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Abstract 

 

A greenhouse experiment was carried out to evaluate the 

effect of leaf extract of Moringa oleifera on germination 

and physiology of maize seedlings at Gomal University, 

Dera Ismail Khan, KPK, during the kharif season 2023. 

The experiment was conducted using a Completely 

Randomized Design (CRD) with three replications and five 

treatments of Moringa oleifera leaf extract at 

concentrations of 2.5 %, 5 %, 7.5 %, 10 %, and 12.5 % 

(v/v). A control treatment was also included for the 

comparison of different treatments’ means. Data on 

germination %, days to emergence, leaf area index (cm-2) 

at 20 and 40 days after germination, SPAD value at 20 and 

30 days after germination, crop growth rate, net 

assimilation rate, shoot length (cm), root length (cm), shoot 

fresh weight (g) and shoot dry weight (g) was recorded. 

The results revealed that MLE 2.5 % v/v and 5 % v/v 

significantly improved the germination % (86.33 and 

73.33) and days to emergence (3.66 days) as compared to 

control (68.30 and 6.33), respectively. Similarly, leaf area 

index at 20 and 40 days after germination, SPAD value at 

20 and 40 days after germination, crop growth rate, net 

assimilation rate, root and shoot length, seedlings fresh and 

dry weight were significantly higher in the maize seedlings 

treated with MLE 2.5 %. However, other treatments (7.5 

%, 10 % and 12.5 %) showed inhibitory effect on all the 

traits studied throughout the course of the experiment. 

Thus, from the present research study it might be 

recommended that by using Moringa oleifera leaf extract 

at lower concentrations from 3-5 % can act as plant growth 

regulator to increase crop production and sustainable 

agriculture. © 2025 The Author(s)  
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Introduction 
 

Maize (Zea mays L.) is one of the most important cereal 

crops globally, serving as a staple food, animal feed, and 

industrial raw material (Ahmad & Ahmad, 2018; Rubab et 

al., 2020; Azam et al., 2023). It plays a crucial role in food 

security and agricultural economies, especially in 

developing countries (Jamilah et al., 2024; Kekere et al., 

2024). However, its growth and productivity are often 

affected by environmental stresses (Zia et al., 2023) and 

competition from weeds and other plants (Mehmood et al., 

2022). In recent years, increasing attention has been given 

to the use of natural plant-based extracts and residues in 

sustainable agriculture, particularly through the study of 

allelopathy (Niyazi et al., 2017). The term allelopathy was 

used for the first time in 1937 by an Austrian scientist 

Hans Molisch, which means suffering or mutual harm in 

Greek. More specifically, allelopathy refers to the release 

of allelochemicals, which retard or enhance the growth of 

other plant species present in their vicinity (Niyazi et al., 

2017). Plant dynamics, growth, physiology, survival and 

community composition are also affected by 

allelochemicals (Bais et al., 2006). Allelopathy can affect 

plant productivity, diversity, ecology, occurrence, growth, 

development, and succession. Aside from many adverse 

allelopathic effects of plant species, there are many 

selective beneficial and neutral effects (Niyazi et al., 

2017). These allelochemicals are normally categorized as 

secondary metabolites which may be isoprenoids, 

phenolic, alkaloids, terpenoids and flavonoids, etc. 

Allelochemicals are normally present in all parts of the 

plants, including flowers, fruit, leaves, rhizomes, seeds, 

stems, seeds, pollen and roots (Mubashir & Shah, 2011). 

These are released by leaching, volatilization, residue 

decomposition, root exudation and other natural and 

agricultural processes (Stamp, 2003). According to Pinton 

et al. (2001), 5-21 percent carbon comes from the soil 

(rhizosphere) through photosynthetically fixed root 

exudates. Meanwhile, a wide range of nutrients which are 

important for microorganisms also come in the rhizosphere 

by the release of root exudates by the plants (Bacilio et al., 

2003; Zhang et al., 2017). 

      The plant biomass had an allelopathic effect on both 

plant and soil (Balicevic et al., 2015). Seed priming and 

arial application of M. oleifera improved the morpho-

physiological characteristics of maize (Afzal et al., 2012). 

The Billion Tree Project, an ambitious initiative aimed at 

combating deforestation and promoting afforestation, has 

undeniably made significant strides in enhancing global 

green cover (Khan et al., 2019). However, there are
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concerns about its long-term allelopathic effects, 

particularly in regions where species like Conocarpus and 

Eucalyptus have been planted near crop boundaries. While 

these fast-growing trees have been celebrated for their 

environmental benefits, their lesser known allelopathic 

properties can inadvertently harm neighboring crops. 

Allelopathy refers to the release of biochemical 

compounds by certain plants that can inhibit the growth of 

nearby vegetation (Shah et al., 2018). Unfortunately, many 

farmers remain unaware of these negative effects, which 

can lead to reduced crop yields and economic hardships. 

As the Billion Tree Project continues to evolve, it becomes 

imperative to raise awareness among farmers and promote 

sustainable planting practices to ensure that its long-term 

ecological benefits are maximized without unintentionally 

compromising agricultural productivity (Lefebvre et al., 

2022). Alike, the effect on the microorganism, soil, and 

environment, significant allelopathic impacts of plants has 

been reported recently (Liu et al., 2023). Allelopathic 

plants are being used for medicinal purposes for curing 

different diseases as well as attributing the allelopathic 

effects on neighboring plants (Shinwari, 2010). Different 

plant species are indicating variations in allelopathic 

activities in different habitats, as well as same plant 

species, pose different toxic effect (Gilani et al., 2010; 

Qureshi et al., 2024). 

      In the agro-climatic context of Dera Ismail Khan, 

characterized by its distinct environmental conditions, 

understanding the allelopathic effects of native forest plant 

species like Moringa oleifera on maize seedlings assumes 

paramount significance. Dera Ismail Khan, located in a 

semi-arid region, faces challenges related to soil fertility 

and water availability, making sustainable crop production 

a pressing concern (Ullah et al., 2023). The exploration of 

allelopathic interactions between locally prevalent plant 

species and maize, an important crop in the region, offers a 

promising avenue for improving agricultural practices 

while mitigating the impact of invasive species (Shah et 

al., 2018). M. oleifera are known to produce various 

secondary metabolites, some of which may have 

allelopathic properties (Shah et al., 2018). Investigating the 

potential effects of aqueous extracts from these plants on 

maize seed germination and growth can shed light on their 

suitability for crop management in the region. This study 

enhances our knowledge of allelopathy and offers practical 

insights for improving crop productivity under the specific 

agro-climatic conditions of Dera Ismail Khan.   

      Dera Ismail Khan, where agriculture is the backbone of 

the local economy and crucial for food security, farmers 

face a dual challenge: escalating costs of chemical 

fertilizers and pesticides, and the imperative to maintain or 

increase crop yields in the face of changing agro-climatic 

conditions (Elahi et al., 2024). The rising prices of 

chemical inputs have rendered them financially 

burdensome for many farmers, exposing their ability to 

sustain profitable agricultural practices. To mitigate this 

pressing issue and ensure the continued productivity of 

agriculture, there is a critical need to explore innovative, 

cost-effective, and environmentally sustainable alternatives 

to conventional chemical fertilizers and pesticides (Ali et 

al., 2024). This study seeks to address this challenge by 

investigating the allelopathic potential of Moringa oleifera 

extracts as viable substitutes. By evaluating the efficacy of 

these three extracts in promoting maize growth and pest 

control, we aim to provide practical solutions that reduce 

the financial burden on farmers while fostering sustainable 

agricultural practices in the region. Therefore, this research 

study was designed to quantify and compare the growth 

responses of maize (Zea mays) when exposed to leaf 

extract from Moringa oleifera and also to assess the 

physiological changes occurring in maize plants in 

response to exposure to leaf extract of M. Oleifera.  

 

Materials and Methods 
 

Experimental material, design and procedures 

 

A greenhouse experiment was designed at the Faculty of 

Agriculture, Gomal University Dera Ismail Khan, KPK, 

Pakistan. The plastic pots were used for the experiment. 

Each pot was filled with equal depth with sandy loam soil. 

Six seeds of maize were sown in each pot at depth of 2 cm. 

The experiment utilized the maize variety Soni Dharti-626 

and was arranged using a Completely Randomized Design 

(CRD) with five treatments, each replicated three times. A 

check treatment was also included for comparison of 

treatments mean. The treatments included foliar 

applications of Moringa oleifera leaf extract at 

concentrations of 2.5 %, 5 %, 7.5 %, 10 %, and 12.5 %, 

along with a control treatment (no extract).  

 

Extract preparation and application 

 

Three kilograms of fresh Moringa oleifera leaves were 

gathered from a nearby village and rinsed with tap water to 

eliminate surface dust. Washed leaves were grinded in 

electric juicer to extract leaf juice. To prepare the different 

concentrations of the extract, specific volumes of the juice 

were diluted with distilled water as follows: for the 2.5 % 

concentration, 100 ml of moringa leaf extract was taken in 

a beaker, 2.5 ml extract from 100 ml was dissolved in 

997.5 ml of the water to make 2.5 % solution; for the 5% 

concentration, 100 ml of moringa leaf extract was taken in 

a beaker, 5 ml extract from 100 ml was dissolved in 995 

ml of the water to make 5% solution; for the 7.5 % 

concentration, 100 ml of moringa leaf extract was taken in 

a beaker, 7.5 ml extract from 100 ml was dissolved in 

992.5 ml of the water to make 7.5 % solution; for the 10 % 

concentration, 100 ml of moringa leaf extract was taken in 

a beaker, 10 ml extract from 100 ml was dissolved in 990 

ml of the water; for the 12.5 % concentration, 100 ml of 

moringa leaf extract was taken in a beaker, 12.5 ml extract 

from 100 ml was dissolved in 981.5 ml of the water to 

make 12.5 % solution. The leaf extracts were applied as 

foliar sprays at two growth stages, 15 and 30 days after 

germination.  

 

Parameters studied 

 

The data regarding days to germination was noted by 

counting the number of days taken to germination of first 

seedling for each treatment. The germination percentage 

was determined by counting the number of seeds that 

germinated, dividing by the total number of seeds sown, 
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and multiplying the result by 100. Shoot length (cm) of 

each treatment was taken by measuring the shoot of plant 

with a scale from bottom to top. Shoot fresh weight (g) was 

taken by harvesting 3 randomly selected plants at 40 days 

after germination from each treatment was calculated by 

using analytical weight balance and their average was 

calculated. Shoot dry weight (g) of shoot was calculated by 

harvesting 3 randomly selected plants at 40 days after 

germination from each treatment and kept in oven at 70 

degree for 24 hours and their weight was calculated by 

using analytical balance. Root length (cm) was measured 

by uprooting 3 randomly selected plants from each 

treatment 40 days after germination and their average was 

calculated. 

 

Leaf area index 

 

Leaf area index at 20 days after germination was taken by 

measuring the leaf area of 3 seedlings in each treatment 

when seedlings complete 20 days growth period. Leaf area 

index at 40 days after germination was taken by measuring 

the leaf area of 3 seedlings in each treatment when 

seedlings completed 40 days growth period. The leaf area 

index was determined using the following formula: 

 

Leaf area index =  
Leaf area

Ground area
 

 

To calculate the surface area of a pot we used the 

following formula: 

 

A = 2πr2+2πrh 

 

Where 

r is the radius of the base 

h is the height 

 

Crop growth rate (CGR) (g m-2 day-1) 

 

Crop growth rate was calculated by dividing the 

accumulated dry biomass (difference between final and 

initial measurements) by the duration of the growth period. 

 

Net assimilation rate (NAR) (g m-2 day-1) 

 

Net assimilation rate reflects the gain in plant dry weight 

relative to leaf area and time, serving as an indicator of 

photosynthetic efficiency. The data for net assimilation rate 

was calculated using the formula introduced by Vernon 

(1963): 

 

NAR =  
(w2 − w1) (loge L2 −  logeL1)

(T2 −  T1) (L2 −  L1)
 

Where  

NAR = Net assimilation rate 

W₁ = Dry weight of the plant at first observation 

W₂ = Dry weight of the plant at second observation 

L₁ = Leaf area at the first observation 

L₂ = Leaf area at the second observation 

T₁ = Time at the first observation 

T₂ = Time at the second observation 

ln = Natural logarithm (loge) 

Chlorophyll contents 

 

Chlorophyll content of each treatment was calculated by 

randomly selected three seedlings at 20 days after 

germination with SPAD meter and their average was 

calculated. Chlorophyll content of each treatment was also 

calculated by randomly selected three seedlings at 40 days 

after germination with SPAD meter and their average was 

calculated. 

 

Statistical analysis 

 

All collected data were analyzed statistically using the 

Statistix 8.1 software package. Differences among 

treatment means were determined by applying the Least 

Significant Difference test at a 1 % level of probability 

(P<0.01).  

 

Results and Discussion 
 

Days to emergence 

 

The data presented in Table 1 revealed significant 

differences attributed to the various Moringa oleifera 

treatments. However, maximum 11.67 number of days 

were attained by the treatment M. oleifera leaf extract 

12.5% followed by MLE 10%, 7.5% and control which 

attained 9.66, 8.66 and 6.66 number of days respectively. 

Whereas a minimum of 3.66 days were attained in the 

maize seedlings treated with MLE 2.5% as compared to 

other concentration. Thus, M. oleifera leaf extract is a 

concentration dependent phytohormone, it improves the 

germination and emergence when used at lower 

concentration, while it inhibits the germination and 

emergence at higher concentration (Afzal et al., 2012). 

Earlier findings revealed that Seed priming with MLE at 

lower concentration results in improve mean germination 

time, emergence index and days to 50 % germination 

because Moringa oleifera leaf extract is recognized for its 

rich composition of nutrients and vitamins, which may 

contribute to the nutritional support of the developing 

embryo during the seed priming lag phase (Farooq et al., 

2010), ultimately attaining lesser number of days to 

emergence and enhanced seed germination as well as 

subsequent growth of maize. The improved quality of 

primed seeds resulting from lower concentrations of 

Moringa oleifera leaf extract may be linked to higher 

germination and emergence rates, as well as the activation 

of metabolic repair pathways during priming, as described 

by Powell et al. (2000), while reduced germination in 

higher concentration (Afzal et al., 2008).  

 

Germination percentage  

 

Table 1 presents the impact of Moringa oleifera leaf 

extract on the germination percentage of maize. A 

significant inverse relationship was observed between 

MLE concentration and maize GP; as the extract 

concentration increased, the germination percentage 

significantly decreased. The highest germination 

percentage (86.33 ± 0.1833 %) was recorded at the 2.5 % 

MLE concentration. This was notably higher than the
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 overall average germination of 73.3 ± 0.7386 % (or 73.33 

± 0.7009 % for the 5 % concentration). Conversely, the 

maximum inhibition of seed germination occurred at the 

highest MLE concentration tested (12 %), resulting in a 

minimum GP of only 34.28 ± 0.6179 %. These findings 

align with previous research by (Patel et al., 2002; Odofin, 

2010) who also reported a reduction in germination 

percentage with the application of plant extract leachates to 

various crop species. The decline in maize seed 

germination and seedling growth at higher concentrations 

of M. oleifera extract indicates that the leaves may contain 

phytotoxic allelochemicals. These compounds likely 

retarded growth parameters and inhibited germination and 

seedling development in the target plant. The inhibitory 

effect of the donor plant intensified with increasing extract 

concentrations. Differences in germination percentages 

across treatments may be due to variations in seed 

permeability to inhibitory compounds, as noted by Mona et 

al. (2017). Additionally, Mohamadi and Rajaie (2009) 

reported that allelochemicals mainly hinder seed 

germination by interfering with normal cellular metabolic 

processes rather than causing direct harm to cellular 

organelles.  

 

Shoot length (cm) 

 

Data recorded for shoot length (cm) presented in Table 2 

showed significant variances between the different 

treatments. Results revealed that maximum shoot length 

(68.30 cm) was recorded in the maize seedlings treated 

with M. oleifera leaf extract 2.5% followed by 64.30 and 

59.56 cm recorded for the maize seedlings treated with M. 

oleifera leaf extract 5 % and M. oleifera leaf extract 10 %, 

respectively as compared to control. In the same trait the 

data recorded for shoot length, shortest seedlings with the 

value of 51.23 cm were recorded in control treatment. Our 

results are in parallel line with Ali et al. (2017) who 

described that application of M. oleifera on growth and 

germination of maize at a concentration 5 %, 10 %, 15 % 

and 20 % showed improvement of root and shoot length in 

treatments of lower concentration up to 5 %, whereas 

higher concentration resulted in inhibited morphological 

traits of maize seedlings.  

 

Shoot fresh weight (g) 

 

Data recorded for shoot fresh weight presented in Table 2 

showed significant variation among the means of different 

concentrations of M. oleifera leaf extract. Results revealed 

that the maximum (24.97 g) shoot fresh weight of maize 

seedlings was recorded in M. oleifera leaf extract 2.5 % 

followed by 21.22 and 15.60 g recorded for the maize 

seedlings were treated with M. oleifera leaf extract 5 % 

and M. oleifera leaf extract 7.5 %, respectively. The results 

further stated that the minimum 9.86 g shoot fresh weight 

was measured in M. oleifera leaf extract 12.5 % which was 

found statistically at par with M. oleifera leaf extract 10 %. 

Our findings contrast with those reported by (Qayyum et 

al., 2018; Shah et al., 2018) who investigated the effects of 

different concentrations of Prosopis juliflora herbal extract 

on various wheat parameters. Their studies consistently 

demonstrated a significant reduction in all agronomic, 

physiological, quality, and yield-contributing 

characteristics of wheat following extract application. 

Specifically, a 40 % extract concentration was found to 

exert the most detrimental effects on the recipient crop 

(Qayyum et al., 2018). These observations align with the 

understanding that herbal extracts often contain 

allelochemicals that can exert inhibitory effects on the 

growth and yield of cultivated crops. 

 

Shoot dry weight (g) 

 

Differences between the treatments means of M. oleifera 

leaf extract showed significant variation for shoot dry 

weight as shown in Table 2. However, maximum dry shoot 

weight (7.05 g) was recorded in M. oleifera leaf extract @ 

2.5 % followed by 5.30 and 3.91 g recorded for M. oleifera 

leaf extract @ 5 % and M. oleifera leaf extract @ 7.5 % 

respectively as compared to control treatment. 

Furthermore, the results revealed that the lowest value for 

dry weight of shoot 1.51 g was computed for the maize 

seedlings treated with M. oleifera leaf extract 12.5 %. Our 

findings are similar to Ahmed and El-Mahdy, (2022) who 

described that the higher concentration of Moringa leaf 

extract was 12 and 14 % which significantly reduced the 

shoot dry weight of maize crop. This suggests that lower 

concentration of Moringa leaves extract is suitable for 

improving the rate of germination and seedling growth in 

maize.  

 

Leaf area index  

 

Leaf area index 20 days after germination showed 

significant difference among the different treatments of M. 

oleifera leaf extract as presented in Table 3. Results 

revealed that the maximum (0.03) leaf area index at 20 

days after germination was recorded in the maize seedlings 

treated with M. oleifera leaf extract 2.5 % followed by 

(control) and T6 (M. oleifera leaf extract 12.5 %) which 

valued 0.02 for leaf area index at 20 days after germination 

of maize. This hypothesis is consistent with the findings of 

Ali et al. (2021) who demonstrated that foliar application 

of Moringa oleifera leaf extract at lower concentrations led 

to an improved number of leaves and a significant increase 

in leaf area index in various crop plants. However, both 

treatments were found statistically non-significant with 

each other. In the same trait minimum (0.01) leaf area 

index at 20 days after germination was recorded for the 

maize seedlings treated with M. oleifera leaf extract 5 %, 

7.5 % and 10 % and found statistically similar with each 

other. Our results differ from those of Sikolia & Ayuma 

(2018), who observed both significant and non-significant 

effects on LAI following the application of Eucalyptus 

saligna herbal extract on Vigna unguiculata germination 

and growth. 

.      Data recorded for leaf area index presented in Table 3 

showed significant variation among the treatments mean. 

However, the maximum (0.25) leaf area index at 40 days 

after germination was recorded in the maize seedlings 

treated with M. oleifera leaf extract 2.5 % followed by 

0.19 and 0.04 recorded for the maize seedlings treated with 

M. oleifera leaf extract 5 % and M. oleifera leaf extract 7.5 

%, respectively. Similar results were also reported by Ilori 
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et al. (2011); Sarmin (2014) who found that applying 

herbal extracts (Moringa oleifera and Chromolaena 

odorata) improved the leaf area index of wheat. Whereas 

(0.01) minimum leaf area index at 40 days after 

germination was recorded in the maize seedlings treated 

with M. oleifera leaf extract 12.5 %. Our findings are 

similar with the findings of Shah et al. (2018) who studied 

the different concentration of P. juliflora leaf extracts; they 

noted that by the application of higher concentration above 

10 % has inhibitory effect on crop plant because it contains 

many allelochemicals. 

 

Crop growth rate (g m-2 day-1) 

 

The data presented in Table 3 showed significant variances 

among the different treatments mean. The present research 

findings revealed that the maximum crop growth rate was 

recorded in M. oleifera leaf extract 2.5 % with the value of 

24.31 g m-2 day-1 followed by (18.39 and 15.09 g m-2 day-1) 

recorded for the maize seedlings treated with Control and 

M. oleifera leaf extract 12.5 %. Khan et al. (2021) found 

that applying moringa leaf extract as a foliar spray 

effectively increased rice yield and enhanced dry matter 

accumulation. Results further state that the minimum crop 

growth rate (9.56 g m-2 day-1) was recorded in the maize 

seedlings treated with Moringa oleifera leaf extract 7.5 % 

as compared to control treatment. Previous findings 

indicate that P. juliflora at low concentrations positively 

impacts crop growth; however, increasing its concentration 

inhibits the germination, growth, and development of crop 

plants (Jeber & Khaeim, 2019).  

 

Net assimilation rate (g m-2 day-1) 

 

Data presented in Table 4 indicated significant treatment-

specific differences in the net assimilation rate (g m-2 day-1) 

attributable to the various Moringa oleifera leaf extract 

applications. However, the maximum net assimilation rate 

(0.43 g m-2 day-1) was recorded in Moringa oleifera leaf 

extract 2.5 %) followed by 0.29 and 0.27 g m-2 day-1 

recorded for the Control and M. oleifera leaf extract 5 %. 

Similar conclusions were shared by (Yasmeen et al., 2013; 

Rehman et al., 2014) when studied M. oleifera as a plant 

growth regulator. They found that using M. oleifera at 

lower concentration increased the agronomic as well as 

physiology of maize. Furthermore, the results revealed that 

minimum net assimilation rate 0.17 g m-2 day-1 was 

recorded for T5 (M. oleifera leaf extract 10 %). It was 

assumed in a study that the germination and growth of 

seedlings could be altered by allelochemicals present in 

higher concentrations of mesquite aqueous extracts. These 

phytotoxic chemicals were reported to exert inhibitory 

influences on wheat growth and production (Shah et al., 

2016). 

 

Chlorophyll contents 

 

Table 4 presents significant differences in SPAD values 

among various Moringa oleifera leaf extract treatments at 

both 20 and 40 days after germination. At 20 DAG, the 

highest SPAD value (38.73) was observed with MLE at 

2.5%, followed by 35.77 for MLE at 5 %. Conversely, the 

minimum SPAD value (29.52) was recorded in maize 

seedlings treated with MLE at 12.5 %. The control 

treatment, along with MLE at 7.5 % and 10 %, showed 

statistically similar SPAD values. These findings align 

with Afzal et al. (2012) who reported beneficial effects of 

Moringa oleifera leaf extract (3 %) on SPAD values and 

enzymatic activities in spring maize under cold conditions. 

However, the inhibitory effect of higher concentrations 

observed here is consistent with studies by Dhanai et al. 

(2013) indicating that increasing concentrations of herbal 

aqueous extracts (e.g., Acacia nilotica from 5-20 %) can 

adversely affect cereal germination and physiology. For 

SPAD values at 40 DAG, significant variations were also 

noted across treatments. The maximum SPAD value 

(41.46) was again recorded with MLE at 2.5 %, followed 

by 37.03 for MLE at 5 %. Lower values were observed 

with MLE at 7.5 % (28.08) and 10 % (30.30), while the 

control treatment exhibited the minimum SPAD value 

(22.08) at this stage. MLE at 5% and 7.5 % were 

statistically similar. Our results are consistent with 

(Rehman et al., 2014; Mahboob et al., 2015; Waqas et al., 

2017) who studied Moringa oleifera's impact on linola and 

maize, respectively concluding that it significantly 

improved physiological traits but could adversely affect 

agronomic and morphological characters. The observed 

reduction in chlorophyll content at higher MLE 

concentrations may be attributed to the presence of 

allelochemicals, as highlighted by (Vijayan, 2015).

 

Table 1 Effect of different concentrations of Moringa oleifera leaf extract on days to emergence and germination 

percentage in maize 

Treatments  Days to emergence  Germination percentage 

Control 6.66c ± 0.25 68.30bc ± 1.80 

Moringa oleifera leaf extract 2.5 % 3.66d ± 0.18 87.64a ± 1.35 

Moringa oleifera leaf extract 5 % 5.00cd ± 0.21 73.08ab ± 1.50 

Moringa oleifera leaf extract 7.5 % 8.66b ± 0.30 54.75d ± 2.00 

Moringa oleifera leaf extract 10 % 9.66ab ± 0.27 40.11e ± 1.65 

Moringa oleifera leaf extract 12.5 % 11.67a ± 0.35 34.28ef ± 1.90 

Values are means ± standard deviation (SD). Means followed by different letters in a column differ significantly at P ≤ 0.05 according to 

LSD test.  
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Table 2 Effect of different concentrations of Moringa oleifera leaf extract on shoot length, shoot fresh weight and shoot 

dry weight in maize 

Treatments Shoot length  

(cm) 

Shoot fresh weight 

(g) 

Shoot dry weight  

(g) 

Control 51.23d ± 1.25 11.86bc ± 0.85 0.02b ± 0.003 

Moringa oleifera leaf extract 2.5 % 68.30a ± 1.95 24.97a ± 1.12 0.03a ± 0.004 

Moringa oleifera leaf extract 5 % 64.30ab ± 1.75 21.22ab ± 0.97 0.01c ± 0.002 

Moringa oleifera leaf extract 7.5 % 55.63cd ± 1.60 15.61b ± 0.88 0.01c ± 0.001 

Moringa oleifera leaf extract 10 % 59.56bc ± 1.80 10.64c ± 0.72 0.01c ± 0.001 

Moringa oleifera leaf extract 12.5 % 56.83cd ± 1.45 9.86c ± 0.68 0.02b ± 0.003 

Values are means ± standard deviation (SD). Means followed by different letters in a column differ significantly at P ≤ 0.05 according to 

LSD test. 

 

Table 3 Effect of different concentrations of Moringa oleifera leaf extract on leaf area index and crop growth rate in maize 

Treatments Leaf area index  

(20 DAG)  

Leaf area index  

(40 DAG) 

Crop growth rate 

(g m-2 day-1) 

Control 0.02b ± 0.002 0.10ab ± 0.015 18.39b ± 1.20 

Moringa oleifera leaf extract 2.5% 0.03a ± 0.003 0.25a ± 0.020 24.31a ± 1.45 

Moringa oleifera leaf extract 5% 0.01c ± 0.001 0.19b ± 0.012 10.39d ± 0.90 

Moringa oleifera leaf extract 7.5% 0.01c ± 0.001 0.04c ± 0.005 9.56d ± 0.80 

Moringa oleifera leaf extract 10% 0.01c ± 0.001 0.06abc ± 0.007 13.41cd ± 1.10 

Moringa oleifera leaf extract 12.5% 0.02b ± 0.002 0.01cd ± 0.003 15.09bc ± 1.05 

DAG = Days after germination; Values are means ± standard deviation (SD). Means followed by different letters in a column differ 

significantly at P ≤ 0.05 according to LSD test.  

 

Root length (cm) 

 

Table 4 presents data on root length, indicating both 

significant and non-significant variations among treatments 

with different concentrations of M. oleifera leaf extract on 

maize germination and physiology. The largest roots were 

observed in maize seedlings treated with M. oleifera leaf 

extract at 2.5 %, 7.5 %, and 10 %. These treatments were 

statistically comparable to each other and generally 

surpassed the control. Conversely, the minimum root 

length (21.66 cm) was recorded in seedlings treated with 

M. oleifera leaf extract at 5 %, which was statistically 

similar to the control treatment. These findings align with 

Khan et al. (2017) who described significant 

improvements in the agronomic traits of wheat due to M. 

oleifera application. Moreover, our results support earlier 

findings that increasing the concentration of herbal extract 

above an optimum level may suppress the germination and 

growth of crop plants, thereby reducing yield (Qayyum et 

al., 2018). 

 

Table 4 Effect of different concentrations of Moringa oleifera leaf extract on chlorophyll contents, net assimilation rate 

and root length in maize 

Treatments Chlorophyll 

contents (20 DAG) 

Chlorophyll 

contents (40 DAG) 

Net assimilation 

rate (g m-2 day-1) 

Root length        

(cm) 

Control 33.50abc ± 1.80 22.08c ± 1.25 0.29b ± 0.02 27.83b ± 2.10 

Moringa oleifera 

leaf extract 2.5% 

38.73a ± 2.05 41.46a ± 2.25 0.43a ± 0.03 49.66a ± 2.40 

Moringa oleifera 

leaf extract 5% 

35.77ab ± 1.95 37.03ab ± 2.10 0.27bc ± 0.02 21.66b ± 1.80 

Moringa oleifera 

leaf extract 7.5% 

33.24abc ± 1.70 28.08b ± 1.60 0.23bcd ± 0.02 48.93a ± 2.35 

Moringa oleifera 

leaf extract 10% 

33.50abc ± 1.85 30.30b ± 1.75 0.17d ± 0.01 49.13a ± 2.50 

Moringa oleifera 

leaf extract 12.5% 

29.52c ± 1.60 27.30bc ± 1.55 0.19cd ± 0.02 36.73ab ± 2.00 

DAG = Days after germination; Values are means ± standard deviation (SD). Means followed by different letters in a column differ 

significantly at P ≤ 0.05 according to LSD test.  
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Conclusion 
 

The present study investigated the differential effects of 

various Moringa oleifera leaf extract concentrations on 

maize germination and physiological parameters. Our 

results indicate that MLE concentrations of 2.5 % and 5 % 

significantly enhanced several key traits, including 

germination percentage, reduced days to emergence, leaf 

area index at both 20 and 40 days after germination, SPAD 

value at 20 days after germination, dry shoot weight, and 

root length. Specifically, crop growth rate and net 

assimilation rate were optimally improved in maize 

seedlings treated with 2.5 % MLE. Conversely, higher 

concentrations of Moringa oleifera leaf extract (7.5 %, 10 

%, and 12.5 %) consistently exerted adverse effects on all 

assessed parameters in maize seedlings. These findings 

suggest an optimal application range for MLE to maximize 

maize physiological performance, with supra-optimal 

concentrations demonstrating inhibitory effects. 
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