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ABSTRACT 

A field experiment was conducted to study the effect of paclobutrazol and potassium 
nitrate on the vegetative growth, nutrient mobilisation to leaves, flowering and fruit yield of 
Amrapali mango (Mangifera indica L.) plants grown under different plant spacings at 
Horticultural Research Station, OUAT, Bhubaneswar during 2018-19 and 2019-20. The 
experiment was laid out in a Factorial Randomized Block Design with 24 treatment 
combinations and 2 replications. The treatment combinations consist of four levels of 
spacings (2.0 x 2.0 m, 4.0 x 2.0 m, 4.0 x 4.0 m, 8.0 x 2.0 m) and 6 levels of chemical 
treatments (Paclobutrazol@0.25, 0.50 and 0.75 g a.i. per meter of canopy spread and KNO3@ 
2% and 4%) and a control with water application. The results of the study revealed that the 
plants spaced at 2.0 x 2.0 m recorded minimum vegetative growth except plant height and 
maximum yield (t/ha) in comparison to the plant spacing of 4.0 x 2.0 m, 4.0 x 4.0 m, 8.0 x 2.0 
m. Among chemical treatments paclobutrazol irrespective of its concentration significantly 
reduced vegetative growth, increase flowering intensity and yield. There was a reduction in 
leaf N, P and K contents and increase in total leaf chlorophyll content in the plants treated 
with Paclobutrazol. Higher concentration of Paclobutrazol (0.75 g a.i.) reduced the yield. 
Whereas KNO3 increase the vegetative growth, leaf biochemical status, flowering intensity 
and yield. But the increase in yield of mango plant due to Paclobutrazol treatment @ 0.50 g 
a.i. and 0.25 g a.i. was significantly higher than KNO3 at both the applied concentration. 
Hence, soil drenching of paclobutrazol at 0.50 g a.i. per meter of canopy spread irrespective 
of plant spacing during September seems recommendable for regulating tree size and 
enhancing yield in mango cv. Amrapali planted under higher densities. 

Key words: Mango, planting density, paclobutrazol. potassium nitrate, growth, leaf nutrient 
content and yield  

1. INTRODUCTION  

 Mango (Mangifera indica L.) is one of the most important commercial fruits of India. 
It belongs to the family Anacardiaceae and originated in Indo-Myanmar region. It is grown in 
an area of 2.317 million ha with a production of 20.386 million tons [1]. Although, India is 
still by and large the major producing country and accounts for more than 60 per cent of 
world production, the highest production in India is by virtue of large area but not due to high 



 

 

productivity. The productivity of mango in India is 6.8 tonnes/ha which is very less compared 
to Israel’s productivity (30 tonnes/ha) [1].  

 To overcome low productivity due to alternate bearing, a distinctly dwarf and regular 
bearing variety ‘Amrapali’ was introduced in 1971. In mango, the concept of high-density 
planting has gained momentum after the development of cultivar Amrapali. Further, mango 
under tropical conditions like Odisha is bound to grow vegetatively and can affect the 
reproductive phase particularly in high density planting systems if not regulated properly. So, 
in the high-density plantation of fruit crops, controlling tree vigour and canopy size are 
important for enhancing the orchard efficiency and productivity without causing injury to 
plants. 

 Chemically induced manipulations in vegetative growth have been attempted in many 
fruit crops [2, 3]. Among the chemicals suggested, paclobutrazol is considered as one of the 
important plant growth retardants which restrict vegetative growth and induce flowering in 
many fruit species including mango [4]. Paclobutrazol (PBZ) is a cell elongation and 
internode extension inhibitor that retards plant growth by inhibition of gibberellins 
biosynthesis.  Gibberellins have the ability to mobilize carbohydrate thereby preventing 
starch accumulation. Once GA level falls below a threshold, starch can start to accumulate 
allowing the tree’s competence to flower to be expressed. 

 In mango temperature plays an important role in floral induction. Temperatures below 
15°C readily promote floral induction, whereas vegetative growth is generally promoted by 
warmer temperatures [5]. Decrease in temperature below 200 C, which is common in sub-
tropical regions but seldom occurs in many tropical ones. So, an alternative to dependence on 
the environmental stimulus for flower initiation is evolving management strategies substitute 
for these signals. Among different strategies evolved to induce flowering in mango crop as a 
substitute to environment signals, potassium nitrate application is effective not only in flower 
induction but also in early and offseason flower induction in mango [6, 7]. The influence of 
Paclobutrazol (PBZ) and potassium nitrate on growth, flowering and fruiting on mango cv. 
Amrapali has not been studied under Odisha condition. 

 Keeping the above facts in view the present investigation was conducted to study the 
influence of paclobutrazol and potassium nitrate on vegetative growth parameters, leaf 
nutrient status, flowering and yield of mango (Mangifera indica L.) cv. “Amrapali” planted 
under different spacing. 

2. MATERIALS AND METHODS 

The experiment was conducted during 2018-19 and 2019-20 in the Horticulture 
Research Station, Baramunda, Odisha University of Agriculture and Technology, 



 

 

Bhubaneswar, Odisha. The Horticulture Research Station is about 5 km away from OUAT 
campus, Bhubaneswar situated at an latitude of 200 16' N and longitude of 850 47' E with an 
altitude of 25.5 m above MSL and about 40 km away from Bay of Bengal. The soil was 
sandy loam, strongly acidic in reaction and had low organic carbon (< 0.5%) and N content 
(< 200 kg ha-1). The experiment was carried out on a 8-year-old existing bearing mango 
orchard (cv. Amrapali) planted under different density and uniform in vigour and canopy 
spread. The experiment was laid out in a Factorial Randomized Block Design with 24 
treatment combinations and 2 replications. The treatment combinations consist of four levels 
of spacings (2.0 x 2.0 m, 4.0 x 2.0 m, 4.0 x 4.0 m, 8.0 x 2.0 m) and 6 levels of chemical 
treatments (Paclobutrazol @ 0.25, 0.50 and 0.75 g a.i. per meter of canopy spread and 
KNO3@ 2% and 4%) and a control with water application. 

The quantified amount of PBZ (Lustar- 28% w/w) was dissolved in 20 litres of water 
and applied around the root zone by making a ring of 20 cm width and 10-15 cm depth with a 
radius of 1.5 m from the trunk during 1st week of September 2018 and 2019. For preparation 
of KNO3 solution @ 2 % and 4 %, 20 g and 40 g KNO3 dissolved in one litre of water. Foliar 
spray of prepared solution of KNO3 as per the treatments were done to the undersides of 
leaves using tractor operated sprayer because of the high numbers of stomata on the lower 
surface [8] during1st week of November and again in 1st week of December, 2018 and 2019. 
The control trees were treated with water. All the trees were provided with standard orchard 
management practices including nutrient and pest management.  

The vegetative growth parameters viz., tree height, trunk girth, canopy spread in both 
directions of North-South and East-West (cm) were measured after harvest of the fruits in the 
month of July before initiation of the experiment and after one year of imposition of 
treatments in four representative plants in each treatment and average was calculated. The 
height of tree was measured from the graft union to the highest crown level with the help of 
pre marked bamboo pole and expressed in meters. The trunk girth was measured with the 
help of measuring tape at 30 cm above from the base and expressed in centimeter. Canopy 
spread was measured by taking horizontal distance from one end of the canopy to the other 
end in both directions viz. North-South and East- West with the help of pre marked bamboo 
pole and expressed in meters. The increase in tree height, girth and canopy spread within an 
experimental year was expressed as percentage of increase over each year. 

The chlorophyll contents (total chlorophyll) of the leaves were analysed before floral 
bud initiation i.e., 1st week of December, following the method as suggested by Barnes et al. 
[9]. Number of panicles produced per square meter of canopy area was measured by placing a 
bamboo square block of one meter area on the tree at four different points and the number of 



 

 

inflorescences present within each block was counted during January and the average worked 
out. From the data of yield per plant, the average yield per hectare in tons was worked out. 

 Leaf samples collected before flowering from each treatment were used for the study 
of nutrient status of mango plant. Four to seven months old leaves with petiole from middle 
of shoots were collected for analysis of foliar nutrient composition of mango [10]. After 
collection, the leaves were washed in 0.2% teepol, followed by 0.1 N HCl, distilled water and 
finally in double distilled water to remove dust. The samples were oven dried at 68 ± 2 0C 
and grounded in a plant sample grinder to a fine powder and kept in polythene packets for 
analysis of the nutrients. For the analysis of total N, the samples were digested at 200 0C 
(after pre-digestion) in concentrated H2SO4 with a mixture of K2SO4 + catalyst. The leaf 
nitrogen was estimated by using Kjeldahl digestion and distillation method [11]. For the 
analysis of leaf P, the samples were digested in di-acid mixture of HNO3 and HClO4 in the 
ratio of 3:2 followed by spectrophotometric determination [11]. The leaf potassium was 
estimated digestion with di-acid mixture of HNO3 and HClO4 in the ratio of 3:2 followed by 
flame- photometric determination [11]. The statistical analysis was carried out as per 
Factorial Randomized Block Design suggested by [12]. The level of significance was tested 
for different variables at 5 per cent level of significance. 

 

3. RESULTS AND DISCUUSSION 
. 
3.1 Effect of different plant spacing and chemical treatment on vegetative parameters 

 The pooled data presented in Table 1 revealed that the percentage increase in plant 
height of mango was significantly influenced by the different plant spacing. The maximum 
percentage increase in plant height was recorded in plants spaced at 2.0 x 2.0 m (9.46%) and 
the minimum was recorded in 4.0 x 4.0 m (6.97%). The present results are in conformity with 
the findings of Nath et al. [13]. Among the different chemical treatments, maximum 
percentage increase in plant height was recorded in KNO3 4% spray (10.83 %) which was 
significantly superior to rest of the treatments and the minimum percentage increase in plant 
height was recorded with application of paclobutrazol at 0.75 g a.i. (5.56%). Similar results 
were earlier obtained by Kurian et al. [14], Yeshitela et al. [15] and Hegazi et al. [16].  

Table 1. Influence of PBZ and KNO3 on vegetative growth parameters of mango cv. Amrapali 
planted under different spacing (Pooled mean of 2018-19 and 2019-2020) 
 

Treatments 
Percentage 
increase in 
plant height 

Percentage 
increase in 
trunk girth 

Percentage 
increase in 
canopy 
spread 
 (E-W) 

Percentage 
increase in 
canopy 
spread  
(N-S) 

Spacing (S)  



 

 

S1: 2m x 2 m 9.46 5.50 9.65 10.01 
S2: 4m x 2m 8.82 6.18 12.02 9.36 
S3: 4m x 4m 6.97 6.91 13.95 14.46 
S4: 8m x 2m 8.03 6.71 12.62 9.30 
S.E m± 0.06 0.02 0.08 0.09 
C.D. at 5% 0.18 0.07 0.23 0.26 
Chemical(C)  
C1: (PBZ @ 0.25 g a.i./m of canopy area) 7.67 5.79 11.03 9.86 
C2: (PBZ @ 0.50 g a.i./m of canopy area) 6.46 5.47 10.10 9.03 
C3: (PBZ @ 0.75 g a.i./m of canopy area) 5.56 5.04 9.12 8.15 
C4: (2% KNO3) 10.37 7.44 14.59 13.05 
C5: (4% KNO3) 10.83 7.67 15.21 13.60 
C6: (Control - water application) 9.02 6.50 12.31 11.02 
S.E m± 0.05 0.03 0.10 0.11 
C.D. at 5% 0.13 0.08 0.28 0.32 
 Interaction: Spacing (S) x Chemical (C)  
S1C1: (2m×2m & 0.25 g a.i. PBZ) 8.73 5.03 8.82 9.15 
S1C2: (2m×2m & 0.50 g a.i. PBZ) 7.34 4.75 8.09 8.39 
S1C3: (2m×2m & 0.75 g a.i. PBZ) 6.32 4.39 7.30 7.57 
S1C4: (2m×2m & 2% KNO3) 11.79 6.50 11.67 12.12 
S1C5: (2m×2m & 4% KNO3) 12.30 6.67 12.17 12.63 
S1C6: (2m×2m & water application) 10.25 5.65 9.85 10.23 
S2C1: (4m×2m & 0.25 g a.i. PBZ) 8.12 5.66 10.99 8.55 
S2C2: (4m×2m & 0.50 g a.i. PBZ) 6.84 5.34 10.07 7.84 
S2C3: (4m×2m & 0.75 g a.i. PBZ) 5.88 4.91 9.09 7.08 
S2C4: (4m×2m & 2% KNO3) 11.01 7.31 14.55 11.32 
S2C5: (4m×2m & 4% KNO3) 11.48 7.50 15.16 11.79 
S2C6: (4m×2m & water application) 9.57 6.35 12.28 9.56 
S3C1: (4m×4m & 0.25 g a.i. PBZ) 6.43 6.32 12.75 13.22 
S3C2: (4m×4m & 0.50 g a.i. PBZ) 5.42 5.97 11.68 12.11 
S3C3: (4m×4m & 0.75 g a.i. PBZ) 4.67 5.51 10.54 10.93 
S3C4: (4m×4m & 2% KNO3) 8.68 8.16 16.88 17.51 
S3C5: (4m×4m & 4% KNO3) 9.06 8.38 17.59 18.25 
S3C6: (4m×4m & water application) 7.55 7.10 14.24 14.77 
S4C1: (8m×2m & 0.25 g a.i. PBZ) 7.41 6.15 11.54 8.50 
S4C2: (8m×2m & 0.50 g a.i. PBZ) 6.24 5.80 10.58 7.79 
S4C3: (8m×2m & 0.75 g a.i. PBZ) 5.37 5.35 9.54 7.02 
S4C4: (8m×2m & 2% KNO3) 10.02 7.93 15.27 11.26 
S4C5: (8m×2m & 4% KNO3) 10.45 8.15 15.93 11.74 
S4C6: (8m×2m & water application) 8.71 6.90 12.89 9.50 
S.E m± 0.09 0.06 0.18 0.22 
C.D. at 5% 0.26 0.18 0.55 0.64 

The interaction effect of spacing and chemical treatment showed that there was significant 
difference among various treatment combinations. The maximum percentage increase in 
plant height was recorded in the plants planted at a spacing of 2m×2m and treated with 4% 

KNO3 (12.30%) and the minimum was recorded in the plants planted at 4m×4m and treated 

with 0.75 g a.i. PBZ (4.67%). Sagar et al. [17] also observed lowest increase in plant height at 
higher dose of PBZ and in lower plant density. 



 

 

  Highest percentage increase in trunk girth of the plant was observed in the plants 
planted at a spacing of 4.0 x 4.0 m (6.91%) and the minimum percentage increase in trunk 
girth was noticed in 2.0 x 2.0 m (5.50 %).  These results are in line with Kumar and Singh 
[18] in Allahabad Safeda guava. Among the different concentrations of chemical treatment, 
the maximum percentage increase in trunk girth was recorded in the plants applied with 
KNO3 @ 4% (7.67%) and the minimum percentage increase in trunk girth was recorded in 
the plants treated with paclobutrazol at 0.75 g a.i.  (5.04%). Nafees et al. [19] found that 
paclobutrazol was effective in suppressing trunk growth compared to control trees of mango. 
The interaction effect of spacing and chemical treatment showed significant effect on the 
above parameter. The maximum percentage increase in trunk girth was recorded in the plants 
planted at a spacing of 4m×4m and treated with 4% KNO3 (8.38%). 

 The plant spread was also influenced by the spacing and chemical treatments. The 
highest percentage increase in plant spread in the East-West (13.95%) and North-South 
(14.46%) direction was noticed in the plants spaced at 4.0 x 4.0 m and the minimum plant 
spread in E-W direction was recorded in 2.0 x 2.0 m (9.65%) and in N-S direction was 
recorded in 8.0 x 2.0 m (9.30%). Similar results were earlier obtained by Bharad et al. [20] 
and Singh et al. [21]. Among the treatments of different chemicals, the maximum percentage 
increase in plant spread was noticed in plants applied with KNO3 @ 4% (15.21% E-W and 
13.60% N-S) and the minimum was recorded in the plants applied with paclobutrazol @ 0.75 
g a.i. (9.12% E-W and 8.15% N-S). Interaction data revealed that the maximum percentage 
increase in canopy spread was recorded in the plants planted at a spacing of 4m×4m and 

treated with 4% KNO3 (17.59% E-W and 18.25% N-S), The results are in conformity with the 
findings of Hegazi et al. [16]. 

 It is generally expected that in closer spacing, plants will have tendency to grow tall, 
lower trunk girth and canopy spread. Increase in height might be due to competition for light 
because of insufficient space. Increase in vegetative growth by KNO3 might be due to the fact 
that potassium is involved in protein and carbohydrate metabolism which leads to cell 
enlargement and trigger the growth of meristematic tissue Mengel et al. [22]. Paclobutrazol 
minimize the plant height, trunk girth, canopy spread. This might be due to gibberellic acid  

Table 2. Influence of PBZ and KNO3 on leaf nutrient content of mango cv. 
Amrapali planted under different spacings (Pooled mean of 2018-19 and 2019-20) 

Treatments Nitrogen    
(%) 

Phosphorus 
 (%) 

Potassium 
(%) 

Spacing (S) 
S1: 2m x 2 m 1.36 0.12 0.54 
S2:  4m x 2m 1.52 0.15 0.61 



 

 

S3: 4m x 4m 1.68 0.19 0.81 
S4: 8m x 2m 1.66 0.17 0.78 
S.E m± 0.04 0.003 0.014 
C.D. at 5% 0.10 0.010 0.041 
Chemical(C) 
C1: (PBZ @ 0.25 g a.i./m of canopy area) 1.50 0.15 0.63 
C2: (PBZ @ 0.50 g a.i./m of canopy area) 1.39 0.14 0.58 
C3:(PBZ @ 0.75 g a.i./m of canopy area) 1.33 0.12 0.56 
C4: (2% KNO3) 1.71 0.18 0.81 
C5: (4% KNO3) 1.78 0.19 0.82 
C6: (Control - water application) 1.60 0.17 0.72 
S.E m± 0.04 0.004 0.018 
C.D. at 5% 0.13 0.012 0.050 
 Interaction: Spacing (S) x Chemical (C) 
S1C1: (2m×2m & 0.25 g a.i. PBZ) 1.32 0.11 0.50 
S1C2: (2m×2m & 0.50 g a.i. PBZ) 1.22 0.10 0.46 
S1C3: (2m×2m & 0.75 g a.i. PBZ) 1.17 0.09 0.44 
S1C4: (2m×2m & 2% KNO3) 1.49 0.14 0.64 
S1C5: (2m×2m & 4% KNO3) 1.54 0.15 0.65 
S1C6: (2m×2m & water application) 1.40 0.13 0.57 
S2C1: (4m×2m & 0.25 g a.i. PBZ) 1.47 0.14 0.56 
S2C2: (4m×2m & 0.50 g a.i. PBZ) 1.36 0.13 0.52 
S2C3: (4m×2m & 0.75 g a.i. PBZ) 1.30 0.11 0.49 
S2C4: (4m×2m & 2% KNO3) 1.67 0.17 0.72 
S2C5: (4m×2m & 4% KNO3) 1.75 0.18 0.73 
S2C6: (4m×2m & water application) 1.56 0.16 0.64 
S3C1: (4m×4m & 0.25 g a.i. PBZ) 1.62 0.17 0.74 
S3C2: (4m×4m & 0.50 g a.i. PBZ) 1.50 0.17 0.69 
S3C3: (4m×4m & 0.75 g a.i. PBZ) 1.43 0.14 0.66 
S3C4: (4m×4m & 2% KNO3) 1.85 0.21 0.95 
S3C5: (4m×4m & 4% KNO3) 1.94 0.22 0.97 
S3C6: (4m×4m & water application) 1.73 0.20 0.85 
S4C1: (8m×2m & 0.25 g a.i. PBZ) 1.60 0.16 0.72 
S4C2: (8m×2m & 0.50 g a.i. PBZ) 1.48 0.15 0.66 
S4C3: (8m×2m & 0.75 g a.i. PBZ) 1.43 0.13 0.64 
S4C4: (8m×2m & 2% KNO3) 1.82 0.19 0.92 
S4C5: (8m×2m & 4% KNO3) 1.90 0.20 0.94 
S4C6: (8m×2m & water application) 1.70 0.18 0.82 
S.E m± 0.09 0.009 0.035 
C.D. at 5% NS NS NS 
suppressing nature of paclobutrazol. It is known that gibberellins promote cell division and 
cell elongation Murti et al. [23].  

3.2 Effect of different plant spacing and chemical treatment on leaf nutrient status 
Plant spacing and chemical treatment (PBZ and KNO3) had significant influence on 

leaf nutrient content. The maximum leaf N, P, K was found in plants spaced at 4.0 x 4.0 m 
(1.66 % N, 0.19 % P and 0.81% K) and the minimum leaf nutrient content was recorded in 



 

 

2.0 x 2.0 m (1.36% N, 0.12 % P and 0.54% K). Nautiyal et al. [24] also observed that, among 
plant spacing nitrogen content of leaves increase with increase in plant density in guava cv 
Pant Prabhat.  Kumar et al. [25] also observed that, maximum leaf phosphorus and potassium 
content (0.149% P and1.69% K) was recorded in wider spacing and minimum in the closer 
spacing of Apricot.  

 Among the different chemical treatments, maximum leaf N, P, K was recorded in 
plants treated with KNO3 @ 4% spray (1.78% N, 0.19% P, 0.82% K). Whereas minimum leaf 
N, P, K content was recorded in PBZ application @ 0.75 g a.i. (1.33% N, 0.12% P and 0.56% 
K) which was at par with PBZ @ 0.50 g a.i. (1.39% N, 0.14% P and 0.58% K). Kishore et al. 
[26] noticed that PBZ had inverse relationship with N and K contents of leaves. Chater et al. 
[27] also revealed that application of 2% and 3% KNO3 resulted in significantly higher leaf 
N, P and K concentrations than the control. Whereas interaction effect between spacing and 
chemical treatment found to be non significant for leaf nutrient. 

 The wider spacing might be responsible for higher uptake and translocation of 
nutrient from soil to aerial part of the plants that results in higher leaf nutrient content in leaf 
of plants planted at lower density. Reduction in the leaf N, P and K contents in PBZ treated 
trees could be due to reduced root hydraulic conductivity and root length, which in turn 
reduces water flux responsible for passive uptake of mobile nutrients like N and K, Reiger et 
al. [28]. The influence of paclobutrazol on leaf nutrient status lacks consistency as the level 
of nutrient varies differently with the application rate and soil conditions. 

3.3 Influence of PBZ and KNO3 on leaf chlorophyll content, flowering and fruiting  
The data presented in Table 3 suggests that total chlorophyll content in leaves was not 

influenced by the plant spacing. However, the chemical treatment alone had significantly 
affected the chlorophyll content and highest chlorophyll content was noticed in the plants 
treated with PBZ @ 0.75 g a. i. (1.93 mg g-1) which was at par with PBZ @ 0.50 g a. i. (1.85 
mg g-1) and lowest was recorded in control (1.61 mg g-1). Interaction effect between spacing 
and chemical treatment did not have significant influence on the total leaf chlorophyll content  

 

Table 3. Influence of PBZ and KNO3 on total leaf chlorophyll content, flowering and yield 
of mango cv. Amrapali planted under different spacings (Pooled mean of 2018-19 and 2019-
20) 

 
Treatments 

Total leaf 
chlorophyll 

(mg g -1) 

Panicle produced 
per square meter of 
canopy area  

Fruit yield                  
(t/ha) 

Spacing (S) 
S1: 2m x 2 m 1.48 18.00 10.40 
S2:  4m x 2m 1.72 21.92 8.66 



 

 

S3: 4m x 4m 2.02 30.42 5.85 
S4: 8m x 2m 1.90 29.33 5.28 
S.E m± 0.028 0.65 0.07 
C.D. at 5% 0.080 1.86 0.19 
Chemical(C) 
C1: (PBZ @ 0.25 g a.i./m of canopy area) 1.77 24.22 8.09 
C2: (PBZ @ 0.50 g a.i./m of canopy area) 1.85 29.20 9.00 
C3:(PBZ @ 0.75 g a.i./m of canopy area) 1.93 27.78 7.58 
C4: (2% KNO3) 1.73 23.15 7.15 
C5: (4% KNO3) 1.78 25.38 7.63 
C6: (Control - water application) 1.61 19.78 5.85 
S.E m± 0.034 0.80 0.08 
C.D. at 5% 0.097 2.28 0.24 
 Interaction: Spacing (S) x Chemical (C) 
S1C1: (2m×2m & 0.25 g a.i. PBZ) 1.46 17.50 11.33 
S1C2: (2m×2m & 0.50 g a.i. PBZ) 1.53 21.08 12.43 
S1C3: (2m×2m & 0.75 g a.i. PBZ) 1.61 20.06 10.41 
S1C4: (2m×2m & 2% KNO3) 1.44 16.73 9.91 
S1C5: (2m×2m & 4% KNO3) 1.48 18.33 10.47 
S1C6: (2m×2m & water application) 1.36 14.31 7.86 
S2C1: (4m×2m & 0.25 g a.i. PBZ) 1.70 21.30 9.23 
S2C2: (4m×2m & 0.50 g a.i. PBZ) 1.78 25.73 10.31 
S2C3: (4m×2m & 0.75 g a.i. PBZ) 1.87 24.47 8.75 
S2C4: (4m×2m & 2% KNO3) 1.67 20.34 8.15 
S2C5: (4m×2m & 4% KNO3) 1.72 22.33 8.80 
S2C6: (4m×2m & water application) 1.58 17.34 6.71 
S3C1: (4m×4m & 0.25 g a.i. PBZ) 2.01 29.57 6.18 
S3C2: (4m×4m & 0.50 g a.i. PBZ) 2.09 35.63 6.95 
S3C3: (4m×4m & 0.75 g a.i. PBZ) 2.20 33.91 5.87 
S3C4: (4m×4m & 2% KNO3) 1.97 28.27 5.53 
S3C5: (4m×4m & 4% KNO3) 2.02 30.98 5.91 
S3C6: (4m×4m & water application) 1.86 24.16 4.69 
S4C1: (8m×2m & 0.25 g a.i. PBZ) 1.89 28.51 5.60 
S4C2: (8m×2m & 0.50 g a.i. PBZ) 1.94 34.34 6.31 
S4C3: (8m×2m & 0.75 g a.i. PBZ) 2.06 32.67 5.30 
S4C4: (8m×2m & 2% KNO3) 1.85 27.26 4.99 
S4C5: (8m×2m & 4% KNO3) 1.90 29.86 5.35 
S4C6: (8m×2m & water application) 1.75 23.31 4.15 
S.E m± 0.608 1.04 0.17 
C.D. at 5% NS 2.97 0.47 

of plants. The greening effect caused by plant treatments with growth regulators can 
be explained by an increase in chlorophyll content and/or more densely packed chloroplasts 
per unit leaf area due to a reduction in leaf area, Khalil et al. [29]. The report of 
Nivedithadevi et al. [30] showed that plants treated with PBZ synthesized more cytokinin, 
which in turn enhanced chloroplast differentiation and chlorophyll biosynthesis, and 
prevented chlorophyll degradation. 



 

 

The maximum panicles per m2 canopy area was observed in Amrapali mango planted 

at a spacing of 4.0 x 4.0 m (30.42) and was at par with spacing of 8.0 x 2.0 m (29.33). The 

least number of panicles per m2 of canopy area (18.00) was recorded in 2.0 x 2.0 m planting 

density. These findings are in consonance with the findings reported by Singh et al. [21] in 

high density planting system of ‘Amrapali’ mango. In chemical treatment, highest no. of 

produced /m2 was observed to be in PBZ @ 0.50 g a. i. (29.20) which was closely followed 

by PBZ @ 0.75 g a. i.  (27.78). The interaction effect of plant spacing and chemical treatment 

had significantly affected the no. of panicles per square meter. The highest no. of panicles per 

square meter was observed in plant spaced at of 4.0 x 4.0 m and treated with PBZ @ 0.50 g 

a.i. (35.63) and the minimum was recorded in plant spaced at of 2.0 x 2.0 m and control 

treatment (14.31). 

 Results similar to present findings are reported earlier by Yeshitela et al. [15]. The 
interaction effect of planting density and chemical treatment (Table 3) had significantly 
affected no. of panicle produced/ m2 of canopy area. Highest no. of panicles produced per m2 
of canopy area was recorded in the plants spaced at 4m×4m and applied with 0.50 g a.i. PBZ 
(35.63). 

 The minimum percentage of flowering shoots was observed in high density planting 
which is mainly because of the facts that the smaller the area available to plants, the higher 
the tendency to decrease the number as reported by Singh et al. [21]. Application of 
paclobutrazol compounds enhance flowering by inhibiting synthesis of kaurene oxidase in the 
gibberellin-synthesis pathway which stimulates production of flowering shoots in weakly 
inductive conditions thereby increase flowering intensity and yield, Yeshitela et al. [15]. 

The fruit yield (t/ha) significantly differed due to plant spacing. The highest yield per 
ha (10.40t/ha) was obtained in plant spacing in 2.0 x 2.0 m. Whereas lowest yield (5.28 t/ha) 
was recorded in 8.0 x 2.0 m. Among chemical treatment significantly highest yield was 
recorded in PBZ @ 0.50 g a.i. (9 t/ha) followed by 8.09 t/ha in PBZ treatment @ 0.75 g a.i. 
Whereas lowest yield (5.85 t/ha) was recorded in control. The above finding is similar to 
those noted by Yeshitela et al.  [15] and Kishore et al. [26]. Interaction effect is significant 
and maximum yield (12.43 t/ha) was recorded in the plants planted at a spacing of 2m×2m 
and applied with 0.50 g a.i. PBZ followed by 2m×2m spacing and applied with 0.25 g a.i. 
PBZ (11.33 t/ha). 

 On the basis of productivity per unit area basis the highest yield was recorded in 
higher density plantation. This was due to higher plant population per unit area as reported by 
Nath et al. [13] and Kumawat et al. [31]. Paclobutrazol is also known to alter the source-sink 



 

 

relations in the plant and directly or indirectly reallocates carbohydrate resources, suppressing 
vegetative growth and increasing yield. However, the highest concentration of paclobutrazol, 
10.0 g a.i. per tree, considerably decreased yield in both years, probably due to its phytotoxic 
effects and reduction in leaf area Kurian and Iyer a [32] and fruit retention Kurian and Iyer b 
[33]. 

4. CONCLUSION 

Paclobutrazol was efficacious in restricting vegetative growth and increasing 
flowering and fruit yield. Leaf N, P and K contents were affected negatively, whereas leaf 
total chlorophyll content increased in all doses of paclobutrazol. It has been observed that 
high rate of application (0.75 g ai m-1 canopy spread) not only promoted shoot and panicle 
compaction but also lower the yield due to its phytotoxicity effect on pollen germination and 
fertilization required for fruit set. Foliar spray of potassium nitrate @ 4% resulted increase in 
leaf N, P, K, total chlorophyll content, and no. of panicle per square meter of canopy area but 
fruit yield obtained from this treatment is significantly lower than PBZ @ 0.25 g a.i. and at 
par with PBZ @ 0.75 g a.i.  per meter of canopy spread. Among different planting densities 
plant spaced at 2.0 x 2.0. m recorded highest yield per hectare due to accommodation of more 
no. of plants in comparison to other spacing. It can be concluded from the current 
investigation that soil drench application of 0.50 g a.i. PBZ in the month of September may 
be sufficient to suppress vegetative growth that will in turn have an impact in encouraging 
reproductive growth.  

REFERENCES 

1.  NHB. Area and production of horticulture crops (2nd advance estimate); 2021-22. 

2.  Gurung N, Swamy GSK, Sarkar SK and Ubale NB. Effect of chemicals and growth 
 regulators on germination, vigour and growth of passion fruit (Passiflora edulis 
 Sims). The Bioscan. 2014; 9(1):155-157. 

3.  Muralidhara BM, Reddy YTN, Shiva Prasad MK, Akshitha HJ and Kumar KM. 
 Studies on foliar application of growth regulators and chemicals on seedling growth 
 of mango varieties. The Bioscan.2014; 15(5): 203-205. 

4.  Yadav, RK, Rai N, Yadav DS and Asati BS. Use of paclobutrazol in horticultural 
 crops - a review. Horticultural Science.2005; 26 (4):124–132. 

5.  Whiley AW, Rasmussen TS, Saranah JB, Wolstenholme BN.  Effect of temperature on 
 growth, dry matter production and starch accumulation in ten mango (Mangifera 
 indica L.) cultivars. Journal of Horticultural Sciences.1989;64 (1); 753-765. 



 

 

6.  Protacio CM, Bugante RD, Quinto J, Molinyawe G and Paelmo G. 2000. Regulation 
 of flowering in Carabao mango tree by paclobutrazol. Philippines Journal of 
 Crop Science.2000;2(8):27–33. 

7.  Burondkar MM, Rajan KK, Reddy YTN, Singh VK, Sabale SN, Naik MM, Ngade 
 PM and Saxena P. Advancing Alphonso mango harvest season in lateritic rocky soils 
 of Konkan region through manipulation in time of paclobutrazol application. Journal 
 of Applied Horticulture.2013;15(6):178–82. 

8.   Davenport TL. Management of flowering in three tropical and subtropical fruit tree 
 species. Horticultural Science.2003;38(12): 1331–1335. 

9.  Barnes JD, Balaguer L, Manrique E, Elvira S and Davison, AW. A reappraisal of the 
 use of DMSO for the extraction and determination of chlorophylls a and b in lichens 
 and higher plants. Environmental and Experimental Botany.1992;3 (1): 85–100. 

10. Chadha KL, Samra JS and Thakur RS. Standardization of leaf sampling for mineral 
composition of leavea of mango culviar ‘Chausa’. Scientia Horticulturae.1980; 
13(4):323-329. 

11.   Jackson, ML.Soil Chemical Analysis, 2nd Edition. Prentice Hall of India Pvt. Ltd., 
 New   Delhi;1973 

12.  Gomez KA and Gomez AA. Statistical procedures for agricultural 
 Research.1983; pp 1-120. 

13.  Nath V, Bikash D and Rai M. Standardization of high-density planting in mango 
 (Mangifera indica L.) under sub-humid alfisols of eastern India, Indian journal of 
 Agricultural Science.2007; 77 (5): 3-7. 

14.   Kurian RM, and Iyer CPA. Chemical regulation of tree size in mango (Mangifera 
 indica L.) cv. Alphonso, III, Effects of growth retardants on yield and quality of fruits. 
 Horticultural Science, 1993;68 (3): 361-364. 

15.  Yeshitela T, Robbertse, PJ, and Stassen PJC. Paclobutrazol suppressed vegetative 
 growth and improved yield as well as fruit quality of ‘Tommy Atkins’ mango 
 (Mangiferaindica) in Ethiopia. New Zealand Journal of Crop and Horticultural 
 Science.2004;32(3): 281-293. 

16.  Hegazi ES, Mohamed SM, El-Sonbaty MR, Abd El-Naby SKM and ElSharony TF.  
 Effect of potassium nitrate on vegetative growth, nutritional status, and yield and fruit 
 quality of Olive cv. Picual. Journal of Horticultural Science & Ornamental 
 Plants.2011; 3(7): 252-258. 

17.  Sagar BS, Athani SI, Kulapati Hipparagi, Allolli TB, Revanappa Gopali JB, 
 Mallikarjun Awati and Raghavendra S. Effect of high-density planting and 



 

 

 paclobutrazol on growth and yield of mango (Mangifera indica L.) cv. Alphonso.
 International Journal of Chemical Studies.2019; 7(1): 1846-1851. 

18.  Kumar R and Singh H. Effect of planting systems cum densities on growth, 
 fruit  size and yield of guava cv. Allahabad Safeda under subhumid conditions of 
 Bihar. Annals of Agricultural Research.2000; 21(14):152-153. 

 19.  Nafees M, Faqeer M, Ahmad S, Alam KM, Jamil M and Naveed A. Paclobutrazol  soil 
 drenching suppresses vegetative growth, reduces malformation, and increases 
 production in mango. International Journal of Fruit Science.2010; 10(1): 431–440. 

20. Bharad SG, Dod VN, Nagre PK, Raut UV. Optimization of plant density in 
 guava under Vidarbha conditions. Book of Abstracts, 5th Indian Horticulture   
 Congress,  November 6-9, 2012. Pp 1-14. 

 21.  Singh S, Yadav GS, Singh, J, Hoda, MN. High-density planting system in  'Amrapali' 
 mango (Mangifera indica). Indian Journal of Agricultural Sciences.2001;71(6): 
 381-387. 

22. Mengel K and Kirkby EA. Principle of Plant Nutrition. 4 Ed. International 
 Potash Institute,1987. 

23.   Murti GSR, Upreti KK, Kurian RM, Reddy YTN. Paclobutrazol modifies tree vigour 
 and flowering in mango cv. Alphonso. Indian J. Plant Physiol. 2001; 6(4):355-360. 

24. Nautiyal P, Lal S and Singh CP. 2016. Effect of shoot pruning severity and plant 
 spacing on leaf nutrient status and yield of guava cv. Pant Prabhat. International 
 Journal of Basic and Applied Agricultural Research.2015;25(4): 288-294. 

25.  Kumar D, Ahmed N, Verma MK and Dar T. Growth, yield, quality and leaf 
 nutrient status as influenced by planting densities and varieties of apricot. Indian 
 Journal of Hortticulture.2013;70(2):12.-20. 

26. Kishore K, Singh HS, Sharma D, Rupa TR, Kurian RM and Samant D. Influence of 
 paclobutrazol on vegetative growth, nutrient content, flowering and yield of Mango 
 (Mangifera indica L.) and its residual dynamics. Journal of Agricultural Science and 
 Technology.2019;21(6): 1557-1567. 

27.  Chater JM and Garner LG. Foliar nutrient applications to ‘Wonderful’ 
 pomegranate  (Punica granatum L.). II. Effects on leaf nutrient status and fruit split, 
 yield and size. Scientia Horticulturae.2018; 5(3):1-6. 

28. Reiger, M. and Scalabrelli, G. Paclobutrazol, Root Growth, Hydraulic 
 Conductivity, and Nutrient Uptake of ‘Nemaguard’ Peach. Horticultural science.1990; 
 25(2): 95-98.  



 

 

29. Khalil IA, Rahman H. Effect of paclobutrazol on growth, chloroplast pigments and 
 sterol biosynthesis of mango (Mangifera indica L.). Plant Science. 1995; 105(6):15–
 21. 

30.  Nivedithadevi D, Somasundaram R, Pannerselvam R. Effect of abscisic acid, 
 paclobutrazol and salicylic acid on the growth and pigment variation in Solanum 
 trilobatum (l). International Journal of Drug Development Research.2015;4(6):236 
 246. 

31.    Kumawat KL, Sarolia DK, Kaushik RA, Jodha AS. Effect of different spacing on 
 newly planted guava cv. L- 49 under ultra high density planting system. African 
 Journal of Agricultural Research.2014; 9(51): 3729-3735. 

32. Kurian RM and Iyer CPA. Chemical regulation of tree size in mango (Mangifera  
 indica  L.) cv. Alphonso. I. Effects of growth retardants on vegetative growth and tree 
 vigour. Journal of Horticultural Sciences,1993a;68(2): 349-354. 

33.  Kurian RM and Iyer CPA. Chemical regulation of tree size in mango (Mangifera 
 indica  L.) cv. Alphonso. II. Effects of growth retardants on flowering and  fruit set. 
 Journal of Horticultural Science,1993b; 68 (3): 355-360. 

 
 
 
 
 


