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Abstract
Purpose Effect of various combinations of potting substrates was assessed to enhance vegetative growth, plant
productivity and mineral composition of Caladium bicolor.
Methods Different substrates like leaf compost, farmyard
manure, coconut compost, compost and perlite were used
in different combinations with silt. Bulbs were sown in pots
filled with different combinations of potting substrates,
which were arranged under completely randomized design
(CRD), with three replications, and totally there were ten
treatment combinations.
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Results Application of different treatments of growing
media either alone or in combinations led to considerable
improvement in plant growth characteristics as compared
to respective control. However, response differed according to the type of media manipulation. The highest stimulatory effect with maximum plant growth in terms of early
sprouting, plant height, leaf area, chlorophyll contents,
fresh and dry weights of tubers was observed in plants
treated with silt?leaf compost?perlite combination; this
combination significantly enhanced plant growth
(30-150%) as compared to control. In case of NPK and
protein contents, treatment combination of silt?leaf compost?coconut compost was greatly affected which lowered
the pH, increased available organic matter and consequently maximized nutrient uptake by the plants.
Conclusions The best selection of conventional organic
and inorganic potting media is the key to successful mass
propagation of containerized plants. Generally, it could be
concluded that application of potting mixes with silt, perlite, leaf composts and coco-based residues is a good cultural practice to improve the crop productivity and provide
a better growing environment for plants.
Keywords Foliage plants  Organic  Inorganic substrates 
Potting medium  Caladium

Introduction
Caladium (Caladium bicolor L.) is an excellent ornamental
plant, commonly known as ‘‘Angel’s Wing’’ which belongs
to family Araceae. This genus is mostly grown for its
spectacular foliage features with symmetrically marked in
a variety of colors and patterns. Its heart shaped leaves vary
in size from six inches to two feet and edged in green-red,
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green-white and red with white marks (Zhu et al. 1993).
Due to its magnificent decorative foliage beauty and color
versatility, it is considered as unique addition in indoor and
outdoor beautification as it is used in borders, beddings,
rockeries, pots, as a filler, window boxes and fresh flower
arrangement (Deng and Harbaugh 2006).
Cultivation of foliage ornamental plants contributes to the
biggest segment of the floriculture industry followed by
potted flowering and nursery plants, flowering bulbs and other
plant material for propagation purposes (Dole and Wilkins
2005). Foliage plants need suitable rooting atmosphere for
better growth whereas traditional soils generally have some
inherent problems, especially for the production of plants in
containers in terms of poor aeration and drainage, and may
contain insects, weed seeds and disease causing organisms.
The frequent water demanded by container plants will cause
various soils to compact into a tight, brick-like mass (Tariq
et al. 2012) and nutrition management is also more difficult
because indigenous soils have their own nutritional status,
which interferes with the plant nutrient uptake ability for the
growth and development (Younis et al. 2013a). Nursery
production of container plants and greenhouse plant production mainly depends on a number of soilless cultural practices
(Wilson et al. 2003; Younis et al. 2011). One of them, most
important cultural input is growing media that is the basic
prerequisite for better growth and development of horticultural plants (Younis et al. 2013b).
Growing media or components for potting soil mixes
have gained popularity for several decades and have been
successfully used in the cut flower industry with aim to
intensify the commercial production (Maloupa et al. 1992).
An ideal growing mix used to produce greenhouse floricultural crops should have four basic functions, deliver
aeration and water, provide suitable anchorage for maximum root growth, physically support the plant and create a
reservoir of adequate nutrient uptake (Tariq et al. 2012).
Now various organic ingredients like peat moss, green
compost, animal manures, coco peat and inorganic/mineral
potting substrates such as sand, gravel, perlite and silt are
being utilized for domestic and commercial purposes.
Several studies advocated that it is much easier to handle
soilless growing media and it is also good for growth and
development of plants as compared to soil environment
(Yasmeen et al. 2012). In case of Caladium, it should be
planted in porous soils that contain organic matter so that
aeration, drainage and sufficient water holding capacity of
soil ensures proper growth (Thomas 2009).
Numerous studies revealed that peat can be substituted
by synthetic fertilizers without any negative effects on a
variety of ornamental plant growth and development raised
in these substrates (Abad et al. 2002; Linderman and Davis
2003; Larcher and Scariot 2009; Riaz et al. 2008; Younis
et al. 2010). Diverse mineral substrates have distinctive
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traits which could have direct or indirect effects on plant
growth and development (Younis et al. 2013a). Similarly,
perlite and clay were incorporated with peat and compost
as a part of growing medium. It was determined that
growing media statistically affected morphological and
reproductive attributes (Savvas et al. 2004; Ghazvini et al.
2007). Diversified composition of growing media has a
profound effect on physical, chemical and biological
properties of the substrate. This diversified composition
also alters the activities of microorganisms which ultimately decreases the nitrogen losses and increases the
cation exchange capacity (Alidoust et al. 2012; Younis
et al. 2013b). Compost or mixture of these substrates acts
as an excellent soil conditioner (Bulluck et al. 2002),
applied in different ratio had significant effects on plant
biomass (Arancon et al. 2004; Younis et al. 2011), cultivars
heights (Beeson, 1996), number of leaves (Eklind et al.
2001), chlorophyll index (Hashemimajd et al. 2004), plant
fresh and dry weight (Wang and Lin 2006), greater availability of mineral nutrients to plants (Zaller 2009).
However, particular scientific findings regarding this
specific ornamental plant are insufficient, therefore, keeping in view the aesthetic importance of the Caladium and
role of substrates in its growth, the current study was
planned to check the efficacy of diversified composed
growing media having the following components (compost, silt, farmyard manure, peat moss, leaf compost and
perlite) in different proportions for the growth, physiology
and quality characters of the Caladium bicolor.

Materials and methods
Experimental setup and treatment plan
The experiment was carried out at the floriculture research
area in the Institute of Horticultural Sciences, University of
Agriculture, Faisalabad during the year 2011-2012 (latitude 31°3000 N, longitude 73°1000 E and altitude 213 m) to
evaluate six growing substrates viz. Leaf manure, farm
yard manure, compost, coco peat, peat moss and perlite for
Caladium bicolor cv. John Peed. Bulbs were sown in clay
pots (8 in. diameter from top and 10 in. height) on 01-042011. Nine treatment combinations were made in different
ratios by volume from these six growing substrates and
treatments for this experiment were T0, Silt (S); T1 silt?leaf compost (SLC); T2 silt?farm yard manure (SFYM);
T3 silt?coco peat (SCP); T4 silt?compost (SC); T5
silt?perlite (SP); T6 silt?farm yard manure?leaf compost
(1:1:1); T7 silt?coco peat?leaf compost (SCPLC); T8
silt?perlite?leaf compost (SPLC) in 1:1:1 ratio and T9
silt?peat moss?compost (1:1:1). Treatment T0, which
contained silt only, was considered the standard. For
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compost formation, garden residues (leaf pruning and
clippings) were used after 90 days of decomposition process kept under 62 °C temperature in compost bin. Two
grams of soluble NPK fertilizer (19-19-19) was applied to
each pot once after transplantation.
During whole growth period, all the cultural practices
weeding, fertilizer application, pesticide application and
irrigation application were kept same for all the experimental units. The design used for experiment was completely randomized design (CRD), with three replications
and there were total ten treatments. There were total ninety
plants in this experiment with nine plants each treatment.
Physio-chemical analysis for potting media
Before start of experiment, the different media compositions were subjected to analysis for chemical properties
like EC, pH, organic matter contents and N, P and K
contents presented in (Table 1). The electrical conductivity
(EC) was measured in dS m-1 with a conductivity meter
and a pH meter (digital ion analyzer) was used to measure
the pH of the potting media (Thomas 1996). The total
nitrogen in the media sample was determined by distillation in Kjeldahl’s apparatus and titration was carried out
with standard H2SO4. Boric acid and methyl red were used
as indicators (Jackson 1962; Bremner and Mulvaney 1982).
Olsen’s method was used to determine the available
phosphorus in the media (Watanabe and Olsen 1965; Olsen
et al. 1984) and for the assessment of potassium the United
States Salinity Laboratory Staff’s (1954) method of flame
photometer was used.

leaf thickness (mm), petiole diameter (cm), number of
shoots plant-1, leaf fresh weight (g), leaf dry weight (g),
tuber fresh weight (g) and tuber dry weight (g).
Leaf nutrient sampling and measurements
Leaves of Caladium were analyzed for following physiological parameters chlorophyll contents (SPAD value),
nitrogen contents (%), phosphorus contents (mg/L),
potassium contents (mg/L) and total soluble proteins (%).
Chlorophyll contents were measured with chlorophyll
meter (SPAD 502, Minolta, Japan), nitrogen was estimated
by the method described by Chapman and Parker (1961).
Phosphorus was determined using spectrometer (Model U
2020) and potassium was determined by flame photometer
(Flame Photometer 410) by the method described by
Chapman and Parker (1961). Total proteins in the samples
were estimated using the same procedure as for nitrogen.
The following formula was used.
Protein % ¼ N%  6:25
Statistical analysis
The collected data for the morphological and physiological
traits of the plants were statistically analyzed by using
analysis of variance (ANOVA) technique to check any
differences between the means. Significant means were
compared using least significance test (LSD) at a 5%
probability level (Steel et al. 1997).

Plant growth characteristics

Results

Following observations on plant vegetative growth characteristics were taken during the course of study like days
to bulb sprouting (days), plant height (cm), leaf area (cm2),

The collected data regarding the morphological traits by
using different potting substrates were analyzed statistically at a 5% level of probability. Treatments means were

Table 1 Physical-chemical
characteristics of various
potting substrates utilized for
growing Caladium

Treatments

pH

EC (dS m-1)

Organic matter (%)

N%

T0

6.50

1.28

0.67

0.28

3.05

130

T1

6.80

2.48

0.88

1.97

2.47

190

T2

6.80

2.98

1.66

1.44

20.14

250

T3

6.80

4.62

2.28

1.08

21.23

220

T4

6.70

2.61

2.43

1.06

22.32

200

T5

6.60

3.65

2.12

1.48

23.41

500

T6

6.60

3.43

1.55

1.40

24.54

330

T7

6.40

3.92

1.52

1.31

25.66

310

T8

6.30

2.16

2.84

2.40

26.77

450

T9

6.90

5.36

1.05

1.09

27.85

300

P (mg/L)

K (mg/L)

Treatment description: T0 (Control), T1 (Silt?Leaf compost), T2 (Silt?Farmyard manure), T3 (Silt?Coconut compost), T4 (Silt?Compost), T5 (Silt?Perlite), T6 (Silt?Leaf Compost?Farmyard manure), T7
(Silt?Leaf Compost?Coconut compost), T8 (Silt?Leaf Compost?Perlite), T9 (Silt?Compost?Peat moss)
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subjected to least significance difference (LSD) test and
each treatment showed different responses. Results
regarding morphological attributes, fresh and dry weights,
biochemical traits and protein contents of Caladium are as
follows.

(silt?leaf compost?farmyard manure), T2 (silt?farmyard
manure), T9 (silt?compost?peat moss) and T3 (silt?coconut compost) taking 612.38, 504.37, 461.36, 428.36 and
404.69 cm2 leaf area, respectively. The least leaf area
(284.46 cm2) was counted in control treatment in which
only silt was used as a potting medium.

Morphological attributes of Caladium
Chlorophyll contents
Days to germination
The results for days to germination showed that T8
(silt?perlite?leaf manure) used as a growing medium
during Caladium forcing showed early germination, took
minimum days to sprouting (16 days) with respect to other
treatments. Among treatment comparison, non-significant
effect was noticed in T6 and T9 took 18 days, similarly T1
and T4 took 23 days to germination. The bulbs sown in T0
(control) took maximum days (24 days) to sprout in as
shown in Table 2.

Statistical variations in leaf chlorophyll contents were
observed in the plants treated with various combinations of
potting media. Combine application of silt?perlite?leaf
manure (T8) in equal proportion increased the chlorophyll
contents in leaves 51.59 SPAD while treatment comparison, T4 and T5 in which mixture of silt with perlite and
compost was almost same in chlorophyll increment which
was 42.07 and 42.88 SPAD value. Minimum leaf chlorophyll (37.13) was noticed in T0 where only silt was applied
(Table 2).

Plant height

Petiole diameter

Results for data pertaining to plant height indicated that
treatment combination (T8) consisting of silt?perlite?leaf
manure showed the significant superiority with maximum
plant height 52.25 cm followed by all treatments. While,
minimum plant height (28.83 cm) was observed in T0
(Silt).

The variations in petiole diameter were observed with
application of various combinations of potting media.
Combine application of silt?perlite?leaf manure (T8) in
equal proportion increases the petiole diameter 12.37 cm as
compared to other potting mixes combination. While
treatment comparison showed that T0, T4, T1, T5 were not
statistically different. Minimum petiole diameter (4.58 cm)
was noticed in T0 (silt) (Table 2).

Leaf area
In response to different growing media, significant difference in leaf area of Caladium plants was observed. It was
recorded that silt?perlite?leaf manure comprises in T8
presented maximum leaf area (715.46 cm2), which was
followed by T7 (silt?leaf compost?coconut compost), T6

Number of shoots
Results regarding shoot increment stated highly significant
response in treatment T8 (silt?leaf compost?perlite) which
counted 17 shoots. The plants grown under T5 treatment in

Table 2 Effect of different potting substrates on plant characteristics of Caladium
Treatments

Days to sprouting (days)

Plant height (cm)

Leaf area (cm2)

Chlorophyll contents (SPAD)

Petiole diameter (cm)

T0

24 ± 0.72 a

28.83 ± 0.11 j

285.46 ± 0.57 j

38.37 ± 0.46 g

4.58 ± 0.33 f

T1

23 ± 0.64 ab

33.51 ± 0.88 h

334.17 ± 0.95 h

41.18 ± 0.33 f

5.04 ± 0.28 f

T2

19 ± 0.69 de

42.79 ± 0.42 d

461.36 ± 0.87 d

46.37 ± 0.60 c

8.49 ± 0.24 c

T3

20 ± 0.14 cd

38.81 ± 0.54 f

404.69 ± 0.58 f

44.55 ± 0.70 d

6.13 ± 0.88 de

T4

23 ± 0.69 ab

31.11 ± 0.35 i

314.84 ± 0.86 i

42.07 ± 0.41 ef

4.87 ± 0.43 f

T5

22 ± 0.67 bc

35.85 ± 0.57 g

357.94 ± 0.98 g

42.88 ± 0.36 e

5.16 ± 0.17 ef

T6

18 ± 0.61 e

46.12 ± 0.46 c

504.37 ± 0.87 c

50.57 ± 0.40 a

9.62 ± 0.33 b

T7

17 ± 0.29 f

49.21 ± 0.31 b

612.38 ± 0.49 b

48.46 ± 0.32 b

10.37 ± 0.59 b

T8

16 ± 0.63 f

52.25 ± 0.58 a

715.46 ± 0.75 a

51.59 ± 0.67 a

12.36 ± 0.40 a

T9

18 ± 0.60 e

40.92 ± 0.36 e

428.38 ± 0.81 e

45.73 ± 0.58 cd

6.71 ± 0.27 d

The data present as different traits in caladium plants and mean ± standard error. Letters (a–z) in each column exhibit significant difference
among means at P \ 0.05 (LSD0.05)
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which only inorganic media (silt?perlite 1:1) was incorporated, exhibited highest effect than T0, T1 and T4. Beside
this, T6 and T7 produced similar number of shoots per plant
(16) where no statistical difference was found.
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combination (T7) absorbed highest nitrogen uptake
(1.55%) by leaves. The plants in pots provided silt?leaf
compost?perlite media combination also increased the
N-contents up to (1.47%) and its effect was higher but not
highly significant than others treatment.

Fresh and dry weights of Leaves
Phosphorous contents
Results in Table 3 shows that leaf fresh and dry weight of
plants increased in potting media combination containing
silt?leaf compost?perlite (T8) than other potting mixes
combination. In comparative evaluation among treatments,
the treatment T2 and T9 exhibited satisfactory results for
gain in fresh weight but their effect was not different to each
other at P \ 0.05. Leaf dry weight did not show significant
variation among top treatment assessment. Statistically
similar results were observed for T6, T7 and T8 producing
6.00, 6.22 and 6.72 g leaves dry weight, respectively.
Fresh and dry weights of tubers
In case of tuber weights, it was observed that potting media
treatments including organic and inorganic application
affected tuber fresh and dry weights (Table 3). The addition
of silt?perlite?leaf manure increased tuber fresh and dry
weights in comparison to mixtures. Treatment T6, T7 and T8
showed highly significant difference for increase in fresh
weight but their significant effect was not observed in case
of tuber dry weight. The treatment T8 produced maximum
tuber fresh and dry weight (95.56 g and 11.70 g).
Nitrogen contents
The results presented in Table 4 indicated that the combined use of growing media had positive effect for nitrogen
absorption in this experiment. Plants grown in media
containing
silt?leaf
compost?coconut
compost

Soilless growing media with appropriate combination could
prove constructive approach towards phosphorous uptake
by the plants. Table 4 shows the increase in phosphorous
contents of leaves with the application of organic and
inorganic. The growing media which had combination of
silt?leaf compost?coconut compost (T7) showed maximum P-contents (30.46 mg/L) than rest of all treatments.
All treatments in which we added different soilless growing
media with different proportion have performed better for P
uptake except control which gave lowest mineral absorption. So, normal or garden soil can easily replace by addition of potting media for proper nutrients absorption.
Potassium contents
In case of Potassium contents, Table 4 showed increase of
potassium contents in leaves in response to the application
of organic and inorganic mixes than control. The maximum
K-contents (139.29 mg/L) were found in growing media
which had silt?leaf compost?coconut compost (T7). All
other treatments with different soilless growing media
performed better in K uptake except control whose effect
was lowest in mineral absorption.
Protein contents
Result regarding protein contents of leaves in response to
different growing media are given in Table 4 as treatment

Table 3 Effect of different potting substrates on plant biomass of Caladium
Treatments

Number of shoots plant-1

Leaf fresh weight (g)

Leaf dry weight (g)

Tuber fresh weight (g)

Tuber dry weight (g)

T0

6 ± 0.57 g

44.99 ± 0.88 h

2.31 ± 0.89 d

64.97 ± 0.25 i

5.01 ± 0.46 f

T1

9 ± 0.53 ef

58.13 ± 0.45 g

3.59 ± 0.10 cd

76.76 ± 0.90 g

6.69 ± 0.33 de

T2

14 ± 0.66 bc

69.11 ± 0.92 d

5.78 ± 0.39 ab

86.85 ± 0.29 cd

8.86 ± 0.63 c

T3

12 ± 0.33 d

64.29 ± 0.58 e

5.50 ± 0.20 ab

82.78 ± 0.66 e

7.65 ± 0.57 cde

T4

8 ± 0.56 f

56.16 ± 0.87 g

3.01 ± 0.29 d

71.83 ± 0.87 h

6.10 ± 0.58 ef

T5

5 ± 0.51 e

61.73 ± 0.84 f

4.62 ± 0.33 bc

79.35 ± 0.67 f

7.13 ± 0.59 de

T6

16 ± 0.54 ab

71.78 ± 0.78 c

6.00 ± 0.06 a

88.85 ± 0.88 c

9.19 ± 0.33 bc

T7

16 ± 0.88 ab

76.97 ± 0.88 b

6.22 ± 0.38 a

91.64 ± 0.54 b

10.47 ± 0.58 ab

T8

17 ± 0.63 a

87.40 ± 0.70 a

6.72 ± 0.58 a

95.56 ± 0.66 a

11.70 ± 0.57 a

T9

13 ± 0.31 cd

67.25 ± 0.57 d

5.61 ± 0.57 ab

85.06 ± 0.87 d

8.12 ± 0.50 cd

The data present as different traits in caladium plants and mean ± standard error. Letters (a–z) in each column exhibit significant difference
among means at P \ 0.05 (LSD0.05)
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Table 4 Effect of different potting substrates on NPK contents and total soluble proteins of Caladium
Treatments

Nitrogen contents (%)

Phosphorus contents (mg/L)

Potassium contents (mg/L)

Total soluble proteins (%)

T0

0.98 ± 0.01 j

9.63 ± 0.60 j

81.64 ± 2.01 j

1.20 ± 0.37 h

T1

1.26 ± 0.04 h

17.48 ± 2.08 g

123.72 ± 5.01 g

3.87 ± 0.26 f

T2

1.35 ± 0.01 c

21.66 ± 2.01 de

130.58 ± 5.68 e

5.43 ± 0.21 d

T3

1.31 ± 0.08 e

20.96 ± 1.00 f

127.17 ± 4.17 f

4.40 ± 0.28 e

T4

1.15 ± 0.03 d

12.43 ± 1.00 i

113.55 ± 2.51 i

2.68 ± 0.21 g

T5

1.23 ± 0.02 g

14.39 ± 1.53 h

119.39 ± 2.09 h

3.47 ± 0.20 f

T6

1.45 ± 0.03 f

25.23 ± 1.00 c

134.47 ± 3.11 cd

7.35 ± 0.13 c

T7

1.56 ± 0.06 a

30.46 ± 1.16 a

139.29 ± 5.04 a

10.05 ± 0.15 a

T8

1.48 ± 0.04 b

27.56 ± 1.53 b

136.11 ± 4.73 b

8.03 ± 0.31 bc

T9

1.37 ± 0.06 i

23.79 ± 1.16 d

133.01 ± 0.01 d

5.89 ± 0.22 d

The data present as different traits in caladium plants and mean ± standard error. Letters (a–z) in each column exhibit significant difference
among means at P \ 0.05 (LSD0.05)

mean. The significant results were obtained in the treatment T7 (silt?leaf compost?coconut compost) where
10.05% protein contents were observed. Other potting
media combination of T8, and T6 showed remarkable
contribution to protein contents increment 8.02 and 7.34%
respectively and significant effect was examined in this
study trial. In comparison with different media combination, the lowest effect was recorded in T4 in which silt?compost were used.

Discussion
This pot study was visualized with the observation to
monitor Caladium growth and find out some good combination of potting media to have the positive effect on crop
growth. It was observed from this experiment that vegetative growth and plant biomass were positively affected
when plants grown under all different media concentration
than control. However, the comparative performance of all
potting combination showed that T8 (silt?leaf compost?perlite) and T7 (silt?leaf compost?coconut compost) were approved to be most suitable mixture which
significantly improve the overall growth and biomass of
Caladium. Soilless potting substrates are commonly used
for better seedling growth and quick germination in
greenhouse bedding and potted plants (Baiyeri 2003;
Younis et al. 2008). From this experiment, it was perceived
that potting media with a combination of organic (leaf
manure) and inorganic (perlite) with silt reduced the mean
germination time and showed fast bulb growth compared to
other media combinations and control treatment. It can be
concluded that the combinations of the above growing
media are best because different media are rich in different
nutrients and multi-nutrient substrates are good for the soil
chemical, physical and biological properties. In different
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plant species early sprouting depends upon the air, water
content and temperature of the medium (Guerin et al.
2001). Similar findings were observed by Shah et al. (2006)
where FYM, leaf compost and silt at 1:1:1 ratio as growing
substrate for Ficus binnendijkii c.v. Amstel Queen gave
highest sprouting percentage. Results are also in accordance with the outcomes of Riaz et al. (2008) who
observed the early seedling germination in Zinnia elegans
under influence of silt, compost, and leaf manure media. It
is suggested to use balanced potting substrates for ornamental plants in order to get maximum plant height. All
potting media combinations showed highly significant
effect for this growth character. The highest stimulatory
effect and the maximum enhancement in plant height was
noticed in pots mixed with silt, perlite, and leaf manure in
1:1:1 ratio as a potting media (Table 1). This combination
performed best because in this combination pH and amount
of nitrogen was optimum, these finding are in relation with
the findings of Grassoti et al. (2003), they found that Lilium
as a cut flower give maximum plant height when different
media were used as potting substrate. Results also showed
that different media with different combinations have more
effects on plant height. Treder (2008) also confirmed the
above findings where plants attained maximum height
when grown in media containing perlite.
Leaf area and leaf chlorophyll activities are important
components of growth, which directly target plant photosynthetic activates (Younis et al. 2015). In this study,
results showed that leaf area was significantly increased by
treating plants with different potting media combinations
compared to control, however, plants grown in silt, perlite,
and leaf manure with equal proportion depicted the highest
leaf area expansion among treatment comparison. These
results are similar to that of Khan et al. (2002) who also
observed maximum leaf area in gladiolus flowers where
they used media containing silt, perlite and farm yard

Int J Recycl Org Waste Agricult (2017) 6:13–21

manure. Similarly, Nowak and Strojny (2003) on Gerbera
and Khayyat et al. (2007) on Pothos got the maximum leaf
area in plants when grown in different combinations of
media. Leaf chlorophyll contents greatly depend upon leaf
size and area. Plants having more leaf area had the highest
number of chlorophyll contents which might helped to
enhance photosynthetic actives. Leaf chlorophyll contents
of Caladium plants showed positive responses to all potting
media treatments as depicted in Table 1, therefore, the
media composition with farmyard manure, leaf compost,
perlite and silt, greatly influenced chlorophyll contents in
comparison with the control treatment. This increase in
chlorophyll contents is mainly due to the assimilation of
nitrogen from the growing substances. Nitrogen has great
effect on the photosynthetic pigments and increases the rate
of photochemical reactions (Kumar et al. 1988). Similar
findings were witnessed by Mahgoub et al. (2006),
according to them nitrogen may be responsible for the
increase of chlorophyll contents in Iris leaves. Petiole
diameter and number of shoots per plants showed less
significant response to all soilless potting substrates combination, but their effect was higher than control. These
outcomes are in line with the results of Younis et al.
(2010), who stated that the petiole diameter of croton plant
was influenced by media having leaf compost, coco coir
dust, farmyard manure and perlite as components. Side
shoots per plants were vigorously growing in media rich in
nutrients, therefore, the growth of plants was higher in the
media having leaf compost as substrate. In the same way,
numbers of shoots were more in media having compost and
silt as components. All these results are in accordance with
Riaz et al. (2008) who found the maximum number of side
shoots in growing substrates having leaf compost, silt and
leaf manure as components.
Fresh and dry weight of leaves were also affected under
different potting media applications in this study, where
perlite, compost and silt as components showed maximum
leaf fresh and dry weight. The results are in line with
Awang et al. (2010) who got the maximum values for leaf
fresh and dry weights using different organic media in
Celosia cristata. The increase in fresh and dry weight was
also reported by Eklind et al. (2001) when test plants were
grown in silt and leaf manure combination. Potting media
has great importance not only for leaf growth but also for
proper roots and tuber growth. As roots and tubers are in
direct contact with potting media and any change in their
surrounding environment can affect its growth, therefore,
its formulation should be such that it may provide balance
between solid particles and pore spaces (Riaz et al. 2014).
The treatment T8 gave maximum growth in case of tuber
fresh and dry weight as this media not only provided better
aeration, moisture and provision of nutrients. Healthy
growth of tubers may be due to storage of food in the tubers
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by the sink source action. Plants growing in leaf compost,
perlite and silt had greater leaf area and had large tuber
size. The greater leaf area means more chlorophyll contents, it enabled plants to produce more photosynthate
which ultimately resulted in larger tuber size due to more
food storage (Riaz et al. 2015). The genetic potential of
cultivar may affect the tuber size due to nutrient utilizing
efficiency, more food production resultantly more tuber
size. Khan et al. (2002) concluded that larger root tubers
were in Dahlia growing in media containing leaf mold
which was rich in organic matter and high nutritional status. This is also supported by the Younis et al. (2008),
where leaf compost and silt application gave healthy
growth of Dahlia tubers and cut flowers.
Physicochemical characteristics of Caladium plants with
respect to treatment combination are presented in Table 4
and results indicated that different growing media had a
different effect for estimation of biochemical analysis.
However highly significant effect was not found in nutrient
uptake (NPK) contents and protein contents when treatment compared to each other treatments. Leaf intake of
NPK and protein was highest in plants grown under combination of silt, leaf compost and coconut compost.
Nitrogen is chief mineral constituents required for rapid
plant growth and reproduction. Maximum absorption by
root is enhanced by the frequent translocation to the leaves
(Zhao et al. 2005; Younis et al. 2013c; Naseem et al. 2015).
Leaf and coconut compost based potting mixes contained
sufficient nitrogen which regulate the plant growth directly
and thereafter assembled and reflected into plant tissues
(Yasmeen et al. 2012). These finding are also similar to
those shown by Mathowa et al. (2014). Significant results
were also obtained by Abad et al. (2002) stated that coco
base compost increases nitrogen contents in container
based ornamental plants. Similarly, phosphorus also plays
an important role in many plant processes as nucleic acids
synthesis, energy metabolism, photosynthesis, respiration,
regulation of enzymes and nitrogen fixation (Raghothama
1999). For the development of flower, fruit and roots
adequate supply of phosphorus is necessary. Phosphorus at
high level in growing media increases the availability for
the plants and increase root and shoot growth. These results
are in harmony with finding of Khan et al. (2006) who also
observed maximum phosphorous uptake by leaf under
influence of perlite and leaf compost media. Potassium is a
vital plant nutrient which affects many essential physiological and metabolic processes. Its major role in the regulation of water in plants, improve drought resistance,
protein synthesis and activation of many growth related
enzymes (Cerda et al. 1995). Having adequate organic
matter in growing media accelerated the plant growth due
to improvement in K-contents in leaves (Khayyat et al.
2007). Findings from this research are in line with
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Nandeshwar and Patra (2004) and Mehmood et al. (2013)
they found high potassium uptake in seedlings of other
plant species grown in silt mixed with leaf compost and
peat moss. Parasana et al. (2013) also reported potting
mixture released nutrients specially K when seedlings
grown in a mixture of silt and farm yard manure residues.
These results are also supported by the finding of other
experiments, which collectively hypothesized that using
soilless fusions with organic and inorganic constituents
such as silt with leaf manure (Riaz et al. 2008) and perlite
with farmyard manure (Sudhakara et al. 1995; Malewar
et al. 1998; Parasana et al. 2013) enhanced the microbial
activities, regulated nutrient availability (Peter-Onoh et al.
2014), media increased protein contents (Poole and Conover 1989) and boosted seedling production (Baiyeri
2003).

Conclusion
According to this experiment, influence of different combinations of growing media proved to be ideal for caladium
plants to grow in greenhouses for better growth and good
quality of plants. The use of these ecofriendly potting
media combinations in this study also helps to reduce the
impact of chemicals on environment. On the bases of
above findings, we can conclude that all potting combinations including organic and inorganic components
greatly affect the plant growth and overall biomass which
can be used for caladium propagation. Specifically, media
combination of silt, leaf compost and perlite increased all
the morphological and physio-chemical characteristics
while protein contents were improved by application of silt,
leaf compost and coconut compost in combination. It is
therefore, recommended that application of potting mixes
with silt, perlite, leaf composts and coco based residues are
more suitable for the formation of soilless potting substances to improve growth and plant nutrition for the
container production of Caladium plants.
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tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References
Abad M, Noguera P, Puchades R, Maquieira A, Noguera V (2002)
Physico-chemical and chemical properties of some cocoanut
dusts for use as peat substitute for containerized ornamental
plants. Bioresour Technol 8:241–245

123

Alidoust M, Torkashvand M, Khomami M (2012) The effect of
growth medium of peanut shells compost and nutrient solution
on the growth of Dracaena. Ann Biol Res 3:789–794
Arancon NQ, Edwards CA, Atiyeh R, Metzger JD (2004) Effects of
vermicomposts produced from food waste on the growth and
yields of greenhouse peppers. Bioresour Technol 93:139–144
Awang Y, Shaharom AS, Mohamad RB, Selamat A (2010) Growth
dynamics of Celosia cristata grown in coco peat, burnt rice hull
and kenaf core fiber mixtures. Am J Agric Biol Sci 5:70–76
Baiyeri KP (2003) Evaluation of nursery media for seedling
emergence and early seedling growth of two tropical tree
species. Moor J Agric Resour 4:60–65
Beeson RCJ (1996) Composted yard waste as a component of
container substrates. J Environ Hortic 14:115–121
Bremner JM, Mulvaney CS (1982) Nitrogen-Total. In: Page AL,
Miller RH, Keeney DR (eds.), Methods of soil analysis, Part 2,
2nd edn. Agronomy Monograph 9. ASA and SSSA, Madison,
WI, USA, pp 595-624
Bulluck LR, Brosius M, Evanylo GK, Ristaino JB (2002) Organic and
synthetic fertility amendments influence soil microbial, physical
and chemical properties on organic and conventional farms.
Appl Soil Ecol 19(2):147–160
Cerda A, Pardines J, Botella MA, Martinez V (1995) Effect of
potassium on growth, water relations, and the inorganic and
organic solute contents for two maize cultivars grown under
saline conditions. J Plant Nutr 18:839–851
Chapman HD, Parker F (1961) Determination of NPK method of
analysis for soil, plant and water put. Agricultural University,
California, USA
Deng Z, Harbaugh BK (2006) ‘Garden White’-A large white fancy
leaved Caladium for sunny landscapes and large containers. Hort
Sci 41:840–842
Dole JM, Wilkins HF (2005) Floriculture principles and species, 2nd
edn. Person Education, Inc., New Jersey
Eklind Y, Raemert B, Wivstad M (2001) Evaluation of growing
media containing farmyard manure compost, household waste
compost or chicken manure for the propagation of lettuce
(Lactuca sativa L.) transplants. Biol Agric Hortic 19:157–181
Ghazvini R, Payvast GF, Azarian H (2007) Effect of clinoptiloliticzeolite and perlite mixtures on the yield and quality of
strawberry in soil-less culture. Int J Agric Biol 9:885–888
Grassoti A, Nesi B, Maletta M, Magnani G (2003) Effects of growing
media and planting time on lily hybrids in soilless culture. Acta
Hort 609:395–399
Guerin V, Lemairea F, Marfa O, Caceres R, Giuffrida F (2001)
Growth of Viburnum tinus in peat-based and peat-substitute
growing media. Sci Hort 89:129–142
Hashemimajd K, Kalbasi M, Goichin A, Shariatmadari H (2004)
Comparison of vermicompost and composts as potting media for
growth of tomatoes. J Plant Nutr 27:1107–1123
Jackson ML (1962) Soil Chemical Analysis. Constable Co. Ltd, London
Khan S, Khan AH, Iqbal A, Rehman MJ (2002) Effect of different
media on growth and quality of gladiolus (Gladiolus hortulanus
cv. Jacksonville Gold). Asian J Plant Sci 1:670–671
Khan MM, Khan MA, Mazhai A, Muhammad JMA, Abbas H (2006)
Evaluation of potting media for the production of rough lemon
nursery stock. Pak J Bot 38:623–629
Khayyat M, Nazari F, Salehi H (2007) Effects of different pot
mixtures on pothos (Epipremnum aureum Lindl) growth and
development. Am-Eur J Agric Environ Sci 2:341–348
Kumar K, Arvind K, Vidyasagar R, Rao K (1988) Studies on growth
and activity of photosynthetic enzymes on Sorghum bicolor L.
As influenced by micronutrients. Biol Sci 54:75–80
Larcher F, Scariot V (2009) Assessment of partial peat substitutes for
the production of Camellia japonica. Hort Technol
2(44):312–316

Int J Recycl Org Waste Agricult (2017) 6:13–21
Linderman RG, Davis EA (2003) Arbuscular Mycorrhiza and growth
responses of several ornamental plants grown in soilless peatbased medium amended with coconut dust (Coir). Hort Technol
13:482–487
Mahgoub HM, Rawia A, Eid A, Bedour H, Abou L (2006) Response
of Iris bulbs growth in sandy soil to nitrogen and potassium
fertilization. J Appl Sci Res 2:899–903
Malewar GU, Adsul PB, Ismail S (1998) Effect of different
combinations of fly ash and soil on growth attributes of forest
and dryland fruit crops. Indian J For 21:124–127
Maloupa E, Mitsios I, Martinez PF, Bladenopoulou S (1992) Study of
substrate use in Gerbera soilless culture grown in plastic
greenhouses. Acta Hort 323:139–144
Mathowa T, Bosenakitso M, Mojeremane W, Mpofu C, Legwaila GM
(2014) Effect of growing media on seedling growth of African
baobab (Adansonia digitata L.). Int J Adv Res Biol Sci 1:94–104
Mehmood T, Ahmad W, Ahmad KS, Shafi J, Shehzad MA, Sarwar
MA (2013) Comparative effect of different potting media on
vegetative and reproductive growth of floral shower (Antirrhinum majus L.). Uni J Plant Sci 1:104–111
Nandeshwar DL, Patra AK (2004) Selection of proper potting mixture
for production of Acacia catechu seedlings in root trainers.
Indian J Tropical Biodiversity 12:72–74
Naseem MK, Khan MA, Younis A, Ahmad R (2015) Exploiting the
nutritional requirement for growth, flower production and
phytochemical profile of Murraya exotica. Pak J Agri Sci
52:379–386
Nowak JS, Strojny Z (2003) Effect of different container media on the
growth of Gerbera. Acta Hort 608:59–63
Olsen SAR, Sant MD, Gislerod HR, Solbraa K (1984) Nitrogen
balance in bark composts used as growing media. Acta Hortic
150:193–202
Parasana JS, Leua HN, Ray NR (2013) Effect of different growing
medias mixture on the germination and seedling growth of
mango (Mangifera indica) cultivars under net house conditions.
Bioscan 8:897–900
Peter-Onoh CA, Obiefuna JC, Ngwuta AA, Onoh PA, Ibeawuchi II,
Ekwugha EU, Okafor EC, Nze EO, Orji JO, Onyeji EC (2014)
Efficacy of five different growth media on seedling emergence
and juvenile phenology of Monodora myristica (African nutmeg,
Ehuru) in the nursery. J Agric Vet Sci 7:60–63
Poole RT, Conover CA (1989) Growth of dieffenbachia and gardenia in
various potting ingredients. Proc Fla State Hort Soc 102:286–288
Raghothama KG (1999) Phosphate acquisition. Ann Rev Plant
Physiol Plant Mol Biol 50:665–693
Riaz A, Arshad M, Younis A, Raza A, Hameed M (2008) Effect of
different growing media on the growth and flowering of Zinnia
elegans cv. Blue point. Pak J Bot 40:1579–1585
Riaz A, Farooq U, Younis A, Karim A, Taj AR (2014) Growth
responses of Zinnia to different organic media. Acta Hort
1018:565–572
Riaz A, Younis A, Ghani I, Tariq U, Ahsan M (2015) Agricultural
waste as a growing media component for the growth and
flowering of Gerbera jamesonii CV. Hybrid mix. Int J Recycl
Org Waste Agricult 4:197–204
Savvas D, Samantouros K, Paralemos D, Vlachakos G, Stamatakis M,
Vassilatos C (2004) Yield and nutrient status in the root
environment of tomatoes grown on chemically active and
inactive inorganic substrates. Acta Hort 644:377–383
Shah M, Khattak AM, Amin N (2006) Effects of different growing
media on the rooting of Ficus binnendijkii ‘Amstel Queen’
cuttings. J Agri Biol Sci 1(3):15–17
Steel RGD, Torrie JH, Dicky DA (1997) Principles and procedures of
statistics: a biometric approach. Mc Graw Hill Inc, New York
Sudhakara K, Mammen W, Santoshkumar AV, Ashokan PK (1995)
Effect of seed size, rooting medium and fertilizers on

21
containerized seedling of silk cotton (Ceiba pentandra Linn.).
Indian Forester 21:1135–1142
Tariq U, Rehman S, Khan MA, Younis A, Yaseen M, Ahsan M
(2012) Agricultural and municipal waste as potting media
components for the growth and flowering of Dahlia hortensis
‘Figaro’. Turk J Bot 36:378–385
Thomas GW (1996) Soil pH and Soil Acidity. In: Sparks DL, Page
AL, Helmke PA, Loeppert RH, Soltanpour PN, Tabatabai MA,
Johnston CT, Sumner ME (eds) Methods of soil analysis, Part 3,
chemical methods. SSSA Inc. and ASA Inc., Madison, WI,
pp 475–490
Thomas PA (2009) Growing caladiums at home. Bullietin 726,
Cooperative Extension, Univercity of Georgia, USA
Treder J (2008) The effects of cocopeat and fertilization on the
growth and flowering of oriental lily ‘star gazer’. J Fruit Ornam
Plant Res 16:361–370
Wang SY, Lin SS (2006) Composts as soil supplement enhanced
plant growth and fruit quality of strawberry. J Plant Nutr
25:2243–2259
Watanabe FS, Olsen SR (1965) Test of an ascorbic acid method for
determining phosphorus in water and NaHCO3 extracts from
soil. Soil Sci Soc Am Pro 29:677–678
Wilson SB, Stoffella PJ, Graetz DA (2003) Compost amended media
and irrigation system influence containerized perennial Salvia.
J Am Soc Hortic Sci 128:260–268
Yasmeen S, Younis A, Rayit A, Riaz A, Shabeer S (2012) Effect of
different substrates on growth and flowering of Dianthus
caryophyllus cv. ‘Chauband Mixed’. Am-Eurasian J Agric
Environ Sci 12:249–258
Younis A, Ahmad M, Riaz A (2008) Effect of different potting media
on growth and flowering of dahlia coccinia cv. ‘Mignon’. Acta
Hort 804:191–196
Younis A, Riaz A, Wasim M, Khan MA, Nadeem M (2010)
Production of quality croton (Codiaeum variegatum) plants by
using different growing media. Am-Eurasian J Agric Environ Sci
7:232–237
Younis A, Riaz A, Khosa SS, Rayit A, Yasmeen S (2011) Effect of
foliar application of macro and micro nutrients on growth and
flowering of Gerbera jamesonii L. Amer-Eurasian. J Agri
Environ Sci 11:736–757
Younis A, Riaz A, Ikram S, Nawaz T, Hameed M, Fatima S, Batool
IR, Ahmad F (2013a) Salinity-induced structural and functional
changes in three cultivars of Alternanthra bettzikiana (Regel) G.
Nicholson. Tur J Agric For 37:710–724
Younis A, Riaz A, Sajid M, Mushtaq N, Ahsan M, Hameed M, Tariq
U, Nadeem M (2013b) Foliar application of macro- and
micronutrients on the yield and quality of Rosa hybrid cvs.
Cardinal and Whisky Mac. Afric J Biotech 12:702–708
Younis A, Riaz A, Siddique MI, Lim KB, Hwang YJ, Khan MA
(2013c) Anatomical and morphological variation in Dracaena
reflexa ‘Variegata’ grown in different organic potting substrates.
Flower Res J 21:162–171
Younis A, Riaz A, Javaid F, Ahsan M, Tariq U, Aslam S, Majeed N
(2015) Influence of various growing substrates on growth and
flowering of potted miniature rose cultivar ‘‘Baby Boomer’’.
Curr Sci Perspect 1:16–21
Zaller JG (2009) Vermicompost as a substitute for peat in potting
media: Effects on germination, biomass allocation, yields and
fruit quality of three tomato varieties. Scientia Hort 112:191–199
Zhao DKR, Reddy KR, Kakani VG, Reddy VR (2005) Nitrogen
deficiency effects on plant growth, leaf photosynthesis, and
hyperspectral reflectance properties of sorghum. Euro J Agron
22:391–403
Zhu Y, Yazawa S, Asahira T (1993) Varietal differences in leaf color
variation of plants regenerated from in vitro culture of leaf blade
in caladium cultivars. J Jpn Soc Hort Sci 62:431–435

123

