Arab Gulf Journal of Scientific Research, 25 (3): 147 - 152 (2007)

Effects of Mycorrhizal Fungi Inoculation on

Landscape Turf Establishment under
Arabian Gulf Region Conditions
Oilomdaalt AalB) e |51 y9Salel !t plady @Y A0
(2 AN edint| Adkate (B 315 Cond g | judandt
Ghazi Nazzal Othman Al-Karaki '-2,

Yahia Othman ' and Asadulla Al-Ajmi '

(roal) Al dwi g (Oladie o (S K Olede J150 (GHE
! Arabian Gulf University, Manama, Bahrain.
’ Faculty of Agriculture, Jordan University of Science & Tech, Irbid, Jordan
E-Mail: alkarakig @yahoo.com

ABSTRACT: The development of technologies to hasten the establishment of grass lawn putting
greens would be of a great advantage to landscape turf developers and renovators under dry regions
conditions like Arabian Gulf region. A field experiment was conducted at Sultan Qaboos Center for
Developed and Soilless Agriculture, Arabian Gulf University (Bahrain) to determine the effect of
Arbuscular Mycorrhizal (AM) fungi inoculation (German BioMyc™ Vital inoculum) on water use
efficiency and establishment of a lawn mixture of Kentucky bluegrass and perennial ryegrass grown
on a sandy soil with low P fertilizer level (50% of commonly recommended rate). Root colonization
with AM fungi occurred extensively in AM inoculated plants seven weeks after seeding (~88%).
Inoculated plots with AM fungi had improved turf coverage, shoot and root growth, clipping yield,
and water use efficiency in comparison with uninoculated plots. The results revealed that turfgrass
inoculated with AM fungi established more quickly and had more biomass than uninoculated turf
which indicate the potential of mycorrhiza in improving utilization of fertilizer and irrigation water
to hasten and improve the establishment of grass lawn under Arabian Gulf region conditions.
Keywords: Arbuscular mycorrhiza, Turf grass, Bahrain, Arabian Gulf region.

&-!al-m”gﬁ L‘oymjsﬂas .\j‘}ﬂ‘ﬂ;\fasd\ Qw\uﬁ\_‘bwj ‘L‘:““[a‘)‘“u“,(:g"}:‘;'ua:‘)i}b:'u‘_ luﬁ&lﬁ“"
/:14_)3 Q929 5)31434.” ;-ch_).U L)"}"Lé uua.\...u.ﬂ Jsjd em‘ JE_‘:-_” L_’ﬁ u)Lﬂﬁ_” “)’“‘; ﬁs L__J"-)"M @.\:«-_” aalaia dl/a Eme_H
A;leJa.uuo.” Gl—ll-"‘j}-uj $LQ_H ‘A‘Jiu.u‘ B;LAS LT"L ‘):y‘_)js:)w‘ ).Io.m c_:..atd\ )143\3 a.m‘_).k_‘ (L):'.)‘"'—"H) gJ);J\ @.\L” a.!.&L>
rogall Gginall (10 50%) & phmall danill ALLB Aol )31 (ol o aSlanll 5ol dely) @ cas (GiSLaRl) ol il
(o Baame 3eSy wbilill (g5 @3 .German BioMyc™ Vital gl |5l sGled! Jads Lgoe als ‘a._m;‘ Lgoeials s (ale 4
C;IT\Luj 7 an ylasth dmalell 4yl P (%80) 1 3l ysSoladl Had, gJLc S Hgleedl Llal pSludl i s IS g oluad!
slad Ao o 3ol G by LA et oliall alusiinl 3.6 25 58 5oL I 1l hsSolelly maalill ool Lael) 0 0y
alsSoball ylady seaalill Ao & 30 Lgiudasd A oy GiBlacedl 9 3505 O« plaall Amalall jud Al pe &)lae GiSLal)
Oblamtl clas Ae pu 3ab M Adle 3.6 (601 oliag slawdll f;l_u‘a..wlulggbl%m 303 (el 8 Hladll 1o a._m‘\ e Juwo

.;/J\@.&:J/aw/,ggjd/@-_“&/m O predd] ASlas o isliom)] ] )y Kladl jhad s ddiede OlolS

147


http:lh..:.d..=..)-'-"';;..l~jJ<t:J~"~~~.)I"~j..lL
http:l~h",.J1
mailto:alkarakig@yai1oo.com

Effects of Mycorrkizal Fungi Inoculation on Landscape Turf...

148

INTRODUCTION

The development of technologies to hasten
the establishment of grass lawn putting greens
would be of a great advantage to landscape turf
developers and renovators under dry regions
conditions like Arabian Gulf region. In these
regions, water conservation is considered very
important as water is a limited resource and
environmentally sensitivecomponentoflandscape
turf management. Therefore, conserving and
incorporating fertility and water directly into the
target turf grass is a goal of turf management
professionals to maximize the utilization of water
and fertilizer in enhancing establishment of grass
lawns and reduce movement of fertilizer that is
not utilized into groundwater

Arbuscular  mycorrhizal (AM) fungi
associated with plant roots confers numerous
benefits to host plants, including improved plant
growth and mineral nutrition (Al-Karaki and
Clark 1998; Marschner and Dell, 1994), tolerance
to disease (Trotta, et al. 1996, Matsubara, et
al. 2001), improved water use (Al-Karaki and
Clark,1998), and tolerance to abiotic stresses
such as drought (Al-Karaki and Clark, 1998;
Al-Karaki, ef al. 2004), and salinity (Al-Karaki,
2000; Al-Karaki, 2006). AM fungi also enhances
soil aggregation and water-holding capacity both
by producing external hyphae and by exuding
glomalin, a glycoprotein, from extraradical
hyphae (Wright and Upadhyaya, 1998).

The majority of grasses form an
AM symbiosis and can greatly benefit from
mycorrhizal colonization in terms of growth
and nutrient acquisition (Gemma and Koske,
1989; Sylvia and Burks, 1988; Hall, et al., 1984,
Newman and Reddel, 1987). Mycorrhizae are
especially important for uptake of nutrients that
do not readily move through the soil such as
phosphorous and many of the micro-nutrients
(Al-Karaki, 2006; Marshner and Dell, 1994).
The mycorrhizal fungi once are established on
the host plant root system it radiates out from the
roots to form a dense network of filaments. These
filaments form an extensive system of hyphae
that grow into the surrounding soil and provide a
variety of benefits for the host plant (Marschner
and Dell, 1994). This network of filaments

obtains water and nutrients and transport these
materials back to the host root system.

Few studies have been conducted on
mycorrhization of turfgrass species, as it was
generally believed that because turfgrass grow
under high maintenance conditions, are less
dependent on mycorrhizae. However, research
studies have shown that these specialized fungi
can improve plant growth, fertilizer utilization,
rooting depth, the speed of establishment, disease
and drought and salinity resistance of turf (Gemma,
et al. 1997ab; Charest, et al. 1997; Auge, et
al. 1995; Koske, er al. 1995). Warm-season
grasses such as bermuda grass with coarse root
systems are very dependent upon mycorrhiza for
sustained growth (Hetrick, ef al. 1988; 1990).
Some other studies indicate that cool-season,
finer rooted bentgrass species also form abundant
mycorrhiza and benefit from the relationship,
especially where the phosphorous levels are not
too high (Gemma, et al. 1997; Koske, e al. 1997).
It is also well documented that inoculation of
grasses with mycorrhizal fungi in soil with low
phosphorous concentrations can produce greater
shoot and root biomass (Hall, et al. 1984; Hetrick,
et al, 1988). Charest, et al. (1997) and Gemma, et
al. (1997a) reported that Kentucky bluegrass and
creeping and velvet bentgrasses produced more
aboveground biomasses over time when inoculated
with mycorrhizae compared with the uninoculated
control. Moreover, Gemma, ef al. (1997b)
showed that creeping bentgrass inoculated with
the AM fungus G. intraradices tolerated drought
conditions for longer periods and recovered more
quickly from wilting than did nonmycorrhizal turf.

The objective of the present study was to
determine the effect of arbuscular mycorrhizal
(AM) fungi inoculation (German BioMyc™
Vital inoculum) on water use efficiency and
establishment of a lawn mixture of Kentucky
bluegrass and perennial ryegrass grown under
low P fertilizer on a sandy soil under Arabian
Gulf conditions (Bahrain).

MATERIALS AND METHODS
A field experiment was established on a

sandy soil at Sultan Qaboos Center for Developed
and Soilless Agriculture, Arabian Gulf University,
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Manama, Bahrain. Experimental plots (2 x 1 m
each) were seeded with a standard commercial
lawn seed mixture composed of 30% Kentucky
bluegrass (Poa pratensis L. Nustar and Rugby
IT) and 70% perennial ryegrass (Lolium perenne
L. Accent, Caddiesheck and Goal Keeper) on
18 March 2007 at 65 g m™ There were two
experimental treatments: AM inoculated with
German BioMyc™ Vital inoculum at a rate 200
mL m™ and an uninoculated control with three
replicates for each treatment. The AM fungi
inoculum was supplied as spores on expanded clay
produced by BioMyc International Corporation,
Germany. Both mycorrhizal inoculum and seeds
were uniformly sprinkled by hand over the
surface plots and mixed with a rake into the top
1 cm of the soil. The turf plots were watered daily
with 5 L m™ for the first month after seeding and
10 L m? thereafter. Prior to establishing plots,
a soil amendment (compost) which is based
on selected sphagnum peats (Growmer, UK)
was applied at 5 L m™ and inorganic fertilizers
(KNO,, KH,PO, and urea) were applied to plots
at the rates 40 nitrogen (N), 3.3 phosphorus (P)
and 27 potassium (K) in gram per m” and all were
incorporated into the upper 20 cm of soil.
Percentage of plot area covered by turfgrass
was evaluated by visually estimating the surface
covered by turfgrass 7 weeks after seeding. These
evaluations were made by the same person. To
assess shoot and root growth and mycorrhizal
colonization of roots, ten plants were collected
randomly and very carefully with their intact
roots from each plot 7 weeks after seeding. After
that, plants left on plots were clipped to the height
of about 5 cm from soil level, and clippings
were collected to determine clipping yield. Roots
of sampled plants were washed with water to
remove all soil. Five of sampled plants were
used for determination of shoot and root growth
parameters (shoot and longest root lengths, shoot
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and root fresh and dry weights). Root samples
from the other sampled five plants were cleared
with 10% (w/v) KOH solution and stained with
0.05% trypan blue in lactophenol as described by
Phillips and Hayman (1970), and microscopically
examined for colonization using a gridline
intercept method (Giovannetti and Mosse, 1980).

Water use efficiency was computed according
to the formula:

Water use effecincy (g/liter) = Clipping yield
(g/m?) / total applied water (liter/m?)

Experimental design and statistical analysis

The experiment was arranged in a
randomized complete block design with three
replicates. Data were statistically analyzed using
analyses of variance (ANOVA). Probabilities
of significance among treatments were used to
compare means between treatments.

RESULTS AND DISCUSSION

After 7 weeks of seeding, turfgrass roots
in the mycorrhized plots had been colonized
extensively with AM fungi (~88%), while no
root colonization with AM fungi has been noted
in the control plots (Table 1). Extensive network
of filaments (hyphae) and other mycorrhizal
structures (arbuscles and vesicles) has been also
noted on colonized roots (Figure 1). It has been
reported that extensive system of hypha that
are growing out of colonized roots into the
surrounding soil can provide a variety of benefits
to the host plant (Pelletier and Dionne, 2004). The
distributed network of hyphae beneath soil surface
greatly increase the capacity of root system to
absorb water and uptake of nutrients (especially
low mobile nutrients in soil). The network of
fungal filaments also helps in improving soil
structure, porosity and aeration by binding soil
particles (Pelletier and Dionne, 2004).

Table 1. Root Colonization, Grass Coverage, Shoot, Root Fresh, and Dry Weights of Turf Grass as Af-
fected by Inoculation with Mycorrhizal Fungi after 7 Weeks of Seeding. (Different letters denote signifi-

cant differences between means of treatments).

Treatment R?Ot ; Gergss Shoot fresh weight ROOt, fresh Shoo_t dry Roo.t dry
colonization coverage weight weight weight
Yo % mg plant* mg plant mg plant’! mg plant
Control 0b 42'b 125b 81 b 15b 4.2b
Inoculated 88 a 91 a 288 a 222 a 35a 235a
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Fig. 1. Root Sections of Turfgrass in which
AM Fungi Association Structures Appeared.
(A: Network of fungi filaments (hyphae), B:
arbuscles and vesicles.)

Highly significant differences in turf
seedling size (shoot and root lengths and weights)
were observed for the mycorrhized plots
compared to the controls 7 weeks after seeding
(Tables 1 and 2; Figure 2). Several studies have
shown that grass species benefit greatly from
mycorrhizal inoculation in terms of enhancement
in the shoot and root growth (Gemma and Koske,
1989; Sylvia and Burks, 1988; Koske, et al.
1995). Enhanced mycorrhizal inoculated turf
was related to improved plant nutrition (Gemma
and Koske, 1989; Sylvia and Burks, 1988),
higher chlorophyll concentrations which enhance
photosynthate production (Gemma, et al. 1997b),
improved rooting depth, speed of establishment,
disease and drought and salinity resistance of
turf (Gemma, et al. 1997a,b; Charest, et al. 1997,
Auge, et al. 1995; Koske, et al. 1995).
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Fig. 2. Turfgrass Plants Inoculated with AM
Fungi Inoculation using German BioMyc™ Vital
Inoculum (Left) and Non Inoculated Control
(Right) Grown In Sandy Soil with Low P. Fertility.

Plots inoculated with mycorrhiza had an
average 88% turfgrass coverage 7 weeks after
seeding while uninoculated plots had an average
of 42% turfgrass coverage (Table 2; Figure3).

These results suggest that inoculation with
AM fungi is very efficient in increasing the
speed of establishment of turfgrass seedlings
in comparison to the controls. The increase
in establishment of turf grass is an important
benefit to landscape owners as it improves the
aesthetics of lawns, covering the surface and
increasing the quality of grasses by reducing
weed development. A dense cover that free from
weeds may require less fertilizer due to high
utilization of fertilizer directly into turf plants
growth which reduces the fertilizer movement
into ground water (Amaranthus, 2001).

Significantdifferencesbetweenmycorrhizal
and control plots were noted for clipping yields
and water use efficiency of applied irrigation
water (Table 2). These results revealed that the

Table 2. Shoot and Root Lengths, Clipping Yield and Water use Efficiency of Turf Grass as Affected by
Inoculation with Mycorrhizal Fungi after 7 Weeks of Seeding. (Different letters denote significant differ-

ences between means of treatments).

Treatment Shoot length Root length Clipping yield Water use efficiency
cm Cm g m? gLt
Control 85b 7.1b 22 b 0.065 b
Inoculated 18.6 a 114a 387 a 1.138 a
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Fig. 3. Turfgrass Cover with AM Fungi Inoculation using German BioMyc™ Vital Inoculum (Left)
and Non-Inoculated Control (Right) Grown at Sultan Qaboos Center for Developed And Soilless
Agriculture, AGU.

mycorrhizal plants produced more biomass (high
clipping rate) per unit of water applied through
irrigation than control plants. Early establishment
of turfgrass might reduces the need for high water
use which help growers to increase irrigation
intervals (less number of irrigation times) due to
improved water holding capacity and extended
root system by mycorrhiza, so help the plants
to utilize water more efficiently (Pelletier and
Dionne, 2004).

It can be concluded from results of this
study that inoculation of turfgrass at time of
seeding with AM fungi is very efficient in
increasing plant biomass, water use efficiency
and the speed of establishment of a standard
turfgrass lawn seed mixture in comparison to
uninoculated turf grown with low Paper fertilizer
inputs under Arabian Gulf region conditions.
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