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Efficient propagation of arbuscular mycorrhizal fungal
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Abstract: [Background] Arbuscular mycorrhizal (AM) fungi can form mutualistic symbiosis
with most plants to promote the growth and enhance the stress resistance of plants, playing an
important role in production. However, the immature propagation technology limits the
application of AM fungi. [Objective] To establish an efficient propagation system of AM fungi.
[Methods] A pot experiment was conducted. Specifically, Rhizophagus intraradice was
inoculated into four propagation systems constructed with three host plants (Sorghum bicolor, Zea
mays, and Trifolium repens) and five substrates (zeolite, river sand, peat, perlite, and vermiculite)
for culture. The effects of different propagation systems on the infection and sporulation of
R. intraradice were studied. Then, we measured the infection ability of AM fungi by inoculating
S. bicolor with propagation inoculum to verify the propagation effect. Finally, the optimal
propagation conditions were employed to explore the propagation of other species of AM fungi:
Funneliformis mosseae, Clariodeoglous etunicatum, Diversispora versiformis, and Acaulospora
delicate. [Results] The propagation system with river sand+vermiculite+peat (1:4:1) as the
substrate and Z. mays+T. repens, R. intraradice as the host plants had the highest spore production
of 1 912 spores/g-dry substrate. Moreover, the AM fungi propagated with this system showed better
infection potential and remarkably increased the aboveground biomass of S. bicolor. In addition,
the propagation with this system increased the sporulation of F. mosseae, C. etunicatum,
D. versiformis, and A. delicate by 6.24, 2.92, 35.18, and 4.18 times, respectively, compared with
that before propagation. [Conclusion] The propagation system with Z. mays+T. repens as the host
plants and river sand+vermiculite+peat (1:4:1) as the substrate had the optimum results. This
system had the aeration porosity of 3.57%, the water-holding porosity of 48.19%, the bulk density
of 1.03 g/cm?, the electrical conductivity of 152.5 uS/cm, pH 5.61, the available phosphorus of
5.6 mg/kg, the available nitrogen of 80 mg/kg, the available potassium of 449.8 mg/kg, and the
organic matter of 56.11 g/kg, which are conducive to the efficient propagation R. intraradice and
other AM fungi.

Keywords: arbuscular mycorrhizal fungi; substrate; host plant; spore density
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Table 1 Experimental treatment
Treatment  Substrate (volume ratio) Host plant (plants/pot)
Zeolite River sand  Vermiculite Perlite Peat S. bicolor T. repens Z. mays
A 1 1 0 0 0 10 20 0
B 1 1 0 0 0 15 0 0
C 0 2 1 1 0 0 0 4
D 0 1 4 0 1 0 40 3
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Table 2 Physical and chemical properties of different substrates

Substrate Bulk Total Aeration Water-holding FElectrical pH  Available  Available Available Organic
density porosity porosity  porosity conductivity phosphorus nitrogen  kalium  matter
(g/lem?) (%) (o) (%) (uS/cm) (mg/kg) (mgkeg)  (mgkg) (g/kg)
Zeolitetriver 1.32 41.64 2.87 38.76 48.70 6.63 0.23 3.03 124.42 3.46
sand (1:1)
River sand+  0.48 6628  2.03 64.25 40.90 6.28 0.26 0.61 14945 472
vermiculite+
perlite (2:1:1)
River sand+ 1.03 51.76 3.57 48.19 152.50 5.61 5.60 80.00 449.78 56.11
vermiculite+
peat (1:4:1)
®3 TRLEN AM EHRFEENFN
Table 3  Effects of different treatments on the degree of AM fungal infection
Treatment Substrate Host plant Infection Infection Arbuscular Vesicle
rate (%) intensity (%) abundance (%) abundance (%)
A Zeolitetriver sand (1:1)  S. bicolor+T. repens 99.17a 80.5344.97a  61.00+3.47a 48.48+4.85a
B Zeolite+river sand (1:1) S. bicolor 100a 72.50+4.87ab  55.25+9.69a 40.50+3.12ab
C River sand+ Z. mays 100a 69.25+£2.63b  55.92+6.28a 36.50+3.92b
vermiculite+perlite (2:1:1)
D River sand+ Z. mays+T. repens  99.17a 69.83+9.33b  56.90+11.04a 33.98+8.14b

vermiculite+peat (1:4:1)
R PR A T EIEERE 22 (n=4), [FIS1/NG FREA R 308 22 57 11 3 (P<0.05)

Values are the means+SD (n=4), different letters in the same column show significant difference at P<0.05 level.
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Figure 1 Mycorrhizal structure in root system
under microscope. A: Mycorrhizal structure in root
system after propagation of treatment A. B:
Mycorrhizal = structure in root system after
propagation of treatment B. C: Mycorrhizal structure
in root system after propagation of treatment C. D:
Mycorrhizal ~ structure in root system after
propagation of treatment D. Bars: 200 um.
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1268 4/g-F 4.
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Spore density (spores/g-soil)

Treatment

B2 AELEN AM EFTHENTMN
Figure 2 Effects of different treatments on sporulation
of AM fungi.

B3 AELEBA~EIERL A AF AN HE
L. B: AbHL B B0 C: ARBE C Yo
1G6L. D: ¥R D BY/= RO, AR R 200 pm

Figure 3 Sporulation of different treatments. A:
Sporulation of treatment A. B: Sporulation of

treatment B. C: Sporulation of treatment C. D:
Sporulation of treatment D. Bars: 200 pum.
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Table 4 Infection and growth of sorghum seedlings

Treatment Infection rate (%) Infection intensity (%)  Arbuscular Vesicle abundance Above-ground dry
abundance (%) (%) weight (g)

Control 0 0 0 0 0.12+0.01c

A 100a 53.39+1.09a 31.17£1.09a 9.29+1.21a 0.14+0.02ab

B 100a 41.2442.73b 17.83+2.73¢c 3.38+1.52¢ 0.13+0.02bc

C 100a 38.21+1.52b 18.4342.06¢ 6.07+£3.25b 0.09+0.02d

D 100a 41.72+7.14b 24.18+5.61b 9.73+3.49a 0.15+0.02a

F P BIE N EAREZE (n=12), [FF/ING FEARE R R 255 5B (P<0.05)

Values are the means+SD (n=12), different letters in the same column show significant difference at P<0.05 level.

x5 RARBESEMNEERRANTE AM EE =B E I

Table 5 Effects of the same conditions on the sporulation of different AM fungi

AM strain Spore density before propagation Spore density after propagation  Multiple propagation of
(spores/g-soil) (spores/g-soil) spores

F. mosseae 114 711431 6.24+0.27

D. versiformis 56 1 970+106 35.18+8.08

C. etunicatum 524 1 530+185 2.92+0.35

A. delicate 118 493+62 4.18+0.53

F PO N P B ERR EE (n=4)

Values are the mean+SD (n=4).
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