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ABSTRACT 
 

Micronutrients, particularly Zinc (Zn), play a vital role in the growth and development of plants due 
to its catalytic effect on many metabolic processes. However, the varietal responses to growth and 
yield vary significantly. A screening experiment was conducted to know the growth and yield 
response of six capsicum hybrids viz., Indra, Priyanka, Inspiration, Massilia, Bachata and Local 
green with two levels of ZnSO4 (with and without  ZnSO4) as basal soil application. The growth and 
yield attributes at harvest stage was recorded. The dry matter production (DMP) and fresh fruit 
yield was also noted for all the six hybrids. Results revealed that, Zn fertilisation significantly 
improved the plant height, root growth, fruit development as well as fresh fruits yield. Higher plant 
height (83 cm), root length (37 cm), root volume (13 cc), fruit numbers, fruit weight (15 and 133g), 
fruit length, girth, pericarp thickness (9.17, 8.25 and 0.67 cm), DMP (65.0 g pot

-1
) as well as fresh 

fruit yield (4.70 kg pot
-1

) were observed with Indra followed by Inspiration and Bachata. Lesser 
response for the Zn application was noticed with the local green hybrid for various growth and yield 
traits. Indra was found to be highly responsive to Zn fertilisation while Inspiration, Bachata, 
Massilia, and Priyanka were medium responsive and local green hybrid was observed to be less 
responsive to Zn fertilisation. 
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1. INTRODUCTION  
 
Greenhouse vegetable production is a lucrative 
industry and capsicum has become one of the 
most popular vegetable commercially grown 
under protected cultivation because of its 
adaptability to various situations. It is grown on 
large scale as an off season vegetable crop and 
its consumption in India is increasing day by day 
due to the hike in demand by urban consumers 
[1,2]. Plants grown in greenhouse and open field 
conditions vary in their growth periods and 
responses to fertilizer nutrients and growing 
climate very significantly. Due to constant 
microclimate, crops grown under greenhouse 
were shown to have high photosynthetic ability 
and higher yield [3] thus having exhaustive effect 
on soil fertility which needs to be addressed 
adequately. Monitoring the nutrients in soil and 
removal by crops is an important tool in fertilizer 
management of crops. Capsicum responds well 
to fertilizer applications and is reported to have 
high demand for major nutrients (NPK). Fontes et 
al., [4] evaluated the nutrient accumulation in 
capsicum under greenhouse condition and 
reported that nitrogen (N) content in shoot and 
fruits increased to the maximum of 11.562 and 
4.679 mg plant

–1
, respectively, 224 days after 

transplantation, where 40.5% was retained by 
fruits. For potassium (K), there was an 
accumulation of 250 kg ha

-1
, and 40% was 

accumulated in the fruit. The calcium (Ca) and 
sulfur (S) accumulation was 114 kg ha

-1
 and 23 

kg ha
-1

, respectively. Next to major nutrients, 
micronutrients are usually required in lesser 
quantities and equally essential for various plant 
metabolic activities. Particularly Zn deficiency in 
Indian soils is likely to increase from 49 to 63% 
by 2025 makes it essential for crops with 
scheduled fertilization [5]. 
  
The Zn also plays a fundamental role in basic 
biochemical processes such as enzyme catalysis 
or activation, protein synthesis, carbohydrate and 
auxin metabolism, chlorophyll production, pollen 
formation, cytochrome and nucleotide synthesis, 
maintenance of membrane integrity, and energy 
dissipation [6]. In plants, 90.5% of the total Zn 
required moves towards the roots by diffusion. It 
is also transported in the xylem tissues from 
roots to shoots [7]. However maximum Zn 
content has been detected in the phloem tissues 
indicating Zn remobilization towards the fruit 
during ripening [8]. Deficiency of Zn results in 
various abnormalities in the development of 
plants which becomes visible as deficiency 
symptoms such as reduction in flowering and 

fruit development with prolonged growth periods 
which resulted in delayed maturity and 
decreases yield and quality. Hence, results in 
sub-optimal nutrient-use efficiency, reduction in 
photosynthesis and nitrogen metabolism [9]. Zinc 
deficiency occurs predominantly in arid and 
semi-arid, calcareous, sandy, peat soils, and 
high phosphorus-containing soils [10]. Zinc 
fertilization to deficient soils could increase the 
yield of crops [11] and also increases the plant 
height, number of side branches, and leaf area 
[12]. Foliar spraying of Zn and salicylic acid 
increased the fruit yield and quality as well as 
Nitrogen (N), Phosphorus (P), Potassium (K) 
intake [13] and water use efficiency [14]. The role 
of Zn in various plant metabolic processes was 
studied by several authors [15-17] who reported 
that, application of micronutrients as foliar spray 
caused an enhancement in plant growth, fruit 
yield and its physical and chemical properties of 
fruits. In the same way, authors studied the effect 
of foliar application of micronutrients and 
reported significant improvement in yield [18], 
which might be attributed to increased 
photosynthetic activity and increased the 
production and accumulation of carbohydrates. 
Also, the effect of soil application of 
micronutrients on the yield and quality of 
capsicum was studied [19] and noticed higher 
fruit weight and yield. Perusal of the literature 
showed differential responses of plants’ 
physiology for different levels of Zn which vary 
with cultivars. Hence the present investigation 
was carried out to understand the differential 
responses of capsicum hybrids to Zn fertilisation 
in terms of growth and development of crop as 
well as fruit yield. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Details 
 
A screening experiment was conducted to know 
the growth attributes, root traits and yield 
attributes of six capsicum hybrids to zinc 
fertilization grown in grow bags under protected 
cultivation in the farmer’s field (110 48’ 15.8” N 
770 59’ 25.3” E) at Thalavadi, Erode district.  The 
experiment consists of two treatments viz., 
control (No Zn), and 37.5 kg ZnSO4 application 
ha

-1 
which were tested with six capsicum hybrids 

viz., Indra, Priyanka, Inspiration, Massilia, 
Bachata, and local green. The experiment was 
laid out in a Randomised Block Design with three 
replications. Recommended fertilizer nutrients 
such as Nitrogen, Phosphorus, and Potassium 
were applied as per soil test recommendation. 
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About 45 days old seedlings of all the capsicum 
hybrids were transplanted in each grow bag, and 
the treatments were imposed. Necessary plant 
protection measures were carried out as and 
when needed. The growth attributes viz., plant 
height, leaf length, breadth, root length, root 
volume as well as yield and dry matter 
production with the application of zinc were 
determined and reported. 
 

2.2 Soil Processing and Analysis 
 
Soil collected from the farmer field was shade 
dried, sieved and used for analysis. Soil pH and 
electrical conductivity were determined using 
1:2.5 soil water suspension [20] and Organic 
carbon was estimated using wet digestion 
method [21]. Phosphorous was estimated 
colorimetrically [22], Potassium by neutral normal 
ammonium acetate using flame photometry [23], 
Nitrogen by kjeldahl distillation method [24] and 
DTPA extractable Fe, Zn, Mn and Cu as per the 

standard method given by Lindsay and Norwell 
[25] using atomic absorption spectrophotometry 
(GBC Avanta model).  
 

2.3 Measurement of Growth and Root 
Traits  

 
The plant height was measured randomly in five 
plants by measuring the length of plant from 
collar region of the shoot to meristem and it was 
expressed in centimetre. Leaf length and leaf 
breadth was also measured for each treatment in 
plants. 
 

Root length was determined by measuring the 
length of root from the base of the stem to the tip 
of the lengthiest root and expressed in 
centimetre. The root volume was observed by 
immersing the washed root in a measuring 
cylinder filled with known quantity of water. The 
increase in volume of the water was measured 
and expressed in cubic centimetre [26]. 

 

 
 

Plate 1. Overview of the experiment 
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2.4 Dry Matter Production 
 
The plants from each grow bag was uprooted, 
washed with water to remove the soil particles, 
shade dried and oven dried at 70ºC for 24 hours 
or until obtaining constant weight and the dry 
weight was reported as gram per grow bag (pot). 
 

2.5 Fruit Yield and Yield Attributes 
 
In each pot, capsicum fruits at marketable stage 
were harvested weekly and the total yield as an 
average was computed by using the fruit yield 
(kg pot

-1
) from each pot. The average fruit length 

in cm was determined after measuring the length 
of ten fruits at random. Furthermore, the fruit 
diameter and pericarp thickness in cm was 
determined with a “vernier caliper” for ten fruits 
selected at random. Weight of the single fruit was 
measured using digital weighing balance and 
fruit yield per plant was calculated and expressed 
as kilo grams. 
 

2.6 Statistical Analysis 
 
The data obtained from the study were subjected 
to the analysis of variance to find out the 
significance [27] using SPSS software. Principal 
component analysis and hierarchical clustering 
were plotted using R studio software [28]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Physico-Chemical Properties of the 
Experimental Soil 

 
The experimental soil was sandy loam in texture 
with neutral pH (7.42) and lesser electrical 
conductivity (0.33 dS m

-1
). The organic carbon 

content of the soil was low (0.40%) and non-
calcareous in nature (2.50% free CaCO3).The 
soil had low available nitrogen (157 kg ha

-1
), 

medium available phosphorus (12.0 kg ha
-1

) and 
available potassium (280 kg ha

-1
) status. 

Regarding the available micronutrients, zinc was 
deficient (0.68 mg kg

-1
) while other 

micronutrients were sufficient (6.50, 3.48 1.00, 
and 0.52 mg kg

-1
 for iron, manganese, copper, 

and boron, respectively) in the soil. 
 

3.2 Growth Attributes 
 

Plant height (cm) represents the growth rate of 
capsicum as it is one of the main growth 
contributing factors and presented in Fig. 1(a), 
which denoted significant differences among all 
capsicum hybrids. It was observed that, basal 

soil application of soil test based NPK + 37.5 kg 
ZnSO4 ha

-1
 increased the plant height up to 83 

cm in Indra followed by Inspiration (77 cm), 
Bachata (73.5cm), Massilia (76.1 cm), Priyanka 
(73.07 cm) and local green (66.1 cm). Lesser 
plant height (76.83, 73.6, 71.03, 68.57, 66.6 and 
64.0 cm respectively) of all the genotypes was 
observed with control. There was a great 
variation between the treatments in terms of 
plant height (cm) which would be very beneficial 
for capsicum growers. In capsicum crop more 
plant height produces more flowers, thus 
ultimately producing more yields per plant. The 
favourable effect of Zn in improving plant height 
might be due to its role in enhancement of 
photosynthetic and chlorophyll structure 
formation, augmenting cell elongation and 
division which lead to an increase in plant 
metabolism resulting in increased plant growth 
parameters over the no Zn control [29]. 
Moreover, research findings also reported an 
increase in plant height with the application of 
zinc fertilizers [30] and foliar application of Zinc 
and Boron @ 1g/L for capsicum increased                 
the plant height and number of leaves per plant 
[31].  
 
Maximum leaf length and breadth of 18.7 and 
9.23 cm was recorded with hybrid Indra [Fig. 1 
(a& b)] by the addition of soil test based NPK + 
37.5 kg ZnSO4 ha

-1
 followed by Inspiration (15.1, 

8.73 cm), Bachata (13.3, 8.20 cm), Priyanka 
(12.1, 6.97 cm), Masilia (12.3, 7.50 cm) and 
Local green (11.1, 6.03 cm). Leaf length and 
breadth are important yield contributing 
parameters in capsicum. Comparatively lesser 
leaf length and breadth was noticed in control (no 
Zn) irrespective of capsicum hybrids and 
minimum leaf length and breadth was found in 
Local green hybrid. An increase in the above 
growth parameters due to the application of zinc 
may be attributed to the improvement in plant 
growth and enhancement in the photosynthetic 
and other metabolic activities which led to 
increase in various plant metabolites responsible 
for cell division and cell elongation due to the 
optimum supply of zinc and also increased the 
growth of internodal portion with higher synthesis 
of growth hormones like indole acetic acid (IAA) 
and metabolizing gibberlic acid [32,33,34]. 
 

3.3 Root Traits 
 
The root traits such as root length and root 
volume of the capsicum hybrids were recorded 
and given in Fig. 2. The results envisaged that, 
application of soil test based NPK + 37.5 kg 
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ZnSO4   ha
-1 

had a positive influence on root 
length and root volume of capsicum hybrids and 
it ranges from 18.8 cm to 37 cm and 5.50 to 13 
cc respectively. The higher mean root length and 
root volume of 25.5 cm and 8.50 cc was 
recorded with the addition of 37.5 kg ZnSO4 ha

-1
. 

Among the hybrids, higher root length (37.0 cm) 
and root volume (13.0 cc) was observed with 
Indra hybrid followed by Inspiration (29.5 cm and 
9.1 cc), Bachata (25.5 cm and 8.5 cc), Masilia 
(22.5 cm and 7.5 cc), Priyanka (19.5 cm and 7.3 
cc) and local green (18.8 cm and 5.5 cc). Lesser 
root length (14.3 cm) and root volume (4.8 cc) 
was observed in local green variety in no Zn 
applied control. This could be attributed to the 
significant influence of Zn on building up of the 
natural auxin level (IAA) and consequently 
activating the cell division, enlargement and 
thereby enhancing the plant height. Similar 
increase in plant height due to higher soil Zn 
availability was reported by [35] and [36]. 
Increase in root length and volume was due to 
better Zn nutrition at early growth stages [37].   
 

3.4 Yield Attributes  
 

Significant variation in yield attributes was 
recorded by the application of Zn (Fig. 3). 

Application soil test based NPK + 37.5 kg ZnSO4 

ha
-1 

recorded the highest mean yield attributes 
like number of fruits (12 plant

-1
), pericarp 

thickness (0.59 cm), fruit length (7.61 cm), fruit 
girth (6.55 cm) and fruit weight (104.8 g). Similar 
to growth attributes, the lowest yield attributes 
were recorded in control (no Zn). Among the 
genotypes, Indra recorded the highest pericarp 
thickness, fruit length, fruit girth and fruit weight 
(0.67 cm, 9.17 cm, 8.16 cm and 133 g) 
respectively. As regards the no. of fruits per 
plant, Indra recorded the highest no. of fruits per 
plant (15 nos.) followed by Bachat (13 nos.), 
Inspiration (12 nos.). Minimum numbers of fruits, 
pericarp thickness, fruit length, girth and weight 
of 7.00, 0.31 cm, 5.37 cm, 4.85 cm and 78.7 g 
respectively was observed with Local green 
hybrid in control pots (no Zn). This might be due 
to the improved production of phyto-hormones 
prompted by Zn fertilisation, which in turn 
increased the fruit development and production 
[38]. The most important effect of including Zn 
applications to capsicum is that it can improve 
yield and yield components and growth 
characteristics [16] as its application increases 
endogenous hormones like auxins, gibberellins, 
and melatonin which will benefit growth, 
development and fruit production [39]. It was

  

 
 

Fig. 1. Changes in growth attributes (a) plant height, (b) leaf length and (c) leaf breadth due to 
Zn fertilizationat harvest 
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reported that, the average fruit weight and fruit 
girth could be directly increased by the Zn 
applications [40]. It was also reported that 
application of Zn in tomatoes increased the fruit 
weight and fruit number and positively affected 

the fruit yield [41]. Literatures suggested that Zn 
application in different forms can increase fruit 
weight, number of fruits, polar and equatorial 
diameter as well as yield of crops 
[38,42,43,44,45]. 

 

 
 

Fig. 2. Changes in root traits (a) root length and (b) root volume due to Zn fertilization 
 

 
 

Fig. 3. Changes in yield attributes (a) No. of fruits (b) fruit weight (c) fruit length (d) fruit girth 
and (e) pericarp thickness due to Zn fertilization 
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3.5 Yield and Dry Matter Production 
 
The fresh fruit yield of capsicum showed 
significant variation with the application of soil 
test based NPK + 37.5 kg ZnSO4 ha

-1
 (Fig.4). 

The application of 37.5 kg ZnSO4 ha
-1 

recorded 
higher mean fresh fruit yield (4.23 kg pot

-1
) with 

the yield increase of 13 to 25%. The hybrid Indra 
recorded the highest fruit yield of 4.70 kg pot

-1
 

followed by Inspiration (4.41 kg pot
-1

), Bachata 
(4.26 kg pot

-1
), Priyanka (4.11 kg pot

-1
) and 

Masilia (3.99 kg pot
-1

). Lesser fruit yield was 
noticed with Local green hybrid (3.43 kg pot

-1
) in 

control (no Zn). It has been shown that, there is a 
positive relationship between Zn application and 
fruit yield in other cultivated plants such as 
tomato [46], pea [47], soybean [48] and corn 
[49,50]. Similarly, Zn application increased the 
yield significantly in capsicum also [51,52]. The 
application of Zn increases endogenous 

hormones (auxins, gibberellins, and melatonin) 
and improves the activities of aquaporin and             
the antioxidant system, which in turn supports 
photosynthetic efficiency, thus increased the            
fruit yields and yield related attributes             
[38,39,42]. 
 
Next to yield, dry matter production also followed 
the same trend (Fig. 5) with the application of 
NPK+ 37.5 kg ZnSO4 ha

-1
 by registering the 

highest DMP of 57.6 g pot
-1

 followed by control 
(no Zn) with a DMP of 48.9 g pot

-1
. Among the 

six genotypes, Indra recorded the highest DMP 
of 65.0 g pot

-1
 followed by Inspiration (59.6 g pot

-

1
), Bachat (58.8 g pot

-1
), Masilia (56.0 g pot

-1
) 

and local green (50.7 g pot
-1

). The lowest yield 
and DMP was noted in control (no Zn). Similar 
positive effect of added Zn fertilizers in 
increasing the DMP was reported by [53] and 
[54]. 

 

 
 

Fig. 4. Changes in fresh fruit yield due to Zn fertilization 
 

 
 

Fig. 5. Changes in dry matter production (DMP) due to Zn fertilization 
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4. CONCLUSION 
 
It can be concluded from the study that, basal 
application of soil test based NPK + 37.5 kg 
ZnSO4 ha

-1
 to capsicum hybrids increased the 

growth and yield attributes as well as yield. Out 
of the six capsicum hybrids, higher plant height 
(83 cm), root length (37 cm), root volume (13 cc), 
fruit numbers and weight (15 and 133 g), fruit 
length, girth and pericarp thickness (9.17, 8.25 
and 0.67 cm), DMP (65 g pot

-1
) as well as fresh 

fruit yield (4.70 kg pot
-1

) were observed with 
Indra followed by Inspiration and Bachata. 
Lesser improvement in growth and yield traits 
due to Zn application was noticed with local 
green hybrid. Hence, capsicum hybrid Indra was 
found to be highly responsive to Zn fertilisation 
while Inspiration, Bachata, Massilia, and 
Priyanka as medium responsive to Zn 
fertilisation.   
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