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ABSTRACT

In a pot experiment, the growth of okra inoculateith Glomus mosseae in sterile and non-sterile soil was
investigated. Inoculation wit®. mosseae increased plant growth, fruit yield and nutrieptake in sterile soil more than in
non-sterile soil. Arbuscular mycorrhizal fungi (AMEolonization was highest in inoculated plantsvgran sterile soil
and lowest in uninoculated plants grown in nonigtegoil. Foliar nutrient yield was consistentlygher in sterile soil
inoculated plants than in other treatments. Theegsed growth in inoculated sterile soil plantexplained in the light of
enhanced nutrient uptake by the AMF which couldehid to increased chlorophyll synthesis and subesagincreased
photosynthesis. On the other hand, the reducedthrofwlants in non-sterile soil could have resdilfeom the negative
effect of soil pathogens which either competed whig mycorrhizal fungi for colonization of the okmots or grazed on

the mycorrhizal propagules.
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INTRODUCTION

Okra (Abelmoschus esculentus) (L) Moench, is a vegetable crop belonging to tlaenily Malvaceae.
It is widely cultivated in the tropics for its yogrfresh leaves and fruits used in thickening sosyegetables in many
countries of the world (Nwangburulehal., 2011). In south eastern parts of Nigeria, okran important vegetable in their
traditional draw soup which is a delicacy among Hiik, Ibibio and Igbo tribes. Okra seeds are gsodrces of quality
edible oil and protein while the whole fruit comtsivitamins, minerals such as calcium and potassiatories and amino
acids (Berryet al., 1988). On the whole, okra is regarded as a podalth food as it has high fiber, vitamin C fwidte
contents (Corleone, 2014). The presence of vitatnand folate makes it a good source of antioxidartie stem bark is
good for making fibres and ropes. Cultivation ofakn Nigeria and most West African countries isi@dy small scale
farmers with low inputs who often do not get maximyield possible for this crop in the available giaal soils.
Those of them that can afford depend on heavy amigg fertilizer application to obtain reasonableeldi
The use of inorganic fertilizers in most soils bé ttropics has been reported to be accompaniedibgcdity problems
(Kanget al., 1990).

Arbuscular mycorrhizal fungi (AMF) are known to forsymbiotic association with most agricultural sop
(Smith and Read, 1997). Their importance in enlmancgrowth and yield of crops are well documented
(Okon, 2004; Yaseed al., 2011). The plant host supplies the mycorrhizatisiont with carbon from its photosynthates
and benefits from nutrients and water it extractenf the soil in return (Malekzadedt al., 2007; Thamizhiniyart al.,

2009). Other benefits include alteration of somgsdiogical and biochemical activities which posily affect the

| Impact Factor(JCC): 1.4507- This article can be downloaded fromwvww.impactjournals.us |




| 186 Iniobong E. Okon |

syntheses of growth promoting hormones and chlgdbptAyoob et al., 2011), resistance to water stress
(Auge et al., 2004) and pathogens (Borowicz, 2001; Muchovef)42 Serfojiet al., 2010; Hemavani and Thippeswamy,
2014). One of the well established nutrients uptalesociated with AMF colonization in plants is phlosrus
(Azéon, 1994; Ebelet al., 1994; Graham 2001). Plants growing in phosphateBcient soils rely more on AMF
(Bationoet al., 2000). Phosphorus is a very important constttoéorganic molecules and participates in manyainelic
processes in plants. The growth and yield of olks leen demonstrated to be significantly affecieghmsphorus levels
(Aroraet al., 1994; Omotoso and Shittu, 2007). Thus inocufatiith appropriate AMF which can extract phosphand
other nutrients for the crop can be used to ineréhs production of this crop without much phospisdiertilizer input

thereby protecting the environmental integrity.

Although some studies have been done elsewheneatoate the effect of AMF on the growth and yiefcb&ra,
no such studies has been documented for the saady $oil of Cross River Basin in Nigeria. Thus thepose of this
study was to investigate the effect@bmus mosseae on the growth and yield of okra in sterile and +sterile soil with a

view to using AMF to boost okra production in tpirt of the tropics.
MATERIALS AND METHODS

Top soil (0-15cm depth) was obtained from the Ursitg of Calabar Botanical garden. This was sieted
remove pebbles, root fragments and other non-saterals. Part of this soil was oven sterilized280°C while the
remaining was used as non-sterile. A sub-samptheoboil was taken to the laboratory to determisghysico-chemical
properties using the method of Juo (1979).

Six ten litres plastic pots were filled with 9 k§sierile soil each while another batch of six wiited with 9 kg
of non-sterile soil. Three pots from each batchemeandomly selected and designated arbuscular mhjzak fungus
inoculated (M) while the others were uninoculated JMr'en seeds of short duration variety okra weamteld in each pot
and thinned out to three seedlings per pot two wesdter germination. The experiment was laid outioompletely
randomized design with all treatments replicatedeghtimes. Inoculation was done by placing 20g aide
G. mosseae inoculum comprising of spores and infected maiz# fmagments. The non-mycorrhizal treatments wévery

autoclaved equivalent.
Growth Measurements

Ten weeks after germination, the plants were clyefiprooted after thoroughly watering the soilltmsen it.
Each plant was separated into roots, stems, leawdruits. These were all placed in separatelgléb paper envelopes
and oven dried at 70°C to constant dry weight ttemeine the biomass yield. Subsamples from leaver® waken for
nitrogen, phosphorus, potassium and magnesium rmoaalysis using the method of Juo (1979). Falidrient yield was

then calculated as the product of the percentagigenticontent and the total biomass yield (Paramat Sharma, 1996).

Subsamples of fresh feeder roots were taken atirthe of harvest for determination of percentageuschlar
mycorrhizal fungi colonization of roots. The feedeots were thoroughly washed in distilled wated dixed in 50%
ethanol. Clearing and staining were carried odb¥ahg the method of Koske and Gemma (1989). Thanet roots were
assessed for AMF colonization using the gridlinerisect method of Giovanneti and Mosse (1980).n8throots were

spread on a gridline plate and viewed under a disgemicroscope at x45 magnification.
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Statistical Analysis

All data obtained from this investigation were ®dtgd to combined analyses of variance using SAS

(SAS, 1996). Duncan’s multiple range test was usesktparate the means.

RESULTS

The physicochemical analysis of the experimentdlus®ed revealed that physically it was composed &%
sand; 9.0% silt; 12.3% clay; 1.86% organic matti#hwa sandy loam texture and a pH of 5.69. Cheltyicdlwas made up
of 0.08 mg/kg total nitrogen; 85.0mg/kg availableLR0cmol kg Ca; 0.8cmol kg Mg and 0.11cmol K§K.

Inoculation withGlomus mosseae greatly increased the growth of okra as indicdigciomass and fruit yield
(Table 1). Inoculated okra planted in sterile g@lve the highest biomass and fruit yield followgduminoculated ones
planted in sterile soil. Okra planted in non-stesbil gave a significantly reduced biomass yieldspective of whether

they were inoculated wit®. mosseae or not. The fruit yield was also reduced here.

The percentage of roots colonized by arbuscularompizal fungus (AMF) was highest in inoculated akr

planted in sterile soil while non-sterile soil gaxgry low percentage of root colonization (Table 1)

Table 1: Effect of G. Mosseae Inoculation on the Biomass Yield ofA. Esculentus (g plant™)

Treatment | %AMF | Root Dwt | Stem Dwt | Leaf Dwt | Fruit Dwt
STM* 80.77 11.9+0.3] 23.0+1.3 5.0+0.2 17.2+1(2
STM - 10.5+0.4| 21.7+1.3 3.0£0.1 11.7+1.6
NSTM* 3.80 9.6+ 0.4 13.5+1.8 2.0+0.5 5.6%+1.3
NSTM 2.59 8.0+0.9 7.1+0.8 2.0 0.5 2.2+0.7

"STM": sterile soil inoculated; STM sterile soil uninoculated; NSTM non-sterile soil inoculated; NSTM

non-sterile soil uninoculate@Means of three replicates + standard error of tham
Foliar Nutrient Yield

All inoculated plants irrespective of soil treatrheonnsistently gave higher nitrogen and magnesiigid while

phosphorus and potassium were lowest in inoculglats growing in sterile soil (Table 2).

Table 2: Effect of G. Mosseae Inoculation on the Foliar Nutrient Yield of A. Esculentus (g kg™)

Treatment N P K Mg

STM' 54480 | 10.20] 9.18] 16.3(
ST™M 42.00 | 11.90| 10.80 1.90
NSTM' 4480 | 14.00 14.40 14.40
NSTM 29.40 | 12.10| 10.40 1.90

"STM": sterile soil inoculated; STM sterile soil uninoculated; NSTM non-sterile soil inoculated; NSTM

non-sterile soil uninoculate@Means of three replicates.

DISCUSSIONS

The higher biomass and fruit yield observed in ilated plants is consistent with the findings ofmsoearlier
studies (EI-Shaikh and Mohammed, 2009). This caexmained to be possibly due to the enhancedemnitabsorption

caused by th&lomus mosseae whose extra-radical hyphae must have increasedatmsnrbing surface area leading to
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more nutrient absorption for enhanced growth. Atsaculation with arbuscular mycorrhizal fungus Hesen shown to
increase chlorophyll content of leaves (Tanwtaal., 2013). Thus increased chlorophyll would haveiltes in increased
photosynthesis and subsequently increased biommadsigtion and accumulation. This suggestion is tsutisited by the

higher magnesium and nitrogen contents found inuteded plants (Table 2).

The higher percentage AMF colonization of inoculag@ants suggests a higher inoculum potential &f th
G. mosseae. However, the lower percentage of AMF colonizatiorinoculated non-sterile soil plants is in corrodimn
with some earlier studies (Okah al., 2007). This suppression of introduced AMF catation in non-sterile soil could
have been due to competition for space for coldimmaand infection site in the host by other sadilre pathogens
(Cardoso and Kuyper, 2006); inhibition of te mosseae spores germination by the indigenous soil micraaigms
(Linderman, 1992) or grazing by soil fauna on spdfétter and Sanders, 1992). Okon and Imuk (20443, reported a
high population of these nematodes in the soihif &rea. The higher biomass and fruit yield inilgtesoil plants than
those in non-sterile soil can be attributed to riegative effect of soil borne pathogens in the siemile soil treatments
which competed with the AMF thereby reducing thegrouting and colonization of the roots to enhagiavth of the
okra plants. Another possible reason for the redigrewth in non-sterile soil plants could have bdaa to root infection
by the pathogens without much hindrance. AM fungoculation is known to protect plants against pgéms
(Cardoso and Kuyper, 2006; Hemavani and Thippeswa@®34). Inoculation with AMF has been shown toiioye plant
growth even in the presence of parasitic nemat@@&sn and Imuk, 2011; Banuelesal., 2014). This they do by either
competing with nematodes or other pathogens fagctidn sites or photosynthates thereby suppressiely growth
(Yanget al., 2014) or by improving the plant nutritional statas well as photosynthetic potential resultingnoreasing
resistance (Abdel-Fattah and Shabanam, 2002; Baswetedl., 2014).

Foliar nitrogen and magnesium vyield were greatlgréased in inoculated plants due to the abilitythed
G. mosseae to reach out beyond the nutrient depletion zonthefroot to absorb these nutrients. Mycorrhizébigization
is known to increase root surface area for nut@@quisition (Bhuvaneswaet al., 2014). Phosphorus and potassium yield
were however reduced in inoculated plants growstenile soil. This must have been due to dilutifaat resulting from a
higher biomass yield since the medium of growth Wasting being a pot experiment. Also unlike nigen and
magnesium which are incorporated into chlorophyblenules of the leaves, mobilization of more phaspk and

potassium to the fruits can also be a possibleaggion for this disparity.
CONCLUSIONS

The results of this study has shown that inocutatigth appropriate arbuscular mycorrhiza fungus eahance
the growth and yield of okra in a nematode infesteill such as found in the sandy loam soil of Criaager Basin in

Nigeria.
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