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Effects on carbon, nitrogen, and phosphorus cycling functional genes under straw mulching and fallow
cultivation

WANG Genlin', DUAN Yan®, LIU Zhengyu’, WANG Yiyang®, LIU Fengman', SUN Lei', LI Yumei'

(1. Heilongjiang Black Soil Conservation and Utilization Research Institute, Key Laboratory of Black Land Protection and Utilization of
Ministry of Agriculture and Rural Affairs, Harbin 150086, China; 2. Hefei Institutes of Physical Science, Chinese Academy of Sciences,
Hefei 230031, China; 3. Baoquanling Branch of Heilongjiang Beidahuang Modern Agricultural Service Co., Ltd., Jiamusi 154211, China;
4. Xinhua Branch of Beidahuang Agriculture Co., Ltd., Hegang 154213, China)

Abstract: To explore a protective tillage method based on planting and land cultivation suitable for sloped farmland, field experiments in
combination with gene chip research methods were used to study the effects of straw mulching and fallow cultivation technology (including
alternate year straw mulch fallow with rotary tillage (RF) and 2-year rotary tillage with annual straw mulch fallow (RRF) ) in comparison
with conventional tillage (CRT, rotary tillage after straw removal) measures on soil carbon, nitrogen, and phosphorus cycling functional
genes. The results showed that inputting exogenous C stimulated the organic matter degradation potential of soil microorganisms, whether
straw mulching was performed in the previous season or the current season, and that the abundance of degradation functional genes (acsE,

xylA and rbeL) involved in the soil C cycle increased to a certain extent. The average relative abundance of the xylA gene increased by
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43.12% compared with that of the CRT treatment. Conventional tillage without straw return to the field significantly increased the relative

abundance of the genes involved in C assimilation, such as acsA, which increased by 33.03%. After straw mulching and fallow cultivation,

the abundance of the gdh gene was increased, indicating promotion of the transformation of soil N from ammonium N to nitrate N. Similarly,

accumulation of active P was higher, and the abundance of the alkaline phosphatase gene phoD, which was positively correlated with that of

AP and phnk genes, increased by an average of 59.57% compared with the value of CRT. The turnover capacity of soil microorganism C, N,

and P was improved under straw return, and the conversion of exogenous organic carbon and accumulation of soil SOC were increased.

Although there was little difference between straw mulching in the current season and that in the previous season in the short term, these

results provide a scientific basis for the implementation of protective farming techniques on sloped farmland to prevent and control water

and soil loss in the black soil region of northeast China.

Keywords: straw return; gene chip; soil element recycling; microbial function; tillage
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Table 1 Changes of soil chemical indexes under different treatments

845 Indicator RF RRF CRT
AR TN/ (g kg™) 1.750.10a 1.58+0.03a 1.62+0.02a
Tl A AN/ (mg-kg ™) 110.01+2.76a 97.04+4.02h 98.01+2.35h
A NO:-N/(mg-kg™) 11.58+0.94a 12.55+1.29a 10.02+0.98b
SR NH-N/(mg-kg™) 5.17+0.95b 4.30+0.76b 8.43+0.61a
W) e A MBN/ (mg-kg™) 13.01+0.66a 10.87+0.47h 13.37+0.43a
pH 5.34+0.03a 5.38+0.13a 5.23+0.07a
A AP/ (mg-kg™) 42.65+0.89a 43.98+0.47a 36.67+0.64b
RS A P DOP/(mg-kg™) 6.82+0.29a 2.70+0.53¢ 4.21+0.46b
KA LK WSOC/ (mg-kg™) 21.72+1.03a 18.86+0.95h 17.31+0.69b
HHLKSOC/(g-kg™) 16.71+1.12a 14.03+1.18b 13.55+0.26b
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Note : Different small letters in the same row indicate a significant difference among treatments at the 0.05 level.
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(a) Correlation between SOC and C cycling function genes ; (b) Correlation between N components and N cycle functional genes ; (¢) Correlation between P
components and P cycle functional genes. * indicate P<0.05.
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Figure 6 Correlation analysis of C,N,and P cycle function genes
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