Agriculture & Forestry, Vol. 61, Issue 3: 69-76, 2015, Podgorica 69

DOI: 10.17707/AgricultForest.61.3.07
Segun O. OLADELE*

MYCORRHIZAL FUNGUS (GLOMUS MOSSAE) INOCULATION
EFFECTS ON PERFORMANCE AND ROOT BIOMASS
DEVELOPMENT OF CACAO SEEDLINGS IN THE NURSERY

SUMMARY

Inoculation of young cacao seedlings during the early stage of
development with efficient arbuscular mycorrhizae fungi (AMF) strain provides
several benefits that enhances optimum establishment in fields after transplanting
from nursery. A field nursery experiment was conducted to evaluate the
responsiveness of cacao (F; amazon variety) seedlings to different levels of
arbuscular mycorrhizae (Glomus mossae) inoculation in a potting medium.
Parameters taken at termination of the experiment includes; plant height, leaf
number, stem girth, leaf area, shoot and root fresh weight and dry weight,
mycorrhizal dependency (MD) and growth response to arbuscular mycorrhiza
(AM) fungi inoculation. Result from the study showed that AM fungi inoculated
seedlings at level of 50g and 100g exhibited better transplant performance due to
its higher plant height (34.24 and 37.89cm), higher leaf number (11.70 and
12.67), higher stem girth (0.67mm and 0.75mm), higher leaf area (51.38cm?and
59.45c¢m?),higher shoot fresh weight (7.42g and 9.98g), higher root fresh weight
(6.48g and 6.77g), higher shoot dry weight (3.17g and 3.88g), higher root dry
weight (1.17 and 1.21g) and higher fresh root/shoot ratio (0.87 and 0.69). While
application of mycorrhizae at 50g level, recorded the highest level of Glomus
mossae colonization (81.4%).

Keywords: Arbuscular mycorrhizae, Glomus mossae, Cacao seedlings,
Nursery.

INTRODUCTION

Cacao (Theobroma cacao) is a native of amazon region in South-America,
but the bulk of it is produced in the tropical areas of the African continent [1].
Nigeria is the fourth-largest producer of cacao in the world behind Cote d’ivoire,
Ghana and Indonesia. Cacao is the country’s most important agricultural export
due to the significant amount of foreign exchange earnings accruing to the
country. Despite its importance in the years before independence and after, the
sector declined after the oil boom of the 1970s and suffered years of neglect. The
neglect was attributed to several constraints faced by farmers (bulks of whom are
peasant and small-holder farmers) which are; limited access to improved
production technologies and practices, inadequate access to inputs and subsidies,
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lack of proper marketing channels, unsatisfactory quality standards, below
average percentage seedling establishment post transplanting, aged cacao farms,
high cost and scarcity of high yielding hybrid seedlings [5]; [11]. In an effort to
achieve increased production, economic return for farmers and foreign exchange
in Nigeria, a number of initiatives were introduced. Among such is the
presidential initiative on cacao production sustainability and rehabilitation
pronounced by the Federal Government of Nigeria in 1999, the major aim was to
revive the old glory of cacao through production practices with the Nursery stage
a focal point and make it an engine of Nigerian economy [2]. To realize these
initiatives, an efficient and alternate means of growing cacao seedlings at a low
cost which will lead to an excellent percentage establishment on the field after
transplanting giving the poor purchasing capacity of farmers need to be
considered. It is of utmost importance that cacao need to pass through a nursery
stage to allow for easy and good establishment on the field [3]. This led to the
use of external chemical nutrient sources to supplement that in the potting
medium. However, according to [20] the use of fertilizers like NPK in cacao
nursery has led to high transplanting shock when transplanted, leading to poor
survival rate on the field and yield loss. These findings spurred researchers to
exploit other nutrient sources for potting medium, which presented an excellent
opportunity for Arbuscular mycorrhizal fungi (AMF) to be incorporated in cacao
nursery production systems as it help reduce fertilizer and pesticide usage, and
enhance crop vigor, productivity, and plant survival rates during transplanting to
field conditions. Arbuscular mycorrhizal fungi (AMF) are obligatory biotrophic
symbionts occurring in nearly all natural and agricultural soils and commonly
colonize roots of many plant species [19]. The primary effect of AMF on their
host plant is an increase in plant growth and nutrient uptake [12]. Plants with
mycorrhizae are potentially more effective at nutrient and water acquisition [9]
and less susceptible to disease [14]. They can increase plant uptake of nutrients
especially relatively immobile elements such as P, Zn and Cu [16] and
consequently, increase root and shoot biomass and improve plant growth.
Therefore, successful inoculation of nursery crops with AMF for nutrient, water
and disease management will guarantee better establishment rate and vegetative
growth after transplanting. The study was carried out in a field nursery using
(polythene pot) to assess the performance of cacao seedlings with respect to
different levels of inoculation with arbuscular mycorrhizae fungi with a view to
select appropriate rate of inoculation for exploitation by small holder farmers for
quality production of cacao seedlings prior to transplanting.

MATERIAL AND METHODS

Description of Location and Experimental Site

The study was carried out on a nursery site at the Teaching and Research
farm of the Federal university of technology, Akure Ondo state, Nigeria (from
mid-December to mid-March 2010). It is located between latitude 5°°08” 10.5’E
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and 7°°17’ 59.2°N, at elevation of 140 m above the mean sea level, with an
average annual rainfall range of about 1613mm per annum, annual mean
temperature of about 27°C and average relative humidity of between 56 and 59%
during the dry season, 51 - 82% during the wet season.

Nursery Stage
The nursery site was cleared of weeds and raised on beds to serve as

support for the polythene pot. The site was sectioned into four layouts for each of
the four treatments. Topsoils were collected and debris, stones pebbles and plant
roots removed. Polythene pots of about 10cm x 18cm in diameter and length with
drainage holes were filled with the topsoil.

Source of planting materials

The different seeds/pods (Fsamazon variety) were acquired from Cacao
Research Institute of Nigeria (CRIN) Ibadan, Nigeria. The variety is a high
yielding one commonly grown by farmers in the tropical rainforest zone of south-
west Nigeria. Prepared Arbuscular mycorrhizae fungi (Glomus mossae) inoculum
with soil as carrier was obtained from the International Institute of Tropical
Agriculture (IITA), Ibadan Nigeria.

Planting
The seeds were sown in the filled polythene pots; one seed per pot and

prior to planting the pots were watered. After planting, the pots were watered at
2days interval until germination (14-21days) was reached. Adequate watering
was maintained thereafter to maintain good soil moisture condition. Minimal
weeding was done and no disease incidence observed.

Experimental Design

The experiment was a randomized complete block design and the
treatments replicated three times. Arbuscular mycorrhizae inoculant was applied
at different levels (25g, 50g and 100g) and un-inoculated Control. A total of 76
pots were inoculated with mycorrhizae, while 24 pots was un-inoculated
(control), which gives a sum total of 90 pots of seedlings.

Sampling and Data Collection

Three plants from each treatment were randomly selected at the end of the
experiment (25g, 50g and 100g) and un-inoculated Control. Growth parameters
taken fortnightly were plant height, number of leaf and stem girth. Harvested
plants leaves, shoots and roots were collected and weighed to determine the fresh
weight and then dried for few hours for the dry weight determination, these
parameters were taken after termination of the experiment. The leaf area, plant
dry and fresh weights were also used as a measure of growth using the classical
growth analysis methods [7]. Relative mycorrhizal dependency (RMD) of cacao
seedlings was calculated by expressing the difference between shoot dry weight
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of the mycorrhizal plant and the shoot dry weight of the non mycorrhizal plant as
a percentage of the shoot dry weight of the mycorrhizal plant [15].

Mycorrhizal infection determination

Cacao seedling roots were collected from the inoculated replicates for
mycorrhizal infection determination. It was grinded and stored in 50% ethanol.
Mycorrhizal staining in the roots was achieved by heating the root samples in
10% KOH, rinsing with distilled water and soaking in 1% HCI for 10 minutes.
Trypan blue solution was used to stain the roots. The roots were soaked in the
Trypan blue solution for 2 hours, and the stained roots were distained with 50%
glycerol. The grid-intersect method of Giovanetti and Mosse [6] was used to
evaluate the percentage of root infection.

Statistical Analysis

The data collected were checked prior to statistical analysis and analyzed
using analysis of variance (ANOVA) and means were separated using Tukey’s
test. SPSS 16" edition statistical package was used for the analysis.

RESULTS AND DISCUSSION
As observed from the results Table 1, AMF inoculation generally effected
significant changes in growth parameters recorded on cacao nursery seedlings at
different levels of 25g, 50g and 100galthough significant differences were not
observed between some treatments and the un-inoculated control.

Table 1: Effects of AMF inoculation on the growth parameters of cacao seedlings

Plant | g | Stem | Leat | B8 | RERT ] fod
Treatment | height girth | area . . .
(cm) number (mm) | (cm?) weight | weight | biomass
(9) (9) (9)
25¢
AMF 28.33ab |10.13a |0.65a |46.75a |7.20a 5.78b |12.98a
50g
AMF 34.24b |11.70a |0.67a |51.38a |7.42a 6.48b |13.90a
100g
AMF 37.89b |12.67a |0.75a |59.45a [9.98b  [6.77b  |16.75a
Control 23.83a [10.30a |0.47b |41.50a |6.11a 3.73a  (9.84b

*Means followed by similar letters are not significantly (P < 0.05) different according to Tukey’s test

The results from the experiment agrees with result of past experiments in
soil and soilless nursery systems where plants were inoculated with AMF e.g.;
plant species such as in Eucalyptus camaldulensis [10], gladiolus [8], tomatoes
[13] and palm species [12] who all reported that AMF inoculation produced
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significantly higher plant growth compared to the un-inoculated control. [13],
also reported that arbuscular mycorrhiza fungi improved the qualities of
seedlings in nurseries. No significant (P < 0.05) difference was observed in all
treatments with respect to leaf number and leaf area, which plays important role
in seedling growth and development, although cacao seedlings inoculated with
100g of AMF exhibited higher statistical values of leaf number and leaf area
compared to control and other treatments (Table 1). The fresh root weight was
significantly higher in inoculated seedlings compared to un-inoculated control at
25¢, 50g and 100g rate of AMF inoculation, which will probably enhance uptake
of nutrients and better growth in the field when transplanted. Significant
difference was observed with respect to plant height in mycorrhized inoculated
seedlings at 50g and 100g, with higher statistical values of (34.24cm and
37.89cm respectively) over the un-inoculated control (23.83cm). Also the total
fresh biomass weight of all inoculated cacao seedlings at different rates (12.98.
13.90 and 16.75g plant™) were significantly different from the control (9.84 g
plant™), Similar trend was also observed in stem girth. This indicates that AMF
inoculation on cacao seedlings irrespective of rates of application could
efficiently promote higher vegetative growth of the seedlings.

In table 2, the shoot, root and total dry biomass of cacao seedlings
increased significantly with AMF inoculation as compared to control at 50g and
100g application.

Table 2: Effects of AMF inoculation on the dry biomass parameters and
root/shoot ratio of cacao seedlings

Treatment | Snootdry | Rootdry | Totaldry rogtr/‘zﬂ;ot
weight (g) weight (g) mass (Q) .
ratio

259

AMF 2.37b 0.99a 3.36ab 0.80a
50g

AMF 3.17a 1.17a 4.34a 0.87a
1009

AMF 3.88a 1.21a 5.09a 0.69a

Control 2.22b 0.85b 3.07b 0.61b

*Means followed by similar letters are not significantly different according to Tukey’s test

The total dry biomass of AMF inoculated seedlings at rate of 50g and 100g
application increased by 41.3% and 65.7% in comparison to the un-inoculated
control, which will aid better performance in the field after transplanting. The
statistical trends in fresh and dry root biomass were similar, being significantly
higher in inoculated seedlings compared to un-inoculated seedlings. There was
no significant difference observed in root/shoot ratio amongst the different
treatments, but inoculated cacao seedlings had significantly higher root/shoot
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ratios over the un-inoculated seedlings (Table 2). According to [17], ability of
seedlings to overcome transplanting shock depends on the capacity of the roots to
support structural and functional changes, absorption of water and nutrients as
well as the capacity of regenerating new roots. This agrees with the findings of
[21] who reported that higher root/shoot ratio reflected a high degree of
mycorrhizae effectiveness. The statistical value of mycorrhizae dependency
(MD) recorded from shoot dry matter weight was 15.8%, 33.3% and 23.37% at
the application rate of 259, 50g and 100g respectively in AMF inoculated
seedlings and this indicates the seedlings growth response to AMF colonization.
This result confirms the high dependency of cacao on mycorrhizae. Results in
table 3, shows no AMF colonization was found on the roots of un-inoculated
control seedlings, while in the inoculated seedlings the percentage root
colonization was highest at 50g application (81.4%).

Table 3: Effects of AMF inoculation on Mycorrhizal dependency, % growth
response and % AMF Colonization of cacao seedlings

Treatment Mycorrhizal Growth AMF Colonization
dependency (%) |response (%) (%)
AMF 259
15.8a 77.43a 76.4a
AMF 509
33.3a 84.13a 8l.4a
AMF 1009
23.37a 75.00a 71.5a
Control 0.00b 0.00b 0.00b

*Means followed by similar letters are not significantly different according to Tukey’s test

However, it is important to note that high AMF infectiveness does not
always guarantee an increase in plant growth [4]. Also growth response recorded
in the experiment shows that AMF inoculated seedlings was significantly
different from the un-inoculated seedlings.

CONCLUSION

This study reveals that AMF (Glomus mossae) promoted significant
seedling growth and positively affected growth and development which resulted
in higher biomass dry weight and root/shoot ratio with beneficial implications for
improved cacao growth and yield when transplanted. Inoculated cacao seedlings
at rate of 50g and 100g had better growth performance and responsiveness to
AMEF, hence it could be recommended to farmers in the tropical rainforest zone
of south-west Nigeria for adoption. Therefore, application of AMF in cacao
nursery could be an effective low input technology for improving growth and
eventual yield on the field.
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