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Effects of Continuous Cropping Time on Soil Nutrient, Microbial
Biomass, and Extracellular Enzyme Stoichiometry
Characteristics of Tobacco-planting Soil
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Abstract: [ Purpose] To study the effects of continuous cropping time on the microbial biomass
and extracellular enzyme stoichiometry of typical red sandy soils in a tobacco field in Yunnan
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Province, and combining with the physical-chemical properties to explore the underlying mechanisms,
providing theoretical reference to alleviate the continuous cropping obstacle of tobacco.

[ Methods ] The red sandy soils with 1, 2, 4, 6 and 9 years continuous cropping of tobacco were
studied. The soil physical-chemical properties, microbial biomass carbon, microbial biomass nitrogen,
microbial biomass phosphorus, and the activity of extracellular enzymes driving the carbon, nitrogen
and phosphorus cycles were measured. The relationship between soil fertility parameters and soil ex-
tracellular enzyme activities were analyzed by ecological stoichiometry and redundancy analysis
(RDA). [Results ] 1) With the continuous cropping time increasing, the contents of soil organic car-
bon, total nitrogen, total phosphorus, ammonium nitrogen and nitrate nitrogen decreased first, and
then increased, with the lowest value at 4 years of continuous cropping. 2) The pH value of continu-
ous cropping soil ranged in 5.68-6.43, with a decrease from 1 to 6 years of continuous cropping, and
increased from 6 to 9 years. 3) RDA showed that the soil organic carbon, total phosphorus and pH
value significantly correlated with extracellular enzyme activities. Stoichiometric analysis of soil ex-
tracellular enzymes showed that the soil microorganisms at 1, 2, and 6 years of continuous cropping
were strongly limited by carbon sources, while the microorganisms in all continuous cropping soils
were limited by nitrogen sources. [ Conclusion | After 4 years of continuous cropping, there are sig-
nificant changes in soil pH value, carbon, nitrogen, and phosphorus, and the activity of extracellular
enzyme driving nitrogen cycling increases, which converts organic nitrogen into inorganic nitrogen, to

maintain the soil nitrogen balance.

Keywords: continuous cropping; soil nutrients; microbial biomass; soil extracellular enzymes; stoi-
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2.1 AFEDELFF R L L2 R
HIZE 1Al 7 Rk i 0 HE — B0y & 1

T, BEEEFBRASE M, M+ TC, TN,
TP. NH,-N I NO; -N & 2 B8k, #REM
ARG G, HAIEPRTEEAE 4 a BT
R E e/ ME ;5 pH (E A SRS T A AR
fbash, ARG ETE 5.68~6.43, EMME, 5%
B 1 a BOREAHH3EAH L, E4E 42 13 TC &
FEAI% 16.04%, TN %@ FEAL 3.6%, TP & FEL
17.78%, NH,-N F1 NO; -N & 43 B 45.75%
1 60.32%; FEAE 9 a B 13 TC Al TP & i i 3
BN (P<0.05); A 6 a (11 NH, N &7 i %
/b (P<0.05); #AFE 6 F19 a AY 13 NO,-N &
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Tab. 1

Chemical properties of tobacco-planting soil under different continuous cropping years

ERUgkg ")

EW(gkg ")

. . - X FEAS B (mg kg™ A%/ (mg ke
HEA I )/ FHLBR (g ke ) pHIE Allmg kg ") Alme'kg’)
. L . total total ammonium nitrate
continuous cropping time organic carbon . pH value . .
nitrogen phosphorus nitrogen nitrogen
1 13.2840.17 be 1.11£0.09 ab 1.35+£0.05 b 6.43+0.04 a 9.64+0.96 ab 17.92+16.13 a
2 12.38+0.46 ¢ 1.11£0.04 ab 1.50+0.03 b 6.01+0.39 ab 7.81+1.46 be 17.23£3.66 ab
4 11.15+0.28 d 1.07+0.06 b 1.11£0.08 ¢ 5.87+0.03 ab 5.23+0.57 ¢ 7.11£0.44 ¢
6 13.61+0.37 be 1.33+0.17 ab 1.36+0.03 b 5.68+0.09 b 5.88+0.48 ¢ 8.21+£3.94 ¢
9 17.21£1.13 a 1.42+0.05 a 1.67+0.03 a 6.39+0.09 a 10.95+0.58 a 13.61£11.29b

Ee FAIAR/NG FREOR B 7R (P<0.05); N

Note: Different lowercase letters in the same column indicate significant differences (P<0.05); the same as below.
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fin, MBC/MBN F1 MBC/MBP 1, 5 56 [ AR J5 184
B#aE, HLLEE 4 a BYREAH 3 5% ; MBN/
MBP [l 2 3% /E 4 B 388 fin -t 52 56 RIS 34 1) &

AR T 68.76% F1 26.99%; 1M MBP 7E A [r] i% B AEARREAEERR Z AR A B3
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Tab.2 Changes of soil microbial biomass of tobacco-planting soil under different continuous cropping years

kR BULmER BCRMER BERRE e wewmw wems
continuous micr(():lig;lkfio)rnass micr((:;‘)ligz;ll(fio)rnass micri)r;)lig;lkfio)rnass WEDRE WEDRH WD
cropping time carbon (MBC) nitrogen (MBN) phosphorus (MBP) MBC/MBN MBC/MBP MBN/MBP
1 103.34+16.56 a 12.56+4.54 a 6.22+2.82 a 8.23+1.06 a 16.61+2.64 a 2.02+0.79 a
2 72.17+7.60 be 12.79+£8.22 a 6.07£2.94 a 5.64+3.64 ab 11.89+2.56 ab 2.11+1.68 a
4 32.29+1.90 ¢ 9.17+4.21 b 6.374+2.66 a 3.524£2.25b 5.07¢£1.95b 1.44+0.52 a
6 62.68+3.29 be 13.77+£3.18 a 8.27£1.09 a 4.56+1.99 ab 7.58+1.03 b 1.67+0.60 a
9 89.27+21.15b 16.01+2.77 a 7.35+2.57 a 5.58+0.35 ab 12.15+2.34 ab 2.18+0.92 a

2.3 AN A4 PR R 4 it A 1 1 AR 1k
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WEEE 2. 4. 6 F19a il 1.18 f%. 2.62 f%. 2.04
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Fig. 1 Changes of extracellular enzymes activities of tobacco-planting soil under different continuous cropping years
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Note: Y1, Y2, Y4, Y6 and Y9 indicates with 1, 2, 4, 6 and 9 years continuous cropping, respectively; the same as below.
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Fig. 2 Comparative analysis of the chemometric characteristics of extracellular enzymes
in tobacco-planting soils with different continuous crop years
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Note: TC. organic carbon, TN. total nitrogen, TP. total phosphorus, NO; -N. nitrate nitrogen, NH, -N. ammonium nitrogen, MBC. microbial biomass car-
bon, MBN. microbial biomass nitrogen, MBP. microbial biomass phosphorus, APA. effective phosphorus, LAP. nitrogen hydrolase, POD. peroxidase; red
arrows indicate soil fertility properties, black arrows indicate soil extracellular enzyme activity.
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Fig. 3 Redundancy analysis of extracellular enzyme activities in the rhizosphere physical
and chemical properties of tobacco-planting soil
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