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Abstract: Nitrogen is a vital nutrient that becomes a growth-limiting factor in
alkaline soils. Opting for high-quality ammonia fertilizer ensures that crops
receive optimal nutrition, tailored to their specific requirements, and facilitates the
easier absorption and utilization of nutrients by the soil. A field experiment was
conducted to determine the response of corn varieties in alkaline soil applied with
different ammonium fertilizers in terms of growth, yield, and physicochemical
characteristics. The study was laid out in Randomized Complete Block Design
looking into four varieties; two high yielding and two low yielding, applied with
two kinds of ammonia fertilizer: di-ammonium phosphate (18-46-0, 187.5 grams/
linear meter) and ammonium sulfate (21-0-0, 225 grams/linear meter) based on the
90 N recommended rate. To supplement the P and K requirement, 10 t/ha of
organic fertilizer was applied to all treatments. Regarding the high-yielding
varieties, one favored ammonium sulfate fertilization in terms of plant height
(185.10 + 0.59 cm), days to silking (57.70 + 6.05 days), and tasseling (51.83 + 0.66
days), as well as total soluble solids (1.53 + 0.08 Brix). The other favored di-
ammonium phosphate fertilization in terms of ear weight (118.21 + 13.91 g/ear),
grain weight (98.42 + 6.35 g/ear), and ear diameter (4.09 + 0.16 cm). On the other
hand, neither of the low-yielding varieties was affected by the type of ammonium
fertilizer, except for titratable acidity (34.50 + 0.49%). Showing, therefore, high-
yielding varieties being more responsive to the type of ammonium fertilizer.

Keywords: Ammonium sulfate; di-ammonium phosphate; total soluble solids;
hybrid corn; drought

1. Introduction

Corn (Zea mays L.) ranks as one of the world's most essential crops and is
regarded as the leading cereal cultivated in tropical and subtropical regions [1].
This crop holds significant economic value as it provides a rich source of energy,
minerals, vitamins, and essential amino acids [2]. Corn is primarily utilized as
food for humans, animal feed, seed, and as an industry in its own right, with
around 20% of the population consuming it. It serves as the main component in
animal feed production, making up roughly 60-70% of feed ingredients, and is
also used in various food and industrial products [3]. More importantly, corn
provides a livelihood for 600,000 small farming families [4].

Alkaline soils, which have a high pH, can limit nutrient absorption,
posing a challenge to achieving optimal crop yields. Using high-quality
fertilizers based on ammonia ensures that crops receive the optimal nutrition for
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their specific requirements and enables the soil to absorb and utilize these nutrients efficiently. Nitrogen is
frequently a limiting factor for plant growth in both natural ecosystems and agricultural crop production.
Ammonium plays a crucial role in the assimilation of nitrogen into organic compounds, regardless of whether
the nitrogen comes from ammonium absorption, nitrate reduction, or nitrogen fixation [5]. Effective
management of nitrogen fertilization is crucial for both productivity and profitability. However, the existing
fertilization system results in the loss of about 60 to 70% of the nitrogen applied [6]. These losses are attributed
to various factors, including the type of nitrogen fertilizer, application method, varietal differences, soil
characteristics, and cropping systems [7].
This study was conducted to determine how varieties grown under alkaline soil respond to different

ammonium fertilizers.

2.Materials and Methods

2.1 Site Description

The study was conducted in the experimental area of Cebu Technological University-Barili Campus,
situated approximately 10° 7 57.96" N latitude, 123° 32°41.2" E longitude. The experimental area has alkaline
soils with distinct physical and chemical characteristics that impact crop performance and nutrient status. The
color of soils ranges from dark brown to yellowish brown, with significant differences in consistency between
wet and dry states—hard and compact when dry but plastic and sticky when wet. The soils contain high clay
content of 46-70% and retain a water-holding capacity of more than 40%. They are alkaline with pH values
always above 7.5 [8]. The field experiment was conducted from March to June 2024. This period in Cebu,
Philippines, was marked by progressively worsening drought conditions, which are typical for the dry season.
During March, temperatures were between 25°C and 31°C, with moderate rains amounting to around 103mm
spread over only8 days, suggesting unpredictable precipitation patterns. April showed the beginning of
drought stress conditions with temperatures increasing to their peak at 32°C, accompanied by considerably
low rainfall of about 81 mm within just 7 days. This was a 21% drop in precipitation from March and defined
water-limiting conditions. May witnessed the increase in drought stress with temperatures going into their
peak season at 33°C. Even as rainfall rose to 127-147 mm over 8-9 days, the high temperatures and high
evapotranspiration levels formed high water deficit conditions. The patches of rainfall formed instances of
intense water stress during the inter-catch intervals. June maintained the drought trend with a prolonged high
of 30°C, which was very warm for the area. Though a 65% daily average probability of rain, rainfall during
the growing season averaged just 11.6 mm per day, which caused cumulative drought stress during the season
[9]. These conditions were natural drought conditions for assessing hybrid corn performance in alkaline soils.

2.2 Experimental Design and Treatment

The study was conducted using a Randomized Complete Block Design with three replications.
Four varieties of corn were tested, two high-yielding and two low-yielding. The high-yielding and low-
yielding designation of the varieties was performed based on past yield performance. These were:

High-yielding 1- A genetically engineered hybrid corn with high grain yield potential
(Generally 8-10 t/ha), featuring drought tolerance and excellent stalk strength.

High-yielding 2- A top-performing hybrid type with a yield potential of over 9 t/ha, tolerance to key pests
and diseases, and excellent dryland adaptation.

Low-yielding 1 — An open-pollinated variety (OPV) with comparatively low yields (3-5
t/ha) often used for local consumption, with average yield potential and long maturity duration.

Low-yielding 2 — A conventional type with average yield performance (2.5-4 t/ha), adapted to
marginal conditions but with lower productivity when under stress.

The experiment was conducted to evaluate the varietal performance of corn under alkaline soil
conditions through the application of two ammonium-based fertilizers: Di-ammonium phosphate (DAP, 18-
46-0) and Ammonium sulfate (AS, 21-0-0).

To provide balanced nutrition and fulfill the phosphorus (P) and potassium (K) needs of the crop, 10
t/ha of fully decomposed poultry manure was basally and uniformly applied to all treatments before sowing.
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2.3 Preparation and Application of Fertilizer

Poultry manure was selected because of its high nutrient concentration and availability in the study
region. The fertilizer was obtained from a nearby poultry farm and dried in sunlight for seven days to lower
the moisture level and reduce pathogen load. The dried material was crushed and sieved to present a uniform
particle size before use. The nutrient content was constituted by: nitrogen (N): 4%; phosphorus (P;Os): 3.0%;
and potassium (K;O): 2.0%. Manure from poultry was broadcast uniformly by hand and mixed with the soil
one week before planting to provide time for partial decomposition and mineralization of nutrients.

Fertilizers based on ammonium —diammonium phosphate (18-46-0) and ammonium sulfate (21-0-0-—were
applied during the V8 corn growth stage based on the suggested rate of nitrogen application of 90 kg N/ha..

2.4 Plot Size and Planting Arrangement

Each experimental unit was 5 linear meters long with 20 corn plants. One treatment involved a single
5-meter row. Row planting was used to allow for even spacing and ease of data collection. Each of the 5 meters
wide by 16 meters long blocks consisted of eight treatments. The experiment was based on the Randomized
Complete Block Design (RCBD) with three replications. Therefore, each block had all eight treatments in a
randomly arranged manner, and the whole experiment was repeated three times

2.5 Land Preparation

The field was cleared by cutting all grasses and other vegetation, and was plowed to a depth of 15
to 20 cm. Plowing was done twice, followed by harrowing, which was alternated weekly to pulverize the
soil, promote weed seed germination, and allow for their eventual removal. After the final harrowing,
furrows were made 50 cm apart.

2.6 Seed Preparation and Sowing

Seeds were obtained from trusted sources and soaked in coconut water for 24 hours before sowing.
Following the soaking process, the seeds were sown directly into the field at a rate of 2 to 3 seeds per hill.
One week after emergence, the plants were thinned to one seedling per hill to ensure optimal growth
conditions.

2.7 Management and Pest Control

The corn was watered daily, and weeding was carried out throughout the study period. Cartap
hydrochloride was applied as a last resort to control insect pests during the reproductive growth stage of the
target pests. Harvesting was done at the physiologically mature stage, 120 days after planting (DAP).

2.8 Data Gathered
The data of the following parameters were collected in this study:
e Plant height (cm)- measured with a tape measure from the base of the plant to the base of the tassel
at 30 DAP and 60 DAP
e Days to tasseling- recorded by counting the number of days from sowing until 85% of the plants had
developed tassels
e Days to silking- recorded by counting the number of days from sowing until 85% of the plants had
developed silks.
e Ear weight and weight of grains/ear- weighed using a digital balance to measure the ear and the grains.
e Ear diameter (cm)- measured with a caliper at the ear's broadest point, usually around the center.

o Total Soluble Solids (TSS, “Brix)- five grams of blended kernels homogenized with 50mL distilled
water were measured by digital refractometer (Hanna brand, HI-96801, USA)

o Titrability acid (%)- five ml of juice from blended samples prepared from TSS diluted with 45ml
distilled water was measured and put into an Erlenmeyer flask and added with 2 drops of 1%
phenolphthalein indicator, this was titrated with 0.1% NaOH until paint pink color was achieved
using a Cordial 1642TF Glass burette and the volume of NaOH was recorded. TA was calculated as
described by [10].
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3. Results and Discussion

3.1 Agronomic Characteristics

The agronomic characteristics of the combined effect of variety and fertilizer showed that at 30 and
60 DAP, high-yielding variety 1 (V1) fertilized with Ammonium sulfate (F2) produced the tallest plant
height, with a height of 95.15 cm and 185.10 cm which is significantly taller compared to those fertilized with
Di- ammonium Phosphate (F1) (Table 1). These findings concur with those reported in [11], which
demonstrated that maize treated with ammonium sulfate exhibited increased plant height. Furthermore,
applying ammonium sulfate increased the heights of maize plants compared to those applied with other
ammonium fertilizers [12].

Table 1. Plant Height at 30 and 60 Days after Planting as Affected by Ammonium Fertilization and Corn Varieties.

Ammonium Fertilizers

Varieties Di-ammonium Ammonium Di-ammonium Ammonium
Phosphate (F1) Sulfate (F2) Phosphate (F1) Sulfate (F2)
30 DAP 30 DAP 60 DAP 60 DAP
High-yielding 1 (V1) 87.38¢ 95.152 170.75¢€ 185.102
High-yielding 2 (V3) 83.15d 89.50P 169.80d 179.25P
Low-yielding 1 (V2) 72.63f 74.73€ 146.67% 154.44€
Low-yielding 2 (V4) 74.50€ 76.018 150.408 150.518
CV (%) 1.30 0.95

Moreover, high-yielding variety 1 (V1) fertilized with Ammonium Sulfate (F2) also exhibited a faster
time to tassel (51.83 days) and silk (57.70 days), indicating earlier development (Table 2). Ammonium Sulfate
(F2) fertilization resulted in superior agronomic performance across all varieties compared to Di-ammonium
Phosphate (F1). The high-yielding varieties, particularly variety 1 (V1), showed the most significant positive
response, demonstrating the highest plant height and the earliest time to silk and tassel. The results suggest
that the choice of ammonium fertilizer plays a critical role in optimizing corn performance, especially in
challenging soil conditions. Ammonium sulfate provides critical plant nitrogen and sulfur nutrients compared
with other N fertilizers, such as urea, diammonium phosphate, and ammonium nitrate [13]. Sulfur (S) is an essential
element for crops and is vital to ensuring food security [14]. It plays a vital role in many physiological processes.

Such as photosynthesis, enzyme regulation, protein and lipid synthesis, stress resistance, and other
metabolic pathways [15-19].

Table 2. Days to Tasseling and Silking as Affected by Ammonium Fertilization and Corn Varieties.

Ammonium Fertilizer

Varieties Di-ammonium Ammonium Di-ammonium Ammonium
Phosphate (F1) sulfate (F2) Phosphate (F1) sulfate (F2)
Days to Tasseling Days to Silking
High-yielding 1 (V1) 53.438 51.83h 64.97f 57.708
High-yielding 2 (V3) 57.67¢ 55.90f 69.50€ 68.40¢€
Low-yielding 1 (V2) 69.822 68.60ab 78.302 70.67d
Low-yielding 2 (V4) 62.53d 65.60¢ 72.53¢ 76.270
CV (%) 1.07 0.89

3.2 Yield Performance

The result showed that high yielding variety 2 (V3) fertilized with Di-ammonium Phosphate (F1)
resulted to highest ear weight (118.21 g/ear), heaviest grain weight (98.42 g/ear) and largest ear diameter (4.09
cm), suggesting this combination exhibit the most excellent responsiveness to ammonium fertilization,
leading to superior ear and grain weights as well as larger ear diameters (Table 3). This agrees with the
findings of other studies that the increased yield of maize cultivar is due to the nitrogen and phosphorus
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held by the doses of Di-Ammonium Phosphate (DAP) [20]. The cultivar receiving DAP fertilizer significantly
produced heavier fresh and dry weights. Nitrogen is an integral component of many compounds, associated
with photosynthetic activity and a major yield-determining factor required for maize production [21]. Its
quantity availability during the growing season is crucial for the highest possible yield of maize. Phosphorus
is another essential nutrient required to increase maize yield; the lack of phosphorus is as significant as the
lack of nitrogen in limiting maize performance [22]. Phosphorus is essential for grain formation, ripening, and
the reproductive parts of the maize plant [23].

Table 3. Yield Performance as Affected by Ammonium Fertilization and Corn Varieties.

Ear Weight (g/ear) Grain Weight (g/ear) Ear Diameter
Di- . Ammonium Di- . Ammonium Di- . Ammonium
ammonium ammonium ammonium
sulfate sulfate sulfate
Phosphate (F2) Phosphate (F2) Phosphate (F2)
(F1) (F1) (F1)
High-yielding 1 109.17v 102.98¢ 83.93v 77414 3.962 3.89p
(V1)
High-yielding 2 118.21 107.13¢b¢ 98.42a 80.07¢ 4.09a 3.71
(V3)
Low-yielding 1 89.90¢ 81.22f 70.92f 63.378 3.604 3.674d
(V2)
Low-yielding 2 85.15f% 77.088 76.18¢ 54.43h 3.83b¢ 3.43¢
(V4)
CV (%) 5.50 6.39 212

3.3 Physico-chemical Properties

The results indicate thathigh-yielding variety 1 (V1) fertilized with Ammonium Sulfate (F2) promotes
higher TSS but harms the low-yielding varieties (V2 and V4). This conforms to other studies that the highest
TSS of fruit was obtained by using ammonium sulfate. Mineral nutrient, especially sulfur and nitrogen
supplied by ammonium sulphate, promotes the photosynthetic rate of the chloroplast, phloem transport of
photosynthates to sink tissues, and finally improve the quality and yield of the fruit, which is associated with
high sugar content [24]. In contrast, fertilizing Di-ammonium Phosphate (F1) leads to higher TA levels,
particularly in the low-yielding variety 2 (V4), which shows an exceptionally high TA content. This suggests
that while Ammonium Sulfate may enhance sugar content, Di-ammonium Phosphate tends to promote
greater acid accumulation, potentially affecting the flavor and storage characteristics of the corn varieties.
Phosphorus from fertilizers like DAP can enhance the production of organic acids in plants. The increased
production of organic acids can raise the acidity level in certain plant tissues, which may extend to fruits or
kernels, such as corn [25].

Table 4. Physico-chemical Properties as Affected by Ammonium Fertilization and Corn Varieties.

Ammonium Fertilizers

Di-ammonium Ammonium Di-ammonium Ammonium
Phosphate (F1) sulfate (F2) Phosphate (F1) sulfate (F2)
Varieties TSS TA
High-yielding 1 (V1) 1.17b 1.534 22.672 15.20°
High-yielding 2 (V3) 0.47€ 0.67d 27.672 13.63b¢
Low-yielding 1 (V2) 0.83€ 0.23fg 16.90° 11.17¢
Low-yielding 2 (V4) 0.30f 0.108 34.502 24.502

CV (%) 133 149
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4. Conclusions

High-yielding varieties are more sensitive to the type of fertilizer, which affects either growth or
yield characteristics. Ammonium sulfate fertilizer affects mainly plant growth and the soluble solid content.
While di-ammonium phosphate fertilizer greatly influences yield and yield components. However, the type
of nitrogen fertilizer employed has less of an impact on low-yielding maize cultivars.
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