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ABSTRACT

The optimum nutrient management offers a pathway to resource-efficient and
sustainable crop production. Usually, the farmers frequently misunderstand the
association between crop growth and N application. Thus, the exploration of most
favorable nitrogen level is the dire need of Maize growers. Therefore, a field
experiment consisting of seven nitrogen application rates viz; T1= No nitrogen
(control), T2= Nitrogen@ 75 kg ha-1, T3= Nitrogen @ 100 kg ha-1, T4= Nitrogen @
125 kg ha-1 (recommended), T5= Nitrogen @ 150 kg ha-1, T6= Nitrogen @ 175 kg
ha-1 and T7= Nitrogen @ 200 kg ha-1 were tested under randomized complete block
design (RCBD).The highest plant height (cm), leaves plant-1, nodes plant-1, stem
girth (cm), fodder weight (g plant-1) and fodder yield (t ha-1) were noted @ 200 kg
ha-1. However, nitrogen at 200 kg ha-1did not vary notably by 175 kg ha-1 for all
studied traits. The lowest performance of yield and yield components were noted in
control plots. Thus, it is advised to achieve the maximum fodder production of Maize
variety Akbar, the crop must be supplied with nitrogen @ 175 kg ha-lunder agro-
climatic conditions of Tandojam.

Keywords: Growth; maize; nitrogen; yield.

INTRODUCTION

As a green fodder, Maize (Zea mays L.) serves as nutritious food source for livestock.
Due to its ability of climate resilience and impressive productivity, it is recognized as
the "The Queen of Cereals"(Singh et al., 2021). The maize fodder and grain holds
pivotal position in livestock production system (Suganya et al., 2020). In Pakistan,
the maize was cultivated on approximately 1.7 million ha yielding around 10.9 million
tons annually with contribution of 0.7 percent in GDP (MNFSR, 2023). The maize
yield is regulated not only by its photosynthetic ability and dry matter accumulation,
but also by agronomic management practices. Among agronomic practices, balance
use of nitrogen fertilizer is critical to harvest its maximum quality fodder and grain
yield (Lu et al., 2019). As a key nutrient, nitrogen plays a vital role for photosynthesis,
nucleic acids, protein production, and overall metabolism (Sharma & Bali, 2017;
Tariq et al., 2023). Balanced nitrogen application leads to significant improvement in
maize growth and fodder yield (Scavo, 2022) by promoting vegetative growth,
influencing various physiological processes such as respiration and transpiration
(Rahman et al., 2019). Moreover, nitrogen application in the soil can positively
influence Maize root development which increases the surface area for nutrient and
water absorption (Al-Kaisi, 2016). However, the excessive nitrogen use can inhibit
root growth (Leghari et al., 2016). With the application of nitrogenous fertilizers at the
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appropriate time, Maize plant have more leaves, which produce high fodder yield (Hisse et al., 2019). Hence, it is an
essential to optimize nitrogen management practices to maximize Maize productivity while minimizing adverse
environmental impacts (Smith & Johnson., 2018). Proper nitrogen management practices can enhance Maize
productivity and contribute to sustainable agriculture (Jiang et al., 2018). The application of nitrogen, contributes the
complementary approaches to nutrient management in Maize cultivation. However, achieving optimal outcomes
requires careful consideration of various factors, including nutrient interactions, environmental implications, and
agronomic practices (Sainju et al., 2023). Considering the importance of soil applied nitrogen for achieving maximum
fodder output in Maize, different nitrogen levels were evaluated to assess the suitable level for achieving better fodder
yield of Maize variety “Akbar”.

MATERIALS AND METHODS

Experiment was executed in the departmental farm of Agronomy at S. A. U. Tandojam, Pakistan. Experimental details
are listed below:

Experimental design= Randomized complete block design

Replications = 03

Plot size =6 m x5 m (30 m?)

Variety = Akbar

(Nitrogen levelskg ha) =7

T1 = No nitrogen (control)

T 2= Nitrogen@ 75

T 3= Nitrogen @ 100

T 4= Nitrogen @ 125 (recommended)

T s= Nitrogen @ 150

T 6= Nitrogen @ 175

T7= Nitrogen @ 200

Land Preparation

Primarily two dry ploughings using mould board plough, followed by leveling with land leveler were used. Then soaking
dose of irrigation was applied. As soil reached in the right condition again it was ploughed with cultivator and
experimental layout was designed.

Sowing Time and Method

Seed of the maize variety Akbar, was obtained from the Maize and Millet Research Station Dadu, Sindh, Pakistan.
According to recommendations 125 kg hal, the required quantity of seed was calculated for the experimental plots
and sown with single coulter hand drill on 25-07-2023.

Fertilizer and Irrigation Application

The phosphatic fertilizer was applied in the form of Single Super Phosphate (SSP) and potash was also used
completely in the form of Sulphate of Potash (SOP) during the land preparation. Nitrogen was applied in two equal
doses in the form of urea: the first half of the dose was applied at the time of first irrigation and the remaining half was
used at the time of third irrigation.

Crop Harvesting

The experimental units were harvested by cutting, at the soil surface using the sickle on 10-10-2023 and remaining
data was collected.

Procedure for Data Recording

Plant height (cm)

Using a measuring tape, the height of five randomly selected plants by each plot was recorded from the bottom to the
top of the plant and mean value was calculated.

Leaves plant?

At the time of harvesting, the numbers of leaves from five randomly selected plants were counted and average was
calculated.

Nodes plant?

From each treatment, the total nodes of five randomly selected plants were counted at the time of harvesting, and then
the sum was divided by the total number of plants.

Stem girth (cm)

Stem girth (cm) was measured at harvest using a vernier caliper on five randomly selected plants from each plot.
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Fodder weight (g plant™)
At the maturity stage, randomly selected five plants were cut at ground level then weighed and averaged.
Fodder yield (t hal)
It was calculated for each treatment, according the formula given below:
Fodder yield (t ha-1) =Fodder yield plot™ (kg)x 10000 + 1000

Net plot size (m?)
Physico-Chemical Properties of Experimental Soil
The analysis showed that the soil was silty clay loam in texture with Sand 19.4%, Silt 41.9% and Clay 38.4%. The
recorded chemical properties were, EC (dS m-1) 0.22, pH 8.10, Organic matter 0.73%, Total Nitrogen 0.09 %, available
P (mg kg-1) 8.78 and extractable K (mg kg-1) 0.86.
Statistical Analysis
The collected data were analyzed using the software Statistix Ver. 1.0 (Statistix, 2006). The Least Significant Difference
(LSD) test at the 0.05 level was used to compare the treatments.

RESULTS AND DISCUSSION

Meteorological Data

During the experimental season of year (2023), the meteorological data of Tandojam was obtained from Meteorological
Station Tandojam, Sindh Pakistan. The details of weather data on weekly basis for min and max: temperature (C),
humidity (% rh) and Rainfall (mm) are shown in Figure 1.
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Figure 1. Weather data of Tandojam during maize growing season (2023).

The data pertaining to plant height (cm) is shown in Figure 2. The results illustrated that the maximum plant height
186.0 cm was noted in T7 (Nitrogen @ 200 kg ha-1), followed by T6 (Nitrogen @ 175 kg ha-1) with plant height of
180.7 cm. While, the T5 and T4 ranked 3rd and 4th in efficacy having plant height of 165.0 cm and 157.8 cm,
respectively. Furthermore, declining trend was observed in T2 and T3 where plant height of 121.0 and 132.0 cm was
recorded. Nevertheless, minimum plant height 116.4 cm was noticed in T1 (Untreated). It is worth mentioning that the
plant height between T7 and T6 was found non-significant with each other on the basis of LSD 0.05 value 14.618. The
increase in plant height with increased nitrogen levels could be ascribed to the sufficient availability of nitrogen which
leads to boost the Maize plant by enhancing protein synthesis, chlorophyll production and root development, which all
contributed to more vigorous and taller growth (Yousaf et al., 2021). These results are in line with the study of Hanifullah
et al. (2023) and Tirfi (2023), who reported the tallest plants (196 cm) with the application of 180 kg N ha™. Parallel
results also reported by Mahesh, (2020) who noted the highest plant height (140.40 cm) in plots where 120 kg N
ha*was applied.
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Figure 2. Effect of nitrogen on plant height (cm) of maize variety Akbar. P-value=0.0000; SE=6.7092; LSD0.05=14.618
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Figure 3. Effect of nitrogen on leaves plant? of maize variety Akbar. P-value=0.0017; SE=1.0789; LSD0.05=2.3507.

The data on the number of leaves plant-1 are shown in Figure 3. It is apparent from the data that T7 with nitrogen
applied @ 200 kg ha-1, recorded the highest figure (16.3) whereas T6 (Nitrogen @ 175 kg ha-1) followed in
performance with 15.7 leaves plant-1. The results regarding the T5 and T4 were noted 13.7 and 12.7 leaves plant-1.
Additionally, the leaves plant-1 decreased to 11.7 in T2 and 12.3 in T3. However, least (10.7) leaves plant-1 was
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recorded in T1 (Untreated). It is pertinent to mention here that on the basis of LSDO0.05 value (2.3507) non-significant
difference for leaves plant-1 was noted between T7 and T6. The increased number of leaves plant-1, especially with
the use of nitrogen, was observed @ 200 kg ha-1was due to the reason that, more nitrogen promotes cell division
(Landrein et al., 2018), consequently producing new tissues and encourages the vegetative growth of plant parts like
stems and leaves. The increased metabolic activity promotes the formation of new leaves throughout the vegetative
phase. Our results are also supported by (Haraga & lon, 2023) who reported the utmost number of leaves with the use
of higher nitrogen doses. Similarly, Hammad et al. (2018) confirmed that, the use of nitrogen improves the node and
length of internode. Additionally, Shrestha et al. (2018) observed that nitrogen promotes leaf multiplication significantly.
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Figure 4. Effect of nitrogen on nodes plant! of maize variety Akbar. P-value=0.0001; SE=0.6716; LSDo.05=1.463.

The data pertaining to nodes plant-1 is shown in Figure 4. The results illustrated that the maximum nodes plant-1 (12.2)
were noted in T7 (Nitrogen @ 200 kg ha-1), followed by T6 (Nitrogen @ 175 kg ha-1) with nodes plant-1 (11.1). While
T5and T4 were recorded nodes plant-1 10.0, 9.7 respectively. Furthermore, declining trend was observed in T3 and
T2 where nodes plant-1 8.8 and 7.9 were noted. Nevertheless, minimum (116.4 cm) nodes plant-1was noticed in T1
(Untreated). HoweverT7 and T6 were found non-significant with each other on the basis of LSD 0.05 value (1.4634).
These findings emphasize the nitrogen effect on the formation of nodes in Maize plant and suggesting that, the
optimizing nitrogen use can contribute to superior node initiation. Because adequate nitrogen increases the rate of cell
division, particularly in meristematic tissues such as the stem tips (Mahdi, 2011). This leads to more nodes being
formed along the stem as the plant can continues to grow. Furthermore, Nitrogen influences the production and activity
of plant hormones (Wang et al., 2018) such as cytokinins and auxins (Teale et al., 2006) which regulate various aspects
of growth, including the formation of nodes. These findings are in collaboration with the results of (Kulwinder & Karan.,
2023) who reported that, an application of the nitrogen @ 100 kg ha-1 observed 14.88 nodes plant-1 in the Maize
variety J-1006. Similarly, (lvanka & Veselina. 2024) concluded that, the Maize variety Saccharate recorded nodes
plant-1 (8.25) with the use of 200 kg ha-1 nitrogen.

Results regarding the stem girth (cm) are presented in figure (5). It is depicted from the data that T7 (Nitrogen @ 200
kg ha-1) resulted in highest (6.7 cm) stem girth whereas T6 (Nitrogen @ 175 kg ha-1) followed in performance with
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stem girth (6.0 cm). The results further suggested that T5and T4 obtained 3rd and 4th position with stem girth 4.6 and
3.6cm respectively. Moreover, stem girth reduced to 3.4and 2.9 cm in T3 and T2 respectively. However, least (2.2 cm)
stem girth was recorded in T1 (Untreated). It is pertinent to mention here that on the basis of LSD 0.05 value (1.1037)
non-significant difference for stem girth (cm) was noted between T7 and T6. The increase in stem girth (cm) due to
increased nitrogen application@ 200 kg ha-1 is in harmony with the study of (Szabo et al., 2022) who also concluded
that Nitrogen enhances the diameter of stem. According to Bojtor et al. (2022) due to the effect of nitrogen the stem
diameter was noted at higher level in Maize crop. Generally, the nitrogen boosts overall vegetative growth of the maize
plant, which increases the biomass of the stem (Oluoch et al., 2022). However, in the contrast to our study (Chanchal
et al., 2023) reported the stem girth 3.5 cm of fodder maize variety African tall with the use of nitrogen @ 160 kg ha-1.
Ahmad et al., 2024 concluded that with the use of200 kg ha-1N, maize variety Jumbo recorded (3.40 cm) stem
diameter.
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Figure 5. Effect of nitrogen on stem girth (cm) of maize variety Akbar. P-value=0.0000; SE=0.5066; LSDo.0s=1.1037.

The data pertaining to fodder weight (g plant-1) shown in Figure 6. The results illustrated that the maximum fodder
weight plant-1 (489.5 g) noted in T7 (Nitrogen @ 200 kg ha-1) followed by T6 = (Nitrogen @ 175 kg ha-1) with (486.6
g) fodder weight plant-1. While T5and T4 were observed lower 472.5, 449.0 fodder weight (g plant-1) respectively.
Furthermore, declining trend was observed in T3 and T2 where fodder weight plant-1 of 354.5 and 265.2g was
recorded. Nevertheless, minimum (230.5g) fodder weight plant-1 was noticed in T1 (Untreated). However, the fodder
weight plant-1 between T7 and T6 was recorded non-significant with each other on the basis of LSD 0.05 value
(10.885). It is observed from this study that sufficient nitrogen promotes the development of healthier leaves that tend
to a larger leaf area. More leaves resulted in the larger surface area for nutrient and water absorption, allowing the
plant to produce more biomass. These results are not in association with previous research of (Iranna et al., 2022) who
noted the fodder weight (229.7 g) plant-1 by the use of 150 kg N ha-1 in the ‘African Tall’ Maize variety. Our study
establishes the results of (Andrzej et al., 2020) who noted the fodder yield plant-1ranging from 427-566 g under 80-
115- 120 kg K ha-1of the two varieties of Maize, Kosmo 230 and RGT Kixxo. Results regarding the fodder yield (t ha-
1) are presented in Figure 7. The data showed that T7 (Nitrogen @ 200 kg ha-1) resulted in highest fodder production
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(20.6t ha-1) which was followed byT6 (Nitrogen @ 175 kg ha-1) with fodder yield of 19.4 t ha-1. The results further
suggested that, T5 and T4 ranked 3rd and 4th with respective fodder yield of 16.2 t ha-1 and 13.3 t ha-1. Moreover,
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Figure 6. Effect of nitrogen on fodder weight (g plant!) of maize variety Akbar.P-
value=0.0000;SE=4.9960;LSDo.05=10.885
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Figure 7. Effect of nitrogen on fodder yield (thal) of maize variety Akbar.P-value=0.0000;SE=1.0759;LSDo.05,2.3442
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fodder yield was lower for Tz and T2. However, least (8.7t ha) fodder yield was recorded in T1 (Untreated). It is pertinent
to mention that non-significant difference for fodder yield was noted between Tz and Ts. The reason of higher fodder
yield may be attributed to the maximum consumption of nitrogen because it is an essential element of plant tissue.
Therefore, its constructive effect on yield components resulted in superior fodder production. These findings are
concord with Panwar et al. (2020) who revealed that, the sufficient N increases the green fodder production
significantly. The increase in Maize fodder, with amplified nitrogen also reported by (Varma et al., 2022 and Kamsu et
al., 2022).

CONCLUSION

The experimental results showed that, the increasing levels of nitrogen boosted the crop growth and yield parameters.
It is concluded that the superior growth and fodder yield (t ha-1) can be achieved by application of nitrogen at 200
and175 kg ha-1. However, both levels of the N were non-significant statistically. It is recommended that nitrogen
application at 175 kg ha-1 must be used so as to obtain maximum fodder production of Maize variety Akbar.
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