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Influences of Planting Pattern on Soil Quality and Potato Growth
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Abstract: [ Objective ] In poverty-stricken areas of China, potato is a dominant crop that may help promote food production and

get rid of poverty. Due to a limited farming area and intensive potato production therein, mono-cropping is prevailing in those
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areas. However, long-term mono-cropping may reduce soil microbial community diversity and disturb the balance of soil
nutrients in ratio, thus affecting crop growth and yield. Although a large number of studies have demonstrated that rotation is an
effective practice to alleviate the impact of mono-cropping on the soil, so far little has been reported on how the rotation of potato
with quinoa or maize influences microenvironment of the rhizospheric soil of potato and interactions between soil and the root
system. So this study was going to investigate influences of the rotation of potato with quinoa or maize on soil quality and potato
growth and its mechanism, so as to provide a theoretical support to remove the obstacle of mono-cropping in agriculture and build
a better rotation model for those areas. [ Method ] In the study, an experiment designed to have three treatments, i.e. Treatment M
(mono-cropping), Treatment L (rotation with quinoa), and Treatment Y (rotation with maize), was carried out to explore
influences of the above three planting patterns on soil properites and root physiology, root development and plant growth of
potato. [ Result ] Results show: (1) Rotation potato with quinoa or maize reduced soil pH in potato rhizosphere significantly,
increased the contents of organic matter, alkalyzable nitrogen and available phosphorus, enhanced activities of soil enzymes,
decreased fungi population, increased the number of soil bacteria and actinomycetes, and the ratio of bacteria and fungi (B/F),
and improved soil properties and promoted potato growth, which was enbodied to some extent in plant height, stem diameter,
shoot dry weight, root dry weight and yield of potato tuber; (2) Rotation of potato with quinoa or maize increased the activities of
superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) in potato root system, decreased the producing rate of O}
and the content of malondialdehyde (MDA), increased the content of osmosis regulating substances. All the findings indicated
that the rotation relieved all the stresses of mono-cropping on potato plants; and (3) Rotation of potato with quinoa or maize also
increased the total length, surface area, volume, mean diameter and tip number of potato roots significantly. In general, rotation of
potato with quinoa or maize promoted the growth and development of potato roots, which corresponded to the improvement of
physical, chemical and biological properties of the soil and the development of the shoots of potato as well. [ Conclusion ]
Rotation of potatio with quinoa or maize can improve physical, chemica and biological properties of the soil to some extent,
enhance antioxidant capacity and osmosis regulating ability of the roots of potato, reduce membrane lipid peroxidation degree,
promote growth and development of the roots of potato. These effects of the rotation are also enbodied in increases in plant height,
stem diameter and tuber weight. Comparison between the two rotation patterns shows that the rotation of potato with maize is
better than that with quinoa in alleviating the adverse impacts of mono-cropping.

Key words: Potato; Rotation; Rhizosphere soil; Root physiology; Root morphology
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Table 1 Soil physical and chemical properties relative to planting pattern
+)2 AHLE B it L PR e
Ab PR
Soil layer pH Organic matter Alkaline N Available P
Treatment
/cm / (gkeg™) / (mg'kg™) / (mgkg™)
M 0~15 8.13+0.25Ba 29.89+0.04Cb 69.77+2.88Ab 16.49+0.81Aa
15~30 8.32+0.08 ABa 36.77+0.27Ac 57.05+2.62Bb 18.48+1.47Ab
30~45 8.61+0.06Aa 31.56+0.26Bc 28.23+2.58Cc 9.28+0.90Bb
L 0~15 7.78+0.05Ba 31.89+0.21Ca 74.67+3.30Ab 19.21+1.38Aa
15~30 7.56+0.02Bb 38.12+0.09Ab 64.75+1.43Bb 19.04+1.51Ab
30~45 8.47+0.02Ab 32.51+£0.09Bb 38.50+2.86Cb 11.37+1.32Bab
Y 0~15 7.29+0.01Bb 33.33+1.03Ca 81.67+1.19Aa 21.25+0.63Ba
15~30 7.34+0.06Bc 38.75+0.27Aa 73.50+4.95Ba 21.93+0.73Aa
30~45 8.17+0.06Ac 35.78+0.34Ba 49.82+1.95Ca 14.63+1.25Ca

TE: R MFREFEDRBEALB, <L Yl R EE#E . £k AR/NG FRERRA R 12T A R 5 AR B R 95 15 22
FRF (P<0.05), AFEKEFHFRMAREEEEEAR LR ERZES B (P<0.01). TR, Note: In the table, “M” stands for
mono-cropping of potato, and “L” or “Y” for rotation of potato with quinoa or maize. Different lowercase letters in the table indicate

significant differences between the treatments in the same soil layer ( P<0.05) and different uppercase letters does significant difference

between soil layers ( P<0.01 ) under the same rotation pattern. The same below.
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1
Fig. 1

AN PR ST b SEm

Soil enzymes activities relative to planting pattern

x2 TREMERXTIRMENRE

Table 2 Population of soil microorganisms relative to planting pattern

T2 FE A T AT /LT
b B
Soil layer Fungi Bacteria Actinomycetes Bacteria/Fungi
Treatment
/em / (10°CFU-g'DW)  / (10°CFU-g' DW) / (10° CFU-g' DW) (BJF)

M 0~15 7.01+£1.03Aa 0.87+0.04Bc 1.23£0.14Bc 124.2+64.0ABc
15~30 8.14+0.65Aa 1.14+0.15Ac¢ 1.484+0.07Ac 134.0+12.8Ac
30~45 2.14+0.22Ba 0.23+0.21Ca 0.83+0.07Cb 108.0+98.1Bb

L 0~15 6.25+0.58Aa 1.63+0.12Bb 1.55+0.12Bb 260.8+61.3Bb
15~30 5.77+1.12Ab 2.23+0.11Ab 1.98+0.17Ab 386.5£77.1Ab
30~45 1.71+£0.35Ba 0.38+0.12Ca 0.99+0.11Ca 216.4£9.9Cb

Y 0~15 5.14+0.62Ab 2.18+0.04Ba 1.80+0.10Ba 423.0+41.1Ba
15~30 4.24+0.32Ac 3.41+0.12Aa 2.33+0.12Aa 806.2+57.1Aa
30~45 1.38+0.28Ba 0.44+0.07Ca 1.03+0.06Ca 318.9+£52.0Ca

http://pedologica.issas.ac.cn



24 RAEZRAE AR AEAR 00 18 i K Eh 48 A KA 52 495

e A L
i T T

5

Content of MDA/(umol-g' FW)

g 8p 9
g
a

=}

o 5
@836— T
M= b
fEs
bsEdr c
®wEE
=2%,

5

= 0

Z L Y

AbFATreatment

o0r?

8_

L
Qb ¥R Treatment

Bl 2 A[REBRERE T S AR A8 A B 1 A RN R

Fig. 2 Superoxide anion production rate and malondialdehyde ( MDA ) content in potato root system relative to planting pattern
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Fig. 3 Antioxidant enzyme activity ( SOD: Superoxide dismutase, POD: Peroxidase, CAT: Catalase ) of the potato root system relative to
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Table 3 Potato root morphology relative to planting pattern
b SR R T AR AR TR H AR HRLEL
Treatment Total root length/cm Surface area/cm’ Volume/cm® Average diameter/mm Root tip number
M 1791£151c¢ 386.1+45.7¢ 13.97+1.64c 0.66+0.08¢c 3 837+262¢
L 2 380+67b 857.4+26.8b 19.39+1.16b 0.97+0.08b 6 094+215b
Y 4 044+295a 1017+9.7a 24.27+1.23a 1.50+0.17a 7 835+512a
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Table 4 Growth and development of potato relative to planting pattern

pise] 3= EViil Hb_EFB T4 Btk Shoot R Y Bt £5:E i i
Treatment Plant height/cm Stem diameter/mm dry biomass/g Root dry biomass/g Tuber yield/g
M 86.26+3.33b 9.83+0.86¢ 22.86+1.22¢ 2.88+0.02¢c 323.8+51.8¢
L 95.20+5.58b 11.24+0.54b 41.42+0.57b 4.17+0.05b 805.3+21.8b
Y 115.2+10.53a 13.10+1.16a 59.11+4.13a 4.77+0.01a 1 026+21.0a
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