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Effects of continuous potato cropping on the diversity of soil microorganisms

MA Ling, MA Kun, YANG Guili, NIU Hongxia, DAI Xiaohua
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract  Alternative cropping (0 year of potato cultivation), and 2, 4, 6, 10 years of continuous monoculture of potato were
studied to explain the mechanism of continuous cropping obstacles by using combined BIOLOG and morphological identification
techniques of arbuscular mycorrhizal fungi (AMF). The results showed that soil nutrients contents decreased with increasing number
of continuous potato cropping years after 4 years continuous cropping. Compared with 4 years continuous potato cropping, 10 years
continuous potato cropping decreased soil total phosphorus, available phosphorus, available potassium and available nitrogen
respectively by 61.32%, 26.86%, 26.87% and 17.24%. However, no obvious nutrient deficiency or imbalance was noted in the
experiment. Soil microbial community structure also changed significantly. The amounts of actinomyces and fungi increased in the
first few years and later dropped significantly. The amount of bacteria gradually decreased with increasing number of years of
continuous potato cropping, but no significantly changed. Microbial functional diversity of soil microbial community was still strong
under 4—6 years of continuous potato cropping. Compared with alternative cropping (0 years), average well color development
(AWCD) increased by 3.89% under 6 years of continuous potato cropping. The metabolism ability of soil microbial community using
carbohydrate and amino acids as sources of carbon obviously decreased, but metabolism ability diversity tended to unanimous with
the extension of continuous potato cropping years. The dominant AMF species changed from Glomus deserticola under alternative

* (31160104) « ” (2011BAD29B07)
*k : s E-mail: makun0411@163.com
s E-mail: hilary89@163.com
:2014-10-25 12015-02-28

http://www.ecoagri.ac.cn



590

2015 23

cropping (0 years) to G. delhiense and G. formosanum under 2 years of continuous potato cropping, and to G. globiferum under 10

years of continuous potato cropping. Multivariate analysis showed that the diversity of soil microbial structure and function, and

AMEF diversity were affected by soil pH, total phosphorus, amounts of actynomycetes and bacteria, and soil microbial groups using

carbohydrate and amino acids as sources of carbon substrate. It was therefore concluded that continuous potato cropping decreased

not only fungi and actinomycetes population but also AMF diversity. The dominant AMF species also changed and soil microbial

structure diversity performance was inconsistent with function diversity. There was functional and structural disorder of soil

microbial communities under continuous potato cropping.
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Table 1 Basic chemical properties of the tested soil
Continuous cropping Total N Total P Available N Available P Available K Organic matter pH
years (a) (gkg’) (gkg™") (mgkg™) (mgkg™) (mgkg™) (kg™
0 2.16+0.02 30.04+0.39 0.52+0.01 147.87+2.34 437.07+£0.00 42.69+0.38 8.11+£0.01
2 1.64+0.02 45.92+2.59 0.88+0.07 57.11+1.00 134.45+0.00 16.01+£0.78 7.934+0.01
4 1.06+0.01 48.45+2.60 0.89+0.06 149.50+1.00 286.30+0.00 49.92+4.11 8.35+0.02
6 1.52+0.08 29.25+2.57 0.84+0.02 150.61+2.01 251.97+0.00 43.85+4.29 8.12+0.03
10 1.69+0.01 35.79+1.17 1.12+0.08 138.49+2.00 234.97+0.00 40.97+0.16 8.29+0.02
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Table 2 Effects of different continuous cropping years on nutrients contents of potato rhizosphere soil
Continuous cropping Total N Total P Available N Available P Available K Organic matter pH
years (a) (gkg™) (gkg™) (mgkg™) (mgkg™") (mgkg™") (gkg™)
0 2.16+0.02a 30.04+0.39ab 0.52+0.01a 147.87+2.34a 437.07+£0.00a 42.69+0.38a 8.11+£0.01b
2 0.59+0.03¢ 14.16+0.20cd 0.43+0.02a 53.20+2.42¢ 80.58+0.00d 13.61+£3.32d 8.11+£0.01b
4 1.64+£0.01b 37.69+0.89a 0.58+0.01a 144.20+4.85ab 303.66+0.00ab  35.42+3.58b 8.05+0.01¢
6 1.684£0.01b 31.16+0.35ab 0.54+0.01a 113.87+4.04¢ 243.57+0.00b 39.114+3.58ab 8.05+0.01¢
10 1.67+0.01ab 14.58+0.67¢ 0.48+0.01a 105.47£12.55d  222.07+0.00c 32.45+2.82bc  8.16+0.01a
0.05 , 3 Different small letters indicate significant difference among treatments at

0.05 level. The same as the table 3.

http://www.ecoagri.ac.cn



592 2015 23
2.2 4 a;
1.35%, 10 a  5.64%, 4 a
2.2.1 10.06% 4a
3 2.02x10* CFU-g !, ; 10 a
10 a 30.43%,
61.0% 10a ,
49.6%~88.2%; ,
6 a 10 a R s
88.2% 71.57%, ,

R3 FREEFERMILERIFLIEHBEDHENZ MW

Table 3  Effect of different continuous cropping years on microbial amounts in potato rhizosphere soil

CFU-g '(soil)

Continuous cropping years (a)

Fungus (x107)

Actinomycetes (x10%)

Bacteria (x10%)

Total amount of microorganism (x10%)

0 1.38+0.24¢ 2.37+0.01¢ 1.75+0.02a 1.77+0.16a
2 1.56+0.04b 3.03+0.01c 1.17£0.02a 1.20+0.04b
4 2.02+0.01a 12.28+0.06a 1.10£0.07a 1.22+0.13ab
6 1.47+0.00b 7.09+0.02a 0.93+0.05a 1.00+0.02b
10 0.42+0.02d 6.09+0.00b 1.02+0.10a 1.08+0.08b
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Fig. 1 Effects of different continuous cropping years on average well color development (AWCD) and the ability of carbon

source utilization of microorganism in potato rhizosphere soil
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Table 4 Genus relative abundance (RA), frequency () and dominant species of arbuscular mycorrhizal fungi (AMF) in potato
rhizosphere soil after different continuous cropping years

Continuous Glomus Acoulosporus Giglomus Endospora
cropping years Dominant species
(a) RA (%) F (%) RA (%)  F (%) RA (%) F (%) RA (%) F (%)
0 13.6 2.3 0.2 0.0 1.6 1.5 — — Glomus deserticola
2 37.0 0.7 0.4 0.7 6.5 0.2 — .
Glomus delhiense, Glomus formosanum
4 97.4 0.7 41.1 0.3 — — — — .
Glomus deserticola, Glomus geosporum
6 42.8 0.7 11.4 0.2 — — —
Glomus formosanum, Glomus geosporum
10 30.8 0.9 0.3 0.0 — — 2.6 0.1 Glomus globiferum
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Fig. 2 Multivariate analysis between AMF diversity and environmental factors in potato rhizosphere soil under different
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Figure a is the RDA between diversity of AMF and the structural and functional

AM

diversity of soil microorganism community. Figure b is the RDA between diversity of AMF and soil fertility factors. Figure ¢ is the RDA
between the soil fertility and the structural and functional diversity of microorganism community. TN, TP, AP, AN, AK and OM refer to total
nitrogen, total phosphorus, available phosphorus, available nitrogen, available potassium and organic matter, respectively. Bacter, Fun and
Act refer to bacteria, fungus and actinomycetes. Carboh, pol, carbox, phe, amino, amine refers to carbohydrates, polymer compounds,
carboxylic acid compounds, aromatic compounds, amino acid and amine compounds. C.rate and S.densit refer to mycorrhizal colony rate and
spore density. A and J are the diversity index and the evenness index, respectively.
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