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Abstract

The aim of this study was to evaluate the effects of soilless media and water levels on growth and physiological response of rubber
plant. The four water levels were /50: 50%, 175: 75%, 1100: 100% and /150: 150%) with three replications per water treatment and four
soilless media. Water levels were determined as irrigation needed for the root zone in growing media to rise to field capacity
1100:100%, at field capacity (FC). The experiment was laid out in randomized complete block design (RCBD) in factorial arrangement 3 x
4 with three replications. Soilless medium contains proportion of vermiculite, perlite, coconut husk, empty fruit bunch (EFB) compose,
Christmas Island Rock Phosphate (CIRP), peat moss, urea-N and burnt rice husk coded as M1. Vermiculite, perlite, coconut husk, EFB,
CIRP, peat moss, urea-N, sugarcane bagasse coded as M2. M3 is a commercial soilless medium and 100% soil was designated as control.
The M1 significantly influenced almost all plant growth traits, noticeable in biomass production. Growth of plants in M1 corresponded
to higher water use efficiency WUEinstantaneous and WUEintrinsic, the M1 increased plant growth like LAR, biomass production and
root morphological traits. Shoot dry weight of the plant was greater (14.66 g/plant) when 150% was applied and significantly different
from M2 (10.36 g/plant), M3 (4.73 g/plant) and M4 6.22 g/plant. Lower water level 50%, applied in plant grown in M1 (31.94 g/plant)
recorded highest total shoot fresh weight (SFW). The results showed suitability of the soilless medium M1 and the 50% water level for
rubber nursery planting. Consequently, it is recommended for planting where management and control of irrigation water are
considered necessary in rubber plantation.

Keywords: Growing media; Rubber; Vegetative traits; Water use efficiency; Seedlings.
Abbreviations: CIRP_ Christmas Island Rock Phosphate; EFB_Empty Fruit Bunch; WUE_Water Use Efficiency; FC_Field Capacity;
LAR_Leaf Apperance Rate; SFW_Shoot Fresh Weight.

Introduction

The demand for rubber has led to the planting of rubber in Soilless substrates are preferred to soils by many growers due
marginal areas, such as dry areas. Water quality and its scarcity to its superior physical and hydraulic characteristics. This is
has been recorded in many parts of the world (Fuller and because plants grown in soils only experience higher moisture
Harhay, 2010). Shortage of freshwater has been categorized as immediately after irrigation. During this time microspores are
one of the most severe agricultural challenges, resulting in filled with water followed by a proportional slow drainage and
saline and dry lands which reduces crop yield (Moshlion et al., inadequate oxygen compared to the requirement of soil
2015). Through transpiration, seedlings use about 400 to 700 g microflora and plant roots unlike substrate or soilless which
(14 to 25 oz) water to enable the production of a reasonable simultaneously optimize both water and oxygen availability for
amount of biomass through photosynthesis. This aids cell plant growth (Lieth and Oki, 2008). Colombo et al., (2001)
enlargement as a result of positive pressure which cools leaf reported that water availability determines and regulates
surface through transpiration and photosynthetic process. morphology, physiological traits and genetic components of
Characteristics of successful seedlings for replanting have been seedlings.

based on morphology,physiology, and chemical characteristics.
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Excess water supply should be avoided. For example in some
of the traditional rubber growing areas, irrigation at 50% of the
crop evapotranspiration may be enough to increase plant
growth (Jessy et al., 1996). Apart from the physiological
changes plant equally experience negative morphological
changes under excessive watering. A number of nursery
managers often excessively water plants and thereby face cost
issues due to overwatering (Carles et al., 2005) However, the
sensitivity of Hevea especially at immature or seedling stage to
an excessive water supply which severely destroyed tree had
been reported by Penot and Lecomte, (2002). The hypotheses
for this experiment were that soilless media help (1) to retain
moisture for efficient water use by plants (2) physical
properties of soilless aids root penetration and increase
growth and total biomass production. This work relies on the
previous studies indicating lower drainage and poor aeration
of many of the tropical soils which causes poor growth of
plants.

Results
Physicochemical properties of growing media

The pH of the media ranged between M1 (5.48+0.01), M2
(5.22 + 0.01), M3 (6.42 + 0.03) and M4 (4.20 £ 0.06) soil (Table
1). The soil recorded the lowest pH plants indicated it is acidic.
The soilless medium (M3) had the highest pH. Nevertheless,
the pH values, especially for the M 1 and M 2, could be
considered optimum and it is suitable for many crops under
greenhouse. The electrical conductivity (EC) recorded in all the
growing media were suitable for the plant growth. The C: N
ratio ranges between 13.67 + 0.88 and 21.00 £ 0.58, however,
M4 soil-based medium had the lowest while soilless media M1
and M 2 had considerably suitable values for adequate plant
growth. The soil M4 (control) equally recorded the lowest
(1.50 + 0.06%) total organic carbon (TOC) content while M1
(12.97 £ 0.27%), M 2 (22.27%) and M 3 (15.83 + 0.52%). The N
was mostly present as organic N in the soil while N in soilless
could be categorized as inorganic N (NH," N plus NO;'N ranged
from 4.10 + 0.06 to 6.47 + 0.34 g kg ™).

The extractable concentrations of base cations (Ca*, K*, Mg”")
for the soilless potting mix and soil shows that concentrations
of these elements are higher than what was found in soil. This
was evident in the amount of cation exchange capacity
recorded in each of the media. The soilless medium M1 had
the highest C.E.C (43.6310.72 cmol/kg) followed by the second
new medium M2 with (39.39 * 0.61 cmol/kg) and M3
commercial-based medium (34.77+0.61 cmol/kg) while the soil
had the lowest (20.50 + 0.6 cmol/kg). Also, there was presence
of negligible heavy metals in the soilless media.

Plant growth characteristics

The results showed significant effect of growing media on a
number of leaves and leaf appearance rate Fig. 1a and b.
Based on 50% water regime, there was a significant difference
among growing media in relation to plant height, number of
leaf and leaf appearance rates. There were significant
differences between plants grown in M4 (48.3 cm) soil and
plants grown in M2 (35 cm) and M3 (33.66 cm). There was a
significant difference between plants grown in these media
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and M3 (33 cm) commercial medium. But the interaction
between 100% water regime and soilless media showed a
significant increase of plant height in M3 (50 cm) and
significantly different from plants grown in M1 (36 cm) and M2
(34 cm). But there was a significant difference between plants
grown in M1 and M3 (2.7 mm). The interaction between
growing media and 75% water level indicated a significant
increase in growth of plants grown in M2 (3.9 mm) but not
significantly different from what recorded in M1 (3.24 mm)
then significantly greater than plants grown in M3 (2.74 mm)
and M4 (3.2 mm). Interaction between the media and 100%
water levels showed a significant increase of plant stem
diameter in plants grown in M3 (4.1 mm) but was not
significantly different from plants grown in M4 (3.48 mm) but
the value was greater and significantly different from plants
grown in M1 (3.27 mm) and M2 (3.13 mm). The highest water
regime 150% showed an increase plant stem diameter in M1
(4.58 cm) and significantly different from plants grown in M3
(3.63 mm) and M4 (3.67 mm). The results indicated higher LAR
in plants grown in M1 and significantly different from plants
grown in M2 as shown in Fig 2a and b. Then plants grown in
M2 were significantly different from plants grown in M3 and
M4 which recorded lower values.

Plant biomass yield

There was a significant difference between the root fresh
weight of plants grown in M1 (14.17 g/plant) and M2 (3.79
g/plant) and M3 (6.22 g/plant) and the 50% water level Fig. 3a
and b. The highest value was recorded in M1. The interaction
between soilless media and 75% water regime indicated a
sharp increase in root fresh weight of plants grown in M2 (9.47
g/plant) and significantly different from plants grown in M3
(3.81 g/plant) and M4 (6.14 g/plant). Root fresh weight of the
plants grown in M1 was significantly different from M4 (8.50
g/plant) soil. Application of highest water regime 150%,
equally shows that root fresh weight of plants grown in M1
(20.47 g/plant) was greater than those in M4 (8.9 g/plant) soil.
But M1 was not significantly different from M2 (13.68 g/plant)
and M3 (11.47 g/plant). Interaction between water at
inception of water regimes showed that M1 (2.72 g/plant)
positively responded to water control at 50% as the root dry
weight significantly different from plants grown in M2 (0.67
g/plant) and M3 (0.97 g/plant). However, the interaction
between the soilless media and the water level at 75%
indicated that the plants that were grown in M2 (2.93 g/plant)
showed an increasing root dry weight and significantly
different from what was obtained in M1 (1.8 g), M3 (0.67
g/plant) and M4 (1.65 g/plant). The value obtained in plants
grown in M1 (3.70 g/plant) was greater and significantly
different from M3 (1.89 g/plant) commercial medium when
highest water level 150% was applied.

Shoot fresh weight of the plants grown in newly produced
soilless media M1 (17.77 g/plant) and M2 17.42 including M4
(14.56 g/plant) significantly different from M3 (5.53 g/plant)
commercial based soilless medium when water level at 50%
was applied (Fig. 4a and b). Interaction between the soilless
media and water regime at 75% showed a significant
difference between M2 (23.73 g/plant), M3 (5.70 g/plant) and
M4 (10.38 g/plant). Soilless media interactions with 150%
water level shows shoot fresh weight of plants grown in M1



(29.84 g/plant) and M2 (26.39 g/plant) was greater and
significantly different from plants grown in M3 (12.45 g/plant)
and M4 (13.04 g/plant). Shoot dry weight of the plants grown
in newly produced media M1 (8.20 g/plant) and M2 (6.02
g/plant) including M4 (6.12 g/plant) were greater and
significantly different from M3 (5.53 g/plant) commercial
based soilless medium. Interaction effect of soilless media and
water level at 75% shows an increasing dry weight in M2
(10.88 g/plant) and significantly different from plants grown in
M1 (6.23 g/plant), M3 (2.02 g/plant) and M4 (4.4 g/plant).
Shoot dry weight greatly increased on M1 (14.66 g/plant)
when 150% water regime was applied and significantly
different from M2 (10.36 g/plant), M3 (4.73 g/plant) and M4
(6.22 g/plant).

The interaction between soilless media and water regime at
50% showed plants grown in M1 (31.94 g/plant) recorded
highest total shoot fresh weight and significantly different
from M2 (21.22 g/plant) M3 (11.76 g/plant) and M4 (21.82
g/plant) (Fig. 5a and b). Similar values and significant
differences were recorded when 75% water level was applied.
Noticeably, the interaction between soilless media and water
regime at 150% shows that M1 (50.31 g/plant) increases total
fresh weight and significantly different from M3 (22.32
g/plant) and M4 (21.94 g/plant)

The total dry weight of plants grown in M1 (10.93 g/plant), M2
(6.69 g/plant), M4 (7.99 g/plant) was significantly different
from M3 (3.09 g/plant) on water level at 50%. After
application of 75% water level, the total dry weight of plants
grown in M2 (13.82 g/plant) increased and significantly
different from plants grown in M1 (8.03 g/plant), M3 (2.69
g/plant) and M4 (5.95 g/plant). Noticeably, interaction
between the media and the water regime at 150% shows M1
(18.36 g/plant) increases total dry weight and significantly
different from M2 (12.78 g/plant), M3 (6.63 g/plant) and M4
(8.97 g/plant).

Water use efficiency (WUE)

The interaction between growing media and water regimes on
plant water use efficiency was significant at p<0.01. The
interaction between media and water regime at 75% shows
there were significant differences among the plants grown in
the respective media with highest water use efficiency in
plants grown in M1 (0.423) than those in M2 (0.24), M3 (0.21)
and M4 (0.31) as shown in Fig. 6a and b. Also, there was a
significant difference between plants grown in M4 and M3
while M2 recorded the lowest WUEinstantaneous. There was
an increase in the WUE of the seedlings that were grown in M2
(0.36) after application of 100% water level and significantly
different from plants grown in M1 (0.29), M3 0.20 and M4
0.24. However, WUE of plants grown in M1 efficiently utilized
water and significantly different from plants grown in M3 and
M4. Water use efficiency of plants grown in M1 noticeably
increased (1.49) after application of the highest water level
150% and significantly different from plants grown in M2
(0.31), M3 (0.29) and M4 (0.21). The interaction between
soilless media and water regime at 75% shows there were
significant differences among the plants grown in the
respective soilless media with highest water use efficiency
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recorded in plants grown in M1 (3.39) than those in M2 (2.15),
M3 (1.32) and M4 (2.45).

There was a significant difference between plants grown in M4
and M3 while M2 recorded the lowest WUE;iinsic- There was
an increased water use of plants grown in M2 (2.62) after
application of 100% water level and significantly different from
plants grown in M1 (2.09), M3 (1.26) and M4 (1.72). Plants
grown in M1 efficiently utilized water and significantly
different from plants grown in M3 and M4. Noticeably, plants
grown in M1 efficiently utilized water after application of the
highest water level 150% and significantly different (6.62) from
M2 (2.39), M3 (2.37) and M4 (1.39).

Root morphology

Root length of the plants grown in M1 (2501.7 cm) and 50%
water level was significantly different from M4 (136 cm) soil
(Fig. 7a and b). Furthermore, the interaction between media
and water at 75% shows an increase of plant root in M1 (2373
cm) and significantly different from root length of plants grown
in M2 (1742 cm), M3 (316.8 cm) and M4 (456.83 cm).
Noticeably, the trend shows a decrease of root length after
application of 100% and no significant differences were
observed among the soilless media. Interestingly, after the
application of 150% water level, root length of the plants
significantly increased. There were significant differences in
root volume of plants grown in soilless media and 50% water
whereby plants grown in M1 (8.69 cm3) recorded higher root
volume and significantly different from plants in M2 (4.53
cm3), M3 (5.06 cm3) and M4 (1.99 cm3). There were significant
differences in root volume of plant grown in M2 (6.45 cm3),
M1 (3.92 cms) and M3 (1.11 cms). The interaction between
soilless media and 100% water level shows a tremendous
increase of root volume of plants grown in M1 (7.74 cm3) and
significantly different from plants grown in M3 (4.69 cm3) and
M4 (3.85 cm®). Interaction effects of the soilless and soil-based
and water levels was noticed on root patterns (Fig. 8a, b, c and
d).

Discussio

The results indicated significant differences between the
soilless media and the soil in term of moisture retention
capacity as shown in almost all the parameters measured
especially in the new media. This could have been due to the
materials composition like sugarcane bagasse, and coconut
husk. Hussain et al., (2014), noted that a well-formulated
soilless media using right substrate composition could
efficiently retain moisture and fertilizer when compared to
soil. Some of the soils used in nursery plantation have low
water permeability due to high clay. This is supported by
Spomer, (1975). Plant height and stem diameter responded
differently, noticeably in M1 and M2 recorded the highest
stem diameter and significantly different from plants grown in
M3 commercial medium and M4 soil (control) under different
water regimes. The performance of M1 and M2 could have
been due to proportions of peat moss and coconut coir used in
the formulation. Inclusion of peat moss and coconut coir in
growing medium enhances interaction between growing



Table 1. Physicochemical properties of soilless and soil-based media.

Physical properties M1 M2 M3 M4 Soil
Bulk density (cm_a) 0.31+0.01 0.42+0.01 0.39+0.01 1.67£0.32
Moisture content (g g™) 65.3+£0.93 140.3 +0.9 143.45+ 0.6 18.13+0.7
Total porosity (%) 88.3+0.23 84.2+2.73 85.03+3.1 34+0.8
Hydraulic Conductivity (cm hr™) 26.2 £0.60 3.6+0.42 33.50+0.76 10.28 +0.4
Saturation (m* m™) 0.8+0.01 0.7£0.02 0.79 +0.01 0.32+0.01
Field Capacity ( m* m?) 0.7 £0.01 0.7 £0.08 0.64 £0.03 0.22+0.01
Permanent wilting point ( m? m'3) 0.4+0.01 0.3+0.01 0.44+0.01 0.14+0.01
Available water (%) 30+0.02 40+0.01 22+0.01 45+0.19
pH 5.48 +0.01 5.22 +0.01 6.42 +0.03 4.20 £ 0.06
EC (mS/cm) 1.45+0.02 1.83 +0.01 0.60+0.01 0.57+0.38
C.E.C (cmol/kg) 43.63+0.72 39.39+0.61 34.77 £ 0.61 20.50+ 0.6
TOC % 12.97 £0.27 22.27 £0.64 15.83 £ 0.52 1.50 £ 0.06
C:N 13.67 £0.88 21.00+0.58 15.67 £+ 0.88 4.33+0.33
N (mg/L) 4.73£0.69 6.47 +0.34 4.10 £ 0.06 0.13+0.01
P (mg/L) 0.24 +0.03 4.33+0.12 0.31+0.01 23.33+0.9
K (mg/L) 0.31+0.01 0.77 +0.04 3.77 £0.09 0.86 +0.04
Ca (mg/L) 1.77 £ 0.04 5.20+0.11 1.32+0.01 0.24+0.03
Mg (mg/L) 0.30+0.01 1.40 +0.01 0.21+0.01 1.57 +0.04
Zn (mg/L) 0.11+0.01 0.13 0.01 9.53+0.38 0.04 +0.01
Cu (mg/L) 0.04+0.01 0.11 +0.01 0.14+0.01 0.32+0.24
Mn (mg/L) 0.33+0.01 0.31+0.01 7.72 £0.02 1.16 £ 0.09
Pb (mg/L) 0.14 £0.03 0.20 +0.06 0.13+0.09 0.10 £ 0.05
Cd (mg/L) 0.02+0.01 0.50 +0.06 0.10+0.05 0.02+0.01
Cr (mg/L) 0.77 £0.09 0.60 +0.25 0.20+0.06 0.22+0.01
B (mg/L) 0.10 £ 0.05 0.05 +0.03 0.53+0.15 0.12+0.01
Fe (mg/L) 0.30+0.06 1.12 +0.01 4.70 £ 0.06 1.14 £0.02
EC = Electric conductivity, C.E.C = Cation exchange capacity, TOC = Total organic carbon
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Fig 1. Effect of soil/soilless media and water regimes on the growth of rubber seedlings. Fig 1a and b. Effects of soilless media/soil (M1,
M2, M3 and M4) and water regimes on plant height and stem diameter of rubber seedlings. Mean values followed by the same letter
are not significantly different at p<0.05, based on a least significant difference test (LSD).
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medium and water holding capacity (Lichty et al., 2014) and
this subsequently aid plant growth.

The soilless M1 which recorded greater value contains
vermiculite and perlite. Aeration of soilless medium improves
plant growth with an addition of vermiculite and perlite as the
former possess moderate water retention and high cation
exchange capacity while the latter allows permeability and
prevents compaction in growth medium (Orozco et al., 1994).
Studies conducted by Butt et al.,, (2014) had shown that
seedlings that were grown in perlite and compost-based
medium had greater growth vigor. Plant grown in compost-
based growing media increases the number of leaves per plant
(Ribeiro et al., 2000). Increased plant biomass like root fresh
weight (RFW) and root dry weight, especially for the plants
grown in M1, was recorded at different water level but
noticeable when highest water level 150% was applied. The
water level could be maintained for the rubber seedling
establishment for M1. Compost and peat moss in the substrate
as in (M1) promotes plant growth and may significantly
increase the fresh and dry biomass of plants (Grigatti et al.,
2007). The trend line showed an increase of biomass including
SFW and SDW with increased soilless moisture for the plants
grown in M1. Performance of the soilless medium M1
corresponded to the increase in total fresh weight and total
dry weight. Growing medium containing coconut coir and
perlite, as used in M1, could facilitate plant growth and
biomass production because both materials aid air retention
capacity of soilless medium (Cantliffe et al., 2007). Results of
the soilless media analysis revealed higher total porosity of M1
and M2 which could have influenced the soilless media
performance. Raviv et al.,, (1986) observed that interaction
between water and air content of each moisture level of
soilless medium is greatly affected by porosity and this may
further have a positive effect on plant total biomass.

Plants grown in M1 and significantly different from the plants
grown in M2, M3 and M4 at different water levels as shown in
WUE;nstantaneous- This could have been due to lower stomatal
conductance in plants. Ashraf and Bashir, (2003) equally
observed a relationship between higher photosynthetic rate
and WUE,stantaneous. IN @ study conducted on peanut by Condon
et al., (2002), he reported relationship between WUE;stantaneous
and photosynthetic which significantly impact plant growth. It
was therefore observed that photosynthesis helps in plant
water use and impact plant growth as shown in M1. Afwa et
al., (2012) observed that when plant receives adequate water,
positive response of plant and high yield could be recorded as
opened stomatal would be maintained; subsequently positive
correlation between photosynthesis rates and transpiration
rate which leads to significant plant growth. Noticeably, an
increased in WUEjinsic in the plants grown in the M1 was
reported when the highest water level was applied. This
indicated a greater increase of stomata conductance than CO,
assimilation rate in the affected media, hence higher plant
water use efficiency had occurred (Gozlan and Gutterman,
1999). Thus, this suggests that the plants have developed a
mechanism to survive such as resistance to environmental
hazards and unpredictable climate. Blum, (2005) noted that
the desired crop yield is achieved when crop balanced water
use under different water levels in preparation for a limited
rainfall and this simply known as moisture reservation. The
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performance of M1 was due to combination of materials
mixtures like coconut coir, EFB compost and peat moss used in
greater proportions providing main physical and chemical
property. De Lucia et al., (2013) reported that about 30%
compost in substrate provides the best quality plants.

Root length and root volume were significantly difference
among plants grown in different soilless media except for the
plants grown in M3 and M4 soil. Root morphological traits
could be favored by porosity of a growing medium better than
those in soils (Caso et al., 2009). Material composition and
physicochemical properties like water content, and porosity
may greatly influence differences in plants performance in
growing media and noticeable in root growth (Godara and
Sharma, 2016). More so root length remains the best when
comparing or determining the suitability of a growing medium
(Salisu and Noordin 2016). Similarly, porosity and organic
nature of a soilless medium as in M1 and M2 may equally
favour initial root growth (Osmolovskaya and Kuchaeva, 1998).
Perlite and vermiculite, when combined with other materials
like peat and compost as a soilless mix as in M1 and M2, prove
superiority over soil-based media especially in initial root
growth and subsequently influence plant shoot (Butt and Varis,
2000).

Materials and Methods
Growing media and physicochemical properties

Soilless media were used in this experiment. Soilless medium
(M1) contains vermiculite 15%, perlite 5%, coconut husk 20%,
EFB compose 10%, rock phosphate (CIRP) 5%, peat moss 30%,
Urea-N 5% and Burnt rice husk 10%. Soilless medium (M2)
contains vermiculite 10%, perlite 10%, coconut husk 15%, EFB
15%, CIRP 5%, peat moss 20%, Urea 10% and sugarcane
Bagasse 15%. Soilless medium M3 is a commercial medium
while Oxisol soil 100% as control was codded M4. Bulk density
was determined as follow; a known volume of each of the
media was filled in core ring measuring 7.6 — 4.0 cm.

The samples were weighed with the core ring. Thereafter, the
samples were oven-dry at 105°C for about 24 hours. Then the
media were weighed with core ring Blake and Hartge, (1986).

Bulkdensity (weightofmedia, ovendriedathS"oC)
utkaensiy = Volumeof freshmedia

The moisture content of the respective growing media was
determined by deducting the dry weight from the fresh weight
of the soilless media/soil and later divided by the oven-dry
weight to determine moisture content in g g'l. The following
equation was used to determine the moisture content.

. weightof freshmedia — weightofovendrymedia
Moisturecontent = ( - - )
weightof freshmedia

x 10

The media porosity was determined by oven-dried using the
following formula:

Total it —(1 bd 100
otalporosity = Pd)x


http://www.tandfonline.com/author/de+Lucia%2C+Barbara

Where Bd is the bulk density and Pd is the particle density (g
cm’a). The saturated hydraulic conductivity of both soilless
media and the soil was determined by the constant head
method as described by Teh and Jamal, (2006).

Basic micronutrients such as Zn, Mn, Fe, Cu, and B was
extracted using modified saturated media extract. In order to
prepare one litre of standard solution for the extraction of the
chemical elements, 1.97g of dry diethylenetriamine penta-
acetic acid (DTPA) was transferred into a 1L volumetric flask.
The pH and EC of the media and soil was determined
separately.

Experimental design and Treatment

The soilless media were filled in root trainer while the soil was
filled in polybag. The treatments consisted four irrigation
water levels and four growing media (M1, M2, M3 and M4
soil). Water levels was determined as irrigation water needed
for the root zone media to rise to field capacity (/,00:100%, at
field capacity) and percentages of water applied to the
seedlings in various growing medium were /;o, 100% treatment
(Iso: 50%, lys: 75%, loo: 100% and lso: 150%) with three
replications per water treatment. The water treatments was
based on the soilless and soil-based field capacity (FC). The
experiment was laid out in randomized complete block design
with factorial arrangement 3 x 4 with three replications. The
total experimental units were forty-eight (48). Leaf appearance
rate (leaf day’1 pIant’l) was taken by counting the number of
green leaves at two weeks interval. The leaf appearance rate
was calculated as the differences in leaf number divided by the
number of days between the taking of the first and the second
counts. Plant height was measured with standard measuring
tape 10 cm. Stem diameter of the plants was measured with
digital Veneer calliper. All plant fresh biomass were collected
and weighed (g) to a constant weight of 0.01 g. For the dry
matter (DM), plant tissues were oven-dried at 50°C for 48 — 72
hours. Water use efficiency instantancous aNd water use efficiency
intrinsic were determined using the gas exchange measurements
(Polley, 2002). These were calculated as follows;

A A
WUE instantaneous = E ’ WUE intrinsic = ;

The A represents net CO, assimilation rate and E and gs are the
transpiration rate and the stomatal conductance, respectively.

Roots were gently separated from the growing and containers,
washed thoroughly with water to remove excess medium. The
roots were spread in a transparent plastic tray in a thin layer of
water and analyzed for image data. Root morphologies were
measured using WInRHIZO pro software (Epson Perfection
V700 Photo, Regent Instrument Inc. Canada).

Statistical analysis

All data were analysed using SAS statistical software Package
(Version 9.1). A two-way ANOVA was carried out to determine
soilless media/soil and water interaction. Least significant
difference (LSD) was used to compare treatment means at the
0.01 and 0.05% probability levels.
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Conclusion

The soilless media independently performed greatly based on
their physicochemical characteristics based on material
compositions. Interaction effect on plant growth at different
water levels was obvious on growth, biomass yield and root
morphological traits of the rubber seedlings. Soilless medium
M1 significantly influenced almost all plants growth traits. The
performance of this soilless medium was noticeable in plant
growth traits like height and stem diameter, vegetative and
root morphological traits. It showed a positive interaction with
water levels which translated into WUE santaneous and
WUE;rinsic indicating the suitability of the soilless medium for
better improvement of rubber seedlings where management
and control of irrigation water are considered necessary.
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