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Abstract:  Objective The purpose of this study was to determine the amount of fertilizer that could be replaced by straw

returning under the condition that crop yield and soil nutrients were not lost, and to reveal the microbial mechanism that promoted
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the efficient utilization of straw nutrients, so as to provide a basis for promoting the reduction of fertilizer application. Method

A field experiment was set up in the fluvo-aquic soil area of the Huang-Huai-Hai Plain to study the effects of straw returning
combined with different proportions of nitrogen and phosphorus reduction on soil nutrients. Also, the effects of these amendments
on crop yields, straw nutrient release, and soil microorganisms were studied to clarify the nutrient components of chemical
fertilizers that can be replaced by straw returning without loss of crop yields and soil nutrients. Importantly, the microbial
mechanism that promotes efficient utilization of straw nutrients and provides a basis for the implementation of chemical fertilizer
reduction action was explored. Result The results showed that compared with conventional fertilization, a 30% reduction of
nitrogen or 50% reduction of phosphorus had no significant effect on crop yield and soil nutrient content. The straw degradation
rate reached 43.33%-53.11% in the first season while the reduction of 30% nitrogen or 50% phosphorus could increase it by
12.40%, and the degradation rate reached 63.41%-75.62% after two years. Nitrogen reduction by 100% significantly reduced the
abundance, species richness and diversity of bacterial fungi, while phosphorus reduction had little effect. Nitrogen and
phosphorus reductions by 30% and 50%, respectively, mainly increased the relative abundance of Gemmatimonadetes
longimicrobiaceae and Proteobacteria nitrosomonadaceae in bacteria, increased the relative abundance of Chrytridiomycota GS13
class in fungi, and decreased the relative abundance of Ascomycota sordariomycetes and Mortierellomycota mortierellomycetes.
Redundancy analysis showed that the main environmental factors affecting bacteria and fungi were soil organic carbon (SOC) and
total nitrogen (TN).  Conclusion In conclusion, straw returning combined with nitrogen reduction by 30% or phosphorus

reduction by 50% has the potential to maintain fertilizer use efficiency and stable yield in the medium and high yield fields of

fluvo-aquic soil.

Key words: Straw returning; Fertilizer reduction; Crop yield; Soil nutrients; Soil microorganism
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Table 1 The amount of chemical fertilizer applied in each treatment under straw returning instead of chemical fertilizer reduced

Qb3 {LAE Chemical fertilizer
Treatment N/ (kg'hm?) P,0s/ (kg-hm?) K,0/ (kg-hm?)

N-P-K BN, FEFFE H 210 157.5 105
0.9N-P-K WA 10%, FEFFE H 189 157.5 105
0.7N-P-K A 30%, FEFFAH 147 157.5 105
0.5N-P-K A 50%, FEFFAH 105 157.5 105
P-K WA 100%, FEFFi6H 0 157.5 105
0.9P-N-K W 10%, FEFFA 210 141.75 105
0.7P-N-K W 30%, FEFFAH 210 110.25 105
0.5P-N-K W 50%, FEFFA 210 78.75 105
N-K W 100%, FiFFiEH 210 0 105
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Table 3 Nitrogen phosphorus and potassium nutrient input of straw returning instead of chemical fertilizer reduction (after three crops harvest)

N/ (kghm™) P,0s/ (kg'hm™) K,0/ (kghm™)
MR RMEA RFERL LA A o LA o
5 " R BAE R BAE

Treatment Chemical Straw Chemical Chemical
Total Straw release Total Straw release Total

fertilizer release fertilizer fertilizer
N-P-K 630 25.14 655.14 472.50 31.65 504.15 315.00 293.81 608.81
0.9N-P-K 567 27.30 594.30 472.50 28.39 500.89 315.00 352.64 667.64
0.7N-P-K 441 34.39 475.39 472.50 26.35 498.85 315.00 359.33 674.33
0.5N-P-K 315 10.37 325.37 472.50 28.24 500.74 315.00 286.15 601.15
P-K 0 9.46 9.46 472.50 18.64 491.14 315.00 226.65 541.65
0.9P-N-K 630 14.03 644.03 425.25 23.24 448.49 315.00 291.24 606.24
0.7P-N-K 630 9.19 639.19 330.75 22.31 353.06 315.00 284.15 599.15
0.5P-N-K 630 24.01 654.01 236.25 23.20 259.45 315.00 292.28 607.28
N-K 630 1.45 631.45 0.00 16.47 16.47 315.00 307.95 622.95
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Fig. 3 Soil bacteria, fungi abundance and ratio under different fertilization treatments
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Table 4 Species richness and diversity index of soil bacteria and fungi under different fertilization treatments

414 Bacteria H I Fungi
A3
OTU ¥ H Chaol #6%k FARTEEL OTU ¥ H Chaol 5%k TARTEEL
Treatment
OTU number Chaol index Shannon index OTU number Chaol index Shannon index
N-P-K 5031+125a 6 614+86a 10.22+0.10a 771+16a 1 083+40a 5.78+0.27a
0.7N-P-K 4 921+39ab 6 478+140ab 10.05+0.14ab 754+13ab 1062+27a 5.59+0.25ab
0.5N-P-K 4 982+77ab 6 613+£97a 10.12+0.01a 769+24a 1021+16a 5.13+0.16bc
P-K 4 698+105¢ 6 292+184b 9.87+0.10b 735+4b 1 020+15a 4.88+0.28¢
0.5P-N-K 4 970+32ab 6 655+46a 10.13+0.06a 752+22ab 1 091+80a 5.58+0.44ab
N-K 4 842+33b 6 483+80ab 10.06+0.14ab 748+19ab 1058+19a 5.49+0.10ab

e Rl —30 o JE A ) B e s R[] Ab BR A 774 2 #2525+ ( P<0.05 ). Note: Different letters indicate significant differences between

different treatments ( P<0.05) .

3.2 FEFFIT HE S L ALIE e X 7S 7 b R R w5
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FE AT H S RAETE 100~ 150 d Ji g5 3 ks 45
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ISR R TREFFREARDY, 100/ 22 2 A0 B e
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Fig. 4 Community composition at relatively abundance >1% soil bacterial family level( a )and fungal class level( b )under different fertilization

treatments
08  -04 0.0 04 0.8 12 -1.0 -0.5 0.0 0.5 1.0 L5
: : : : , 18 120 , : : : 1.2
401 a) i A b) - N
.7 S
{12 gof /O 3 108

= S 40
3 S
8 8
2 20
) ()
4 o~
o . * N-P-K
40k - o A 1-0.4 m 0.7N-P-K
‘ X o ‘ ® 0.5N-P-K
A PK
. 1-12 N i & 0.5P-N-K
i . .o 80} T 1-0.8 X N-K
—40 L L 1 Loy L R TP P L
-20 -10 0 10 20 30 -100 -50 0 50 100 150
RDAI (42.23%) RDALI (45.10%)
ES KRR ERE TS AR (a) FEFE (b) FEEHBITR

Fig. 5 Redundancy analysis of environmental factors and soil bacterial (a ) and fungal ( b ) community composition under different fertilization

treatments
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Table 5 Correlation between microbial community structure and
soil nutrient indices by Monte Carlo test

Eiston 44 Bacteria H 1 Fungi

Index r P r P
pH 0.057 0.648 0.054 0.663
SOC 0.462 0.004** 0.390 0.026*
TN 0.530 0.002** 0.401 0.021*
TP 0.352 0.037* 0.255 0.118

*, P<0.05; **, P<0.01.
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