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Abstract
Vesicular-arbuscular mycorrhizal (VAM) fungi spores from soil samples collected from mature rubber
plantations were isolated and multiplied in pot cultures with Zea mays. The VAM fungi culture where
designated N4 and OP9 and GD (Glomus deserticola). The plants were laid out in a completely
randomized format. Drought stress was induced for four months before the start of the experiment. Leaf
water potential (Ψ), Leaf Relative Water Content (RWC) and Water de�cit were evaluated. The RWC and
water de�cit did not show any signi�cant different among the VAM fungi evaluated (p < 0.05). Stressed
seedlings of RRIC 45 in the VAM treatments OP9/NS and GD/NS in the drought regime recorded RWC and
water de�cit that were comparable to their replicates from the wet regimes. More replicates from GT 1
seedlings recorded higher Ψ compared to those from the wet regime. Similarly, Higher RWC and water
de�cit was exhibited by more replicates of GT 1 seedlings from the drought regime. The interdependent
of VAM fungi N4 and roots of seedlings of RRIC 45 resulted in the highest drought tolerance (Ψ and RWC)
clone. Similarly, interdependent of VAM fungi with roots of seedlings of GT 1 demonstrated that VAM
fungi GD and OP9 are better VAM fungi for drought tolerance GT 1 clone compared. The improvement of
replicates under drought regime is attributed to the fact that the VAM fungi a vital role. This study
recommends the use of VAM fungi as bio-inoculants in sustainable rubber trees production in marginal
rubber growing regions.

Introduction
Rubber cultivation was extended to marginal rubber growing zones of Nigeria in the early 2000. In some
of these areas, long dry periods, high temperatures, and high air vapor de�cits are reported as being the
main constraints for rubber cultivation. Growth rates are often low, resulting in tapping being delayed up
to 9 years after planting instead of the 6–7 years that is normal in the main growing areas. No research
study has been carried out on drought tolerance to rubber cultivation in these marginal areas in the
country. The only available evidences are farmers complain presented during workshops and
conferences. These areas are however characterized by low rainfall and higher temperatures than the
rubber growing zones in the country

Researchers on effects of plant water stress require quantitative measurements of the water status of
plants. Leaf water potential and leaf water content have both been used to indicate the leaf water status.
Water potential seems to be the best single measure of plant water status because it is the measure of
the chemical potential of water, it controls water movement in the soil-plant-atmospheric system and can
be measured in plants and soil (Kramer 1997). According to Kakani et al. (2007) leaf water potential is an
important indicator of plant water status and is superior to other methods.

Plant water stress, de�ned as the condition where a plant’s water potential and turgor are decreased such
that normal functioning of the plant is inhibited (Hsiao 1973). According to Kramer (1997) although mild
water stress reduces the fresh weight of coagula, the rubber is increased signi�cantly.
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Vesicular-arbuscular mycorrhizal (VAM) fungi have been reported to facilitate host plants to grow
vigorously under stressful conditions by mediating a series of complex communication events between
the plant and the fungus leading to enhanced photosynthetic rate and other gas exchange-related traits,
as well as increased water uptake (Birhane et al. 2012). Numerous reports describe improved resistance
to a variety of stresses including drought, salinity, herbivory, temperature, metals, and diseases due to
fungal symbiosis (Rodriguez et al. 2008, Ahanger et al. 2014, Salam et al. 2017). Vesicles – “arbuscules,
and hyphae in roots, and also spores and hyphae in the rhizosphere” formed by VAM fungi with plant
roots signi�cantly enhances the access of roots to a large soil surface area, causing improvement in
plant growth (Bowles et al. 2016) thereby improving plant nutrition by increasing the availability as well
as translocation of various nutrients (Rouphael et al. 2015). It also improves the quality of soil by
in�uencing its structure and texture, and hence plant health (Zou et al. 2016, Thirkell et al. 2017). This
study is aimed at evaluating the in�uence of exotic and indigenous Vesicular-arbuscular mycorrhiza
fungi species on growth and water status of Para rubber seedlings under well-watered and drought-
stressed conditions to help improve seedling growth, in order to meet the rubber farmer's demand for
planting materials and establishment of plantations in marginal rubber growing zones

Materials And Methods
A top soil from the premises of the Rubber Research Institute of Nigeria was sieved with a US standard
sieve (1.68mm). Sieved soil samples were steamed (heated in 57cm diameter oil drums over wood �re)
for 4 hours on each of the two consecutive days. Steamed soil contained 0.94% ppm organic carbon with
a pH of 5.8. Equivalent values for non-sterilized soil had organic carbon of 0.84% ppm and pH of 6.0.

Inoculum preparation
The VAM fungi spores from soil samples collected from mature rubber plantations were isolated
according to the schedule speci�ed by Tommerap (1983) and multiplied in a pot cultures with Zea mays
L., using the method of maintaining VAM inoculate on plants (Sieverding 1991). The indigenous multi-
VAM fungi culture where designated N4 and OP9 and one identi�ed as spores of Glomus deserticola,
designated as GD. Each VAM inoculum consisted of a mixture of soil, spores (0.5 per soil) and infected
root fragments.

Seedling inoculation
Rubber seedling of similar size (clone GT 1 and RRIC 45) raised on steamed soil were lifted after 5
months from the screen house nursery and transplanted in to black polyethylene bags (22 X 45cm) �lled
with 8kg of either steamed/sterilized (S) and non-sterilized/ non-steamed soil (NS). One seedling was
planted per bag in a hole to which had been applied either of GD, N4 or OP9 inoculum (6% of weight of
soil). The experimental design was a 4 x 2 x 2 factorial. One comprising four treatments (3VAM + Non-
Mycorrhiza - control with inoculum free), two soil types (sterilized and non-sterilized) and two watering
regimes (watered/wet (W) and drought/dry (D)) with 10 replications per treatment combination. The
plants were laid out in a screen house in a completely randomized format on a bench top 40cm from the
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ground level. To maintain growth, the plants in the drought regimes were watered twice weekly (Mondays
& Fridays) with 500ml tap water per bags while plants in the wet regimes were watered daily to �eld
capacity with 500ml tap water per bag. Drought stress was induced for four months before the start of
the experiment. Two sets of drought regime seedlings were setup, one watered Monday and Friday and
the other watered Tuesday and Saturday. Reading were taken on Thursday and Friday from the two
setups to compensate for equal drought period.

Measurement of leaf water potential
Leaf water potential (Ψ) of rubber clones with different VAM fungi inoculum, were obtained by the use of
equipment known as the pressure chamber (bomb). The concept of the pressure chamber was �rst
developed by Henry DIXON (Dublin, Ireland) near the turn of the 20th Century. Freshly detached lea�et
was sealed in a pressure chamber with the cut surface protruding outside from the chamber. Pressure
was applied to the leaf until xylem sap appeared from the cut surface. The amount of pressure applied to
bring this about was regarded as equal to the tension originally existing in the xylem sap and
approximately equals to the Ψ of the cells. Five lea�ets per plant were used and the measurement were
done between the hours of 8am to 9am on a daily bases during the course of measurement.

Measurement of leaf relative water content (RWC) and
water de�cit
Leaf Relative Water Content (RWC) was measured using the �rst fully expanded leaf of four plants per
treatment in the screen house. Cut leaves were immediately weighed to obtain a fresh �eld weight and
then the leaves were immersed in distilled water in a petri dish for about 18–24 hours and under naturally
�uctuating temperature conditions in the laboratory to obtain a constant weight. Water on the leaf-
surface was dried off with tissue paper and their turgor weight taken. Next, leaves were dried for 2 days in
an oven at 60˚C and weighed again to determine the dry weight (DW). Parameters obtained from fresh
�eld weight, turgor weight and oven dry weight of the rubber leaf were used in calculating RWC and water
de�cit (Kramer 1983; Balsamo et al. 2006).

and

Water de�cit = 100 - RWC

Results
Leaf water potential, RWC and Water De�cit of RRIC 45 with different watered regimes are summarized in
Table 1. Signi�cant differences were observed between soil type, VAM fungi and watered regimes (F pr.
<.001). Seedlings of RRIC 45 under stress competed with those with daily watered regimes. Seedlings in
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the wet regime recorded higher value of Ψ and RWC compared to seedlings in the drought regimes except
with seedlings in the VAM fungi N4 experiment which recorded higher RWC in both soil type and higher Ψ
in the non-sterilized soil in the drought regime respectively. The water de�cit was consecutively higher in
the drought seedlings compared to those from the wet regime with the exception of seedlings in the VAM
fungi N4/S (10.14), N4/NS (2.72) and GD/NS (11.92) which recorded lower water de�cit compared to
their corresponding replicates from the wet regimes. The controls in sterile soil under both watering
regimes experience almost the same amount of stress despite the large amount of differences in water
de�cit of plants under drought (-10.10). The highest level of stress was exhibited by seedlings of VAM
fungi OP9 in the drought regime (Ψ = 5.07bar; RWC = 78.30%) and was followed by seedlings in the VAM
fungi GD/NS (Ψ = 6.00bar; RWC = 80.08%).

Seedlings in the VAM fungi N4 had the highest mean Ψ and was signi�cantly different from those from
the other VAM fungi experiment (p > 0.05). The control experiment had the lowest Ψ and was not
signi�cantly different from that recorded with VAM fungi OP9 (p < 0.05). The RWC did not show any
signi�cant different among the VAM fungi evaluated (p < 0.05), however the VAM fungi N4 recorded the
highest mean RWC while GD was lowest. The water de�cit did not show any signi�cant different among
the VAM fungi evaluated (p < 0.05). However, the VAM fungi GD recording the highest mean water de�cit
while the least mean water de�cit recorded by VAM fungi N4.

Table 1: Leaf water potential, Relative Water Content (RWC) and Water De�cit of RRIC 45 rubber seedlings
with different water regimes

Table 2 summarizes the Ψ, RWC and Water De�cit of GT 1 rubber seedlings under different watering
regimes in sterilized and non-sterilized soil. Signi�cant differences were observed between soil type, VAM
fungi and watering regimes (F pr. <.001). Seedlings from the drought regime recorded higher Ψ compared
to those from the wet regime with the exception of seedlings from C/S (15.67bar), N4/NS (17.47bar) and
OP9/S (15.33bar) which recorded higher Ψs than those from their corresponding replicates. Seedlings in
the VAM fungi OP9/NS under the drought regime recorded the highest Ψ while VAM fungi N4/NS had the
highest Ψ in the wet regime. The lowest Ψ (3.87bar) was recorded in the control experiment in the non-
sterilized soil in the wet regime. Seedlings in the VAM fungi OP9 had the highest mean leaf water
potential and was not signi�cantly different from those from the other VAM fungi N4, GD and the control
(p < 0.05).

The highest RWC were recorded from seedling from the wet regime compared to those from the weekly
watering regime, except with seedlings from VAM fungi OP9/S (89.61%), GD/S (93.34%) and GD/NS
(95.89%) where higher RWC were recorded in the drought regime than those recorded from the wet
regimes. Seedlings in the drought regime recorded the highest RWC in the VAM fungi GD/NS. The control
had the highest mean RWC and was not signi�cantly different from the other VAM fungi N4, GD and OP9
(p < 0.05).

The lowest water de�cit was recorded in the control experiment in the sterilized soil in the wet regime.
Higher water de�cit was exhibited by more replicates from the drought regime compared to the wet
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regime, with the exceptions of replicates from VAM fungi OP9/S, GD/S and GD/NS were higher water
de�cit were observed. The highest water de�cit was recorded in the VAM fungi OP9/S in the d wet regime.
The VAM fungi OP9 had the highest mean water de�cit and was not signi�cantly different from the other
VAM fungi GD, N4 and OP9 (p < 0.05).

Table 2: Leaf Water Potential, Relative Water Content (RWC) and Water De�cit of GT1 rubber seedlings
with different watering regimes

Discussion And Conclusion
Plant water de�cit is measured either by relative water content (RWC) or leaf water potential and the
de�cit depend on the severity as well as the duration of the stress (Loka 2012). Seedlings of GT 1 from
the drought regime were less stressed (Ψ) compared to those from the wet regime. This is evident from
seedlings in the VAM fungi OP9 and GD from the drought regime. Similarly, the low water de�cit of
seedling of RRIC 45 from VAM treatments GS/S, OP9/S in the drought regimes showed that their Ψ were
comparable to their corresponding replicates from the wet regimes. Accordingly, Doloire and Heyns
(2011) used leaf water potential to manage vineyard irrigation and to adapt irrigation to cultivar.

Relative water content has also been proposed and used as a selection criterion for drought tolerance in
many crops like Barley (Matin et al. 1989), Wheat (Schonfeld et al. 1988), Pigeon pea (Kimani et al.
1994). Stressed seedlings of RRIC 45 in the VAM treatments OP9/NS and GD/NS in the drought regime
however, recorded RWC and water de�cit that were comparable to their replicates from the wet regimes.
Even if the water de�cit were consecutively higher in the drought seedlings compared to those from the
wet regime, they were statistically not different (p < 0.05)

The interdependent of VAM fungi N4 and roots of seedlings of RRIC 45 resulted in the highest drought
tolerance (Ψ and RWC) exhibited by seedlings of RRIC 45 compared to associations of seedlings with
VAM fungi GD and OP9. Similarly, interdependent of VAM fungi with roots of seedlings of GT 1
demonstrated that VAM fungi GD and OP9 are better VAM fungi for drought tolerance rubber clone
compared to VAM fungi N4.

Performance of the drought tolerance of the rubber seedlings stimulated to drought demonstrate the
importance of VAM fungi in the health of rubber plants. The improvement of replicates under twice-daily
watering regime is attributed to the fact that the VAM fungi must have played a vital role. This has helped
in e�cient water uptake of the root of the plant from the soil and has helped in stabilizing the stress that
would have occurred. Naheeda Begum et al. (2019) demonstrated that the mycelial network of fungi
extends under the roots of the plant and promotes nutrient uptake that is otherwise not available due to
water de�cit. Rouphael et al. (2015) suggested that VAM fungi improve plant nutrition irrespective of the
stress level by increasing the availability as well as translocation of various nutrients. This selected VAM
fungi is expected to perform more e�ciently in the marginal rubber region characterized with elevated
temperatures than in the normal growing region with lower temperatures. Gavito et al. (2005)
demonstrated that VAM-inoculated plants show better growth under heat stress than do the non-VAM
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inoculated ones. This �nding was also supported by Maya and Matsubara (2013) that the association of
VAM fungi with plant growth and development resulted in positive changes in growth under the
conditions of high temperature

Climate change is anticipated to increase the intensity and duration of drought in marginal as well as in
the main rubber growing zones and could result to crop failures and scarcity of products especially with
continuous rise in global population. Therefore, the interdependent of VAM fungi and roots of rubber
seedlings to improve the performance and drought tolerance of the rubber clones is encouraged.
Vesicular-arbuscular mycorrhizas fungi are considered as natural growth regulators of a majority of
terrestrial �ora. This study therefore recommends the use of VAM fungi as bio-inoculants, and
encourages their use as prominent bio-fertilizers in sustainable rubber trees production especially in the
marginal rubber growing regions as well as the main rubber growing zones.
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