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Abstract: The irrigation area along the Yellow River in central Gansu Province is an important growing region of processing
potato and seed potato in China. Continuous potato monoculture (CPM) stemming from intensive cultivation has severely
affected the healthy development of local potato industry. It is necessary to increase our understanding about the barrier
associated with CPM. To that, a long-term field experiment was conducted, which contained 5 potato cropping treatments
corresponding to continuous potato cropping for 1-5 years, with maize-potato rotation cropping as the control. In the study, we
focused on how the soil chemical and biological properties changed in CPM system, and which soil variables contributed
principally to the barriers of CPM. The study showed that contrary to alkaline hydrolyzable nitrogen, NH,OAc extractable
potassium and electrical conductivity, soil organic carbon content gradually decreased with increasing years of CPM. Also
compared with the control, CPM significantly increased soil NaHCOj; extractable phosphorus content. However, there were no
significant changes in total nitrogen, C/N ratio and pH. Compared with the control, long-term CPM (over 3-5 years) decreased
mean soil enzyme activity by 33.07%—61.78%. The activities of urease, sucrose and dehydrogenase decreased with increasing
years of CPM. Long-term CPM decreased the content of soil microbial biomass carbon, while both soil basal respiration and
FDA hydrolysis activity exhibited highly significant linear negative correlation with the number of year of CPM. Results of
Biolog ECO assessment indicated that long-term CPM significantly decreased total activity and function diversity of soil
microbes, where Shannon diversity index for long-term CPM decreased by 11.75%-13.65% compared with the control. Principal
component analysis of carbon utilization profile of soil microbes showed that long-term CPM clearly changed the structure of
soil microbial community compared with the control. Among the 6 groups of carbon source substrates, carbohydrates type was
most sensitive to the changes in soil microbial communities in CPM system. Long-term CPM significantly decreased the
relative utilization ratio of selected carbon source substrates for soil microbes, including carbohydrates, amino acids,
carboxylic acids and amines. For 31 sole-carbon source substrates, the utilization pattern of soil microbes under long-term
CPM was more centralized than under the control or short-term CPM. Linear models of stepwise regression analysis and path
analysis confirmed that a total of 4 soil variables (soil microbial community structure, soil microbial biomass carbon, total
nitrogen and dehydrogenase) significantly affected tuber yield under CPM system, and that soil microbial community structure
contributed most, followed by soil microbial biomass carbon. The results of the study suggested that soil microbial variables
were the main causes of the barriers of CPM system in the Yellow River Irrigation Area in central Gansu Province.
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2 ZEEREHH CP1-CP4 pH RP , CP5
2.1 ’
1 >
CP1-CP3 RP s
CP4  CP5 15.68%  11.47% 2.2
RP 2
, CP1 . CP2 RP ;
22.69%, CP3-CP5 CP1 CP2  CP4 CP4 RP
RP , CP3 CP5 31.72%~75.19%,
55.52% 84.04%  RP RP
49.00%~93.12% CP1 ,  CP4 83.53%
CP3 RP , , CP1 CP2 RP
30.52%~60.06% , CP3-CP5 33.07%~61.78%
, CP2 CP3 CP5
, 55.74% 57.28% 51.22%
*1 SREFEFERYIEAFERAZNE
Table 1 Effect of continuous potato monoculture on soil chemical properties
Treatment O(r;;i:;cl )C Total N (g-kg™))  C/N ratio A(:iglibgl,e li\] A(\r?;lizlj )P A(\r/slgle:(b;e l)K o Slécfn’I) pH
RP 5.9340.49ab  0.76+0.16abc  8.02+1.21b 68.80+£19.81b 6.98+1.00d 175.30+4.56d 161.65+5.96b 8.68+0.05a
CP1 6.07+0.57a 0.62+0.07bc 9.79+0.36a 74.24+7.19b 12.22+1.88ab  164.93+42.45cd  191.65+41.63ab  8.57+0.04b
CP2 5.49+0.24bc  0.89+0.09a 6.20+0.73¢ 69.28+19.13b  12.66+0.83a 239.99+£55.20ab  251.754+26.49a 8.48+0.05bc
CP3 5.81£0.16ab  0.80+0.24ab 7.62+1.69bc  107.00+28.43a 13.48+0.38a 200.03+£31.56bcd  254.254+44.06a 8.41+0.10c¢
CP4 5.00+0.18¢ 0.58+0.05¢ 8.61+0.74ab 65.19£12.91b  10.40+0.95¢ 228.81+43.19abc  218.18+63.83ab  8.55+0.04b
CP5 5.254+0.13¢ 0.61+0.02bc 8.61+0.40ab 126.62+27.67a 10.92+0.83bc  280.55+19.36a 244.45+47.65a 8.69+0.10a
Linear correlation analysis (n=24)
r=—0.6359 r=—0.2811 r=0.030 0 r=0.499 3 r=0.317 3 r=0.650 8 r=0.483 2 r=—0.031 6
YCPM P=0.000 8 P=0.183 5 P=0.8919 P=0.013 0 P=0.1307 P=0.000 6 P=0.016 8 P=0.883 3
RP 0 ( ), CP1-CP5 1~5 5% RP, CP1, CP2, CP3, CP4

and CP5 are treatments of continuous potato monoculture for 0, 1, 2, 3, 4 and 5 years, respectively. Different lowercase letters in the same column
mean significant differences at 5% level by Duncan’s test. YCPM: year of continuous potato monoculture.

#2 DHREBEEFERMTEEHEEMMW

Table 2 Effect of continuous potato monoculture on soil enzyme activities

Treatment Urease Sucrose Alkaline phosphatase Polyphenol oxidase Dehydrogenase Mean
[ng(NH,-N)ygh '] [png(glucose)g™*h™']  [pg(phenol)g™h™']  [pg(purpurogallin)g™h™'] [ug(TPF)-g "h"']
RP 12.04+2.30a 460.29+66.56a 54.44+12.78a 106.23+£12.80a 0.085+0.032a 19.05+2.42a
CP1 9.16+1.23ab 314.00+88.99b 39.99+28.08a 93.44+9.19a 0.069+0.054ab 14.13+5.11ab
CP2 7.80+2.28ab 204.28+67.91cd 35.66+9.72a 108.64+12.39a 0.100+0.067a 13.93+3.51ab
CP3 9.97+5.84ab 266.72+60.93bc 35.08+21.55a 110.12+32.17a 0.042+0.035ab 12.75+4.64b
CP4 4.83+2.46b 114.18+53.96d 30.17+9.02a 100.49+16.96a 0.014+0.003b 7.28+1.55¢
CP5 8.35+2.93ab 193.57+25.96¢cd 33.93+13.36a 115.68+13.81a 0.019+0.005ab 12.27+1.61bc
Linear correlation analysis (n=24)
r=—0.4055 r=—0.744 5 r=—0.3852 r=0.200 0 r=—0.413 6 r=—0.5950
YCPM P=0.049 3 P<0.000 1 P=0.063 1 P=0.348 6 P=0.044 5 P=0.002 2
RP 0 ( ), CP1-CP5 1~5 RP, CP1, CP2, CP3, CP4

and CP5 are treatments of continuous potato monoculture for 0, 1, 2, 3, 4 and 5 years, respectively. Different lowercase letters in the same column
mean significant differences at 5% level by Duncan’s test. YCPM: year of continuous potato monoculture.
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Table 3  Effect of continuous potato monoculture on soil microbial activities
. s (MBC) . . (SR) . Fluorescein diacetate
Treatment Microbial blomiss carbon Soil basal respjlrati?n MBC/soil total SR/MBC hydrolysis activity
(mg'kg™) [1g(COx-C)g+d ] carbon (%) (%) [ne(FDA)-g"-h )]
RP 107.69+12.01ab 10.02+2.13ab 1.84+0.38ab 9.47+2.64a 96.41421.69ab
CP1 124.55+23.59a 12.46+5.17a 2.08+0.53a 9.90+3.01a 104.66+36.46a
CP2 95.22+14.78bc 7.73+1.55b 1.74+0.28ab 8.43+2.86a 59.83+17.72b
CP3 76.86x13.16¢ 8.56+3.72ab 1.32+0.21b 11.83+7.18a 66.814+32.36ab
CP4 80.93+18.57¢ 5.70+0.78b 1.62+0.37ab 7.28+1.75a 57.16+21.46b
CP5 83.87+13.08bc 6.43+1.53b 1.60+0.26ab 7.90+2.79a 58.36£20.01b
Linear correlation analysis (n=24)
r=—0.596 3 r=—0.540 2 r=—0.380 4 r=—0.166 1 r=—0.538 1
YCPM P=0.002 1 P=0.006 4 P=0.066 7 P=0.438 2 P=0.006 7
RP 0 ( ), CP1-CP5 1~5 5% RP, CP1, CP2, CP3, CP4

and CP5 are treatments of continuous potato monoculture for 0, 1, 2, 3, 4 and 5 years, respectively. Different lowercase letters in the same column

mean significant differences at 5% level by Duncan’s test. YCPM: year of continuous potato monoculture.
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Fig. 1 Effect of continuous potato monoculture on AWCD of
soil microbial community
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Table 4 Effect of continuous potato monoculture on function diversity of soil microbial community
Shz;r}l]non . Simpson Pielou Mclntosh
Treatment anrilgg;:/lener Simpson index Pielou index Mclntosh index Richness index
RP 3.15+0.14a 0.955+0.011a 0.876+0.017b 6.11+0.83a 29.50+0.79a
CP1 3.15+0.16a 0.952+0.009a 0.878+0.076b 6.08+0.92a 28.92+1.89a
CP2 3.04+0.06a 0.946+0.003a 0.929+0.041ab 5.85+0.40a 27.09+1.62ab
CP3 2.72+0.12b 0.919+£0.011b 0.858+0.025b 4.29+0.35b 25.92+1.81b
CP4 2.78+0.23b 0.919+0.025b 0.984+0.067a 4.31+£0.60b 26.00+2.29b
CP5 2.77+£0.09b 0.920+0.009b 0.873+0.101b 4.02+0.51b 28.42+1.42ab
Linear correlation analysis (n=24)
r=—0.737 6 r=—0.746 5 r=0.165 2 r=—0.792 4 r=—0.368 8
YCPM P<0.000 1 P<0.000 1 P=0.440 7 P<0.000 1 P=0.076 2
RP 0 ( ), CP1-CP5 1~5 5% RP, CP1, CP2, CP3, CP4

and CP5 are treatments of continuous potato monoculture for 0, 1, 2, 3, 4 and 5 years, respectively. Different lowercase letters in the same column
mean significant differences at 5% level by Duncan’s test. YCPM: year of continuous potato monoculture.
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Fig. 2 Effect of continuous potato monoculture on structure of
soil microbial community
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CP1, CP2, CP3, CP4 and CP5 are treatments of continuous potato
monoculture for 0, 1, 2, 3, 4 and 5 years, respectively.
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Table 5 Correlation analysis between utilization pattern of sole-carbon source substrates and PC1
Correlation Correlation
Carbon type Substrate name coefficient Carbon type Substrate name cocfficient
p- D 0.874 6™ S - —
Carbohydrates B-methyl-D-glucoside Carboxylic acids Pyruvic acid methyl ester
- 0.843 6" o o —
D-galactonic acid-y-lactone D-galacturonica cid
D- o Y- o
D-xylose y-hydroxybutyric acid
i- o D- o
i-erythritol D-glucosaminica cid
b- 0.883 9" o —
D-mannose Itaconic acid
N -D- ) 0.864 3" o _
N-acetyl-D-glucosamine a-ketobutyric acid
D- _ 0.886 4™ b —
D-cellobiose D-malic acid
-1 0.813 3" 40 —
Glucose-1-phosphate Polymers Tween 40
a-D- - 80 —
a-D-lactose Tween 80
D. L-a- 0.8184" a- ‘ _
D, L-a-glycerol phosphate a-cyclodextrin
L- J— J—
Amino acids L-arginine Glycogen
L- J— J—
L-asparagine Amines Phenyl ethylamine
L- J— J—
L-phenylalanine Putrescine
L 0.813 17 A > o —
L-serine Phenolic 2-hydroxybutyric acid
L- compounds 4-
L-threonine 4-hydroxybutyric acid
L- -
Glycyl-L-glutamica cid
“ <0.8 >-0.8 *, P<0.05; ** P<0.01. When symbol “—” was given in the table, the correlation coefficient was < 0.8 or > -0.8.
100 1

80

60

AT %
Relative utilization ratio (%)

40

20

Pt ]

RP 0 ( ), CP1-CP5

PO:

SR

1~5

ORP @aCPl @CP2 aCP3 mCP4 aCP5s

P
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P

RIS Classification of carbon sources

3 FRSHREFEMEFRT LEMED 6 XEIRRHENFIRZE

Fig. 3 Relative utilization ratios of six groups of carbon sources by soil microorganisms under continuous potato monoculture

CH: ; AA:

; CA:

CH: carbohydrates; AA: amino acids; CA: carboxylic acids; AM: amines; PC: phenolic compounds; PO: polymers.
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3.1

http://www.ecoagri.ac.cn

; AM:
RP, CP1, CP2, CP3, CP4 and CP5 are treatments of continuous potato monoculture for 0, 1, 2, 3, 4 and 5 years, respectively.

[36-37]

; PC:
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Table 6 Comparison on relative utilization ratios of sole-carbon sources substrates by soil microorganisms under continuous potato
monoculture
Relative utilization ratio (%) LCA
Carbon type Substrate name RP CP1 CP2 CP3 CP4 CP5 ” P

B-  -D- B-methyl-D-glucoside 344 319 491 1.9 235 1.04 -05051  0.0118
Carbohydrates D- 4~ D-galactonic acid-y-lactone  2.73 336 571 341 298 047 -03851  0.063 1
D- D-xylose 331 259 273 0.53 2.18 1.72 -0.2651 0.210 6
i- i-erythritol 1.25 0.87 1.14 1.56 0.34 091 -0.1061 0.6219
D- D-mannose 549 528 6.89 4.59 5.30 7.14 0.122 3 0.569 0
N- -D- N-acetyl-D-glucosamine  4.93 431 576  3.29 0.64 320 -0.3268 0.119 1
D- D-cellobiose 4.52 530 649 415 3.92 324  -0.4196 0.0413
-1- Glucose-1-phosphate 227 2.65 3.33 1.02 146 140 -0.3708 0.074 4
a-D- a-D-lactose 2.65 237 1.97 0.70 2.80 2.09 -0.096 6 0.653 5
D, L-a- D, L-a-glycerol phosphate 1.40 148 1.42 1.29 1.10  0.96 -0.1992 0.350 7
L- L-arginine 536 4.08 3.30 5.05 4.01 246 -0.2855 0.176 2
Amino acids L- L-asparagine 6.94 549 647 11.81 1229 831 03876  0.0613
L- L-phenylalanine 1.23 195 091 0.74 1.84 1.06 -0.089 8 0.676 6
L- L-serine 433  3.81 5.22 3.91 5.68 4.30 0.113 0 0.599 1
L- L-threonine 1.03 196 0.78 0.50 0.66 0.51 -0.5262 0.008 3
-L- Glycyl-L-glutamica cid 2.65 256 3.44 3.89 3.70 3.23 0.278 4 0.187 7
Pyruvic acid methyl ester 398 4.66 4.25 6.52 5.17  7.03 0.508 6 0.0112
Carboxylic acids D- D-galacturonica cid 429 535 603 426 462 427 —00750 0.7273
V- y-hydroxybutyric acid 0.61 048 052 0.76 0.64 036 —-0.064 6 0.764 4
D- D-glucosaminica cid 4.09 217 297 1.76 1.70 152 -0.488 6 0.015 4
Itaconic acid 2.45  2.05 1.50 2.44 1.20 227  -0.1171 0.585 7
o- a-ketobutyric acid 0.49 0.52 045 0.11 0.36 022 -0.2937 0.163 6
D- D-malic acid 537 442 4.60 7.58 5.88 6.96 0.279 5 0.1859
Phenyl ethylamine 291 3.03 0.15 0.70 0.52 240 -0.2582 0.223 1
Amines Putrescine 246 318 3.02 396 247 416 02402 02582
2- 2-hydroxybutyric acid 0.07 1.11 0.05 0.10 0.34 0.89 0.092 7 0.666 7
Phenolic compounds 4- 4-hydroxybutyric acid 482 518 315 738 530 828 03170  0.1313
40 Tween 40 4.12 491 4.17 6.04 5.30 5.84 0.3119 0.1380
Polymers 80 Tween 80 411 523 521 645 792 613 05428  0.006 1
o- a-cyclodextrin 2.61 2.65 252 1.61 2.07 4.27 0.168 9 0.4302
Glycogen 4.09 3.80 1.33 2.66 1.42 338 -0.2181 0.306 0

RP 0 ( ), CP1-CP5 1~5 LCA: (n=24) RP, CP1, CP2,

CP3, CP4 and CP5 are treatments of continuous potato monoculture for 0, 1, 2, 3, 4 and 5 years, respectively. LCA: linear correlation analysis between
year of continuous potato monoculture and the relative utilization ratio of sole-carbon source substrate (n=24).

Table 7 Path analysis between soil properties and tuber yield of potato

x7T TREURESREFENBESF

Soil property Direct path

Indirect path coefficient

coefficient PCI MBC ™ DA Sum
1PCl 0.556 3 _ 02312 0.013 0 0.073 1 03173
0.382 1 0.336 4 — 0.001 8 0.016 9 0.355 1
MBC
N 0.1975 0.036 7 0.003 4 — 0.069 0 0.109 1
DE 0.1875 02163 0.0343 0.072 2 — 03228

PC1: principal component factor 1; MBC

: microbial biomass carbon; TN: total nitrogen; DE: dehydrogenase.
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