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Abstract
An experiment was conducted to observe the effect of polybag size on the growth and quality of Khaya anthotheca
seedlings during September 2016 to June 2017 at the nursery of Silvicultural Research Division of Bangladesh Forest 
Research Institute. Three different polybag size such as T1 (15 cm×23 cm), T2 (13 cm×18 cm) and T3 (11 cm×15 cm) 
with four replications were used for the experiment. The experiment was designed in Completely Randomized Design 
(CRD) with four replications. Different sized polybags showed significant influence on survival percentage (T1-100%, 
T2-93.5%, T3-88%) and growth parameters (height, root collar diameter, leave number and root length) of the seedlings. 
The species grown in T1 size polybag was observed to be superior to other bag size. Dickson’s Quality index of seedlings 
raised in T1 size polybag was observed highest value which is the indicator of best quality seedlings. Therefore, the 
use of T1 poly bag size can be suggested for seedling production of K. anthotheca in the nursery.
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Introduction

Khaya anthotheca (Welw.) C.DC. commonly known as 
“White Mahogany” or “East African Mahogany” is a 
large, fast-growing and semi-deciduous tree with a dense 
crown, sometimes exceeding 60 meters in height in 
Meliaceae family (Hossain 2015). The tree is widely dis-
tributed throughout tropical Africa and South Africa, and 
introduced as an exotic species in other tropical areas in-
cluding tropical America and South Asia as alternative spe-
cies brought attention to replacement for vulnerability to 
extinction of Swietenia macrophylla (Alam et al. 2012). The 
tree has a dense crown, large buttresses, and a bole up to 

120 cm in diameter (Obbo et al. 2013). The tree is com-
monly harvested from the wild for its valuable timber, 
which is widely traded (Filho et al. 2016). The wood is 
commonly used for furniture and house building materials 
(Opuni-Frimpong et al. 2008). The wood also used for 
cooking and burning as fuel as well as for making charcoal 
(Obbo et al. 2013). Different parts of this species have been 
used for healthcare purposes (Lee et al. 2008; Suleimana et 
al. 2009; Obbo et al. 2013; Verma et al. 2015; Moyo et al. 
2016) such as to treat colds, fever, pneumonia, abdominal 
pain, antioxidant, antimicrobial, antiprotozoal and anti-
malarial, vomiting, gonorrhea, male impotence, wounds, 
sores, ulcers and pancreatic cancer. Antioxidant properties 
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have also been reported (Suleiman et al. 2010). Seed oil is 
used against hair lice. Root is used for anemia, dysentery, 
and rectal prolapsed. Now the species is threatened by hab-
itat loss, and IUCN Red list of Threatened species it is list-
ed as vulnerable and therefore requiring urgent attention 
(Joker 2003).

This species is popularly known as “Lambu” in 
Bangladesh, a fast-growing exotic tree species having mul-
tipurpose uses. It grows in medium to low altitude areas in 
evergreen and semi-deciduous forests. It prefers 1200–
1800 mm annual rainfall and a dry season of 2-4 months. 
For the last few years, the tree has been widely planting by 
the private planters all over Bangladesh, especially in the 
northern and south-western region of the country due to its 
initial rapid height growth. However, successful tree grow-
ing in the field requires high seedling vigor, among other 
things. Nursery practices have effect on the vigor of seed-
lings and accordingly on the success of their transplantation 
in the field (Oliet et al. 2009; Del Campo et al. 2010). 
Nursery pots have been reported as one of the main factors 
affecting the successful development of seedlings 
(Dominguez-Lerena et al. 2006; Poorter et al. 2012). 
Large planting pots producing seedlings with a longer tap 
root during the nursery period, which favors the growth of 
a deep root system in the field (South et al. 2005; Peman et 
al. 2006; Chirino et al. 2008). The soil mix can greatly in-
fluence with the pot size both the vigor and the water status 
of the seedling through its effects on aeration, nutrition, and 
water holding capacity of the root plug (Marfa et al. 2002). 
Usually K. anthotheca propagated through seeds in the 
nursery for production of healthy and quality seedlings for 
established successful plantation. Fruits are usually pro-
duced in the dry season, from January to March and prop-
erly mature in July to August in natural habitat. Dispersal 
of the seeds is by wind. The maximum dispersal distance is 
over 50 m (Filho et al. 2016). As other forest plantation 
species polythene bags has been used for large-scale pro-
duction of K. anthotheca seedlings in the nursery. Polythene 
bag is being used as seedling raising container for most of 
the forest tree species since early sixties. Recently, use of 
polybag in the nursery practices has been increased because 
it is cheap, easy to transport and irrigation, unbreakable 
characters, easy to make holes for aeration and drainage. 
The containerized seedling production practice improved 

seedling survival and management. The primary function 
of any container is to hold a discrete supply of growing me-
dium, which in turn supplies water, air, mineral nutrients 
and physical support to the seedling. In forest nursery prac-
tices, the concept of container size which incorporates all di-
mensional aspects including volume, height, diameter and 
shape. Addition to this, each polybag of same size contains 
equal amount of growing media which is very important for 
uniform seedlings growth in the nursery. However, factors 
such as species, plant stocking in the nursery, size of the 
seedling desired, type of growing medium and length of the 
growing season depends on optimum use of different bag 
size. It is necessary to standardize optimal size of planting 
pot for a particular species to obtain a desired size seedling 
within a time. If small container-grown seedlings survive 
and grow as well as larger stock, then nursery costs could be 
reduced without lowering field performance (South et al. 
2005). There is a little published information on the effect 
of polybag size for some species. This research work was 
conducted to investigate the effect of polybag size on the 
growth and quality of K. anthotheca seedlings in the 
nursery. In this study we present the results of the experi-
ment on the influence of different polybag size and on the 
seedling quality of K. anthotheca tree species.

Materials and Methods

The investigation was carried out during September, 
2016 to June, 2017 in the nursery of Silviculture Research 
Division, Bangladesh forest Research Institute. In Bangladesh 
some old trees in Jessore and Rajshahi are producing fruits 
and seeds (Hossain 2015). Mature and fresh fruits were 
collected from Jessore through nurserymen during August, 
2016. Extracted seeds were dried in nursery shed for 3 
days. Fresh and uniform seeds were sown in soil bed and 
started germination within 13 days and completed within 
23 days. Germination percentage of Khaya anthotheca 
seeds in soil bed was 58%. After completion of germination, 
seedlings appeared 2-3 leaves, were transplanted into three 
different size polybags, (T1, 15 cm×23 cm; T2, 13 cm×18 
cm and T3, 11 cm×15 cm) filled up with 3:1 ratio of soil 
and compose cow dung sieved media (Fig. 1).

The size of the polythene bags represents treatments. 
The experiment was designed in Completely Randomized 
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Fig. 1. Different stage of K. antho-
theca seedlings raising at nursery: 
(clockwise) (a) extracted seeds, (b) 
Seedlings raised in soil bed, (c) 
Transplanting seedlings and (d) 
Seedling in nursery.

Design (CRD) with four replications. In each replication 
25 seedlings were raised and total 100 polybags of same size 
were used. The effect of polybag size on growth perform-
ance, survival percentage and seedlings quality index were 
calculated. Growth performance was measured in every 
month for above ground height, collar diameter, and leaf 
number. Survival percentage was calculated as number of 
seedlings transplanted and number of seedlings remains, 
expressed in percentage, equation 1 (Olasupo et al. 2016). 

Survival %=
Number of seedling transplanted

Number of seedling remain ×100

At the age of six month, four seedlings were uprooted 
from each replication and measured total length (root 
length+shoot length) and oven dry weight of shoot, root 
and leaf. 

Seedling quality index was calculated through Dickson’s 
Quality index formula (1960). Dickson’s Quality index for 
each replication was calculated by using MS Excel, equa-
tion 2.

Quality Index=

Dickson’s Quality Index (DQI) is considered a promis-

ing integrated measure of morphological traits and a good 
indicator of seedling quality as it computes robustness and 
biomass distribution while considering several important 
parameters (Binotto et al. 2010).

Mean survival percentages, quality Index and growth 
data of seedling for different bag size were analyzed statisti-
cally by using IBM SPSS (version 22) software to de-
termine variations of morphological features of seedlings. 
Significance of difference among seedlings of different bag 
size were tested by one-way ANOVA using Duncan’s 
Multiple Range Test (DMRT). Growth performance, root 
and shoot fresh and dry weight were analyzed at 5% level of 
significance and survival percentage and DQI value were 
analyzed at 1% level of significance.

Results 

Growth performance of K. anthotheca seedlings in 
different polybag size

The investigation result obtained during the present 
course of was carried out to visualize a significant influence 
of different bag size on of K. anthotheca seedlings. In our 
study, there was highly significant difference observed in 
growth performance of K. anthotheca for three different 
bag sizes. Different types of polybag significantly influ-
enced plant height. From Duncan’s Multiple Range test 

Seedlings dry weight (g)
Height (cm) + Shoot dry weight (g)

Diameter (mm) Root dry weight (g)
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Fig. 4. (a) Shoot dry weight (gm) 
and (b) root dry weight (gm) of K. 
anthotheca seedlings in different 
polybag sizes at the age of six 
month.

Fig. 2. Growth performance (a) 
height and (b) root collar dia of 
Khaya anthotheca seedlings in dif-
ferent polybag sizes at the age of 
six month.

Fig. 3. Growth performance (a) 
leaf number and (b) root length of 
K. anthotheca seedlings in differ-
ent polybag sizes at the age of six 
month.

(DMRT), T1 bag size showed highest height (65.20± 
1.39) cm then T2 (50.70±1.26) cm and T3 (42.67±1.37) 
cm (Fig. 2a). Maximum root collar diameter was also found 
(7.16±0.27) mm in T1 size polybag than T2 (5.42±0.22) 
mm and T3 (5.08±0.14) mm (Fig. 2b). Highest mean val-
ue of leaf number (40.20±2.98) observed in T1 which is 
much higher than T2 (22.00±1.90) and T3 (18.30±1.55) 
(Fig. 3a). In our study, T1 size polybag showed highest root 
length (17.35±0.68) cm than T2 (14.20±0.81) cm and T3 
(12.75±0.72) cm (Fig. 3b).

Dry weight, survival percentage and quality index of 
K. anthotheca seedlings in different polybag size

In the study, highly significant difference at 5% level of 
significance observed in dry weight of shoot and root of K. 
anthotheca for three different bag sizes. In our study mean 
shoot dry weight observed in T1 (12.56±0.9) gm, T2 
(6.72±0.49) gm and T3 (5.3±0.3) gm (Fig. 4a). Maximum 
root dry weight (2.95±0.25) gm were observed in T1 poly-
bag followed by T2 (1.26±0.07) gm and T3 (1.24±0.13) 
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Fig. 5. (a) Survival percentage and
(b) quality index K. anthotheca
seedlings in different polybag sizes 
at the age of six month.

gm (Fig. 4b). From DMRT both in shoot dry weight and 
root dry weight T2 polybag and T3 polybag size were found 
same rank (Fig. 4). 

In our study, there was highly significant difference ob-
served in survival percentage and DQI value of K. antho-
theca for three different bag sizes. Maximum mean survival 
percentage were observed (100±0.00) for T1 polybag size 
followed by (93.5±0.99) for T2 and (88±0.68) for T3 pol-
ybag (Fig. 5a). The highest mean DQI value observed in 
T1 (1.63±0.15) followed by (0.80±0.09) for T2 and 
(0.76±0.07) for T3 polybag size (Fig. 5b).

Discussion

The results of the experiment revealed that seedlings 
raised in large pots would be better developed than seed-
lings raised in pots of smaller size. Soil in the smaller poly-
thene bags became compacted and can effect height growth 
as well as collar diameter which support the findings of 
Abera et al. (2018). The effect of increasing planting pot 
size on seedling growth was reported for different plant 
species (Dominguez-Lerena et al. 2006; Dumroese et al. 
2011). In our study, the different polythene bag sizes did 
have significant effect on the survival percentage and 
growth performance like height, root collar diameter, leave 
number and root length of seedling. The differences can be 
attributed because the larger polythene bags contain large 
amount of soil and cow dung compost mixer which can ef-
fect height growth, root collar dia and the number of leaves. 
Adu-Berko et al. (2011) reported that the larger the poly-
thene bag size, the more the volume of soil therefore the 
more available nitrogen for leaves production, hence, the 
greater the absorption of sunlight for photosynthesis, there-

fore the faster growth of the plant. The number of leaves 
produced by a plant is directly proportional to photosyn-
thesis produced (Ridge 1991). Large planting pots produc-
ing seedlings with a longer tap root during the nursery peri-
od, which favors the growth of a deep root system in the 
field (South et al. 2005; Peman et al. 2006; Chirino et al. 
2008). However, the differences in the root length in the 
various polythene bag sizes are as a result of differences in 
leave growth and the supply of photosynthesis produced to 
the root. It is clear that, the amount of nutrients in the soil, 
space in the polythene bag and the photosynthesis rates of 
the various leaves have a positive relationship with growth 
performance of seedling which supports our results given in 
Fig. 2.

In our study, the highest dry weight for shoot and root 
were observed in the plants grown in the polythene bag of 
highest volume (T1). The higher volume which may allow 
greater availability of nutrients, moisture content resulted in 
higher dry weight accumulation through the accumulation 
of carbohydrates, minerals, proteins, fibers and lipids in 
Khaya anthotheca seedlings. Faria et al. (2013) reported 
that lower size containers restrict root and shoot growth 
whereas larger bag size allowed higher accumulation of bio-
mass, especially of dry weight. Larger the diameter, greater 
the shoot dry matter and the higher DQI value indicating 
better quality of seedling (Binotto et al. 2010). DQI is 
highly correlated with all morphological parameters of 
plants and there is a significant relationship between DQI 
with variables like height, stem base diameter, root and 
shoot dry meter (Fonseca et al. 2002; Binotto et al. 2010). 
In our study we also found the positive relationship with 
plant morphological parameters and obtain highest DQI 
value in large size polythene bag which is the indicator of 
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best quality seedlings.

Conclusion

The results showed that seedling characters such as plant 
height, root collar diameter, number of leaves, and root 
length consistently ranked highest for the seedlings raised 
in the polythene bag sizes T1 during the nursery growth fol-
lowed by T2 and T3 sizes polythene bag. It is clear that a 
large bag size is a good and efficient for seedling develop-
ment due to holding large amount of soil mixture which has 
a high effect on the growth and development on seedlings. 
From our study we can conclude that, seedlings planted in 
large size polythene bag obtain highest growth performance 
and DQI value which is the indicator of best quality 
seedlings. Therefore, it can be said that a good and efficient 
polythene bag size has a high effect on the growth and de-
velopment on K. anthotheca seedlings.
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