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Colonization and rice growth-promoting effects of different
Metarhizium strains
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Abstract: [Background] The recent studies have shown that Metarhizium spp., major
entomopathogenic fungi, can colonize plant roots and promote plant growth. However, the
effects and mechanisms of Metarhizium in promoting rice growth remain unclear. In addition,
the colonization abilities and growth-promoting effects of different Metarhizium strains remain
to be studied. [Objective] To clarify the colonization abilities and rice growth-promoting effects
of M. robertsii and M. acridum. [Methods] The colonization abilities of M. robertsii and M.
acridum were determined by selective culture, microscopic observation, and molecular methods.
At the same time, the growth and physiological indexes of rice treated the two strains under soil
cultivation and hydroponic cultivation conditions were compared, including the seed
germination rate, plant height, taproot length, fresh weight, dry weight, chlorophyll content, and
root vitality. [Results] Only M. robertsii colonized rice roots, accelerated the germination of
rice seeds, and promoted the growth of rice. Under soil cultivation conditions, M. robertsii
increased the height, taproot length, fresh weight, dry weight, chlorophyll content, and root
vitality of rice plants by a maximum of 45.2%, 72.3%, 30.5%, 72.6%, 92.3% and 63.7%,
respectively. Under hydroponic cultivation conditions, it increased the plant height, taproot
length, fresh weight, dry weight, and chlorophyll content by a maximum of 59.3%, 17.9%,
90.9%, 28.4%, and 64.8%, respectively. M. robertsii exerted stronger promoting effects on the
root length, dry weight and chlorophyll content of rice plants in soil cultivation than in
hydroponic cultivation, while it demonstrated stronger promoting effects on the plant height and
fresh weight of rice plants in hydroponic cultivation than in soil cultivation. [Conclusion] M.
robertsii could colonize rice roots and promote the growth of rice, whereas M. acridum had no
significant effect on the growth of rice. The findings provide a theoretical basis for deciphering
the rice growth-promoting mechanism of Metarhizium.

Keywords: Metarhizium spp.; rice; colonization; growth-promoting effect
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Figure 1 Selective culture of Metarhizium spp. in
the rice roots. A: Control group. B: Metarhizium
robertsii treatment group. C: Metarhizium acridum

treatment group. Colonies were indicated by the
arrows.

2 T{AREGER ARSEF 23 (A) 59 BEHKB)HY
Fs

Figure 2  Morphology of Metarhiziium robertsii
ARSEF 23 (A) and isolated strain (B).
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Figure 3  Microscopic image of rice roots. A:
Control group. B: Metarhizium robertsii treatment
group. C: Metarhizium acridum treatment group. The

suspected fungal spores were indicated by the
arrows.
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Figure 4  Electropherogram of strain-amplified
DNA fragments with primer ITS1 and ITS4. 1:
DL5000 DNA Marker; 2: The negative control; 3:

Metarhizium robertsii ARSEF 23. 4: The isolated
strain.
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Figure 5 Phylogenetic tree of isolated strain based on ITS sequence. Numbers at branch point represents the
support rate of bootstrap; GenBank accession numbers are shown in parentheses; Bar represents evolutionary

distances.
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Figure 6  Effect of Metarhizium spp. on the
germination of rice seed. CK: Control group. MAA:
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Metarhizium acridum treatment group. Different
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Figure 7 Effect of Metarhizium spp. on rice . A:
Hydroponics. B: Soil culture.
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Figure 8 Effect of Metarhizium spp. on the height and the taproot length of rice. A: Height of rice under
hydroponic cultivation. B: Taproot length of rice under hydroponic cultivation. C: Height of rice under soil

cultivation. D: Taproot length of rice under soil cultivation.

3 P KR 2R R S e AT
Rrkas, ASERIET BRI 4R S st 15 K
Je BB, WA IETESS 25 RIGFHHG TR
2.3.4 MAA. MAC #7KFEIR RIE NI
UERY/R AP SNV 32 S LE = TN K7
iR ioRE o NI R S O (3 A O i <

BIRG IR AR . R MAA AR FRZL 1Y
IKFEAR ZR 16 13 Lo BRZH Fn MAC Ab 34 5y,
I HBA B &1 2 57 (P<0.05), MAC 4bFRZH 5
X HE2H TG B 2% 2% 5 (P>0.05) . 4 10, 20, 30 K,
MAA Kb P2 (% 7K FFAR 2 36 7 L B2 43 51 14
T 47.8%. 63.7%. 25.5% (& 11),

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FTHIE F | FRZREEEEKEBRAREL(RENE

3531

A 4 B 12
04 5k a 012 F — ek a
= MAA = MAA
&03 220.09 b b
8 a 8 a
o a b < b
S an T "h b % nnc a bgﬁ., J—I—}L‘E
59

oL A AL A i

5 30

10 15 20 25 10 15 20 2
Time (d) Time (d)
C D a
0.20 K 0.06 K .
EIMAA EIMAA . a b
% m MAC a C 0.05 r mMAC a ‘1‘
2015} > a b
= by £ 004f ?
% b2 AR S ) )
- R a b - | b
£,0.10 . gz 22a £005 oyl
z amd d;) ama
Z 2 0.02
$005rad, A
= J’:lil 0.01
0.00 . . ! L L 0.00 ! L I
5 10 15 20 25 30 5 10 15 20 25 30
Time (d) Time (d)

9 FEEIKEHEMTERME A KE6HE B: K TE. C. LHEE D LETH
Figure 9 Effect of Metarhizium spp. on the fresh weight and dry weight of rice. A: Fresh weight of rice under
hydroponic cultivation. B: Dry weight of rice under hydroponic cultivation. C: Fresh weight of rice under soil

cultivation. D: Dry weight of rice under soil cultivation.
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Figure 10 Effect of Metarhizium spp. on the chlorophyll content of rice. A: Hydroponics. B: Soil culture.
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