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Abstract: The objective of this study was to investigate the growth parameters and plant biomass of tomato (Solanum lycopesicum)
evaluated under different levels of boric acid, major source of boron. The treatments were; Normal nutrient solution (control, boric
acid conc. = 0.000308 g l-1); nutrient solution in which the concentration of boric acid increased by the factor of 5 (boric acid x5,
boric acid conc. = 0.00154 g l-1); and nutrient solution in which the concentration of boric acid was increased by the factor of 10
(boric acidx10, boric acid conc. = 0.00308 g l-1). Morphological attributes determined were shoot height, number of leaves, leaf area,
shoot, leaf and root fresh and dry weight, and growth indices. Shoot height, number of leaves, leaf area, shoot, leaf and root fresh and
dry weight, and growth indices in the seedlings treated with boric acid increased by factor of 10 (boric acid x10)were greater than
other treatments. It can be concluded that nutrient solution of boric acid increased by a factor of ten improve the growth parameters
and plant biomass of tomato.
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INTRODUCTION
Boric acid is a major source of boron and is employed for plant cultivation around the world. Boric acid constitutes 520 % of nutrient solutions used in various areas of agriculture, namely plant physiology and environmental science,
because of the roles it plays (Türkmen et al., 2004). Boric acid along with other sources of mineral elements improves soil
fertility and increase the availability of nutrient elements by holding them as mineral surfaces for plant growth and
development (El-Sharkawy & Adel-Razzak, 2010).
Optimum boron requirement can differ from one soil and one plant to another (Marschner et al., 1995). Studies on the
positive and negative effects of boron on tomato have indicated the importance and significance of this mineral element
independently from other nutrients on the growth and yield of tomato. Many researchers have stated that boric acid
application-major source of boron lead to remarkable increment on tomato fruit quality and production (Prasad et al.,
1997; Oyinlola & Chude, 2004; Naz et al., 2012). However none of these studies have developed into the required
amounts of boron needed for growth for better yield. Therefore, there is need to evaluate the optimum requirement of
boron on the growth parameters, plant biomass and growth indices of of tomato. Hence, this study was conducted to
assess growth and yield of tomato as affected by different concentrations of boric acid.
MATERIALS AND METHODS
Experimental plant
The Seeds of tomato (Solanum lycopersicum L.) variety Rio Grande, were utilized in this experiment. The seeds
were collected from National Horticultural Research Institute (NIHORT) Ibadan, Oyo state, Nigeria.
Preparation of nutrients solution
The nutrient solution was prepared in accordance with the modified Long Ashton formula as shown in table 1.
Raising of seedlings
The seedlings of tomato were raised under a screenhouse to minimise extraneous factors such as pests, insects and
water other than the quantity required. Twenty four planting bags (of about 4cm in diameter and 5cm in height) were
obtained. The planting bags were perforated by the side and bottom to allow for proper drainage of water. The planting
bags were then filled with 10kg of collected soil. The seedlings of tomato were then sown at a depth of about 3 cm
below the soil. The bags were then supplied with 200 ml tap water daily until the seedlings were fully established.
Sampling was carried out the first day of sowing. This was recorded as zero day of the experiment. Thereafter, the
seedlings were made to receive 200 ml of nutrient solution, which was further done at 3-day interval. Sampling was
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further carried out 7-day interval. The seedlings were divided into three regimes which are; Control= seedlings which
were supplied with 200 ml of normal nutrient solution, boric acid conc. = 0.000308 g l-1; boric acid x5= seedlings which
were supplied with 200 ml of nutrient solution of boric acid increased by a factor of 5, boric acid conc. = 0.00154 g l-1;
boricx10= seedlings which were supplied with 200 ml of nutrient solution of boric acid increased by a factor of 10,
boric acid conc. =0.00308 g l-1. An experiment laid out in a Completely Randomized Design (CRD) with four replicates
was used.
Table 1. The composition of nutrient solution.
Nutrients
Amount (g l-1)
Macro
KNO3
0.216
NH4NO3
0.029
CaCl2
0.553
K2SO4
0.348
NaH2PO4.2H2O
0.2104
MgSO4.7H2O
0.3801
Ferric citrate
0.053
Micro
MnSO4
0.003
CuSO4
3.537×10-4
ZnSO4∙7H2O
3.537×10-4
H3BO3
3.08×10-4
(NH4)6MO7O2∙4H2O
0.368×10-4
CoSO4∙7H2O
0.286×10-4
NaCl
0.0058

Measurement of growth parameters
Sampling was carried out at 7-day after seeding establishments. Measurements of the following morphological
parameters were taken;
Shoot height: The shoot height from the randomly selected seedlings from each regimes were measured from above the
soil level to the tip of the youngest leaves in the shoot apex with the aid of metre rule calibrated in centimetres.
Number of leaves: Number of leaves from randomly selected seedlings from each regimes were counted manually.
Length of internodes: The length of internodes of the first two internodes (distance between two successive nodes) was
determined with the aid of metre rule calibrated in centimetres.
Number of branches: Number of branches from randomly selected seedlings from each regimes were counted manually.
Leaf length and width: The leaf length was measured from the leaf petiole to the tip of the leaf blade. The widest area of
the leaf blade was measured as the leaf width. These were done with the aid of metre rule calibrated in centimetres.
The values obtained from the leaf length and width were used to determined the leaf area as follows:
Leaf area = Leaf length × Leaf width × Correction Factor (0.75)
Growth indices
Crop growth rate (CGR), relative growth rate (RGR), leaf area index (LAI), net assimilation rate (NAR), leaf area
ratio (LAR), tissue water contents (TWC) were determined according to Olowolaju & Adelusi (2017) using leaf area
and dry matter data.

114

Plants and Environment (2020) 2(3): 113-118

Plant biomass
Determination of fresh weight: The leaf, root and shoot fresh weight were determined by weighing the leaf, root and
shoot from the respective with the aid of a weighing balance.
Determination of dry weight: The tomato plants were harvested from the respective treatments. The leaf, root and shoot
were separated from the main the plant, and thereafter oven dried in a Gallenkhamp oven at 45 oC for 72 hours. The
leaf, root and shoot were then weighed with a weighing balance.
RESULTS
Growth parameters
Shoot height of tomato increased over time for all treatments (Fig. 1). The plants treated with boric acid increased
by a factor of 10 (boric acid×10) were tallest at 10 WAS followed by the boric acid×5 and control treatments. The
separation point for the control and other treatments was around 8 WAS.
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Figure 1. Effect of different levels of boric acid on the shoot height of tomato. [Boric acid x5 = Boric acid increase by a factor of 5;
Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1; Control =
Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]

Numbers of leaves increased over time for all treatments (Fig. 2). Plants receiving boric acid×5 and boric acid×10
treatments had more leaves than the control at 10 WAS. The separation point for the control and other treatments was
around 4 WAS.
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Figure 2. Effect of different levels of boric acid on the number of leaves of tomato. [Boric acid x5 = Boric acid increase by a factor
of 5; Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1;
Control = Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]

Internode length increased over time for boric acid treatments. Plants receiving boric acid×10 treatment had longer
internodes at 10 WAS. The control plants had the shortest internodes, and the plants receiving boric acid×5 was
intermediate. The separation point for boron×10 treatment was around 7 WAS. Internode length increased over time for
all treatments (Fig. 3). Number of branch increased over time for boric acid treatments.
Plants receiving boric acid×10 treatment had highest number of branch at 10 WAS. The control plants had the
lowest, and the plants receiving boric acid×5 was intermediate. The separation point for boron×10 treatment was around
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7 WAS. Number of branch increased over time for all treatments (Fig. 4).
Leaf area increased over time for all treatments (Fig. 5). Plants receiving boron×10 treatment had highest leaf area at
10 WAS. The control plants had the lowest, and the plants receiving boron×5 was intermediate. The separation point for
boric acid×10 treatment was around 4 WAS.
45
Length of internode

40

boron×5

boron×10

control

35
30
25
20
15
10
5
0
1

2

3

4
5
6
Weeks after sowing

7

8

9

10

Figure 3. Effect of different levels of boric acid on the length of internode of tomato. [Boric acid x5 = Boric acid increase by a factor
of 5; Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1;
Control = Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]
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Figure 4. Effect of different levels of boric acid on the number of branches of tomato. [Boric acid x5 = Boric acid increase by a
factor of 5; Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1;
Control = Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]
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Figure 5. Effect of different levels of boric acid on the leaf area of tomato. [Boric acid x5 = Boric acid increase by a factor of 5;
Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1; Control =
Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]
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Growth indices
Crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) of plants made to receive boric
acid increased by the factor of 10 was the highest and control was the lowest. Plants supplied with boric acid increased
by a factor of 10 also had the highest leaf area ratio (LAR) and tissue water content (TWC) and the control was the
lowest. There was significant difference in the Crop Growth Rate (CGR), Relative Growth Rate (RGR), Net
Assimilation Rate (NAR), leaf area ratio (LAR) and tissue water content (TWC) among the treatments at p≤0.05 (Table
2).
Table 2. Effect of different levels of boric acid on the growth indices of tomato.
Treatments
CGR
RGR
NAR
LAR
TWC
boric acid x5
7.32 + 0.01b
0.325 + 0.03b
0.0344+ 0.01b
9.447 + 0.02b
31.8 + 0.01b
boric acid x10
19.78 + 0.04a
0.617 + 0.00a
0.0696+ 0.02a
48.96 + 0.03a
53.8 + 0.01a
c
c
c
c
Control
6.23 + 0.01
0.267 + 0.01
0.0126+ 0.05
3.839 + 0.01
22.67+ 0.01c
Note: Values with the same superscript along the same column are not significantly different at P ≤ 0.05; CGR = Crop growth
rate; RGR = Relative growth rate; NAR = Net association rate; LAR = Leaf area ratio; TWC = Tissue water content; Boric acid
x5 = Boric acid increase by a factor of 5; Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10;
Boric acid conc. = 0.00308 g l-1; Control = Normal nutrient solution; Boric acid conc. = 0.000308 g l-1

Plant biomass
The boric acid×10 treatment had the highest root, shoot, leaf and total fresh weight followed by the boric acid×5
treatment and the control was the lowest (Fig. 6). Treatment also affected the dry weight (Fig. 7). The iron×10 treatment
had the root, shoot, leaf and total dry weight followed by the boric acid×5 treatment and the control.
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Figure 6. Effect of different levels of boric acid on the fresh weight of tomato. [Boric acid x5 = Boric acid increase by a factor of 5;
Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1; Control =
Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]
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Figure 7. Effect of different levels of boric acid on the dry weight of tomato. [Boric acid x5 = Boric acid increase by a factor of 5;
Boric acid conc. = 0.00154 g l-1; Boric acid x10 = Boric acid increase by a factor of 10; Boric acid conc. = 0.00308 g l-1; Control =
Normal nutrient solution; Boric acid conc. = 0.000308 g l-1]
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DISCUSSION
The higher shoot height, number of leaves, length of internodes, number of branches and leaf area, in plants supplied
with boric acid increased by a factor of 10 was due to subsequent buildup of assimilates. This positive effect of boric
acid on the growth may relate to the role of boron in enzymatic processes, cell division and expansion activation
(Marschner, 1995).
The higher fresh and dry plant weight observed in plant with boric acid increased by a factor of 10 can be attributed
to the role of boron in sugar synthesis and starch translocation. Sugar synthesis and starch translocation has been shown
as one of the processes involved in the fresh and dry matter accumulation. This is evident on the higher CGR, NAR,
LAR and TWC observed in plants made to receive boric acid increased by a factor of 10.
CONCLUSION
The results obtained from this study showed that morphological parameters, growth indices and plant biomass of
tomato were greatly enhanced by high concentration of boric acid. Therefore, it can be concluded that boron at high
concentration is effective in improving growth and plant biomass of tomato.
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