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Effects of green manure planting on soil ammonium oxidizing microorganisms in citrus orchards

WEI Zhenkang, WANG Xue, WU Yupeng, HU Ronggui, JIANG Yanbin"

(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract : Planting experiments with three types of green manure, which were natural grasses (NG ), Vicia villosa var. glabrescens, a legume
single planted (LP), and V. villosa var. glabrescens mixed planted in the NG (NL), were conducted in a long—term positioning fertilization
experimental base in Fenghuangshan, Dangyang. Plant communities and soil physical and chemical properties were surveyed and
measured, and the functional gene abundance and community structure of ammonium oxidizing microorganisms for soil samples were
analyzed using qPCR amplification and Illumina MiSeq High—Throughput Sequencing. Next, the relationships between ammonium
oxidizing microorganisms and plant community factors and soil properties were clarified by a Mantel test and redundant analysis with
hierarchical partitioning (RDA-HP). The results showed that: Compared with the NG, the LP and NL had different effects on the
abundances of AOA—amoA and AOB—amoA : the LP reduced the amounts of AOA—amoA and AOB—amoA, while the NL decreased AOA-
amoA but increased AOB-amoA. The Ace indice and Chao indice of AOA in LP and NL were significantly higher than those in NG.

W EHA:2023-06-08 R HH#I:2023-10-25

{EE RN BUIRAE (2000—) , 53 IR BF g A B0 B9 A R 5 1) 3R B8 452 . E—mail :2412735460@qq.com
HBEMEE X R E-mail: jlangyanbin@mail.hzau.edu.cn

BEE&TE : FERK ARPFIL GG LG H (U2240222)

Project supported : Joint Funds of the National Natural Science Foundation of China (U2240222)



BURME 5 WS R RRE MU B 123

Simultaneously, the Shannon index of AOB in LP was significantly higher than that in NG, and the B diversity among the three treatments

differed significantly. In the three treatments, 119 OTUs of AOA were obtained, with the dominant phylum and genus being Crenarchaeota

and norank—-Crenarchaeota, respectively; meanwhile, 142 OTUs were obtained for AOB, with the dominant phylum and genus being

Proteobacteria and Nitrosospira, respectively. The relative abundance of Nitrosospira was significantly higher in LP(45.87%).According to

the Mantel test and RDA-HP, the abundance, composition, and diversity of ammonium oxidizing microorganisms were closely related to

plant factors (plant height, cover, and diversity, shoot and root biomasses, and carbon and nitrogen contents in roots) and soil properties

(pH, soil water content, total carbon and nitrogen contents, and ammonium, nitrate, and available phosphorus contents). The study

indicates that green manure planting in citrus orchards alters the plant community and soil physicochemical properties and modifies the

abundance and community structure of soil ammonium oxidizing microorganisms. Within the three ground cover treatments, NL has a

markedly higher abundance of ammonia—oxidizing microorganisms, thus promoting soil nitrification and improving the ecological

environment of the orchard. Therefore, intercropping legumes with NG in orchards is recommended for practical applications.

Keywords : ammonium oxidizing microorganism; green manure; functional gene; community composition; abundance
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Table 1 Real-time PCR amplification primers, reaction systems , and reaction procedures
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Gene  Primer name Primer sequence Amplification growth Reaction system Reaction procedure
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FEZ 2T R (P<0.01) .

Different lowercase letters mean significant differences of the same gene
AOA-amoA or AOB-amoA between different treatments at P<0.05.
Different uppercase letters mean the sum abundance of AOA-amoA and
AOB-amoA are significantly different at P<0.01 between

different grass cover types.

B 1 7% E 4R ABFRAE XT38 AOA-amoA F1 AOB-amoA
ERFERRMm
Figure 1 Effects of green manure planting on the amoA

abundances of AOA and AOB in citrus soils
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Table 2 Effects of green manure planting on the a diversity of soil ammonia oxidation microbial communities in a citrus orchard

A AL UE Y Ammonia—oxidizing microorganism A3 Treatment Ace Chao Simpson Shannon
AOA NG 85.60=17.31a 79.63+10.08a 0.39+0.24a 1.78+0.89a
LP 54.01=2.05b 54.00+0.87h 0.16+0.01a 2.27+0.05a
NL 53.05+5.91b 52.84+8.33b 0.18+0.01a 2.18+0.04a
AOB NG 44.60+21.05a 44.33+20.98a 0.25+0.03a 1.76:0.07h
LP 45.58+9.86a 43.42+9.59a 0.15+0.05b 2.3340.17a
NL 60.14+11.64a 55.75+10.15a 0.20+0.07ab 2.12+0.31ab

T RSN FREAR R ZRRTEA FIERERIE T AOA B AOB Y o ZARIEFGEE 5 4 (P<0.05) .

Note : different lowercase letters in the same column represent significant differences of o diversity indices at P<0.05 among different ground covers.

03 Stress: 0.01, R*=0.744, P=0.005
. T

AOA
02r

0.1r

NMDS2

0.6

* NG

oLp

Stress: 0.052, R*>=0.669, P=0.005
T

0.5
AOB

0471
03r
02

0.1r

NMDS2

—04F w
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Figure 2 B diversity by NMDS of the OTUs of AOA and AOB microbial community in the citrus soil under different green manures planting
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