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ABSTRACT 
 
Boron is directly or indirectly involved in the enhancement of quality and quantity of crops especially 
vegetables and fruits so this study was planned to assess the boron uptake, yield and quality of 
carrot in response to boron application at Institute of Soil Chemistry and Environmental Science, 
Ayub Agricultural Research Institute Faisalabad. The study was set up as randomized complete 
block design with three replications. Six treatments viz. Control (No fertilizer), recommended dose 
(RD) of Chemical fertilizers (CF), RD of CF + 0.5 kg B ha-1, RD of CF + 0.75 kg B ha-1, RD of CF + 
1.0 kg B ha-1, RD of CF + 1.25 kg B ha-1 were tested. The results depicted that the higher levels of 
boron i.e 1.0 and 1.25 kg ha-1 along with RD of CF resulted in higher yield (14 and 18% 
respectively), higher uptake (47.8 and 93.1 g ha-1 respectively) and caused reduction in carrot 
damage (42 and 39% respectively) in comparison with recommended dose of chemical fertilizers. 
The highest level of boron (1.25 kg B ha-1) responded highest boron concentration (47.6 ppm) in 
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carrot fruit and vice versa in control (19.1 ppm) where no boron application was practiced. The 
boron application is essential and crucial need of the hour along with chemical fertilizers for 
enhancing the quality and quantity of carrot and avoiding the soils to become boron deficient. In this 
perspective future research should be inclined on role of B in vegetable production with levels > 1.0 
kg ha-1 under boron deficient soils. 
 

 
Keywords: Boron; carrot; yield; chemical fertilizers; uptake. 
 
1. INTRODUCTION 
 
Vegetables are important source of minerals, 
vitamins and plant proteins in human diet. Carrot 
(Daucus carota L.) is the most economically 
important vegetable crop in the world, among the 
top-ten vegetables in terms of both area of 
production and market value [1]. Carrot is an 
essential root vegetable and best source of 
carotene; a precursor of vitamin A [2]. Minerals 
and nutrients are present in sufficient quantities 
in carrot [3]. Carrot is consumed uncooked in 
salads, steamed or boiled in vegetables, and 
may also be used in the preparation of soups 
and stews [4]. 
 
Macronutrients as well micronutrients are of 
primary importance in our agriculture system but 
due to illiteracy and unawareness of our farmers, 
they usually overlook the importance of applying 
micronutrients which are becoming deficient in 
our soils. Boron is one of those micronutrients 
which are rapidly becoming deficient in soils [5]. 
Boron (B) an important mineral nutrient because 
of the important role that it plays in physiological 
processes like carbohydrates metabolism, 
translocation and development of cell wall and 
RNA metabolism [6,7]. Boron has been found to 
play a vital role in pollen tube growth, pollen 
germination, plasma membrane stimulation, 
floret fertility, anther development and 
development of seed [8,9]. Reduction in leaf 
photosynthetic rate, plant height, number of 
reproductive structures during squaring and 
fruiting stage and dry matter production is 
caused by boron deficiency [10]. This study was 
planned to investigate the role of boron 
application in increasing boron uptake, carrot 
yield and quality. 
 
2. MATERIALS AND METHODS 
 
This study was conducted to investigate the 
effect of boron on yield and quality of carrot from 
2012 to 2013 at Institute of Soil Chemistry and 
Environmental Sciences, Ayub Agriculture 
Research Institute, Faisalabad. The field where 
this trial was undertaken was low in available 

phosphorus, organic matter and boron contents 
while potassium was sufficient (Table 1). The 
texture of the field was sandy clay loam. The 
study was set up as randomized complete block 
design (RCBD) with three replications. 
Recommended dose of nitrogen, phosphorus 
and potassium (100 kg N + 65 kg P2O5 + 65 kg 
K2O) were applied in all experimental units. Six 
treatments were used in the experiment viz: No 
fertilizer, Recommended dose (RD) of Chemical 
fertilizers (CF), RD of CF + 0.5 kg B ha-1, RD of 
CF + 0.75 kg B ha-1, RD of CF + 1.0 kg B ha-1, 
RD of CF + 1.25 kg B ha-1. Urea, Single Super 
Phosphate, Sulphate of Potash and H3BO3 were 
used as the sources of N, P, K and B. Full P, K 
and B were applied at the time of sowing where 
N was applied in two splits (half at sowing and 
half with first irrigation). Carrot seeds (cv. T-29) 
were sown on ridges in winter 2011. Row to row 
distance was maintained at 75 cm while plant to 
plant distance was 8 cm. All the recommended 
management practices were performed 
throughout the growth period of tested 
vegetables in the permanent layout. The carrot 
yield data of whole experimental plot (3.0 m × 7.5 
m) was recorded and converted into standard 
unit i.e. t ha-1. 
 
2.1 Soil Sampling and Analysis 
 
Five representative soil samples from the site 
were taken following diagonal technique from two 
depths (0-15 and 15-30 cm) before the start of 
experiment. The samples of each depth were 
mixed separately to form composite samples in 
order to investigate the initial fertility status of the 
soil. The collected soil samples were air dried, 
crushed and sieved through a 2 mm stainless 
steel sieve for physicochemical characteristics. 
Hydrometer method [11] was used for the 
measurement of soil particle distribution. For the 
determination of soil pH 250 g soil was saturated 
with distilled water and paste was allowed to 
stand for one hour. After that pH was recorded 
by pH meter (Jenway- 3510) with glass 
electrodes using buffer of pH 4.0 and 9.0 as 
standard [12]. Vacuum pump was used for the 
extraction of soil paste extract and ECe was 
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measured with conductivity meter (Jenway-
4510). Method described by Ryan et al. [13] was 
used for the estimation of soil organic carbon 
(SOC) content. Olsen’s method [14] was used for 
available phosphorus determination and 
ammonium acetate (1 N of pH 7.0) extractable 
potassium [15] was estimated by flame 
photometer (PFP-7 Jenway. Soil Boron was 
analyzed by Dilute Hydrochloric Acid method 
[16]. 20 g soil, 0.2 g activated charcoal (B-free) 
and 20 ml 0.05 N HCl solution were taken in 
polypropylene tube, shake for five minutes and 
filter.  Then boron was measured by colorimetry 
using Azomethine-H [17]. 
 
2.2 Plant Sampling and Analysis 
 
The carrot root samples were taken at the time of 
harvesting. In laboratory the samples were 
washed to remove soil particles. Samples were 
washed, cut into small pieces, air dried, placed in 
oven at 70ºC for 24 hrs and then ground. Boron 
in carrot root samples was measured by dry 
ashing and subsequent measurement of B by 
colorimetry using Azomethine-H [17]. The uptake 
of boron by carrot was determined on dry weight 
basis using the relationship given in Majeed                
et al. [18]: 
 

Boron uptake kg ha-1  
 

=  
  ����� ����	��
 �%
 �� ����� ���� 

��	�� 
 × 100  

 
Yield data of whole plot (3.0 m × 7.5 m) was 
taken and the damage carrots (due to boron 
deficiency) were weighed separately to find the 
damage percentage.  The data collected from the 

experiments regarding different parameters was 
subjected to analysis of variance to test the 
significance of treatments and treatment means 
were compared using least significant difference 
(LSD) [19]. 
 
3. RESULTS AND DISCUSSION 
 
Results showed that carrot yield was greater in 
boron applied plot than non boron applied plot. 
Results further indicated that carrot yield 
increased with increasing boron dose though 
there had no significant differences among the 
boron doses. This treatment also improved the 
quality of carrot by lowering the damage 
percentage (10%) and enhancing 36.1 g ha-1 
more extraction of boron from the soil compared 
with no fertilizer (0 NPK) treatment (Tables 3 and 
4). This situation suggested that sole application 
of chemical fertilizers resulted in boron mining 
that ultimately caused boron deficiency in our 
soils which is increasing with the passage of 
time. This is the alarming situation from 
agricultural sustainability point of view. Along 
with chemical fertilizers four doses of boron (0.5, 
0.75, 1.0 and 1.25 kg ha-1) were tested to check 
the quality and quantity of carrot. It was indicated 
from the results that B @ 0.50 and 0.75 kg ha-1 
had no significant role in yield and B uptake, 
however enhanced 7.10 and 14.6 g ha-1 more B 
uptake compared with recommended dose of 
chemical fertilizers. The higher levels of boron i.e 
1.0 and 1.25 kg ha-1 resulted in higher yield      
(14 and 18% respectively), higher uptake (47.8 
and 93.1 g ha-1 respectively) and caused 
reduction in carrot damage (42 and 39% 
respectively) in comparison with recommended 
dose of chemical fertilizers (Tables 2, 4 and 3).  

 
Table 1. Basic soil analysis 

 
Soil depth  pHs ECe              Av. P Ext. K  B OM Textural class  
Cm  dS m -1                  mg kg -1 % 
0 - 15 7.20 2.10 7.50 240 0.21 0.69 Sandy clay  loam 
15 - 30 7.22 1.79 6.90 200 0.16 0.61 

 
Table 2. Effect of boron application on carrot yiel d (t ha -1) 

 
Treatment  Carrot yield  Increase over control  

t ha -1  % 
No fertilizer 25.75 c - 
RD of chemical fertilizers (CF) 36.17 b 40 
RD of CF + 0.50 kg B/ha 37.89 ab 47 
RD of CF + 0.75 kg B/ha  38.46 ab 49 
RD of CF + 1.0 kg B/ha 41.33 ab 61 
RD of CF + 1.25 kg B/ha 42.62 a 66 
LSD 5.35  
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Table 3. Effect of boron application on carrot dama ge 
 
Treatment  Damage carrot yield  Damage  

t ha -1 % 
No fertilizer 0.42 a 1.63 
RD of chemical fertilizers (CF) 0.38 a 1.48 
RD of CF + 0.50 kg B/ha 0.32 b 1.24 
RD of CF + 0.75 kg B/ha  0.25 bc 0.97 
RD of CF + 1.0 kg B/ha 0.22 c 0.82 
RD of CF + 1.25 kg B/ha 0.21 c 0.85 
LSD 0.06  

 
Table 4. Effect of boron application on boron conce ntration and uptake 

 
Treatment  B concentration  B uptake  

ppm  g ha -1` 
No fertilizer 19.1 e 48.9 e 
RD of chemical fertilizers (CF) 26.1 d 85.0 d 
RD of CF + 0.50 kg B/ha 27.0 cd 92.0 cd 
RD of CF + 0.75 kg B/ha  28.7 c 99.6 c 
RD of CF + 1.0 kg B/ha 35.7 b 132.8 b 
RD of CF + 1.25 kg B/ha 47.6 a 178.1 a 
LSD 2.41 11.4 

 
This study suggested that 1.0 kg ha-1 is best for 
having optimum quality but the higher level (1.25 
kg ha-1) of boron showed tendency towards poor 
quality of carrot with non-significant increase in 
yield compared with B @ 1.0 kg ha-1. Many 
scientists supported our findings by reporting that 
boron concentration in edible parts increased 
with the increase in boron application [20,21,22]. 
Similarly the other scientists working on boron 
reported increase in yield with B application 
[23,24], improvement in quality [24,25] and 
decrease in carrot damage [26,27]. 
 
4. CONCLUSION 
 
The boron application is essential and crucial 
need of the hour along with chemical fertilizers 
for enhancing the quality and quantity of carrot 
and avoiding the soils to become boron deficient. 
In this perspective future research should be 
inclined on role of B in vegetable production with 
levels > 1.0 kg ha-1 under boron deficient soils. 
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