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Abstract: Early root vegetative stages of corn are critical in transitioning to

the independent phase, wherein roots support development and improved
nutrient uptake that may influence yield. Thus, the study assessed the root
development of different corn varieties at the vegetative 4 (V4) stage and its
relationship to yield, and to evaluate its performance under alkaline soil using
a Randomized Complete Block Design. Data on root morphological traits were
measured at the V4 stage, while yield parameters were assessed after harvest.
Data were analyzed using ANOVA in RCBD, and the relationship between
early root growth and yield was assessed using Pearson's correlation. The
results showed that varieties TCT 476A and TCT 1868 significantly
outperformed, producing higher yields across parameters, with computed
yields of 9.23 t/ha and 9.27 t/ha, respectively, while CGUARD VII-002 exhibited
reduced performance, having significantly lower yield. Results demonstrated
that differences in yield performance among varieties can be attributed to
genotype-environment interactions. Moreover, root morphological traits at the
V4 stage showed no significant differences, indicating that all varieties exhibit
comparable root morphological characteristics at this stage. However, root
morphological traits at the V4 stage revealed no significant linear relationship
with yield and yield components, suggesting that the early vegetative stage is
not a reliable predictor of yield. The findings highlight that the V4 stage
primarily supports establishment rather than yield formation, and fertilizer
application strategies must align with efficient nutrient demand to optimize
yield. Further research on later stages of root development is suggested to
corroborate the preliminary findings.
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1. Introduction

Corn (Zea mays L.), a member of the Poaceae family, is the most widely
produced and consumed cereal globally, with multiple uses primarily for feed
and food crops [1]. According to the USDA (United States Department of
Agriculture), worldwide corn production in 2024 was 1.23 billion metric tons,
with the United States, China, and Brazil being the top-producing countries
[2]. In the Philippines, corn is considered the second most important crop after
rice [3], with a production decrease of 0.3% from 2.533 to 2.526 metric tons in
the third quarter of 2024. In Cebu, corn is a vital component of the rural

ASEAN ]. Sci. Tech. Report. 2026, 29(2), €259735.

https://doi.org/10.55164/ajstr.v29i2.259735


mailto:jamioelvira28@gmail.com

ASEAN ]. Sci. Tech. Report. 2026, 29(2), e259735. 20f8

community, with the white corn variety predominantly grown for human consumption, underscoring its
significance to the local diet and economy [4]. The diverse uses of corn, including its significant role in human
consumption, industrial purposes, and livestock feed, solidify it as a fundamental commodity that plays a
vital role in global food security [5]. Environmental condition plays a significant role in crop production.
Abiotic stresses are one of the constraints that substantially limit corn production growth and development
[6]. According to the study of [7], maize grown in saline-alkaline soil can experience a yield reduction of 20-
46% and inhibit root penetration. In alkaline soil conditions, the utilization of essential nutrients by plants is
limited due to decreased solubility. The edaphic condition in Barili, Cebu, Philippines, exhibits an alkaline pH
above 7.5 and a CaCO3 content greater than 70%, resulting from a limestone parent material, as reported by
[8].

The root system sustains plant life by anchoring in the ground and serving as a storage organ,
absorbing and translocating water and nutrients from the soil, which are the primary fuel for plant
productivity. Reports from [9] highlighted that root growth is little influenced by external pH in the range of
5.0-7.5. Abiotic stress factors may influence the growth and development of crops at any stage. In corn, the
critical growth phase occurs during the vegetative stages of V4, V6, and V8, during which plants can take up
nutrients and water that directly influence the crop yield, according to [10]. Notably, the V4 stage marks the
onset of rapid dry matter accumulation, during which available resources directly influence biomass and
reproductive potential. At this phase, the plant shifts from relying on seed reserves to actively absorbing
nutrients through the newly developed nodal roots. This process initiates stalk elongation, which establishes
the structural and physiological foundation necessary for succeeding growth and optimal yield formation [11,
12]. This is supported by [13], which states that the root-to-shoot ratio of cereal crops is significantly affected
by plant age, being higher during the vegetative growth stage (21-40 days of growth period), indicating that
more photosynthetic products are translocated to the roots and decrease during the reproductive or grain-
filling stage. At this stage, the mesocotyl root plays a crucial role below the soil, which is accompanied later
by nodal roots [14]. The mesocotyl is described as a structure similar to the stem in young maize seedlings that
links the first true leaves and the seed. Its primary role is to facilitate the development of the shoot from the
soil surface by securing the seedling as it emerges, allowing it to begin photosynthesis, which permits the plant
to access light and establish itself more efficiently. Additionally, mesocotyl roots exhibit a distinct response to
abiotic stress [15]. Meanwhile, nodal roots serve as the foundation of the whole root system, making the uptake
of water and nutrients efficient.

These root systems are essential for the better transition in order to achieve optimal development and
productivity of crops, ensuring they can prosper in diverse soil conditions. However, the majority of previous
studies have focused on shoot development, while only a few have assessed the yield by examining root
systems. Therefore, this study aims to evaluate the development of roots at the vegetative 4 (V4) stage of
different corn varieties and their relationship with yield, and to evaluate varieties that potentially performed
well under alkaline soil conditions. It is hypothesized that enhanced root development at the V4 stage will
lead to increased dry matter accumulation and yield.

2. Materials and Methods
2.1 Experimental Site

The study was conducted at Cebu Technological University — Barili Campus, Barili, Cebu, Philippines,
located at coordinates 10°07°53” N, 123°32’45” E from September 2024 to January 2025. The soil in the area is
classified as alkaline with a pH above 7.5.

2.2 Land Preparation and Planting of Corn

The land area was plowed twice to eliminate weeds and harrowed to provide enough soil aeration
and drainage. A basal application was made before planting to provide the optimum nutrients required by
the seeds during germination. During planting, seeds were soaked with water to hasten germination by
providing enough moisture to break their dormancy. The planting distance used in the study was 75 cm x 25
cm, with two seeds per hill.



ASEAN ]. Sci. Tech. Report. 2026, 29(2), e259735. 30f8

2.3 Fertilization

The split fertilizer application was used in the study. The first fertilizer application was made ten days
after planting, using a complete fertilizer. After one month, a mixture of complete and urea fertilizers was
applied, and the final application was made during the flag leaf stage using urea and potash.

2.4 Collection of roots

Root samples were obtained through destructive sampling using a shovel by carefully extracting the
roots from the soil during the V4 stage (four leaves with a visible collar were present) at a depth of 20 cm and
a diameter of 40 cm around the stem, providing an overall root biomass per unit volume of soil following the
methods of [16]. The gathered roots were rinsed under running water to eliminate any excess soil. After
cleansing, root length, root diameter, and fresh weight were measured. Subsequently, the root samples were
dried in an oven at 70°C until a constant weight was reached, and the root dry weight was obtained.

2.5 Experimental design and Treatments

The experiment was laid out in a Randomized Complete Block Design (RCBD) with a land area of
approximately 100 m?, divided into three blocks to separate each replication. Each block contained three rows
with twenty plants per row. Three different corn varieties were used: CGUARD VII-002 (Variety 1), TCT 476 A
(Variety 2), and TCT 1868 (Variety 3). Each variety was replicated three times, and a total of ten (10) samples
were collected for each variety per replication.

2.6 Data Collection
2.6.1. Root Parameters

Length of mesocotyl (cm). The length of the mesocotyl was carefully measured from the root base
to the tip using a digital caliper at the V4 stage.

Diameter of mesocotyl (cm). It was taken at the midpoint of the mesocotyl, as this point provides
a representative measure of the overall thickness of the structure.

Length of nodal root (cm). The measurement was taken from the base of the node to its tip using
a digital caliper.

Diameter of nodal root (cm). The measurement was taken at the midpoint along the root axis using
a digital caliper to ensure consistency.

Fresh weight (g). The fresh weight was carefully measured immediately after cleaning, using a
digital weighing scale to ensure accuracy.

Dry weight (g). It was obtained after drying the samples in an oven.

2.6.2. Yield Parameters
Weight of ears (g). All harvested ears in each plot were weighed using a digital weighing scale.
Ear length (cm). The measurement was taken from the base of the ear to the tip using a ruler.
Ear diameter (cm). The measurement was taken at the midpoint of the ears using a ruler.
Weight of kernels (g). All the threshed kernels in every ear in a plot were weighed using a digital
weighing scale.
Grain moisture content (%). Grain samples were placed in a calibrated grain moisture meter to
record moisture content.
Computed yield (t/ha). It was calculated using the formula below:

shelled weight(g) x 55,000 x (100 — MC)
(100 — 18) x (1,000,000)

Computed Yield =

Where:
55,000 = plant population per hectare
MC = actual harvest moisture
18 = standard moisture basis used
1,000,000 = grams to metric tons conversion
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2.7 Statistical Analysis

The data was analyzed using the analysis of variance (ANOVA) in RCBD, and further tests were done
using Tukey's Honestly Significant Difference (Tukey’s HSD) for significant differences between treatment
means using Statistical Tool for Agricultural Research (STAR) software.

To evaluate the linear association between root development and corn yield across all treatments,
Pearson’s correlation coefficient was measured using SPSS (Ver. 25).

r Interpretation
>0.70 Very strong positive correlation
0.40 to 0.69 Strong positive correlation
0.30 to 0.39 Moderate to strong correlation
0.20 to 0.29 Weak positive correlation
0.01 to 0.19 No relationship
-0.01 to -0.19 No relationship
-0.20 to -0.29 Weak negative correlation
-0.30 to -0.39 Moderate negative correlation
-0.40 to -0.69 Strong negative correlation
<-0.70 Very strong negative correlation

3. Results and Discussion

3.1 Yield and yield components of different corn varieties

The performance of three different corn varieties—CGUARD VII-002 (Varl), TCT 476A (Var2), and
TCT 1868 (Var3)—was evaluated based on yield and yield component traits. Statistical analysis (Table 1)
revealed that TCT 476A and TCT 1868 produced significantly higher yields across all measured parameters,
with computed yields of 9.23 t/ha and 9.27 t/ha, respectively. In contrast, CGUARD VII-002 exhibited reduced
performance in alkaline soil, showing a significantly lower yield compared to TCT 476A and TCT 1868.

Table 1. Analysis of variance for yield traits of different corn varieties.

. Ear weight  Earlength  Ear diameter = Weight of Moisture Computed
Variety

(g) (cm) (cm) Kernels (g) Content (%) yield (t/ha)
1. CGUARD 132.91v 14.10v 4.35> 111.01° 15.000 5.88p
VII-002
2. TCT 476A 223.952 17.502 4.852 186.162 20.762 9.23q
3. TCT 1868 225.802 17.852 4.892 186.772 21.09 9.272
Mean 194.22 16.49 4.70 161.31 18.95 8.12
Cv (%) 5.56 2.74 0.73 8.69 7.22 4.45

This means that the columns with the different letters are significantly different from each other at a 5% level
of significance in Tukey’s Honest Significant Difference (HSD) Test.

The differences in yield performance among the three different corn varieties can be attributed to
genotype-environment interactions, wherein not all varieties exhibit similar performance under abiotic
conditions. This is further supported by the findings of [17], which showed that certain corn varieties
consistently outperformed others under varied irrigation and moisture conditions, demonstrating their
adaptability. Additionally, the yield performance of three different corn varieties under alkaline soil
conditions aligns with the findings of [18], which indicated significant differences in morpho-physiological
traits of corn hybrids under Claveria conditions. Moreover, TCT 476A and TCT 1868 showed remarkable yield
performance under alkaline soil. This may be due to their improved nutrient uptake and root adaptability.
These findings align with [19], who found that corn varieties applied with ammonium fertilizers in alkaline
soils show significant differences in yield traits. In particular, high-performing genotypes demonstrate better
nitrogen absorption and greater physiological resilience. These findings highlight the genetic variability
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among different corn varieties and emphasize the importance of selecting suitable varieties to optimize
productivity under alkaline soil conditions.

3.2 Root morphological traits of different corn varieties at the V4 stage

Table 2 shows the statistical analysis of root traits in maize at the V4 stage. The findings revealed no
significant differences among varieties across all the measured parameters. The results suggest that all
varieties exhibited comparable root morphological characteristics at the V4 stage, indicating similar responses
under the given growing conditions. Similar results were reported by [20], who state that early vegetative
stages showed conserved root morphology across different genotypes.

Table 2. Analysis of variance for root morphological traits of different maize varieties during the V4 stage

Mesocotyl Nodal root

. Mesocotyl . Nodal root . Root fresh Root dry
Variety length (cm) diameter length (cm) diameter weight (g)  weight (g)
(cm) (cm)
1. CGUARD 46.19 0.44 177.42 0.24 0.62 0.18
VII-002
2. TCT 476A 40.90 0.51 196.12 0.24 0.60 0.18
3. TCT 1868 42.80 0.31 175.84 0.08 0.50 0.17
Mean 43.29 0.42 183.13 0.19 0.57 0.18
Co (%) 33.22 31.36 6.73 68.85 13.87 14.19

Early-stage assessments are incapable of detecting genotypic differences under stress conditions,
indicating that varietal divergence becomes more evident in later stages. According to the findings of [21],
abiotic stress tolerance influences significant morphological differences in root traits as plants mature. This is
further supported by the results of [22], suggesting that root morphology changes over time, highlighting its
relevant differences at a later growth stage. It implies that the genetic differences of corn varieties do not
influence root morphological traits during the early vegetative stage under alkaline soil, reinforcing the
importance of evaluating root morphological traits beyond the early vegetative stages to fully understand the
tolerance of different corn varieties.

3.3 Relationship between mesocotyl root traits and yield parameters of corn

The influence of mesocotyl root traits, specifically diameter and length, during the early vegetative
(V4) stage on corn yield parameters was assessed. Results found that mesocotyl root diameter showed no
significant relationship with any measured yield traits, including ear weight, ear length, ear diameter, kernel
weight, computed yield, or grain moisture content. The correlation coefficients (r) values range from —0.103 to
0.077, indicating that mesocotyl thickness does not affect yield parameters. This conforms with the findings of
Zhan [23], who reported that mesocotyl and root thickness primarily contribute to early seedling
establishment rather than final yield outcomes. Likewise, mesocotyl root length showed no significant
correlations with yield components, with r-values ranging from -0.122 to —0.068. This indicates that variations
in mesocotyl elongation do not directly influence ear development, kernel weight, or grain moisture during
the V4 stage. Furthermore, previous studies corroborate these findings, indicating that mesocotyl elongation
is more critical for seedling emergence, particularly under deep sowing or compacted soil conditions, than for
yield formation [24, 25]. Overall, mesocotyl development at the V4 stage is not a reliable predictor of yield.
Instead, root characteristics, including length density, branching, and nutrient uptake efficiency, may be more
reliable indicators of productivity, particularly under stress such as drought or nutrient limitations.

3.4 Relationship between nodal root traits and yield parameters of corn

Correlation analysis between nodal root diameter and yield-related parameters showed no significant
relationships, with correlation coefficients ranging from -0.031 to -0.183. Similarly, nodal root length at the V4
stage showed correlation coefficient values between -0.050 and -0.134, which indicates that variations in nodal
root length and diameter do not directly affect yield performance under the studied conditions in corn. The
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findings confirm that nodal root diameter during the early vegetative (V4) stage does not have a significant
linear relationship with yield or morphological traits. While roots are essential for water and nutrient uptake,
the minimal correlations observed suggest that variation in nodal root diameter does not directly impact yield
performance. This observation aligns with previous findings indicating that root structural traits are more
important under stress adaptation, such as during drought or low nitrogen conditions, than under optimal
growth environments [26].

3.5 Relationship between root biomass and yield parameters of corn

The relationship between root fresh and dry weight and various yield-related traits in corn was
evaluated to determine the influence of root biomass at the early vegetative stage (V4) on yield-related
performance. Root fresh weight did not exhibit a significant relationship with six yield parameters: ear weight,
ear length, ear diameter, kernel weight, and computed yield. The correlation coefficients (r) ranged from -0.164
to -0.062, indicating no associations. Similarly, root dry weight showed no significant relationships with yield
parameters, with r values ranging from -0.019 to -0.102. Generally, root fresh and dry weight showed no linear
associations with corn yield parameters. While root biomass indicates early plant vigor, it does not directly
predict final yield at the V4 stage. Instead, root functional traits, including root length density, nutrient uptake
efficiency, and stress-responsive architecture, are likely more critical for determining yield outcomes under
environmental stress, as supported by previous research [24, 25].

4. Conclusions

Corn varieties, TCT 476A and TCT 1868, significantly outperformed, having higher yields across all
the measured parameters, implying that these varieties are suitable for cultivation in alkaline conditions.
Furthermore, all root morphological traits of different corn varieties at the V4 stage show no significant
differences, reinforcing the importance of assessing root morphological traits beyond early vegetative stages.
On the other hand, root morphological traits at the V4 stage show no significant linear relationship with yield
and yield components, suggesting that yield outcomes cannot be reliably predicted at this stage. In relation to
this, fertilizer application during the V4 stage has minimal benefits, as it does not significantly influence the
final yield. Thus, it is strongly advised to evaluate root development in later stages, and fertilizer application
strategies should be well-timed as nutrient demand increases during the early reproductive stage. To optimize
nutrient efficiency and improve yield outcomes, nutrient assimilation analysis will provide valuable insights
into nutrient utilization and uptake dynamics.
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