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Effect of potato continuous cropping on genetic diversity of soil microorganisms

QIN Yue, MA Kun, LIU Ping
(College of Agronomy, Ningxia University, Yinchuan 750021, China)

Abstract Because of its high nutritive value and extensive use, potato has become a critical crop in the southern mountain areas of
Ningxia, China. However, the expansion of cultivated land areas under potato has made not only crop rotation difficult, but as has
also worsened the obstacles of potato continuous cropping in recent years. In order to alleviate and eventually resolve the obstacles of
potato continuous cropping, rhizosphere soils were sampled under the following potato treatments after 2 years, 7 years and 11 years
of continuous cropping in the southern mountain areas of Ningxia, China. Terminal restriction fragment length polymorphism
(T-RFLP) was used to study the genetic diversity of soil microorganisms, to explore the dynamics of main soil microbial groups in
rhizosphere soils and to find the possible reasons for the obstacles of potato continuous cropping in the region. The results showed
that some specific T-RFs fragments changed or disappeared in rhizosphere soil samples under different periods of continuous
cropping, though higher polymorphism of T-RFLP of bacteria and fungi in rhizosphere soils of continuously cropped potato was
observed. While the Shannon-Wienen, Simpson and Sorenson indexes of bacterial dropped, those of fungus increased with increasing
years of continuous cropping. Analysis of soil microorganism biota revealed that Firmicute, Bacilli and Clostridia were the highest

proportion of total bacteria communities in potato rhizosphere soils. Continuous cropping significantly changed structures of soil
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bacteria and fungi communities. While the proportions of Bacilli and Sphingobacteria decreased or even disappeared with increasing
cropping years, B-proteobacteria and Deinococci proportions increased. The proportion of Dothideomycete and Capnodiales of fungi
community in rhizosphere soils dropped whereas that of Sordariomycete and Hypocreales grew. The results suggested that potato
continuous cropping limited the population of beneficial microbes such as Bacillus, while boosting that of pathogenic bacteria such
as Ralstonia in the rhizosphere soils. In conclusion, soil microbial diversity in rhizosphere soils under different periods of continuous
cropping was obviously influenced. The fall of the diversity of bacteria community gave way to the rise of fungi community under
continuous cropping, causing imbalance in microbial community and soil micro-ecological/environmental deterioration. The obstacle
of continuous cropping possibly resulted from complex interaction of multiple soil factors in rhizosphere soils. There was therefore
the need for continuous field research to help comprehensively determine the mechanism of continuous cropping obstacle.
Keywords Potato; Continuous cropping; Rhizosphere soil; T-RFLP; Genetic diversity; Microorganism community; Bacteria;
Fungi
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Fig. 1 T-RFLP analysis of rhizosphere soil bacteria (A) and fungi (B) at mature period of potato continuously planted for different years
2% T-RF Only the T-RF fragments with the abundance percentage more than 2% were shown in the figure.
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Table 1 Diversity of soil microorganism under different continuous cropping years of potato

Bacteria Fungi
Sampling time Continuous cropping Shannon-Wiener Simpson Shannon-Wiener Simpson
years (a) Shannon-Wiener index Simpson index Shannon-Wiener index Simpson index
0 4.00 32.79 3.39 21.74
Before sowing 1 3.69 25.00 3.42 21.88
6 3.59 18.18 3.59 26.32
10 3.43 21.28 3.66 24.39
0 3.69 28.99 3.13 14.93
Mature period 1 3.52 25.00 3.27 15.15
6 3.57 27.26 3.51 18.18
10 3.50 25.00 3.39 16.12
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4 2 ;
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Table 2 Analysis of soil bacterial flora before sowing and at mature period of potato continuously cropped for different years %

Proportion (%)

Before sowing

Mature period

Phylum Class

Al Bl Cl D1 A2 B2 C2 D2

Proteobacteri a- a-proteobacteria 14.3 13.9 16.9 18.0 17.9 16.5 17.3 17.2

B- B- proteobacteria 2.2 7.4 4.2 4.9 6.0 6.3 7.4 11.5

v- y-proteobacteria 2.2 4.6 4.2 33 1.2 3.8 1.2 3.5

oS- d-proteobacteria 2.2 0.9 1.4 1.6 0 1.3 1.2 3.5

Firmicutes Bacilli 25.3 19.4 25.4 19.7 26.2 26.6 23.5 19.5

Clostridia 19.8 18.5 16.9 18.0 16.7 13.9 16.1 18.4

Actinobacteria Actinobacteridae 14.3 19.4 14.1 14.8 13.1 15.2 11.1 11.5

Coriobacteridae 2.2 1.9 0 1.6 2.4 1.3 0 2.3

Bacteroidetes Flavobacteria 5.5 2.8 7.0 8.2 3.6 5.1 7.4 3.5
Sphingobacteria 2.2 1.9 0 1.6 2.4 1.3 2.5 0

Cyanobacteria Cyanobacteria 4.4 2.8 2.8 1.6 2.4 2.5 2.5 3.5
Spirochaetes Spirochaetes 0 0.9 0 0 0 1.3 1.4 0
Chlorobi Chlorobia 0 0.9 0 0 0 1.3 1.2 0

Chloroflexi Chloroflexi 1.1 0.9 0 1.6 1.2 1.3 1.2 1.2

Tenericutes Mollicutes 1.1 1.9 1.4 0 2.4 0 3.7 2.3
Fibrobacteres Fibrobacteres 1.1 0 0 0 1.2 0 0 0
Fusobacteria Fusobacteria 0 0 0 0 1.2 0 1.2 0
Crenarchaeota Thermoprotei 1.1 0.9 2.8 1.6 2.4 1.3 0 0

, Deinococci 1.1 0.9 2.8 33 0 13 12 23

DeinococcusThermus
Total class number 16 17 12 14 15 16 16 13
A: ; B: 1a;C: 6a;D: 10 a; 1: ;28 A: first-planting treatment; B: continuous cropping for 1 year;

C: continuous cropping for 6 years; D: continuous cropping for 10 years; 1: before sowing; 2: mature period. The same below.

*3 DREBFEHEFEE 10 FARARFLAER LS T-RFs 7 KR

Table 3 T-RFs fragments co-existing in rhizosphere soils of potato first-planted and continuously cropped for 10 years

Classification
Fragment Abundance percentage (%)
length (bp) A2 D2 Phylum Class Genus

61 1.23 2.35 Proteobacteria - a-proteobacteria Ruegeria
291 7.68 8.66 Proteobacteria o- a-proteobacteria Mesorhizobium
296 4.20 4.43 Proteobacteria a- a-proteobacteria Bartonella
217 3.16 4.27 Proteobacteria B- B-proteobacteria Thiomonas

37 11.41 12.78 Proteobacteria V- y-proteobacteria Stenotrophomonas
194 0.62 0.46 Firmicutes Bacilli Alicyclobacillus
209 0.69 0.66 Firmicutes Bacilli Geobacillus
219 0.63 0.59 Firmicutes Bacilli Brevibacillus
232 1.28 0.38 Firmicutes Bacilli Listeria
233 2.11 1.11 Firmicutes Bacilli Bacillus
270 1.41 0.53 Firmicutes Bacilli Streptococcus
279 0.71 0.47 Firmicutes Bacilli Lactobacillus
308 0.49 0.59 Firmicutes Bacilli Bacillus
323 0.52 0.58 Firmicutes Bacilli Lactobacillus
365 0.65 0.42 Firmicutes Bacilli Bacillus
146 1.12 0.73 Firmicutes Clostridia Symbiobacterium
258 1.23 1.76 Firmicutes Clostridia Clostridium
301 1.34 1.39 Firmicutes Clostridia Clostridium
316 0.51 0.52 Firmicutes Clostridia Anaerococcus
329 0.55 0.64 Firmicutes Clostridia Desulfitobacterium

64 1.16 4.51 Actinobacteria Actinobacteridae Modestobacter
197 0.54 1.18 Actinobacteria Actinobacteridae Nocardioides
224 3.19 2.83 Actinobacteria Actinobacteridae Streptomyces
410 1.17 4.25 Actinobacteria Actinobacteridae Mobiluncus
138 0.67 0.74 Cyanobacteria Cyanobacteria Synechococcus
201 0.52 0.71 Chloroflexi Chloroflexi Chloroflexus

38 2.44 2.13 Bacteroidetes Flavobacteria Capnocytophaga
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Table 4 Special T-RFs fragments in rhizosphere soil of potato continuously cropped for 10 years compared with that of first

planted potato

Classification
Fragment length (bp) Phylum Class Genus
73 Proteobacteria o- a-proteobacteria Granulibacter
128 Cyanobacteria Cyanobacteria Synechococcus
132 DeinococcusThermus Deinococci Deinococcus
178 Firmicutes Bacilli Planococcus
193 Proteobacteria o- a-proteobacteria Paracoccus
200 Proteobacteria B- B-proteobacteria Ralstonia
203 Proteobacteria - d-proteobacteria Mpyxococcus
205 Firmicutes Clostridia Selenomonas
206 Proteobacteria B- B-proteobacteria Neisseria
208 DeinococcusThermus Deinococci Meiothermus
214 Firmicutes Clostridia Clostridium
216 Firmicutes Clostridia Eubacterium
236 Firmicutes Clostridia Thermoanaerobacter
295 Proteobacteria o- a-proteobacteria Bartonella
307 Firmicutes Bacilli Streptococcus
327 Firmicutes Bacilli Lactobacillus
368 Firmicutes Clostridia Pelotomaculum
376 Cyanobacteria Cyanobacteria Geitlerinema
399 Proteobacteria o- a-proteobacteria Ehrlichia
3 iTit5%ie , (Brevibacillus invocatus)
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, p- ,
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