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ABSTRACT 
 

The study was conducted for the morphological and germination behavior of four fodder tree 
species viz., Gmelina arborea, Sesbania grandiflora, Moringa oleifera and Bauhinia purpurea under 
nursery conditions. The experiment was carried out at the nursery of the ICFRE Eco-Rehabilitation, 
Prayagraj, Uttar Pradesh, during April 2021 and different germination parameters viz., germination 
percent, survival percent, germination capacity, germination energy, vigour index, mean daily 
germination and mean germination time along with seed morphological parameters were studied in 
four replications. The highest seed length and width was recorded in B. purpurea (17.57 mm ± 2.79) 
and (13.38 mm ± 1.95) respectively, seed thickness in M. oleifera (10.92 mm ±1.39), the highest 
seed weight was recorded in G. arborea (65.95 gm ± 0.79). Seeds of S. grandiflora recorded 
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highest germination percent (83.42%), seedling vigour index (762.30), mean daily germination 
(6.41) and germination index (66.11), highest seed germination capacity value (84.90%), seed 
germination value (52.50%), highest survival of seedling value (96.16 %) among three other fodder 
species despite being the smallest seed size. Such an investigation may help in developing 
conservation strategies in nursery conditions and fodder availability during lean period. 
 

 

Keywords: Nursery; survival percent; germination; vigour index; seed morphology. 
 

1. INTRODUCTION  
 
Fodder trees can provide enough protein and 
energy to keep rumin microbes active and thus 
increase their capacity to digest fibre, allowing 
livestock to use dry-season pastures [1]. Except 
in hilly areas, where trees are a major source of 
green fodder for livestock, the ability of trees for 
green fodder production is underappreciated in 
India. As a result, forests are not only a valuable 
but also inexpensive source of fodder. The 
expense of gathering fodder from forests falls 
mostly into the non-monetized segment of the 
economy. This is because most fodder collected 
from forests is used to feed livestock on the 
homestead, and only a small amount is sold on 
the open market. As a result, forests save a lot of 
money in this region and contribute a lot to the 
country's economy.  
 
In India, there is a wide range of fodder 
production. Despite the lack of accurate 
estimates, various communities have conducted 
periodic assessments of fodder production in our 
nation [2]. Despite this, just 0.1 percent of the 
land is used for fodder production. As a result, it 
is critical to increase fodder production by 
planting fodder trees. A consistent supply of 
seeds is a requirement for any planting 
programme [3-5]. The aim of the present 
investigation “Morphological variations of seeds 
and germination behaviour of four promising 
fodder tree species” was to understand the 
morphology of seeds with respect to germination 
and to draw conclusions in order to combat with 
the problem of natural regeneration the fodder 
species is facing over a period of time. Such an 
investigation may help in developing 
conservation strategies in nursery conditions. 
These fodder trees around agricultural fields and 
along village boundaries will provide shelterbelt 
for the crop, fodder availability for cattle while 
also improving the microclimate of the villages. 
Also, this study would help in drawing 
conclusions in order to combat with the problem 
of natural regeneration the fodder species is 
facing over a period of time. Such an 
investigation may also help in developing 

conservation strategies in nursery conditions and 
fodder availability during lean period.  
 

Lack of adequate fodder in forest is one of the 
reasons behind large scale damage to 
agricultural crop by wild animals such as neelgai. 
If fodder requirement is fully met from sources 
outside the forest, damage to forest from man 
and domestic animals would be checked. 
Development of community pastures seems to 
be an effective measure to tide over the problem 
of fodder scarcity. It is, therefore, important to 
raise plantations of fodder trees and grasses on 
community lands, forest land or degraded land 
near the village which would provide fodder to all 
the families living in the area. Fodder trees and 
shrubs can provide enough protein and energy to 
keep rumin microbes active and thus increase 
their capacity to digest fibre, allowing livestock to 
use dry-season pastures.  
 

Keeping above points in view the present study 
was conducted to study the variation in seed and 
germination of four fodder species viz., Gmelina 
arborea, Sesbania grandiflora, Moringa oleifera 
and Bauhinia purpurea. 
 

2. MATERIALS AND METHODS  
 

The present investigation was undertaken in the 
nursery at Padilla, a research extension of the 
ICFRE-Eco Rehabilitation Centre, Prayagraj, 
Uttar Pradesh, during April 2021 to May 2021 at 
an elevation lying between 25.28 °N latitude and 
81.54 °E longitude in the plain area of Prayagraj, 
Uttar Pradesh, India. 
 

The mature fruits were collected to study the 
variation of seeds of selected four fodder 
species. The seeds were extracted mechanically. 
Diseased or damaged seeds were discarded. 
The seeds were sun-dried. They were cleaned 
with the help of an aspirator (Agrosaw) and 
through winnowing. All unwanted material such 
as bracts, broken, injured or diseased seeds or 
other impurities were discarded. After cleaning 
the seeds, observations on seed morphological 
characters were recorded. The following 
methods were used for the seed study. 
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Seed length and width of four replicates 
consisting of 10 randomly selected undamaged 
seeds were measured upto two decimal places 
with the help of digital vernier caliper from the 
center of the hilum to opposite side of seed and 
right angle to the plane of hilum and was 
expressed in mm.   
 

Seed thickness was measured upto two decimal 
places with the help of digital vernier caliper at 
right angle to hilum and right angle to plane of 
hilum and was expressed in mm.  
 

Seed weight of four randomly selected samples 
having 100 seeds per sample was taken as per 
ISTA (1993) guidelines using electronic balance 
(model: Goldtech – GTSC Series 500g × 50 g). 
The seed shape and colour was observed 
visually. 
 

The germination experiments were conducted 
under the nursery conditions. Before sowing of 
seeds in polybags, polybags were filled with the 
mixture of soil, sand and farm yard manure 
decomposed in 2:1:1 ratio. Also, the seeds of all 
the four species were soaked in water for 24 
hours before sowing in polybags. A total of 2000 
polybags were filled for sowing of seeds of each 
species separately with 4 replications of 500 
species each. Single seeds of each species were 
sown in each polybag. A single seedling was 
maintained per polybag after germination. 
Adequate watering and care were taken 
regularly. Seed germination data was recorded 
daily up to 28 days. 
 

Twenty-five representative seedlings from each 
species were selected and 10 polybags were 
arranged in each row to make 4 replicates. 
Seedlings of the four species were raised in 
polybags upto 1 month and data on germination 
was also recorded. 
 

Observations on germination were recorded 
using the following methods. 
 

Germination percent was calculated by the 
formula: 
 

Germination (%) = 
Total number of germinated seeds

Total number of sown seeds
 × 100 

 

Mean germination time was calculated based on 
the following equation of Ellis and Roberts [6]. 
 

MGT =
𝛴𝐷𝑛

𝛴𝑛
 

 

Where, n is the number of seeds, which 
germinated on day D, and D is the number of 
days calculated from the beginning of the test. 

Germination index was calculated by using the 
following formula given by Kendrick and 
Frankland [7] as:      
 

GI= 
Total germination percent

Time (hours)taken for 50% germination
 ×  100 

 

Surviving plants in each bed were counted one 
month after sowing seeds in the nursery and the 
survival percent was worked out as follows: 
 

Survival (%) = 
Total number of seedlings survived

Total number of seedlings germinated 
 x 100 

 

The seedling vigour index was calculated by 
given formula (Abdul-Baki and Anderson [8]. 
Seedling vigour index was used for determining 
percentage and seedling length for each tree 
species: 
 

SVI = Germination (%) × seedling length (cm) 
 

The cumulative number of seeds that germinated 
at the end of test period plus total number of 
ungerminated viable seeds at the end of the test 
expressed in percentage. 
 

Germination energy (GE) was calculated on the 
basis of the percentage of the total number of 
seeds that had germinated up to the time of peak 
germination, generally taken as the highest 
number of germinations in 24 hrs period. 
 

Mean Daily Germination (MDG) was calculated 
according to the following formula of Scott et al. 
[9].  
 

MDG = 
FGP

D
 

 

Where,  
FGP = Final germination percent 
D = day of maximum germination  
 

The data was analyzed statistically for the 
assessment of general mean, standard deviation, 
standard error of mean, range and coefficient of 
variation. 
 

3. RESULTS  
 

3.1 Seed Morphological Variation 
  

On an average seed size ranged (7.16 to 17.57 
mm) and seed width (4.36 to 13.38) among four 
selected tree species. The highest seed length 
and width were recorded in B. purpurea (17.57 
mm ± 2.79), (13.38 mm ±1.95), followed by M. 
oleifera (17.19 mm ±2.06), (12.08 mm ±1.43) and 
G.arborea (14.42 mm ±2.16), (9.72 mm ±1.86) 
whereas lowest seed length was recorded in S.  
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grandiflora (7.16 mm ± 0.59), (4.36 mm ±0.45), 
respectively shown in Table 1. 
 

The average seed thickness ranged between 
2.60 to 10.92 mm. The highest seed thickness 
was recorded in M. oleifera (10.92 mm ±1.39), 
followed by G. arborea (9.02 mm ± 1.20) and B. 
purpurea (2.81 mm ±0.48) also the lowest value 
was recorded in S. grandiflora (2.60 mm ±0.52) 
whereas the average seed weight varied from 
6.75 gm to 65.95 gm. The highest seed weight 
was recorded in G. arborea (65.95 gm ±0.77), 
followed by B. purpurea (25.75 gm ±0.52), M. 
oleifera (21.97 gm ± 0.65) and also the lowest 
value was recorded in S. grandiflora (6.75 gm ± 
0.66) depicted in Table 2. 
 

Data pertaining to the seed shape, surface and 
colour is represented in Table 3. The seed shape 
of the four fodder species varied from triangular, 
glabose, cylindrical to ellipsoidal. Whereas 
surface varied from glabrous to smooth. Also, the 
colour of the species varied from grey to reddish 
or rust brown. 
 

3.2 Variations in Early Germination 
Behaviour of Seedling 

 

Seed size is used to predict germination and 
seedling growth rates in the nursery and for a 
short time after plantation establishment [10]. 
Seed germination varies due to a combination of 
environmental and genetic factors during seed 
formation and subsequent care handling [11]. 
Average seed germination percent ranged from 
42.13 to 83.42 % among different fodder tree 
species. The highest seed germination                        
percent was observed in S. grandiflora (83.42 
%± 0.44), followed by B. purpurea (66.14 % 
±0.40) and M. oleifera (64.58 % ±0.53) whereas 
lowest seed germination percent was               
observed in G. arborea (42.13 % ± 0.33) shown 
in Table 4. 
 

The mean germination time ranged from 14.19 to 
23.45 days. The maximum mean germination 

time of 23.45 days have been recorded for G. 
arborea, followed by M. oleifera 20.15 days, B. 
purpurea 19.43 days and minimum have been 
recorded for S. grandiflora 14.19 days. Highest 
MGT in G. arborea indicated late and slow 
germination. Lowest MGT in S. grandiflora 
indicated an early and rapid germination as 
compared to other fodder species. MGT 
indirectly expresses the rapidity of germination 
as lower the mean germination time, faster the 
germination shown in Table 4. 
 
The data on germination index of different fodder 
tree species presented in Table 5 revealed that 
on an average the GI values ranged from 29.85 
to 66.11. The maximum average GI value was 
recorded for S. grandiflora (66.11), followed by B. 
purpurea (40.29), M. oleifera (39.42), whereas 
the minimum GI value was recorded in G. 
arborea (29.85) among different fodder species. 
The corresponding higher values for GI represent 
comparatively higher germination percentage. 
The average SVI values ranged from 366.53 to 
762.30. The maximum SVI value was recorded in 
S. grandiflora (762.30), followed by B. purpurea 
(643.29), M. oleifera (642.57), whereas the 
minimum value was recorded for G. arborea 
(366.53). 

 
Average seed germination capacity ranged from 
60.65 to 84.90% among different fodder tree 
species. The highest seed germination capacity 
value was observed in S. grandiflora (84.90 %), 
followed by B. purpurea (74.00%) and M. oleifera 
(72.10%) whereas lowest seed germination 
capacity value was observed in G. arborea 
(60.65%). The mean germination energy ranged 
from 39.95 to 52.50% among different fodder 
tree species. The highest seed germination 
energy value was observed in S. grandiflora 
(52.50%), followed by B. purpurea (52.02%) and 
M. oleifera (50.19%) whereas lowest germination 
energy value was observed in G. arborea 
(39.95%) shown in Table 6. 

 
Table 1. Length (mm) and width (mm) of the four fodder species 

 
 Length (mm) Width (mm) 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

Mean 17.19 7.16 14.42 17.57 12.08 4.36 9.79 13.38 
S. d. ± 2.06 0.59 2.16 2.79 1.43 0.45 1.86 1.95 
SE m ± 0.65 0.19 0.68 0.88 0.45 0.14 0.59 0.62 
Maximum 19.67 8.31 17.03 22.89 15.13 5.25 12.57 15.52 
Minimum 13.78 6.24 10.63 13.86 9.83 3.75 7.03 10.43 
C.V. (%) 11.98 8.20 14.98 15.86 11.87 10.31 18.97 14.57 
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Table 2. Thickness (mm) and weight (gm) of the four fodder species 
 

 Thickness (mm) Weight (gm) 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

Mean 10.92 2.60 9.02 2.81 21.97 6.75 65.95 25.75 
S. d. ± 1.39 0.52 1.20 0.48 0.65 0.66 0.77 0.52 
SE m ± 0.44 0.16 0.38 0.15 0.33 0.33 0.38 0.26 
Maximum 13.49 3.11 11.09 3.81 22.81 7.48 66.67 26.41 
Minimum 8.64 1.37 7.49 2.39 21.29 6.04 65.12 25.23 
C.V. (%) 12.71 19.89 13.35 17.03 2.96 9.71 1.17 2.03 

 

Table 3. Seed shape, surface and colour of the seeds of four fodder species 
 

Species/ character Shape Surface Colour 

M. oleifera Triangular, winged Glabrous Grey 
B. purpurea Globose, concavo -convax Smooth Rust brown 
S. grandiflora Cylindrical Smooth Reddish brown 
G. arborea Ellipsoidal-oblong Glabrous smooth Brown 

 

Table 4. Seed germination percent and mean germination time of four fodder species under 
nursery conditions 

 

 Germination % Mean Germination Time (days) 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

Mean 64.58 83.42 42.13 66.14 20.15 14.19 23.45 19.43 
S. d. ± 0.53 0.44 0.33 0.40 0.27 0.15 0.65 0.40 
SE m ± 0.26 0.22 0.16 0.20 0.13 0.07 0.33 0.20 
C.V. (%) 0.81 0.53 0.78 0.60 1.34 1.06 2.78 2.05 

 

Table 5. Germination index and seedling vigour index of four fodder species under nursery 
conditions 

 

 Germination Index Seedling Vigour Index 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

Mean 39.42 66.11 29.85 40.29 642.57 762.30 366.53 643.29 
S. d. ± 0.72 0.66 0.76 0.71 5.37 6.90 5.50 6.30 
SE m ± 0.36 0.33 0.38 0.35 2.69 3.45 2.75 3.15 
C.V. (%) 1.83 1.00 2.56 1.76 0.84 0.91 1.50 0.98 

 

Table 6. Germination capacity and germination energy of four fodder species under nursery 
conditions 

 

 Germination Capacity (%) Germination Energy (%) 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

Mean 72.10 84.90 60.65 74.00 50.19 52.50 39.95 52.02 
S. d. ± 0.77 0.68 0.87 0.75 0.73 0.72 0.70 0.58 
SE m ± 0.39 0.34 0.43 0.37 0.36 0.36 0.35 0.29 
C.V. (%) 1.07 0.80 1.43 1.01 1.45 1.38 1.75 1.11 

 

Table 7. Survival of seedling and mean daily germination of four fodder species under nursery 
conditions 

 

 Survival of Seedling (%) Mean Daily Germination 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

M. 
oleifera 

S. 
grandiflora 

G. 
arborea 

B. 
purpurea 

Mean 94.98 96.16 94.49 94.52 4.21 6.41 3.54 4.44 
S. d. ± 0.91 1.38 0.44 0.81 0.11 0.06 0.08 0.09 
SE m ± 0.45 0.69 0.22 0.41 0.05 0.03 0.04 0.05 
C.V. (%) 0.96 1.44 0.47 0.86 2.58 1.01 2.27 2.14 
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The average survival of seedling values ranged 
from 94.49 to 96.16 %. The highest survival of 
seedling value was observed in S. grandiflora 
(96.16 %), followed by M. oleifera (94.98 %) and 
B. purpurea (94.52 %) whereas lowest survival of 
seedling value was observed in G. arborea 
(94.49 %). The average MDG values ranged 
from 3.54 to 6.41. The maximum MDG value was 
recorded in S. grandiflora (6.41), followed by B. 
purpurea (4.44), M. oleifera (4.21), whereas the 
minimum value was recorded for G. arborea 
(3.54) shown in Table 7. 
 

4. DISCUSSION 
 
The characteristics of seed depict the sum of 
total effect of various stresses and strains, which 
the species has been subjected to during 
evolution in its specific habitat of origin [12]. The 
feature of seeds such as shape; sculpturing and 
color provide critical identification of the 
systematic position of the species [13]. The 
number and shape of the seed were the only 
reliable distinction between two genera 
Chlorophytum and Anthericum of the Liliaceae. 
Further the species of Ocimum (Labiateae), 
genera Sisymbrella and Nastrutium (Cruciferae) 
were distinguished by the presence or absence 
of mucilage on the testa of seeds. Hairy 
outgrowths on the testa, their length and color 
provided useful characters in the distinction of 
genera and/or species of Malvaceae, 
Convolvulaceae, Asclepiadaceae and 
Acanthaceae [14]. 
 
Seed weight depends on reserve food material, 
which is produced as a result of double 
fertilization (endosperm) and is dominated by 
maternal traits, also influenced by the nutrient 
availability at the time of seed setting and 
environmental factors [15]. Seed size variation 
and its influence on early growth in Terminalia 
arjuna. Poor correlation observed between seed 
length and width. While significant correlation 
was observed between seed size and weight 
[16].  
 

Seed size influences seedling emergence, 
germination, and other agronomical aspects, and 
it is a generally accepted measure of seed 
quality [17]. The nutrient content of seeds varies 
by species and is dependent on seed size [18]. 
Seed size is also thought to be a significant 
evolutionary feature that influences how many 
plant species reproduce [19]. Seed sizes directly 
influence the germination time [20,21], 
germination percentage [21] and seedling vigour 

[22], which can indirectly determine plant 
distribution and abundance across different 
habitats [23]. Plant seed size, on the other hand, 
varies dramatically between and within species, 
often by several orders of magnitude [24,25]. 
 
Large seeds, in comparison to medium and/or 
small seeds, tend to produce stronger seedlings 
due to their higher energy content [26]. 
Nonetheless, when compared to light seeds, 
heavy-weighted seeds produce better seed 
germination, survival, and initial seedling 
development [27,28]. For many species, 
however, conflicting findings have been 
recorded. In S. grandiflora spp., for example, 
small or medium-sized seeds germinate faster 
and at higher percentages than large-sized 
seeds [29], in Prunus jenkinsii [27], in Copaifera 
langsdorfii [21], etc. Early germination from the 
selected medium-sized seeds of S. grandiflora 
proved out to be significant under nursery 
conditions [30]. 
 
Unexpected low germination rate had been 
recorded in G. arborea [31]. Suggested the 
possibility of the presence of inhibitory 
substances in the fleshy pericarp of G. arborea. 
Fruit colour, size, fermentation, depulping and 
the time of collection were found to affect 
germination of G. arborea seeds [31,32,33]. The 
growing media and seed pre-sowing treatments 
significantly influenced the initiation of 
germination, peak germination day, cessation of 
germination, germination percent, mean daily 
germination, days to 50 percent germination of 
the total seeds germinated, peak value, 
germination value, mean germination time, mean 
germination rate, coefficient of velocity of 
germination, germination energy, germination 
rate index, germination index and Timson's rate 
index (TRI) in G. arborea seeds [34].  
 
Seed germination and seedling growth are both 
affected by a number of environmental factors 
including light, moisture, temperature and the 
availability of oxygen and CO2. The management 
of these factors changes from species to 
species. Seed germination is one of the 
important characters that help to calculate seed 
rate for seedling propagation. The seed size is a 
considerable and significant factor in the 
germination and early stage of plant growth [35].   
 
Seeds of S. grandiflora recorded highest 
germination percent, seedling vigour index, mean 
daily germination and germination index among 
all the other species despite being the smallest 
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seed size. The observations are in line with 
Agboola [36] who studied the effect of seed size 
on germination, seedling growth and dry matter 
accumulation in 1–3-month-old seedlings of three 
tropical tree species viz., Tectona grandis, Ceiba 
pentandra and Leucaena leucocephala. It was 
found that seed size has no significant effect 
(p=0.05) on the rate and total percentage 
germination of seeds of L. leucocephala and C. 
pentandra but the rate of germination and 
relative growth rate (RGR) in T. grandis was 
faster and higher for small seeds than large 
seeds. 
  
Also, Ferreira et al. [37] conducted study to 
determine the influence of seed size on 
germination and vigour of Acacia senegal 
seedlings and concluded that the percentage 
and the germination speed were not affected by 
seed size but the primary root and seedling 
length increased with seed size as well as the 
weight of the hypocotyls. Souza and Fagundes 
[16] worked on 300 seeds collected from 30 
individuals of Copaifera langsdorffii. All the seeds 
were sorted according to size and were placed in 
germination trays with vermiculite as substrate 
and observed that small sized seeds had higher 
germination percentage and germinated faster 
when compared to large sized seeds. 

 
Among the other three fodder species the 
highest germination percent, seedling vigour 
index, mean daily germination, germination 
capacity, germination energy, survival of seedling 
and germination index was recorded in B. 
purpurea followed by M. oleifera and G. arborea. 
This can be attributed to the maximum seed size 
of the seeds. Similar observations were also 
recorded by Karki et al. [38] who conducted an 
experiment to study the effect of different seed 
sizes on the germination and seedling growth of 
a temperate tree species. The seeds were 
classified into different classes based on seed 
length, width and weight. Large sized seeds 
showed maximum germination percentage, 
germination rate and mean daily germination. 
The main reason for such variation was 
difference in levels of starch and other food 
storage materials. Studied the effect of seed size 
on germination traits in Terminalia arjuna 
genotypes observed that seedling vigor was a 
positive function of seed size. It was concluded 
that medium and large sized seeds had higher 
germination and seedling establishment [39]. 

 
Studied the effect of seed size and weight on 
seed germination of Alangium lamarckii and 

observed that the large size seeds gave 
maximum (76%) germination followed by 
medium size (74%) and small size seeds 
characterized by low germination percentage 
(59%) [40]. The effect of seed size, sowing 
orientation and depth on germination and 
seedling in Neem was studied and it was found 
that the seed sizes directly affect the germination 
and seedling growth with large sized seeds 
having 95% germination as compared to small 
sized seeds with 75% germination only [41]. 
 

5. CONCLUSION  
 

The aim of this investigation was to measure the 
variability of seed morphological characteristics 
and germination behavior of the four fodder tree 
species under nursery conditions. The initial 
growth performance is very crucial for any 
species, as it gives an idea or reflects about the 
performance in field. Adoption of these fodder 
trees species would benefit in numerous ways as 
these trees serve as a potential source of quality 
green fodder to livestock especially during lean 
periods. Moreover, tree leaves can be cheaper 
feed supplements than the commercial 
concentrates and can easily be grown by the 
small-holder farmers. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declares that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

ACKNOWLEDGEMENTS 
  

Financial assistance from the Ministry of 
Environment, Forest and Climate Change, Govt. 
of India under CAMPA scheme for project 
entitled “AICRP-17 Project entitled 
“Enhancement of fodder availability and quality to 
reduce unsustainable grazing in the forest” is 
gratefully acknowledged. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 

1. Abel N, Baxter J, Campbell A, Cleugh H, 
Fargher J, Lambeck R, Prinsley R, Prosser 
M, Reidn R, Ravell G, Schmididt C, 
Stirzaker R, Thorburn P. Design principles 
for farm forestry: A guide to assist farmers 



 
 
 
 

Tomar et al.; J. Global Agric. Ecol., vol. 16, no. 3, pp. 12-20, 2024; Article no.JOGAE.12195 
 
 

 
19 

 

to decide where to place trees and farm 
plantations on farms. Barton, ACT: Rural 
Industrial Research and Development 
corp; 1997. 

2. Anon. Report of committee on fodder and 
grasses. New Delhi. National Wastelands 
Development Board; 1987. 

3. FAO. Forest Resources Assessment, 
1992, Tropical Forest Plantation 
Resources FAD Forestry Paper; 1995. 

4. Patel HK, Patel HK, Rathod PH, Raval CH, 
Dudhat DH. Effect of seed priming on 
fodder yield of maize. Int. J. Plant Soil Sci. 
2023, Dec 26;35(24):41-8. [cited 2024 Jun. 
12] 

Available:https://journalijpss.com/index.ph
p/IJPSS/article/view/4295  

5. Gulzar S, Khan MA, Liu X. Seed 
germination strategies of Desmostachya 
bipinnata: A fodder crop for saline soils. 
Rangeland Ecology & Management. 2007, 
Jul 1;60(4):401-7. 

6. Ellis RH, Robert EH.  The Quantification of 
aging and survival in orthodox seeds. 
Seed Science and Technology. 1981;9:                 
373-409. 

7. Kendrick RE, Frankland B. Photocontrol of 
germination in Amaranthus caudatus. 
Planta. 1969;85(4):326–339. 

8. Abdul-Baki AA, Anderson JD. Vigour 
determination in soyabean by multiple 
criteria. Crop Sci. 1973;13:630-633. 

9. Scott S, Jones R, Williams W. Review of 
data analysis methods for seed 
germination. Crop Science. 1984;24:1193-
1199.  

10. Oni O, Bada SO. Effects of seed size on 
seedlings vigour in Idigbo (Terminalia 
ivorensis. A. Chev). Journal of Tropical 
Forest Sciences. 1992;4(3):218. 

11. Wang BSP, Pitel A, Webb DP. 
Environmental and genetic factors 
affecting tree and shrub seeds. In: 
Advances in Research and Technology of 
Seeds. (Ed. Thomson JR). Part 7, Centre 
for Agriculture Publishing and 
Documentation, Wageningen, 
Netherlands. 1982;87-135. 

12. Nikolaeva MG. Biology of germination of 
tree (Fraxinus) seeds and its bearing on 
the taxonomic position and distribution. 
Botani Scheskm Moscow. 1958;43:673 - 
683. 

13. Duke JA. Preliminary revision of the genus 
Drymaria. Ann. Missouri Bot. Gard. 1961; 
48:173 - 268. 

14. Obermeyer AA. A rivision of South African 
species of Anthericum, Chlorophytum and 
Trachyandr. Bothaliia. 1962;7:669-767. 

15. Allen GS. Factors affecting the variability 
and germination behaviour of coniferous 
seed. IV. Stratification period and 
incubation temperature, Pseudostuga 
menziesii (Mirb.) Franco. For. Chron. 1960; 
36:18-19. 

16. Srivastava N, Behl HM, Singh B Seed size 
variation and its influence on early growth 
in Terminalia arjuna. J. Trop. For. 2001; 
17(1):11 - 18. 

17. Kaydan D, Yagmur M. Germination, 
seedling growth and relative water content 
of shoot in different seed size of triticale 
under osmotic stress of water and NaCl. 
African J. Biotechnol. 2008;7:2862-2868. 

18. Arunachalam A, Khan MI, Singh ND. 
Germination growth and biomass 
accumulation as influenced by seed size in 
Mesua ferra L. Turkish J. Bot. 2003; 
27:343-348. 

19. Cordazzo CV. Effect of seed mass on 
germination and growth in three dominant 
species in southern Brazilian coastal 
dunes. Brazilian J. Biol. 2002;62:427-435. 

20. Murali KS. Pattern of seed size, 
germination and seed viability of tropical 
tree species in southern India. Biotropica. 
1997;29:271- 279. 

21. Souza ML, Fagundes M. Seed sizes as 
key factor in germination and seedling 
development of Copaifera langsdorffii 
(Fabaceae). American Journal of Plant 
Sciences. 2014;5:2566-73. 

22. Yanlong H, Mantang W, Shujun W, Yanhui 
Z, Tao M, Guozhen D. Seed size                        
effect on seedling growth under                     
different light conditions in the clonal herb 
Ligularia virgaurea in Qinghai-Tibet 
plateau. Acta. Ecol. Sin. 2007;27:3091-
3108. 

23. Silveira FAO, Negreiros D, Araujo LM, 
Fernandes GW. Does seed germination 
contribute to ecological breadth and 
geographic range? A test with sympatric 
Diplosudon (Lythraceae) species from 
rupestrian fields. Plant Species Biol. 2012; 
27:170-173. 

24. Silvertown J, Bullock JM. Do seedlings in 
gaps interact? A field test of assumptions 
in ESS seed size models. Oikos. 2003; 
101:499-504. 

25. Moles AT, Westoby M. Seed size and plant 
strategy across the whole life cycle. Oikos. 
2006;113:91-105. 



 
 
 
 

Tomar et al.; J. Global Agric. Ecol., vol. 16, no. 3, pp. 12-20, 2024; Article no.JOGAE.12195 
 
 

 
20 

 

26. Mishra Y, Rawat R, Rana PK, Sonkar MK. 
Effect of seed mass on emergence and 
seedling development in Pterocarpus 
marsupium Roxb. J. Forest Res. 2014; 
25:415-418. 

27. Upadhaya K, Pandey HN, Pynsakhiat SL. 
The effect of seed mass on germination, 
seedling survival and growth in Prunus 
jenkinsii Hook. f. and Thomas. Turkish 
Journal Botany. 2007;31:31-36. 

28. Sadeghi H, Khazaei F, Sheidaei S, Yari L. 
Effect of seed size on seed germination 
behavior of safflower (Carthamus tinctorius 
L). J. Agril. Biol. Sci. 2011;6:5-8. 

29. Marshall DL. Effect of seed size on 
seedling success in three species of S. 
grandiflora (Fabaceae). American J. Bot. 
1986;73:457-464. 

30. Beauty K, Tomar A, Singh KB, Khan AF. 
The Seed Morphology and Germination 
Behavior of S. grandiflora L. under nursery 
condition. Indian Forester. 2023;149(3): 
311-315.  

31. Adebisi MA, Adekunle MF, Odebiyi AO. 
Effect of fruit maturity and presowing water 
treatment on germinative performance of 
gmelina (Gmelina aborea Roxb.) seed. 
Journal of Tropical Forest Science. 
2011;23(4):371-280. 

32. Okoro OO. Revolutionizing, proceeding of 
Gmelina arborea seed in Nigeria. Proc. 
13th Annual Conf. FAN, Benin. 1983;22-1. 

33. Hatman HJ, Koster DE. Plant propagations 
3rd edition. Public Prentices Hall.inc. 
Enlewood Cliffs MJ.  1975662. 

34. Maharana R, Dobriyal MJ, Behera LK, 
Gunaga RP, Thakur NS. Effect of pre 
seed-treatment and growing media on 

germination parameters of Gmelina 
arborea Roxb. Indian Journal of Ecology. 
2018;45(3):623-626. 

35. Girish B, Shahapurmath GR, Kumar AKK, 
Ganiger BS. Effect of seed size and depth 
of sowing on seed germination in   
Sapindus trifoliatus. My Forest. 2001;(37): 
483-489. 

36. Agboola D.A. Effect of seed size on 
germination, seedling growth and dry 
matter accumulation in some tropical tree 
species. Malaysian Forester. 1993;56(1-
2):61-71. 

37. Ferreira M, Torres SB. Seed size influence 
over germination and vigor of Acacia 
senegal (L.) Willd. seedlings. Revista 
Brasileira de Sementes. 2000;22(1):271-
275. 

38. Karki H, Bargali K, Bargali SS, Vibhuti. 
Seed size variation in Quercus floribunda 
Lindl. And its effect on germination and 
seedling growth. Current Trends Forest 
Research CTFR-107; 2018. 

39. Kumar H, Lal SB, Wani AM, Umrao, R, 
Khare N, Kerketta NS. Seed size 
correlates with germination traits in 
Terminalia arjuna Genotypes. Int. J.                  
Curr. Microbiol. App. Sci. 2017;6(8):2896-
2903. 

40. Ahirwar JR. Effect of seed size and weight 
on seed germination of Alangium lamarckii, 
Akola. Research Journal of Recent 
Sciences. 2012;1:320-322. 

41. Uniyal AK, Singh B, Todaria NP. Effects of 
seed size, sowing orientation and depth on 
germination and seedling growth in Neem, 
Azadirachta indica. Seed Technology. 
2007;68-75.

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are 
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s). 
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://prh.ikprress.org/review-history/12195 

https://prh.ikprress.org/review-history/12195

