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the main active constituents of Capsicum annuum [3]. Because
of its high value and demand, researchers are continuously
finding ways to improve the yield and quality of C. annuum; and
hydroponics presents an interesting opportunity to efficiently
control and manipulate environmental factors, including
nutrients for improving crop production [4].
Nitrogen is a major plant nutrient, and it is needed in metabolic
processes, vegetative growth, and plant productivity [5].
Nitrogen fertilizers enhance chlorophyll synthesis in plants,
which causes an increase in carbohydrate synthesis [6].
Nitrogen supply improves the growth performance of the plant,
including pepper [7, 8]. On the other hand, inadequate nitrogen
could result in stunted growth, the spindly appearance of plants,
reduced growth of leaves, chlorosis, premature senescence of
older leaves, and restricted root growth and branching, among
others [9]. While nitrogen fertilization favors plant growth and
health, excessive supply of nitrogen can also be detrimental and
even toxic to plants [10]. High nitrogen availability can induce
physiological susceptibility to pest attacks [11, 12]. For
example, supplying nitrogen at higher rates increased Bemisia
tabaci nymphs' infestations, Empoasca decipiens and Thrips
tabaci on tomato crop, Lycopersicon esculentum L. [13].
Because in hydroponic cultivation, nutrient elements are
delivered straight to the roots of plants [14], the risk of
excessive supply of nutrients to plant is high. Furthermore,
since each plant cultivar and species have specific nutrient
requirements, it is necessary to determine the optimum nutrient
concentration of each nutrient element in hydroponics. Hence,
this study was carried out to assess the effects of nitrogen on the
growth, flowering, and aphid infestations levels of C. annuum.

Abstract—An experiment was conducted to investigate the effects
of nitrogen (N) concentration on growth and yield of sweet chili
(Capsicum annuum), cultivar California wonder, over four weeks with
to determine the best N concentration for growing this chili cultivar
hydroponically. We assessed plant growth and aphid (Myzus
persicae [Homoptera]) infestation levels after treating plants with
different nitrogen concentrations: 65 ppm N, 130 ppm N, 260 ppm N,
and 520 ppm N. The results indicated that varying N fertilization had
varied effects on plant growth depending on the parameter that was
assessed. The plants that were exposed to higher N treatments were
significantly shorter compared to the lower treatments. At the range of
N concentrations tested, no significant effect was observed on leaf
number, root fresh weight, and dry weight of the plant’s aerial part.
Generally, the number of flowers produced by C. annuum reduced
significantly with increased N treatment. Leaf green color intensity
(greenness) varied from pale green in 65 ppm N to dark green in 260
ppm N treatments. Symptoms of nitrogen toxicity – leaf burning
(brown and yellow patches on the leaves) were observed among plants
exposed to the highest N (520 ppm N) treatment. Interestingly, insect
infestation levels varied according to the leaf greenness. Fewer and no
insects were found on plants exposed to the highest N treatment
(which had brown and yellow leaf patches) and the lowest N treatment
(pale green leaves), respectively, compared to the treatment (260 ppm
N) that had plants with dark green leaves and the highest aphid
infestation level. In conclusion, this study suggests that 65 ppm N is
the best concentration for cultivating the chili cultivar California
Wonder hydroponically.
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I. INTRODUCTION
Chilli pepper (Capsicum annuum) is a widely cultivated
vegetable species that has been used since time immemorial for
human health benefits and food flavouring [1]. Depending on
the location, Capsicum annuum can grow as a shrub, an annual
or a perennial herb. Chilli pepper is a good source of vitamins
A, C, E, B1 and B2, potassium, phosphorus, and calcium.
Moreover, it is one of the most valuable medicinal plants in
pharmaceutical industries because of its high amount of
antioxidants [2]. Numerous secondary metabolites such as
capsaicin, capsicum, carotene, thiamine and ascorbic acid are

II. MATERIALS AND METHODS
A. Plant materials
Capsicum annuum (California wonder) seedlings were
obtained from a local retail nursery Starke Ayres nursery at
Rosebank, Western Cape, South Africa. The seedlings were
imbedded in 20 plastic pots containing a substrate mix of 2 parts
river sand, 2 parts coco coir and 1 part vermiculite. The pots
were placed in a temperature-controlled with the following
growing conditions: Temperatures (day; 17-22 °C and evening;
15-18 °C). A total of 20 seedlings were allocated to four
treatments, each with 5 replicates, the substrate was sterilised by
treating with Captab ® (4g/L) (Universal Crop Protection
(PTY) LTD, Kempton Park, South Africa), and rinsing with
sterile distilled water, before use.

Manuscript received August 10, 2020. This work was supported by Cape
Peninsula University of Technology, University Research Fund Grant no:
R166.
Usisipho Kamnqa, N.G.E.R. Etsassala, E. A. Akinpelu, and F. Nchu are in
the Department of Horticultural Sciences, Cape Peninsula University of
Technology, Bellville Campus, Symphony Way, PO Box 1906, Bellville, 7535,
South Africa.
https://doi.org/10.17758/EARES10.EAP1120119

255

18th SOUTH AFRICA Int'l Conference on Agricultural, Chemical, Biological & Environmental Sciences (ACBES-20) Nov. 16-17, 2020 Johannesburg (SA)

B. Nutrient solutions
A stock solution of ammonium nitrate was prepared using 20 g
of NH4NO3 (Sigma-Aldrich, Johannesburg) in 250 mL of water.
The hydroponic nutrient solution was prepared using
Nutrifeed® 5g/5L of water. The ammonium nitrate stock
solution was used to adjust the final nitrogen concentrations to
65 ppm, 130 ppm N, 260 ppm N, and 520 ppm N, representing
four treatments, T1, T2, T3, and T4, respectively.

Weeks post-treatment
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1

T1
T2
T3
T4
T1
T2
T3
T4
T1
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T3
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T1
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T4

2

3

C. Experimental design
The experiment was conducted in a tunnel within the nursery
of the Department of Horticultural Sciences, Cape Peninsula
University of Technology, Bellville campus, Cape Town, South
Africa. To test the effect of increased nitrogen on plant growth
of C. annuum (cultivar, California wonder). The experimental
design was a complete randomized block design consisting of
four treatments, with each having five randomly-allocated
plants (replicates). A total of 20 plants (n = 20) potted in 12 cm
wide pots separately, were used in this study. Each pot was
filled with river sand (2 parts), coco coir (2 parts), and
vermiculite (1 part). The tunnel had residual green peach aphid
(Myzus persicae [Homoptera]) infestations, and the influence of
N treatment on aphid infestations was also assessed. All plants
were hand irrigated daily for five days, with a 100 mL solution
containing a mixture of Nutrifeed® at 5g/5L and ammonium
nitrate at final nitrogen concentrations of 65 ppm, 130 ppm N,
260 ppm N and 520 ppm N representing treatments T1, T2, T3
and T4 respectively. Plants in T1 received a solution of
Nutrifeed containing 65 ppm N, while the higher treatments
were supplemented with appropriate amounts of ammonium
nitrate solution. In order to determine whether the nitrogen
quantity received by plants influenced the growth of C. annuum,
the height (cm plant-1); the number of leaves of each plant was
measured once on Fridays over a period of four weeks
post-treatment. The total numbers of flowers were counted; the
length and width of the largest leaf in each plant were measured.
At the end of the experiment, harvested plants were weighed to
obtain fresh weight (g plant-1). The aphids (M. persicae) on
plants were enumerated, and leaf color was compared among N
treatments by visual observation. .

4

Means followed by the same lowercase letters in each column are not
significantly different (p > 0.05 following Tukey test) at weeks 1, 2, 3 or 4.

B. Height of plant
The differences in plant height were not significant at one, two
and three weeks post treatment following exposure to the
different N treatments (Table II). However, at week 4, plants in
the 520 ppm treatment had the shortest height of plants (28.3 ±
0.3 cm), which was statistically significant (df = 3.16; f = 6; p <
0.01) when compared with the other three treatments.
TABLE II: THE PLANT HEIGHT (MEAN ± SE CM PLANT-1) FOLLOWING
EXPOSURE OF PLANTS TO FOUR N TREATMENTS AT WEEKS ONE TO
FOUR POST TREATMENT
Numbers of weeks
Treatments
Numbers of leaves (Mean ±SE
plant -1
1
T1
16.1 ± 1.1 a
T2
13.9 ± 0.8 a
T3
14.4 ± 1.1 a
T4
15.7 ± 0.5 a
2
T1
18.7 ± 0.8 a
T2
16.6 ± 0.8 a
T3
18.5 ± 1.1 a
T4
19.2 ± 0.5 a
3
T1
28.7 ± 0.5 a
T2
28.5 ± 1.0 a
T3
29.4 ± 2.1 a
T4
25.8 ± 0.7 a
4
T1
34.5 ± 0.9 a
T2
33.5 ± 0.9 a
T3
31.6 ± 1.6 ab
T4
28.3 ± 0.3 b
Means followed by the same lowercase letters in each column are not
significantly different (p > 0.05 following Tukey test) at weeks 1, 2, 3 or 4

D. Statistical analysis
Collected data were analysed using one-way analysis of
variance (ANOVA). Means were further separated using Tukey
test. The level of statistical significance was P < 0.05. The
analyses were performed using PAST.

C. Leaf length and width
Varying N concentrations had significant effects (df = 3, 16; p
< 0.01) on the leaf lengths (ranging from 13.0 ± 0.3 to 14 ± 0.7
cm) and leaf width (6.5 ± 0.2 – 8.8 ± 0.6 cm) of the largest
leaves (Table III). Specifically, T2 and T3 plants had the
longest and widest leaves.

III. RESULTS AND DISCUSSION
A. Number of leaves
Generally, plants in the highest treatment produced more
leaves. The varying N treatment had a significant effect (df = 3.
16; p < 0.05) on the number of leaves at weeks 2 and 3 post
treatment (Table I).

TABLE III: LEAF WIDTH AND LENGTH (MEAN ± SE CM PLANT-1) FOLLOWING
EXPOSURE OF PLANTS TO FOUR N TREATMENTS AT FOUR WEEKS POST
TREATMENT
Treatments
Leaf width (Mean ± SE Leaf length (Mean ±
cm plant -1
SE cm plant -1)
T1 (65 ppm N)
6.5 ± 0.2 b
13.0 ± 0.3 b
T2 (130 ppm N)
8.3 ± 0.3 a
16.1 ± 0.4 a

TABLE I: THE NUMBER OF LEAVES (MEAN ± SE PLANT-1)
FOLLOWING EXPOSURE OF PLANTS TO OF FOUR N TREATMENTS
(T1 [65 PPM N], T2 [130 PPM N], T3 [260 PPMN] AND T4 [520 PPMN]) AT
ONE TO FOUR WEEKS POST TREATMENT

https://doi.org/10.17758/EARES10.EAP1120119

Numbers of leaves (Mean
±SE plant -1
12 ± 0.55 a
12 ± 0.55 a
12.8 ± 0.37 a
11.8 ± 0.58 a
14.8 ± 1.0 b
16.6 ± 0.8 ab
19.4 ± 1.3 a
21.2 ± 1.2 a
30.8 ± 1.0 b
30.8 ± 1.3 b
36.6 ± 2.2 a
35.8 ± 1.4 a
35.8 ± 0.7 a
34.8 ± 1.5 a
38.8 ± 2.4 a
41.2 ± 1.4 a
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T3 (260 ppm N)
8.8 ± 0.6 a
18 ± 0.5 a
T4 (520 ppm N)
7.7 ± 0.2 ab
14 ± 0.7 b
Means followed by the same lowercase letters in each column are not
significantly different at p > 0.05 following Tukey test.

Means followed by the same lowercase letters in each column are not
significantly different at p > 0.05 following Tukey test.

F. Leaf colour
Leaf colour intensity varied from pale green in 65 ppm N to
dark green in 260 ppm N treatments. Symptoms of nitrogen
toxicity (browning and yellow patches on the leaves) were
observed among plants exposed to the highest (520 ppm N)
treatment (Fig. 1).

D. Fresh and dry weights of plant root and aerial parts
While root fresh weight reduced with increasing concentration
of N, the effect of N treatment on root weight was not
statistically significant (df = 3. 24; f = 2.1; p > 0.05) on fresh
root weight, with the plants in the lowest N treatment having the
heaviest roots plants, while plants exposed to the highest
concentration of N had the lowest root weight (Table IV). The
fresh weight of the aerial parts varied significantly (df = 3. 16; f
= 6.4; p < 0.05) among plants in the different treatments. The
dry weight of plant roots varied significantly among the four N
treatments (Table V). Roots from the lowest N treatment
weighed the least (2.9 ± 0.1 g plant-1) (Table V). Whereas, the
dry weights of the aerial part of the plants did not vary
significantly (df = 3. 24; 2.17; p > 0.05).
TABLE IV: FRESH WEIGHTS OF PLANT ROOTS AND AERIAL PARTS
(MEAN ± SE G PLANT-1) FOLLOWING EXPOSURE OF PLANTS TO
FOUR N TREATMENTS AT HARVEST (FOUR WEEKS POST
TREATMENT)
Treatments

Fig. 1 The different plant leaf colours at harvest, A= plant leaf from T1
(65 ppm), B= plant leaf from T2 (130 ppm), C= plant leaf from T3
(260 ppm), D= plant leaf from T4 (520 ppm).

Fresh weight of roots
(Mean ± SE g plant-1)

Fresh weight of aerial
parts (Mean ± SE g
plant-1)
T1 (65 ppm N)
11.4 ± 1.6 a
39.5 ± 2.6 a
T2 (130 ppm N)
10.6 ± 1.1 a
38.7 ± 4.0 a
T3 (260 ppm N)
9.0 ± 1.9 a
25.5 ± 3.0 b
T4 (520 ppm N)
6.8 ± 0.7 a
43.2 ± 2.4 a
Means followed by the same lowercase letters in each column are not
significantly different at p > 0.05 following Tukey test.

G. Aphid infestation on plant
Aphid infestations were significantly (df =3. 16; f = 19.76; p <
0.01) influenced by nitrogen treatment (Table VII). No aphid
infestation was observed on plants in the lowest treatment with
the lowest N concentration (T1), while treatment T3 had the
highest aphid infestations (185.8 ± 37.23 plant-1) (Table VII).
On closer observation, the insect infestation levels varied
according to the leaf greenness; fewer and no insects were found
on plants exposed to the highest N treatment (which had yellow
leaf patches) and the lowest N treatment (pale green leaves),
respectively, compared to the treatment (260 ppm N) that had
plants with dark green leaves.

TABLE V: DRY WEIGHTS OF PLANT ROOTS AND AERIAL PARTS
(MEAN ± SE G PLANT-1) FOLLOWING EXPOSURE OF PLANTS TO
FOUR N TREATMENTS AT FOUR WEEKS POST TREATMENT
Treatments

Dry weight of root part
(Mean ± SE g plant-1)

Dry weight of aerial
part (Mean ± SE g
plant-1)
T1 (65 ppm N)
2.9 ± 0.1b
6.3 ± 0.8a
T2 (130 ppm N)
4.1 ± 0.1a
6.2 ± 0.6a
T3 (260 ppm N)
4.5 ± 0.3a
4.5 ± 0.4a
T4 (520 ppm N)
4.5 ± 0.3a
4.6 ± 0.6a
Means followed by the same lowercase letters in each column are not
significantly different (p > 0.05 following Tukey test) at weeks 1, 2, 3 or 4

TABLE VII: APHID INFESTATION NUMBERS (MEAN ± SE PLANT-1)
FOLLOWING EXPOSURE OF PLANTS TO FOUR N TREATMENTS AT
FOUR WEEKS POST TREATMENT

E. Number of flowers
Nitrogen treatment had a significant effect (df = 3. 16; p <
0.01) on plant flowering with plants in the lowest N treatment
producing the highest number of flowers (18 ± 0.4 plant -1)
(Table VI).

Treatment
Number of aphid (Mean ± SE plant-1 )
T1 (65 ppm N)
0.0 b
T2 (130 ppm N)
34 ± 10.1 b
T3 (260 ppm N)
185.8 ± 37.2 a
T4 (520 ppm N)
13.6 ± 3.6 b
Means followed by the same lowercase letters in each column are not
significantly different at p > 0.05 following Tukey test.

TABLE VI: THE NUMBER OF FLOWERS (MEAN ± SE PLANT-1)
FOLLOWING EXPOSURE OF PLANTS TO FOUR N TREATMENTS AT
FOUR WEEKS POST-TREATMENT
Treatment
T1 (65 ppm N)
T2 (130 ppm N)
T3 (260 ppm N)
T4 (520 ppm N)

Number of flower (Mean ± SE plant -1
)
18.0 ± 0.5 a
14.8 ±1.3 b
11.2 ± 0.6 b
11.8 ± 1.2 b

https://doi.org/10.17758/EARES10.EAP1120119

IV. DISCUSSION
The effects of varying N treatment on the different growth
parameters were mixed. Leaf number, fresh weight of roots
were not affected by N treatment, while fresh plant height, leaf
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width and length, fresh weight of aerial parts, and dry weights of
roots were influenced by varying N concentration. Based on the
results, it is possible that the starting concentration of 65 ppm N
is within the optimum N range for this cultivar of chili. While,
generally, N fertilization favors biomass and growth of plants,
plants' response to N addition varies among species and
environmental conditions [15, 16]. This reasoning is guided by
the fact that at 65 ppm N, the plants were generally healthy, and
interestingly, plants in 65 ppm N treatment had a higher root
fresh weight.
N treatment influenced the leaf greenness, ranging from pale
green at 65 ppm N to dark green at 260 ppm N. At 520 ppm,
plants showed symptoms of nitrogen toxicity, the leaf had
brown and yellow patches. Increasing N fertilization increases
chlorophyll accumulation and greenness of leaves [17, 18].
However, excessive N can cause the burning of leaves and
changes in the uptake of other important nutrients. Interestingly,
the insect infestation levels varied according to the leaf
greenness; fewer and no insects were found on plants exposed to
the highest N treatment (which had yellow leaf patches) and the
lowest N treatment (pale green leaves), respectively, compared
to the treatment (260 ppm N) that had plants with dark green
leaves. This finding is in contrast to that of Schaefer and
Rolshausen (2007) [19], who found a strong positive correlation
between aphid numbers and fruit production and concluded that
leaf color as the visual signal might not be the important
determinant in aphid infestation [19].
Many studies have shown that nitrogen application alters plant
primary and secondary metabolites contents and consequently
plant resistance against insectivorous insects [10, 20, 21]. For
example, a high level of nitrogen causes tomato plants to release
less volatiles and increase the attraction of more Bemisia tabaci
[21]. Aphid size, fecundity, and density positively correlated
with N fertilization [22]. Changes to primary metabolism,
including increased synthesis of carbohydrates, may make more
nutrients available to insects. Also, reducing secondary
metabolites, including anti-oxidant, may make plants to be more
vulnerable to herbivory. Future studies should look at
metabolomics
and
probe
the
relationship
nitrogen-plant-metabolites-herbivory for a more comprehensive
understanding of plant physiological responses to variations in
N level.
This current study also revealed that flowering in sweet chili
was significantly higher in plants exposed to the lowest N
concentration. These results are in agreement with the findings
of Khaosumain et al 2013 [23], which showed that the higher N
rates (320 and 640 g N/tree) resulted in a reduced flowering
percentage in Logan trees [23].
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