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ABSTRACT. A hydroponic experiment was 
conducted at the Precision and Automated 
Agriculture Laboratory, Department of 
Agronomy and Agricultural Extension, 
University of Rajshahi, from April to August 
2023. The objective was to investigate the 
morphological and physiological responses of 
maize to varying nitrogen sources and stress 
levels in hydroponic systems. The experiment 
comprised three nitrogen treatments: CN 
(100% chemical nitrogen as 2 mM NH4NO3), 
ON (100% organic nitrogen as 4 mM 
glycine), and LN (low nitrogen as 10% of 2 
mM NH4NO3 chemical nitrogen solution). 
The popular maize variety NH7720 
(marketed by Syngenta Bangladesh Limited) 
was used. The experiments followed a 
completely randomised design with three 

replications. The CN treatment consistently 
outperformed the ON and LN treatments in 
various growth-related parameters, including 
plant height (72.73 cm), leaf area (295.54 
cm²), shoot dry weight (0.65 g/plant), total 
chlorophyll content (3.11 mg/g), and shoot 
(11.06%) and root (10.82%) protein content, 
indicating that adequate nitrogen treatment 
stimulated strong growth and development in 
maize plants. Conversely, the LN treatment 
exhibited a superior shoot-to-root ratio 
(85.43%), proline accumulation (188.01 
µg/g), number of root tips (21.25), root length 
(31.65 cm), root network area (619.10 cm²), 
root diameter (5.63 mm), root volume 
(13944.71 mm³), and root surface area 
(3705.51 mm²). These results suggest that 
under nitrogen-deficient conditions, maize 
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plants allocate resources to root development 
and stress tolerance mechanisms. The organic 
nitrogen (ON) treatment showed intermediate 
results, being statistically similar to both the 
CN and LN treatments across a range of 
characteristics, suggesting that organic 
nitrogen or glycine might be less effective 
than chemical nitrogen or ammonium nitrate 
in promoting optimal maize growth. 

 

Keywords: hydroponic experiment; maize; 
morphological adaptation; nitrogen stress; 
physiological adaptation. 

 
INTRODUCTION 

 

Maize (Zea mays L.) is one of the 
most frequently cultivated crops in the 
world, often called the “Queen of grains” 
due to its short growing season, high 
yield potential, and nutrient content 
(Begam et al., 2018). People may utilise 
it as a source of carbohydrates and protein 
and as a source of animal feed and raw 
materials for various industrial goods and 
cooking ingredients (Ayyar et al., 2019). 
Furthermore, maize consumption has 
been related to a number of health 
benefits, including lower blood 
cholesterol, improved kidney and bone 
function, and protection against 
cardiovascular disease, diabetes, and 
hypertension (Islam and Hoshain, 2022).   

Nitrogen is necessary for plant 
growth, and its availability significantly 
limits agricultural production (Fathi and 
Zeidali, 2021). Nitrogen is essential to 
plant proteins, nucleic acids, 
nucleoproteins, chlorophyll, enzymes, 
alkaloids, and plant hormones (Wen et 
al., 2020). Most nitrogen taken by plants 
is NO3

−, which is also the nutritional 
element that absorbs the fastest. Nitrate is 
the primary form of nitrogen for most 
plant life, making it essential for growth, 
development, and morphological 

maturation (Wang et al., 2020). To 
produce 1 kg biomass, most of the non-
legume plants absorb 20–50 g of N from 
the soil (Ohyama et al., 2017). 
Approximately 1011 kg N per acre per 
annum is applied in the soil globally with 
the aim of achieving the highest crop 
production (Govindasamy et al., 2023). 
Therefore, it has been demonstrated that 
with higher chemical nitrogen 
application, the crop yield will increase 
(Anas et al., 2020). However, high levels 
of soil nitrogen result in losses, ultimately 
reducing the nitrogen use efficiency 
(NUE) (Whetton et al., 2022). To 
increase the NUE, organic nitrogen is 
used instead of chemical nitrogen. 
Organic nitrogen releases nitrogen slowly 
in the soil; for that reason, plants can 
absorb nitrogen for a long period of time. 
To identify the physiological responses of 
maize plants, different concentrations of 
chemical nitrogen and organic nitrogen 
were used for this experiment. 

Nitrogen stress in plants can result 
from an excess or shortage (Kong et al., 
2017). In the vegetative and reproductive 
stages, phenological development is 
delayed by a nitrogen deficit. The 
nitrogen supply and photosynthesis are 
closely related. A nitrogen deficit reduces 
photosynthesis and the green leaf area, 
decreasing plant productivity (Fan et al., 
2022). Most plants experience a decline 
in photosynthetic rates under severe 
nitrogen stress conditions. First, for a 
reduction in mesophyll cells and bundle 
sheath cells, stomatal conductance affects 
the intercellular CO2 concentration. The 
second factor is the lower level of 
bioenergetics and light-harvesting 
proteins, which slow the rate of electron 
transfer and increase the amount of light 
energy converted to heat. The third factor 
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is the reduced activity of photosynthetic 
enzymes, which slows the carboxylation 
rate (Mu and Chen, 2021). In reaction to 
insufficient nitrogen transportation from 
the environment, plants predominantly 
modify their root systems (Briat et al., 
2020). Most plants extend their roots to 
absorb nitrogen through rhizosphere 
exploration. As a highly mobile element, 
nitrogen is quickly lost after it has been 
applied to the soil in an inorganic form. 
In contrast, nitrogen production in 
organic forms is slower and needs to 
catch up with plant demands (Khan et al., 
2019). 

Maize exhibits both morphological 
and physiological adaptations to cope 
with nitrogen stress conditions 
(Hasibuzzaman et al., 2021). Maize 
plants can alter their root architecture to 
explore a larger soil volume for nitrogen 
absorption (Schneider et al., 2021). When 
nitrogen is limited, maize plants tend to 
develop a more extensive root system, 
including lateral roots and root hairs, to 
increase their access to available nitrogen 
sources. In response to nitrogen stress, 
maize plants often reduce the size and 
number of leaves (Hemati et al., 2022). 
This leaf area reduction helps to conserve 
nitrogen for essential functions, such as 
chlorophyll and protein synthesis. Under 
nitrogen stress, maize plants may 
undergo premature leaf senescence, 
shedding older leaves to salvage nutrients 
and directing them towards developing 
grains and essential tissues (Bhattacharya 
et al., 2022). 

Maize plants make physiological 
adjustments to enhance nitrogen uptake 
and transport (Hui et al., 2022). This 
entails optimising nitrogen allocation to 
reproductive structures, such as kernels, 

which receive priority, while non-
essential vegetative growth receives less 
nitrogen (Chen et al., 2023). Maize can 
adjust its nitrogen assimilation processes 
by regulating the expression of nitrogen 
metabolism-related genes (Peng et al., 
2023). When nitrogen is scarce, maize 
plants can increase their nitrogen 
assimilation efficiency to make the most 
of the available nitrogen (Gu, 2023). 
Drought stress can often occur in 
conjunction with nitrogen stress. Maize 
has developed mechanisms for drought 
tolerance, such as reduced transpiration 
rates and increased water-use efficiency, 
which can indirectly help plants deal with 
nitrogen stress (Chieb and Gachomo, 
2023). 

Plants typically absorb nitrogen in 
the form of NO3

− and NH4
+, although they 

can also use organic nitrogen molecules. 
Inorganic nitrogen sources such as 
nitrate, ammonium, and urea are easily 
accessible and encourage rapid 
development. Compost, manure, blood 
meal, and bone meal are organic sources 
of nitrogen that provide a slow-release 
form, while also improving soil structure 
and microbial activity (Shaji et al., 2021). 
Specialised nitrogen sources, such as 
controlled-release fertilisers and 
nitrogen-fixing crops, provide extra 
benefits by releasing nutrients gradually 
and increasing soil fertility. Diverse 
nitrogen sources improve soil health and 
sustainability, increase plant growth and 
production, improve nutrient absorption, 
and reduce environmental pollution by 
reducing runoff and leaching (Saha et al., 
2020). Farmers and hydroponic growers 
may obtain healthier plants, increased 
yields, and a more sustainable and 
ecologically friendly approach to 
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agriculture by incorporating a variety of 
nitrogen sources. By reusing waste and 
lowering reliance on synthetic fertilisers, 
which have the potential to harm the 
environment, organic nitrogen sources 
promote sustainable farming (Rodríguez-
Espinosa et al., 2023). In addition, they 
activate good soil bacteria that support 
nutrient cycling and prevent illness. 
Organic nitrogen is a sustainable and 
environmentally beneficial option for 
gardening and agriculture since it 
enhances plant health, lowers the need for 
chemicals, and increases soil fertility in 
the long term (Baweja et al., 2020). 

The specific adaptations of maize 
under nitrogen stress may vary depending 
on the genetic characteristics of the maize 
variety, the nitrogen stress severity, and 
other environmental factors (Dao et al., 
2023). Studies on the morphological and 
physiological adjustments of maize to 
nitrogen stress can provide valuable 
insights into the complex interactions 
between plants and nutrients. This 
knowledge can help guide the 
development of long-term agricultural 
practices that promote nutrient 
stewardship while minimising 
environmental impacts (Liu et al., 2023).  

The present study was therefore 
undertaken to examine alterations in root 
architecture, shoot growth, leaf 
morphology, and the overall structure of 

the plant under variable nitrogen 
availability. 

 
MATERIALS AND METHODS 

 

Plant materials and growth conditions 
This study was conducted in the 

hydroponic culture chamber of the 
Precision and Automated Laboratory, 
Department of Agronomy and 
Agricultural Extension, the University of 
Rajshahi, in 2023 (Figure 1). 

The standard growth chamber had a 
controlled alternate day/night 
temperature of 28/22°C, humidity level 
above 65%, and light intensity of about 
300 µmol photons m−2 s−1 illumination 
with a 14/10-h (day/night) photoperiod 
and proper aeration. The experiment 
consisted of three nitrogen treatments:  
CN (100% of 2 mM NH4NO3 chemical 
nitrogen), ON (100% organic nitrogen), 
and LN (10% of 2 mM NH4NO3 chemical 
nitrogen as low nitrogen). The popular 
hybrid maize variety NH7720 (marketed 
by Syngenta Bangladesh Limited, 
Dhaka) was used for the experiment. The 
experiments were conducted in a 
completely randomised design with three 
replications. Seedlings of uniform size 
were transplanted into sterile foam-
plugged apertures in a plastic lid, which 
floated atop a nutrient solution within a 
plastic container. 

 

  

Figure 1 – Hydroponic system for maize cultivation 
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Seedlings were transplanted when 
they reached the two-leaf stage. The 
comprehensive nutrient solution 
comprised a blend of substances aimed at 
fostering heightened biomass 
accumulation and eliciting hormonal 
modifications. This solution, referred to 
as (CN), contained the following: 2 mM 
NH4NO3, 0.75 mM K2SO4, 0.25 mM 
KH2PO4, 0.1 mM KCl, 0.2 mM Fe-
EDTA, 0.65 mM MgSO4, 2 mM CaCl2, 
1×10−3 mM ZnSO4, 1×10−3 mM MnSO4, 
5 × 10−6 mM (NH4)6Mo7O24, 1×10−4 mM 
CuSO4, and 1×10−3 mM H3BO3. NH4NO3 
was substituted with a higher 
concentration of 4 mM glycine 
(C2H5NO2) to serve as the source of 
organic nitrogen (ON). 

The low nitrogen (LN) treatment 
was formulated with a solution 
comprising a 10% nitrogen source (2 mM 
NH4NO3), identical to that employed in 
the control (CN) treatment. The pH of the 
nutrient solution was adjusted to fall 
within the range of 5.8–6, with 
replacement of the nutrient solution 
occurring every 2 days. Root and shoot 
samples were harvested 21 days after 
transfer to the nutrient solution, and 
morphological traits were documented. 
For physiological assessments, half of the 
samples were promptly frozen in liquid 
nitrogen and subsequently preserved at 
−80°C. The remaining half of the samples 
underwent oven drying to determine the 
dry weight (DW) and to conduct 
additional biochemical analyses, such as 
protein content determination. 

 

Morphological parameters 
After an extended period of 21 days 

following transplant, the height of the 
three plants, picked at random, was 
measured from the base of the plant to the 

tip of the tallest leaf. The height of the 
plants was measured in centimetres, and 
the average value for each pot was 
calculated. 

The leaf area was determined by 
measuring the length and width of the 
three leaves from each plant. Shoot and 
root dry weights were determined after 
they had been completely dried in an 
oven. 

To determine the root architecture, 
the root system was partitioned into the 
crown and primary roots. Each root type 
was manually quantified, and the length 
of the primary roots was measured using 
a ruler. Subsequently, the roots were 
scanned using the Epson Expression 1680 
Flatbed scanner. 

Analysis of the scanned images was 
performed utilising RhizoVision 
Explorer software (version 2.0.3) to 
obtain metrics, such as the number of root 
tips, network area, average diameter, root 
volume, and surface area (Figure 2). 

 

Physiological parameters 
The leaf chlorophyll content was 

quantified utilising 100 mg of fresh 
weight (FW) from fully expanded frozen 
leaves. Subsequently, the sample 
underwent homogenisation with acetone, 
followed by incubation in the dark for 24 
hours. 

After this incubation period, the 
sample was subjected to centrifugation at 
10,000 rpm for 10 minutes at 4°C, and 
absorbance readings were recorded at 
wavelengths of 645 and 663 nm. The 
chlorophyll content was then determined 
using a specified formula and expressed 
as milligrams per gram of fresh weight 
(mg g−1 FW) of the leaf. 
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Figure 2 – Determination of the root architecture using RhizoVision Explorer software 
 

The proline concentration was 
determined according to the methodology 
outlined by Bates et al. (1973). Frozen 
leaf tissue underwent homogenisation in 
3% sulphosalicylic acid, followed by 
centrifugation at 11,500×g for 15 
minutes. The resulting supernatant was 
then combined with acid ninhydrin and 
glacial acetic acid and heated in a water 
bath at 100°C for 60 minutes. The 
reaction was terminated by placing the 
tube in an ice bath for 15 minutes. 
Following cooling, 2 mL of toluene was 
introduced to the reaction mixture and 
vortexed for 20–30 seconds. The optical 
density of the resulting chromophore-
containing toluene was measured 
spectrophotometrically at 520 nm, with 
toluene serving as a blank. The proline 
concentration was subsequently 
determined from the standard curve 
utilising laboratory-grade proline. 

To ascertain the protein content in 
both shoot and root tissues, the dried 
samples underwent grinding and sieving 
through a 1-mm mesh prior to analysis. 
The nitrogen content was quantified 
utilising the Kjeldahl method (AOAC, 

1990), and the crude protein content was 
subsequently calculated by multiplying 
the nitrogen value by 6.25. 

 

Statistical analysis 
Analysis of variance was conducted 

using STATVIEW software. Treatment 
mean differences were assessed using 
Duncan’s Multiple Range Test (DMRT) 
at significance levels of 5 and 1%. 

 
RESULTS 

 

Plant height 
The plant heights of the maize 

variety were assessed at 21 days after 
transplant (DAT) to the hydroponic 
system. Discernible disparities in plant 
height were observed under different 
nitrogen treatments (Table 1). 
Specifically, the plants subjected to the 
CN treatment demonstrated the tallest 
average height, reaching 72.73 cm. In 
contrast, those subjected to the LN 
treatment exhibited the shortest height, 
measuring 54.61 cm. The plant height 
under the LN treatment was 24.91% 
lower than that under the CN treatment. 

 



Morphological and physiological responses of maize to varying nitrogen sources and stress levels 
 

 
391 

Leaf area 
The leaf area of maize (measured in 

cm2) showed significant variations across 
different nitrogen doses, as shown in 
Table 1. 

The CN treatment exhibited the 
largest leaf area, measuring 295.54 cm2. 
This measurement was statistically 
comparable to the leaf area under the ON 
treatment, but it was notably 25.07% 
higher than the leaf area observed under 
the LN treatment. Conversely, the leaf 
area observed under the LN treatment 
was the smallest, measuring 221.46 cm2. 

 

Shoot dry weight  
There was a significant discrepancy 

in the dry mass of maize shoots (g/plant). 
The maximum shoot dry weight was 
recorded at CN (0.65 g/plant), 
demonstrating statistical equivalence 
with ON (0.57 g/plant). Conversely, LN 
displayed a reduced value (0.47 g/plant), 
marking a notable 27.69% decline 
compared to CN (Table 1). 

 

Root dry weight  
The root dry weight (g/plant) of 

maize exhibited significant variation 
under nitrogen stress conditions, as 
shown in Table 1. The highest root DW 
was recorded under LN conditions, with 
a mean value of 0.40 g per plant. 
Although this value was not significantly 
different from the root DW observed 
under ON conditions, which was 
measured at 0.33 g per plant, there was a 
notable discrepancy when compared to 
the root DW under CN conditions. Under 
CN conditions, the root dry weight was 
lower, measuring 0.28 g per plant. 

 

Shoot–root ratio 
This study examined the 

fluctuations in the shoot–root ratio (%) 

among the three nitrogen treatments. The 
lowest shoot–root ratio was recorded in 
the LN treatment, at 85.43%. Conversely, 
the shoot–root ratio was notably lower in 
the CN treatment at 42.55%, displaying 
significant variance when compared to 
the ON treatment at 58.49% and the LN 
treatment (Table 1). 

 

Root architecture 
Root length 

A comprehensive portrayal of the 
notable discrepancies in root length 
(measured in centimetres) resulting from 
the application of different nitrogen 
levels is presented in Table 2. Under LN 
conditions, roots exhibited remarkable 
growth, achieving an impressive length 
of 31.65 cm. However, this length 
experienced a slight reduction of 14.15% 
under ON conditions, indicating a modest 
decline in overall root development. 
Moreover, under CN treatment, the root 
length displayed a substantial decrease of 
34.03%, signifying a notable decline in 
root growth under these conditions. 

 

Number of root tips 
The observed variation in the 

number of root tips was statistically 
significant compared to the three distinct 
nitrogen doses, as shown in Table 2. LN 
treatment had the highest count of root 
tips (21.25), whereas the CN treatment 
had the lowest count (10.65). 
Consequently, the LN treatment resulted 
in a significant decrease of 21.6 and 
49.88% compared to the ON and CN 
treatments, respectively.  

 

Root network area  
The root network area of maize 

plants, quantified in square centimetres 
(cm2), displayed notable fluctuations due 
to varying nitrogen frequencies, as shown 
in Table 2. The smallest observed 
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network area, which was observed in CN, 
exhibited an impressive growth increase 
of 26.09% in ON and 42.38% in LN. 

 

Root diameter 
The utilisation of various nitrogen 

dosages resulted in discernible effects on 
the average root diameter (mm) in maize. 
The LN treatment demonstrated the most 
remarkable average diameter, registering 
5.63 mm. ON treatment resulted in an 
average diameter of 4.45 mm. CN 
treatment resulted in the smallest average 
diameter, measuring 3.67 mm, as shown 
in Table 2. This observation indicates a 
significant reduction of 34.81% in the LN 
group compared to the CN group. 

 

Root volume 
In relation to the maize root volume 

(mm3), the impacts of nitrogen treatment 
exhibited significant variations, as shown 
in Table 2. The highest volume observed 

(13,944.71 mm3) was found in LN, while 
ON had a lower volume and CN had a 
significantly lower volume, with 
reductions of 17.76 and 52.28%, 
respectively. 

 

Root surface area 
The nitrogen treatments resulted in 

significant variations in the root surface 
area (mm2) in maize. As shown in Table 2, 
LN exhibited the highest surface area, 
measuring 3705.51 mm2. In contrast, CN 
displayed the lowest surface area, 
measuring 1670.81 mm2. In LN, there 
was a significant reduction of 54.91% in 
the highest root surface area observed 
compared to CN. 

 

Chlorophyll content 
Figure 2 illustrates the chlorophyll 

contents (chlorophyll a, chlorophyll b, 
and total) in maize leaves.

 

Table 1 – Growth parameters of maize under different nitrogen treatments 

Treatment 
Plant Height 

(cm) 
Leaf Area 

(cm2) 
Shoot DW 
(g/plant) 

Root DW 
(g/plant) 

S/R % 

CN 72.73±2.34a 295.54±9.65a 0.65±0.04a 0.28±0.01b 42.55±1.67c 
ON 63.88±2.75ab 248.36±13.46ab 0.57±0.05ab 0.33±0.02ab 58.49±1.30b 
LN 54.61±3.01b 221.46±13.12b 0.47±0.04b 0.40±0.02a 85.43±3.21a 
LS 0.01 0.01 0.01 0.01 0.01 

In each column, different lowercase letters show significant differences between treatments based on DMRT. 
Values with the same letter or without letters do not differ significantly. Values show the mean ± standard 

error (SE) of three replicates. LS = level of significance, CN = 100% chemical nitrogen (recommended dose), 
ON = 100% organic nitrogen, LN = 10% chemical nitrogen 

 

Table 2 – Root length and root architecture of maize under different nitrogen treatments 

Treatment 
Root 

Length 
(cm) 

Number of 
Root Tips 

Network Area 
(cm2) 

Average Root 
Diameter (mm) 

Root 
Volume 
(mm3) 

Root Surface 
Area (mm2) 

CN 
20.88± 
1.24b 

10.65± 
0.80c 

356.73± 
13.83c 

3.67± 
0.21b 

6654.41± 
581.10b 

1670.81± 
279.16b 

ON 
27.17± 
1.23a 

16.66± 
0.82b 

482.68± 
19.21b 

4.45± 
0.25b 

11468.55± 
674.79a 

2811.81± 
360.07ab 

LN 
31.65± 
1.46a 

21.25± 
0.70a 

619.10± 
23.99a 

5.63± 
0.23a 

13944.71± 
779.63a 

3705.51± 
317.77a 

LS 0.01 0.01 0.01 0.01 0.01 0.01 

In each column, lowercase letters show significant differences between treatments at P<0.05 based on 
DMRT. Values with the same letter or without letters do not differ significantly. Values show the mean ± 

standard error (SE) of three replicates. LS = level of significance, CN = 100% chemical nitrogen 
(recommended dose), ON = 100% organic nitrogen, LN = 10% chemical nitrogen. 
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The highest observed chlorophyll a 
content occurred under CN treatment 
(2.18 mg/g). Conversely, the lowest 
chlorophyll a content measurement (1.67 
mg/g) was observed in LN. For 
chlorophyll b, CN treatment exhibited the 
highest concentration at 0.93 mg/g. 
However, this value showed a slight 
decrease of 17.20% in the ON treatment 
and a significant reduction of 24.73% in 
the LN treatment. The chlorophyll b 
content in LN reached its lowest level at 
0.70 mg/g. CN had the highest total 
chlorophyll content at 3.11 mg/g. In 
contrast, the total chlorophyll content in 
LN was exceptionally low, measuring 
2.38 mg/g. Although this value was 
statistically similar to ON, it differed 
significantly from CN. 

Proline content 
A notable divergence was observed 

in the proline content (µg/g) of maize 
leaves under different nitrogen treatments 
(Figure 3). The highest observed proline 

content (188.01 µg/g) was found in LN, 
which experienced a slight decrease of 
18.93% compared to ON. However, there 
was a significant difference of 37.02% 
compared to CN. In the CN sample, the 
observed proline content was lowest 
(118.41 µg/g). 

Protein content in shoots and roots 
The shoot and root protein content 

(%) in maize differed significantly across 
the nitrogen treatments (Figure 4). The 
shoot protein concentration peaked 
(11.06%) under CN treatment, decreased 
by 11.93% in ON, and significantly 
decreased by 19.53% in LN. The root 
protein content was lowest in the LN 
treatment, at 8.58%. This value exhibited 
a statistically significant difference from 
both the ON and CN treatments, which 
recorded root protein contents of 10.05 
and 10.82%, respectively. The CN 
treatment demonstrated a remarkable 
increase of 20.70% in root protein content 
compared to the LN treatment. 

Figure 3 – Leaf chlorophyll content (mg/g fresh weight) under different nitrogen treatments 
CN = chemical nitrogen, ON = organic nitrogen and LN = low nitrogen 

Small bars show standard errors; each bar marked with a different letter for chlorophyll content 
(a, b, and total chlorophyll) differed significantly 
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Figure 4 – Proline content (µg/g) of maize under different nitrogen treatments 
CN = chemical nitrogen, ON = organic nitrogen, and LN = low nitrogen 

Small bars show standard errors; each bar marked with a different letter differed significantly 

Figure 5 – Protein content (%) in maize shoots and roots under different nitrogen treatments 
CN = chemical nitrogen, ON = organic nitrogen, and LN = low nitrogen. 

Small bars show standard errors; each bar marked with a different letter for the roots or shoots 
differed significantly
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DISCUSSION 

The results of the study provide 
useful insights into maize plants’ unique 
reactions to different nitrogen treatments. 
These findings provide insight into the 
complex relationship between nitrogen 
availability and several morphological and 

physiological characteristics in maize. 
First, this study demonstrated that 

nitrogen availability has a considerable 
impact on plant height, a critical indicator 
of growth and development. Maize plants 
treated with chemical nitrogen (CN) had 
the highest average height, whereas those 
treated with low nitrogen (LN) had the 
shortest height (Table 1). This significant 
difference emphasises the role of nitrogen 
in fostering vertical growth and total 
plant stature. Insufficient nitrogen levels 
can cause stunted growth, as nitrogen is 
crucial for chlorophyll production, while 
elevated nitrogen levels can lead to 
increased height but a slender appearance. 
Nitrogen positively influences cellular 
proliferation and enlargement, promoting 
stem elongation. However, excess 
nitrogen can hinder maturation and grain 
yield (Sahoo et al., 2021; Zhao et al., 
2022). 

Similarly, the leaf area of maize 
plants differed between nitrogen 
treatments, with CN treatment resulting 
in the highest leaf area. This highlights 
the critical function of nitrogen in leaf 
expansion and canopy formation, which 
are required for efficient photosynthesis 
and biomass buildup. Insufficient 
nitrogen leads to a reduced leaf size and 
decreased surface area. Nitrogen is 
crucial for protein synthesis (Figure 5), 
facilitating cell growth and division. 
Elevated nitrogen levels allow maize 
plants to develop larger leaves and 

stimulate cell division, while an 
overabundance can lead to slender, 
elongated foliage (Ochieng et al., 2021; 
Zhang et al., 2020). 

Furthermore, this study investigates 
the effects of nitrogen stress on the shoot 
and root biomass. Maize plants treated 
with CN had the highest shoot dry 
weight, indicating robust aboveground 
biomass production under ideal nitrogen 
circumstances. Conversely, the LN 
treatment resulted in a significant 
reduction in shoot dry weight, 
highlighting the negative impact of 
nitrogen limitation on aboveground 
biomass formation. The growth rate and 
dry weight of maize are influenced by the 
availability of nitrogen to the plant. In 
situations in which nitrogen levels are 
insufficient, maize plants tend to exhibit 
a decrease in their shoot and root dry 
weight (Su et al., 2020; Wang et al., 2019). 

Interestingly, the root system 
reacted differentially to nitrogen stress, 
with LN treatment producing the highest 
root dry weight. This finding suggests a 
compensatory mechanism in which 
maize plants devote more resources to 
root growth in nitrogen-deficient 
environments, thereby improving 
nutrient uptake and resource acquisition 
(Wang et al., 2019). 

The study also emphasises the 
importance of the root structure in 
nitrogen adaption. Maize plants treated 
with LN showed significant increases in 
root length, volume, and surface area 
compared to CN treatment (Table 2). The 
root structure tends to show the least 
response in organic nitrogen and high 
nitrogen compared to low nitrogen 
treatment. Organic nitrogen results in a 
moderate response in all root-related 
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parameters (Khan et al., 2019). These 
adaptive responses demonstrate the 
plant’s ability to explore a broader soil 
volume and improve nutrient uptake 
efficiency in nitrogen-limited situations. 
Root length is crucial for a plant’s ability 
to absorb nutrients and water. Maize 
plants adapt to nitrogen scarcity by 
developing elongated roots and 
navigating deeper soil layers (Pan et al., 
2023). However, an abundant nitrogen 
content in the topmost soil layer reduces 
root lengths, reducing the plant’s need for 
extensive root system growth. Chen et al. 
(2023) also observed similar findings. 

Moreover, this study investigates 
the effects of nitrogen availability on 
chlorophyll and proline levels in maize 
leaves. The chlorophyll content, which is 
essential for photosynthesis and general 
plant vigour, varies across nitrogen 
treatments, with the CN treatment 
producing the greatest chlorophyll levels. 
There was a correlation between low 
nitrogen levels and decreased chlorophyll 
content in maize leaves (Figure 3) due to 
the presence of nitrogen in chlorophyll, as 
insufficient nitrogen levels hinder 
chlorophyll synthesis. Consequently, 
maize leaves deficient in nitrogen may 
appear yellow or chlorotic (Croft et al., 
2020). Proline content, an indication of 
stress tolerance, increased after LN 
treatment, indicating a preventive 
mechanism against nitrogen stress-
induced damage. The consequences of 
nitrogen deficiency, such as restricted 
growth and diminished yield, can be 
mitigated to some extent through proline 
accumulation (Figure 4). In contrast, 
when exposed to higher nitrogen levels, 
maize plants exhibit a decreased 
inclination to accumulate proline in their 
leaves (Mosaad et al., 2020). 

Finally, this study emphasises the 
role of nitrogen in controlling protein 
synthesis in maize shoots and roots. 
Maize plants treated with CN had a 
higher protein content in both shoots and 
roots than plants treated with LN, 
demonstrating that nitrogen plays an 
important role in protein accumulation 
and metabolic activities required for 
growth and development. Nitrogen is a 
crucial element in protein formation. 
When there is a nitrogen scarcity, the 
plant gives priority to protein production 
in reproductive organs rather than in 
shoots, resulting in a reduction in the 
protein content of the shoots (Figure 5). 
In addition, the plant can redistribute 
resources from the process of creating 
proteins in the aboveground parts of the 
plant towards root growth, which helps 
the plant absorb more nitrogen. This, in 
turn, leads to a further decrease in protein 
levels in the aboveground parts of the 
plant (Song et al., 2019). Stress can make 
roots grow faster, which can cause a 
dilution effect in which the total protein 
stays the same but is spread out over a 
higher volume, lowering the protein 
quantity per unit weight. When plants are 
stressed, they may put more emphasis on 
proteins that help them take in nitrogen, 
which can cause these levels to rise (Yang 
et al., 2019). 

 
CONCLUSIONS AND 
RECOMMENDATION 

 

The experiment with three nitrogen 
treatments, CN (100% chemical 
nitrogen), ON (100% organic nitrogen), 
and LN (10% chemical nitrogen as low 
nitrogen), on the popular maize variety 
NH7720 yielded interesting results 
regarding the impact of nitrogen on 
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several growth metrics. Based on the 
results, the CN treatment exhibited 
superior characteristics in plant height 
(72.73 cm), leaf area (295.54 cm2), shoot 
dry weight (0.65 g per plant), total 
chlorophyll content (3.11 mg per g leaf 
fresh weight), and shoot (11.06%) and 
root (10.82%) protein. However, the LN 
treatment resulted in peak conditions for 
shoot and root ratio (85.43%), proline 
content (188.01 µg/g), number of root 
tips (21.25), root length (31.65 cm), root 
network area (619.10 cm2), root average 
diameter (5.63 mm), root volume 
(13,944.71 mm3), and root surface area 
(3705.51 mm2).  

The results showed that the CN 
treatment consistently outperformed the 
ON and LN treatments in terms of 
growth-related parameters, indicating 
that the regulated nitrogen treatment 
stimulated strong growth and 
development in maize plants. However, 
the LN treatment exhibited significant 
characteristics, including superior shoot 
and root ratio, proline content, number of 
root tips, root length, root network area, 
root average diameter, root volume, and 
root surface area. These findings indicate 
that in nitrogen-deficient conditions, 
maize plants redirect resources to root 
development and stress tolerance 
systems, resulting in increased root 
growth and exploration efficiency. The 
ON treatment was statistically similar to 
both the CN and LN treatments across a 
range of characteristics, suggesting that 
organic nitrogen is not as effective as 
chemical nitrogen. Nonetheless, it can 
support maize growth and development 
in low-nitrogen environments.  

Overall, these findings illustrate the 
importance of nitrogen management in 

maize production, emphasising the major 
impact of nitrogen supply and 
concentration on plant growth, root 
development, and physiological 
processes. These findings have 
implications for agricultural practices 
aimed at improving crop yield and 
sustainability in nitrogen-limited areas. 
More research in this field is needed to 
understand the molecular mechanisms 
behind nitrogen-mediated responses in 
maize and other crop species, allowing 
for the creation of novel breeding 
techniques for increased NUE and stress 
resilience. 
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