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ARTICLE INFO 
 ABSTRACT  

  The study was conducted to biofortify Fe in tomato fruit. Seven tomato varieties were tested in this 
study to screen out the potential variety for biofortification. Based on Fe concentrations of tomato 
fruit, BARI Tomato-14 was selected as test crop. Six different methods for Fe application viz. 100% as 
seedling priming, 50% in soil + 50% as foliar spray at seedling stage, 50% as seedling priming + 50% as 
foliar spray, 100% as foliar spray at seedling stage, 100% as foliar spray at flowering stage and 100% 
as foliar spray at fruiting stage @ 4 kg Fe ha-1. Iron was applied for 3 times at 7 day interval at all 
growth stages. Experiments were laid out in a completely randomized design (CRD) with 3 
replications. Different application methods of Fe significantly influenced the growth, yield 
contributing characteristics, yield, biochemical constituents, nutrient concentrations and their 
uptake by BARI Tomato-14. The highest values of most of the studied parameters including Fe 
content and uptake were recorded from the application of 50% Fe as seedling priming + 50% Fe as 
foliar spray. Significant and positive correlations among the growth and yield contributing 
parameters due to the application of Fe were observed. Interestingly the highest vitamin-C, protein, 
lycopene, N, K and Ca contents and uptake were observed in 50% as seedling priming + 50% as foliar 
spray of Fe @ 4 kg ha-1. Except few most of the studied nutrients were negatively correlated with Fe. 
Iron was biofortified by 66.28 µg g-1 in BARI Tomato-14. Results suggest that application of 2 kg Fe 
ha-1 as seedling priming + 2 kg Fe ha-1 as foliar spray at seedling stage for 3 times at 7 days interval 
along with the recommended doses of NPK fertilizers in soil can be practiced for Fe biofortification in 
tomato. 
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Introduction 

The malnutrition of minerals (Fe, Zn) and vitamin A are 
major food-related primary health problem among 
populations of the developing world including 
Bangladesh where there is an extremely reliance on 
cereal-based diets and limited access to fruits and 
vegetables. About 800 million people around the world 
suffer from hunger, but even more suffer from 
micronutrients malnutrition, also called “hidden 
hunger”, particularly in the developing countries (WHO, 
2006). One such approach to combat the issue of 
micronutrients malnutrition is through biofortification. 
Biofortification is a process of adding nutrients to food 
crops. Currently, agronomic, conventional, and 
transgenic biofortification are three common 
approaches. Agronomic biofortification can provide 
temporary micronutrients increase through fertilizers in 
a wide range of crops. Agronomic biofortification 
increasing Fe concentration during agricultural 
approaches is a widely applied strategy to reduce the 

prevalence of Fe deficiency problem in human 
populations (Aciksoz et al., 2014; Naz et al., 2015). 
Among the vegetables, tomato (Lycopersicon 
esculentum L.) is one of the most popular and highly 
consumed vegetables in the world (Osman et al., 2019). 
It has important nutrients and antioxidants which plays 
a significant role in human diet, especially for 
vegetarian diet. It is also a rich source of minerals and 
vitamins (Bhowmik et al., 2012). Anemia is one of the 
common health problems by the reason of Fe 
deficiency, especially about 40-45% of preschool-aged 
children are anemic, where more than half of the Fe in 
the human body is bound to hemoglobin (Grillet et al., 
2014). The recommended human dietary Fe varies 
between 8-18 mg day-1 depending on the age, body 
weight, gender and pregnancy (Anonymous, 2019). Iron 
malnutrition due to its inadequate presence in daily diet 
(Clemens, 2014) and deficiencies of this nutrition is a 
reason of serious health problem on world population 
especially in developing countries like Bangladesh (Zou 

https://doi.org/10.5455/JBAU.120912
https://doi.org/10.5455/JBAU.120912
http://baures.bau.edu.bd/jbau
mailto:bksaha@bau.edu.bd


Rabbi et al. 

 

 363 

et al., 2019). Although Fe is one of the most abundant 
metals in the earth's crust, its availability to plant roots 
is very low. Usually Fe remains as deficient in plant 
because of insoluble Fe (III) in soil for plant growth. 
Plants mainly acquire Fe from the rhizosphere 
(Morrissey and Guerinot, 2009). In soils that are aerobic 
or of higher pH, Fe is readily oxidized, and is 
predominately in the form of insoluble ferric oxides. At 
lower pH, the ferric Fe is freed from the oxide, and 
become more available for uptake by roots (Kobayashi 
et al., 2019). After entering the epidermis, Fe is likely 
bound by unknown chelators or chaperones, due to its 
potential reactivity. Fe moves symplastically through 
the interconnected cytoplasm of the root, perhaps 
diffusing along the concentration gradient. At the 
pericycle, Fe is effluxed into the xylem, and moves 
towards the shoot through the transpiration stream 
(Morrissey and Guerinot, 2009). Tomato usually 
contains low amount of Fe which cause dietary Fe 
deficiency for animals and humans. While Fe is required 
in small amounts, it is critical for sustaining plants and 
animals (including humans) in part due to its role on the 
structure and function of a wide range of 
macromolecules as many metabolic pathways are 
activated by iron, and it is a prosthetic group 
constituent of many enzymes (Rout and Sahoo, 2015). 
The micronutrient Fe is needed for optimum growth 
and yield of tomato (Olowolaju et al., 2021). Iron is also 
involved in photosynthesis and respiration, and can 
directly, or indirectly, affects crop performance 
(Krohling et al., 2016). Earlier several studies have 
reported that high and low concentrations of Fe 
positively affected growth and yield of tomato (Sakya 
and Sulandjari, 2019). Usually vegetables have low 
phytic acid and high ascorbate content as well as 
phenolic and carotenoids which increased the 
availability of Fe (Giordano et al., 2019). Fe also plays a 
role in nitrogen fixation, energy transfer and 
metabolism of plant. Application of fertilizers to 
increase the Fe in edible parts of vegetables are 
suggested by Prasad et al. (2015). Alshaal and El-
Ramady (2017) stated that foliar application is the 
quickest and easy method of nutrient application for 
fortification of micronutrients (Fe, Zn, Cu etc.) in plants. 
Many studies reported that Fe application on both 
through leaves and soil had a positive effect on growth 
and yield (Sakya, 2019). Application of Fe fertilizer 
through leaves improve the efficiency of Fe in plants, 
because the distance and length of Fe transportation 
also affect the efficiency of Fe application. Moreover, 
the application through leaves is a more efficient in 
providing nutrients for plants than application through 
soil, particularly when soil conditions are not suitable 
for Fe availability (Vasconcelos and Grusak, 2014; 
Olowolaju et. al., 2021). Therefore, these studies were 
designed to find out a suitable tomato variety to 

biofortify Fe through different application methods of 
Fe fertilizer. 
 
Materials and Methods 

Two sequential experiments viz; i) screening of tomato 
variety ii) choosing the best application method to 
biofortify Fe in tomato, were conducted in the 
laboratory of Department of Agricultural Chemistry, 
Bangladesh Agricultural University (BAU) and at the 
farmer’s field, Kewatkhali, Mymensingh Sadar, 
Bangladesh in two consecutive years (September 2019 
to April 2021). The chemical analyses of soil and tomato 
fruits were done in the laboratory of the Department of 
Agricultural Chemistry, Department of Biochemistry and 
Professor Mohammad Hossain Central Laboratory, 
Bangladesh Agricultural University, Mymensingh. 
 
Experimental location 
Geographically the experimental site was located at 
24'75'N Latitude and 90'50'E Longitude at an elevation 
of 18 m above the sea level. The site belongs to the Non 
calcareous Dark Floodplain soil under the Agro-
ecological Zone of Old Brahmaputra Floodplain (AEZ-9) 
(FAO and UNDP, 1988). The climate of the experimental 
area was under the sub-tropical climate zone, which is 
characterized by moderate to high temperature, heavy 
rainfall, high humidity and relatively long day during 
Kharif (April to September) and scanty rainfall, low 
humidity, low temperature and short-day period during 
Rabi season (October to March). The prevailing 
meteorological information during the study period 
regarding average temperature (17.80-28.06 0C and 
18.06-29.06 0C), highest rainfall (18 mm and 17.1 mm), 
relative humidity (71.97-83.58 % and 66.41-83.00 %) 
and sunshine (144.60-229.1 hrs and 134.3-229.10 hrs) 
respectively, in October 2019 to March 2020 and 
October 2020 to March 2021 have been presented in 
Supporting Information (SI) Table S1 & S2. 
 
Experimental set up 
The soil used in the experiments was collected from 
Genetics field laboratory of Bangladesh Agricultural 
University, Mymensingh. The surface soils of 0-15 cm 
depth were collected on 23 November 2019. The soil 
was analyzed primarily for its physical and chemical 
properties according to Olsen et al., 1954; Black, 1965; 
Jackson, 1973; Page et al., 1982; Ghosh et al., 1983; 
McLaren et al., 1984. The morphological, physical and 
chemical properties of the initial soil have been 
presented in Table 1. Each plastic pot (30 cm in height 
with 24.5 cm diameter at the top and 20 cm diameter at 
the bottom) was filled with 10 kg of processed soil 
leaving 2 cm empty from the top and labelled with 
proper tagging. 
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Table 1. Morphological, physical and chemical characteristics of the soil 
A. Morphological characteristics 

Location Bangladesh Agricultural University, Mymensingh 

Soil tract Old Brahmaputra Alluvium 
Soil series Sonatola 
Topography Medium high land 
General soil type Non-calcareous Dark Grey Deposits 
Parent material Brahmaputra River-borne Floodplain 
Agro-ecological zone AEZ-9 (Old Brahmaputra Alluvium) 
Soil color Dark grey 
Drainage Moderate 
Flood level Above flood level 

B. Physical characteristics 0-15 cm depth 

Textural class Silt loam 
Sand (%) 17.54 
Silt (%) 61.81 
Clay (%) 20.65 

C. Chemical characteristics 0-15 cm depth 

pH 6.18 
Total N (%) 0.10 
Organic carbon (%) 0.61 
Organic matter (%) 1.06 
Available soil P (mg kg-1 soil) 19.25 
Exchangeable soil K (cmol 100g-1  soil) 0.16 
Available S (mg kg-1) 8.36 
Available Zn (mg kg-1) 0.94 
Available B (mg kg-1) 0.26 
Available Fe(mg kg-¹) 25.9 
Available Cu (mg kg-1) 4.58 
Available Mn (mg kg-1) 6.35 

 
Screening of tomato variety for Fe biofortification 
Seven different high yielding, popular and commonly 
grown tomato varieties were selected for the screening 
study. The varieties were BARI Tomato-2, BARI Tomato-
14, BARI Tomato-15, BARI Tomato-17, BINA Tomato-6, 
BINA Tomato-7 and BARI Hybrid Tomato-5. The seeds of 
these tomato varieties were collected from Bangladesh 
Agricultural Research Institute (BARI), Joydevpur, 
Gazipur, Bangladesh and Bangladesh Institute of 
Nuclear Agriculture (BINA), Mymensingh, Bangladesh. 
These varieties were then tested in a pot trial 
experiment with three replications following 
Completely Randomized Design (CRD) at the net house 
of Department of Agricultural Chemistry, Bangladesh 
Agricultural University (BAU), in order to screen out the 
suitable variety for Fe biofortification. Proper care and 
ideal management for tomato cultivation was 
maintained till the final harvesting of fruits. The 
collected fruits of different varieties were then analyzed 
for Fe concentrations in the laboratory of Department 
of Agricultural Chemistry, BAU. The extracts of tomato 
fruits were prepared through wet oxidation method 
defined earlier by Singh et al. (1999). Whatman No. 1 
filter paper was used to filter the extract before the 
chemical analyses. Iron concentration was determined 
using AAS method (Atomic Absorption 
Spectrophotometry) (Stammer and Mallarino, 2018). 

Among the varieties, the lowest concentration of Fe 
was found in BARI Tomato-14. Therefore, this variety 
was selected for the Fe biofortification. 
 
Test crop  
The seeds of BARI Tomato-14 were collected from 
Horticulture Division, BARI. This variety is usually 
cultivated as a winter variety, which is high yielding and 
disease resistant. It requires 60 to 70 days to mature. It 
can be grown in any types of soil, but sandy loam is the 
best for proper growth and development of plant. 
  
Effects of different Fe application methods on BARI 
Tomato-14 
Six different strategies of Fe application viz. 100% Fe as 
seedling priming, 50% Fe in soil + 50% as foliar spray, 
50% Fe as seedling priming + 50% as foliar spray, 100% 
Fe as foliar spray at seedling stage, 100% Fe as foliar 
spray at flowering stage and 100% Fe as foliar spray at 
fruiting stage @ 4 kg ha-1 for 3 times at 7 days interval 
were applied. The collected soils from 0-15 cm depth 
were pulverized and inert materials, visible insect pest 
residues were removed. Iron was applied as 
FeSO4.7H2O. Every plot received an equal amount of 
other nutrients like, 120 kg N ha-1, 100 kg P ha-1, 90 kg K 
ha-1 and 30 kg S ha-1, respectively from urea, triple 
super phosphate, muriate of potash and gypsum. Well 
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decomposed cow dung was applied @ 3 ton ha-1 and 
mixed uniformly with soil at 7 days before seedling 
transplanting. Urea was applied in two different 
instalments, one half at the time of pot preparation and 
rest at 30 days after transplanting. Healthy and uniform 
sized 30 days old seedlings were uprooted separately 
from the seed bed to minimize damage to the roots. 
Three seedlings were transplanted in each experimental 
pots in the afternoon. Intercultural operations were 
performed as and when necessary, throughout the 
growth period of the crop. The plants were supported 
by bamboo sticks to prevent lodging. Weeding and 
irrigation were done as and when necessary. Pot-wise 
growth, yield, biochemical and chemical constituents 
were analyzed. 
 
Determination of biochemical and mineral nutrients of 
BARI Tomato-14 fruit 
Fresh fruit samples from every pot were chemically 
analyzed for biochemical components viz; vitamin C, 
protein and lycopene content according to (Ranganna, 
1994; Sharma and Le Maguer, 1996). Plant and fruit 
extracts were prepared by wet oxidation method as 
described by Singh et al. (1999). The extract was filtered 
through filter paper (Whatman No. 1) before the 
chemical analyses. The extract was used for the analysis 
of P, K, Ca, Mg, S, Zn, Fe, Cu and Mn contents following 
standard methods (Page et al., 1982; Tandon, 1995; 
Nielsen, 2010; Paul et al., 2017; Stammer and Mallarino, 
2018). The uptake of nutrients was calculated from its 
concentrations multiplied by fruit dry weight using the 
following formula of Sultana et al. (2021). 
 

Uptake (mg pot-1) =  

)
1

pot(mgweightdryFruit
100

(%)ionconcentratNutrient −
  

 

Statistical analyses 
Collected data on the plant growth, yield attributes, 
yield, biochemical and nutrient concentrations were 
tabulated and analyzed using statistical software 
Minitab 2017 Version 17.0 (Minitab Inc, USA). The 
means for all the treatments were calculated and 
analysis of variance (ANOVA) for all the parameters 
under consideration were performed and Tukey's range 
test to determine the significant difference among the 
treatments. 
 
Results 

Screening of different varieties of tomato for 
biofortification  
The experimental data revealed in the Table 2, showed 
that the tomato varieties contained significantly 
different Fe in the tomato fruit. The range of Fe content 
varied from 43.75 to 62.35 µg g-1. Where the highest Fe 
content (62.35 µg g-1) was recorded in BINA Tomato-6 

and the lowest Fe content (43.75 µg g-1) was in BARI 
Tomato-14. Based on the Fe content data of the studied 
varieties, BARI Tomato-14 was selected for 
biofortification due to its very low Fe content. 
 
Table 2. Iron concentration of the fruits of different 

tomato varieties  

Varieties 
Iron 

(µg g-1) 

BARI Tomato-2 53.18c 
BARI Tomato-14 43.75e 

BARI Tomato-15 60.47ab 

BARI Tomato-17 59.19ab 

BINA Tomato-6 62.35a 

BINA Tomato-7 58.55b 

BARI Hybrid Tomato-5 49.21d 

SE ± 0.81 

Level of significance ** 
CV (%) 4.89 

SE± = Standard error of means, CV= Co-efficient of variation ** 
indicates significant at 1% level of probability 
 

Effects of different Fe application methods on Fe 
biofortification in BARI Tomato-14 
Growth and yield contributing characteristics 
The result of the study showed that the plant height 
varied significantly among the different methods of Fe 
application and the advancement of growth period 
(Table S3). While, different methods of Fe application 
had a significant influence (except 15 DAT) on number 
of branches plant-1 and number of leaves plant-1       

(Table S4 & S5). From the study, it was also perceived 
that different methods of Fe application had a 
significant influence (except 15 and 30 DAT) on number 
of clusters of flowers plant-1 (Table S6). Moreover, the 
number of fruits plant-1 was significantly influenced 
(except 15, 30 and 90 DAT) by the different methods of 
Fe application (Table S7). The plant height and number 
of branches plant-1 increased slowly up to 30 DAT and 
then increased promptly up to 75 DAT and then 
remained almost same till the final harvest at 90 DAT 
(Figure 1A & 1B). The number of leaves plant-1 was 
increased gradually with a similar pattern for all the Fe 
application strategies up to 90 DAT (Figure 1C). From 
the observations, it was clear that flowering started 
within one month of transplanting (Figure 1D). The 
number of cluster of flower plant-1 and number of fruits 
plant-1 was increased abruptly up to 75 DAT and then 
severely decreased (Figure 1D & 2A). The plant height, 
number of branches plant-1 and number of leaves plant-

1 ranged from 61.31 to 88.25 cm, 5.66 to 7.66 and 29.33 
to 43.66 at 90 DAT across the methods. The tallest plant 
(88.25 cm) and the highest number of branches plant-1 

(7.66) at 90 DAT was obtained from the 100% as foliar 
spray (at seedling stage) of Fe application method. The 
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highest number of leaves plant-1 at 60, 75 and 90 DAT 
was recorded at 50% as seedling priming + 50% as foliar 
Fe application method. The highest number of flower 
cluster plant-1 (8.00) and the highest number of fruits 
plant-1 (16.0) at 75 DAT was observed in 50% as seedling 
priming + 50% as foliar Fe application method. The 
highest number of flower cluster plant-1 was statistically 
similar with all other Fe application methods except 
50% Fe in soil + 50% Fe as foliar. On the other hand, the 

highest number of fruits plant-1 was statistically similar 
with all other Fe application methods. Whereas, the 
lowest plant height, number of branches plant-1 and 
number of leaves plant-1 were obtained from 100% 
foliar spray (Fruiting stage) at 90 DAT. On the other 
hand, the lowest number of flower cluster plant-1 and 
the lowest number of fruits plant-1 at 75 DAT were also 
recorded in 100% Fe as seedling priming. 

 

   
 

Figure 1. Effects of different Fe application methods on plant height (A), number of branches plant-1 (B), number of leaves plant-

1 (C) and number of flower cluster plant-1 (D) of BARI Tomato-14 
 

       
 

Figure 2. Effects of different Fe application methods on fruit plant-1 (A), vitamin-C (B), protein content (C) and lycopene content 
(C) in BARI Tomato-14 
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Fruit diameter and yield 
Fruit diameter and fresh yield showed significant 
variation in response of different Fe application 
methods (Table 3). The highest fruit diameter (36.23 
mm) and fruit fresh yield (1580.30 g) were found in 50% 

as seedling priming + 50% as foliar Fe application 
method and the lowest fruit diameter (27.50 mm) and 
fresh yield (1340.40 g) were recorded in 100% Fe as 
seedling priming. 

 
Table 3. Effects of different Fe application methods on the fruit diameter (mm), fruit fresh weight (g pot-1) and fruit 

dry weight (g pot-1) by the fruits of BARI Tomato-14 

Methods Fruit diameter 
(mm) 

Fruit fresh weight 
(g pot-1) 

Fruit dry weight 
(g pot-1) 

100% Seedling priming 29.38cd 1405.3d 70.28d 
50% soil + 50% foliar 32.82b 1421.0cd 71.04cd 
50% seedling priming + 50% foliar 36.23a 1580.3a 79.04a 
100% foliar spray at seedling stage 33.80ab 1495.0b 74.75b 
100% foliar spray at flowering stage 30.96bc 1475.3bc 73.77bc 
100% foliar spray at fruiting stage 30.66bcd 1480.8bc 74.04b 

Level of significance ** ** ** 
SE± 1.53 29.69 1.38 
CV (%) 5.96 2.50 2.33 

SE± = Standard error of means; CV= Co-efficient of variation; ** indicates significant 1% level of probability 
 
Fruit vitamin C, protein and lycopene content 
The results presented in figure 2B-2D showed that 
vitamin C, protein and lycopene content were 
significantly influenced with different methods of Fe 
application. The range of the Vitamin C content varied 
from 17.82 to 21.56 mg 100 g-1. The highest vitamin C 
content (21.56 mg 100 g-1) was found in 100% foliar 
spray at flowering stage of Fe application method. 
While the highest lycopene content (52.36 µg 100 g-1) 
was recorded in 100% foliar spray at fruiting stage. On 
the other hand, the highest protein content (4.92%) 
was found in 50% as seedling priming + 50% as foliar Fe 
application method. Whereas, the lowest vitamin C 

(17.82 mg 100 g-1), protein (4.06 %) and lycopene 
content (41.44 µg 100 g-1) were found in 100% Fe as 
seedling priming. 
 
Fruit dry matter yield 
Different methods of Fe application found to employ a 
significant effect over the control showed in table 3 & 
figure 3. The maximum value (79.04 g pot-1) of fruit dry 
matter was noted under 50% as seedling priming + 50% 
as foliar Fe application strategy whereas, the minimum 
value for fruit dry matter yield (67.02 g pot-1) was noted 
under 100% Fe as seedling priming. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effects of different Fe application methods on fruit dry weight of BARI Tomato-14 
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Fruit nutrient concentrations and uptake by BARI 
Tomato-14 
The result of the study revealed that different Fe 
application methods significantly influenced the N, P, K, 
Ca, Mg, S, Zn and Mn concentrations and their uptake 
by BARI Tomato 14 (Table 4 & 5). The highest N, K and 
Ca concentrations and uptake by BARI Tomato-14 were 
observed in 50% as seedling priming + 50% as foliar Fe 
application method (Table 4). Where the highest N 
concentration (0.84%) was statistically similar with 50% 
in soil + 50% as foliar Fe application method. The 
highest K concentration (0.46%) was statistically similar 
with 100% foliar spray at flowering stage. The highest 
Ca concentration (0.41%) was statistically similar with 
100% foliar spray at fruiting stage. On the other hand, 
the lowest N, K and Ca concentrations were observed in 
100% foliar spray at flowering stage, 100% foliar spray 
at fruiting stage and 100% seedling priming, 

respectively. Moreover, the highest P, Mg, Zn, Mn and 
Cu concentrations and uptake by BARI Tomato 14 were 
observed in 100% seedling priming (Table 4 & 5). While, 
the lowest P, Mg, Zn, Mn and Cu concentrations and 
uptake by BARI Tomato 14 were observed in 50% in soil 
+ 50% as foliar Fe application method (2 kg Fe ha-1 in 
soil and 2 kg Fe ha-1 as foliar spray) (Table 4).  The 
highest S concentration (0.25%) and uptake (178.07 mg) 
were found at 50% in soil + 50% as foliar Fe application 
method (2 kg Fe ha-1 in soil and 2 kg Fe ha-1 as foliar 
spray) while the lowest S concentration (0.13%) and 
uptake (86.720 mg) were found in 50% as seedling 
priming + 50% as foliar Fe application method. The 
highest Zn concentration was statistically similar with 
50% as seedling priming + 50% as foliar Fe application 
method and 100% as foliar spray at fruiting stage Fe 
application method. 

 
Table 4. Effects of different strategies of Fe application on N, P, K, Ca, Mg and S concentration (%) and their uptake 

(mg pot-1) by the fruit of BARI Tomato-14 

Methods 
Nitrogen Phosphorus Potassium Calcium Magnesium Sulphur 

Conc. Uptake Conc. Uptake Conc. Uptake Conc. Uptake Conc. Uptake Conc. Uptake 
100% Seedling priming 0.75abc 547.65c 0.49a 357.00a 0.43bc 362.13b 0.32de 252.07c 0.48a 357.79a 0.16cd 137.81b 

50% Soil + 50% Foliar 0.81ab 626.65b 0.37d 241.13g 0.41bc 310.45d 0.36bcd 203.57d 0.31d 268.21f 0.25a 178.07a 

50% Seedling priming + 
50% Foliar 

0.84a 686.55a 0.37d 286.27e 0.46a 388.48a 0.41a 296.16a 0.40c 344.08c 0.14d 107.44e 

100% Foliar spray at 
seedling stage 

0.75abc 525.95e 0.38d 275.27f 0.41bc 298.03e 0.37abc 265.21b 0.45bc 320.52d 0.19b 133.49bc 

100% Foliar spray at 
flowering stage 

0.69c 509.44f 0.44c 347.83bc 0.43ab 346.67c 0.33cde 260.89b 0.42c 304.11e 0.17bc 123.09d 

100% Foliar spray at 
fruiting stage 

0.71bc 534.06d 0.45bc 338.82cd 0.40c 308.71d 0.40ab 264.09b 0.34d 221.17g 0.17bc 128.40cd 

Level of significance ** ** ** ** ** ** ** ** ** ** ** ** 
SE± 0.31 2.06 0.01 2.63 0.01 2.75 0.02 3.18 0.02 3.91 0.01 2.55 
CV (%) 8.73 0.46 4.97 1.00 3.56 1.05 6.97 1.57 6.61 1.54 8.38 2.44 

SE± = Standard error of means; CV= Co-efficient of variation; ** indicates significant 1% level of probability 
 
Iron concentration and uptake 
Different methods of Fe application had a significant 
effect on Fe concentration and uptake by BARI tomato-
14 showed in Table 5. The range of Fe concentration 
and uptake varied from 42.22 to 110.03 µg g-1 and 2.82 
to 8.69 mg pot-1, respectively. The highest Fe 
concentration (110.03 µg g-1) and uptake (8.69 mg) by 
BARI tomato-14 fruit were observed in 50% as seedling 

priming + 50% as foliar Fe application method. The 
highest Fe concentration was statistically similar with all 
other Fe application methods except 100% Fe as 
seedling priming and 100% as foliar spray at seedling 
stage Fe application method. While the lowest Fe 
concentration (42.22 µg g-1) and uptake (2.82 mg) were 
observed in 100% Fe as seedling priming. 

 
Table 5. Effects of different methods of Fe application on Zn, Fe, Mn and Cu   concentration (µg g-1) and their 

uptake (mg pot-1) by the fruit of BARI Tomato-14 

Methods 
Zinc Iron Manganese Copper 

Conc. Uptake Conc. Uptake Conc. Uptake Conc. Uptake 

100% Seedling priming 21.33a 1.59a 79.330b 5.65e 26.66a 0.94a 12.63 1.99a 
50% Soil + 50% Foliar 13.27d 0.89f 104.61a 7.42c 20.33b 0.68e 10.19 1.36f 
50% Seedling priming + 50% Foliar 20.15abc 1.48b 110.03a 8.69a 27.34a 0.80d 11.28 1.94bc 
100% Foliar spray at seedling stage 19.26bc 1.34cd 80.460b 5.86d 24.05ab 0.82d 11.68 1.69e 
100% Foliar spray at flowering stage 17.13c 1.27e 99.220a 7.42c 26.11a 0.91bc 12.42 1.92c 
100% Foliar spray at fruiting stage 20.44abc 1.53ab 105.46a 7.81b 25.33ab 0.88c 11.95 1.88d 
Level of significance ** ** ** ** ** ** NS ** 
SE± 1.73 0.02 6.75 0.05 2.69 0.03 1.68 0.02 
CV (%) 11.03 2.04 9.31 0.84 12.99 2.78 17.10 1.78 

SE±= Standard error of means, CV= Co-efficient of variation, ** indicates significant at 1% level of probability 
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Discussion 

Selection of tomato varieties from screening  
The result of the study depicted that among the 
different studied varieties, Fe content was the lowest in 
BARI Tomato-14. BARI Tomato-14 is one of the most 
popular variety to the marginal growers of Bangladesh. 
Moreover, the yield and disease resistance of this 
variety is comparatively good enough. Therefore, this 
BARI Tomato-14 variety was selected for Fe 
biofortification based on its disease resistance, 
popularity among the local growers and lower Fe 
content. An earlier study of Al-Mahmud et al. (2018) in 
rice showed consistent reason for variety selection. 
 
Effects of different Fe application methods on Fe 
biofortification in BARI Tomato-14 
Growth and yield contributing characteristics 
Tomato plant grown in pot with different application 
methods of Fe responded differently regarding plant 
height, number of branches plant-1, number of leaves 
plant-1, number of flower cluster plant-1, and number of 
fruits plant-1, fruit diameter, fruit fresh weight and fruit 
dry weight. The highest plant height and number of 
branches plant-1 was obtained in 100% as foliar spray at 
seedling stage of Fe application method but the number 
of leaves plant-1, number of flower cluster plant-1 and 
number of fruits plant-1 were obtained in 50% as 
seedling priming + 50% as foliar Fe application method. 
It was also observed that the average fruit diameter, 
fresh fruits weight and fruit dry weight were the highest 
in 50% as seedling priming + 50% as foliar Fe application 
method whereas, the lowest were observed in 100% Fe 
as seedling priming. The results indicated that 3 times 
Fe application through foliage at seedling stage @ 4 kg 
ha-1 and seedling priming @ 2 kg ha-1 with 3 times foliar 
Fe application @ 2 kg ha-1 resulted in better plant 
growth and yield contributing characteristics. The 
highest parameters in the above mentioned methods of 
Fe application might be due to the foliar application of 
Fe, which probably helped to achieve favourable results 
on growth parameters, yield components and yield 
quality of BARI tomato-14. As, it was reported that Fe 
has significant effect on the synthesis of growth 
regulators and also in chlorophyll synthesis, respiration, 
chloroplast development and therefore, improves the 
performance of photosystems (Rawashdeh and Florin, 
2015). Moreover, application of Fe fertilizer through 
foliage might improve the efficiency of Fe in plants, 
because the distance and length of Fe transportation 
occurred also influence the efficiency of Fe application. 
Consequently, the Fe application through foliage is a 
more efficient method in providing nutrients for plants 
growth and development. Similar result was obtained in 
tomato by Olowolaju et al. (2021) and in soybean by 
Vasconcelos and Grusak, (2014). The highest diameter 

of tomato obtained in that mentioned method of Fe 
application might be due to the fact that, foliar 
application of Fe may resulted in rapid absorption of 
water and metabolites into fruit xylem and phloem. 
GutiéRrez-Ruelas et al. (2021) observed a similar result 
for Fe application. 
 
Fruit yield of BARI Tomato-14 
Yield of tomato fruit positively correlated with all other 
physical characteristics mentioned above having the 
correlation coefficients (r) of 0.9502**, 0.9327**, 
0.9021**, 0.9508**, 0.9246**and 0.9077**, 
respectively. As the maximum number of fruits plant-1 
and average fruit diameter plant-1 were found in 50% as 
seedling priming + 50% as foliar Fe application method, 
in the same way, the highest yield of tomato fruit was 
also obtained from 50% as seedling priming + 50% as 
foliar Fe application method and this might be due to 
availability of foliar sprayed Fe, which is an influential 
element in the oxidation process of plant that releases 
energy from sugars and starches and therefore, 
responsible for the yield of fruit (Eskandari, 2011; Havlin 
et al., 2014). On the other hand, priming the seedlings 
into the Fe solution overnight might exert better 
seedling performance and provides faster uptake of Fe 
which may accelerate the yield of BARI tomato-14. Reis 
et al., (2018) observed similar result in a previous study 
of seed priming on wheat. Moreover, foliar application 
might also ease the Fe-salt solutions taken up via the 
cuticle or stomata of leaves of plant thus, 
transportation of Fe in the plant part become easier to 
employ the beneficial effects of Fe on plant which 
ultimately offer higher yield. A quite similar result was 
obtained in a study of Sakya and Sulandjari, (2019). 
 
Biochemical composition of BARI Tomato-14 
Vitamin C, protein and lycopene contents are the most 
important biochemical components present in tomato. 
The result of the study reflected that, the highest 
vitamin C and protein content were obtained from 
100% Fe as foliar spray at flowering stage and 50% as 
seedling priming + 50% as foliar spray Fe application 
method, respectively. On the other hand, the highest 
lycopene content was observed in 100% Fe as foliar 
spray at fruiting stage. This might be probably due to 
the fact, as Fe is an important co-factor of many 
enzymes, including those involved in the biosynthetic 
pathway of vitamin-C and lycopene. Therefore, the 
foliar application of Fe at both the flowering and 
fruiting stage might have positive effects on vitamin C 
and lycopene, respectively. Moreover, foliar application 
of Fe at flowering stage might helped to increase the 
activity of ascorbic acid oxidase enzyme which is 
responsible for vitamin C content in BARI tomato-14. 
Similar result were observed in the study of Batra et al. 
(2006). Savitha et al. (2010) conducted a study in chilli, 
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where the best effect on vitamin C and protein content 
were observed through the foliar application of Fe. 
Furthermore, application of Fe through foliage increase 
the lycopene content compare to other treatment was 
also observed by a previous study (Wala et al., 2022). 
 
Fruit nutrient contents and uptake of BARI Tomato-14 
The experimental results outreached that Fe application 
with different application method to tomato plant 
greatly influenced different nutrient contents and 
uptake. The macro and micronutrients like N, P, K, Ca, 
Mg, S, Zn, Cu and Mn concentrations and uptake were 
observed in this study. From this study, the highest N, K, 
and Ca concentration and uptake in tomato fruit were 
observed at 50% as seedling priming + 50% as foliar Fe 
application method. The highest N, K, and Ca 
concentration might be due to the biological response 
of the tomato seedling kept in the Fe solution overnight 
as well as through foliage Fe application which probably 
positively influenced the uptake and translocation of 
these nutrient and thus increase concentration. 
Moreover, abundant available soil Fe might be present 
in the rhizosphere of plant which perhaps promotes 
root-to-shoot translocation and better distribution of 
these above mentioned nutrients in BARI tomato-14. 
On the hand, presence of sufficient Fe also might induce 
the uptake of these mentioned nutrients as Fe has 
direct positive effects on these nutrients uptakes on 
plant (Ezekiel et al., 2020). The highest P, Mg, Zn, Mn 
and Cu concentration and uptake in BARI tomato-14 
fruits were observed in 100% Fe as seedling priming. 
This might be due to the reason of not being presence 
of sufficient amount of Fe in the rhizosphere as well as 
in the plant. Therefore, comparatively lower Fe uptake 
might be happened during the seedlings priming, as the 
lower concentration or absence of Fe enhance the 
uptake of these above mentioned nutrients. Similar 
antagonistic relationships were observed in some 
previous study (Kumari and Sharma, 2006; Wala et al., 
2022). Furthermore, the lowest of these nutrients 
similarly might be present in the methods where the 
availability of Fe was highest. So therefore, the reason 
of being sufficient nutrients in the fruits of tomato 
depend on the presence or absence of Fe in the root 
zone as well as in the plant uptake system. 
 
Iron concentration and uptake 
The maximum Fe concentration and uptake in 50% as 
seedling priming + 50% as foliar Fe application method 
probably due to the overnight priming of BARI tomato-
14 seedling to the Fe containing solution @ 2 kg ha-1 
and foliar Fe application 3 times @ 2 kg ha-1 which 
might be facilitated the uptake of Fe nutrient in the 
plant root and thereby to the shoot at the very early 
stage of plant life. Moreover foliar spray of Fe to 
tomato plant also might exerted a direct uptake in the 

plant body. Similarly, in an earlier study (Guha et al., 
2022) noticed that seed priming with Fe containing 
solution increase the grain Fe concentration of rice. 
Also foliar fertilization of Fe is one of the most 
important methods of fertilizer application in 
agriculture practices in order to increase Fe 
concentration in crops because foliar nutrients help 
easy and quick consumption of nutrients by penetrating 
the stomata or leaf cuticle and enter the cells 
(Rawashdeh and Florin, 2015). The result of the study is 
in corroborate with the findings of Asri and Sonmez, 
(2012). Kazemi, (2013) also found similar result in a 
study where foliar application of Fe increased the fruit 
Fe concentration of tomato. 
 
Summary and Conclusion  

The result of the present studies revealed that different 
application strategies of Fe on the growth, yield 
contributing parameters, yield, biochemical and 
nutrient contents were found to be significant in BARI 
Tomato-14. The highest plant height, number of branch 
plant-1, number of leaves plant-1, number of flower 
cluster plant-1, number of fruits plant-1, fruit diameter 
and fruit fresh and dry weight plant-1 and yield were 
recorded in 50% Fe as seedling priming + 50% Fe as 
foliar spray. On the other hand, the highest vitamin-C, 
protein and lycopene content were found in 100% Fe as 
foliar spray at flowering stage, 50% Fe as seedling 
priming + 50% Fe as foliar spray and 100% Fe as foliar 
spray at fruiting stage, respectively @ 4 kg ha-1. The 
highest N, K and Ca contents and uptake were recorded 
in 50% as seedling priming + 50% as foliar Fe application 
strategy. Moreover, the highest Fe content and uptake 
were recorded under the level 50% as seedling priming 
+ 50% as foliar Fe application strategy. Therefore, based 
on the findings of the experiments, it may be concluded 
that for efficient production as well as for 
biofortification of Fe in tomato fruits application of 2 kg 
Fe ha-1 as seedling priming + 2 kg Fe ha-1 as foliar spray 
is desired. Further trials in different locations under 
various soil and climatic condition is needed to justify 
the results for the common farmers. 
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