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Objective: Effect of different concentrations of the growth regulator ATONIK on the 
morphological characteristics of germinated Zea mays L. (ZM) and Pennisetum 
glaucum (PG) seeds were studied. Method: In the laboratories of Tikrit 
University/College of Education for Women/Department of Life Sciences, the study was 
conducted. The experimental design included four treatments: a control group T1, and 
three concentrations of growth regulator T2(0.05 ml/kg), T3(0.075 ml/kg) and T4(0.1 
ml/kg) of seeds with seedling growth monitored over 15 days. Results: The results show 
a significant (P≤0.05) advantage of the growth regulator ATONIK in T4 where root 
length reach (6.16)cm and the stem length (5.01cm) at the end of the experiment. Early 
superiority was observe in T3 follow by a convergence in growth favoring the highest 
concentration over time. On vegetative growth stage (ZM) in T3 exhibited a strong 
early response in stem growth and root length during the first six days while T2 show, 
a marked physiological acceleration in later stages rivaling in T3 in the final length. In 
biomass the high concentrations in each T3 and T4 groups resulted in the highest wet 
and dry weight values for both crops reflecting the regulator efficiency, in directing the 
food seed stock towards vegetative structural growth. According to the optimal 
concentration, statistical analysis showed confirmed that 0.1 ml of ATONIK is the for 
maximizing the growth response in the vegetative growth stage PG. The vegetative 
growth stage (ZM) exhibited a dynamic response dependent on the interaction between 
concentration and physiological stage. Novelty: All results indicate that the use of these 
stimulants is an effective strategy for increasing green fodder productivity and 
overcoming slow growth constraints in controlled environments. 
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INTRODUCTION 

Zea mays L. and Pennisetum glaucum are considered among the most vital strategic 

cereal crops contributing to global food security owing to their high nutritional value and 

their integration into various processing industries [1]. During their early growth stages 

these crops encounter environmental and physiological challenges that directly impact 

germination rates and seedling vigor necessitating the exploration of modern techniques 

to enhance the biological performance of seeds [2]. The significance of plant growth 

regulators, emerges as effective tools in modulating metabolic processes within the plant, 

as they function at low concentrations stimulated cell division and tissue elongation [3]. 

Among these regulators, ATONIK is distinguish a unique bio stimulant composed of 

nitro phenolic compounds is accelerate protoplasmic streaming and improve nutriention 

uptake [4]. Indicated in studies treating seeds with ATONIK, increases the activity of 

enzymes responsible for digesting stored materials in endosperm thereby accelerate the 

emergence of radicle and plumule [5]. Enhancing root, and SL during early stages 3ed and 

15th day serves as a vital indicator of plant future ability to resist a stress, as a robust root 

system provides a larger surface area for water absorption [6]. Many Research’s  confirms 
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that varying concentrations of growth regulators, lead to divergent responses depending 

on the plant species and genetic makeup of the seeds [7]. On the other hand in crops such 

as millet characterize by drought resistance ATONIK promotes the biological 

accumulation, of dry matter in tissues thereby reduce water loss [8].  Furthermore 

measured fresh and dry weights, the shoot and root system both separately and 

combined represents the most accurate criterion for evaluating photosynthetic efficiency 

and nutrient conversion [9].  Based on aforementioned the study aims to - determine the 

optimal concentration of the ATONIK growth regulator (0.05, 0.075, and 0.1 ml/kg) and 

the effect on enhancing on primary growth of Zea mays L. and Pennisetum glaucum in 

control laboratory environment; providing scientific recommendations that contribute to 

improving agricultural production in the region. 

 

MATERIALS AND METHODS 

This study was conducted in laboratories of the department of biology College of 

Education for Women/ University of Tikrit. during the period from 1/12/2025 to 

15/12/2025. Plant growth regulator used in the experiment was ATONIK manufactured 

by ASAHI CHEMICAL MFG. CO., LTD, Japan. The plant materials utilized for the study 

included Zea mays L. seeds and Pennisetum glaucum seeds which were procured from local 

markets. Prior to the commencement of the experiment plastic planting boxes measuring 

45 × 27 cm were sterilized use appropriate disinfectants to prevent contamination by 

microorganisms such as parasites and fungi. 1 kg of seeds from each crop was put in 

these boxes under controlled laboratory conditions.  The experiment consisted of 4 

treatments tabl1 and 2 for each type of seed. The experimental treatments are organized 

as shown in the following tables: 

 

Table 1. Treatments for Zea mays L. 

Treatments Additives 

T1 Control No growth regulator added 

T2 0.05 ml of growth regulator / 1 kg of seeds 

T3 0.075 ml of growth regulator / 1 kg of seeds 

T4 0.1 ml of growth regulator / 1 kg of seeds 

 

Table 2. Treatments for Pennisetum glaucum Seeds. 

Treatments Additives 

T1 Control No growth regulator added 

T2 0.05 ml of growth regulator / 1 kg of seeds 

T3 0.075 ml of growth regulator / 1 kg of seeds 

T4 0.1 ml of growth regulator / 1 kg of seeds 

 

The study involved a measurement of many morphological growth indicators. RL 

and SL were measured using a graduated ruler in centimeters cm and the total plant 
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weight was recorded in grams g. Measurements were conducted at two time intervals: 

the first on the 3rd day of the experiment and the second on the 15th day marking the 

conclusion of the experimental period. To estimate the dry weight plant parts were dried 

using a thermal oven. The fresh weight of the plant part was measured first followed by 

drying the samples in the oven until a constant weight was reached. Subsequently, the 

dry weight of the shoot system leaves and the root system were recorded separately and 

the total dry weight of the plant was calculated. Data were statistically analyzed using 

SPSS Version 2020 to test the significance of differences between the various treatments 

[10]. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the effect of varying concentrations of plant growth regulator on the 

average wall length of millet Pennisetum glaucum over a period of 18 days, where a 

general significant response is observed in all treatments over time. The data reveal that 

the T4 treatment achieved the greatest superiority in stimulating growth, as it recorded a 

maximum root length exceeding 6.00 cm at the end of the period, followed by the T3 and 

T2 treatments, which showed a similar pattern of growth during the intermediate stages. 

In contrast, treatment T1 recorded the lowest levels of elongation throughout the test 

period, which clearly indicates that the efficiency of root system development increases 

directly with increasing concentration of the growth regulator used, reaching the optimal 

concentration represented by treatment four.  

All results boil down to the fact that growth regulators exerted a dual physiological 

and directive effect. While they acted as dynamic stimulants in shoots and millet roots by 

activating meristematic division and increasing metabolic efficiency, they showed an 

inhibitory effect in maize roots as a result of exceeding the threshold of tissue hormonal 

sensitivity, which confirms that the optimal response depends on the precise balance 

between the concentration of the regulator and the plant type to achieve maximum 

efficiency in biomass accumulation [11][12].  
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Figure 1. Effect of Different Concentrations of Plant Growth Regulator on Root 
Length of Germinated Pennisetum glaucum Seeds over Time. 

 

 

 
Figure 2. Effect of Different Concentrations of Plant Growth Regulator on Shoot 

Length of Germinated Pearl Millet Seeds over Time. 

 

Figure 2 shows the effect of different concentrations of plant growth regulator on 

the shoot length of germinated pearl millet seeds over successive time periods of 15 days. 

The results show a gradual and continuous increase in shoot growth rates for all 

treatments, with a clear variation in the response of plant tissues depending on the 

concentration used. T4 excelled significantly in the end of experiment record on highest 

value for stem length at the level of approximately (5.00cm) follow by T3 and T2, which 

show close overlap in growth curves indicating the convergence of their physiological 

effectiveness. In contrast, treatment T1 showed a relative slowdown in elongation rates 

compared to the rest of the treatments, as it stabilized at the lowest growth value at the 

end of the fifteenth day. The essential role of the growth regulator in stimulating cellular 

division and elongation on these results reflect at the develop shoot apex confirming that 

the optimal response is associated with the higher concentration applied in this 

experiment. Data prove that stem elongation in pearl millet follows a proportional 

pattern with increasing concentration in T4 represented the peak production with a 

growth of approximately 5.00 cm. This superiority is scientifically explained by the role 

of growth regulators such as gibberellins or auxins in stimulating cell division at the 

growing apex of the stem and increasing the flexibility of the cell walls, which allowed 

for a faster rate of elongation Mourya and Singh, 2022 [13] compared to the low 

concentration in T1. As for the close overlap between treatments T3 and T2, it indicates 

the presence of a balanced physiological response zone, as no fundamental differences 

appeared between these two concentrations, which suggests that the plant has reached a 

stage of similar metabolic efficiency at these levels [14]. In contrast, the delayed growth 
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of the T1 treatment reflects the insufficiency of the external stimulus to activate the vital 

processes associated with the longitudinal growth of the stem.  

 

Figure 3. Effect of different plant growth regulator treatments on the root length of 

maize Zea mays L. seedlings during an 18-day germination period. 

 

Figure 3 shows the effect of different plant growth regulator treatments on the root 

length of maize Zea mays L. seedlings during a germination period that lasted 18 days. 

Result showed in graph indicate, a significant and continuous increase in the root sum 

length of all treatments as time progresses with a clear differentiation, in efficiency of 

each concentration. Interestingly T1, significantly outperformed the rest of the 

treatments, as it record the highest root elongation rate reaching about 20.00 cm on the 

eighteenth day. In contrast, treatments T2, T3 and T4 showed a gradual decrease in root 

length compared to T1, where T4 recorded the lowest level of root growth at the end of 

the experiment at about 14.00 cm. These patterns reflect the opposite response in this 

plant model, as it appears that the lowest concentration or type of T1 was the most 

stimulating for root growth, while other concentrations led to a relative inhibition of 

elongation. 

The results in Figure 3 show a clear inhibitory response of maize roots to growth 

regulator treatments compared to the control group. Despite the normal growth of roots 

at T1 up to 20.00 cm, the experimental treatments T2, T3 and T4 led to a gradual decline 

in length with increasing concentration, with treatment T4 recording the lowest level at 

14.00 cm. This stabilization was physiologically attributed to the high sensitivity of maize 

roots to the regulator, as added concentrations inhibited rather than stimulated cell 

elongation  [15], indicating that natural growth without additives was the most efficient 

in this model. 
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Figure 4. Effect of Plant Growth Regulator on the Stem Length of Sweet Corn Zea 

mays L. Over a 15-Day Period. 

 

Figure 4 illustrates the effect of the plant growth regulator on the stem length of 

sweet corn Zea mays L. over a 15-day period. The recorded data indicate a significant 

variation in shoot growth rates among the four treatments studied. Treatments T2, T3, 

and T4 showed a similar and high response in stimulating stem elongation, all stabilizing 

at values between 12and 14 cm by the end of the fifteenth day. Treatment T3 maintained 

a relative advantage in the early stages of growth, while treatment T2 showed a strong 

acceleration after the ninth day. In contrast, treatment T1 recorded the lowest growth 

rates throughout the experiment, significantly lower than the other treatments, not 

exceeding 8cm at the end of the measurement. These results reflect the effective role of 

the growth regulator in promoting biological activity in the sweet corn stem, with a 

specific concentration threshold starting from T2 ensuring maximum growth efficiency. 

The results in Figure 4 reveal a significant stimulatory role for the growth regulator 

treatments in sweet corn stem elongation compared to the control group T1. While T1 

exhibited limited growth not exceeding 8cm, the experimental treatments T2, T3 andT4 

produced a clear growth surge, stabilizing between 12and 14cm. This confirms that the 

concentration threshold required to activate cell division in the growing tip was 

exceeded. The early superiority of T3 and the subsequent acceleration of T2 are attributed 

to the dynamic interaction between the regulator concentration and the physiological 

stages of the seedling [16], demonstrating that the chemical intervention in these 

treatments doubled the efficiency of the vegetative growth compared to normal growth 

in the control group. 
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Figure 5. Comparison of Seedling Fresh Weight g/5 cm2 for Germinated Maize 

Seeds at Day 3 and Day 15 under Different Growth Regulator Treatments. 

 

Figure 5 shows a comparison of the fresh weight of germinated maize seedlings, 

measured in g/5 cm², between day 3 and day 15 under different plant growth regulator 

treatments. The results show a high degree of similarity in fresh weights for all treatments 

at the beginning of the experiment, day 3, at a level of approximately 22.00 g. However, 

a clear differentiation emerged by day 15. In T4 the highest increase in fresh biomass 

exceeding 40g, followed closely by T3 and T2 which showed, nearly identical strong 

response. T1 record, lowest increase in fresh weight stabilizing at a value of 

approximately 30g. These data indicate that growth regulators effectively contribute to 

increasing water content and biomass accumulation in maize seedling tissues, with T4 

demonstrating a clear advantage in enhancing total fresh weight. 

The results in Figure 5 reflect the efficiency of the growth regulator treatments in 

increasing the fresh biomass of maize seedlings compared to the control group T1. The 

difference became evident on day 15, where experimental treatments T2, T3, and T4 

resulted in a surge in wet weight exceeding 40.00 units, compared to only 30.00 units in 

T1. This qualitative advantage, particularly in treatment T4, is attributed to the regulator's 

role in stimulating cell division and increasing the tissue's osmotic capacity for water 

absorption and storage, thus doubling the total wet weight [17]. These results 

demonstrate that the chemical intervention significantly enhanced physical growth rates 

compared to the limited normal growth in the control group. 
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Figure 6. Comparison of Seedling Fresh Weight g/5 cm2 for Germinated Millet 

Seeds at Day 3 and Day 15 under Different Growth Regulator Treatments. 

 

Figure 6, showed a comparison of the fresh weight of millet seedlings measured in: 

g/5 cm², on days 3 and 15 under different treatments of a plant growth regulator. The 

results indicate that all treatments were marked increase in biomass over time, with T3, 

starting with a significant higher fresh weight on day 3 compared to the other treatments. 

By day 15, the results of all treatments converged considerably in T4 and T3 achieving 

the highest values exceeding 40.00 g, followed by treatments T2 and T1 with very slight 

differences. This pattern reflects the ability of the growth regulator to promote balanced 

biomass accumulation in millet seedlings, by the end of the measurement period, despite 

the initial variation in early growth rates. 

The response of fresh biomass, accumulation in millet seed to effect of the growth 

regulator when compared to the T1. Despite the initial marked, superiority of T3 in day 

3, the time course of the experiment revealed a high degree of physiological convergence 

among all treatments, in day 15 with T4 and T3 registering is the highest values. This 

pattern, is attributed to the ability of the growth regulator in the experimental treatments, 

to stimulate water uptake and biomass accumulation at balanced rates, thus narrowing 

the productivity gap [18] with the T1 at end of the measurement period. The discussion 

concludes all concentrations used, were effective in supporting total fresh weight, with a 

slight advantage for the higher concentration treatments in achieving maximum seedling 

productivity . 
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Table 3. The Effect of Growth Regulator Treatment on Dry Weight Dynamics and 

Moisture Content of Germinated Millet Seeds. 

moisture after before  

64.33±0.33c 11.66±0.033c 4.16±0.033a T1 

70.33±0.33a 16.10±0.057a 4.80±0.057b T2 

67.00±0.57b 14.50±0.057b 4.80±0.057b T3 

65.00±0.57c 14.40±0.057b 5.10±0.057a T4 

 

In Table 3 illustrates, the effect of growth regulator treatments on the dry weight 

and moisture, content dynamics of germinated millet seed , data reveal clear statistical 

variations among the treatments in study. The results indicate on the T2 achieved that a 

highest values for final (dry weight) and (moisture) content reaching 16.10 and 70.33, 

respectively, demonstrating its high efficiency, in stimulating dry matter accumulation 

and water absorption. On the other hand the T1 recorded a lowest values across all 

indicators while T3 and T4, show moderate and similar levels, in their final dry weights. 

These results is reflect the crucial role of growth regulator concentration, used on 

physiological processes related to metabolism and water balance within millet seed 

tissues during germination. Data in Table 3 showed a high significant superiority on 

growth regulator treatments in improving on biomass quality of millet seeds, compared 

to T1. This variation is clearly evident in efficacy of T2 which recorded the high significant 

final dry weight and moisture content, reflecting the efficiency of this specific 

concentration, in stimulating metabolic processes and enhancing the tissues ability to 

retain water [19]. Decline in values in T1 is attributed to the absence of sufficient 

hormonal stimulation, to accelerate energy conversion, while convergence of results 

between T3 and T4, indicates that the plant reached a metabolic stabilization stage at 

these concentrations. The discussion concludes T2 provided that optimal balance 

between (dry matter) accumulation and (moisture) content granting seedlings greater 

physiological resilience, during the early germination stages compared to normal growth 

in T1.  

 

Table 4. Dynamics of Water Content and Dry Weight in Germinated Zea mays L. 

Seeds under the Influence of Different Growth Regulator Levels. 

Moisture after before  

71.43±0.19b 15.63±0.03a 4.47±0.03c T1 

68.16±0.26c 20.10±0.06d 6.40±0.06a T2 

73.17±0.32a 16.40±0.06b 4.40±0.06c T3 

70.98±0.41b 19.30±0.12c 5.60±0.06b T4 

 

Table 4 presents the dynamics of water content and dry weight of germinated maize 

seeds (Zea mays L.) under different levels of a plant growth regulator. The results show 

in each treatment statistically significant variations in seed response. The data indicate, 
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that T2 recorded the highest final (dry weight) at 20.10% despite having a lowest moisture 

content at 68.16%. demonstrating its high efficiency in (energy conversion) and (dry 

matter) accumulation. In contrast in T3 achieved the highest moisture content at 73.17% 

while, T1 recorded the lowest final dry weight. These figures reflect a direct effect of the 

growth regulator levels on metabolic processes and tissue water retention capacity, as the 

concentrations used appear to balance increased solid biomass with the water uptake 

required for growth. The data in Table 4 demonstrate a varied physiological response of 

maize seeds to the growth regulator levels when compared to the control group T1. The 

qualitative superiority of treatment T2 is evident in feed conversion efficiency, as it 

achieved the highest final dry weight, indicating the ability of this concentration to 

stimulate solids formation more effectively than normal growth in T1. The lower 

moisture content in T2 compared to T3 is attributed to the plant's different energy 

allocation strategies between dry matter accumulation and water retention [20]. These 

results demonstrate that the growth regulator in the experimental treatments 

significantly altered metabolic processes. Treatment T2 provided maximum efficiency in 

biomass formation, while T3 enhanced the osmotic capacity of the tissues, compared to 

the control group, which exhibited the lowest dry matter accumulation efficiency. 

 

CONCLUSIONS 

Fundamental Finding: ATONIK significantly enhances early seed growth in Zea mays 

and Pennisetum glaucum, with the highest concentration (T4) proving optimal over 15 

days to achieve maximum root and stem length, as well as maximum wet and dry 

biomass. Implication: Consequently, applying ATONIK effectively boosts green fodder 

productivity in controlled environments. Limitation: The study was conducted over a 

short duration of 15 days in controlled environments during the early seed growth stage. 

Future Research: Further research should evaluate the long-term effects of ATONIK 

under field conditions beyond the initial 15-day early growth stage. 
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