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Effects of different models of wheat straw return on paddy soil microbial activities and community composi-
tions
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Abstract: To explore the responses of microbial activities and community compositions to wheat straw return in paddy soils during rice—
wheat rotation, changes in microbial biomass carbon and nitrogen, enzyme activities, and bacterial community compositions were assessed
in paddy fields under three models of wheat straw return: direct straw return (S), straw return coupled with nitrogen fertilization (SN ), and

straw return with ponding (SP). Results showed that all three models increased the content of microbial biomass carbon (251 ug- g™ vs.
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263~282 pg-¢”') and nitrogen (16.9 pg- g™ vs. 24.6~27.6 pg-¢™'), but significantly decreased the ratio of the microbial biomass carbon to

nitrogen (14.9 vs. 8.58~10.7). Activity of polyphenol oxidase (16.7 pumol - g™« h™ vs. 21.5~24.8 pumol - g™' +h™') was enhanced by all three
models of straw return, whereas acid phosphatase activity was not affected. However, the responses of catalase, invertase, and urease activi-
ties varied significantly depending on the straw return model. Catalase activity was significantly (P<0.05) enhanced in S and SN treat-
ments, whereas SP did not affect catalase activity but significantly (P<0.05) increased invertase activity. Urease activities were significantly
(P<0.05) reduced in S and SP treatments. Based on Illumina sequencing, chloroflexi 24.2%~25.5%), actinobacteria(21.5%~24.1%), pro-
teobacteria (18.2%~21.1%), acidobacteria(9.5%~11.1%), and fimicutes (7.1%~8.4%) were the predominant phyla in paddy soils. Com-
pared to the control treatment, the relative abundance of proteobacteria was significantly (P<0.05) enriched by 13.9% with straw return.
Nonmetric multidimensional scaling analyses showed that S and SN treatments were different from the control treatment, whereas SP was
overlapped with the control. This suggests that S and SN considerably altered soil bacterial community compositions, whereas no effect was

observed from SP. Overall, this study showed that straw return significantly increased the microbial biomass by providing a carbon source

for microbes. However, changes in microbial enzyme activities and community compositions varied according to return model.

Keywords : straw return; microbial biomass carbon; microbial biomass nitrogen; enzyme activity; microbial community
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Table 1 Fertilization and ponding treatments in paddy soils with different straw returning

A JEJIE Base fertilizer SIBENE Tiller fertilizer TEIIL Panicle fertilizer 9 ]
Treatments [ 7 It Formula fertilizer/kg+hm ™ JRZ Urea/kg-hm™ it J5 i Formula fertilizer/kg-hm™ JR % Urea/kg-hm™  Ponding time/d
%if B Control 375 180 225 180 2
EFES 375 180 225 180 2
FZR+AL SN 375 244.2 225 244.2 2
AR +ILH SP 375 180 225 180 5

T < T Pt A E 5 A RO B G 10 1827 105 T AL ot FH A9 7 HE R B ) L 4910 H 15252 15,

Note: Compositions of nitrogen(N) , phosphorus(P) and potassium(K) in basic and panicle fertilizers were 18:7:10 and 15:5:15, respectively.
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Table 2 Soil properties in paddy soils with different straw returning

ise PR H M AR L sk Tl it 280 EEp A
Treatments pH EC/pS<em™ TOC/g kg™ DOC/mg kg™ TN/g kg™ AN/mg kg™ AP/mg- kg™ AK/mg-kg™
XF IR Control — 5.7440.08a 103+5.36a 12.9+2.27a 35.4%1.69b 1.89+0.64a 37.5+2.33b 13.37.6b 59.3%3.51a
FZHS 5.84+0.05a 91+7.26a 13.4+2.05a  39.8+5.07ab 1.69+0.71a 28.6+0.93¢ 15.7+1.81a 63.0+3.61a
FRE+EAMSN  5.81+0.03a 83+9.16a 14.1£1.07a 45.5+4.57a 1.34+0.26a 49.4+6.05a 13.6+4.08b 62.3+5.86a
ER+EHISP  5.8420.07a 79+13.3a 14.740.92a  41.8+0.69ab 1.810.16a 31.3+2.79¢ 10.120.23b 64.02.00a

T AN E/INE PARIOR R R 2 I8 B ek A7 7 1235 22 57 (P<0.05)

Note : Different lowercase letters indicate that there were significant(P<0.05) differences in basic properties in soils with different straw returning.

AN F g, I FRAR T ARG R rp AP RO & o, T
X HR - HEAH L, SN AR 2542 5 1 L3 DOC 5
SPAbF 55 S Ab FRAH H AN S E FRAR T 4 rp AP i,
TG A T B s . DA AR 25 SRR B, 2
I 32 B 2 AR T 3R B Bl A T R R sk
AR S A DOC AN AL AP, i % 387 pH EC,
TOC TN A1 AK W JC i 35 52 M)
22 HERAYERTIBETER

AN ) 22 il o HAS =G % H 4= 3 MBC F MBN &
L, AN MBC/MBN W 1, 1A LIE
5 BE A R AH b, = R A A b B R L
MBC % it 249 pg-g” Fhmi 311 257~282 pg-g ', HH T}
1R RN A i 2 (P>0.05) 5 1117 1= 8 MBN U2 Hi 16.9
pg-g ! BEREF 24.6~31.3 pg-g ' (P<0.05) 325 T
45.6%~85.2% , J:f SN AL FEF 445 tf MBN & i i
HT MBC I MBN 258, i & 82 4% 14 FH ' MBC/MBN
iy 14.9 B K2 8.58~10.7(P<0.05) , Hir SN 4b 34t
4 MBC/MBN ik LA ST 25 60T, 22 /%
YR 4 5 T RS H 38 MBC R MBN & 4=, 9 B 2R

& T - 4E b MBC/MBN FoAH
_ 3001 O wmBe
z® O MBN l
=g &1 MBC/MBN I
2z M)
= L
§\<€ 250 [] i L L
w2 =N
xE 40
i S
]2
e 7
a8 0 % % Y
Control S SN SP
Bl AREECHERX TEHIEREYWER fSEUR
MEMEHRA LN

Figure 1 Concentration in microbial biomass carbon(MBC) and
nitrogen(MBN ), and MBC/MBN in paddy soils with different

straw returning
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Figure 2 Soil enzyme activity in paddy soils with different straw returning
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Figure 3 Class distribution of bacterial community in soils with different straw returning
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i H AR 1K B E A3 A Wilcoxon rank—sum test bar plot on phylum level
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Figure 4 Class distribution of bacterial community in soils with different straw returning

NMDS on OTU level
stress:0.126
® Control :
0.101
0.051
%
=
Z Op=---
-0.05r
-0.10f, . . . ; . . .
-0.20 -0.15 -0.10 -0.05 0 0.05 0.10 0.15
NMDS1
E5 AEZEHEHER THEETIEEOTUKE EHEERA
REI B SR

Figure 5 B—diversity of bacterial community at OTU level in soils

with different straw returning
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