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Research on the growth of containerized mango seedlings at the
nursery level has been extensively documented in the literature.
However, information on mango leaf nutrient content remain limited.
In 2015, a container-based experiment was conducted under a
Completely Randomized Design (CRD) with factorial arrangements
and three replications to investigate the growth parameters and leaf
nutrient content of mango seedlings in response to seed coat removal
and different growing media. Seeds of the ‘Sindhri’ variety were used,
divided into two groups: corticated (with seed coat) and decorticated
(without seed coat). Each group was planted in one of four growing
media: GM1 (soil), GM2 [bagasse (70%) + cocopeat (5%) + canal silt
(25%)], GM3 [bagasse (60%) + cocopeat (5%) + canal silt (35%)], and
GM4 [bagasse (20%) + cocopeat (20%) + canal silt (30%) + press mud
(30%)]. The analysis indicated that seed coat removal and growing
media exhibited non-significant interactions for most parameters, but
were significant as main effects. Decorticated seeds outperformed in
nearly all growth and leaf nutrient content parameters. Among the
growing media, GM2 demonstrated superior performance in terms of
seed germination, germination index, seedling vigor index, seedling
height, stem diameter, number of leaves per seedling, and leaf
chlorophyll content. However, GMa4 resulted in higher concentrations of
nitrogen, phosphorus, potassium, and magnesium in the leaves. In
conclusion, decorticated seeds and the GM2 medium were optimal for
seed germination and growth, while GMs4 was most effective in
enhancing leaf nutrient content.

Introduction

Mango, a well-known fruit from the family
Anacardiaceae, is scientifically known as
Mangifera indica L. This tropical fruit is
considered pivotal and economically significant
on a global scale. In Pakistan, mango cultivation
ranks second, following citrus (Raza et al., 2017;
Badar et al, 2019). Commercially, mango is
propagated through grafting, with the rootstock
and scion being the two main components that
combine to grow as a single plant. Rootstocks are
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typically produced from mango seeds (seedling
rootstocks), upon which the grafting of the
desirable variety (scion) is performed. These
rootstocks provide the root system to the grafted
plant and have a profound influence on the vigor,
longevity, and productivity of the scion variety
(Kaur, 2017).

Traditionally, rootstocks were grown in soil, but
improved plantation technologies have been
adopted due to various challenges. Salinization
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and the conversion of fertile agricultural areas
into non-productive lands are major concerns in
Pakistan. Addressing these issues requires a
combination of better agricultural practices,
appropriate use of fertilizers and pesticides,
efficient irrigation techniques, and enhanced soil
management strategies (Safdar et al, 2019).
These factors significantly impact agricultural
production and output (Harhash et al, 2022).
Based on improved plantation technology, the
trend of mango cultivation has shifted from open
field planting to container or polyethylene-grown
plants in shade houses, using various growing
media as a potential solution to soil-related
problems (Khan et al, 2006; Dhaliwal et al,
2004).

For raising seedling rootstocks in containers,
growing media is a crucial and basic requirement
for containerized seedling production. Selecting
the appropriate media components is essential
for the proper growth and quality of the
seedlings. Various organic materials, such as
bagasse, sawdust, and cocopeat, as well as
inorganic materials, such as sand, perlite, and
canal silt, are used in different ratios for
formulating growing media. The composition and
formulation of each growing medium may
depend on the type of crop, locality, and
availability (Donovan et al, 2016). Many
commercial growing media are available in
advanced countries for raising and establishing
healthy seedlings of various crops. However, the
availability of commercial media poses a
significant challenge for raising mango rootstock
seedlings in developing countries.

The delay in mango seed germination is typically
attributed to the hard seed coat, which is
impermeable to water and gases, as well as to
imbalances in growth hormones (Basra et al,
2005). Pre-sowing treatments, such as removing
the endocarp (decorticated seed), are considered
effective for improving mango seed germination,
as reported by Muralidhara et al. (2015) and
Pinto et al. (2018). In the present study, both
decorticated and corticated seeds were used for
plantation. Decorticated seeds have been referred
to by different scientists as husked seeds,
decaoted seeds, decaoted stones, or seeds with
the removal of the endocarp or seed coat—all of
which have the same meaning. This study was
thus designed to formulate and evaluate the effect
of growing media, along with corticated and
decorticated seeds, on the growth and leaf
nutrient content of seedling rootstocks.

Materials and Methods

The experiment was conducted under the agro-
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ecological conditions of Tandojam, Sindh,
Pakistan (25°25’60”N, 68°31’60”E, 19.5 m
altitude) to evaluate the growth and nutritional
status of mango seedling rootstocks. A factorial-
based Completely Randomized Design (CRD) was
employed, incorporating two factors: seed coat
removal and growing media.

Seed coat removal

Mango fruits of the ‘Sindhri’ variety were sourced
from a healthy commercial orchard and allowed
to ripen. Once fully ripened, the fruits were
washed and air-dried at room temperature for
one week. After drying, the fruits were divided
into two groups: corticated (with the endocarp)
and decorticated (without the endocarp). To
obtain the decorticated seeds, the endocarp was
carefully removed using a sharp knife.

Growing media

Available low-cost materials of the locality viz.
bagasse, cocopeat and press mud were used for
plantation. The bagasse was taken from Matiari
Sugar mill of the province, Sindh, Pakistan. For
cocopeat, compressed bricks were purchased and
for loosening the bricks of cocopeat, they were
immersed in water. After the water was squeezed
from the material, the cocopeat underwent the
procedure of drying. Following formulations of
growing media were prepared.

1. Soil (traditional method) (GM1)

2. Bagasse (70 %) + Cocopeat (5%) + Canal silt
(25%) (GM2)

3. Bagasse (60%) + Cocopeat (5%) + Canal silt
(35%) (GM3)

4. Bagasse (20%) + Cocopeat (20%) + Canal silt
(30%) + Press mud (30%) (GM4)

Analysis of growing medium

Three samples from each growing medium were
analyzed  for  various  physico-chemical
properties. Electrical conductivity (EC) and pH
were measured using the saturated media extract
method (Warncke and Krauskopf, 1983). Water
holding capacity was determined following the
method described by Huang and Fisher (2005),
while air-filled porosity (%) was measured using
the saturation and drainage method (Yahya et al.,
1997). Organic matter content (%) was analyzed
by the Walkley-Black method (Nelson and
Sommers, 1982). All analyses were conducted in
the Laboratory of Soil Science, Sindh Agriculture
University, Tandojam.
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Evaluation of seedling rootstocks in relation
to growth parameters

The evaluation of the growth parameters was
done weekly and continued for six months. Seed
germination was examined every week for up to
a month of plantation, and the percentage of the
germination was calculated using Larsen and
Andreasen (2004).

Germination percentage (GP) = Xn/ N X100

Where n denotes the count of germinated seeds at
each count, while N represents the overall
number of seeds per treatment. Germination time
(d) was calculated using a formula by Ellis and
Roberts (1981).

MGT =) Dn/Yn

Where n is the number of seeds germinated on
day D, and Dn is the number of days as counted
from the beginning of germination. Germination
index (GI) was calculated by the formula given by
the Association of Official Seed Analysts (1983).

GI = Number of germinated seeds/Days of first
count + ... + ... + Number of germinated
seeds/days of last count

For seedling height, five random plants of each
treatment were sampled for seedling
examination at 30 d intervals. Stem diameter was
also recorded with digital vernier caliper at the
center, top and bottom of the stem, and mean
values were calculated. Random leaves were
considered for chlorophyll content analysis using
a portable chlorophyll meter via SPAD 502.

Analysis of leaf nutrient content

The total nitrogen content was determined using
Kjeldahl's method. For the analysis of phosphorus
(P), potassium (K), calcium (Ca), and magnesium
(Mg) in leaf samples, the samples were digested
in a 1:5 mixture of perchloric acid (HClO4) and
nitric acid (HNOs) and left overnight. The
following day, the samples were digested further
on a hot plate until white fumes appeared,
following the protocol by Zarcinas et al. (1987)
and Estefan et al. (2013). After cooling, the
volume of each digest was adjusted to 50 mL.
Phosphorus was quantified using the
vanadomolybdo-phosphoric acid yellow color
method (Cottenie, 1980) with a
spectrophotometer. Potassium was analyzed
using a flame photometer, as per the method of
Knudsen et al. (1982). The concentrations of
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calcium and magnesium were determined using
the EDTA titration method (Richards, 1954).

Statistical analysis

Data pertaining to the effects of four growing
media and two seed coat removal treatments,
along with three replications, were analyzed
using Statistix Software (Ver. 8.1). The least
significant difference (LSD) test was employed to
compare treatment mean values for determining
treatment superiority.

Results

The study evaluated the effects of the interaction
between seed coat removal and growing media,
as well as the independent (main) factors, on
various growth and nutrient content parameters
of mango seedling rootstocks. Most parameters
assessed were found to be non-significant in their
interaction, with the exception of seed
germination-related observations. Consequently,
the results were discussed based solely on the
main effects (P<0.05).

Decorticated seeds demonstrated superior
performance across all recorded parameters,
including seed germination (75.8%), germination
time (20.41 d), germination index (10.85),
seedling vigor index (3406.9), seedling height
(32.85 cm), stem diameter (8.74 mm), leaves per
seedling (10.51), chlorophyll content (50.07
relative greenness), leaf nitrogen content
(1.115%), phosphorus content (0.139%),
potassium content (0.854%), calcium content
(2.634%), and magnesium content (0.337%),
compared to corticated seeds (Figs. 1-11).

The growing media responded differently across
all growth and nutrient content parameters. The
growing medium GM: demonstrated superior
results in seed germination and seedling growth
parameters. However, the outcomes varied for
leaf nutrient content. The data presented in
Figures 1, 2, 5, and 12 show that GM: exhibited
the highest seed germination rate (78.85%), the
earliest germination time (19.58 d), maximum
seedling height (33.96 cm), and highest leaf
calcium content (2.712%) compared to the other
growing media treatments. In contrast, GM1 had
the lowest seed germination rate (67.09%), took
the longest time to germinate (24.25 d), had the
shortest seedling height (27.45 cm), and the
lowest leaf calcium content (1.505%).

Figures 3 and 4 indicate that the germination
index (11.33 and 10.1) and seedling vigor index
(3359.8 and 3407.8) were more stable for GM2
and GMgy, reflecting better germination and
seedling growth. In contrast, GM: recorded the
lowest germination index (9.88) and seedling
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vigor index (2894.3). Additionally, GM2 produced
the largest stem diameter (9.44 mm), the highest
number of leaves per seedling (10.75), and the

greatest chlorophyll content (50.11 g). These
results, however, were comparable to those
obtained from the GM3 medium (Figs. 6-8).
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Fig. 1. Seed germination (%) of the seedling rootstocks of mango in response to varying growing media (a) and Seed
coat removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3-
Bagasse (60%) + Cocopeat (5%) + Canal silt (35%), GM4- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) +

Press mud (30%).
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Fig. 2. Seed germination time of mango in response to varying growing media (a) and seed coat removal (b). GM1- Soil
(traditional method), GMz- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3- Bagasse (60%) + Cocopeat
(5%) + Canal silt (35%), GM4- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud (30%).
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Fig. 3. Germination index of mango seedlings in response to varying growing media (a) and seed coat removal (b).
GMi- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3- Bagasse (60%) +
Cocopeat (5%) + Canal silt (35%), GM4- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud (30%).
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Fig. 4. Seedling vigor index of mango seedling rootstocks in response to varying growing media (a) and seed coat
removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3- Bagasse
(60%) + Cocopeat (5%) + Canal silt (35%), GM4- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud

(30%).

(a) 49 -
33.96a 31841, )
_ 30 27454
&b
2 20
Z
= 10 -
o
L 0 1 1 1 1
GM1 GM2 GM3 GM4
Growing media

)

30 4
25 ~
20 ~
15 4
10 -
5_
0

32.85a 3201 b

Decorticated seeds Corticated seeds

Seed Sources

Fig. 5. Seedling height of the mango seedling rootstocks in response to varying growing media (a) and seed coat
removal (b). GM1- Soil (traditional method), GMz- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GMs- Bagasse
(60%) + Cocopeat (5%) + Canal silt (35%),

GMa:- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud (30%).
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Fig. 6. Stem diameter of mango seedling rootstocks in response to varying growing media (a) and seed coat removal
(b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GMs- Bagasse (60%) +
Cocopeat (5%) + Canal silt (35%),

GMa- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud (30%).

325



Memon et al.,

Int. J. Hort. Sci. Technol. 2026 13 (2): 321-332

@ o
12 4 0752
a
2010 1 888¢c 10
S "
w
5 61 61
2 4
g 4 7
5
2, 2
0 0 -
GM1 GM?2 GM3
Growing media

10.51a
9.31b

Decorticated seeds Corticated seeds
Seed Source

Fig. 7. Leaves per seedling rootstock of mango in response to varying growing media (a) and seed coat removal (b).
GM:- Soil (traditional method), GMz- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3- Bagasse (60%) +

Cocopeat (5%) + Canal silt (35%),

GMa:- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud (30%).
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Fig. 8. Leaf chlorophyll content of mango seedling rootstocks in response to varying growing media (a) and seed coat
removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3- Bagasse
(60%) + Cocopeat (5%) + Canal silt (35%),

GMa- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) + Press mud (30%).
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Fig. 9. Leaf nitrogen content (%) of mango seedling rootstocks in response to varying growing media (a) and seed
coat removal (b). GM1- Soil (traditional method), GMz- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3-
Bagasse (60%) + Cocopeat (5%) + Canal silt (35%), GMs- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) +
Press mud (30%).
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Fig. 10. Leaf phosphorous content (%) of mango seedling rootstocks in response to varying growing media (a) and
seed coat removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%),
GM3- Bagasse (60%) + Cocopeat (5%) + Canal silt (35%), GMs- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%)
+ Press mud (30%).
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Fig. 11. Leaf Potassium Content (%) of mango seedling rootstocks in response to varying growing media (a) and seed
coat removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3s-
Bagasse (60%) + Cocopeat (5%) + Canal silt (35%), GM4- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) +

Press mud (30%).
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Fig. 12. Leaf calcium content (%) of mango seedling rootstocks in response to varying growing media (a) and seed
coat removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3-
Bagasse (60%) + Cocopeat (5%) + Canal silt (35%), GMs- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) +
Press mud (30%).
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The leaf nutrient content showed a distinctly
different response compared to seed germination
and seedling growth parameters (Figs. 9-13).
Nutrient levels, including nitrogen (1.205%),
phosphorus (0.151%), potassium (1.0043%),
and magnesium (0.387%), were observed to be
higher in GMg, all falling within the critical ranges

reported by various researchers. Even the lowest
values for nitrogen (0.943%), phosphorus
(0.113%), potassium (0.455%), and magnesium
(0.212%) remained within the critical range.
Notably, calcium content deviated from this
pattern, showing superior values in GM:
compared to other growing media.
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Fig. 13. Leaf magnesium content (%) of mango seedling rootstock in response to varying growing media (a) and seed
coat removal (b). GM1- Soil (traditional method), GM2- Bagasse (70%) + Cocopeat (5%) + Canal silt (25%), GM3-
Bagasse (60%) + Cocopeat (5%) + Canal silt (35%), GM4- Bagasse (20%) + Cocopeat (20%) + Canal silt (30%) +

Press mud (30%).

Discussion

Growing media play a pivotal role in improving
the physical and chemical properties of the soil,
enhancing root penetration and nutrient uptake
(Khan et al,, 2016). Various materials are used to
create suitable media for raising containerized
mango seedlings, combining organic materials
like peat, sawdust, rice hulls, coconut husk, leaf
manure, bark, sugarcane waste, and inorganic
materials like sand, canal silt, perlite, and
vermiculite (Aklibasinda et al,, 2011; Donovan et
al,, 2016; Gulcu et al., 2010; Indriyani et al.,, 2011;
Khan et al., 2008; Mhango et al., 2008; Wilson et
al,, 2001). In this study, different growing media
were used to sow decorticated and corticated
seeds of Sindhri mango, producing distinct
results. GMz, consisting of 70% bagasse, 5%
cocopeat, and 25% canal silt, was identified as the
best medium in terms of seed germination,
germination index, seedling vigor index, number
of leaves, stem diameter, seedling height, and
chlorophyll content. The compactness of GMz,
attributed to the inclusion of bagasse and
cocopeat, may have contributed to its efficacy, as
these materials possess favorable physical and
chemical properties for seedling nurseries
(Anonymous, 2016; Sarkar et al.,, 2005).

Bagasse is known to contain significant amounts
of iron, manganese, calcium, magnesium, silicon,
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and phosphorus, making it a valuable substitute
for organic matter (Dotaniya et al, 2016).
Similarly, cocopeat has good nutritional qualities
and is effective as a growing medium, particularly
for mango seedlings, due to its high potassium
content and excellent water retention capacity
(Abad et al,, 2002; Chand et al,, 2011; Deepak et
al,, 2018). In contrast, Khan et al. (2017) reported
better seed germination using a medium
composed of bagasse, sand, and pine bark.
Memon et al. (2017) found that seed germination
and germination time were unaffected by varying
media, using press mud in different proportions
with bagasse, canal silt, and cocopeat. Farooq et
al. (2018) achieved better results with a medium
of 50% bagasse, 25% canal silt, and 25% cocopeat
for grape plants. Ul Haq et al. (2017) found a
seedling survival rate of 94% using a medium of
70% bagasse, 25% silt, and 5% coconut fiber,
while the highest stem girth and seedling height
were also observed with this combination.
Memon et al. (2017) recorded higher seedling
height (31.3 cm), stem diameter (7.2 mm), and
number of leaves (21.3) in four-month-old
seedlings using a medium of 30% press mud, 30%
silt, 20% bagasse, and 20% coconut fiber.

Decorticated seeds yielded better germination
results and germinated more quickly. This is
likely due to the removal of the stony endocarp,
which often inhibits or delays seed germination
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(Deepak etal., 2018; Pinto et al., 2018). Removing
the endocarp promotes faster germination and
the emergence of more upright seedlings, which
improves graft quality. While removing the thin
tissue covering the cotyledons has no significant
effect on germination success, Muralidhara et al.
(2015) reported earlier and higher germination
rates from decorticated mango seeds.

Seedling rootstocks were analyzed for their leaf
nutrient content and compared to critical levels
reported by various researchers (Table 1). The
results for nitrogen fell within the critical ranges,
as reported by different scientists. The
phosphorus and potassium levels also fell within
the established ranges, with the exception of the
values reported by Stassen et al. (1999) for
phosphorus, which were much higher (1.45%)
than other critical ranges. Calcium levels were
within the critical range, except for the values
reported by Young and Sauls (1981), who
suggested a range of 3.00-5.00%. Similarly,
Stassen et al. (1999) reported much higher
magnesium levels than those found in other
studies. In this study, magnesium levels ranged

from 0.212% to 0.387%. These variations may be
attributed to differences in tree age and plant
growth stage, as nutrient analyses are typically
conducted on established orchard trees, while
this study focused on seedlings (Zuazo et al,
2006; Puranik et al., 2017; Faria et al., 2016).
Zuazo etal. (2006) evaluated the nutrient content
of grafted and ungrafted mango rootstocks,
grafting two mango varieties (Keitt and Osteen)
onto Gomera 1 and Gomera 3 rootstocks. They
recorded higher nitrogen (2.07%) and
phosphorus (0.15%) levels in the G3-Keitt
combination compared to other scion-rootstock
combinations, while potassium (0.64%) was
higher in the G1-Keitt leaves. Sukthumrong et al.
(2000) observed nitrogen levels of 0.8-1.9%,
phosphorus at 0.1-0.8%, potassium at 0.1-1.3%,
calcium at 0.6-3.5%, and magnesium at 0.2-0.7%
in leaf samples from Nam Dok Mai mango. For
non-grafted rootstocks, Zuazo et al. (2006) found
that Gomera 1 had higher nitrogen (1.40%),
phosphorus (0.07%), and potassium (0.41%)
compared to Gomera 3.

Table 1. Critical levels/range of nutrient content in mango leaves as reported in the literature.

Young and Koo

Nutrient element Samra et al. (1971) Sﬁ;cgﬂ?llj Robinson et Stassen et Poffley and
1978 Young and Sauls al. (1997) al. (1999) Owens, 2005
(1981) (1995)
Nitrogen (%) 0.95-1.45 1.00-1.50 0.80-1.90 1.00-1.50 1.25 0.8-1.2
Phosphorus (%) 0.03-0.12 0.09-0.18 0.12-1.30 0.080-0.18 1.45 0.08-0.18
Potassium (%) 0.40-0.77 0.50-1.00 0.40-2.50 0.30-1.20 0.10 0.4-1.2
Calcium (%) 1.74-3.45 3.00-5.00 1.50-2.80 2.00-3.50 0.80-1.05 1.5-2.8
Magnesium (%) 0.22-0.75 0.15-0.47 0.20-0.40 0.15-0.40 2.08 0.2-0.4
Conclusions Mango Nursery” that was run under Australian
In conclusion, decorticated seeds demonstrated Sector Linkage Program-Phase II during the year
superior performance in terms of seed 2015-16.
germination, growth parameters, and leaf
nutrient content of the seedlings. This Conflict of Interest

improvement is attributed to the removal of the
seed coat, which typically inhibits germination
and seedling growth. Regarding the growing
media, the best results for seed germination and
growth parameters were observed in GMz,
consisting of bagasse (70%), cocopeat (5%), and
canal silt (25%). However, higher leaf nutrient
content was achieved in GMa4, which comprised
bagasse (20%), cocopeat (20%), canal silt (30%),
and press mud (30%).

Acknowledgements

The authors would like to thank the team of
Australian Centre for International Agricultural
Research (ACIAR) for grant of the project “Clean

329

The authors indicate no conflict of interest in this
work.

References

Abad M, Noguera P, Puchades R, Maquieira A,
Noguera V. 2002. Physico-chemical and chemical
properties of some coconut coir dusts for use as a
peat substitute for containerised ornamental
plants. Bioresource Technology 82, 241-245.

Anonymous. 2016. Cocopeat best organic
growing medium. Available: http://www.
Cocoagro.com\learn\coc-material.html.

Aklibasinda M, Tung¢ T, Bulut Y, Sahin U. 2011.
Effects of different growing media on Scotch pine



Memon et al,,

Int. J. Hort. Sci. Technol. 2026 13 (2): 321-332

(Pinus sylvestris) production. The Journal of
Animal and Plant Sciences 21, 535-541.

Association of Official Seed Analysts. 1983. Seed
Vigor Testing Handbook, Association of Official
Seed Analysts, Contribution No. 32.

Collins R, Badar H, Ariyawardana Anoma. 2019.
Dynamics of mango value chains in Pakistan.
Pakistan Journal of Agricultural Research. 56,
523-530.

Basra SMA, Farooq M, Tabassam R, Ahmad N.
2005. Physiological and biochemical aspects of
pre-sowing seed treatments in fine rice (Oryza
sativa L.). Seed Science and Technology 33, 623-
628.

Basirat M. 2011. Use of palm waste cellulose as a
substitute for common growing media in
Aglaonema growing. Journal of Ornamental and
Horticultural Plants 1, 1-11.

Chand M, Khippal A, Singh S, Lal R, Singh R. 2011.
Effect of planting material and seed rate in pit
planted sugarcane (Saccharum spp. hybrid
complex) in sub-tropical India. Indian Journal of
Agronomy 56, 78-82.

Cottenie A. 1980. Soil and plant testing as a basis
of fertilizer recommendation. FAO Soils Bulletin
No. 38. Rome, Italy

Deepak GN, U Jeevan, Singh C, Priyanka HL, S
Jaganath. 2018. Stone characterization, media
analysis and its influence on polyembryonic
rootstock germination of mango (Mangifera
indica L.). International Journal of Current
Microbiology and Applied Sciences 7, 1728-1736.

Dhaliwal GS, Arora R, Dhawan AK. 2004. Crop
losses due to insect pests in Indian agriculture: An
update. Indian Journal of Ecology 31, 1-7.

Donovan N, Bally I, Cooke T. 2016. Nursery
manual for citrus and mango. Nursery manual for
citrus and mango. Australian Centre for
International Agricultural Research 13-14.

Dotaniya ML, Datta SC, Biswas DR, Dotaniya CK,
Meena BL, Rajendiran S, Lata M. 2016. Use of
sugarcane industrial by-products for improving
sugarcane productivity and soil health.
International Journal of Recycling of Organic
Waste in Agriculture 5, 185-194.

Ellis RH, Roberts EH. 1981. The quantification of
ageing and survival in orthodox seeds. Seed
Science and Technology (Netherlands) 9.

Estefan G, Sommer R, Ryan J. 2013. Methods of
soil, plant and water analysis. A manual for the
West Asia and North Africa region (3rd Ed.).

330

ICARDA, Beirut, Lebanon

Faria LN, Donato SL, Santos MRD, Castro LG.
2016. Nutrient Contents In ‘Tommy Atkins’
mango Leaves at Flowering and Fruiting Stages.
Engenharia Agricola 36, 1073-1085.

Farooq M, Kakar K, Golly MK, Illyas N, Zib B, Khan

I, Khan S, Khan I, Saboor A, Bakhtiar M. 2018.
Comparative effect of potting media on sprouting
and seedling growth of grape cuttings.
International Journal of Environmental and
Agricultural Research 4, 82-89.

Gulcu SK, Ofori D, Peprah T, Russell ], Rutatina F,
Sawe CT, Schmidt LZ, Tchoundjeu A, Simons J.
2010. Allanblackia, a new tree crop in Africa for
the global food industry: market development,
smallholder  cultivation and  biodiversity
management. Forests, Trees and Livelihoods 19,
251-268.

Harhash MM, Ahamed MMM, Mosa WFA. 2022.
Mango performance as affected by the soil
application of Zeolite and Biochar under water
salinity stresses. Environmental Science and
Pollution 29, 87144-87156
https://doi.org/10.1007/s11356-022-21503-4

Indriyani F, Kumah P, Idun I. 2011. Effect of
ripening stage on composition, sensory qualities
and acceptability of keitt mango (Mangifera
indica L.) chips. African Journal of Food,
Agriculture, Nutrition and Development 11,
23-29.

Kauras S. 2017. Effect of growing media mixtures
on seed germination and seedling growth of
different mango (Mangifera indica L.) cultivars
under sub-mountainous conditions of Punjab.
Chemical Science Review and Letters 6, 1599-
1603.

Knudsen D, Peterson GA, Pratt PF. 1982. Lithium,
Sodium and Potassium, Methods of Soil Analysis,
Part 2: Chemical and Microbiological Properties.
American Society of Agronomy Madison, WI, USA
229-230.

Khan MM, Khan MA, Abbas M, Jaskani M], Ali MA,
Abbas H. 2006. Evaluation of potting media for
the production of rough lemon nursery stock.
Pakistan Journal of Botany 28, 623-629.

Khan M, Mustafa K, Shah M, Khan N, Khan JZ.
2008. Forecasting mango production in Pakistan
an econometric model approach. Sarhad Journal
of Agriculture 24, 363-370.

Khan B, Tawab S, Ali N, Ali S, Anjum MM, Zaman
W. 2017. Effect of different growing media on the
growth and germination of mango. International


https://doi.org/10.1007/s11356-022-21503-4
https://www.ajol.info/index.php/ajfand
https://www.ajol.info/index.php/ajfand

Memon et al,,

Int. J. Hort. Sci. Technol. 2026 13 (2): 321-332

Journal of Environmental Sciences and Natural
Resources 4, 555-636.

Larsen SU, Andreasen C. 2004. Light and heavy
turfgrass seeds differ in germination percentage
and mean germination thermal time. Crop
Science 44,1710-1720.

Memon N, Bally IS, Fateh FS, Memon M, Kumar L.
2017. Raising healthy seedling rootstocks of
mango. In XI International Mango Symposium
1183, 139-144.

Mhango ], Akinnifesi FK, Mng’'omba SA, Sileshi G.
2008. Effect of growing medium on early growth
and survival of Uapaca kirkiana Miiell Arg.
seedlings in Malawi. African Journal of
Biotechnology 7 (13), 2197-2202.

Muralidhara BM, Reddy YTN, Srilatha V, Akshitha
HJ. 2015. Effect of seed coat removal treatments
on seed germination and seedling attributes in
mango varieties. International Journal of Fruit
Science 16, 1-9.

Pinto ACDQ, Satco VG, Mitra SK, Ferreira FR.
2018. Mango propagation. Revista Brasileira de
Fruticultura 40, 586.

Puranik UY, Bhosale AR, Kapse VD, Zodge SD,
Prabhudesai SS. 2017. Secondary nutrient status
in soil and leaf of alphonso mango orchards from
Ratnagiri and Devgad in relation to yield.
International Journal of Chemical Studies 5, 43-
46.

Raza SA, Khan AS, Khan IA, Rajwana IA, Ali S, Khan
AA, Rehman A. 2017. Morphological and physico-
chemical diversity in some indigenous mango
(Mangifera indica L.) germplasm of Pakistan.
Pakistan Journal of Agricultural Sciences 54, 287-
297.

Richards LA. 1954. Diagnosis and improvement of
saline alkali soils. Agricultural Handbook, USDA
60.

Safdar HA, Amin Y, Shafiq A, Yasin R. 2019. A
review: impact of salinity on plant growth. Nature
and Science 17, 34-40.

Sarkar D, Ferguson M, Datta R, Birnbaum S. 2005.
Bioremediation of petroleum hydrocarbons in
contaminated soils: comparison of biosolids
addition, carbon supplementation, and
monitored natural attenuation. Environmental
Pollution 136, 187-195

Stassen PJC, Grove HG, Davie S]. 1999. Tree
shaping strategies for higher density mango
orchards. Journal of Applied Horticulture 1, 1-4.

Sukthumrong A, Boonkerd N, Khumlert R,

331

Feungchan S, Luksanawimol P, Prasittikhet ],
Suriyapan 0. 1999. Plant nutrient and
distribution under different fertilizer
management in nam dok mai mango. In VI
International Symposium on Mango 509, 307-
314.

Ul Haq I, Ghaffar A, Umar H, Bally IS. 2017.
Evaluation of potting media for rapid growth of
mango nursery plants. Acta Horticulturae 133-
138.

Wilson SB, Stoffella PJ, Graetz DA. 2001. Use of
compost as a media amendment for containerized
production of two subtropical perennials. Journal
of Environmental Horticulture 19, 37-42.

Young TW, Sauls JW. 1981. The mango industry in
Florida. Florida Cooperative Extension Service
Bulletin 189, 1-70.

Zarcinas BA, Cartwright B, Spouncer LR. 1987.
Nitric acid digestion and multi-element analysis
of plant material by inductively coupled plasma
spectrometry. Communications in Soil Science
and Plant Analysis 18, 131-146.

Zuazo VHD, Pleguezuelo CRR, Tarifa DF. 2006.
Fruit yield, growth and leaf-nutrient status of
mangoes grafted on two rootstocks in a marginal
growing area (South-East Spain). Fruits 61, 163-
170.



