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Effects of Straw Returning with Chemical Fertilizer on Soil Enzyme Activities
and Microbial Community Structure in Rice-Rape Rotation
JIN Yu-ting, LI Xian-fan, CAI Ying, HU Hong-xiang " , LIU Yun-feng, FU Si-wei, ZHANG Bo-rui

( Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, College of Resources and Environment,

Anhui Agricultural University, Hefei 230036, China)

Abstract: Straw returning is an effective technique for improving soil fertility and maintaining crop productivity in agro-ecosystems. The
effects of straw returning, when combined with chemical fertilizer, on soil nutrients, enzyme activity, and microbial community were
explored in rice-rape rotation farmland in the Chaohu Area. We carried out a 4-year field experiment (2016-2020) and set up four
treatments (no straw + no fertilization, CK; conventional fertilization, F; straw returning + conventional fertilization, SF; and straw
returning + conventional fertilization minus 20%, SDF) to explore the key environmental factors affecting soil enzyme activity and
microbial and fungal communities. The results showed that straw returning combined with chemical fertilizer could improve soil nutrient
content, with the SF treatment resulting in the highest soil nutrient content. Compared with F, the SF treatment significantly increased
the organic matter (OM) and total phosphorus (TP) content of the soil, by 7.94% and 24. 07%, respectively, in rice seasons (P <
0.05) , while the alkaline nitrogen (AN) content was significantly increased by 13. 62% in rape seasons (P <0.05). Compared with
F, the SF treatment also significantly increased soil phosphatase and urease, by 28.54% and 24. 13% in rice seasons and 38.97%
and 30. 70% in rape seasons, respectively (P <0.05). Compared with F, SDF treatments significantly increased urease activity by
20.31% in rice seasons and 24.33% in rape seasons (P <0.05). The results indicated that straw returning increased both the Chaol
and Shannon indices of soil bacteria in rice seasons, whereas decreased these indices in rape seasons. However, the Chaol and
Shannon index of the fungal community increased after straw returning. In terms of microbial community structure, the relative
abundance of Proteobacteria in SF and SDF treatments increased by 8.22% and 7. 88% in rice seasons and 18.53% and 5.68% in
rape seasons, respectively, compared with the F treatment. Compared with F, the relative abundance of Chloroflexi in SF and SDF
treatments increased by 12. 00% and 11. 25% in rice seasons and 15.02% and 8. 43% in rape seasons, respectively. Compared with
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F, the relative abundance of Basidiomycota in SF and SDF treatments in rice seasons increased by 70% and 43.42% (P <0.05),
respectively, while ascomycetes in rape seasons increased by 69.79% and 43.72% (P <0.05), respectively. In conclusion, straw

returning combined with chemical fertilizer can improve soil nutrient content. Soil urease and phosphatase were more sensitive to straw

returning. The compositional changes in the bacterial community of the soil were mainly affected by soil TP and available phosphorus

(AP), whereas OM, AN, and pH were the main environmental factors causing changes in the fungal community composition.

Consequently, straw returning can improve soil fertility and maintain ecosystem health.

Key words :straw returning; rice-rape rotation; soil nutrients; enzyme activity; microbial community
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Table 1  Physical and chemical properties of soil
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Table 2 Fertilization of different treatments
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Table 3 Effects of different treatments on soil nutrients and pH

ERZEAL AbH OM/g-kg ™! TN/g-kg ! TP/g-kg ™! AP/mg-kg ! AN/mg-kg ™! pH

CK 26. 68 £0. 26¢ 1.63 £0. 04b 0.42 £0.02¢ 18.51 +0. 76a 154.22 +2.86b 6.52 £0.09a
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Fig. 2 Changes in soil enzyme activities under different treatments in rice season
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Table 4  Chaol index and Shannon index of soil bacteria and fungi under rice-rape rotation
, Bl HF

CE A Chaol #5%% Shannon 545 Chaol 5%k Shannon #5%%
CK 2778.81 +51.15a 9.22 £0.04a 1122.73 £45.99b 6.76 £0.32a

g F 2641.92 +71.22a 9.31 £0. 14a 1211.76 £44.21ab 6.51 £0.25a
SF 2814.95 +56.35a 9.51 £0.14a 1155.99 £37.76b 6.60 +0.36a

SDF 2803.62 +76.36a 9.56 +0.11a 1310.13 +48.68a 7.02 +0.04a

CK 3140.38 +99.46a 9.80 +0.06a 789.67 £62.25a 5.19 £0.46a

T F 3271.15 +121.97a 9.86 £0.07a 787.44 +72.49a 5.15 +0.62a
SF 3215.77 +81.42a 9.74 £0.10a 873.07 £96.90a 5.56 +0.24a

SDF 3123.88 +184.37a 9.79 0. 14a 809.59 +44.75a 5.00 +£0.94a
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Fig. 4 Composition of soil bacterial and fungal

communities in rice season

K 5 W 25 B ( Proteobacteria ) ( 35.59% ~
41.65% ) . % %5 1% '] ( Chloroflexil ) ( 17.40% ~
19.02% ) B2 #F 1 '] ( Acidobacteria) ( 14.59% ~
15.54% ) . ¥, ¥F & 1] ( Bacteroidetes ) ( 6.49% ~
7.33% ) F1fil§ AL B2 i€ 2 ] ( Nitrospirae ) (3.03% ~
3.82% ) M SE A A B A SRR A AN B 1), 3L i A
WM R B 79.29% ~ 91.00%. T %% M 1]
( Ascomycota ) (32.42% ~ 37.82% ) . i 4 B ]
( Olpidiomycota ) (15.11% ~ 21.88% ) . 7 & ']
( Basidiomycota ) (13.66% ~ 17.07% ) . #% {4 & []
( Mortierellomycota ) ( 10. 14% ~13. 55% ) /&= 45 Ab B+
By AR EE ], S EE A& 69.48% ~
87.78% . #5H3RM , 5 F M LL IS =R FFi4 H AL B
(SF 1 SDF) (AR E BT ] BRI T T ADAT B 11 4331
T 5.68% ~ 18.53%, 8.43% ~ 15.02% NI
6.34% ~11.07% . FLEEREH ™ SF A1 SDF 4b LY F

PER ] (Ascomycota) B F ML, B EFE#H ST
69.79% F1 43.72%, SDF kb B (4 il 4% @ 1]
(Olpidiomycota ) FHXT 3= B i EFE(L T 29. 80% .

100
(a) 407
80 [ other
[ Cyanobacteria
B Rokubacteria
- [ Verrucomicrobia
= 60 [ Latescibacteria
M [ Patescibacteria
m [ Gemmatimonadetes
= 40 [ Nitrospirae
= B Actinobacteria
[ Bacteroidetes
[ Acidobacteria
20 I Chloroflexi
[ Froteobacteria
0
100
80 (b) J
I other
4 I Glomeromycota
= 60 I Chytridiomycota
3 [ Rozellomycota
= Il unidentified
E 40 [ Mortierellomycota
[ Basidiomycota
Il Olpidiomycota
Il Ascomycota
20 s
A
o
0

CK F SF SDF
' Hs T HEAE S EEEE AR
Fig. 5 Composition of &l bacterial and fungal

communities in rape season

2.5 AR PE T AR A SRS R RDA 40 AT

R R R - R TG AR R Y BRI T
RG-S AE N RS TS e I pH 9E4T T
RDA 3HT ([ 6). 45 R 55 —HE v b A —HE
J B 43 50l AT DA RE K R 2R A R O M AR R Y
84.38% F1 9.39%, i 3¢ 2= + 5 W iE M A2 ALY
87. 72% H1 8. T4%, Hii P I A# BE 1 93. 77 % 17K i
Z5 + SR MR AR S 96. 46% AN ZE L BT
PESAR . I 6 (a) AT H, RS AR 5 KRS 2= + 5
) OM, TP F1 TN 5 1 S % M 52 1EAHOC, +3% pH
5 A BT PE S A OC. MR 6 (b) 45 R R,
IMSEZE 0 8 AN TP 1 AP 5 + HER IS M 52 IE A0
5, 11 pH 5+ HERFEE M 2 U .
2.6 HIERUEYITETE S 1 SRR R R ORI TG P Y
AEE S BT

Ho 25 A BB A T AE D RE T o Z R R ZE R 4
A5 A SO ORI TR 1 AT A S A BT, 4
YR AN o ZFEPEH Shannon $5%0F1 Chaol #8%(
. 3RS AT, AT 5 B P Chao 1 $8 20
Shannon 8 %555 4 52 BRAL P o 76 /K R AT =% 25 0 B



8 B B AR . REAT I FBCHE M S XS A -ith e F - Sl 1k KA W e v 4 A B 52 3991

1.0 P F (a) KR 1.0 OSDF (b) Wi
o ©
pOR 14T
pH
3 g oCK
1 CK 3
= ock®| &
o o
mmss  SDF e
o SF A
sg: SDF g SF COK
CK
-1.0 -1.0
-1.0 -1.0 -1.0 -1.0
RDAT (84.38%) RDA1 (87.72%)
LLOHT KR IR DAL PE BT K pH, 3 (87 Sk AR 3R 1 e i L~
B6 TiEEEEMES2UMERE RDA S17 e #_#,,, .,“f'"
Fig. 6 RDA analysis of soil enzyme activity and physical and chemlcal properties A
WARCHE, KRG AN B Y Shannon FEHCS HHENERE AT 'ﬁiig TP, AR ﬂW@a@iﬁ%E*@%(F <

BFIEMRK(P <0.05). X TR-MEAE T ITKF L
FR DS B 5 L BRI M BT 7, P RS 2 R AT TR
457 TP %ﬁﬁﬂ@a%%ﬁmma@w 0. 05, ﬁﬂ}?
ﬁ&mi—ﬁﬂaa‘éw <0.01) , FRATH 4 'i;fé AP %n
n‘ﬂwﬁ@iﬂ%ﬁuﬁ%@ <0.03). ?%lﬁl]'ﬁi

He pﬁ $&E%E1‘HI(P <0.01), TH{%E—ETI] '%:tiig :
TR ﬂ%ﬁ@@%iﬂi*ﬁa&(? <0.05), 'ﬁﬁﬁ%@@*&ﬁ#ﬁ_,.,

E*ﬂa@(w 0. 01 ), WS,
{mméﬂﬁ&m@*ﬁ%riéﬂﬁé%%ﬁ/% ( %% 6),

0.05), 'ﬁ%ﬁﬁ@%ﬁﬂﬁaéw <0.05). @Mﬁ@ﬂjﬂ
AT %i%%%ﬁ*&ﬁ%ﬂi*ﬁaé@ <0s 01),
'ﬁﬂﬁ@ﬁi%ﬁ*ﬁ%(i <0.05). A I 'ﬁi%&
OM ith 480 {k 0 s 0 755 M8 il A 1 3% TE ARG (P g
0.01), 5 ANGz%IE*E?é(P<O 05) , i #7 5
543 pH *&E%ﬁ'*ﬁﬂé(P <0.01). 2 [ [+
ST L R A0 R 5 A e R O
FUIAHOC , 1 BB N ) A8 fL RE 5 | A - R P 4
AR L DA RV ) 8 A S

®5 AESEE o SHEMESTKELRBEEHS T EBUIERMEETE EZ BNAXE(KEE)Y

Table 5  Correlation between a diversity of bacteria and fungi and dominant flora at the phylum level ,

with physical and chemical properties of soil and enzyme activities (rice season)

a ZREEST]

FukcRia

P Ko 1 OM- NG TR AR AN R Tt BREREE DR AR
Chao 1 ¥5%K 0.053 -0.248 0.167 -0.134 0.091 -0.332 -0.007 0.518 0.547 0.047
Shannon 5% -0.401  -0.540 -0.500 —0.459 -0.272 0.228  0.793 0.937  0.974*  0.801
Proteobacteria 0.765 0.816 0.973* 0.811 0.854 -0.907 0.815 0.979* 0.997* 0.834

4E Chloroflexi 0.058 -0.077 0.242 -0.314 -0.021 -0.508 -0.133 0.406  0.437 -0.079
Acidobacteria -0.765  -0.916 -0.949  -0.951 “-0.934 0.788 -0.957*-0.859 —-0.877 -0.944
Nitrospirae 0.788 0.895  0.689 0.914 0.868  -0.261 0.912 0.572  0.528 0. 894
Gemmatimonadetes -0.884 -0.750 -0.798 -0.672 -0.766 0.522 -0.663 -0.899 -0.845 -0.720
Chao 1 ¥5%K 0. 096 0.288  0.403 0.028 0.482  -0.308  0.494 0.370  0.470 0. 440

o Shannon 1541 -0.486  -0.477 -0.120 -0.453 0.013  -0.120 -0.157 0.142 0.263  -0.171
Ascomycota -0.447  -0.564 -0.830 -0.593 -0.620 0.999 ** —0.604 -0.817 -0.886 —0.606
Basidiomycota 0. 891 0.898 0.982* 0.874 0.923 -0.786  0.873 0.999* 0.987*  0.900
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Table 6 Correlation between « diversity of bacteria and fungi and dominant flora at phylum
level and soil physical and chemical properties and enzyme activities ( rape season)
S ) N [y

LES ?kiﬁ%ﬁg%ﬁ oM ™ TP AP AN pH %ﬂﬁé{j BEMRNE DKM ROREEG
Chao 1 5% -0.112  -0.147 0.040 0.032 -0.010 -0.375 0.297 -0.033 -0.168 0.188
Shannon $8%% -0.413  -0.345 -0.024 0.039 -0.165 -0.295 -0.382 -0.745 -0.787 -0.340
Proteobacteria 0. 849 0.682 0.956" 0.965" 0.910 -0.739 0.883 0.980" -0.951" 0.834

0 Chloroflexi 0.213 -0.180 0.189 0.218 0.376 0.230 0.09 0.516 0. 609 0. 104
Acidobacteria 0. 858 0.651 0.918 0.926 0.929 -0.674 0.858 0.993 0.983* 0.827
Bacteroidetes 0. 865 0.664  0.925 0.932 0.932 -0.688 0.867 0.994* 0.982* 0.835
Actinobacteria 0.775 0.698  0.400 0.359 0.728 -0.454 0.614 0. 547 0.588 0.736
Nitrospirae 0.200 0.511  0.428 0.417 0.089 -0.687 0.409 0.052 -0.083 0.316
Chao 1 8% 0.251 0.000 -0.027 -0.008 0.193  -0.065 0.69%4 0.877 0. 850 0. 607
Shannon $8%% 0. 405 0.007 -0.070 -0.055 0.126 -0.005 0.321 0. 469 0. 408 0.171

SO Ascomycota 0.520 0.757  0.69%4 0.679 0.423 -0.893  0.696 0.374 0. 249 0.618
Olpidiomycota 0.993* 0.944  0.927 0.907 0.971* -0.901  0.991*  0.907 0. 870 0.998 **
Basidiomycota 0. 806 0.884  0.941 0.931 0.764 -0.981" 0.927 0.748 0. 654 0. 862
Mortierellomycota 0. 589 0.254  0.364 0. 364 0.684 -0.081 0.408 0. 689 07486
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