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Abstract
Maize (Zea mays L.) is the world’s second most widely cultivated crop by harvested area, after wheat. Among its types, 
composite varieties are often preferred due to their broad genetic base and lower seed costs compared to hybrids. How-
ever, sustainable nutrient management for composite maize using locally available organic amendments remains under-
explored. The present study evaluated the effects of utilizing banana corm waste as compost on the agronomic perfor-
mance, physiological activity, and yield of two composite maize varieties. A completely randomized block design in a 
factorial arrangement was employed, with variety as the first factor (Lamuru and Provit A1) and compost dosage (0, 10, 
20, 30, and 40 t ha-1) as the second factor. Parameters measured included agronomic variables, physiological activities, 
and yield variable. The data were subjected to analysis of variance at a significance level of α = 0.05. Provit A1 produced 
significantly more leaves (11.60) than Lamuru (10.83), indicating varietal differences in vegetative vigor. A significant in-
teraction was observed for stomatal aperture. For Lamuru, maximum stomatal aperture occurred at 11.56 t ha-1, whereas 
for Provit A1, it occurred at only 0.014 t ha-1, the regression model (R2 = 0.007) showed no meaningful response, with the 
mathematical turning point effectively equivalebt to no application. All other parameters, including yield components, 
showed no significant responses to compost application. This lack of response may be attributed to the rapid nitrogen 
mineralization and subsequent loss from the low C/N ratio (6.38) of the compost. Additionally, the uniform basal NPK 
application likely supplied adequate nutrition across all treatments, potentially masking any compost effect. These find-
ings suggest that growth and physiological responses to organic waste compost may be variety-dependent, highlighting 
the need for variety-specific organic waste management strategies in sustainable maize farming.
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Introduction
Maize (Zea mays L.) is the world’s second most wide-
ly grown crop by harvested area, after wheat, occupying 
approximately 197 million hectares of global agricultur-
al land (Erenstein et al. 2022). Maize is extensively grown 
owing to its high yield capacity, ability to adapt to a wide 
range of environments, and exceptional multifunction-
ality. This crop plays a central role in human nutrition, 
livestock feed systems, as well as various industrial and 
biofuel applications (Maitra and Singh 2021; Wossen et 
al. 2023; Asfaw et al. 2024). Among the different types of 
maize, composite (open-pollinated) varieties offer several 
advantages over hybrids. Composite maize performs well 
on marginal lands, exhibits tolerance to drought and re-
sistance to certain diseases, produces sufficiently high and 
often stable yields under stressful conditions, and allows 
farmers to save seeds at low cost while reducing depend-
ence on external suppliers (Masoni et al. 2019; Purba and 
Hadiatry 2022). These characteristics make composite 
maize particularly important for smallholder farmers cul-
tivating in arid regions with low soil fertility (Rahayu et 
al. 2021). Overapplication of inorganic fertilizers in maize 
cultivation, especially on marginal lands, may degrade 
soil structure and biological properties, lower nutrient 
use efficiency, and exacerbate nitrate leaching as well as 
greenhouse gas emissions (Zhou et al. 2022; Syamsiyah et 
al. 2023; Xing et al. 2024). Consequently, the adoption of 
sustainable land management strategies is crucial for sus-
taining long-term maize productivity while simultaneous-
ly mitigating environmental degradation.

One promising approach that can be taken is to uti-
lize locally available agricultural waste as an organic soil 
amendment. Among these, banana corms, the under-
ground stems of banana plants, are a significant biomass 
resource that remains largely underutilized. The nutrient 
composition of banana corms includes major plant ma-
cronutrients, namely nitrogen, phosphorus, potassium, 
calcium, magnesium, and sulfur (Challam et al. 2024). 
Compared to banana stems or banana peels, banana 
corms contain a high concentration of macronutrients, 
while banana stems contain substantial amounts of fiber 
and potassium, and banana peels are rich in potassium 
(Oyeyinka and Afolayan 2019; Islam et al. 2024). Howev-
er, much of the extant literature has centered on compost 
derived from banana peels or pseudostems, while research 
specifically addressing banana corm compost remains 
very limited, particularly for composite maize cultivation.

Historically, research on organic amendments for maize 
has primarily examined the effects of animal manures, 
crop residues, and commercial composts on crop produc-
tivity, with less attention given to underutilized agricultur-
al by products such as banana corms. Earlier studies have 
demonstrated that various types of agricultural waste com-
post can enhance maize growth and yield. For instance, an 
integrated plant nutrient management strategy incorporat-
ing various types of compost can enhance maize growth 
and productivity under dryland conditions (Al-Suhaibani 
et al. 2021). Applying compost at a rate of 1 kg per 10 L of 

water is sufficient to produce premium-quality sweet maize 
without the need for synthetic fertilizers (Bako et al. 2024). 
The use of banana leaf compost yields growth parameters 
for forage maize that are not significantly different from 
those treated with NPK fertilizer (Bhatti et al. 2021). A 
combined application of banana-based compost and farm-
yard manure can augment maize production and enhance 
tissue nutrient concentrations (Virk et al. 2021). Despite 
these observations, the exact influences of banana corm 
compost, particularly its influence on physiological traits, 
remain largely unexplored in composite maize systems.

This knowledge gap is critical because physiological 
responses to organic amendments can vary substantially 
between maize varieties and are often dosage dependent. 
Moreover, previous studies have rarely examined wheth-
er the response to banana-based compost differs between 
maize varieties with distinct genetic backgrounds, such as 
Lamuru and Provit A1, which are popular composite vari-
eties in Indonesia. Accordingly, the present study was un-
dertaken to answer the following research questions: (1) 
How does the interaction between banana corm compost 
dosage and maize variety affect the growth, physiologi-
cal activity, and yield of composite maize? (2) How does 
maize variety (Lamuru vs. Provit A1) affect these param-
eters? and (3) How does banana corm compost dosage af-
fect these parameters? This study primarily aims to assess 
the effects of applying banana corm compost on the ag-
ronomic performance, physiological characteristics, and 
yield attributes of two composite maize varieties.

Methods
Study site

This study was carried out from October 2025 to January 
2026 at the experimental plot of the Faculty of Agricul-
ture, Universitas Sebelas Maret, Surakarta, Indonesia. The 
site is located at coordinates 7°33'41.7"S, 110°51'32.6"E in 
a lowland area at an elevation 96 m a.s.l (meters above sea 
level). The soil that used in this experiment classified as 
latosol with a pH of 6.61 (neutral), total nitrogen of 0.28% 
(moderate), available phosphorus 31.04 mg kg-1 (very 
high), exchangeable potassium 0.22 c mol kg-1 (low), and 
organic carbon 1.15% (low) (Anggraini et al. 2025). Phys-
iological and yield measurements were undertaken at the 
Agriculture Laboratory.

Material and method

The materials used in this study included 40 cm × 
40 cm polybags, latosol soil from Karanganyar Regency, 
composite maize seeds (Zea mays L.) of the Lamuru and 
Provit A1 varieties obtained from the Indonesian Cereals 
Research Institute (ICERI) in Maros, South Sulawesi, ba-
nana corm compost, organic fertilizer (cow manure), urea, 
TSP-26, and KCl. A mixture of organic fertilizer and soil 
was prepared at a volume ratio of 1:2 (v/v). Basal fertilizers 
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were applied at the following rates: 300 kg ha-1 for urea, 
100 kg ha-1 for TSP-26, and 100 kg ha-1 for KCl. Materi-
als for physiological analysis included distilled water, 80% 
acetone, and clear nail polish. Equipment used included a 
measuring tape, digital vernier caliper. digital scale, port-
able photosynthesis analyzer, binocular microscope, glass 
slides, cover slips, spectrophotometer, and an oven.

Research design

The experiment employed a randomized complete block 
design (RCBD) arranged in a factorial scheme with two 
factors: composite maize variety (Lamuru and Provit A1) 
and banana corm compost application rate (0, 10, 20, 30, 
and 40 t ha-1). The combination of these two factors result-
ed in 10 treatment combinations. Each treatment was ap-
plied to three replications (blocks), with each replication 
consisting of two polybags as subsamples. The experimen-
tal unit was defined as one polybag containing a single 
maize plant. In each replication, there were two polybags 
(two subsamples) per treatment combination. The data 
from the two subsamples were averaged to obtain a sin-
gle observation per replication prior to statistical analysis. 
Therefore, the total number of experimental units was 60 
(10 treatment combinations x 3 replications x 2 polybags 
per replication as subsamples). The polybags were posi-
tioned at a spacing of 75 cm × 40 cm, and each polybag 
contained 8 kg of soil mixture. The field application rates 
(t ha-1) were converted to grams per polybag based on the 
volume of the topsoil layer (0–20 cm) per hectare, which 
was then compared to the volume of soil in each polybag.

Compost production

The preparation of banana corm compost began with the 
collection and preparation of all required materials, in-
cluding banana corm, rice bran, livestock manure (cow 
manure), molasses, EM4 (Effective Microorganisms-4), 
and water. Approximately 50 kg of banana corms were cut 
into smaller pieces (approximately 2–3 cm) to facilitate 
the decomposition process. The chopped banana corms 
were then mixed and arranged in layers with 15 kg of rice 
bran and 15 kg of livestock manure. In a separate contain-
er, 50 mL of EM4 and 1 L of molasses were dissolved in 
20 L of water to prepare the activator solution. This solu-
tion was then added evenly to the banana corm mixture 
to achieve a moisture content of approximately 60% (field 
capacity). The mixture was fermented for approximately 
1.5 months (6 weeks) at room temperature (25–30 °C) 
and turned once a week to ensure adequate aeration and 
uniform decomposition. After the fermentation period, 
the banana corm had successfully transformed into ma-
ture compost, characterized by a dark brown colour and 
an earthy texture, indicating that the composting process 
was complete and the material was ready for application 
as a soil amendment. The characteristics of the resulting 
compost are presented in Table 1.

Research parameter

Agronomic performance
The agronomic traits assessed in this study comprised plant 
height, leaf number, and stem diameter. Plant height was 
determined by measuring from the base of the stem (soil 
surface) to the apex of the longest fully expanded leaf using 
a measuring tape. Leaf number was recorded by manual-
ly counting fully expanded leaves, which were identified as 
those possessing a fully opened ligule and an exposed collar. 
Stem diameter was quantified with a digital vernier caliper 
at the second internode above ground level. All agronomic 
measurements were taken at 6 weeks after planting (WAP).

Physiological performance
The physiological parameters observed included stomatal 
density, stomatal aperture width, transpiration rate, sto-
matal conductance, and chlorophyll content. Physiological 
observations were conducted at 6 WAP. Stomatal samples 
were obtained in the morning, between 09:00 and 12:00, 
employing the clear nail polish imprint technique. The 
polish was applied to the abaxial (lower) epidermis of the 
fifth fully expanded leaf from the top. After drying (ap-
proximately 3–5 minutes), the dried imprint was carefully 
lifted with clear adhesive tape and then attached to a glass 
slide. Stomatal density was observed under a 10× objective 
lens (100× total magnification), while stomatal aperture 
width was measured at 40× objective lens (400× total mag-
nification). Stomatal counts were performed using the Im-
age Raster 2 application (Pathoumthong et al. 2023). Five 
fields of view were observed per sample, and the average 
was calculated. Stomatal conductance and transpiration 
rate were quantified using a Plant Photosynthesis Ana-
lyzer, with measurements taken between 09:00 and 12:00 
on the seventh fully expanded leaf from the apex. The leaf 
was clamped onto the sensor head, and the measurement 
results appeared automatically (Rahayu et al. 2025). Chlo-
rophyll content was measured using a modified Arnon 
method (Arnon 1949). Leaf samples weighing 0.5 g were 
macerated in 10 mL of 80% acetone solution. After the su-
pernatant was obtained, its optical density was determined 
at 645 nm and 663 nm via a UV-Vis spectrophotometer.

The chlorophyll content was calculated using the fol-
lowing formula:

Chlorophyll a	 = (12.7 × OD663 – 2.69 × OD645) × 
(10 mL) / (1000 × 0.5 g)

Chlorophyll b	 = (22.9 × OD645 – 4.68 × OD663) × 
(10 mL) / (1000 × 0.5 g)

Table 1. Chemical analysis results of banana corm compost.

Parameter Value Unit Status
Total nitrogen 2.80 % Very high
Total phosphorus 2.84 % Very high
Total potassium 2.25 % Veri high
Carbon organic 19.15 % Ideal
Organic matter 33.01 % Ideal
C/N 6.38 - Low
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Total chlorophyll	 = (20.2 × OD645 + 8.02 × OD663) × 
(10 mL) / (1000 × 0.5 g)

Yield performance
The yield components assessed in this study comprised 
ear length, ear diameter, number of kernel rows per ear, 
number of kernels per row, grain weight per plant, and 
100-grain weight. Ear diameter was determined at the 
midpoint of the ear using a digital vernier caliper, while 
ear length was determined from the base to the tip of the 
ear using a ruler. The number of kernel rows was counted 
across the entire ear circumference, whereas the number 
of kernels per row was derived from the average of five 
randomly selected rows. Grain weight per plant was deter-
mined by weighing all kernels harvested from each plant. 
The 100-grain weight was measured by randomly selecting 
100 kernels from each sample and weighing them using 
a digital scale. All grain weight measurements were per-
formed at 14% moisture content to ensure standardization.

Data analysis
Statistical analysis was carried out using Analysis of Vari-
ance (ANOVA) at a 5% significance level (α = 0.05). For pa-
rameters exhibiting significant treatment effects, Duncan’s 
Multiple Range Test (DMRT) was employed as a post-hoc 
comparison at the same alpha level. Regression analysis 
was applied to evaluate the relationship between banana 
corm compost application rate and the measured variables, 
and to establish the optimal dosage for each maize variety 
where significant interactions were observed. Furthermore, 
Pearson’s correlation analysis was performed to explore the 
interrelationships among agronomic, physiological, and 
yield traits, with the aim of identifying the parameters most 
strongly associated with overall yield performance.

Result
Growth parameters

Plant height
The average plant height of maize at 6 WAP across all 
treatments was 178.67 cm, ranging from 174.67 cm to 

181.75 cm (Fig. 1a, b). The statistical analysis indicated that 
neither maize variety nor banana corm compost application 
rate exerted a significant influence on plant height (p > 0.05). 
Moreover, the interaction between these two factors was also 
found to be non-significant for plant height (p > 0.05).

Number of leaves
The mean leaf count at 6 WAP, averaged over all treat-
ments, was 11.67 leaves, with values ranging from 10.83 to 
11.67 leaves. Statistical analysis revealed that maize variety 
significantly affected leaf number (p < 0.05). At 6 WAP, the 
Provit A1 variety produced a significantly higher number 
of leaves, with an average of 11.60 leaves, compared to the 
Lamuru variety, which averaged 10.83 leaves (Fig. 1a, b). 
Furthermore, neither compost dosage nor its interaction 
with variety significantly affected leaf number (p > 0.05).

Stem diameter
The overall mean stem diameter at 6 WAP, averaged across 
all treatment combinations, was 22.50 mm, with values 
ranging from 21.67 to 23.10 mm (Fig. 1a, b). Statistical 
analysis indicated that neither maize variety nor banana 
corm compost application rate exerted a significant ef-
fect on stem diameter (p > 0.05). Similarly, the interac-
tive effect of these two factors on stem diameter was also 
non-significant (p > 0.05).

Physiological activity

Chlorophyll content
The overall mean chlorophyll concentrations across all 
treatments were 3.98 mg g-1 for chlorophyll a, 1.64 mg g-1 
for chlorophyll b, and 5.62 mg g-1 for total chlorophyll 
(Fig. 2a, b). Statistical analysis revealed that neither the 
individual factors (maize variety and compost application 
rate) nor their interaction exerted a significant influence 
on chlorophyll a, chlorophyll b, or total chlorophyll con-
tent, as all p-values exceeded 0.05.

Stomatal density
Across all treatments, the overall average stomatal densi-
ty was 82.72 unit mm-2, varying between 79.64 and 87.25 

Figure 1. Effect of (a) variety and (b) banana corm compost dosage on plant height, number of leaves, and stem 
diameter. Note: Means sharing a common letter are statistically similar based on DMRT (α = 0.05).
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unit mm-2. Result showed that neither the main effects 
(maize variety and compost dosage) nor their interaction 
significantly influenced stomatal density of maize (p > 
0.05) for all effects (Table 2).

Stomatal aperture width
The mean stomatal aperture width across all treatment 
groups was 16.34 µm, with individual treatment means 
ranging from 14.77 to 17.87 µm. A significant inter-
action effect on stomatal aperture was found between 
maize variety and banana corm compost dosage (p = 
0.009). Meanwhile, each individual factor (maize variety 
and compost dosage) did not significantly affect stoma-
tal aperture (p > 0.05) (Table 2). This indicates that the 
stomatal response depends specifically on the combina-
tion of variety and compost dosage, rather than on ei-
ther factor independently. According to the regression 
analysis (Fig. 3), for the Lamuru variety, increasing the 
banana corm compost dosage initially increased stoma-
tal aperture, reaching a mathematical turning point of 
11.56 t ha-1 (R2 = 0.653). For the Provit A1 variety, the 

regression model had an extremely low R2 value (0.007), 
indicating no meaningful relationship. The mathemati-
cally turning point of 0.014 t ha-1 is therefore presented 
as purely mathematical result with no biological or ag-
ronomic significance, and is effectively equivalent to no 
compost application.

Lamuru	 y = 17.852+0.185x-0.008x2	 R2 = 0.653

Provit A1	 y = 26.108+0.006x-0.217x2	 R2 = 0.007

Stomatal conductance
Stomatal conductance across all treatments ranged from 
0.0839 to 0.1635 µmol m-2 s-1, with a mean value of 0.1159 
µmol m-2 s-1. Result showed that neither the main effects 
(maize variety and compost dosage) nor their interaction 
significantly influenced stomatal conductance of maize (p 
> 0.05) for all effects (Fig. 4a, b).

Transpiration rate
Transpiration rate across all treatments ranged from 
0.0217 to 0.0423 µmol m-2 s-1, with a mean value of 0.0303 
µmol m-2 s-1. Result showed that neither the main effects 
(maize variety and compost dosage) nor their interaction 
significantly influenced stomatal conductance of maize (p 
> 0.05) for all effects (Fig. 4a, b).

Table 2. Effects of variety and banana corm com-
post dosage on stomatal density and stomatal aper-
ture width.

Treatment Stomatal density 
(unit mm-2)

Stomatal aperture 
width (µm)

Variety
Lamuru 83.78 ± 9.95a 16.38 ± 2.89a
Provit A1 81.66 ± 10.66a 16.45 ± 2.36a
Banana corm compost dosage (t ha-1)
0 87.25 ± 8.04a 17.87 ± 1.94a
10 80.31 ± 15.77a 15.98 ± 3.38a
20 85.42 ± 8.16a 17.56 ± 1.96a
30 80.92 ± 12.19a 17.02 ± 2.37a
40 79.69 ± 4.25a 14.77 ± 2.62a
Interaction - +
p-value of variety 0.554 0.612
p-value of banana corm compost dosage 0.576 0.099
p-value of interaction 0.243 0.009
CV (%) 12.31 15.63

Note: Means sharing a common letter are statistically similar based on DMRT (α = 
0.05). Symbols (+) and (-) indicate positive and no interaction, respectively. Values 
include standard deviation (±), and CV (%) denotes the coefficient of variation.

Figure 2. Effect of (a) varieties and (b) banana corm compost dosage on chlorophyll a, b, and total chlorophyll. Note: 
Means sharing a common letter are statistically similar based on DMRT (α = 0.05).

Figure 3. The interaction between maize variety and 
banana corm compost dosage on the stomatal aper-
ture width
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Yield and yield component

The yield and yield components evaluated in this study 
included ear length, ear diameter, number of kernels per 
row, number of kernel rows per ear, grain weight per plant, 
and 100-grain weight. The overall mean values recorded 
for these parameters were as follows: ear length, 15.53 cm; 
ear diameter, 43.23 mm; kernels per row, 27.39; kernel 
rows per ear, 13.63; grain weight per plant, 102.51 g; and 
100-grain weight, 19.34 g. Table 3 shows that no signif-
icant effects on any of these parameters were detected 
for maize variety, banana corm compost dosage, or their 
interaction (p > 0.05). However, the interaction for grain 
weight per plant approached significance (p = 0.054), 
which may indicate a trend worth investigating further 
with more replication.

Correlation
Correlation analysis revealed several notable associations 
among the measured parameters (Fig. 5). Stem diameter 
exhibited a strong positive correlation with plant height 
(r = 0.36) and number of leaves (r = 0.47). A very strong 
positive relationship was observed between chlorophyll b 
and chlorophyll a (r = 0.93), while total chlorophyll con-
tent was very strongly correlated with both chlorophyll a 

(r = 0.99) and chlorophyll b (r = 0.97). Stomatal aperture 
width showed positive correlations with chlorophyll a (r = 
0.50), chlorophyll b (r = 0.41), and total chlorophyll (r = 
0.48). Similarly, stomatal conductance and transpiration 
rate were both positively correlated with stomatal aper-
ture width, with correlation coefficients of r = 0.30 and r 
= 0.31, respectively. With respect to yield components, the 
number of kernels per row was strongly correlated with 
plant height (r = 0.50) and ear length (r = 0.38), while the 
number of kernels per plant was positively associated with 
plant height (r = 0.48), ear length (r = 0.48), kernels per 
row (r = 0.54), and rows per ear (r = 0.31).

Discussion
Growth parameters

The lack of a significant varietal effect on plant height 
and stem diameter at 6 WAP can be attributed to the fact 
that both varieties used in this study (Lamuru and Pro-
vit A1) are composite types. Composite varieties are de-
veloped through open pollination and typically possess 
a broad genetic base, resulting in similar or equivalent 

Table 3. Effects of variety and banana corm compost dosage on yield component and yield.

Treatment Ear length (cm) Ear diameter (mm) Number of 
kernels per row

Number of kernel 
rows per ear

Grain weight per 
plant (g)

100-grain weight (g)

Variety
Lamuru 16.23 ± 2.07a 42.88 ± 4.07a 27.84 ± 5.44a 14.01 ± 1.43a 106.31 ± 25.86a 19.67 ± 5.25a
Provit A1 14.80 ± 2.31a 43.57 ± 2.56a 26.94 ± 4.41a 13.26 ± 1.20a 98.71 ± 25.55a 19.01 ± 6.80a
Banana corm compost dosage (t ha-1)
0 15.23 ± 2.13a 42.60 ± 4.38a 26.14 ± 3.84a 13.28 ± 1.44a 106.44 ± 16.88a 19.42 ± 5.59a
10 15.57 ± 1.99a 44.50 ± 2.71a 25.34 ± 6.45a 13.31 ± 1.51a 97.60 ± 29.94a 18.47 ± 5.63a
20 16.28 ± 2.51a 42.83 ± 3.15a 27.00 ± 5.35a 14.42 ± 1.36a 102.10 ± 18.93a 20.14 ± 6.91a
30 15.11 ± 3.40a 42.98 ± 3.84a 29.02 ± 3.38a 13.33 ± 1.75a 112.09 ± 32.25a 20.09 ± 7.13a
40 15.48 ± 1.66a 43.22 ± 3.41a 29.44 ± 5.17a 13.83 ± 0.41a 94.33 ± 31.13a 18.60 ± 6.54a
Interaction - - - - - -
p-value of variety 0.120 0.617 0.592 0.141 0.314 0.782
p-value of banana corm compost dosage 0.929 0.913 0.468 0.533 0.579 0.984
p-value of interaction 0.599 0.488 0.789 0.341 0.054 0.286
CV (%) 14.66 7.78 17.84 9.92 24.93 30.91

Note: Means sharing a common letter are statistically similar based on DMRT (α = 0.05). Symbols (+) and (-) indicate positive and no interaction, respectively. Values 
include standard deviation (±), and CV (%) denotes the coefficient of variation.

Figure 4. Effect of (a) varieties and (b) banana corm compost dosage on stomatal conductance and transpiration 
rate. Note: Means sharing a common letter are statistically similar based on DMRT (α = 0.05).
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genetic characteristics regarding the rate of early vegeta-
tive growth (Tehulie et al. 2025). This suggests that genetic 
factors governing initial vegetative development, includ-
ing apical meristem activity and internode elongation, are 
relatively conserved between Lamuru and Provit A1 dur-
ing the early growth phase. Consequently, up to 6 WAP, 
neither plant height nor stem diameter exhibited signif-
icant varietal differences. However, leaf number showed 
significant differences between varieties, with Provit A1 
producing more leaves than Lamuru. This difference is 
attributed to genetic factors governing leaf initiation rate 
and plastochron, which is characterized as the temporal 
gap between the unfolding of two sequential leaves (Plan-
cade et al. 2023). The Provit A1 variety exhibits higher 
vegetative vigor, evident from a more rapid cellular prolif-
eration rate in the apical meristem of the shoot, resulting 
in more rapid leaf emergence. This finding is consistent 
with the characterization of Provit A1 as a variety with 
higher vegetative vigor compared to Lamuru. The strong 
interrelationships among vegetative traits were corrobo-
rated by correlation analysis, which revealed positive as-
sociations between stem diameter and both plant height 
and leaf number, indicating that stem thickening accom-

panies both vertical elongation and leaf development in a 
coordinated manner.

The application of banana corm compost exerted no 
significant influence on plant height, leaf number, or 
stem diameter. This may be attributed to the rapid release 
nature of the compost resulting from its low C/N ratio 
(6.38), which is considerably below the ideal threshold 
(25–30) for optimal mineralization. This finding stands in 
contrast to multiple previous investigations that observed 
positive influences of organic amendments on the vegeta-
tive growth of maize. Salman et al. (2023) showed that the 
incorporation of sugarcane bagasse compost at 2 t ha-1 im-
proved the vegetative performance of maize, as evidenced 
by taller plants and expanded leaf area. Similarly, Li et al. 
(2022) found that cattle manure compost applied at rates 
increasing to 24 t ha-1 resulted in superior shoot biomass 
accumulation and greater maize grain yield. The discrep-
ancy between these findings and our results may be ex-
plained by differences in the type of compost used and 
its chemical characteristics. Unlike the compost used in 
previous studies, which likely had higher C/N ratios and 
slower nutrient release, the banana corm compost em-
ployed in this research had a carbon-to-nitrogen ratio of 

Figure 5. Correlation analysis of growth, physiological activity, and yield of maize. Note: PH: plant height, NL: num-
ber of leaves, SD: stem diameter, CA: chlorophyll a, CB: chlorophyll b, CT: chlorophyll total, STD: stomatal density, 
SAW: stomatal aperture width, SC: stomatal conductance, TR: transpiration rate, EL: ear length, ED: ear diameter, 
NKR: number of kernel per row, NKE: number of kernel per ear, GW: grain weight, 100G: 100 grain weight.
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only 6.38, which is very low, considerably below the ideal 
threshold (25–30) for optimal mineralization.

This low C/N ratio may have caused accelerated de-
composition and quick nutrient release during the ear-
ly growth stage (El-mrini et al. 2022). It is possible that 
despite the high total nutrient content, most nutrients, 
particularly nitrogen, were rapidly mineralized and sub-
sequently lost through ammonia volatilization or leach-
ing within the first few weeks after application (Hu et al. 
2025; Shen et al. 2026). Nitrogen constitutes one of the 
essential macronutrients necessary for plant physiological 
processes, that constitutes chlorophyll and amino acids, 
and it represents the most crucial factor influencing the 
rate of new leaf emergence and overall vegetative growth 
(Abdelraheem et al. 2025). By 6 WAP, the compost had 
already released most of its nutrients, but these nutrients 
were no longer available in the root zone, limiting plant 
uptake. Unlike the slow-release nature of compost with 
high C/N ratios, the mineralization process of low C/N 
organic materials is inherently rapid, leading to a burst 
of nutrient availability followed by rapid depletion (Li 
et al. 2024; Panjaitan et al. 2026). Furthermore, the nar-
rower response range of stem growth compared to leaves 
means that stem diameter requires a longer time to ex-
hibit a response to compost treatments. An unexpected 
finding was that despite the lack of significant effects on 
plant height and stem diameter, leaf number showed va-
rietal differences. This suggests that leaf initiation rate is 
more sensitive to genetic factors than to nutrient availa-
bility from compost, at least under the conditions of this 
study. This finding highlights the importance of consider-
ing varietal characteristics when evaluating the response 
to organic amendments.

Physiological activity

The significant interaction between maize variety and 
compost dosage on stomatal aperture indicates that varie-
tal sensitivity serves as a key element in the physiological 
reactions of plants to organic amendment applications. 
For the Lamuru variety, the quadratic response pattern 
suggests a possible optimum compost dosage exists, be-
yond which further application becomes detrimental. This 
could be because nutrient availability at the optimum dos-
age supports stomatal opening without inducing osmotic 
stress or nutrient imbalance (Ahmed et al. 2023). In con-
trast, the Provit A1 variety exhibited a negative response 
even at low dosages, suggesting greater sensitivity to rhiz-
osphere disturbances such as pH fluctuations, increased 
microbial competition for oxygen, or the accumulation of 
phytotoxic compounds. However, these proposed mecha-
nism remain speculative as they were not directly meas-
ured in this study. This counter intuitive finding contrasts 
with studies reporting positive maize responses to organic 
amendments (Virk et al. 2021; Bako et al. 2024), and high-
lights that varietal sensitivity can override the potential 
benefits of compost application. Consequently, the appli-

cation of banana corm compost as an organic amendment 
is only beneficial for specific maize varieties, and its use 
should be tailored based on varietal sensitivity to avoid 
potential negative physiological responses.

The non-significant influence of maize variety on chlo-
rophyll a, b, and total chlorophyll levels suggests that the 
two varieties (Lamuru and Provit A1) possess equivalent 
genetic capacity for chlorophyll formation efficiency un-
der the given environmental conditions. Although the 
varieties differ, it is suggested that the genes encoding 
the major enzymes involved in chlorophyll biosynthesis, 
including enzymes like chlorophyll synthase and proto-
chlorophyllide reductase, which are either homologous 
or show highly similar expression profiles. Similarly, the 
absence of significant variety effects on stomatal density, 
stomatal conductance, and transpiration rate indicates 
that both varieties possess equivalent genetic capacity 
for regulating epidermal cell development and differ-
entiation, guard cell turgor, and water loss mechanisms 
under the prevailing growing conditions. The formation 
of stomata occurs through a sequential process, starting 
with the induction of meristemoid mother cells and end-
ing once the guard cell structures have fully differentiated 
(Falquetto-Gomes et al. 2024). Stomatal conductance and 
transpiration rate are dynamically regulated by osmotic 
adjustments in guard cells, involving ion channels, pro-
ton pumps, and abscisic acid (ABA) signalling pathways 
(Liu et al. 2022; Giannoutsou et al. 2025). The relation-
ship between stomatal traits was supported by correlation 
analysis, which showed that stomatal aperture width was 
positively correlated with stomatal conductance and tran-
spiration rate, confirming that wider stomatal openings 
facilitate greater gas exchange and water loss, consistent 
with the biophysical principles of stomatal physiology.

The absence of a significant effect of banana corm 
compost dosage on chlorophyll content, stomatal densi-
ty, stomatal conductance, and transpiration rate may be 
explained by the rapid decomposition of organic residues 
resulting from the low C/N ratio (6.38). It is possible that 
nitrogen mineralization occurred too rapidly during the 
early vegetative phase, leading to nitrogen loss through 
volatilization or leaching and limiting nitrogen availability 
during later growth stages (Li et al. 2026). Since nitrogen 
constitutes a critical element in the synthesis of chloro-
phyll (Muhammad et al. 2022), no significant differenc-
es in chlorophyll concentration could be expected across 
compost dosages when nitrogen was rapidly depleted. 
Regarding stomatal density, the absence of a significant 
effect could be accounted for by the observation that sto-
matal density is primarily modulated by abiotic factors 
in the environment, such as light, relative humidity, and 
atmospheric CO2) and genetic factors than by macronu-
trient availability (Pérez-Bueno et al. 2022). Stomatal con-
ductance and transpiration rate are primarily controlled 
by short-term environmental cues such as light, vapor 
pressure deficit, temperature, and soil water potential, 
rather than by macronutrient availability from organic 
amendments (Liu et al. 2022; Giannoutsou et al. 2025). 
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Furthermore, although the low C/N ratio of the banana 
corm compost may have caused rapid nutrient release, it is 
possible that the majority of the nitrogen released was lost 
via ammonia volatilization or leaching during the initial 
few weeks following application.

Yield and yield components

The absence of a significant effect of maize variety on all 
yield and yield component parameters can be attributed 
to the fact that both varieties used in this study are com-
posite types. Composite varieties are developed through 
open pollination and typically possess a broad genetic 
base, resulting in similar or equivalent genetic character-
istics regarding yield potential and reproductive develop-
ment (Katoukam et al. 2022). This suggests that genetic 
factors governing ear elongation, ear thickening, kernel 
row establishment, kernel set per row, individual kernel 
weight, and overall grain yield per plant are relatively 
conserved between Lamuru and Provit A1 under the pre-
vailing growing conditions. However, correlation analysis 
revealed that the number of kernels per row was positive-
ly correlated with plant height and ear length, indicating 
that taller plants with longer ears tend to produce more 
kernels per row, likely due to greater assimilate supply and 
larger receptacle capacity. The application of banana corm 
compost did not result in any significant effects on yield or 
any of the yield component parameters examined in this 
study. This outcome stands in contrast to a number of ear-
lier investigations that. For instance, Muchelo and Akpa 
(2024) showed that organic inputs, cattle manure, Titho-
nia compost, and crop residues, raised maize grain yield 
by 87%, 27%, and 13%, respectively, driven by accelerated 
carbon mineralization and higher net nitrogen availabili-
ty. Similarly, Zapałowska and Jarecki (2024) demonstrat-
ed that the application of compost at 5 t ha-1 significantly 
improved maize productivity, both in terms of yield and 
yield components. The discrepancy between these find-
ings and our results may be attributed to several factors.

Despite the considerable nutrient levels present in the 
compost (Table 1), their availability to plants may have 
been limited during ear formation and grain filling due 
to the rapid mineralization rate of organic materials with 
low C/N ratios. As previously discussed, the banana corm 
compost used in this study had a C/N ratio of 6.38, which 
is considerably lower than the ideal threshold. This low 
C/N ratio may have resulted in nutrients being released too 
rapidly at the beginning of the growing season rather than 
providing a sustained slow release throughout the crop 
cycle (El-mrini et al. 2022). The rapid decomposition may 
have resulted in the quick release of plant-available nutri-
ents, which were subsequently lost through volatilization 
or leaching during the early growth stages (El-mrini et al. 
2022). As a result, by the time yield and yield components 
were assessed, the compost had already depleted its nutri-
ent supply and was unable to provide sufficient nutrients 
to enhance reproductive growth. The correlations among 

yield components further highlight the intrinsic linkages 
between these traits, as kernels per plant exhibited posi-
tive relationships with plant height, ear length, kernels per 
row, and rows per ear. This suggests that kernel number 
per plant is a composite trait dependent on multiple yield 
components, and that selection for taller plants and longer 
ears could indirectly improve kernel number per plant, al-
though the moderate strength of these relationships in-
dicates that other factors also contribute to overall yield 
determination.

The absence of a significant yield response may also be 
ascribed to the relatively brief duration of the experimen-
tal period. The advantages of organic soil amendments 
often manifest more clearly across multiple cropping 
seasons, owing to the progressive accumulation of soil 
organic matter and the concomitant improvement in soil 
structure. Furthermore, yield and yield components are 
strongly influenced by environmental conditions during 
the reproductive phase, including water availability, tem-
perature, light intensity, and pollination success, which 
may override any potential benefits from compost appli-
cation (Katoukam et al. 2022). Additionally, a major con-
founding factor in this study is the uniform application of 
basal NPK fertilizers (300 kg ha-1 urea, 100 kg ha-1 TSP-
26, and 100 kg ha-1 KCL) to all treatments, including the 
zero compost control. This uniform NPK application like-
ly supplied adequate nutrition across all treatments, po-
tentially masking any compost effect. This is arguably the 
single most important reason for the near uniform non 
significance observed in most parameters. A more ideal 
experimental design would have included a no NPK se-
ries to distinguish the effect of compost those of inorganic 
fertilizers. The limitation should be considered when in-
terpretating the results.

Conclusion
Based on the findings of this study, the Provit A1 variety 
exhibited a significantly greater number of leaves (11.60 
leaves) than the Lamuru variety (10.83 leaves), indicat-
ing superior vegetative vigor. The application of banana 
corm waste compost as an environmentally sustainable 
amendment produced variety dependent effects on maize 
physiological activity. For the Lamuru variety, the mathe-
matical turning point of 11.56 t ha-1 suggested a possible 
positive response, although this should be interpreted 
with caution due to the limited number of dosage levels. 
In contrast, the Provit A1 variety showed no benefit from 
compost application, with the mathematically derived 
value approaching zero (0.014 t ha-1) having no biological 
significance (R2 = 0.007). However, neither maize variety 
nor banana corm compost dosage significantly affected 
other agronomic parameters (plant height and stem di-
ameter), physiological parameters (chlorophyll content, 
stomatal density, stomatal conductance, and transpira-
tion rate), or yield components. This lack of response 
may be due to the rapid decomposition rate and low C/N 
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ratio (6.38) of the compost, which may have caused early 
nutrient release followed by nutrient loss through volatil-
ization or leaching, thereby limiting nutrient availability 
during the later vegetative and reproductive stages. How-
ever, these proposed mechanism remain hypothetical as 
no direct measurement were conducted. Furthermore, 
the uniform basal NPK application likely supplied ade-
quate nutrition across all treatments, potentially masking 
any compost effect.

These findings are limited to the specific experimen-
tal conditions of this study (polybag, one growing sea-

son, specific location). Therefore, we refrain from making 
broad recommendations that exceed the experimental 
evidence. Further research should examine the prolonged 
effects of banana corm compost over successive seasons 
and determine its cost-effectiveness for resource-limited 
farmers. Future studies should also include a no-NPK 
treatment series or use a reduced NPK dosage (1/2 dose) 
and multiple measurement time points to better under-
stand nutrient release dynamics. Additionally, increasing 
the number of replication would improve statistical power 
to detect moderate effect.
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