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Abstract.

Seedlings of ‘Nokgwang’ and ‘Kwari’ green pepper were cultured in 32-cell plug trays in TK,

medium to find out optimal concentrations of phosphate. Seedling growth of both ‘Nokgwang’ and ‘Kwari’
cultivars was affected by phosphate strength. Applying P fertilizer to the plug system caused a marked
increase in plant height and leaf area at 1.0 phosphate strength. On the other hand, total dry weight
increased with increasing phosphate strength. Higher chlorophyll content was observed in ‘Nokgwang’ than
‘Kwari’ in all treatments. Phosphate strength greater than 0.5 gave similar chlorophyll content. Photosyn-
thetic rate was higher for plants fertilized with 1.0 strength for ‘Nokgwang’ and 0.5 strength for ‘Kwari’
than the other treatments. Higher concentrations of phosphate reduced photosynthesis in both cultivars. With
‘Nokgwang’ increasing concentration of phosphate up to 1.0 strength resulted in increase in stomatal con-

ductance and transpiration rate.
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Introduction

Plant growth is related to internal nutrient concentra-
tions. The identification of critical nutrient concentra-
tions, that is the minimum concentration required for
near-maximum growth or yield, has been the subject of
much study by plant nutritionists. Many nutrients are
multifunctional in plants, yet the determination of crit-
ical concentrations remains largely empirical with little
attempt to relate critical concentrations to specific func-
tions. Only a few studies have focused on the relation-
ship between photosynthetic rate and plant productivity
or growth (Zelitch,
exchange for whole plants have also been compared to

1982). Measurement of gas

measurements of plant height and the number of lateral
shoots using clones of Ficus benjamina (Ottosen et al.,
1989). Therefore, the objective of this study was to
examine the relationship between phosphate fertilizer
and photosynthetic rate and growth rate of green pepper
seedlings.

Materials and Methods

Field experiments were conducted at the Miryang
National University Horticulture Research field in
Miryang. In all experiments, seeds of ‘Nokgwang’ and
‘Kwari’ green peppers were sown in 32-cell plug trays
containing a peat-based TK, medium on 4 April, 1997.
Plants were grown in a glasshouse under natural con-
ditions. Phosphate was applied at 0, 0.5, 1.0, 1.5, and
2.0 strength of Yamajaki's solution for peppers. The
experimental design in the field trial was 2x4 factorial
in a randomized complete block with three replica-
tions. The factors included cultivars and phosphate con-
centrations.

For growth analysis, plants were excavated at 15 days
intervals during seedling growth after bedding. Fresh tis-
sue was rinsed in tap water and dried at 70°C in a forced-
air oven for 2 days. Individual plant shoot, leaf, and root
dry weight were measured.

The Minolta SPAD 502 meters was used to obtain
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chlorophyll content on the third leaf from the top of
plant. Net photosynthesis, stomatal conductance, and
transpiration rate were obtained using the portable pho-
tosynthesis system (Model 6400, LI-COR, Lincoln,
Nebraska, USA). Mean relative humidity, temperature,
and CO; concentration in leaf chamber during measure-
ments were 65+7%, 28+2°C, and 360+28 mg-L!,
respectively. Three plants per treatment were randomly
selected on 60 days after bedding. Data analysis for mean
comparisons was made using Duncan's multiple range
test at p=0.05 and 0.01.

Results and Discussion

Pepper seedling growth were affected by phosphate
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Fig. 1. Effect of phosphate strength in the nutrient solution
on plant height of green pepper (cv. ‘Nokgwang’ and
‘Kwari’) in plug system. Mean separation within treat-
ments by DMRT at 5% level.
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Fig 2. Effect of phosphate strength in the nutrient solution
on leaf area of green pepper (cv. ‘Nokgwang’ and ‘Kwari’)
in plug system. Mean separation within treatments by
DMRT at 5% level.
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Fig. 3. Effect of phosphate strength in the nutrient solution
on plant dry weight of green pepper (cv. ‘Nokgwang’ and
‘Kwari’) in plug system. Mean separation within treat-
ments by DMRT at 5% level.

strength in both ‘Nokgwang’ and ‘Kwari’ cultivars (Figs.
1, 2, 3). Applying P fertilizer to the plug system caused a
marked increase in plant height and leaf area of plants at
control (1.0 phosphate strength), but lower or higher con-
centrations decreased plant height and leaf area. On the
other hand, total dry weight increased with increasing
phosphate strength.

Because P efficiency ratio is equivalent to the recipro-
cal of P concentrations in plants, differences in P effi-
ciency ratio between germplasm corresponded to
differences in plants. Phosphate efficiency ratio declined
with increasing P concentration, which indicates decline
in the internal utilization of P to produce dry mass. The
term ‘nutrient efficiency’ has been used widely as a mea-
sure of the capacity of a plant to require and utilize nutri-
ents for production of crops. Identification of germplasm
or species with differing nutrient efficiencies generally
includes investigation of potential morphological, physi-
ological, and biological mechanisms involved. The
mechanisms have been well reviewed (Caradus, 1990).
However, it is often difficult to separate cause from effect
when evaluating potential mechanisms of efficient nutri-
ent uptake and utilization. Considering these factors, it is
suggested that the close relationship between root and
shoot activities may mean that differences in yield or
nutrient accumulation by plants, resulting from differ-
ences in metabolic activity.

Fig. 4 showed the effect of different phosphate strength
on chlorophyll content. Higher chlorophyll contents were
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Fig. 4. Effect of phosphate strength in the nutrient solution
on chlorophyll content (SPAD value) of green pepper (cv.
‘Nokgwang’ and ‘Kwari’) in plug system.

observed with ‘Nokgwang’ than ‘Kwari’ in all treat-
ments. Chlorophyll contents in P strength greater than
0.5 were similar, while chlorophyll content in O strength
decreased significanly.

Photosynthesis per unit leaf area increased to a maxi-
mum during leaf ontogeny, and thereafter it declined,
while photosynthesis expressed per chlorophyll content
was constant or declined over this period of time (Austin
et al., 1982; Treharne et al., 1968). In cocoa leaves the
same pattern of development of both photosynthesis per
leaf area and per chlorophyll content was reported
(Barker and Hardwick, 1973). Similar results were
obtained for photosynthesis during leaf development on
both dry matter and chlorophyll basis (Valanne et al.,
1981). From these results, we suggest that it is very
important to find out optimal conditions for large chlo-
rophyll number and size.

Net photosynthesis was higher for plants fertilized
with 1.0 strength P for ‘Nokgwang’ and between 0.5 and
1.5 strength P for ‘Kwari’. However, higher concentra-
tions reduced photosynthesis in all cultivars. Pepper seed-
lings of ‘Kwari’ obtained with 1.0 strength P showed
lower stomatal conductance and transpiration rate. With
‘Nokgwang’ increasing concentration of phosphate up to
1.0 strength resulted in increase in stomatal conductance
and transpiration rate.

Mineral nutrition affects the formation of the photo-
synthesis apparatus, determines the development of leaf
area and structure and the chemical composition of
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Fig. 5. Effect of phosphate strength in the nutrient solution
on photosynthetic rate, stomatal conductance, and transpi-
ration rate of green pepper (cv. ‘Nokgwang’ and ‘Kwari’)
in plug system.

leaves, especially that of the thylakoid membrane. It
affects conductances for CO; transfer and membrane per-
meability. Mineral elements are not only necessary com-
ponents for the synthesis of structural compounds of the
cells, but they also directly participate in individual pho-
tosynthesis reactions. The general ontogenetic pattern of
photosynthesis was found in different plant types (Hop-
kinson, 1964). The rate of CO, uptake is decreased by
phosphorus or other mineral deficiency (Dale, 1972). The
supply of inorganic phosphorus plays a key role in the
Calvin cycle and in the transport of metabolites and
assimilates. Phosphate deficiency results in accumula-
tion of assimilates (sucrose and starch) in the chloroplasts
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and depresses photosynthesis even under otherwise
favourable conditions. Considering all factors in photo-
synthesis, biochemical effects on photosynthesis and res-
piration result from the fact that the minerals either are
incorporated in enzymes and pigments, or participate
directly as activators in the process of photosynthesis.
Therefore, it is very important to find optimal concen-
trations of phosphate.
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