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Research on “Influence of various concentrations of boron and their application times on quality flower production of 
carnation (Dianthus Caryophyllus)” was carried out at Ornamental Horticulture Nursery, department of Horticulture, The 
University of Agriculture; Peshawar during 2020.The design of the experiment was Randomize Complete Block (RCB) 
having split-plot arrangement. Two factors were studied i.e., boron concentrations and times of their foliar application. 
Foliar application of boron @ 0 (control/distilled water), 300, 600, 900 and 1200 ppm was done at three different times 
i.e., 30 and 50 days after transplantation and at bud stage). Boron and their application times significantly influenced most 
of the studied attributes. Foliar spray of boron at 900 ppm resulted in maximum height (22.0 cm), no. of  branches plant-

1 (18.5), leaf area (4.82 cm2), diameter of flower (6.70 cm), no. of flowers plant-1 (31.50), minimum days to flowering 
(90.52), minimum calyx splitting (3.30 %) with maximum fresh flower weight (4.80 g) and extended vase life (10.3 days). 
Among various applications times, spray of boron, 50 days of transplantation resulted in minimum calyx splitting (6.20%) 
and minimum days to flowering (91.70 days) with maximum leaf area (4.56 cm2), fresh and dry flower weight (4.40 g & 
1.60 g) with maximum vase life (9.60 days). It is concluded that application of boron at 900 ppm proved as optimum in 
reducing the calyx split and quality flower production in carnation. Among various application times; foliar application of 
boron, 50 days after transplantation was most effective as compare to the application of boron after 30 days of 
transplantation and at bud stage. 
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INTRODUCTION 
Carnation (Dianthus CaryophyllusL.) belongs to family 
Caryophyllaceae and its origin is Mediterranean region 
(Salehi, 2006). Dianthus is its genus name and is a Greek 
word which means ‘dios’ referring to ‘Zeus’, ‘Devine’ or 
‘God’ and ‘anthos’ meaning ‘flower’; hence known as 
‘Divine Flower, Flower of God and Flower of Love. The 
common name ‘carnation’ is derived from the Greek word 
‘coronation’ because of its use in decorating the crown of 
Greek athletes. It is a long day plant (Blake, 1955). Among 
the popular cut flowers, it has prominent position in the 
world; it can be used as specimen plant, bedding plant and 
potted plant as well as in flower shows and exhibitions 
(Singh, 2006). It has a distinction of different colors, long 
flower stalk and shapes. It also has the ability to persist in 
long distance transportation (Tarannum and Naik, 2014). 
Carnations is utilized in gardening for edging, pots, borders 
and bedding purposes and they are preferred to roses and 
Chrysanthemums in several countries. Besides these uses, 
carnation flowers also have medicinal importance (Shiragur 
et al. 2004). Carnation could be grown in greenhouses 
under control environment having favorable temperature, 

optimum light, proper humidity and carbon dioxide levels to 
attain higher yield of top quality flowers (Bhalla et al. 2006). 
Carnation is used in perfumes (Usher, 1974). Traditionally 
it has been used in China, Japan and Korea in the cure of 
wounds, throat and gums infections etc. (Al-Rawi and 
Chakarwarty, 1988; Mohammad et al. 2009; Chandra et al. 
2016). Carnation has been used in herbal medicines in 
Europe to treat nervous and coronary disorders. Carnation 
flowers have been used in China as a vermifuge (Chandra 
et al. 2016). Carnation essential oil is used to heal wounds, 
asthma , eye diseases,  relieve dizziness and restoring 
memory as well as act as antiseptic  (Ibrahim, 2016). 
Carnation is used in perfumes (Usher, 1974). Traditionally 
it has been used in China, Japan and Korea in the cure of 
wounds, throat and gums infections etc. (Al-Rawi and 
Chakarwarty, 1988; Mohammad et al. 2009; Chandra et al. 
2016). 
 Splitting carnation flower calyces; is one of major limiting 
factor that affect both pre and post-harvest quality of 
carnation flowers (Thompson, 2010). It is reported that the 
deficiency of boron results in high rate of calyx splitting. At 
nodes, splitting of nodes occurs that results in the failure of 
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flower buds. If bud’s failure not occurs, then the petals of 
the flower become dried and style becomes pronounced. 
On lower leaves, red patches are formed within central 
veins, which spread over the whole leaf causing leaf 
necrosis thus losing it pre and post harvest quality of 
flowers in carnation (Hickey, 2000). 
Boron had significant role in controlling the incidence of split 
calyx in carnation flowers, boron has the potential to 
decrease calyx splitting in carnation (Raj et al. 2016). Boron 
has a significant role in the reproductive physiology of the 
plant starting from bud initiation to the stage of flower 
harvest. Minimum calyx split was found in carnation flowers 
when plants were treated with boron (Maguluri, 2017). 
Carnation is susceptible to the splitting of calyx and stem 
brittle disorders that causes major loss economic losses 
(Beisland and Kristoffersen, 1969; Skalska, 1983). 
Application of micronutrients improves growth characters, 
enhances photosynthetic activity and improves the cell 
division and elongation (Hatwar et al. 2003). Different plant 
species have different boron requirements and various 
factors affect its availability such as high pH and drought 
(Marschner, 1995). The major deficiency of boron may 
result in disturbance in apical meristems standard 
functioning with alteration in the structure of membrane, 
synthesis of the cell wall, auxin metabolisms, and 
carbohydrate. Boron is very essential and also known to be 
the constituent of different parts of the plants (Tandon et al. 
1989). According to Truog (1940), without optimum boron 
supply no crop can reach its full potential. Due to the 
deficiency of boron several syndromes in horticultural crops 
are reported. Boron has a great influence on quality and 
yield. Foliar application of Boron increases the growth and 
flowering characters, further increase in dose beyond 
optimum level might have negative effect on growth, floral 
characters such as floral number, floret size and weight of 
stalk are strongly affected by boron application (Halder et 
al. 2007). Foliar application of boron control calyx splitting 
and improve quality and quantity of carnation flowers. It is 
reported that boron treatment reduced the incidence of 
calyx splitting to 85% with increase in flower numbers and 
stalk length (Khalajet al. 2007). 
Keeping in view the commercial importance of carnation 
flowers and the possible potential positive influence of 
boron, the current experiment was planned to find out 
optimum concentration of boron and proper application time 
to reduce the incidence of calyx split in carnation to the 
minimum and produce reasonable production of better 
quality flowers. 
 
MATERIALS AND METHODS 
Research work on “Influence of various concentrations of 
boron and their application times on quality flower 
production of carnation (Dianthus CaryophyllusL).” was 
conducted at Ornamental Horticulture nursery, Department 
of Horticulture, The University of Agriculture Peshawar 
during 2020. The research work was done in a Randomized 
Complete Block Design (RCBD) with split plot arrangement 

having two factors, i.e. foliar application time (30 days after 
transplantation, 50 days after transplanting and at flower 
bud stage) assigned to main plot, while boron concentration 
i.e., 0 (distilled water/control), 300, 600, 900 and 1200 ppm) 
were assigned to sub plot. The seedlings were transplanted 
in 3rd week of January, 2020 in plastic bags. Bag size was 
10 x 8" and weight of one plastic bag with media was 2 kg. 
All the cultural practices were carried out uniformly. Data 
were recorded on plant height (cm), number of branches 
plant-1, leaf area (cm2), days to flowering, Split calyces (%), 
number of flowers plant-1, Flower diameter (cm), Fresh 
flower weight (g), Dry Flower weight (g) and vase life 
(Days). 

Statistical procedure 
The data were subjected to Analysis of variance (ANOVA) 
test using statistics 8.1 software and Least Significant 
Difference (LSD) test was applied for separation of means 
where significant variations were found (Steel and Torie, 
1997). 
 
RESULTSAND DISCUSSION 

Plant height (cm) 
Data about regarding plant height in response to foliar 

application of boron (Table 1) showed plant height was 
significantly affected by boron concentrations, however, 
time of application and interaction between boron 
concentrations ad their time of application had non-
significant effect on plant height of carnation. It is evident 
from mean data pertaining to the effect of various boron 
concentrations (Table 1) that plant height of carnation 
increased with increase in concentration of boron upto 900 
ppm.  It was increased to the maximum (22.0 cm) when 
boron was sprayed @ 900 ppm which was statistically 
similar to plant height (21.5 cm) recorded in plants treated 
with foliar applied boron @ 1200 ppm. Minimum plant 
height (18.2 cm) was obtained from control plants (sprayed 
with distilled water). Foliar spray of boron significantly 
affected plant height (Karthikeyan et al. 2009; Maguluri, 
2015). Significant increase in plant height was recorded 
with the foliar application of boron when compared to 
control. Control plants which were not treated with boron 
showed reduction in height.  It might be due to the fact that 
boron performs an essential role in the biosynthesis of 
auxins that has significant role in cell division and 
elongation; hence resulted in an increase in plant height 
(Qureshi et al. 2015).  
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Table 1: Effect of boron concentrations and their time of application on plant height, number of branches plant -1, 
leaf area plant-1, number of flowers plant-1, days to flowering of carnation. 

 

Boron concentrations 
ppm 

Plant 
height(cm) 

Number of 
branches  

plant-1 

Leaf area 
plant-1 

Number of 
flowers 
plant-1 

Days to 
flowering 

0 (distilled water) 18.2 C 17.2 c 3.76 C 26.2 B 94.41 A 

300 19.5 B 17.6 bc 3.87 BC 28.5 AB 92.80 AB 

600 20.1 B 18.2 ab 4.20 B 28.3 AB 91.66 B 

900 22.0 A 18.5 a 4.82 A 31.5 A 90.52 B 

1200 21.5 A 18.4 ab 4.71 A 28.2 AB 92.02 AB 

LSD at (p≤0.01) 1.262 0.84 0.39 3.63 2.65 

Time of application      

30 days after transplantation 20.3 18.0 4.13 b 27.9 92.73 a 

50 days after transplantation 20.3 18.0 4.56 a 27.9 91.70 b 

Flower bud stage 20.3 18.0 4.16 b 27.9 92.43 ab 

LSD at (p≤0.05) NS NS 0.36 NS 0.99 

Interaction      

Boron concentrations * Time of 
application 

NS NS NS NS NS 

Mean followed by different letters are significant different at 1% (upper case) and 5% (lower case) level of significance 
 respectively. 

 
Application of boron improved growth with an increase 

in plant height (Haldar et al. 2007; Kabir, et al. 2013; Ali et 
al. 2015). The data regarding foliar application times of 
boron showed non-significant effect on plant height.  The 
results we obtained are in contrast with Karthikeyan et al. 
(2009), who reported significant effect of boron application 
time on plant height. 

Number of branches plant-1 
Data pertaining to no. of branches plant-1 (Table 4.2) 

showed boron had significant effect on no. of branches 
while time of application and interaction between boron 
concentration and their time of application had no 
significant effect on plant height. Among various boron 
concentrations, the highest number of branches (18.50) 
was noted in plants sprayed with boron at 900 ppm. 
However, least number of branches (17.20) was recorded 
in plants sprayed with distilled water (control).  

It is evident from mean data that no. of branches was 
significantly increased with the exogenous application of 
boron. It might be due to the reason that plants require 
boron for cell division, nutrient uptake, enhancement of 
hormonal activities and lateral branches (Karthikeyan et al. 
2009). Maguluri, (2015) reported an increase in number of 
branches of carnation with foliar application of boron. The 
number of branches increased with the application of boron 
in tomato, groundnut and soybean plants (Schon et al. 
1987; Kabir et al. 2013; Ali et al. 2015). 

Leaf area (cm2) 
Leaf area of carnation was significantly affected by 

various concentrations of boron and their application times 
(Table 1). Among various concentrations of boron; the 
maximum leaf area (4.82 cm2) was recorded in plants 
treated with 900 ppm of boron, which was statistically 
similar to leaf area (4.71 cm2) noted in plants sprayed with 
1200 ppm of boron. While minimum leaf area (3.76 cm2) 
was recorded in plants sprayed with distilled water 
(control/0ppm boron). Mean data of foliar application times 
indicated that maximum leaf area (4.56 cm2) was recorded 
when boron was sprayed, 50 days after transplanting. 
While minimum leaf area (4.13 cm2) was noted in plants 
sprayed with boron, 30 days after transplantation, which 
was statistically similar to leaf area (4.16 cm2) obtained 
from plants, treated with boron at flower bud stage. 

A significant increase in leaf area of carnation plant was 
observed with the application of boron (Qureshiet al. 2015). 
Boron significantly increased leaf area of zinnia and 
gladiolus plant (Sharma et al. 2013; Ali et al. 2018). Ahmad 
et al. (2010) and Khalifa et al. (2011) also reported increase 
in leaf area of iris and rose plants, when they were treated 
with boron as compared to untreated plants. Increase in 
starch in spongy cells, chlorophyll content and layers 
number in palisade tissue may lead to increase in leaf area 
(Reddy et al. 1999). A significant increase in leaf area of 
carnation plant was observed with the application of boron 
(Qureshi et al. 2015). Boron significantly increased leaf 
area of zinnia and gladiolus plant (Sharma et al. 2013; Ali 
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et al. 2018).  

Number of flowers plant-1.  

A significant variation in numbers of flowers was noted 
in plants sprayed with various boron concentrations. Mean 
data regarding boron concentrations (Table 1) showed that 
maximum number offlowers plant-1 (31.5) was noted in 
plants that received boron at 900 ppm. However, least 
flower numbers plant-1 (26.2) was noted in control plants 
sprayed with distilled water.  

Number of flowers increased with the foliar application 
of boron (khalaj et al. 2007; Qureshi et al. 2015; Maguluri, 
2016).  Boron influences the activity of many essential 
enzymes and this might have led to increase in number of 
flowers. Adam et al. (1975) reported an increase in no. of 
flowers in chrysanthemum in response to application of 
boron. It is reported that application of boron resulted in an 
increase in the no. of flowers in tuberose, marigold and 
zinnia (Nath and Biswas, 2002; Jat et al. 2012; Ali et al. 
2018). Boron activated enzymes and increased vegetative 
growth and number of branches thereby increased flowers 
number plant-1 in zinnia plant (Ali et al. 2018). Florets of 
gladiolus plant-1 were increased with the application of 
boron (Haldar et al. 2007; Sharma et al. 2013). Our results 
are in similarity with Karthikeyan et al. (2009); they stated 
that flowers number increased with foliar application of 
boron. The data regarding foliar application times of boron 
showed non-significant influence on flowers number plant-

1.  The results are in contrast with Karthikeyan et al. (2009), 
who stated that boron foliar application after transplantation 
of 30 days significantly affected number of flowers in 
carnation. 

Days to flowering  
Mean data of various concentrations of boron (Table 1) 

showed that maximum days to flowering (94.41) were 
observed in control plants (sprayed with distilled water), 
while least days to flowering (90.52) were observed in 
plants treated with boron at 900 ppm, which were 
statistically similar with days to flowering (91.66) observed 
in plants sprayed at 600 ppm of boron. Mean data regarding 
different times of exogenous application of boron (Table 1) 
showed that the least days to flowering (90.70) were 
observed in plants sprayed with boron, 50 days after 
transplantation, while maximum days to flowering (92.73) 
was recorded in plants sprayed with boron, 30 days after 
transplantation.  

Boron plays an important role in the growth of the plant. 
It decreased the number of days to flowering. This might be 
due to higher buildup of carbohydrates in boron treated 
plants that resulted in early flowering (Bommeshet al. 
2016). Boron plays an important role in reproductive growth 
of plant and the foliar application of boron causes earliness 
in flowering as compared to control (Karthikeyan et al. 
2009; Qureshi et al. 2015. The results are also in line with 
Ali et al. (2015) and Singh et al. (2018), who reported early 
flowering in response to boron application. Data regarding 

foliar application times of boron showed significant effect on 
the days to flowering, when plants were treated with 
boronat 50 days after transplantation. Similar results were 
found by Bommesh et al. (2016) in cucumber plant.   The 
results are in contrast with Karthikeyan et al. (2009), who 
reported that foliar application of boron after 30 days of 
transplantation had significantly affected days to flowering. 

Flower diameter (cm) 
Mean data of flower diameter in response to foliar 

applied boron and its time of application (Table 2) showed 
exogenous application of boron had significant effect on 
flower diameter while application time and interaction 
between boron concentrations and time of application had 
non-significant effect on flower diameter. It is revealed from 
mean data that maximum flower diameter (6.7 cm) was 
recorded in plants sprayed with boron at 900 ppm which 
was statistically similar to flower diameter (6.6 cm) noted in 
plants sprayed with 1200 ppm of boron.  While minimum 
flower diameter (4.90 cm) was recorded in control plants 
(sprayed with distilled water). 

Flower diameter and length of flower stalk are the main 
qualities considered in the grading of flowers. Maximum 
flower diameter was obtained by the foliar application of 
boron in carnation plant (Raj et al. 2016). Boron influences 
the activity of many enzymes and this might have led to 
increase in flower diameter. Boron enhances nutrient 
uptake in plants and also facilitate hormonal activities 
(Waraich et al. 2011). Haldar et al. (2007) and Iftikhar et al. 
(2011) also observed maximum diameter of flower in 
gladiolus and rose respectively due to boron application. 
Our findings are in line with khalaj et al. (2007) who reported 
that flower diameter was significantly increased when 
carnation plants were treated with boron. 

Split calyces (%) 
Split calyces of carnation flowers were decreased 

significantly with the increase in the boron concentration 
upto 900 ppm. Maximum split calyces (17.0%) were 
recorded in control plots (plants treated with distilled water), 
while minimum number of split calyces (3.30%) were 
observed in plots sprayed boron at 900 ppm, which was 
statistically at par with the split calyces (3.70%) observed in 
plots treated with 1200 ppm of boron. Mean data regarding 
times of foliar application of boron (Table 2) showed that 
maximum split calyces (10.0%) was observed in plants 
treated with boron after 30 days of transplantation, least 
split calyces (6.20%) was noted in plants treated with 
boron, 50 days after transplantation that was statistically 
similar to the split calyces (8.70%) observed in plants 
treated with foliar applied boron at flower bud stage. 
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Table 2: Effect of boron concentrations and their time of application on flower diameter, split calyces, fresh flower 
weight, dry flower weight and vase life of carnation. 

Boron concentrations 
ppm 

Flower 
diameter 

(cm) 

Split 
calyces % 

Fresh 
flower 

weight (g) 

Dry flower 
weight (g) 

Vase life 
(days ) 

0 (Distilled water) 4.90 C 17.0 A 3.00 C 1.00 C 7.90 C 

300 5.30 BC 9.30 B 3.90 B 1.30 B 8.70 BC 

600 5.70 B 8.10 B 4.30 AB 1.30 B 9.30 B 

900 6.70 A 3.30 C 4.80 A 1.70 A 10.30 A 

1200 6.60 A 3.70 C 4.60 A 1.90 A 10.60 A 

LSD at (p≤0.01) 0.50 4.19 0.68 0.35 0.92 

Time of application      

30 days after transplantation 5.80 10.0 a 4.20 ab 1.40 b 8.9 b 

50 days after transplantation 5.80 6.20 b 4.40 a 1.60 a 9.6 a 

Flower bud stage 5.80 8.70 ab 3.80 b 1.30 b 9.5 ab 

LSD at(p≤0.05) NS 3.24 0.55 0.28 0.70 

Interaction      

Boron concentrations * Time of 
application 

NS NS NS NS NS 

 
Mean followed by different letters are significant different at 1% (upper case) and 5% (lower case) level of significance 
respectively. 

 
The results showed that application of boron had 

significant role in controlling the incidence of split calyces in 
carnation flowers. Boron has the potential to decrease calyx 
splitting in carnation (Raj et al. 2016). The application of 
boron helps in formation and strengthening of the cell wall 
therefore, it might be imparting resistance to calyx splitting 
(Khalaj et al. 2007; Karthikeyan et al. 2009; Jawaharlal et 
al. 2012). Boron has a significant role in the reproductive 
physiology of the plant starting from bud initiation to the 
stage of flower harvest. Minimum calyx split was found in 
carnation flowers when plants were treated with boron 
(Maguluri, 2015). Incidence of calyx splitting was reduced 
in carnation by the application of boron (Adamas et al. 
1979). Application times had a significant effect on calyx 
splitting in carnation flowers. The current findings revealed 
that there was significant decrease in split calyces of 
carnation when the plants were sprayed 50 days after 
transplantation. Our results are in contrast with Karthikeyan 
et al. (2009) revealed that treatment of boron as foliar after 
30 days of transplantation had significantly reduced calyx 
splitting in carnation. 

Fresh flower weight (g) 
Data regarding fresh flower weight (Table-2) showed 

that maximum fresh weight of flower weight (4.80 g) 
obtained in plants sprayed with boron at 900 ppm boron, 
which was statistically similar to fresh flower weight (4.60 
g) recorded in plants applied with 1200 ppm of boron. 

Minimum fresh flower weight (3.0 g) was observed in 
control plants sprayed with distilled water. Data relating 
boron application time revealed that maximum fresh flower 
weight (4.40 g) was noted in plots treated with boron after 
50 days of transplantation, followed by fresh flower weight 
(4.20 g) recorded in plants sprayed with when boron, 30 
days of transplantation. Whereas, minimum weight of fresh 
flowers (3.80 g) was observed in plots treated with boron at 
flower bud stage.  

Fresh weight of flowers increased with boron 
application. It might be because of increase in flower size. 
Boron helps in activation of auxins and synthesis of proteins 
that further assist in the photosynthesis process thereby 
increases the fresh weight of flower (Raj et al. 2016). Boron 
application enhanced the growth of plants with an increase 
in fresh weight of flowering stalks (Halder et al. 2007; 
Ahmad et al. 2018; Singh et al. 2018).  Similar finding is 
reported by Iftikhar et al. (2011) who noticed maximum 
fresh flower weight in response to the application of boron. 

Dry flower weight (g) 
Data relating dry flower weight as affected by boron 

concentrations (Table-2) showed that maximum dry weight 
of flowers (1.90 g) was obtained from plants sprayed with 
1200 ppm of boron which were statistically similar to dry 
flower weight (1.70 g) in plants treated with 900 ppm of 
boron. Minimum dry flower weight (1.0 g) was noted in 
control plants sprayed with distilled water. Average data for 
the time of application showed that the application of boron 
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after 50 days of transplantation gave maximum dry flower 
weight (1.60 g). However, minimum weight of dry flower 
weight (1.30 g) was noted in plants treated with boron after 
30 days of transplantation. 

Application of boron increased flower dry weight. 
Increase in weight of dry flowers may be due to the cause 
that boron enhanced the availability of other essential 
growth nutrients due to the synergetic relation with those 
nutrients (Barman et al. 2014). Boron increased dry flower 
weight. It might be due to increase in sugar translocation, 
membrane permeability, photosynthetic rate and 
translocation of photosynthate from leaves to flower 
(Sangwan et al. 2010). The results are in similarity with 
Singh et al. (2018) and Adam et al. (1975), who stated that 
boron increased dry flower weight of marigold, rose and 
chrysanthemum respectively. Foliar application of boron at 
50 days after transplanting resulted in maximum dry flower 
weight of carnation. The results are in contrast with Woicik, 
(2005) who stated that foliar application of boron at bud 
stage or bud open stage increased dry flower weight. 

Vase life 
Data regarding vase life in response to different 

concentrations of boron (Table- 2) exhibited that maximum 
vase life (10.60 days) was recorded in plants applied with 
1200 ppm of boron which was statistically similar to vase 
life (10.3 days) with foliar application of 900 ppm boron. 
Minimum vase life (7.9 days) was recorded in plants treated 
with distilled water (control). Data pertaining to different 
application times of boron (Table 2) showed that maximum 
vase life (9.60 days) was observed in plants applied with 
boron after 50 days of transplantation followed by (9.50 
days) recorded in plants treated at flower bud stage, while 
the minimum vase life (8.90 days) was noted in plants that 
received foliar spray of boron after 30 days of 
transplantation.   

The results about vase life of carnation cut flowers 
showed that application of boron increased vase life of 
carnation cut flowers. Boron application at 900 ppm 
resulted in healthy flowers with minimum split calyces and 
tallest plant, hence produced cut flowers with extended 
vase life. Boron increases the rate of translocation of 
sugars which are produced in the mature leaves into 
actively growing regions. So it helps in an increase in vase 
life of carnation cut flowers (Maguluri, 2015; Raj et al. 
2016)). Boron enhances the metabolism and translocation 
of carbohydrates and sugars (Malik, 2000) which provides 
the respiration substrate to cut flower after harvest. Halder 
et al. (2007) and Rasool, (2015) also found that application 
of boron enhanced the vase life in cut flowers of gladiolus 
and tulip respectively. The research is in agreement with 
Ahmad et al. (2010), who reported that exogenous 
application of boron extended vase life in roses. 

 

CONCLUSION 
Application of boron at 900 ppm resulted in maximum 

plant height, number of branches plant-1, leaf area (cm2), 
number of flowers plant-1, flower diameter (cm), least days 
to flowering, maximum fresh flower weight (g), dry flower 
weight (g) with minimum split calyces (%) and extended 
vase life that were statistically similar to the effect of boron 
when applied at 1200 ppm. 

Among different application times, the foliar application 
of boron, 50 days after transplantation was found most 
effective as compared to foliar application after 30 days of 
transplantation and at bud stage. 

Recommendations 
Foliar application of boron at 900 ppm is recommended 

for minimum calyx split and better production with extended 
vase life in carnation. 

Application of boron, 50 days after transplantation is 
recommended as proper time of foliar application in 
carnation. 
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