2019,38(2): 374-382 R W ®E R FE F R 201942 H

Journal of Agro-Environment Science

FooT, BE, RS, R N BT O RS AT A A . Al PR R A2, 2019, 38(2) : 374-382.
WANG Ning, ZHAO Ya-hui, AT Yu—chun, et al. Responses of archaeal community composition in paddy soils to straw return[J]. Journal of Agro—Environ-
ment Science, 2019, 38(2): 374-382.

e FH 38 v T A T 4E B X A AT AL F Y i R

i ?1’2’ ﬁ—‘ﬂz% ]’29 iiﬁlj’ gi/‘ﬂ‘(;gll’ iitg lij:\ 1’29 %%M b2
(L TLHE LR GO PR S IR B ST T, M A 21001452, A0V LR HF A & R SE 56 0, BRI AT 210014)

& B ONBEIRE RS T RS A TR R R R A S LR S B ARG T R = N RS H - S K S R0, A e
FPEAR 5T T HE KT 255 015,30 d 1 60 d AN ] /INE AR FF (0. 1% 2% 1 5% )it T W AR S AL A HH 38 CRoib £ Rl +)
AR R S A L I R - G5 R RS AT A R B pH 8RR, T - 50 3 2R (EC) LA R (TC) VEE(TN) |
TR (C/N) LA K - 336U BR K FP iR Rt A3 HLRR (DOC) (3R JEE I 2k [Fe (IT ) 1Ak (Fe) 75 5t B 3538 i, 7 H Y REFTAE B 5%
B, R R AR U B R . T T AR & B, PR S T H - 400 DL A B S A3 BT ] (Thanumarchaeota) o 7
K KREFE 1 0~30 d, FEFF A FHOGE 4330 TR 11 A ARG =2 B AT B 25 52 ), ZERR 1 97%~98% 5 KT, AE R TR 1056 60 d, 55 A it FH RS AT 4H
Vo A A it T AR SS AU R FH 3 eb 25 G T DA AR X 3 5 25 IR (P<0.05) , JF HLIFEE RS ATt T S i3, 2y B 1 3 8 i A1
FREEBRR . F R 43 (PCA) 45 3R R PP [R) 26 70 R 3 i) oy BRI AP 7R AR 1035 22 7 (P<0.05) , AR W] -3 S A2 e i e v
SRR E BN o AR RS AY O L, 5% RS S 2 AR T R ot IR R A5 R T 9% R AT S s T B
Ve -3 ATV AL o A — 2D RS ] SR At R T 3y DR 9 5 R 1 40 BT R B, R At P 5828 5.9% ) e 0 338y DR o
AN IR T ASFE 8 1% F1 2% 1Y 1558, T 19% T 2% R AT it FH 4 =22 18] 90 W 35 22 5 5 MO e 4, AR F1 it 1 528 1% 0 2% Bty
WA AEG B EES . N T2 H T E RS R UK S 1, JUA /0BT (RDA) & 3R, pH 1 C/N HLJZAHFF8 R W Fh
FH + et BRI AT RS B S R T Z5A0Hr Ik R AT A FH 25 2050 5 278 - S O R s iy B R TR A5 RS R 2R A
SR DR 5 R X R AT 3 8 o g AR AN ]

SRR N AR S REFT AR T 5 VR LA  IK B R T

FESES X712 XEREG:A XEHE1672-2043(2019)02-0374-09  doi:10.11654/jaes.2018-0508

Responses of archaeal community composition in paddy soils to straw return
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(1.Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Scientific
Observing and Experimental Station for Farmland Conservation (Jiangsu), Ministry of Agriculture, Nanjing 210014, China)

Abstract: To explore the impacts of straw return on the composition of archaeal communities in paddy soils, different amounts of wheat straw
(0, 1%, 2%, and 5%) were incorporated into two types of paddy soils (silty and clayed soil ), which were incubated with flooding in the lab
over a 60 d period. At time intervals of 0, 15, 30, and 60 d, soil samples were collected and analyzed for soil physico—chemical properties
and archaeal communities based on high—throughput sequencing. Results showed that straw addition significantly decreased soil pH while
increasing soil electricity conductivity (EC), total carbon and nitrogen(TC and TN) contents, and C/N ratio and concentrations of dissolve or-
ganic carbon (DOC), ferrous[Fe ( I )], and total ferric (Fe) in soil porewater (P<0.05). Higher application rates of straw lead to greater
changes in the soil properties. Based on illumina sequencing technology, the major component of the archaeal community was Thaumarchaeo-

ta at the phylum level for both soils with and without wheat straw. During the incubation period of 0~30 d, straw return had insignificant in-
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fluences on the relative abundance of Thaumarchaeota for both soils, which was maintained at 97%~98%. However, at the time interval of 60

d, straw addition at rates of 1%, 2%, and 5% significantly reduced the relative abundances of Thaumarchaeota in both soils. Principle com-
ponent analysis(PCA ) based on archaeal abundance at the species level showed that there were significant (P<0.05) differences in archaeal
community composition between the two soil types, indicating soil-dependent archaeal community composition. Compared to that in un-
amended soils, significant shifts in archaeal community composition were observed in the silty soil when amended with 5% straw, and in the
clayed soil when amended with 1% straw. Further analyses showed significant (P<0.05) differences in archaeal community compositions of
the silty soil between low (1% and 2%) and high(5%) rates of straw incorporation, whereas there were insignificant differences between 1%
and 2% straw treatments. Unlike the silty soil, significant differences in archaeal community compositions were observed for the clayed soils
when amended with 1% and 2% of straw. Using an envfit function(999 permutations ), soil pH, EC, C/N ratio, DOC, Fe( I ), and Fe that sig-
nificantly correlated with the archaeal community composition at the species level were selected in an RDA analysis, revealing that pH and
C/N ratio were the dominant variables that significantly contributed to the variance of archaeal communities in both soils. In conclusion,
straw addition significantly changed archaeal community composition by altering soil chemical characteristics, and the response of soil ar-

chaeal community composition to straw return depended on soil type.

Keywords: archaeal community; straw return; community response; influencing factors
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Table 1 Basic properties of two paddy soils used in this study
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Figure 1 Temporal changes of soil properties during a 60 d incubation period for two paddy soils
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Figure 2 Phylogenetic tree of archaeal community composition in two soils during flooding incubation with different straw additions
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Figure 3 Relative abundances of Thaumarchaeota in two soils during flooding incubation with different straw additions
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Table 2 Significant differences(P value) in archaeal community

composition in two soils between different treatments
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Figure 4 Principle component analysis(PCA) of archaea
community composition in two types of soils

with various treatments
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Table 3 Spearson correlation coefficient(r) between soil

characteristics and the relative abundance of Thaumarchaeota

Xt pH EC TC TN C/N  DOC Fe(Il) Fe
T 0.25%  -0.06 0.1 -0.337%% 0.29%* 0.12 0.17 0.12
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Figure 5 Redundancy analysis(RDA) of archaeal community composition at genus level in two types of soils

during flooding incubation with different amounts of wheat straw addition
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A LE S L, — L C/N OB R, 3o 5 [ ol A= v
N B 423 R, 5 e AR R AR ] B 2 1 i
MG = T AT AR AR SR A R AR X R
L AR AP P TR M S AR pH A AR S A R
TR D E T s A B AR R SR Y /N
S AR U A At R AR SR . T pH R C/N X



201942 R o, A R B VR AL AT FE e 381

S8 S A TR AR SR, DAL b e il T s FH AR P BT
ARG BV - P RUE Y R A 00 B BT .
AR B R 0 = (pH>7.0) , pH X A= 1) T 9% 11 52
YERIRTRER/IN , N B @ RS ARG T T, C/N XA M £
FHEE 3, AT e A AT A T e i oty TR e v 4 A
A TR

4 #ig

(1) PR ARSI O3 4 R ar i TE )
(Thaumarchaeota) .

(2) AN Y L 3y TR AR P AL A [R] B A AT i
FE A W A7 E A B 8 22 5o SR IR AT 9 LS AR L
e A AT ] i (5% ) B 25 0% T s b ol R Ts A
SR, AV AT i FH 5t (1% ) .35 2l 28 1 B e 4l i
AN R (5%) B b 1 R
ASTR] F B AR FF it FH o2 (19 1 2% ) 1 358, B FS
it P 4 (19 1 2% ) 22 6] 1) 38 0 T B v 0 G (. 2%
22 5% 1 B U - AT At FH 2 (19 #129% ) Z 8] 1Y
TR RS AR DA R

(3) pH F1 C/N 2 F5AT i FH T W RR 2T 4 38
RETE 1L RS 0 B SEOR S K 1

SE k-

[1] Wang W, Lai D Y F, Wang C, et al. Effects of rice straw incorporation
on active soil organic carbon pools in a subtropical paddy field[J]. Soil
& Tillage Research, 2015, 152:8-16.

[2] Becker M, Asch F, Maskey S L, et al. Effects of transition season man-
agement on soil N dynamics and system N balances in rice=wheat rota-
tions of Nepal[J]. Field Crops Research, 2007, 103(2) :98-108.

[3] Khalil M I, Inubushi K. Possibilities to reduce rice straw—induced glob-
al warming potential of a sandy paddy soil by combining hydrological
manipulations and urea—N fertilizations[J]. Soil Biology and Biochemis-
try, 2007, 39(10) : 2675-2681.

[4] Zou ] W, Huang Y, Jiang J Y, et al. A 3-year field measurement of
methane and nitrous oxide emissions from rice paddies in China: Ef-
fects of water regime, crop residue, and fertilizer application[]J]. Global
Biogeochemical Cycles, 2005, 19(2) : 153-174.

[5] SRHmAR, BTLLM, B M, 55 . R FFIE RO R 3 HLik X A AR

FARATREIALT]. A IR, 2017, 36(4) : 727733,
GUO Rui~hua, JIN Hong—mei, CHANG Zhi-zhou, et al. Effects of re-
turning patterns of straw to field on soil organic carbon and soil humus
composition in rice—wheat double cropping systems|]]. Journal of Agro—
Environment Science, 2017, 36(4) : 727-733.

[6] Chen L, Zhang J, Zhao B, et al. Effects of straw amendment and mois-
ture on microbial communities in Chinese fluvo—aquic soil[J]. Journal
of Soils & Sediments,2014, 14(11) :1829-1840.

(718 55,24 I, AR, 55 REFRL WS SR MR i AR

AR ST D). A FRBERE 22447, 2005, 24(6) : 1114-1118.

ZHAO Yong, LI Wu, ZHOU Zhi-hua, et al. Change of microbial com-
munity in straw amended soil[J]. Journal of Agro—Environment Science,
2005,24(6):1114-1118.

[8] T/ =2, FRAEEK, BB, &5 . IR A AU EM R R T S A
AR MUE2EER, 2015, 42(12) :2457-2465.

YU Shao-lan, QIAO Yan-Ilu, HAN Yan-—qiong, et al. Differences be-
tween ammonia—oxidizing microorganisms in phylogeny and physiologi-
cal ecology[J]. Microbiology China, 2015, 42(12) :2457-2465.

[9] Ouyang Y, Norton J M, Stark J M, et al. Ammonia—oxidizing bacteria
are more responsive than archaea to nitrogen source in an agricultural
soil[J]. Soil Biology & Biochemistry, 2016, 96:4~15.

[10] Thauer R, Kaster A, Seedorf H W, et al. Methanogenic archaea: Eco-
logically relevant differences in energy conservation|J]. Nature Re-
views Microbiology, 2008, 6(8) :579-591.

[11] Chen L, Zhang J, Zhao B, et al. Effects of straw amendment and mois-
ture on microbial communities in Chinese fluvo—aquic soil[J]. Journal
of Soils & Sediments, 2014, 14(11) : 1829-1840.

[12] Henriksen T M, Breland T A. Carbon mineralization, fungal and bac-
terial growth, and enzyme activities as affected by contact between
crop residues and soil[J]. Biology & Fertility of Soils, 2002, 35(1) :
41-48.

[13] Zhao F, Xu K. Efficiency of DNA extraction methods on the evalua-
tion of soil microeukaryotic diversity[J]. Acta Ecologica Sinica, 2012,
32(4):209-214.

[14] Wang N, Yu J G, Zhao Y H, et al. Straw enhanced CO, and CH, but
decreased N,O emissions from flooded paddy soils: Changes in micro-
bial community compositions|J|. Atmospheric Environment, 2018, 174 :
171-179.

[15] Song M, Luo C, Jiang L, et al. Identification of benzo[a|pyrene—metab-
olizing bacteria in forest soils by using DNA-based stable—isotope
probing[J]. Applied & Environmental Microbiology, 2015, 81 (21) :
7368-7376.

[16] Lv B Y, Xing M Y, Yang J Y, et al. Pyrosequencing reveals bacterial
community differences in composting and vermicomposting on the sta-
bilization of mixed sewage sludge and cattle dung[J]. Applied Microbi-
ology & Biotechnology, 2015, 99(24):10703-10712.

71 F 7, T, wEM, & 5 M L E RS 2R o
A IE WA L)) 125, 2017, 6:1115-1120.

WANG Ning, YU Jian—guang, CHANG Zhi-zhou, et al. Responses of
fungal community diversity and composition in paddy soils to straw re-
turn[J]. Soil, 2017, 6:1115-1120.

[18] W, B mdk, g RIS R C. 42 1]
P FI S FIL AR 3 2 R R SCAER, 2009.

WANG Feng. SA Rengaowa, MA Xue—en. Advances in research of
marine archaealC]. National Academic Conference on Veterinary Pa-
thology and Animal Pathophysiology, 2009.

[19] Spang A, Poehlein A, Offre P, et al. The genome of the ammonia—oxi-
dizing candidatus nitrososphaera gargensis: Insights into metabolic
versatility and environmental adaptations[]]. Environmental Microbiol-

ogy, 2012, 14(12) :3122-3145.



382

URIEIRCX ity S 385528

[20] Pearson A, McNichol A P, Benitez—Nelson B C, et al. Origins of lipid
biomarkers in Santa Monica Basin surface sediment: A case study us-
ing compound-specific Delta C-14 analysis[J]. Geochimica Et Cosmo-
chimica Acta, 2001, 65(18):3123-3137.

[21] Wuchter C, Schouten S, Boschker H T S, et al. Bicarbonate uptake by
marine Crenarchaeota[J]. EMS Microbiology Letters, 2003, 219 (2) :
203-207.

[22] Konneke M, Bernhard A E, de la Torre J R, et al. Isolation of an auto-
trophic ammonia—oxidizing marine archaeon[J]|. Nature, 2005, 437
(7058) : 543-546.

[23] Preston C M, Wu K Y, Molinski T F, et al. A psychrophilic crenar-
chaeon inhabits a marine sponge: Cenarchaeum symbiosum gen nov,
sp, novlJ]. Proceedings of the National Academy of Sciences of the
United States of America, 1996, 93(13) :6241-6246.

[24] Hatzenpichler R, Lebecleva E V, Spieck E, et al. A moderately hermo-
philic ammonia—oxidizing crenarchaeote from a hot spring[J]. Proceed-
ings of the National Academy of Sciences of the United States of Ameri-
ca, 2008, 105(6) :2134-2139.

[25] De la Torre J R, Walker C B, Ingalls A E, et al. Cultivation of a ther-
mophilic ammonia oxidizing archaeon synthesizing crenarchaeol[J].
Environmental Microbiology, 2008, 10(3) :810-818.

[26] Tourna M, Stieglmeier M, Spang A, et al. Nitrososphaera viennensis,
an ammonia oxidizing archaeon from soil[J]. Proceedings of the Nation-
al Academy of Sciences of the United States of America, 2011, 108
(20) :8420-8425.

[27] Wang N, Ding L. J, Xu H J, et al. Variability in responses of bacterial
communities and nitrogen oxide emission to urea fertilization among
various flooded paddy soils[J]. FEMS Microbiology Ecology, 2015, 91
(3):1-9.

[28] Shen C, Xiong J, Zhang H, et al. Soil pH drives the spatial distribu-
tion of bacterial communities along elevation on Changbai Mountain

[J1. Soil Biology and Biochemisiry, 2013, 57:204-211.

[29] ks, TR, 4RUbd, 45 . AT IGE I AR XS AL T X

A LT L pH (B K i SR A 4 52 7). K AR 35 A 5T, 2013, 20
(4):44-48.
YAN Hong-liang, WANG Sheng—nan, ZOU Hong—tao, et al. Effects
of two years of stalk deeply return to the field on soil microaggregates
and soil organic matter and pH value after in semiarid region of the
northeastern China[J]. Research of Soil and Water Conservation, 2013,
20(4) :44-48.

[30] Wang W, Lai D Y F, Wang C, et al. Effects of rice straw incorporation
on active soil organic carbon pools in a subtropical paddy field[J]. Soil
& Tillage Research, 2015, 152:8-16.

[31] Li F, Wang Z, Dai J, et al. Fate of nitrogen from green manure, straw,
and fertilizer applied to wheat under different summer fallow manage-
ment strategies in dryland[J]. Biology & Fertility of Soils, 2015, 51
(7):1-12.

(22 1 ST S i £ ) 1) e e DO e T P S (R (B
LIERIBAS R R M) L3, 2017, 49(1):13-18.

ZHANG Li, ZHANG Lei, LU Jian—wei, et al. Effects of urea and straw
on soil different nitrogen forms under paddy—upland rotation of triple
cropping system[J]. Soil, 2017, 49(1) : 13-18.

[33]1 Hu H W, Xu Z H, He ] Z. Ammonia-oxidizing archaea play a predom-
inant role in acid soil nitrification: Advances in agronomy[J]. Elsevier
Science & Technology, 2014, 125:261-302.

[34] F e, B R, S5 RAY . KM RIS R Rt I A CHLRINGO
HERAENAL]. T EFREER, 2003, 23(5) : 552-556.

JIANG Jing—yan, HUANG Yao, ZONG Liang—gang. Influence of wa-
ter controlling and straw application on CH,s and N,O emissions from
rice field[J]. China Environmental Science, 2003, 23(5) :552-556.

[35] Shindo H, Nishio T. Immobilization and remineralization of N follow-
ing addition of wheat straw into soil : Determination of gross N transfor-
mation rates by "N—ammonium isotope dilution technique[J]. Soil Bi-

ology and Biochemistry, 2005, 37(3) :425-443.



