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ABSTRACT 

 
In a study conducted at College of Agriculture, University of Agricultural 
Sciences, Dharwad, India.  Effect of foliar spray of naphthalene acetic acid 
[NAA] (50, 100 and 150 ppm) and mepiquat chloride [MC] (500, 1000 and 1500) at 
45 and 65 days after transplanting (DAT) on yield, physiological and 
biochemical parameters of bell pepper (Capsium annuum, cv. Tarihal Local) 
was studied. All treatments significantly increased fruit yield, number of fruits, 
average fruit weight and number of seeds. Total chlorophyll, ascorbic acid and 
nitrate reductase activity were also increased. Fruit yield was significantly high 
(159.89 g/plant) with double spray of MC @ 150 ppm at 45 DAT and at 65 DAT 
followed by MC @ 1500 ppm at 45 DAT (156.49 g/plant) compared to control. 
From economic point of view, single spray of MC @ 500 ppm at 45 DAT was 
more profitable compared to other treatments. 
 
KEYWORDS:  Capsicum annuum; plant growth substances; foliar application;                       

agronomic characters; India. 
 

INTRODUCTION 
 
Bell pepper (Capsicum annuum L.) is an important vegetable crop used 
throughout the world. It is mainly eaten as salad and also used as stuffed and 
baked products. Bell pepper variety Tarihal Local is a popular variety 
cultivated in Karnataka (India). It is very much relished and preferred by 
consumers for its good taste, mild pungency and keeping quality. Tarihal 
Local also known as Dharwad Local has an indeterminate growth habit. Its 
flowering starts from 35-45 days after transplanting (DAT) and continues till 
complete crop senescence. Thus, overlapping of vegetative and reproductive 
phases leads to shedding of immature flowers and young fruits, thereby 
limiting yield potential (22). Fruit set percentage is found to be not more than 
8.8 (23) and extent of flower drop ranges from 50-95 percent depending on 
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the season of cultivation (22). A great potential exist to increase yield levels 
either by reducing flower drop or by increasing fruit set percentage. Use of 
plant growth regulators is a common horticultural practice to improve yields 
(14). Plant growth regulators can affect rooting, flowering, fruiting and fruit 
growth, leaf or fruit abscission, senescence, regulation of some metabolic 
processes and plant resistance to temperature or water stresses (16). These 
bioregulators help remove genetic and environmental barriers, manipulate 
source sink relationship and stimulate the translocation of photo assimilates 
thereby helping in better retention of flowers and fruits. Use of growth 
regulators viz. mepiquat chloride and chlormequat chloride increases 
photosynthetic rate by increasing leaf chlorophyll content and mesophyll cell 
size which is due to more rapid exchange of CO2 into mesophyll cell by virtue 
of their large surface area (6). 
 
This study was conducted to see the effect of different concentrations of 
naphthalene acetic acid and mepiquat chloride at two different plant growth 
stages of bell pepper. 
 

MATERIALS AND METHODS 
 

A field experiment was conducted at College of Agriculture, University of 
Agricultural Sciences, Dharwad, India. Bell pepper (cv. Tarihal Local) was 
sown in randomized block design with three replications and 15 treatments as 
given below:-  
 

T1   =   NAA (50 ppm) at 45 DAT 
T2   =   NAA (100 ppm) at 45 DAT 
T3   =   NAA (150 ppm) at 45 DAT 
T4   =   NAA (50 ppm) at 45+65 DAT 
T5   =   NAA (100 ppm) at 45+65 DAT 
T6   =   NAA (150 ppm) at 45+65 DAT 
T7   =   MC (500 ppm) at 45 DAT 
T8   =   MC (1000 ppm) at 45 DAT 
T9   =   MC (1500 ppm) at 45 DAT 
T10  =   MC (500 ppm) at 45+65 DAT 
T11  =   MC (1000 ppm) at 45+65 DAT 
T12  =   MC (1500 ppm) at 45+65 DAT 
T13  =   NAA (100 PPM) + MC 
            (1000 ppm) at 45 DAT 
T14  =   NAA (100 ppm) + MC 
            (1000 ppm) at 45+65 DAT 
T15  =   Control (water spray) 
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Total area of trial was 30 x 20 m2 comprising plots measuring 6 x 6 meter. 
Plant population of 36 plants per plot were maintained at 30 x 30 cm). 
Different concentrations of naphthalene acetic acid (NAA) @ 50, 100 and 150 
ppm and mepiquat chloride (MC) @ 500, 1000 and 1500 ppm were applied 
as spray fluid @ 500 litre per hectare. In addition to application at 45 DAT, 
the same concentrations were again applied at 65 DAT as second spray. The 
foliar spray were applied to run-off point (drip point). Data on following 
parameters were recorded and analysed. 
 
Number of fruits per plant and fruit yield 
 
Total number of fruits per plant from all pickings was pooled from randomly 
selected plants under each treatment and mean was worked out to express 
number of fruits per plant. Total fruit weight of all pickings of each treatment 
was summed up and fruit weight per plant and yield (kg/ha) was worked out. 
Similarly data on fruit weight of all pickings from randomly selected plants 
were taken and fruit yield per plant, plot, acre and hectare was worked out. 
 
Estimation of total chlorophyll content 
 
Chlorophyll content was measured by the method described by Shoaf and 
Lium (21) and Hiscox and Israelstam (9). Fresh fruit samples (100 mg) in 
each treatment were collected at 75 DAT and were incubated in 7 ml dimethyl 
sulfoxide (DMSO) at 65°C for 30 minutes. After incubation period, 
supernatant was collected and final volume was made upto 10 ml with 
DMSO. The total chlorophyll content was calculated following Arnon (1). 
 
       [(20.2 x A645) + (8.02 x A663)] x v 
Total chlorpphyll content (mg/fruit   =   ——————————————— 
                      (1000 x w x a) 
 
where  A645 = absorbance of extract at 645 nm 
 A663 = absorbance of extract at 663 nm 
 a = path length of cuvette 
 v = final volume of chlorophyll extract (ml) 
 w = fresh weight of sample (g) 
 
Estimation of nitrate reductase activity 
 
Nitrate reductase activity (NRA) in vivo was assayed at 75 DAT following 
Jawarski (10) and Saradhambal et al. (20). Leaves were cut into small round 
discs, weighed (300 mg) and suspended in 0.1 M KNO3 under bright light for 
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one hour for complete stomatal opening. Then discs were transferred to 25 ml 
volumetric flasks containing 5 ml of stock solution [0.1 M phosphate buffer 
(pH 7.5), 0.02 M KNO3, propanol (5%) and 2 drops of chloramphenicol (0.5 
mg/ml]. The flasks were incubated at 30°C for 30 minutes in dark and 
reaction was stopped by adding 0.1 ml of zinc acetate (1M) and 1.9 ml of 
ethanol (70%). The contents were centrifuged at 3000 rpm for 10 minutes and 
supernatant was collected. Eleven ml of suphanilamide (1%) and 1 ml of 
0.02% N-Napthyl ethylene diamine dihydrochloride (N-NEDD) were added to 
supernatant and incubated at room temperature for 20 minutes and 
absorbance was recorded at 540 nm. Nitrate reductase activity was 
determined from a standard curve of KNO2 and expressed as µ moles NO2 
formed per gram fresh weight per hour. 
 
Ascorbic acid content 
 
Ascorbic acid content in bell pepper fruits was estimated by using 2, 6-
dichlorophenol indophenol titration method (19). Fresh fruit sample (5 g) was 
blended with 4 percent oxalic acid and volume was made upto 100 ml and 
was filtered through Whatman No. 42 filter paper. Extract (5 ml) was mixed 
with 4 percent oxalic acid (10 ml) and titrated against dye (V 1 ml). Dye 
solution was prepared by dissolving 2, 6-dichlorophenol idophenol (52 mg) in 
150 ml of hot distilled water containing 42 mg of sodium bicarbonate and 
solution was left for cooling and diluted to 200 ml by using distilled water. Dye 
solution was kept in refrigerator before use. Stock solution of ascorbic acid 
was prepared by dissolving 100 mg of ascorbic acid in 100 ml of 4 percent 
oxalic acid solution. Stock solution was then diluted to 100 ml with 4 percent 
oxalic acid to get concentration of 100 µg ascorbic acid per ml. Ten ml of 4 
percent oxalic acid was added to 5 ml of diluted solution and titrated against 
dye (V 2 ml) till appearance of pink colour. Ascorbic acid content was 
calculated and expressed as mg of ascorbic acid per 100 g of fruits. 
 
         0.5mg      V1 ml             100 ml 
Ascorbic acid content  =  ———  -  ———  -  —————————— x 100 
         V2ml        5ml          Sample weight (5 g) 
 
Average fruit weight and number of fruits per plant, number of seeds per fruit 
and 1000-seed weight was also noted. Statistical analysis was carried out 
following procedure of Panse and Sukhatme (17) and Duncan’s multiple 
range test (DMRT) was carried out using MSTAT-C (version 2.10). 
 

RESULTS AND DISCUSSION 
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The application of growth regulators significantly increased fruit yield, number 
of fruits per plant, average fruit weight, 1000-seed weight and number of 
seeds per fruit (Table 1). Application of MC spray at various concentrations 
resulted in slightly higher values for fruit yield per plant as compared to NAA.  
 
Table 1. Influence of different NAA and MC concentrations and application interval on 

number of seeds per fruit, 1000-seed weight and yield in bell pepper. 

 
Treatments No. of 

seeds/fruit 
1000-seed 
weight (g) 

Fruit yield 
(g/plant) 

Fruit yield 
(kg/ha) 

T1  = NAA (50 ppm) at 45 DAT* 213BCD* 4.22HI 129.15IJ 3147DEFG 
T2  = NAA (100 ppm) at 45 DAT* 227AB 4.40FGHI 131.58H 3204CDEF 
T3  = NAA (150 ppm) at 45 DAT* 197CDE 4.18I 126.12K 3087FG 
T4  = NAA (50 ppm) at 45+65 DAT* 199CDE 4.30GHI 130.61HI 3153DEFG 
T5  = NAA (100 ppm) at 45+65 DAT 192E 4.47FGH 134.26G 3246CDEF 
T6  = NAA (150 ppm) at 45+65 DAT 191E 4.20HI 127.58JK 3111EFG 
T7  = MC (500 ppm) at 45 DAT 196DE 4.55EFG 135.72G 3297BCDE 
T8  = MC (1000 ppm) at 45 DAT 216BC 4.81DE 140.33E 3382BC 
T9  = MC (1500 ppm) at 45 DAT 235A 5.34AB 156.49B 3727A 
T10 = MC (500 ppm) at 45+65 DAT 213BCD 4.63EF 137.54F 3332BCD 
T11 = MC (1000 ppm) at 45+65 DAT 202CDE 515BC 143.90D 3431B 
T12 = MC (1500 ppm) at 45+65 DAT 242A 5.56A 159.89A 3810A 
T13 = NAA (100 PPM) + MC 
         (1000 ppm) at 45 DAT 

188E 4.93CD 142.88D 3446B 

T14 = NAA (100 ppm) + MC 
         (1000 ppm) at 45+65 DAT 

196DE 5.28B 151.87C 3643A 

T15 = Control (water spray) 165F 4.13I 121.50L 2986G 
LSD 16.96* 0.2481* 1.631* 167.0* 
In a column, means followed y a common letter do not differ significantly at 5% level. 
*Significant at 5% level, DAT = Days after treatment. 
 
Among above treatments foliar spray of MC (1500 ppm) at 45 DAT and again 
at 65 DAT (T12) gave maximum fruit yield (159.89 g/plant) with 31.6 percent 
increase followed by one spray of MC (1500 ppm) at 45 DAT (T9) (156.49 
g/plant) compared to control This may be due to an inhibition of vegetative 
growth and thus making availability of food reserves for developing fruits (15) 
which was evident from significantly increased number of fruits per plant, 
seeds per fruit and 1000-seed weight (Table 1, Fig. 1). Hassan et al. (8) 
reported that potato tuber yield (cv. Diamond) was increased with MC 
application. Growth regulator treatments increased number of fruits per plant 
and average fruit weight and was considerably higher in treatments with MC 
(Fig. 1). Yield components like 1000-seed weight and number of seeds per 
fruit were also increased higher with MC application than NAA treatments 
(Table 1). This may be due to effective checking of flower and fruit drop by 
MC. Increase in fruit yield (134.26 g/plant) due to NAA (T5) is similar to those 
of earlier studies (2, 18, 26) and is less than MC application. The reason is 
that fruit yield in bell pepper depends on accumulation of photo assimilates 
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and partitioning in different parts of plant (5). The growth retardants are 
capable of redistribution of dry matter in plant thereby bringing improvement 
in yield (4). 
 

 
 

 
 
 
NAA and MC application resulted in significantly higher total chlorophyll 
content and nitrate reductase activity (Table 2). There was higher increase in 
treatments involving MC applications compared to NAA. Among treatments 
chlorophyll content was maximum (4.11 mg/g fw) in foliar spray of MC (1500 
ppm) at 45 DAT and again at 65 DAT (T12) followed by MC (1500 ppm) at 45 
DAT (3.91) (T9). Increase of chlorophyll concentration in many plants is well 
documented (4, 7, 11, 13). Second spray had persistent effect on higher 
concentration of chlorophyll. Ascorbic acid content of fruits from different 
treatments varied from 247.2-253.9 mg/100 mg fruit weight Khadi et al. (12) 
observed increased level of ascorbic acid content in NAA treated plants of 
Pusa Jwala variety of chilli over control with triple sprays of NAA (20 ppm). 
 
The data (Table 2) further showed that growth promoter (NAA) and growth 
retardant (MC) significantly increased nitrate reductase activity (NRA) 
compared to control (Table 2). NRA was higher in T12 (526.2 µ mol NO2/g 
fw/hr). Nitrate reductase, a key enzyme in control of nitrogen assimilation is 
target of several regulatory process. Relationships between auxins and 
nitrate reductase have been reported by Vuylsteker et al. (24). NRA was 
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found correlated with total dry matter production in soybean by Antony (3). In 
present study, NRA was maximum in MC treatments compared to NAA 
treatments. These growth regulators may have affected activity and thereby 
increasing supply of reduced nitrogen to support growth (25). 
 
Table 2. Influence of plant growth regulators on total chlorophyll, ascorbic acid and 

nitrate reductase activity. 
 
Treatments Total chlorophyll 

content at 75 DAT 
(mg/g fw) 

Ascorbic acid at 
harvest 

(mg/100g fw) 

Nitrate reductase 
activity ( µ mol 

NO2/g fw/hr) 
T1  = NAA (50 ppm) at 45 DAT* 3.15FG 249.9A 401.5GHI 
T2  = NAA (100 ppm) at 45 DAT* 3.22EF 250.4A 407.1GH 
T3  = NAA (150 ppm) at 45 DAT* 3.06FG 249.4A 386.3I 
T4  = NAA (50 ppm) at 45+65 DAT* 3.17F 250.2A 402.9FGH 
T5  = NAA (100 ppm) at 45+65 DAT 3.27DEF 251.2A 414.2FGH 
T6  = NAA (150 ppm) at 45+65 DAT 3.12FG 249.2A 397.6HI 
T7  = MC (500 ppm) at 45 DAT 3.29DEF 251.6A 419.1GH 
T8  = MC (1000 ppm) at 45 DAT 3.48CDE 252.6A 441.4DE 
T9  = MC (1500 ppm) at 45 DAT 3.91AB 252.9A 496.9B 
T10 = MC (500 ppm) at 45+65 DAT 3.36DEF 253.9A 426.9EF 
T11 = MC (1000 ppm) at 45+65 DAT 3.53CD 551.9A 446.0D 
T12 = MC (1500 ppm) at 45+65 DAT 4.11A 255.1A 526.2A 
T13 = NAA (100 PPM) + MC 
         (1000 ppm) at 45 DAT 

3.48CDE 252.9A 443.2DE 

T14 = NAA (100 ppm) + MC 
         (1000 ppm) at 45+65 DAT 

3.76BC 253.1BA 477.1C 

T15 = Control (water spray) 2.86G 247.2I 353.4J 
LSD 0.2692* 15.177 16.88* 
In a column, means followed by a common letter do not differ significantly at 5% level. 
*Significant at 5% level 

 
MC application resulted in significantly higher fruit yield as compared to NAA 
treatments which showed lesser degree of increase in fruit yield (Table 1). 
Correlation (Table 3) indicated that total chlorophyll content (r = 0.782), 
ascorbic acid content (r = 0.803) and NRA (r = 0.785) was found to be 
positively correlated with fruit yield. Use of MC and NAA not only increased 
fruit yield but also improved fruit quality. Biochemical parameters having 
significant positive correlation with fruit yield could be considered as 
important character in yield determination. 

 
Table 3. Correlation coefficients between fruit yield and 

biochemical and yield parameters in bell pepper. 
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S. No. Characters ‘r’ values 
1. Chlorophyll content          0.782** 
2. Nitrate reductase activity 0.785** 
3. Ascorbic acid content 0.803** 
4. Average fruit weight          0.784** 
5. 1000-seed weight 0.741** 
6. Seed number per fruit 0.707** 
7. Number of fruits per plant          0.561* 

                             *Signifciant at 5% level, **Significant at 1% level. 
 
 

CONCLUSION 
 
Application of MC growth regulator at different concentrations increases bell 
pepper yield. The increased yield can be attributed to higher dry matter in 
reproductive parts, higher fruit set, number of fruits per plant, seed number 
per fruit and 1000-seed weight. Foliar spray of MC on bell pepper plants 
influences biochemical parameters viz. total chlorophyll content, ascorbic acid 
and nitrate reductase activity and thereby increases fruit yield and quality. 
Application of MC (500 ppm) as single spray could be more profitable. 
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