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ABSTRACT 

We analyzed the biochemical compounds by GCMS and did bioassay of  leaf extracts of 

five tree species viz., Aegle marmellos (L.) Correa, Annona squamosa L., Mangifera indica L., 

Morinda tinctoria Roxb and Moringa oleifera Lam. on germination and associated 

characteristics of kodomillet (Paspalum scrobiculatum L) and prosomillet (Panicum miliaceum 

L.). Response Index was used for comparison, and by GCMS, the compounds found in the leaves 
were determined and studied their effects on germination and seedling growth. The 5 % Moringa 

oleifera leaf extract, followed by extracts from A. squamosa and Mangifera indica, improved 

millets' seed germination. Perhaps because the extracts contained the dominant compounds 2-
Piperidinone and 2-Pyrrolidinone. Tree leaf extracts from the above-donor species had a 

synergistic effects in prosomillet, stimulating germination by 14-18 %, than kodomillet. 

However, Morinda tinctoria and Aegle marmellos leaf extracts inhibited the germination of both 
millets than control. 

Key words: Aegle marmellos, Annona squamosa, Bioassay, GCMS, Mangifera indica, Morinda 

tinctoria, Moringa oleifera,  seed germination, tree leaf extracts  

INTRODUCTION 

The main millet producing nations are in Asia and Africa. One of the earliest 

crops known to mankind prosomillet (Panicum miliaceum L.) is most extensively 

produced (6). Paspalum scrobiculatum L, (kodomillet) has originated in India. The 

emerging practice of organic farming across the globe offers a lot of scope for alternatives 

to synthetic products to promote crop growth and development, and natural biostimulants 

(plant-derived substances) are one such alternative that can promote growth, seed 

germination, foliar nutrition, resistances to abiotic stresses, and post-harvest quality with 

no adverse effects (10,33). Seed soaking before planting mitigates the detrimental effects 

of high temperatures and increases seed germination. It provides enough moisture to the 

seed, which may allow it to germinate more rapidly. Though seed soaking with tree 

extracts (botanicals) has been employed in recent times, the extracts of few species have 

negative and inhibitory effects on seed germination and growth due to presence of 

phytotoxins present in the extracts (19) rather than osmotic inhibition since the extract 

offers low osmolality (28). Gas chromatography-mass spectrometry (GC-MS), is used to 

determine such components and their role (26) in germination and growth of plants.  

M. oleifera leaf extract (MLE) is gaining popularity as a biostimulant due to its 

superior efficacy to synthetic growth promoters, low cost (2,13,15) and presence of 

hormones (auxins, gibberellins and cytokinin), as well as minerals and antioxidants. It 
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protects cells from the damaging effects of reactive oxygen species on ageing by 

enhancing antioxidant activities of various enzymes (31). In irrigated cotton, A. squamosa 

leaf extract had a comparable impact (8). The barnyard millet produced the largest amount 

of leaf chlorophyll, when A. squamosa leaf extract was applied as a foliar spray at the 

flowering stage; A. squamosa leaf extract applied as a 5 % spray in okra (Abelmoschus 

esculentus) produced higher yield, and when M. indica leaf extract was sprayed on foxtail 

millet at a dosage of 5 %, the highest growth and physiological indicators were noted 

(27,28). In contrast, prosomillet millet residue extracts inhibited the test crop seed 

germination and seedling growth (radicle length and plumule length). According Abadalla 

et al. (1) maize and other millets' seed germination and seedling growth were hindered by 

the shoot, root, and biomass residue extract of prosomillet because phytochemicals 

regulated the water-nutrient interactions and heat responses.  

This study aimed (i) to test the influence of 5-trees leaf extracts based on two 

decades of research (27) on seed germination and seedlings growth of kodomillet and 

prosomillet and (ii) to identify the principal compounds causing positive or inhibitory 

effects of these donor tree leaf extracts, which could be further screened for preparations of 

biostimulants on a large scale. 

 

MATERIALS AND METHODS 

The laboratory experiments were setup in Seed laboratory, Agricultural College and 

Research Institute, Tamil Nadu Agricultural University, Madurai, India. 

I. Bioassay 

Test crops: Kodomillet cv. CO3 and Prosomillet cv. ATL 1 

Collection and preparation of botanicals/leaf extracts: Fresh, spotless, clean leaves 

from the campus orchard were gathered, pulverized in 1:1 ratio with distilled water, and 

the extracts were filtered before being preserved as stock solution. Kodomillet and 

prosomillet seeds were soaked in this 5 % solution for 12 h (27). The intensity of 

inhibition vs. stimulation in the bioassay was compared (24), which indicated that fresh 

leaf extract concentrations > 10 % inhibited seed germination; hence, this investigation 

was done with 5 % concentration. 
 
Donor Tree species 

The tree species' leaf extracts such as Aegle marmellos (L.) Correa, Annona 

squamosa L., Mangifera indica L., Morinda tinctoria Roxb. And Moringa oleifera Lam. 

were used as they may affect the physiological and biochemical changes during 

germination and growth 

Setup of lab experiment 

According to ISTA (12), roll towel method was used to assess germination, which 

involves placing seeds on germination paper and rolled up in vertical standing rolls. 

Twenty five seeds of each, kodomillet and prosomillet were placed on each germination 

paper, and stored vertically in sterilised conical flasks with 5-leaf aqueous extractions at 

the bottom (22). Simultaneously, a separate germination test was done in petriplates          

(9 cm dia) lined with germination paper to study speed of germination. For both tests, 

distilled water served as control. Three replications were used in the experiments set up in 
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a Completely Randomized Design (CRD). Germination and related attributes in treated 

and control seedlings were investigated till 10 days. At end of the study, total seedling 

length was recorded and germination (%) was calculated. A daily count of germinants was 

used to construct a different germination metrices, including germination energy and 

emergence energy value. The data observed on germination and growth parameters were 

analysed statistically and subjected to ANOVA (Analysis of Variance) at 5 % probability 

level for their differences (23). 

 Measurement and analysis of data 

Germination and seed quality traits were evaluated in both treated and control 

seeds. From the start of germination to 10 days, the number of germinants were counted 

every day. Per cent germination, shoot length, root length and vigour index I (% 

germination x total seedling length) were calculated from the daily count of seedling (3). 

Other germination parameters (i) germination energy (GE) and (ii) emergence energy 

value (EEV) were evaluated. Using a single index, does not accurately describe the 

allelopathic effects on the germination process. A comparison of different indices can 

make allelopathy a more accurate science. 

Germination Energy 

Germination energy (GE) measures the seed ability for faster germination and 

calculated by the formula proposed by (17)  

  GE =  +  ………… +  

Where, Xn : number of germinant on nth counting date; Yn : number of days from sowing 

to nth count. 

Emergence Energy Value (5) 

The seed germination capacity and germination energy decide the early emergence, 

establishment and survival of seedlings. It represents both the emergence of the seed and 

the energy within the seed. If the seed has a higher germination energy this will be 

reflected in its early seedling emergence with higher values. Germination (%) was 

calculated daily, this was then divided by the number of days since the start of test. This 

calculation is done daily until the end of test. The highest obtained value is EEV. 

Response index 

In bioassays, magnitude of inhibition vs. stimulation was assessed using response 

index (RI) (24, 29), which was calculated as under: 

if T >C, RI=1-(C/T) 

if T = C, then RI = 0 

if T<C, then RI= (T/C) -1 

Where, T: Treatment mean and C: Control mean. A negative RI reflects proportional 

disparity in output (germination, radicle length or plumule growth), a positive RI reflects 

the stimulation in output of test crop in treatment relative to output in control.  

II. GC-MS analysis 

Five g of powdered leaf sample was extracted with 50 ml milli-Q water in a 

mechanical shaker at 250 rpm for 3 days continuously. To concentrate the sample, the 
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extracted material was filtered through Whatman No. 40 filter paper and kept under 

boiling water bath. To re-dissolve this sample, 2 ml of methanol solvent was used and then 

filtered through a Paul membrane filter by injecting the sample into 2 ml syringe. The 

sample was used for GC-MS analysis using GC-MS QP 2020 coupled with MSD. The GC 

fortified with Rxi-5 Sil MS fused silica capillary column (30mL x 0.25 D x 0.25 µm 

thickness). Interpretation on GCMS was drawn using database of national institute 

standard and technology (NIST) having more than 62,000 patterns. The spectrum of 

unknown component was compared with spectrum of known components stored in NIST 

library. Peak compounds were identified based on retention time and area spread. 

 

RESULTS AND DISCUSSION 
I.  Bioassay  

  (i). Germination, shoot length, root length and vigour index 

Kodomillet and prosomillet germination was found to be greatest in Moringa 

oleifera leaf extract (92 and 78.67 %, respectively), which is 19 % and 14 % higher than 

control (86 %, 57.3 %, respectively for kodomillet and prosomillet), and statistically 

significant at 5 % probability level (Table 1). The critical value for significant difference is 

5.81. Both crops showed equal response to A. squamosa and M. indica leaf extracts in 

terms of germination. The presence of active ingredients, micronutrients, and biochemical 

components such as phenolic compounds, organic acids, proteins, and alkaloids (25) in 

botanical leaf extracts favours higher germination (%), which is crucial factor in 

determining seed volume and viability (21). This lends credence to recent findings. Leaf 

extracts of M. tinctoria and A. marmellos decreased germination in kodomillet as 

compared to control, demonstrating a negative trend. This may be caused by the presence 

of toxic phytochemical substances that hinder germination (19,22). The results of this 

study show that kodomillet had slower seedling development but better germination. 

Prosomillet had less germination than kodomillet, but it developed seedlings more 

successfully regardless of how the seeds were treated with various tree leaf extracts.  The 

vigour index and seedling characteristics both showed this behaviour. M. oleifera leaf 

extract registered maximum root length (9.21 cm), shoot length (7.75 cm), and vigour 

(1560) in kodomillet and 10.93 cm, 10.93 cm, and 1718 cm, respectively, in prosomillet. 

The corresponding values in control were 7.73, 6.46, 1220 in kodomillet and 9.4, 9.4, 1076 

in prosomillet, respectively. M. indica leaf extract came in second place. M. oleifera leaf 

extract produced longest roots in millets as evidenced from findings of (11,31). This might 

be owing to germination inhibition is presence of inappropriate phytochemical compounds 

in Moringa leaves (19,22). For root length and shoot length, the critical value for 

significant variations is 0.55 and 0.56, respectively.  

With the exception of M. tinctoria and A. marmellos, tree leaf extracts generally 

had a positive effect on augmenting the germination and seedling characteristics. These 

two species had suppressed millet seed germination and decreased the vigour index. The 

vigour index, as well as germination and seedling growth, were increased by the other 

three leaf extracts in both millets, with M. indica and M. oleifera having the maximum 

effects. 
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Table 1. Influence of tree leaf extracts on germination, seeding length and vigour index of millets 

Donor Plant Leaf Extract 
Conc (%) 

Germination 
(%) 

Root length 
(cm) 

Shoot 
length (cm) 

Vigour 
Index 

 Recipient  Kodomillet (Paspalum scrobiculatum L.) 

Control  86b 7.73c 6.46c 1220b 

Annona 
squamosa 

5 % 90ab 7.82b 7.1b 1313a 

Aegle marmelos 5 % 66c 7.4c 5.7c 865b 

Mangifera indica 5 % 88a 8.08b 8.4a 1452a 

Moringa oleifera 5 % 92a 9.21a 7.8b 1560a 

Morinda tinctoria 5 % 68.6b 7.27c 6.0c 911b 

 Recipient Prosomillet (Panicum miliaceum L.) 

Control  57.3c 9.4d 9.4c 1076c 

Annona 
squamosa 

5 % 73.3ab 11.3a 11.1a 1639a 

Aegle marmelos 5 % 66.7c 10.8a 10.8a 1442b 

Mangifera indica 5 % 76.0a 10.0c 9.7c 1497b 

Moringa oleifera 5 % 78.7a 10.9a 10.9a 1718 a 

Morinda tinctoria 5 % 68.0b 9.8c 9.7c 1327b 

 

  (ii). Germination attributes 

Germination energy measures how quickly seeds germinate and how that affects 

the viability and vigour of seedlings (12). For kodomillet and prosomillet seeds, 

respectively, the leaf extract from Moringa oleifera showed a significant effect and 

maximal germination energy of 2.31 and 2.27 (Table 2). Leaf extracts from A. squamosa 

and M. indica came next. It's interesting to notice that the leaf extracts from M. tinctoria 

and A. marmellos, which had weak effects on millets' germination per cent and seedling 

growth, had more of an impact on the germination's initiation by initially reflecting larger 

emergence energy values (EEV) but failed to maintain them. It might be caused by the 

molecule responsible for an early impact volatilizing with time, which needs further 

research. This may be because tree leaf extracts include a variety of phytochemicals, 

including terpenoids, phytosteroids, fatty acids, glycosides, essential oils, saponins, 

phenols, and flavonoids, which function as a precursor to GA3 due to saponins (25). 
      

Table 2. Influence of tree leaf extracts on germination related indices 

Donor plant 
Germination Energy Emergence Energy Value 

Kodomillet Prosomillet Kodomillet Prosomillet 

Aegle marmellos 2.23*c 1.92d 18.7b 15.6b 

Annona squamosa 2.30b 2.00c 25.0a 13.8c 

Mangifera indica 2.00d 2.08b 16.1c 15.6b 

Moringa oleifera 2.31a 2.27a 16.7c 19.3a 

Morinda tinctoria 2.23c 1.83c 18.0b 14.4c 

• The coefficient of variation (CV) for the Germination Energy was 6.54 and 8.31 for kodomillet 
and prosomillet respectively, indicating that the reliability of the calculated values and. Similarly 
the values for Emergence Energy are 18.84 and 13.58. The lower the value of the coefficient of 
variation (< 20 %), the more precise the estimate and the numerical differences reflect the 
influence of treatments on the parameter studied. 
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(iii). Effects on Response Index 

Individual tree leaf extracts changed both millets' germination and seedling 

growth (Table 3), resulting in a range of response index values compared to the control at 

5 % probability level. Except for negative responses in M. tinctoria and A. marmellos leaf 

extracts, the Response Index for the three parameters viz., germination, root length, and 

shoot length were primarily positive and higher. Kodomillet seed germination was 

decreased by M.  tinctoria and A. marmellos leaf extracts and was little influenced by other 

leaf extracts with a per cent increase of 2.3 to 6.5. While prosomillet seed germination 

showed the highest Response Index with M. indica leaf extract and 24.6 % higher 

germination compared to control. The least increase in seed germination of prosomillet 

was spotted with A. marmellos leaf extract. Despite having a higher response index for 

prosomillet seed germination, M.  oleifera leaf extract had no effect on seedling growth. 

However, A squamosa demonstrated a higher and more favourable response index for 

prosomillet seedling growth. The tree leaf extracts had a poor response index for 

kodomillet in all the parameters examined when compared to prosomillet, at 5 % 

probability level. Three of the five tree leaf extracts used in this investigation had positive 

RI values, indicating that all extracts are natural growth stimulants (Figure 1). 
 

 
Figure 1. Effects of tree leaf extracts germination and seedling growth of millets compared to control 

 

 



Effects of tree species on germination and seedling growth of Paspalum and Panicum        91 

 

Table 3. Response index for germination and seedling growth of millets in response to tree 
species leaf extract 

Donor Plant Leaf Extract 
Conc (%) 

Germination 
(%) 

Root length 
(cm) 

Shoot length 
(cm) 

 Recipient Kodomillet (Paspalum scrobiculatum L.) 

Control     

Annona 
squamosa 

5 % +0.044* +0.012 +0.086 

Aegle marmelos 5 % -0.902 -0.043 -0.118 

Mangifera indica 5 % +0.023 +0.043 +0.233 

Moringa oleifera 5 % +0.065 +0.161 +0.166 

Morinda tinctoria 5 % -0.902 -0.060 -0.071 

 Recipient Prosomillet (Panicum miliaceum L.). 

Control     

Annona 
squamosa 

5 % +0.218 +0.168 +0.148 

Aegle marmelos 5 % +0.140 +0.130 -0.0276 

Mangifera indica 5 % +0.246 +0.060 +0.119 

Moringa oleifera 5 % +0.271 +0.140 +0.137 

Morinda tinctoria 5 % +0.157 +0.041 -0.0106 

(*Calculated values and hence data not statistically analysed) 

 

II. Identification of primary compounds in tree leaf extracts by GC-MS 

The principal compounds found in tree leaves were identified via GC-MS analysis 

have a scientific explanation of cause and effect by revealing the chemistry behind the 

beneficial influence of tree leaf extracts on seed germination and associated attributes. 

According to Lopez-Amoros and coworkers (16), germination alters the quantitative and 

qualitative phenolic compounds of legumes, with the alterations varying depending on the 

kind of legume and germination conditions. As a result of variations in antioxidant 

activity, these alterations have an impact on the functional mechanisms of legumes. 

Terpenoids are the most abundant compounds reported in Glochidion ellipticum leaves 

next by alkaloid compounds and esters of fatty acid compounds (14). The current study 

scientifically proves that the oldest Indian agricultural system relied on natural compounds 

found in plant and tree leaves for food production, and that a concept of positive 

allelopathy should be developed and studied further to develop biostumulants to produce 

high-quality food grains without the use of modern pesticides, herbicides, and 

agrochemicals. 
 

GC-MS analysis 

Using Gas-Chromatography and Mass Spectrometry (GCMS) we identified the 

bioactive chemicals (14,32) leaf extracts of 5-donor tree species. The solvent Milli-Q 

water was used for chemical extraction and qualitative analysis. 
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Table 4. Major compounds identified in the five tree leaf extracts 

S.
No. 

Tree 
species 

Compound name R 
TIME 

(min.) 

Area 
% 

Height 
% 

Formula Molecular structure 

1 Morinda 
tinctoria 

 

9-Oxa-
bicyclo[3.3.1]non
ane-1,4-diol 

22.660 15.90 10.77 C8H14O3 

 
2 1-

Heptatriacotanol 
23.962 9.14 8.07 C37H76O  

3 Mangifera 
indica 

Catechol 13.241 15.50 9.36 C6H6O2 

 
4 Cyclohexanone, 

2-pentyl- 
16.986 15.05 18.53 C11H20O 

 
5 Moringa 

oleifera 
2-Piperidinone 12.571 26.50 

 
10.96 C5H9NO 

 
6 2-Pyrrolidinone 9.464 11.92 6.34 C4H7NO 

 
7 Annona 

squamosa 
Benzofuran, 2,3-
dihydro 

13.550 21.48 16.29 C8H8O 

 
8 Benzene ethanol, 

4-hydroxy 
19.408 13.13 9.15 C8H10O2 

 
9 Aegle 

marmellos 
cis-9-Hexadecenal 
- 

24.730 14.08 10.88 C16H30O 

 
10 1H-1,2,4-

Triazole-1-acetic 
acid, methyl ester 

18.001 11.99 9.62 C5H7N3O2 
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A. squamosa leaf Milli Q water extracts had the highest concentrations of the 

phytochemicals (27,28) such as Benzofuran, 2,3-dihydro (21.48 %) and Benzene ethanol, 

4-hydroxy (13.13 %), with retention times of 13.550 and 19.408 minutes, respectively 

(Table 4). With retention times of 24.730 and 18.001 minutes, respectively, the top 

chemical components found in A. marmellos were cis-9-Hexadecenal (14.08 %) and      

1H-1,2,4-Triazole-1-acetic acid, methyl ester (11.99 %). 2-Piperidinone (26.50 %) and 2-

Pyrrolidinone (11.9 %) had the largest area percentage compound found in M. olerifera 

leaf extracts, and their respective retention times were 12.571 and 9.464 minutes. The 

highest area percentage compound identified from M. indica leaf was Catechol (15.50 %) 

and 2-pentyl cyclohexanone (15.05 %) with the retention time of 13.241 and 16.986 

minutes, respectively. The peak bioactive compounds identified in Milli Q water extracts 

of M. tinctoria leaf were 9-Oxa-bicyclo[3.3.1]nonane-1,4-diol (15.90 %) and                    

1-Heptatriacotanol (9.14 %) with the retention time of 22.660 and 23.962 minutes, 

respectively. 

CONCLUSIONS 

Millet seeds fortified with 5 % leaf extract of M. oleifera and A. squamosa had 

higher germination, seedling length and seedling vigour index. Three of 5-donor tree leaf 

extracts stimulated response index (RI) values for all the parameters evaluated.                

M. tinctoria and Aegle marmellos extracts had effects on both kodomillet (Paspalum 

scrobiculatum) and prosomillet (Panicum miliaceum L.) seed germination but stimulated 

seedling development at later stage. The Moringa oleifera and Annona squamosa leaf 

extracts at 5 % concentration stimulated the seed germination and seedling growth of 

kodomillet (Paspalum scrobiculatum L) and prosomillet (Panicum miliaceum L.). But 

aqueous leaf extract of M. tinctoria and A. marmellos leaf extracts were inhibitory to 

germination of kodomillet (Paspalum scrobiculatum) Seed germination stimulation 

showed positive allelopathic activity. The GC-MS study detected the abundance of 

Benzofuran, 2,3-dihydro (21.48 %) and Benzene ethanol, 4-hydroxy in Annona squamosa 

leaf extract and 2-Piperidinone (26.50 %) and 2-Pyrrolidinone (11.9 %) had the largest 

area percentage compound found in Moringa oleifera leaf extracts and their respective 

retention times were 12.571 and 9.464 minutes. After more research, such tree botanicals 

could be developed as biostimulants to improve the seed germination and seedling growth 

to replace synthetic agents for organic farming. 
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