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ABSTRACT

Consumption of nutritional food could help alleviate malnutrition among 
people in developing countries such as the Philippines. Sweet basil is a nutritional 
food which supplies vitamins, particularly A, B  and minerals such as Fe, Mn, and 6,

Mg. This study was conducted to investigate the effects of Zn, Fe, Cu, and Mn 
biofortification on the growth, yield, and chlorophyll contents of sweet basil 
(Ocimum basilicum L.) under pot experiment. All of the pots, except T (control), 0 

-1were applied with the recommended rate of NPK for sweet basil (60-60-60 kg ha ), 
together with the varying levels of micronutrients such as Zn, Fe, Cu, and Mn 

-1(applied at 4, 8, and 12 kg ha ). The results of the study revealed that the application 
 -1of Zn at 4kg ha  enhanced the plant height, root length, fresh and dry root weight of 

sweet basil. The higher number of primary branches and chlorophyll contents were 
-1obtained from treatments applied with 12 kg ha  Mn. The addition of Fe with 4 to 12 

-1kg ha  increased the fresh weight of leaves and herbage yield. Cu biofortification at 
-1 4kg ha enhanced the herbage weight and yield of sweet basil. These results show 

the beneficial effects of micronutrient biofortification on the growth and yield 
parameters of sweet basil as well as its chlorophyll contents. Meanwhile, the 
amounts of Zn, Fe, Cu, and Mn in the soil were likewise enhanced with the addition of 
these nutrients. In return, the availability of these micronutrients for plant uptake 
was also enhanced.
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� � �
INTRODUCTION

� Today, the world is seriously struggling to produce nutritious and safe food 
because of numerous factors affecting food production. One of these is the decline 
of soil fertility (FAO, 2015). Soil as a medium for plant growth (Brady, 1984) supplies 
needed nutrients for the plant to attain its proper growth and development. Plant 
growth depends mainly on what nutrients are available in the soil.

The growing population means an increase in the demand for food. In addition, 
food consumption scarce in vitamins and minerals causes malnutrition among 
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people, particularly in developing countries such as the Philippines (Developing 
countries 2021). The World Health Organization (2017) reported a high percentage 
of people who are suffering from mineral deficiency such as Iron (Fe), Zinc (Zn), 
Copper (Cu), Manganese (Mn), and others. There is now a bigger challenge to 
produce sufficient and nutritious food to address the demand of a growing 
population and malnutrition. 

Biofortification is a process that aims to develop nutritious food since its 
concept is to increase the concentration of nutrients in the edible portion of the 
crops. Biofortification can be achieved through agronomic practices and plant 
breeding. In agronomic practices, nutrients, particularly micronutrients such as Fe 
and Zn, are applied either directly to the soil or through foliar application. On the 
other hand, the plant breeding approach of biofortification is through manipulating 
the crops' genetic makeup.

The biofortification process is common among staple crops such as rice 
(Majumder et al., 2019) and corn (Hossain et al., 2019), while there are a few studies 
on plants with medicinal values. Sweet basil (Ocimum basilicum) is among the 
many promising plant food in many areas of the world. It can be grown in different 
types of climates and is known as a nutritious plant with some important medicinal 
characteristics. Historical records have shown that basil has been used as a 
condiment and remedy for treating diseases such as headaches, coughs, etc. 
Moreover, Nahak et al. (2011) in India revealed that Ocimum species are rich in 
phenolic compounds, making it a popular medicinal herb. Basil is also a good 
source of vitamins, particularly A, B  and minerals such as Fe, Mn, and Mg. It 6,

consists of about 50 to 150 species that belong to the Lamiaceae family (Darrah, 
1980; Evans, 1996). This plant is widely grown around the globe but prevalently 
found in tropical Asia, Africa, Central America, and South America (Paton, 1999). 

 Like other plants, growing basil also requires nutrients to achieve its proper 

physiological growth and development. Nutrients are applied to crops to fuel the 

metabolic processes. The production of plants involving incorrect nutrient 

management can lead to the unproductivity of plants. Its potential maximum 

growth and yield might not be attained and its capacity to assimilate nutrients also 

hampered. Thus, modifying the medium to be used in planting is deemed necessary. 

This is to ensure that the plant is continuously getting enough nutrients to supply 

nutrients in return. The objectives of this study were: (a) to assess the growth, yield, 

and chlorophyll contents of sweet basil applied with varying levels of Zn, Fe, Cu, and 

Mn; (b) to determine the amounts of Zn, Fe, Cu, and Mn on the soil medium and on 

the plant tissue; and (c) to determine the appropriate rates of Zn, Fe, Cu, and Mn to 

fertilize sweet basil.

MATERIALS AND METHOD

Pot experiment

Bulk soil samples were collected (0-20 cm depth) from Barangay Fatima, Dulag, 
Leyte, Philippines (10°55'58.1"N 125°01'13.1"E). The soil was air-dried for three 
days and passed through a 2mm sieve. This was used for the pot experiment and 
the soil pH and texture analysis. The initial soil pH was 6.6 with a sandy loam 
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texture. 
The pot experiment was conducted in a screen house at Brgy. Rizal, Dulag, 

Leyte, Philippines (10°54'59.4"N 125°01'18.8"E). The experiment commenced on 
the last week of December and was terminated on the first week of February 2021. A 
total of eighty-four (84) polyethylene bags measuring 28cm x 16cm with five 
perforations were used to allow drainage. Each pot was filled with three (3) 
kilograms of dried soil and added with water at field capacity to maintain the soil's 
moist condition. The pots were laid out in a Randomized Complete Block Design 
(RCBD) with fourteen (14) treatments, replicated three (3) times. After soil 
preparation, the two-week old sweet basil seedlings were transplanted from the 
seedling tray to the polyethylene bags. Two weeks after transplanting, fertilizers 
were applied as follows: 

Table 1. Amount of fertilizers applied to sweet basil (g/pot) 

Treatments  
Complete 
fertilizer 

(14-14-14) 

Zinc 
chloride 

(23% 
Zn) 

Iron  
chloride 
(20% Fe)  

Copper 
chloride 
(40% Cu)  

Manganese 
chloride 

(32% Mn)  

T0 - Control,  - - -  -  - 
T1 - 60-60-60 kg ha -1 N-P2O5-K2O 12.86 - - - - 
T2 - T1 + 4 kg ha -1 Zn 12.86 0.25  -  - - 
T3 - T1 + 8 kg ha -1 Zn 12.86 0.50  -  - - 
T4 - T1 + 12 kg ha -1 Zn 12.86 0.75  -  - - 
T5 - T1 + 4 kg ha -1 Fe 12.86 -  0.27  - - 
T6 - T1 + 8 kg ha -1 Fe 12.86  - 0.54  - - 
T7 - T1 + 12 kg ha -1 Fe 12.86  - 0.81  - - 
T8 - T1 + 4 kg ha -1 Cu 12.86  -  -  0.26 - 
T9 - T1 + 8 kg ha -1 Cu 12.86  -  -  0.51 - 
T10 - T1 + 12 kg ha -1 Cu 12.86  -  -  0.77 - 
T11 - T1 + 4 kg ha -1 Mn 12.86  -  -  - 0.28 
T12 - T1 + 8 kg ha -1 Mn 12.86  -  -  - 0.56 
T13 - T1 + 12 kg ha -1 Mn 12.86  -  -  - 0.84 

 

Complete fertilizer was used as a source of N, P, and K at a rate of 60-60-60 kg 
-1ha . Fe and Zn fertilizers were applied as FeCl  and ZnCl . Meanwhile, CuCl  and 2 2 2

MnCl  were used as a source of Cu and Mn. All of the micronutrients were applied at 2
-1 -1 -1 -14 kg ha , 8 kg ha , and 12 kg ha . The amount of fertilizer applied in kg  was based 

on the plant population of 33 333 plants per hectare with a planting distance of 0.5 
6m x 0.6 m. The fertilizer computation used the 2x10  kg of soil in one hectare. All 

fertilizer materials were applied to the pots two weeks after transplanting by boring 
four holes around each plant. The plants were provided with adequate water 
approximately at field capacity. Watering and hand weeding were conducted 
whenever necessary. 

The pot experiment was terminated six weeks after transplanting as shown in 
Figure 1. Sweet basil was cut approximately 1 cm above the ground. The leaves, 
stems, and roots were separated. It was washed using distilled water, blotted dry in 
tissue paper, and weighed for fresh plant biomass.
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Data Gathered

The growth, yield, and plant quality parameters were gathered, including plant 
height (cm), number of primary branches per plant, root length (cm), fresh and dry 
leaf weight/plant (g/pot), fresh and dry herbage yield at harvest (g/pot), fresh and 
dry root weight (g/pot), chlorophyll contents- (SPAD Chlorophyll meter (Minolta 
Brand)) and chlorophyll a & b contents Analysis (Porra, Thompson & Kriedemann 
1989).

Figure 1. The comparative growth of sweet basil at termination. The legends T , T , 0 1

T , T , T , T , T , T , T , T , T , T , T , and T , represents Control, 60-60-60 kg 2 3 4 5 6 7 8 9 10 11 12 13
-1 -1 -1 -1ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 kg ha  Zn, T  + 12 kg ha  Zn, T  + 4 2 5 2 1 1 1 1 1

-1 -1 -1 -1 -1kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  Fe, T  + 4 kg ha  Cu, T + 8 kg ha  Cu, 1 1 1 1 
-1 -1 -1 -1T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 kg ha  Mn, and, T  + 12 kg ha  Mn, 1 1 1 1

respectively.
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Soil Chemical Analysis

Soil samples were collected from each pot after the experiment was 
terminated. These were air-dried, sieved, and analyzed for soil pH, soil organic 
matter, total N, available P, exchangeable K, Zn, Fe, Cu, and Mn at the Central 
Analytical Services Laboratory (CASL), Philrootcrops, VSU. The soil pH was 
analyzed using the 1:2.5 soil/water ratio (ISRIC, 1995). This was allowed to stand for 
30 minutes and stirred before reading with a pre-calibrated pH meter (HI 2213/ORP 
meter). Soil organic matter was analyzed using the modified Walkley-Black method 
(Nelson & Sommers 1982). Total N determination was done using the Micro-
Kjeldahl method (ISRIC 1995). The modified Olsen method was used to analyze the 
available P. Exchangeable K was extracted using the Ammonium acetate (NH OAc) 4

method at pH 7.0 (ISRIC 1995). The extraction of micronutrients (Zn, Cu, Fe, and Mn) 
were carried out following the Diethylenetriamine pentaacetic acid (DTPA) 
Extraction.

Plant Tissue Analysis

Sweet basil leaf tissues were harvested 42 days (six weeks) after transplanting. 
The samples were properly rinsed with tap water and subsequently washed with 
distilled water, blotted dry with tissue paper, and air-dried. The leaves were oven-
dried at 70°C for five (5) days. The tissue samples were then homogenized using a 
mechanical pulse blender and stored. The leaf samples were subjected to dry-
ashing at 500°C for five (5) hours followed by the addition of 6 M hydrochloric acid 
(HCl). Total Zn, Fe, Cu, and Mn quantification were carried out using Microwave 
Plasma Atomic Emission Spectrometer (Agilent 4200 MP-AES).

Statistical Analysis

All data were subjected to statistical analysis of variance (ANOVA) using 
Statistical Tool for Agricultural Research. If found significant, treatment means 
were separated using the Honest Significant Difference or Tukey's test at 5% Level 
of Significance.

RESULTS AND DISCUSSION

Effects of Zn, Fe, Cu, and Mn biofortificaton on the growth of sweet basil 

The plant height was obtained by measuring the sweet basil from the base to 
the shoot. It was done on a weekly interval. The results revealed that pots applied 

-1with 60-60-60 kg ha  of complete fertilizer (T ) together with micronutrients (T  – T , 1 2 13
-1except T - T + 8 kg ha  Cu) had excellent plant height performance. On the other 9 1 

hand, the untreated pots (T ) gave the shortest plant height. Specifically, the pots 0
-1applied with 4 kg ha  Zn (T ) had the significantly tallest plants comparable to T (T + 2 3 1 

-1 -1 -1 -18 kg ha  Zn), T (T  + 4 kg ha  Fe), T (T  + 12 kg ha  Cu), and T (T  + 12 kg ha  Mn). T  5 1 10 1 13 1 5,
-1which was applied with 4 kg ha  Fe, had the tallest plants among the treatments 

-1 -1applied with Fe (T  - T  + 8 kg ha  Fe and T - T  + 12 kg ha  Fe).  On the contrary, the 6 1 7 1
 -1 -1application of Cu and Mn at higher levels (12 kgha  Cu and 12 kg ha  Mn), resulted in 
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the tallest plants among treatments added with Cu and Mn (Figure 2a). 
The number of primary branches was obtained by counting the branches 

attached to the main stem of sweet basil. It was done on a per-pot basis. The sweet 
basil positively responded to micronutrient application, as shown in the greater 
number of primary branches in the treated pots over the untreated pots. In 

-1particular, T  (T + 12 kg ha  Mn) gave the highest number of primary branches 13 1 
-1(Figure 2b). The application of Zn at 4 kg ha  resulted in the highest number of 

primary branches among the treatments applied with Zn. On the other hand, the 
-1application of Cu at a lower level (T  – T + 4 kg ha  Cu) resulted to lesser number of 8 1 

-1 primary branches than when applied at a higher level (T  – T + 8 kg ha Cu and T  – T  9 1 10 1
 -1+ 12 kg ha  Cu). Meanwhile, the application of Fe at any level did not significantly 

increase the number of primary branches.
The root length of sweet basil was determined after harvest. It was measured 

using a ruler. More profuse root was observed on sweet basil applied with 
micronutrient over the untreated and the application of complete fertilizer alone 

-1(Figure 2c). Specifically, the application of Zn at 4 kg ha  resulted to a higher root 
length among treatments applied with micronutrients. The application of different 
levels of Mn and Cu (T  – T and T – T ) did not significantly increase the root 11 13 8 10

-1length of sweet basil. Meanwhile, the application of Fe at 8 kg ha  (T ) gave the 6

higher root length among treatments applied with Fe. The comparative root growth 
of sweet basil is shown in Figure 3. 
 

Figure 2. (a) plant height (cm), (b)number of primary branches and (c) root length 
(cm) of sweet basil biofortified with Zn, Fe, Cu, and Mn. Mean values 
followed by different letters are significantly different at P < 0.05 according 
to LSD. The legends T , T , T , T , T , T , T , T , T , T , T , T , T , and T , 0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1represents Control, 60-60-60 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 2 5 2 1 1 1 
-1 -1 -1 -1 -1kg ha  Zn, T  + 12 kg ha  Zn, T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  1 1 1 1

-1 -1 -1 -1Fe, T  + 4 kg ha  Cu, T + 8 kg ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 1 1 1 1 1
-1 -1kg ha  Mn, and, T  + 12 kg ha  Mn, respectively.1
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Figure 3. Comparative root growth of sweet basil biofortified with Zn, Fe, Cu, and 
Mn. The legends T , T , T , T , T , T , T , T , T , T , T , T , T , and T , 0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1represents Control, 60-60-60 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 2 5 2 1 1 1 
-1 -1 -1 -1 -1kg ha  Zn, T  + 12 kg ha  Zn, T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  1 1 1 1

-1 -1 -1 -1Fe, T  + 4 kg ha  Cu, T + 8 kg ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 1 1 1 1 1
-1 -18 kg ha  Mn, and, T  + 12 kg ha  Mn, respectively1

 The high plant height of sweet basil as a result of Zn application can be 
attributed to the essential role of this nutrient in auxin formation, a vital plant 
hormone that promotes cell elongation (Brennan 2005). The number of primary 

-1branches was highest in treatments applied with 12 kg ha  Mn. This could be 
attributed to the critical function of Mn in plant metabolism (Amberger 1974). 
Meanwhile, the longest root length in T indicates the direct relationship between 2 

plant height and root length of sweet basil. It was further observed that the highest 
exchangeable K was obtained from T . The high availability of exchangeable K 2

facilitates optimum growth in sweet basil. Junqueira and Cantarella (2011) 
investigated the effects of K fertilization on the growth and yield of pineapple. They 

-1found that pineapple supplied with K in 700 kg ha  significantly improved plant 
growth. 

Similar to this result, Bozoglu et al (2007) noted that the addition of Zn 
increases crop yield and quality. In addition, many studies verify the positive effect 
of Zn fertilization. Kazemi (2013) investigated the effects of Zn and Fe on the 
growth and yield of tomato. Results showed that the application of Zn positively 
affects both the vegetative and reproductive growth of tomato. Aboyeji et al (2019) 
studied the effects of Zn and Boron (B) on the growth, yield, minerals, and heavy 
composition of groundnuts. Their study ascertained that the application of Zn 
significantly increased the yield parameters of groundnut. The increased yield of 
the groundnuts can be attributed to the significant increase of plant height, 
resulting in nodule improvement. Khan et al (2012) demonstrated the positive 
effects of Zn on the growth, yield, and nutrition of rice plants grown in saline soil. In 
particular, the study revealed increased plant height of rice added with Zn.
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Similarly, Aslam et al (2014) noted the positive effects of Zn on the plant height 
of wheat. The positive effects of Zn, Fe, Cu, and Mn on the plant height of sweet basil 
could be due to their essential function in plant metabolism. Thus, the addition of 
Zn, Fe, Cu, and Mn to a growing crop could be advantageous as it enhances the 
growth and yield performance of crops. The function of these micronutrients (Zn, 
Fe, Cu, and Mn) was further verified in this study as it showed that the growth of 
sweet basil was enhanced by the supplementation of Zn, Fe, Cu, and Mn. Likewise, 
Khater and Abd-Allah (2017) further demonstrated the effects of Fe, Zn, and Mn on 
growth yield and constituents of Ocimum basilicum plants. The study revealed that 
foliar application of Fe, Zn, and Mn increased the plant height of sweet basil. The 
increase in the number of primary branches with the addition of Mn is in agreement 
with the findings of Khater and Abd-Allah (2017).

Effects of Zn, Fe, Cu, and Mn biofortification on the yield of sweet basil 

The fresh leaf weight of sweet basil was obtained after harvest by weighing 
entire leaves from each pot. As shown in Figure 4, the pots without fertilizer (T ) had 0

a very low fresh leaf weight (6.61 g/pot).  Meanwhile, the highest leaf fresh weight 
was found in T  followed by T , with a value 32.70 g/pot and 30.10 g/pot, 10 13

-1 -1 respectively. The application of Fe at 4 kg ha  and 8 kg ha gave relatively high fresh 
leaf weight among treatments applied with Fe. 

Contrary to the fresh leaf weight, the dry leaf weight was obtained by weighing 
the leaves after subjecting them to oven drying at 70⁰C for twenty-four hours until a 
constant weight was reached. The result corresponded with the fresh leaf weight 
wherein the highest dry weight was found in T  and T , 2.40 g/pot, and 2.32 g/pot, 13 10

respectively. Meanwhile, a very low dry weight was found in T (0.67 g/pot). The 0 

application of different levels of Zn and Fe did not significantly affect the dry leaf 
weight of sweet basil (Figure 5).

The fresh herbage yield was obtained by weighing sweet basil, excluding the 
roots, after harvest. Figure 4 shows that highest fresh herbage yield was obtained 

-1  -1from T  (T + 12 kg ha  Mn) and T  (T  + 12 kgha  Cu) with 52.81 g/pot and 44.94 13 1 10 1

g/pot, respectively. On the other hand, a very low fresh herbage yield was obtained 
from the untreated pots (T ) with a value of 13.71 g/pot. In addition, T  (60-60-60 kg 0 1

-1ha  N-P O -K O) gave a higher fresh herbage yield over the untreated pots. This 2 5 2

shows that pots treated with lower doses of Zn and Fe (T  and T ) gave the highest 2 5

fresh herbage yield among treatments applied with Zn and Fe.
Contrary to the fresh weight of herbage yield, the dry weight of herbage yield 

was obtained by weighing after subjecting them to oven drying at 70⁰C for twenty-
four hours until a constant weight was reached. Parallel to the result obtained from 
the fresh herbage yield, T  gave the highest yield among all the treatments (3.55 13

-1g/pot). It was followed by T (3.36 g/pot). Zn applied at 4 kg ha  gave the higher dry 10 

herbage yield among treatments added with Zn. A similar result was obtained from 
-1treatments added with Fe, where 4 kg ha  of Fe resulted in the highest dry herbage 

yield. Furthermore, the application of NPK also resulted in a significant increase of 
dry herbage yield compared to T (Figure 5).0 

Fresh root weight was obtained by weighing the roots of sweet basil at harvest 
after removing the soil adhering to them through washing with tap water. Sweet 

-1 -1  -1basil applied with 4 kg ha  Zn, 12 kg ha  Mn, and 12 kgha  Cu gave the highest fresh 
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Figure 4. Fresh leaf weight, fresh herbage yield, and fresh root weight of sweet basil 
biofortified with Zn, Fe, Cu and Mn. Mean values followed by different 
letters are significantly different at P < 0.05 according to LSD. The legends 
T , T , T , T , T , T , T , T , T , T , T , T , T , and T , represents Control, 60-60-0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1 -1 -160 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 kg ha  Zn, T  + 12 kg ha  Zn, 2 5 2 1 1 1 1
-1 -1 -1 -1T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  Fe, T  + 4 kg ha  Cu, T + 8 kg 1 1 1 1 1 

-1 -1 -1 -1ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 kg ha  Mn, and, T  + 12 kg 1 1 1 1
-1ha  Mn, respectively.

weight of roots, 7.60 g/pot, 6.87 g/pot, 5.49 g/pot, respectively. Meanwhile, there 
was no significant difference in the fresh root weight of the treatment supplied with 
NPK alone and the untreated pots (Figure 4).

Similar to the result of the fresh weight of roots, the treatment supplied with 4 kg 
-1ha  Zn gave the highest root dry weight (0.88 g/pot). Meanwhile, the Cu applied at 4 

-1kg ha  gave the most negligible dry root weight of sweet basil (0.33 g/pot). The rest 
of the treatments showed comparable results to the untreated pots (Figure 5). 

The fresh and dry leaf weight, fresh and dry herbage yield, and fresh and dry 
roots were affected by the addition of Zn, Fe, Cu, and Mn. The application of Fe did 
enhancde the yield parameter of sweet basil, particularly the fresh and dry weight of 
leaves. This result could be due to the specific function of Fe in chlorophyll 
formation. Cu also had a positive effect on the fresh leaves and herbage yield of 
sweet basil. This could be due to the characteristics of Cu as a catalytic agent in 
photosynthesis and respiration. Cu also plays an essential role in lignin formation of 
the cell wall. Oustriere et al. (2017) reported that the application of Cu in smaller 
quantities is necessary to facilitate plant development. A study conducted by Tulin 
and Tulin (2019) on the Fe, Zn, and Cu biofortification of purple yam revealed that 

-1the application of Cu at 8 kg ha resulted in prolific and vegetative growth and wider 
leaves.
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Effects of Zn, Fe, Cu, and Mn biofortification on the chlorophyll contents and 
chlorophyll a and b

As shown in Figure 4, the application of Zn, Fe, Cu and Mn together with NPK 
visibly increased the chlorophyll content of sweet basil over the untreated pot. Mn at 

-18 kg ha  (T ) gave the higher chlorophyll SPAD measure (46.50). The increasing 12

amount of Fe added to sweet basil significantly increased the chlorophyll SPAD 
measure. Similarly, the increasing levels of Cu added to sweet basil significantly 
increased the chlorophyll contents. Meanwhile, the lower level of Zn applied to 
sweet basil had the higher chlorophyll SPAD measure among treatments added 
with Zn (Figure 6).

-1The application of Mn at 12 kg ha  provided the highest chlorophyll a content 
(8.4 nmol/l). It was also observed that the increasing level of Zn, Fe, Cu, and Mn had 
a direct effect to chlorophyll a.  As it is shown in Figure 6, the increasing application 
of micronutrients increases the chlorophyll a content of sweet basil. Meanwhile, the 
application of NPK alone to sweet basil was found to be significant over the 
untreated pot. Moreover, the untreated pot had a very low content of chlorophyll a.

 

Figure 5. Dry leaf weight, dry herbage yield, and dry root weight of sweet basil 
biofortified with Zn, Fe, Cu and Mn. Mean values followed by different 
letters are significantly different at P < 0.05 according to LSD. The legends 
T , T , T , T , T , T , T , T , T , T , T , T , T , and T , represents Control, 60-60-0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1 -1 -160 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 kg ha  Zn, T  + 12 kg ha  Zn, 2 5 2 1 1 1 1
-1 -1 -1 -1T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  Fe, T  + 4 kg ha  Cu, T + 8 kg 1 1 1 1 1 

-1 -1 -1 -1ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 kg ha  Mn, and, T  + 12 kg 1 1 1 1
-1ha  Mn, respectively.

 Parallel to the result obtained from chlorophyll a, chlorophyll b contents of 
-1sweet basil was higher at treatment applied with 12 kg ha . The increasing supply of 

micronutrients tends to increase the chlorophyll b content of the sweet basil (Figure 
6).  
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Chlorophyll contents, chlorophyll a and b of sweet basil was found significantly 
-1higher with the application of Mn at 12 kg ha . This is mainly because Mn plays a 

notable function in photosynthesis. It involves in water-splitting reaction in 
Photosystem II (PSII), the primary step of photosynthesis (Bricker et al. 2012). It 
plays a substantial role in the process of photosynthesis, respiration, and N 
assimilation (Socha and Guerinot 2014). Aside from that, Mn is also an activator of 
several enzymes of the dark phase of photosynthesis. This essential role of Mn to a 
growing crop is further verified in this study as treatment added with Mn gave the 
highest chlorophyll content, and chlorophyll a and b. 

Figure 6. Chlorophyll content, chlorophyll a and chlorophyll b of sweet basil 
biofortified with Zn, Fe, Cu, and Mn. Mean values followed by different 
letters are significantly different at P < 0.05 according to LSD. The 
legends T , T , T , T , T , T , T , T , T , T , T , T , T , and T , represents 0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1 -1Control, 60-60-60 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 kg ha  Zn, 2 5 2 1 1 1 
-1 -1 -1 -1T  + 12 kg ha  Zn, T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  Fe, T  + 4 1 1 1 1 1

-1 -1 -1 -1 -1kg ha  Cu, T + 8 kg ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 kg ha  1 1 1 1
-1Mn, and, T  + 12 kg ha  Mn, respectively.1

Effects of Zn, Fe, Cu, and Mn on soil chemical properties

Figure 7a shows the pH of the soil grown with sweet basil applied with the same 
amount of NPK biofortied with Zn, Fe, Cu and Mn. The figure generally shows that the 
addition of synthetic fertilizers significantly decreased the pH of the soil planted with 
sweet basil. This decrease in soil pH could be due to the effects of N fertilization 

+causing accumulation of H  which will be eventually released to the soil through the 
nitrification process resulting to the decrease in soil pH (Guan 2016). This finding 
complemented previous studies wherein it was found that the application of 
synthetic fertilizer usually decreases the soil pH (Ge et al 2018; Ogundijo et al 2014).

Figure 7b signifies the changes in soil organic matter (SOM) content of the soil 
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-1 used in the study. It shows that SOM was significantly highest at T (T + 8 kg ha Cu). 9 1 

T  and T  also provided a higher SOM over the untreated pots. The significant 5 10

increase of SOM can be attributed to the root structure developed in the mentioned 
treatment. It was observed that the application of both macro and micronutrients 
leads to more profuse root structure of sweet basil. Roots have the ability to release 
carbon into the soil. Moreover, living roots produce stimulatory effect on SP T  + 12 1

-1kg ha  SOM decomposition due to the complex microbial activity brought about by 
the roots. Likewise, Loeppmann et al (2019) reported that the release of labile C 
compounds by roots heightens microbial growth and activity which leads to higher 
extracellular enzyme activities thus resulting to faster SOM decomposition.

Figure 7c shows the total N of the soil used in the study. The result of the analysis 
revealed that the application of complete fertilizer increased the N content of the 
soil. Nitrogen is an integral component of chlorophyll which provides the green 
coloration of the leaves of plant. I was observed in this study that the untreated pot 
exhibited yellowing of leaves while the pots added with complete fertilizer and 
micronutrient generally showed a vigorous and green leaf color of sweet basil 
leaves. Furthermore, the chlorophyll content of the sweet basil applied with both 
macro and micronutrient had a relative higher value compared to the pots without 
the nutrients.  
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Figure 7.  Effect of micronutrient biofortification on the chemical properties of the 
soil planted with sweet basil (a) soil pH, (b) soil organic matter, (c) total N, 
(d)available P, (e) exchangeable K, (f) extractable Zn, (g) extractable Fe, 
(h) extractable Cu, and (i) extractable Mn. Mean values followed by 
different letters are significantly different at P < 0.05 according to LSD. 
The legends T , T , T , T , T , T , T , T , T , T , T , T , T , and T , represents 0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1 -1Control, 60-60-60 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 kg ha  Zn, T  2 5 2 1 1 1 1
-1 -1 -1 -1+ 12 kg ha  Zn, T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  Fe, T  + 4 kg 1 1 1 1

-1 -1 -1 -1 -1ha  Cu, T + 8 kg ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 kg ha  Mn, 1 1 1 1
-1and, T  + 12 kg ha  Mn, respectively1

Figure 7d shows that the application of complete fertilizer in the entire 
treatment except for the controlled treatment did not significantly increase nor 
decrease the available P in the soil planted with sweet basil. The available P remains 
constant with or without fertilization. The result of the analysis on the available P 
could have something to do with the soil pH. Available P on the soil is highly affected 
with the soil pH. When the soil pH reaches 5.5 it become less available for plant due 
to fixation of either Al or Fe. Adnan et al (2003) reported that P is deficient in most 
acid soils because soluble inorganic P is fixed by Al and Fe. 

Figure 7e shows the result of the analysis for the exchangeable K of the soil 
planted with sweet basil applied with the same amount of NPK combined with 
different levels of Zn, Fe, Cu, and Mn. The highest exchangeable K was found in T  2

-1 -1(T + 4 kg ha  Zn) and T (T + 4 kg ha  Mn). The plant height and root length were 1 11 1 

found to be high in T . The analysis further supplemented the reason why T  had 2 2

these results. The higher availability of exchangeable K helps the sweet basil attain 
its optimum growth. Junqueira and Cantarella (2011) investigated the effects of K 
fertilization on the growth and yield of pineapple. They found that pineapple 

-1supplied with K in 700 kg ha  significantly improved plant growth. Nurzyńska-
Wierdak et al (2012) studied the effects of N and K fertilization on the growth of 
sweet basil. Their report complemented the result of this study which showed the 
importance of K fertilization on the growth of sweet basil.

The extractable Zn, Fe, Cu, and Mn are presented in Figure 7f – 7i. There was an 
increased amount of Zn, Fe, Cu, and Mn in the pots treated with these 
micronutrients. Specifically, the highest extractable Zn was obtained from T which 2 

-1 was applied with 4 kg ha of Zn. The highest extractable Fe was found in treatments 
applied with this nutrient (T -T ), 182.54 ppm, 181.13 ppm, and 178.72 ppm, 5 7

respectively. On the other hand, the lowest extractable Fe was obtained from the 
untreated pot, 160.94 ppm (Figure 7g). Moreover, the results showed that the 
application of CuCl  significantly increased the amount of Cu in the soil (Figure 7h). 2

-1Cu applied at 12 kg ha  resulted in the decrease in the fresh leaf weight of sweet 
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Figure 8. Total Zn, Mn, Fe, and Cu in Sweet Basil Leaves. Mean values followed by 
different letters are significantly different at P < 0.05 according to LSD. The 
legends T , T , T , T , T , T , T , T , T , T , T , T , T , and T , represents Control, 0 1 2 3 4 5 6 7 8 9 10 11 12 13

-1 -1 -160-60-60 kg ha  N-P O -K O (T ), T + 4 kg ha  Zn, T + 8 kg ha  Zn, T  + 12 kg 2 5 2 1 1 1 1
-1 -1 -1 -1 -1ha  Zn, T  + 4 kg ha  Fe, T  + 8 kg ha  Fe, T  + 12 kg ha  Fe, T  + 4 kg ha  Cu, T1 1 1 1 1 

-1 -1 -1 -1+ 8 kg ha  Cu, T  + 12 kg ha  Cu, T  + 4 kg ha  Mn, T  + 8 kg ha  Mn, and, T  + 1 1 1 1
-112 kg ha  Mn, respectively

Hochmuth et al (2012) reported that healthy plant leaves may contain about 25 
to 150 ppm Zn. Toxicity in this nutrient would result to stunted growth of plants due 
to the reduction of root growth. The leaves would be smaller and chlorotic. The 
normal Fe content of leaves ranges from 30 to 150 ppm based on dry weight. Plants 
deficient in Fe show interveinal chlorosis and would eventually progress into 

-1basil. Meanwhile, the application of Cu at 4 kg ha  improved the growth and yield 
performance of sweet basil. This result is parallel with the study of Pietrini et al. 
(2019). In the case of Mn, its increasing levels of application resulted in its increase 

-1in the soil concentration. Specifically, T  which was supplied with 12 kg ha , had the 13,

highest extractable Mn, 76.49 ppm. It was followed by T and T  which had 75.67 12 11,

ppm and 71.10 ppm Mn, respectively (Figure 7i). 

Concentrations of Zn, Fe, Cu, and Mn in the leaf tissue of sweet basil

Figure 8 shows that the mean Cu concentrations in leaves, ranging from 17.98 
-1mg kg  and 22.53 mg/kg, were not significantly different in all treatments. The Fe 

concentration was the same. However, significant differences in Zn and Mn 
concentrations were noted. The highest concentration of Zn was obtained from T3 

-1 -1(8 kg ha  Zn) with 192.91 mg kg . Meanwhile, the concentration of Mn ranged from 
-1 -1140.01 mg kg  to 142.04 mg kg . These were obtained in all rates of Mn applied 

(from lowest to highest). Very low extractable Mn (40.55 ppm) was found in the 
controlled pots (T ). These imply that with the application of nutrients to the soil, the 0

more nutrients will be taken up by the sweet basil leaves.
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necrosis. In the case of Cu, normal leaves may contain 4 to 20 ppm. A plant deficient 
in this nutrient would have chlorosis particularly the younger leaves because this 
nutrient is immobile thus deficiency symptoms would occur in the upper leaves. 
Meanwhile, in the case of Mn, its critical concentration in the plant leaves ranges 
from 20 to 100 ppm for majority of the plants. When the Mn content reaches 500 to 
800 ppm, this would result in toxicity. Mn toxicity in plant leaves may show marginal 
leaf necrosis and, if Mn is very high in the soil solution, the uptake of plants for Fe 
would diminish. 

The sweet basil leaves in this study contained Zn not more than what is required 
for healthy plant leaves except in the treatment applied with a moderate dose of Zn 
(8 kg ha-1). It was similar for the Fe content wherein the highest concentration in the 
leaves was observed. However, it was noted that no toxicity symptoms appeared. In 
the case of Cu content, it ranged from 15.46 - 21.49 ppm. It was noted that the range 
of Cu content slightly exceeded the acceptable range (4-20 ppm); however, no 
toxicity symptoms were observed. On the other hand, the concentration of Mn 
ranged from 40.55 – 141.16 ppm which did not reach the value in which plants 
would experience toxicity symptoms like necrosis. Hence, the application of these 
micronutrients directly to soil has a pronounced effect on the growth, yield as well 
as on the chlorophyll content and chlorophyll a and b of sweet basil.

CONCLUSION

Based on the results obtained, it was concluded that the application of different 
-1levels of Zn, Fe, Cu, and Mn along with complete fertilizer at a rate of 60-60-60 kg ha  

had a positive effect on the growth, yield, and chlorophyll contents of sweet basil. 
 -1Specifically, Zn applied at 4kg ha  enhanced the plant height, root length, and fresh 

and dry root weight of sweet basil. The highest number of primary branches and 
-1chlorophyll contents were obtained from sweet basil applied with 12 kg ha  Mn. The 

-1addition of Fe from 4 to 12 kg ha  increased the fresh weight of leaves and herbage 
-1 yield. Cu biofortification at 4kg ha enhanced the herbage weight and yield of sweet 

basil. Moreover, the application of micronutrients directly to the soil enhances their 
availability for plant uptake. The study further signifies that sweet basil is 
undeniably a good source of micronutrients like Zn, Fe, Cu, and Mn.  To validate the 
results, further studies could focus on the interaction between these micronutrients 
and the quality of the essential oil from sweet basil biofortified with Zn, Fe, Cu, and 
Mn.
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