u
Sbge ATEE O FTHFS e

o g
=
oy
™
o
ol

4 2 2
<

O~ ﬂ-ﬂN
N
1o
)

N

o

IS
—
-
es]
rlr
U
™
N

fu lo lo o ool T
i
N i

Hie riu
flo
offt

Table 3. Estimated parameters of expolinear growth function for leaf dry mass (LDM), stem dry mass (SDM, including petiole),
fruit dry mass (including flower, FDM) and total dry mass (TDM) of sweet pepper grown with (HPS) and without (CON) high

pressure sodium lamps.

Parameters® Treatment LDM SDM FDM TDM

rm (g-g-d™) CON 0.401 + 3.924" 0.036 + 0.010 0.075 + 0.069 0.043 + 0.014
HPS 0.140 £ 0.214 0.023 £ 0.005 0.034 £ 0.011 0.029 £ 0.007

cm (g-m?2-d™) CON 1.038 + 0.043 1.799 + 0.166 5.245 + 0.577 8.525 + 0.836
HPS 1.231 £ 0.060 3.142 + 0.688 16.019 + 3.838 20.763 + 4.496

ty (d) CON -5.003 + 4.838 33.063 + 11.609 50.748 + 10.825 45378 + 11.061
HPS 2.162 + 5.877 83.245 + 26.461 100.713 £ 21.873 94.207 + 22.113

“rm, maximum relative growth rate; cm, maximum growth rate; t,, lost time to reach a linear phase.

YSE is standard errors of parameter.
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Fig. 4. Leaf (A), stem included petioles (B), fruits included flower buds (C), and total dry mass (D) of sweet pepper crop grown
with (HPS) and without (CON) high pressure sodium lamps lighting. Solid lines were fitted measurement data by expolinear
growth function. Vertical bars indicate the standard deviation of the sample means (n = 5).
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