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Abstract
The influence of Tryptophan on the growth, yield and quality of chilli with and without fertilizer
was studied at AMK Research Farm Mardan, during 2019. The experiment was laid out in RCBD
with a split plot arrangement having three replications. Factor-A consisted of two treatments i.e.,
fertilizers applied (100 kg N, 60 kg P2O5 and 25 kg K2O ha-1) and without fertilizer was assigned
into main plots whereas, Factor-B was Tryptophan levels (0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 mg L-1)
which was allotted to sub-plots. It was revealed from the study that those plants which were treated
with the application of NPK fertilizer; produced taller plants (80.88 cm), more branches plant-1
(7.44), stem diameter (1.67 cm), leaf area (51.88 cm2), early flowering (37.08 days), early fruit
harvesting (58.88 days), maximum fruits plant-1 (293.06), least fruit drop (53.61 %), fruit weight
(3.58 g), fruit yield (5.86 tons ha-1), total soluble solids (5.39 °Brix) and ascorbic acid contents
(110.78 mg 100g-1). Tryptophan at 1.5 mg L-1 gave taller plants (85.87 cm), maximum branches
plant-1 (8.85), stem diameter (1.70 cm), leaf area (57.71 cm2), earlier flowering (39.54 days), early
fruit harvesting (57.16 days), more fruits plant-1 (318.17), least fruit drop (38.80 %), maximum
fruit weight (4.13 g), fruit yield (7.25 tons ha-1), total soluble solids (5.60 °Brix) and ascorbic acid
contents (115.33 mg 100g-1) of chilli. It was concluded that Tryptophan along with NPK fertilizer
application produced better plant growth, fruit yield and quality of chilli, under the climatic
conditions of Mardan.
Keywords: Chilli growth; NPK fertilizer; Tryptophan; Yield
Solanaceae family and it is has been
Introduction
Chilli belongs to the genus Capsicum, specie
cultivated in tropical and subtropical
annuum. It is one of the members of
climates. South and Central America are

Published by Bolan Society for Pure and Applied Biology

1287

Rahman et al.

considered as its origin [1]. After tomato and
potato, it is the 3rd most important crop in the
genus Capsicum [2]. Chilli grows well in a
different part of Pakistan where the danger of
frost is minimum [3]. The optimum required
temperature for chilli production is 20-250C
[4]. Chilli can be consumed as a salad and
dried condiments. In Pakistan there are two
species of chilli that grow commercially i.e.,
Capsicum annum and Capsicum frutescens
[5]. Chillies are grown as vegetable and
condiments [6]. In developed countries, chilli
is used as an insecticide [7].
Chillies have high nutritional value, and
source of vitamin A, C, E and B complex
along with minerals like P, Mo and Mn. Chilli
is one of the most special vegetable that
having seven times more vitamin C than
orange [8, 9]. From an area of about 212
million ha, the total world production of
capsicum was about 36.46 million metric
tonnes. The major producing country of chilli
is china that contributing 36% of the world's
cultivated area with a production of 12.53
million tonnes. India contributes an average
yearly production of 0.9 million tonnes from
1.85-million-hectare area with a production
of 1.8 tones ha-1 [10]. However total
production of chillies in Pakistan from an
area of 65,275 hectares was 148,114 tonnes,
out of which Khyber Pakhtunkhwa
contributed 319 ha area with the production
of 360 tones [11].
Chilli has the potential to grow on different
soils; however, the suitable soil that is
considered best for its production is sandy to
loam soils. The pH of the soil ranges from
5.0-6.0 but can be cultivated on soil pH
ranges from 5.0-6.8 for chillies production
[12]. In general, fruit and flower drop are one

of the serious problems of chilli due to which
their yield is decreasing that is because of
physiological and hormonal imbalances in
the plant, apart from this, the main cause is an
unfavourable condition such as extreme
temperature [13].
Tryptophan (TRP) is termed as the precursor
of the phytohormone, and is used by the
living bacteria for the purpose of indole
acetic acid production [14]. Tryptophan had
more influence on the growth and yield
attributes rather than pure auxins [15].
Tryptophan was compared with pure Auxin,
they found a significant effect on the growth
of radish at a low concentration at the
seedling stage [16]. Auxin is a key plant
hormone, helps in root induction, also helps
in cell division, cell enlargement, apical
dominance, vascular tissue differentiation,
flowering, abscission of leaves and fruits,
senescence of leaf and also has a key role in
fruit setting [17].
Application of Nitrogen (N) to chillies helps
in increasing plant growth characters like
nutrient content, colour of leaves as well as
yield [18]. The yield was also improved with
the increased rate of nitrogen application, but
the excess application of nitrogen encouraged
vegetative growth, as result the yield gets
decreases [19]. Phosphorous (P) helps in
plant growth and development. Phosphorous
involves the plant functions like energy
transformation, photosynthesis, starches and
sugars transferring and the nutrients
translocation within the plant, hence proper
phosphorous application is required for better
plant growth and yield [20]. Potassium (K) is
important for plant metabolism like water
relation translocation, photosynthesis and
also activation of the enzyme. Although, K is
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not a component of any plant structures, but
it plays a key role in essential regulatory
processes of the plant such as plant stomata
regulation and water use, regulation of
enzyme
activities,
processes
of
Osmoregulation, translocation of sugars,
carbohydrates formation, plant energy status,
synthesis of protein and all other essential
processes that help plants for better growth
and reproduction [21].
In view of the above importance of
Tryptophan and fertilizers (NPK), the
objectives of the study were to find the
optimum dose of Tryptophan for chilli crop
and to study the influence of combined
treatment of Tryptophan and fertilizer (NPK)
on the performance of chilli crop in District
Mardan climate.
Materials and Methods
A trial on “Influence of Tryptophan on the
growth, yield and quality of chilli (Capsicum
annum L.) with and without fertilizers” was
conducted in Research Farm Palatoo at AMK
sub-campus Mardan, during April 2019
which lies at 34°20' N Latitude and 72°02' E
Longitude.
The experimental plots were properly
prepared. After levelling of experimental
plots, 30 cm raised ridges were prepared and

chilli plants were planted at 60 and 30 cm row
to row and plant to plant spacing
respectively. The experimental field was
irrigated just after transplantation of chilli
seedlings and further irrigations were
practiced when needed. Most of the cultural
practices like hoeing and weeding on regular
bases were practiced uniformly in all plots.
Experimental design
Two factors Randomized Complete Block
Design was used with split plot arrangement.
Each treatment was replicated three times.
The field was distributed into three blocks
(for three replications) and each replication
had two main plots and 12 sub-plots, as a
result, the total number of was 36 and each
plot size was 1.8 m2. There were 2 rows in
each plot and each row had 4 plants.
NPK
Fertilizer
and
Tryptophan
Application
A recommended dose of fertilizer i.e., N 100
kg ha-1, P 60 kg ha-1 and K 25 kg ha-1 was
used before transplantation [22]. However,
nitrogenous fertilizer was applied in split
doses, first dose at the time of field
preparation, and the second dose after 25
days of seedlings transplanting. Tryptophan
was applied as foliar application 20 days
before the flowering stage (Table 1).

Table 1. Shows detail of treatments
Factor A:
Fertilizer NPK (Main-plot)
With fertilizer at 100, 60 & 25 kg ha-1 respectively

Without fertilizer
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Factor B:
Tryptophan Levels mg L-1 (Sub-plot)
Control
0.5
1.0
1.5
2.0
2.5

Rahman et al.

Studied parameters
The following attributes were studied:
1. Plant height (cm)
2. Number of branches plant-1
3. Stem diameter (cm)
4. Leaf area (cm2)
5. Days to first flowering
6. Days to harvesting
7. Fruits plant-1
8. Fruit drop percentage (%age)
9. Fruit length (cm)
10. Fruit weight (g)
11. Fruit yield (tons ha-1)
12. Total soluble solids (°Brix)
13. Ascorbic acid (mg 100g-1)
Statistical analysis
During the research work, the data were
observed on different parameters that were
analyzed by using Analysis of Variance
technique for the purpose of difference
between treatments and their contact. Where
the differences were found significant then
the means was compared by using LSD test.
Statistics computer software 8.1 was applied
for computing both, LSD and ANOVA [23].
Results and Discussion
Plant height (cm)
Mean data regarding the height of chilli plant
as affected by Tryptophan with and without
the application of NPK fertilizer are shown in
(Table 2). Analysis of variance illustrated
that plant height was considerably affected
by Tryptophan with and without NPK
fertilizer, and also by their interaction. Plant
height as influenced by Tryptophan
application, gave taller plants (85.87 cm)
which was recorded in Tryptophan foliar
spray at 1.5 mg L-1, whereas less taller plants
(71.61 cm) were recorded in 0 mg L-1. As
concerned with NPK fertilizer application,
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taller plants (81.60 cm) was recorded in NPK
fertilizer applied plots, while minimum plant
height (77.04 cm) was found without
fertilizer plots. Plant height is a key
morphological parameter [24]. Besides some
amino acids, Tryptophan had an influence on
gene expression for the production of
essential macro nutrients that are specifically
needed for permanent cell elongation [25].
The functions of amino acids in plants i.e.,
Tryptophan which is considering as a
precursor of indole acetic acid and therefore
IAA is promoted and encourage stimulation
of cell division and cell elongation, as a
result, plant height was enhanced as stated by
[26]. The present findings are with the
agreement of [27] that the foliar spray of
Tryptophan helps in increasing plant height.
Furthermore, [28] stated that an increment in
the growth of the plant by the use of
Tryptophan may be due to its conversion into
IAA. The sufficient supply of the
macronutrient i.e., NPK play a regulating role
in plant morphological and physiological
processes. Similar results were also reported
by [29].
Number of branches plant-1
Mean values of branches plant-1 as affected
by Tryptophan with and without the
application of NPK fertilizer in chilli crop are
shown in (Table 2). ANOVA revealed that
branches plant-1 was highly affected by
Tryptophan with and without NPK fertilizer,
whereas their interaction was non-significant.
Mean (Table 2) showed that the plants treated
with Tryptophan at 1.5 mg L-1 had produced
more branches plant-1 (8.85), while minimum
branches plant-1 (5.82) was observed in 0 mg
L-1. As concerned with fertilizer, more
branches plant-1 (7.44) was found in plots
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having NPK fertilizer, while minimum
branches plant-1 (7.12) was noticed in plots
without NPK fertilizer. Branching of plants
may play a good role in the growth and yield
component of the crops. [27] found that
Tryptophan
application
significantly
improved plant growth i.e., branches of the
plant. Tryptophan application can affect the
growth and yield [30]. Improvement in the
growth phases of the plant may be due to the
conversion of Tryptophan into indole acetic
acid [28]. The results showed that
Tryptophan at 1.5 mg L-1 had significantly

influenced over control at the percentage of
52.17 %. Distance between internodes,
number of leaves, and branches plant-1 were
considerably influenced by the treatment of
Tryptophan over control treatment in the okra
plant [31]. As concerned with NPK fertilizer,
that helps in vegetative, reproductive and
quality characters of the plant showed
significant influence in terms of plant
branching. The same results was cited by [32]
that NPK fertilizer with a combination of biocompost had significantly increased primary
and secondary branches.

Table 2. Plant height (cm), Number of branches plant-1 and Stem diameter (cm) of chilli as
influenced by Tryptophan with and without the application of NPK fertilizer
Fertilizer (NPK)
Plant height (cm)
Branches plant-1
Stem diameter (cm)
With Fertilizer
81.60 a
7.44 a
1.67 a
Without Fertilizer
77.04 b
7.12 b
1.52 b
2.80
0.21
0.14
LSD (0.05)
-1
Tryptophan (mg L )
Control
71.61 d
5.82 e
1.46 c
0.5
78.50 c
6.87 d
1.60 b
1.0
79.98 bc
7.22 c
1.59 b
1.5
85.87 a
8.85 a
1.70 a
2.0
81.50 b
7.54 b
1.64 ab
2.5
78.47 c
7.38 b
1.58 b
2.15
0.15
0.06
LSD (0.05)
Interaction
Fert*Trp
3.04
NS
NS
The mean values with different alphabets are significantly variant at 5% probability level.

non-significant. Mean (Table 2) presented
that plants treated with Tryptophan
application at 1.5 mg L-1 gave maximum
stem diameter (1.70 cm) followed by
Tryptophan at 2.0 mg L-1 which had
produced (1.64 cm) stem diameter, while
minimum stem diameter (1.46 cm) was
observed in 0 mg L-1. As concerned with

Stem diameter (cm)
Mean data for stem diameter (cm) of chilli as
affected by Tryptophan with and without the
application of NPK fertilizer are presented in
(Table 2). Analysis of variance indicated that
stem diameter was considerably influenced
by Tryptophan with and without NPK
fertilizer, whereas their interaction was found
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NPK fertilizer application, maximum stem
diameter (1.67 cm) was found in plots having
NPK fertilizer, while least stem diameter
(1.52 cm) was noted in plots without NPK
fertilizer. Stem diameter is an essential
morphological parameter [24]. There was
16.26 % increase in stem diameter at 1.5 mg
L-1 of Tryptophan foliar application was
recorded as compared to the control
treatment. [33] reported that improvement in
stem diameter of okra was observed with the
use of plant growth regulators. PGRs or even
their precursors i.e., Tryptophan which is the
physiological precursor of Auxin play a
crucial role in cell division and cell
elongation in the specific cambium or other
plant tissues, or encouragement of growth
developmental phases in the meristematic
tissues [24]. The results are in support with
the findings of [34] that application of NPK
fertilizer to Chilli pepper gave maximum
stem diameter, while least in control.
Leaf area (cm2)
Mean data for leaf area (cm2) of chilli as
affected by Tryptophan with and without the
application of NPK fertilizer are revealed in
(Table 3). Analysis of variance disclosed that
leaf area was highly influenced by
Tryptophan with and without the use of NPK
fertilizer, and also by their interaction. Mean
(Table 3) showed that leaf area as affected by
foliar application of Tryptophan, the highest
leaf area (57.71 cm2) was recorded in
Tryptophan foliar application at 1.5 mg L-1,
while the lowest leaf area (40.44 cm2) was
recorded in 0 mg L-1. As concerned with NPK
fertilizer, maximum leaf area (52.87 cm2)
was noted in NPK fertilizer applied plots,
while the lowest leaf area (45.90 cm2) was
found without NPK fertilizer plots. Leaf area

is one of the important trait that helps in
determining the final yield of the crops. [35]
reported that leaf area is an essential growth
parameter that specifically helps in
increasing both the growth and yield of the
plants. The results making similarities with
the findings of [36] who stated that leaf area
development has specifically influenced by
foliar application of Tryptophan and rates of
synthetic fertilizer i.e., Urea, DAP and TSP.
Tryptophan is the functional precursor of the
phytohormones that is used by bacteria for
the purpose of IAA production [14]. Auxin
helps in cell division, cell elongation and
induce rooting of plants [17]. Tryptophan has
a stimulatory influence on initiating
photosynthetic pathway that leads to the
formation of chlorophyll, resulted in
maximum leaf area [37]. Similar results were
found by [38] when Tryptophan was applied
to various crops. Furthermore [16] reported
that at the seedling stage of radish,
Tryptophan was found significantly positive
as compared with pure auxin.
Days to first flowering
The data regarding days to the first flowering
of chilli as influenced by Tryptophan with
and without the application of NPK fertilizer
are in (Table 3). ANOVA presented that the
days to earlier flowering was considerably
influenced by Tryptophan with and without
NPK fertilizers, whereas their interaction
effect was non-significant. (Table 3)
displayed the days to first flowering as
affected by foliar application of Tryptophan,
least days to earlier flowering (39.54) was
recorded in Tryptophan foliar application at
1.5 mg L-1 while maximum days to earlier
flowering (47.43) was noticed in control. As
concerned with NPK fertilizer application,
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least days to earlier flowering (37.08) were
noted in NPK fertilizer applied plots, while a
higher number of days to first flowering
(45.56) was recorded without NPK fertilizer
plots. Days to first flowering helps in
determining the duration of the crop to fruit
harvest. Induction of early flowering on
plants is a key sign of increasing plant
tendency to move over vegetative and
become on the stage of reproductive growth
with aging [39]. Foliar application of
Tryptophan also allowed plant for the
purpose of early flower induction. Plants
treated with Tryptophan foliar application
took minimum days to early flowering rather
than plants untreated with a foliar spray of
Tryptophan [40] further stated that

application of Tryptophan instead of pure
auxin guarantee the continues supply of
auxin to plants. The results are similar with
[41] that through the treatment of NPK
fertilizer which is the major essential plant
molecules, to plants considerably influenced
on days taken to early flower induction. The
maximum time taken to earlier flowering was
observed in control, while least in plants that
are treated with NPK fertilizer. He further
stated that with the deficiency of macro plant
nutrients i.e., NPK, there will be stunted plant
growth which leads to late flowering,
therefore the gradual improvement in NPK
fertilizer levels helped plants in the reduction
of days to early flowering. Similar findings
were reported by [42] in Chilli.

Table 3. Leaf area (cm2), Days to first flowering and Days to fruit harvesting of chilli as
influenced by Tryptophan with and without the application of NPK fertilizer
Fertilizer (NPK)
Leaf area (cm2)
Days to 1st flowering Days to harvesting
With Fertilizer
52.87 a
37.08 b
58.88 b
Without Fertilizer
44.90 b
45.56 a
63.05 a
2.47
8.41
3.53
LSD (0.05)
-1
Tryptophan (mg L )
Control
40.44 e
47.43 a
65.83 a
0.5
45.76 d
40.70 b
62.25 ab
1.0
51.15 b
40.20 b
61.58 b
1.5
57.71 a
39.54 b
57.16 c
2.0
51.42 b
39.95 b
58.58 bc
2.5
46.83 c
40.08 b
60.41 bc
0.91
3.73
3.76
LSD (0.05)
Interaction
Fert*Trp
1.29
NS
NS
The mean values with different alphabets are significantly variant at 5% probability level.

(Table 3). ANOVA showed that days to fruit
harvesting was considerably influenced by
Tryptophan with and without NPK fertilizer,
whereas their interaction effect was non-

Days to harvesting
Days to fruit harvesting of chilli as influenced
by Tryptophan with and without the
application of NPK fertilizer are presented in
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significant. Plants treated with Tryptophan at
1.5 mg L-1 had the earliest fruit harvest (57.16
days), while late fruit harvest (65.83 days)
was found in control followed by Tryptophan
at 0.5 mg L-1 which had (62.25 days) to fruit
harvesting. As concerned with NPK fertilizer
application, the least days to fruit harvesting
(58.88) was found in those plots having NPK
fertilizer, while more days to fruit harvesting
(63.05) was noted in plots without NPK
fertilizer. Foliar application of Tryptophan
empowering plants to flower early which
resulted in minimum days taken to fruit
harvesting which is the key sign of maturity
that when fruits ripe and attain their proper
size, then it should be harvested on the right
time. [40] further cited that minimum days
taken to early flowering and fruit harvesting
was experienced in plants that are sprayed
with Tryptophan, while more number of days
was noted in plots to which Tryptophan was
not added. These results are in agreement
with the findings of [43] regarding various
crops. The shortage of macronutrients i.e.,
NPK there was stunted and poor plant growth
resulted in prolonged time taken to fruit
setting. Early fruit maturity are helpful for
attaining early cucumber yield [44]. When
NPK were added to cucumber plants, resulted
in early fruit maturity, while maximum days
were noted in plants that are untreated with
NPK fertilizer [41].
Number of fruits plant-1
Number of fruits plant-1 of chilli as influenced
by various levels of Tryptophan with and
without the application of NPK fertilizer are
revealed in (Table 4). ANOVA indicated the
fruits plant-1 was considerably influenced by
Tryptophan with and without the application
of NPK fertilizer, while their interaction

effect was non-significant. (Table 4)
indicated that fruits plant-1 as affected by
different levels of Tryptophan, maximum
fruits plant-1 (318.17) was noted in
Tryptophan application at 1.5 mg L-1, while
least number of fruits plant-1 (272.67) was
noticed in 0 mg L-1. As regarded with NPK
fertilizer, higher number of fruits plant-1
(293.06) found in NPK fertilizer applied
plots, while least fruits plant-1 (290.89) had
observed in without NPK fertilizer plots.
Fruit plant-1 is a key for yield [24]. Those
plants of hot pepper that was treated with
Tryptophan induced maximum fruits plant-1
than those of untreated plants [45]. The yield
of tomato was also enhanced with the use of
Tryptophan [46]. These experimental results
are in confirmatory with the findings of [47]
on strawberry; and [48] on canola plant.
Foliar application of Tryptophan on chilli had
produced greater fresh fruit and maximum
fruits plant-1 [49]. Furthermore [41] revealed
that more number of fruits per plant was
observed in cucumber where NPK were used
while least in control, he further described
that balance amount of nutrients enhanced
growth of cucumber which resulted in
maximum fruits plant-1. These results are
strongly supported with the findings of [44]
who found more number of fruits plant-1 in
cucumber with the supply of NPK fertilizers.
Possible reason for increased number of
fruits is the presence of fertile flowers on
plants which ultimately resulted in increased
number of fruits plant-1. [50] declared the
correlation among fertile flowers and fruits
plant-1. Sowing of plants on the right time
helped plants like plant growth with
increased fruits plant-1, similar results were
also reported by [51] in squash.
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which is the profitable loss of the growers
[52]. Fruit drop is taking place in plants
because of abscission layer [53]. Abscission
layer becomes sensitive to C2H4 because of
downfall in the level of auxin [54]. Preharvest fruit drop takes place when there are
reduced level of auxin synthesis, proper
supply of auxin or even their precursor i.e.,
Tryptophan helped plant in increased level of
Auxin resulted in overcoming pre-harvest
fruit drop [55]. Tryptophan application either
foliar or soil applied both had significant
influenced on reduced rate of flower buds,
induced earlier flowering and also reduced
pre-harvest fruit drop [31]. Similar findings
were found by [54] that reduction in flower
drop facilitate least fruit drop.

Fruit drop (%)
Mean data about fruit drop percentage in
chilli as influenced by Tryptophan with and
without the application of NPK fertilizer are
shown in (Table 4). ANOVA exposed that
fruit drop was considerably affected by
Tryptophan with and without the use of NPK
fertilizer, and also by their interaction. (Table
4) presented that fruit drop as affected by
Tryptophan, minimum fruit drop (38.80) was
noted in Tryptophan foliar application at 1.5
mg L-1, while maximum fruit drop (66.09)
was recorded in 0 mg L-1. As concerned with
the application of NPK fertilizer least fruit
drop (53.61) was observed in NPK fertilizer
applied plots, while higher fruit drop (55.10)
was noticed in without NPK fertilizer plots.
Before fruit harvest, fruit drop takes place

Table 4. Number of fruits plant-1, Fruit drop (%) and Length of Fruit (cm) of chilli as
influenced by Tryptophan with and without the application of NPK fertilizer
Fertilizer (NPK)
Fruits number plant-1 Fruit drop (%age) Fruit Length (cm)
With Fertilizer
293.06 a
53.61 b
8.66 a
Without Fertilizer
290.89 b
55.10 a
8.00 b
1.24
1.34
0.27
LSD (0.05)
-1
Tryptophan (mg L )
Control
272.67 f
66.09 a
6.58 e
0.5
278.17 e
60.96 b
7.77 d
1.0
285.50 d
56.09 c
8.57 b
1.5
318.17 a
38.80 f
10.04 a
2.0
301.83 b
51.18 e
8.80 b
2.5
295.50 c
53.02 d
8.21 c
1.61
1.35
0.30
LSD (0.05)
Interaction
Fert*Trp
NS
1.91
NS
The mean values with different alphabets are significantly variant at 5% probability level.

of NPK fertilizer are shown in (Table 4).
ANOVA presented that fruit length was
considerably influenced by Tryptophan with

Length of Fruit (cm)
Fruit length (cm) of chilli as affected by
Tryptophan with and without the application
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and without the use of NPK fertilizer, and
their interaction effect was non-significant.
(Table 4) indicated that the treatment of
plants with Tryptophan application at 1.5 mg
L-1 gave maximum fruit length (10.04 cm),
while least fruit length (6.58 cm) was found
in 0 mg L-1. As concerned with NPK fertilizer
application maximum fruit length (8.66 cm)
was noted in plots having NPK fertilizer,
while least fruit length (8.00 cm) was noticed
in plots without NPK fertilizer. Size and
weight is a key morphological aspects of
fruits which are useful for final yield and also
for consumer acceptance [56]. Auxin or even
their precursor helps in cell separation and
cell enlargement resulted in increased rate of
cell number that finally leading to greater
fruit size [24]. Fruit with maximum length
was also found in those plants that are treated
with Tryptophan, while least fruit length was
noted in plants that are untreated with
Tryptophan [31]. The results are in support
with the findings of [57] that Tryptophan
application which is the precursor of IAA had
proved considerable influenced in enhancing
growth and yield of okra. Furthermore, [41]
reported that longer fruits were record when
NPK fertilizer were added at 100, 50 and 25
kg ha-1, while smaller fruit were noted in
control treatment. High dose of NPK
increased fruit length, beyond the given level,
fruits start decreased in their size, excess of
NPK fertilizer ultimately decreased fruit
length. Similar results was given by [58] that
optimum doses of NPK fertilizer to Brinjal
plants induced fruits with maximum length.
Fruit weight (g)
Fruit weight (g) of chilli as influenced by
Tryptophan with and without the use of NPK
fertilizer are shown in (Table 5). ANOVA

presented that fruit weight was considerably
affected by Tryptophan with and without the
addition of NPK fertilizer, while their
interaction effect was non-significant. (Table
5) presented that those plants which were
treated with Tryptophan at 1.5 mg L-1 had
produced maximum fruit weight (4.13 g),
while the least fruit weight (2.39 g) was noted
in control or 0 mg L-1. As concerned with the
NPK fertilizer application more fruit weight
(3.58 g) was found in plots having NPK
fertilizer, while least fruit weight (3.19 g) was
observed in plots having without NPK
fertilizer. Individual fruit yield were
increased with the percentage of 46.6 and
94.6% respectively when Tryptophan was
applied foliar at 40 mg kg-1 and soil
application at 10 mg L-1, while least
individual fruit weight were found in plants
to which Tryptophan was not added [31]
further reported that Tryptophan formed
alterations in plant root structure that resulted
in enhancement of water and plant molecules
uptake, which may have positive influence on
plant growth and development. Positive
impact of Tryptophan on crops growth and
yield attributes may be due to Tryptophan or
auxin uptake through plant roots from the soil
or either its absorption through cuticles from
plant leaves [59]. Similar results were cited
by [60] that Tryptophan enhanced weight of
Onion bulbs. The results are in support with
[32] that higher fruits plant-1, individual fruit
weight, seeds fruit-1 and yield plant-1 was
found in Chilli with balanced supply of NPK
and Bio-fertilizers, while least numbers of
data found in control. Similar results were
also found by [61] that Nitrogen,
Phosphorous and Potassium application
enhanced the yield of potato tuber.
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Fruit yield (tons ha-1)
Mean data about fruit yield (tons ha-1) of
chilli as affected by Tryptophan with and
without the use of NPK fertilizer are placed
in (Table 5). ANOVA revealed that fruit
yield ha-1 was considerably affected by
Tryptophan with and without the use of NPK
fertilizer, their interaction effect was nonsignificant. (Table 5) showed that fruit yield
ha-1 as affected by Tryptophan, more fruit
yield (7.25 tons ha-1) was noted in foliar
application of Tryptophan at 1.5 mg L-1,
while least fruit yield (3.60 tons ha-1) was
found in control. As concerned with NPK
fertilizer application, maximum fruit yield
(5.86 tons ha-1) was noted in plots where
NPK fertilizer were applied, while least fruit
yield (5.07 tons ha-1) was observed in without
NPK fertilizer plots. Chlorophyll play a key
role in plant photosynthesis, with increase
rate of photosynthesis increase in the rate of
carbohydrates as well as photo-assimilates or
photosynthates resulted in maximum crop
yield [62]. Growth and yield of the plant is
the outcome of balanced interaction among
both vegetative and reproductive growth
phases of the crops, with an increased rate of
vegetative growth helps in enhancing yield
parameters which resulted in maximum crop
production [63]. Crop production is the main
aim of growers in order to improve their
productivity and to achieve quality crops
[64]. Reduction in yield was recorded by [65]
due to pre-harvest flower and fruit drop.
Valencia orange tree when treated with foliar
application of Tryptophan gave maximum
yield, size and fruit weight, whereas least
results were obtained in control, [66] further
revealed that plants that are sprayed with
maximum level of Tryptophan at 100 ppm

gave least yield, while plant treated with
minimum concentration of Tryptophan at 25
and 50 ppm gave maximum yield. Omogoye
and Mubo [34] concluded from his research
work that NPK fertilizer with the combine
use of cow dung effected the production of
chilli. The results are in accordance with the
findings of [67].
Total Soluble Solids (°Brix)
Total soluble solids contents of chilli as
influenced by Tryptophan with and without
the application of NPK fertilizer are
presented in (Table 5). ANOVA showed that
TSS contents was considerably influenced by
Tryptophan with and without the use of NPK
fertilizer, and also by their interaction. (Table
5) presented that TSS contents as affected by
Tryptophan, maximum TSS contents (5.60
°Brix) was noted in Tryptophan at 1.5 mg L1
, while least TSS contents (4.77 °Brix) was
recorded in 0 mg L-1. As concerned with the
application of NPK fertilizer maximum TSS
contents (5.39 °Brix) was recorded in NPK
fertilizer applied plots, while minimum TSS
contents (5.04 °Brix) was observed in
without NPK fertilizer plots. TSS is the
determining factor of fruit quality [57].
Increased in TSS contents due to auxin
formation that helps in stimulation of fruit
development or Tryptophan, which is the
physiological precursor of auxin that helps in
improving synthesis of metabolites and their
rapid translocation to fruit development from
other parts of the plant [68]. TSS contents of
fruit Capsicum was significantly influenced
by recommended level of NPK fertilizer, that
maximum TSS contents was noted in fruits
that are treated with optimum dose of NPK,
while least TSS contents was recorded in
check plants [69]. These results are strongly
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supported with the findings of [70].
Ascorbic acid (mg 100g -1)
Ascorbic acid contents of chilli as influenced
by Tryptophan with and without the supply
of NPK fertilizer are revealed in (Table 5).
ANOVA disclosed that Ascorbic acid
contents was considerably influenced by
Tryptophan with and without the use of NPK
fertilizer, whereas their interaction effect was
non-significant. (Table 5) presented that the
plants treated with Tryptophan at 1.5 mg L-1
gave maximum Ascorbic acid contents
(115.33 mg 100g-1), while least (103.50 mg
100g-1) was observed in 0 mg L-1. As
concerned with the use of NPK fertilizer,
more Ascorbic acid contents (110.78 mg
100g-1) was found in plots having NPK
fertilizer, while least (105.67 mg 100g-1) was
found in plots without NPK fertilizer.
Ascorbic acid contents of sweet pepper vary
from 63 to 243 mg 100g-1 fresh weight that

depends on the stage of fruit maturity [71].
Fruits of hot pepper that are eaten by humans
are considered as the valued source of
antioxidant, foliar application of Tryptophan
proved positive impact on Ascorbic acid
contents of hot pepper fruits, plants that are
treated with Tryptophan gave quality fruits
that attain maximum Ascorbic acid contents
[45]. The results are in agreement with the
findings of [43] that Ascorbic acid contents
of tomato enhanced by foliar spray of
Tryptophan. Fruits of Chilli after 60 days of
harvesting was analysed for various
biochemical constituents by [72] and found
more Ascorbic acid contents in plants where
NPK fertilizer were applied than control.
Same results was found by [73] that Ascorbic
acid contents of strawberry fruits was
increased with optimum dose of NPK with
the combination of Azotobacter.

Table 5. Fruit weight (g), Fruit yield ha-1 (tons), Total Soluble Solids (°Brix) and Ascorbic
acid (mg 100g -1) of chilli as influenced by Tryptophan with and without the application of
NPK fertilizer
Fruit weight
Fruit Yield
TSS
Ascorbic acid
-1
Fertilizer (NPK)
(g)
ha (tons)
(°Brix)
(mg 100g -1)
With Fertilizer
3.58 a
5.86 a
5.39 a
110.78 a
Without Fertilizer
3.19 b
5.07 b
5.04 b
105.67 b
0.34
0.69
0.16
2.04
LSD (0.05)
-1
Tryptophan (mg L )
Control
2.39 d
3.60 d
4.77 c
103.50 d
0.5
3.14 c
4.84 c
5.25 b
107.17 bc
1.0
3.75 b
5.93 b
5.19 b
108.17 bc
1.5
4.13 a
7.25 a
5.60 a
115.33 a
2.0
3.77 b
6.01 b
5.27 b
110.00 b
2.5
3.16 c
5.17 b
5.22 b
105.17 cd
0.18
0.38
0.14
3.01
LSD (0.05)
Interaction
Fert*Trp
NS
NS
0.20
NS
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The mean values with different alphabets are significantly variant at 5% probability level.

1.

2.

3.

4.

Conclusions and Recommendations
It can be concluded based on the
experimental results that; Fertilizer (NPK) at
100, 60 and 25 kg ha-1 respectively gave
plants with a maximum height, maximum
leaf area, branches plant-1, stem diameter,
fruit length, fruits plant-1, fruit weight, yield
ha-1, Total soluble solids, Ascorbic acid
contents, early flowering, fruit harvesting
and least fruit drop. Tryptophan at the rate of
1.5 mg L-1 produced a taller plant, greater
leaf area, more branches plant-1, stem
diameter, earlier flowering, fruit harvesting,
more fruits plant-1, least fruit drop, fruit
length, fruit weight, yield ha-1, TSS and
Ascorbic acid contents of chilli. In the light
of the outcomes and conclusions, it may be
recommended that; Tryptophan at 1.5 mg L1
and fertilizer (NPK) i.e., 100 kg N, 60 kg
P2O5 and 25 kg K2O ha-1 is recommended for
getting a good crop of chilli under the agroecological conditions of District Mardan.
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