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ABSTRACT

The balanced application of micronutrients along with macronutrients is essential to maintain
soil health and enhance crop productivity. This practice also ensures the preservation of the
nutritional quality of vegetables. Series of farmer field experiments were conducted for
consecutive 5 years (2020-2025) to explore the effects of micronutrients such as zinc (Zn),

iron (Fe) and boron (B) on the growth, yield and quality attributes of cauliflower in rice and
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central cropping zones of Punjab, Pakistan. These experiments followed a randomized
complete block design (RCBD) having five treatments. The treatments were included as:
control (T1 = Recommended doses of NPK @ 120-100-100 kg ha) and various combinations
of Zn, Fe and B viz T» toTs each with three replications. The micronutrient application rates
for Zn, Fe and B were 5 kg ha, 10 kg ha and 1 kg ha? respectively. Among the tested
treatments, Ts recorded the highest marketable curd yield (58.06 t ha™), representing an 8.44%
increase over the control (53.54 t ha™). Across agro ecological zones, Ts increased marketable
curd yield by 10.9% in the rice zone and 4.06% in the central zone relative to the control. The
earliest curd initiation was observed in treatment Ts (67.3 days) indicating its potential for
early harvesting whereas the latest was recorded in T: (75.6 days), without micronutrient
application. The maximum curd diameter (13.67 cm) and curd weight (650.27 g) were obtained
under T4 (B @ 1 kg ha). In contrast, T1 exhibited the lowest curd diameter (11.8 cm), curd
weight (538.6 g), and yield (51.61 t ha™). Overall, the findings suggested that treatments Ta
and Ts improved curd growth and productivity, whereas Ts was most effective for achieving
early curd initiation. Significant influence of micronutrient application on the gross income of
farmers was noticed compared with the control treatment (NPK alone). The highest income
(Rs. 8,153,400 ha™) was recorded under Ts, which was approximately 5.3% higher income
than the control (T1, Rs. 7,741,500 ha™). Integrated application of NPK + ZnFeB proved
superior to the sole NPK treatment for improving the nutritional quality of the crop. Significant
improvements were recorded in protein (2.74%), ash (0.96%), and dry matter (11.23%)
contents in Ts, whereas crude fat and crude fiber exhibited non-significant response to
micronutrient applications.

Keywords: Cauliflower, Zinc, Iron, Boron, Sustainable Agriculture, Micronutrient
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INTRODUCTION

The cauliflower is a nutrient-rich and economically important vegetable crop that is grown
throughout the world. The importance of the vegetable goes beyond its culinary importance to
include its high vitamin, mineral, antioxidant, and dietary fiber content. Vegetable quality is an
important characteristic of crop production as it is a determinant of the consumer choices,

marketing, and sustainability. Considering the increased global demand for high-quality
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vegetables along with concerns about food and nutritional security, increasing yield and
nutrient content of the cauliflower has been the main aim in current crop production systems.
Like other crops of the family, cauliflower is a heavy feeder of mineral elements, depleting the
soil of both macronutrients and micronutrients (Kumar et al., 2021). Like other crops of the
family, cauliflower is a heavy feeder of mineral elements, utilizing a significant amount of both
macronutrients and micronutrients. Traditionally, production of vegetable crops has been
largely dependent on the use of macronutrient fertilizers such as nitrogen (N), phosphorus (P),
and potassium (K). Long-term fertilization systems lead to the re-organization of microbes
such as archaea community through the regulation of the physiochemical nature of soil (organic
content, NPK availability, EC, pH) and the activities of enzymes (Sun et al., 2025). However,
micronutrients are just as important as macronutrients although in much smaller quantities
(Rene et al., 2024).

Some basic micronutrients elements are iron (Fe), zinc (Zn), manganese (Mn), copper
(Cu), molybdenum (Mo), boron (B) and chloride (CI) (Aftab and Hakeem, 2020). The
deficiency of these elements in soils is commonly observed with time because of increased
intensification of agriculture, soil degradation and improper fertilizer use. As a consequence,
crops give lower yield and low-quality products. In case of cauliflower, the deficiency of
micronutrients causes some physiological problems like curd browning (because of the lack of
B), chlorosis (deficiency of Fe) and curd development (Maurya et al., 2025). Not only does this
reduce market yield but also the quality of products. It was revealed that the lack of trace
elements has a great influence on food security and safety (Sagwal et al., 2023; Shubham et al.,
2023). Thus, the problem of micronutrient imbalance should be solved through correct
fertilization strategy in order to get sustainable cauliflower production. These trace elements
play an important role in enzyme activation.

Furthermore, micronutrient fertilization has a possibility of improving the nutritional
content of the cauliflower curds that will help humans by filling up micronutrient deficiency in
diets, this is related to the concept of biofortification in agronomy. Biofortification has emerged
as an efficient approach to deal with the problem of hidden hunger, which is mainly caused due
to deficiencies of Fe and Zn. However, the past fertilizer program initiatives have concentrated
more on the improvement of the crop yield and not much importance was paid to the nutritional

quality of the crops with respect to human health (Welch et al. 2013). Therefore, it becomes
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necessary to conduct systematic studies in order to understand the effect of micronutrient
fertilization on yield, nutrient uptake, and quality traits of cauliflower under varied agro-
ecological environments. This study will explore the possibilities of micronutrient fertilization
in improving the yield and nutritional quality of cauliflower.
MATERIALS AND METHODS

Field experiments have been performed during five consecutive rabi seasons ranging
from 2020-21 to 2024-25 at farmers’ field sites in Soil Fertility Research Institute, Lahore to
find out the impact of the application of micronutrients to the soil on the growth, yield, and
nutrient quality parameters of cauliflower. It is highly tolerant to various types of soils
including sandy loam and clay. The physical and chemical characteristics of the soil determined
following Estefan et al., (2013) and Qazi et al., (2021) in the field are depicted in Table 1.

Table 1: Physico-chemical characters of soil of the field areas

Soil Values
Parameters Average Range
ECe (dS m?) 2.1 12-32
pHs 8.2 7.9-83
OM (%) 0.77 0.35-0.98
P (mg kg?) 7.2 3.2-13.4
K (mg kg?) 185 104 - 374
Zn (mg kg™) 0.42 0.2-0.86
Fe (mg kg?) 2.35 1.16 - 4.2
B (mg kg?) 0.25 0.1-0.51

For experimentation the design of experiment was made on the basis of Randomized
Complete Block Design having three replications. An important commercially available
variety known as “Bonny” was chosen for transplantation in second fortnight of November in
each year and five different treatments of nutrients were applied and given as under;

T1 = Recommended doses of NPK (120-100-100 kg ha't)
T2 = Recommended doses of NPK + Zn @ 5 kg ha!

Ts = Recommended doses of NPK + Fe @ 10 kg ha™*

T4 = Recommended doses of NPK + B @ 1kg ha™

Ts = Recommended doses of NPK + ZnFeB 5-10-1 kg ha'
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Cauliflower was sown at two locations at Rice Zone and Central Cropping Zone of
Punjab Pakistan in second fortnight of November in each year. Full recommended doses of P,
K and %2 N were applied at transplantation and other %> N was applied after 30 days of
transplantation. Micronutrients i.e. Zn, Fe and B were applied in soil at transplantation
according to treatments. Sources of Zn, Fe and B were ZnSQO4, FeSO4 and Borax respectively.

Protection of the crop was provided periodically, and the agronomic information was
collected. Harvesting of the crop was done during the first half of March, and data on the yield
and other characteristics were recorded. The quality attributes (crude protein, crude fat, crude
fiber, ash %, dry matter) were analyzed using the procedures mentioned by AOAC (2005).
Analysis of Variance (ANOVA) was performed with the help of Statistix 8.1 (Analytical

Software, Tallahassee, FL, USA). Comparison of means was done using the LSD test.

RESULTS AND DISCUSSION
Soil physio-chemical properties

From the analysis before planting, it was found that the soil (Table 1) in the
experimental field had slightly alkaline (mean pH of 8.2) properties, which is an indication of
decreased solubility and availability of micronutrients. This, coupled with the low organic
matter content (0.77%), made it difficult for plants to obtain sufficient micronutrients since
organic matter helps to retain nutrients (Duiker, 2021). Fe (2.11 mg kg™"), Zn (0.72 mg kg ),
and B (0.36 mg kg!) were found to be deficient.

Zinc deficiencies are usually due to soils having a high pH, low organic matter, and
high phosphorus, causing chlorosis, poor growth, and leaf abnormalities (Chhabra and Kumar,
2018). Micronutrient deficiency and imbalance during vegetative growth and curd formation
phases are likely to negatively impact the growth and productivity since this plant is very
sensitive to micronutrient balance (Dash 2003).

Growth and yield characteristics

Diverse treatments had a great effect on growth and yield attributes of cauliflower
comprising number of days for curd initiation, curd diameter, curd weight and marketable curd
yield (Table 2). Statistical analysis revealed that treatment effects on days for curd initiation (p
= 0.0236), curd weight (p = 0.035) and curd yield (p = 0.0215) were statistically significant,

but curd diameter was non-significant (p = 0.405). Treatment T5 (ZnFeB) showed earliest curd
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initiation (67.3 days) and this was statistically earlier than other treatments whereas T3 needed
the greatest number of days for curd initiation (76.7 days). Early curd initiation in case of Ts
treatment showed fast translocation of photosynthetic products towards the curd and it assisted
in early curd formation. Moklikar et al. (2018) also reported the minimum days for curd
initiation in micronutrient application treatment. These results were in agreement with the
findings of Lashkari et al., (2007).

Diameter of curd varied from 11.83 cm (no micronutrient applied) to 13.37 cm (T4: B applied).
The results are consistent with previous findings by Sani et al., (2018), Hassan at al., (2018),
Kumar and Choudhary, (2002). Even though T4 (B applied) treatment gave the maximum
diameter of curd, there was no statistically significant difference (p > 0.05) between the
treatments. This indicated that the treatments applied had minimal impact on this characteristic.
The insignificant variation indicates that diameter of curd is a relatively stable character and
could be influenced more by genetics and environmental factors than the treatments tested.

A marked improvement in curd weight was observed in the treatments. The highest weight of
curd (650.2 g) was recorded in T4, which was statistically similar to Ts (648.7 g) but
significantly higher than other treatments. The least curd weight (538.1 g) was obtained in T.
Increased curd weight in T4 and Ts could be attributed to better nutrient utilization, increase in
photosynthetic rate, and better translocation of assimilates to curd development, thus producing
heavier and compact curds. Previous study in cauliflower Hassan et al., (2018) has reported
that micronutrients (Boron) application increased curd weight.

There is a great variation in curd yield among treatments. The greatest curd yield (58 t ha™)
was obtained from the application of micronutrients (ZnFeB) Ts. T2 (56.2 t ha™!) and T3 (56 t
ha™') had the second greatest curd yield respectively. The least curd yield (53.5 t ha™) was
obtained in T1 where only application of NPK fertilizer was carried out. The greater yield
obtained from the Ts could be due to early curd formation along with greater weight of the
curd. The findings show that the treatment Ts has increased growth and yield performance.
Such increase in curd yield as a result of application of micronutrients (ZnFeB) has been
reported in other studies (Bairwa et al. 2020, Moklikar et al. 2018). Such effects were also
reported by Hasan et al. (2025) showing that micronutrient supply increases the growth and
yield of cauliflower. There were five treatments for increasing cauliflower yield through early

curd initiation and obtaining maximum curd yield while T4 was the best treatment in producing
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large and heavy curds. It shows that the tested treatments positively affected cauliflower growth

and yield but not curd diameter.

P
e
c
o
= .
= Overall Punjab
> Central Zone
> Rice Zone
T1 T2 T3 T4 T5
M Rice Zone 57.18 60.69 60.87 59.75 63.42

H Central Zone 48.08 49.45 48.92 48.99 50.03
Overall Punjab 53.54 56.2 56.09 55.45 58.06

Figure 1: Average cauliflower yield (Tons ha) as influenced by applied micronutrients

Table 2: Effect of applied micronutrient on growth and yield parameters of cauliflower

Treatment Days taken to | Diameter of | Curd weight | Curd yield
curd initiation | the curd (cm) | (9) (Tons hat)

T1=NPK @120-100-100 kg ha* | 75.7 a 11.833b 538.1d 535b

T2=NPK +Zn @5 kg ha' 75.7 a 12.70 ab 596 ¢ 56.2 ab

T3 =NPK + Fe @10 kg ha* 76.7 a 12.76 ab 628.8 b 56 ab

T4=NPK +B @1 kg ha! 72.3ab 13.36 a 650.2 a 55.4 ab

I51= NPK + ZnFeB @ 5-10-1 kg | 67.3 b 12.96 ab 648.7 ab 58 a

x
P-values 0.0236 0.405 0.035 0.215
LSD 2.31 1.72 1.87 2.35

Quality Attributes as Influenced by Applied Treatments

Crude Protein

Influence of different combinations of micronutrients showed a significant (p = 0.005) impact
on the protein of the crop (Table 3). Treatment with the combination of micronutrient in Ts (5-
10-1 kg ha™') had the highest protein content (2.74%), which was significantly high than other
treatments. Sole NPK treatment had the lowest protein content (2.20%). Individual applications
of Zn, Fe, and B enhanced the protein content up to 2.42%, 2.53%, and 2.45% respectively,
than the control. The highest protein content in the cauliflower curd was reported by Sarker et
al. (2019) by the application of mixture of micronutrients. This could be due to the synergistic

effect of Zn, Fe, and B on the N metabolism, enzyme activation, and protein synthesis.
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Table 3: Effect of applied micronutrient application on quality attributes of cauliflower

Treatments Protein | Crude fat | Crude fiber | Ash (%) | Dry
(%) (%) (%) matter
(%)
T1=NPK @120-100-100 kg ha* 2.20d 0.33 1.95 0.68b 10.21d
T2=NPK+Zn @5kgha* 242 ¢ 0.37 2.03 0.88a 10.58 ¢
T3=NPK + Fe @10 kg ha” 2.53b 0.38 2.09 0.87 a 10.87 b
T4=NPK+B @1 kg ha 2.45 ¢ 0.36 2.15 0.81 ab 10.78 b
T5=NPK + ZnFeB @ 5-10-1 kg ha* 2.74 a 0.41 2.28 0.96a 11.23a
P values 0.005 0.0001 0.0001 0.022 0.046
LSD (0.05) 0.0179 | NS NS 0.142 0.015
Crude Fat

The values for crude fat content ranged from 0.33 to 0.41% (Table 3), with the maximum
content being recorded for the treatment where application of combined micronutrients was
done (Ts). However, the differences between treatments were non-significant (NS), indicating
minimal effect of micronutrient application on the quality parameter.

Crude Fiber

The values for the crude fiber content ranged from 1.95 to 2.28% among treatments (Table 3).
Maximum crude fiber (2.28%) content was recorded for treatment Ts (where NPK + ZnFeB
application was done), while the minimum value of 1.95% was recorded for treatment T
(where no micronutrient application was done). The difference between treatments was non-
significant, indicating that fiber content was relatively a constant genetic property of the crop.
Ash Content

Micronutrient application significantly affects (p = 0.022) ash content (Table 3). The maximum
ash content (0.96%) was observed in treatment Ts (ZnFeB), followed by T> (0.88%) and Ts
(0.87%), which received Zn and Fe, respectively. The minimum value of ash content (0.68%)
was observed in T1 where only NPK was applied without any micronutrient. Increase in ash
percentage shows the efficient mineral uptake in the form of ash due to proper nutrient
accumulation and translocation in plants.

Dry Matter

A significant difference (p = 0.046) in dry matter content was observed due to micronutrient
application (Table 3). Supplementation of ZnFeB with NPK (Ts) resulted in the maximum dry
matter content (11.23%), followed by Ts: Fe (10.87%), T4: B (10.78%) and T»: Zn (10.58%)
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whereas the minimum value (10.21%) was found in treatment with NPK alone. An
improvement in the dry matter content could be attributed to an efficient photosynthetic rate
and nutrient utilization under balanced fertilization of both macro and micronutrient nutrients.
The significant effect of micronutrient mixture application on dry matter production has been
reported by Venkateswarlu et al., (2026).

The application of Zn, Fe, and B improved the proximate quality attributes of cauliflower with
respect to crude protein, crude fat, crude fibre, ash, and dry matter depending on the agro-
ecological zones of locations. This might be due to the significance of nutrients in enzyme
activation, photosynthesis, carbohydrate, and protein synthesis, and the development of plant
structure. For example, Zn has a major role in the activation and metabolism of many enzymes
and helps to improve nutrient availability and growth of plants (Ummer et al., 2024). However,
Fe has a major role in chlorophyll synthesis, electron transport, and photosynthesis metabolism,
while B has a major role in cell wall synthesis, membrane stability, carbohydrate translocation,
and reproductive process. It is notable here that some previous studies have revealed the
sensitivity of cauliflower to Zn and B fertilizers, which have had a great impact on crop
performance and nutrient availability (Shrestha et al., 2020; Bairwa et al., 2023). Likewise, the
application of mixture of micronutrients has improved the quality and productivity of
cauliflower when compared with unfertilized controls (Mori et al., 2020; Kumar et al., 2023).
Hence, the positive impact seen from various locations could be attributed to the increase in
the availability and uptake of micronutrients. On the other hand, variations seen in agro-
ecological zones could be attributed to the differences in soil pH, organic matter content,
natural availability of micronutrients, and climatic factors (Shaukat, 2025). It has been recently
demonstrated using multilocational trials that mixtures of ZnFeB improve the availability,
uptake, and productivity of cauliflower, especially in micronutrient-deficient soils
(Venkateswarlu et al., 2026).

Farmers’ Earnings

The impact of using various micronutrients treatments on gross income of cauliflower has been
found significant in comparison to the control treatment (NPK alone). The maximum income
was recorded for treatment Ts, where the combination of ZnFeB along with the NPK dose

recommended was used and the income was Rs. 8,153,400 ha! (Figure 2). The income
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obtained from this treatment was about 5.3% more than the control treatment T1 (Rs. 7,741,500
ha™'), making it the most profitable nutrient management strategy.

It could be explained that the high income in case of combined treatment of micronutrients (Ts)
was because of the synergism in plant’s growth, physiology, and yield. Similar results have
been found regarding the gross income, net income and the maximum benefit : cost ratio by

Tirkey et al. (2024) using foliar application of micronutrients.

T5 8153400
T4 7905900

T3 7926900

T2 7958100

T1 7741500

7500000 7600000 7700000 7800000 7900000 8000000 8100000 8200000

Income/ha Linear (Income/ha)

Figure 2: Effect of applied micronutrient on farmer income (per hectare)

CONCLUSION

Overall, the integrated application of NPK + Zn + Fe + B proved superior to the sole NPK
treatment for improving growth, yield and the nutritional quality of the cauliflower crop.
Among the treatments, Ts exhibited the earliest curd initiation. Early curd initiation under Ts
suggests faster translocation of photosynthate towards the curd and it helped in early
appearance of curd. The curd weight, yield and income were significantly higher in Ts than the
remaining treatments. These findings indicate that treatment Ts effectively improved both crop
growth, productivity and gross income of farmers. Significant improvements were observed in
protein, ash, and dry matter contents, whereas crude fat and crude fibre exhibited non-
significant responses. These findings suggest that balanced fertilization with both macro and
micronutrients enhances nutrient uptake, metabolic processes, and biomass production,
ultimately improving the overall quality of the crop. The supplementation of Zn, Fe, and B
with recommended NPK dose likely promoted enzymatic activity, N assimilation, and mineral
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accumulation lead to healthier growth and yield as well as better nutritional attributes compared
with individual micronutrient applications.

Recommendations

Overall, the results demonstrate that the combined application of Zn, Fe, and B with the
recommended NPK fertilizer is more economically beneficial than the application of individual
micronutrients or NPK alone, making it an appropriate management practice for improving
cauliflower income.
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