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Effects of Ceriporia lacerata HG2011 on nodulation and
biological nitrogen fixation of Vicia villosa Roth. and the
underlying mechanisms
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Abstract: [Objective| Vicia villosa Roth. is widely grown as important forage and green
manure in Southwest China, which is beneficial to improving soil nitrogen and the yield and
quality of succeeding crops. Inoculation of beneficial microorganisms is one of the important
strategies to promote biological nitrogen fixation and legume crop growth. Thus, a plant
growth-promoting fungus Careporia lacerata HG2011 was selected to study its effects on
biological nitrogen fixation and growth of V. villosa Roth. and the underlying mechanisms.
[Methods] Microbial culture, plant culture, and field trials were carried out to investigate the
mobilization capacity of phosphorus and iron, metabolite composition, and interaction with
Rhizobium sophorae S3 of C. lacerata and its effects on nodulation, growth, yield, quality of
V. villosa Roth., and soil available phosphorus and iron. [Results] There was no mutual
antagonism between C. lacerata and rhizobia. Liquid chromatography-mass spectrometry
(LC-MS) analysis found that C. lacerata fermentation broth contained allelochemicals such as
amino acids, organic acids, and flavonoids, which enhanced the chemotaxis and biofilm
formation of rhizobia. In addition, this fungus could release gibberellins, salicylic acid,
siderophores, and mobilize insoluble organic and inorganic phosphorus. In the plant culture
experiment, inoculation with either C. lacerata or rhizobia alone promoted the growth of
V. villosa Roth., but co-inoculation had the highest plant biomass. C. lacerata was able to
colonize the roots of V. villosa Roth. and significantly increased root length, surface area, and
nodule number. Field trials showed that the number of root nodules, nodule mass, nitrogenase
activity, soil available iron, and phosphorus content, as well as phosphatase activity, were
improved after C. lacerata inoculation. Compared with the conventional fertilization treatment,
C. lacerata application increased the yield of V. villosa Roth. by 12.15%, and there were no
negative effects on plant quality. [Conclusion] C. lacerata can colonize in the rhizosphere and
promote nodulation, nitrogen fixation, and growth of V. villosa Roth. by secreting allelochemicals,
auxin, siderophores, and mobilizing soil phosphorus and iron. C. lacerata inoculant is easy to
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prepare and use, which is valuable for improving the yield and quality of legume crops.
Keywords: plant growth-promoting microorganisms; fungal metabolites; rhizobium; soil nutrient

mobilization; yield
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Figure 1 Interactions between rhizobium and Careporia lacerata. A: Sole Rhizobium culture. B: Sole
C. lacerata culture. C: Dual culture.
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Figure 2 Effects of Careporia lacerata fermentation broth and Vicia villosa root exudates on rhizobia
chemotaxis and biofilm formation. A, C: Rhizobia chemotaxis. B, D: Rhizobia biofilm formation. PDB: Potato
dextrose broth; CLB: C. lacerata broth; CK: Root exudates of non-inoculation treatment; CLI: Root exudates of
C. lacerata inoculation treatment. Bars represent standard deviation. * represent significant difference at P<0.05.
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Figure 3 Composition of known metabolites in Careporia lacerata fermentation broth.
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Figure 4 Colonization of Careporia lacerata on Vicia villosa Roth. roots. CK: Non-inoculation; CLI:
C. lacerata inoculation; RI: Rhizobium inoculation; RI+CLI: Co-inoculation of rhizobium and C. lacerata.
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1 RETESHTEMKRBEEF Careporialacerata X M & B+ KL B

Table 1 Effects of rhizobia and Careporia lacerata inoculation on the growth and nodulation of Vicia

villosa Roth. in sterilized soil

Treatment Plant fresh biomass Root length (cm) Root surface area Root tips (No./plant)  Nodule number
(mg/plant) (cm?) (No./plant)

CK 598.4+31.59¢ 214.9+£22.29b 32.69+1.92b 72.20+8.11b -

CLI 667.2+28.85ab 221.3+25.97b 37.27+2.66a 82.60+8.44a -

RI 646.6+27.63b 228.3+13.20b 33.66+3.22b 83.60+£6.95a 1243

RI+CLI 695.8+32.04a 268.0+18.98a 38.73+2.12a 92.60+5.86a 17+£3%*

CK: Non-inoculation; CLI: C. lacerata inoculation; RI: Rhizobium inoculation; RI+CLI: Co-inoculation of rhizobium and
C. lacerata. In each column, different lowercase letters or * mean significant difference among treatments (P<0.05),

— indicates no data available.

*®2 OAEMERAEZHORERE. RE. BREELEMRAEEN

Table 2 Number, biomass, and nitrogenase activity of nodules and root vigor of Vicia villosa Roth.

Treatment Nodule number per plant Nodule biomass per plant Nodule nitrogenase activity Root vigor
(No./plant) (mg/plant, fresh weight) (mmol C,H,/(g-h)) (mg TTC/(g"h))
CK 61+7c 248.8+65.63¢c 5.48+0.55b 63.95+8.20b
CLI 66=*11c 272.3+£39.77bc 5.81+0.61b 70.22+5.59ab
CF 77+14b 307.0+£69.92b 6.44+0.67b 66.64+7.16b
CF+CLI 85+15a 369.6+80.46a 7.90+0.52a 83.94+8.32a

CK: Control; CLI: C. lacerata inoculant; CF: Conventional fertilization, CF+CLI: Conventional fertilization+C. lacerata
inoculant. In each column, different lowercase letters mean significant difference among treatments (P<0.05).

CLI ZbH YA 2kt CK 2538 i, Olsen 5
I Tl Rl R T T e 1 8 s R 38 B K
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Figure 5 Changes in the content of available Fe and P as well as the activity of phosphatase in the
rhizosphere of Vicia villosa Roth.. A: Soil available Fe. B: Soil Olsen P. C: Soil water-soluble P. D: Soil
phosphatase activity. CK: Control; CLI: C. lacerata inoculant; CF: Conventional fertilization; CF+CLI:
Conventional fertilization+C. lacerata inoculant. Bars represent standard deviation. Different lowercase
letters near the bars represent significant difference at P<0.05.
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Table 3 Influence of Careporia lacerata application on the yield and nutrient uptake of Vicia villosa Roth.

Treatment Yield (kg/hm?, dry weight) Nutrient uptake (kg/hm?)

N P K
CK 4 246+155.6¢ 161.0+5.35¢ 11.56+0.52¢ 132.9+5.99b
CLI 4 5324299.5¢ 171.9+12.23¢ 12.74+0.69¢ 139.2+9.41b
CF 5295+455.3b 202.9+13.15b 16.08+1.04b 169.0+12.40a
CF+CLI 5938+324.0a 229.1+14.14a 18.27+1.23a 189.0+13.52a

CK: Control; CLI: C. lacerata inoculant; CF: Conventional fertilization, CF+CLI: Conventional fertilization+C. lacerata
inoculant. In each column, different lowercase letters mean significant difference among treatments (P<0.05).
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