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Effects of ditch—buried straw return on nitrogen distribution and microbial community in the straw-soil inter—
face

XU Ming—min', FENG Jin-xia’>, CHEN Wei-ping?, YANG Hai—shui’, LIU Jian®, BIAN Xin-min*, LU Wei"

(1. College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. College of Agriculture, Nanjing Agricultural Univer—

sity, Nanjing 210095, China; 3. Institute of Agricultural Science along Yangtze River in Jiangsu, Nantong 226541, China )

Abstract: Ditch—buried straw return(DB—-SR ) is a novel soil tillage practice which forms a special "straw layer" structure. In order to elabo—
rate the role of straw layer on soil nitrogen distribution and microbial community, a field experiment was conducted under DB-SR with three

burial depths(20 ecm; DB-SR-20; 40 cm; DB-SR-40 and CK). NH;-N, NO;-N, microbial biomass carbon(MBC) and community level

physiological profile(CLPP) were determined in the straw layer and its interface soil layers under different treatments. Results showed that

the structure of "straw layer" had positive effect on nitrogen retentions. In DB—SR-20, the straw layer increased MBC at the interface of straw

layer, but no significant effect was found for the functional diversity. In DB-SR—40, MBC decreased at first and then increased at the interface

of rice straw layer, but the pattern was reversed for wheat straw layer. Microbial diversity index(H ) increased for rice straw but decreased at

first and then increased for wheat straw layer over time. CLPP suggested that the microorganisms of straw layer could utilize various carbon

sources, and their metabolic activity was higher than CK. In DB-SR-20 for wheat straws, NHi—N and NO3 —N were significantly related to

variation of microbial community in the straw—soil interface, but MBC was correlated to the microbial community in the straw layers. In DB—

SR-40, NHi-N NO3; -N and MBC were significantly correlated to the variation of microbial communities in the straw layers. This study sug—
gested that the "straw layer" could effectively increase soil N retention, and increase the functional diversity of soil microbial community.

Keywords: ditch—buried straw returning; straw layer; nitrogen distribution; soil microorganisms
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Table 1 Microbial biomass carbon(MBC ) and Shannon diversity index(H ) in straw layer and its neighbor soil layers under DB-SR-20

and DB—SR-40 with different decomposing time

REFEALIZ Il A FE Rice AR Wheat
Straw/Soil  Ditch—buried DB-SR-20 DB-SR-40 DB-SR-20 DB-SR-40
layers time/month. \jp /e g H MBC/mg-kg H MBC/mg-kg H MBC/mg-kg H
ek 12 160.814a 2.003a 76.804a 1.735h 154.727b 2.020a 50.755b 2.2084
Uﬁi’iﬂ 765 30/2 36 140.653h 2.116a 54.330b 1.880ab 146.270c 1.862a 73.164a 1.689c
lver fEs4/% 60 139.379h 2.115a 71339 2.513a 159.423a 1.590a 51.172b 1.921be
J CK 138.476b 1.939a 35.429¢ 1.995ab 154.618b 1.939a 34.861c 1.995k
6E 12 197.945a 3.157a 72.615¢ 3.170a 161.874b 3.096a 61.680c 3.063a
ijﬁir f630/4 36 148.351h 3.044a 77.936a 3.067a 155.936¢ 3.045a 70.672b 2.873a
sS4 60 137.907¢ 3.000a 74.871b 2.9984 180.394a 2.905a 85.747a 3.054a
f6E 12 110145 2414a 39.002b 2.151ab 51.010c 1.971a 29.847h 1.715a
Izvji’i“ 30436 82.483b 2.022a 34.326¢ 22424 84.608a 2.157a 31.998a 0.721b
lager sS4 60 55.760c 1.935a 46.227a 2.326a 55.934b 1.938a 29.428b 2.013a
CK 39.609d 2.171a 17.167d 1.678b 37.420d 2.171a 16.446¢ 1.678a




VRIS, 45 RRFAE PGSR HI XY -E SR 500 K BUE BB KO B 1965

R B RCR N FEFTZ HAE DB-SR-40 Ab#irh
XF NHi-N s B4 35 SR 4558 , 1 X% NOs—N JLTF-3%A i /8
YRR ATRRJE AN < 55— A By 4 v A RS 71
10 5T E A H L FEFFZ AR E R A, Xf
RER T BEA SR Z 0 W R R, R K o W B )2

e N B IR R B NERE AT AR B A SO ™, i
RAVEFI AT REAE 1 TS AT 20T NH =N 0 b, [t
] DU# R /N REFF 5T NOs-N B B &IOR8 . A
I I)F BESK TR , WG R AT A A , RS AF)Z A9 NHI-N &5
TR, (B A 2 2 = T CK K AE RS

1.0y 0.5r
i (a) i (b) :
. .
| | L]
0.5¢ L
7 * 9 ™
S ! S |
g | oo - g | 8
= of M—IWMWLBC < 0.5t
g v & NH; g 7
- [ - i
—o.sg -1 .0;r -
b L] =
_l'Oi. ............ . [ A e 4 amarannnnn desrrnnnsnrrsas s e R o
-0.5 0 0.5 1.0 -0.5 0 0.5 1.0
PC1(87.14%) PC1(88.28%)
R-buried 20 ¢cm R-buried 40 ¢cm
@ upper soil layer B straw layer B lower soil layer [1 6 months [ 30 months % 54 months %' CK(upper) i CK(lower)
n 05 (d) -__.-N05 =
057 L~
() 2; &
S [ # L < 0 T, - i
£ o L & L TMBC
: | . e, W N |
S NH; = m i 2 ost -
< d S *NH;
=%} i - =% 1
—0.5 NO; t
? i L0}
-1.0F I P — N — — ,
-0.5 0 0.5 1.0 -0.5 0 0.5 1.0
PC1(93.04%) PC1(92.54%)
W-buried 20 ¢cm W-buried 40 cm
® upper soil layer B straw layer B lower soil layer [1 12 months [ 36 months % 60 months % CK(upper) < CK(lower)
(a) ((b) F7KFEFEFF 20 cm 40 em HEZRAERE, (¢)  (d)A/NEFEFF 20 em 40 em BEGRAEH
(a),(b) indicates the rice straw in DB=SR-20 and DB-SR-40; (¢ ), (d) indicates the wheat straw in DB=SR-20 and DB-SR-40
B3 KERFEMAELEREYEEEERS ST RES N MBC BIXF R 5347
Figure 3 PCA of microbial community in straw layer and its neighbor soil layers, and CA of microbial community to N and MBC
+® 2 REMIRTE PC1 F1 PC2 1975
Table 2 Scores of carbon source in the PC1 and PC2
JK#H Rice /N Wheat
i Carbon source DB-SR-20 DB-SR-40 DB-SR-20 DB-SR-40
PC1(87.14%) PC2(7.66%) PC1(88.28%) PC2(4.86%) PC1(93.04%) PC2(3.78%) PC1(92.54%) PC2(4.16%)
M2 Carbohydrate 0.588 -0.246 0.609 0.168 0.429 0.183 0.261 0.130
RILFRZE Amino acids 0.545 0.235 0.544 -0.038 0.601 -0.096 0.672 -0.007
55 Ester 0.365 0.070 0411 -0.097 0.437 -0.062 0.491 0.076
{28 Alcohols 0.458 -0.014 0.441 -0.196 0.387 -0.051 0.453 —-0.148
H2& Amines 0.475 -0.073 0.454 0.037 0.529 0.098 0.561 -0.115
IR Carboxylic acids 0.515 0.062 0.501 0.055 0.574 -0.045 0.558 0.116




1966

BN R £ 35E5F 104

2 NOs-N & ik sh h e 4R m K, RS
FFZMEE A BAER 2 DR Rrs— M HE R T
FEFFIZXT P R R AR W AE A S EER AR
VRS FFAE FP VA A AR A ™ E R RIS 25 Rl

FLUR RS FF )2 Be 2 42 i B i )2 1 MBC, X
TR Z R AR E 5 ) 25 5540 K . DB-SR-20 Ab 34!
HIREFF)Z0 B iH 12 A Z R EF R B2 i /)N
5 CK 3255, 1 DB-SR-40 4b B 155 FF )2 % A
1] 1 J2 A ) 22 BEPES B g 4R, FLIE A FH B[]
AL SR IR R A B RS AT
AR WA P i, i R v T A )2
PSR o XA B N KA MBC 5F5FF)2
A 5t A 2, 5 5 T J2 A DG 55 5 /N2 S5 OK R
FEFFAE, 7E 20 em HERTF N Z 557w+ 2WMAEY
VR FHOETE 40 em 3R T ,N 2 A1 MBC 5F5FF 2
X ARG, For NOs-N VERI# I8 2 . 2 nT BB R 4n
T 2B — AR CK ARFE, FEFFAC B4R T 78 2 Ak
P, ERSFREX N R E IR B Hr A R
T BT A S A W e S I 5 5 L AR
RARINFOFTE I AZ I TR DL S A FT 2 5 3G n
T LB, X A R B AR i 3R
Y115 shifss, 7E 40 em HEZRIE ST X FER LN 2
0 L OKEE /N R R T Y 25 S5 (n C/N fH . Si
Ty ) A 2 5 T A e R R B TR A S A L (H
Ho g HARHLERIE A fr E— 98 . BRIL, Ay
I H 5 T RS FT 20 L U e AR AL s i,
g5 A M T BT R 2 R .

A2 FEATAE PP A HEAA X 4 A A AR B R
B 8 0 R BB, SRy e 22 PR RS AP 9 A 8 i ARt T
15 27% SR BT N AR E R, 5
J&, AT SEHUBAA A B, R, AR 5T T AR 2
LR IR ARG P M TR
ZIIE AR FLEN LI

4 #ig

(1) “FEFF)Z "%/ & HA W AE R, B A &
YE 2D RRLERF— D HHE I KR 5/ NE RS FEE 1
Tt B BE IR R], AK AR FEAE SRR 20 em FT 40 em 451
X NHi=N F1 NO;—N ¥4 B0 ()it BRI i /NAz
FEFFAEHE TR 40 em 258 X NOs-N (9 #iy B4 /E 4%
55, % NHi—N 5 B R 3058

(2)FEFF)2ZAENS L ES MBC 51k ) 2 REE S 8.
7 20 em RN, FHFF AL 12 MBC B8 42 5, (A%

A 2 REERR BV A 35 5 7 40 em BEERR RS AT
JE XS 2 SRR PR R A S KRR
FEF I A2 MBC B[R] e/ N R, Ay 2 F
PEFELCBERST R] R i3 /NSRS AT 5 L JZMBC
W P 1] S R 0N , R A ) 22 A BB 18] 5
Wl R

(3) AT 2 B A P RE S AR i M) FH 25 26 UL, S
5 L SRR E Y AR T o 3 PR R e
Wt ) 5 A PR , e 300 28 2RI I M. N R
1 MBC 57K R FHZ A P00 ARG, 15 5%
T L JEARSCHERSS o /NAEREFT 20 cm HEER N K5
G2 A YIRS A A 5 40 cm HEZR R N KA
MBC SF5HZ X RIS, Forr NO3-N 1 G

S

[1] Arcand M M, Knight J D, Farrell R E. Differentiating between the supply
of N to wheat from above and belowground residues of preceding crops of
pea and canola[]]. Biology and Fertility of Soils, 2013, 50(4 ) : 563-570.

[2] Rao D N, Mikkelsen D S. Effect of rice straw incorporation on rice plant
growth and nutrition[J]. A gronomy Journal, 1976, 68(5):752-755.

[31 Bl fe, THuse, Fomag, 55, ZEREIE X /KRS R (A T A L S e 1k

RYSZRILT]. B Al RS540 2010, 33(3) 1 13-18.
HAO Jian—hua, DING Yan—feng, WANG Qiang—sheng, et al. Effect of
wheat crop straw application on the quality of rice population and soil
properties[J]. Journal of Nanjing A gricultural University, 2010, 33(3):
13-18.

[41% [l FORFEFRAE M e b Motk S5 /N 22 M 2R R R RE Y

SZMR[D]. KM - TR A K2, 2012:39-47.
JIANG Xiang. Effects of returning maize stalks into field on soil physical
and chemical properties and root and development function in wheat
(Triticum aestivum L.)[D]. Zhengzhou:Henan Agricultural University,
2012:39-47.

512k Wk 35 A6 M, S5 FFTFBRIE X L3 A SR AR R 25
FRE RS]334, 2016, 53(1):127-136.

ZHU Shu, DOU Sen, GUAN Song, et al. Effect of corn stover deep incor—
poration on composition of humin in soil aggregates[J]. Acta Pedologica
Sinica, 2016, 53(1):127-136.

[6]3F R Br Ot 5% M, % R SRR AV IR N SRS AT IR IE T AR
BT AR R 24, 2016(5) 1 1-8.

DOU Sen, CHEN Guang, GUAN Song, et al. Why burning of corn stover
in fields and technical models studies of it's deep incorporation to sub—
soil[J]. Journal of Jilin A gricultural University, 2016(5) :1-8.

(7] B IR R R FF i i A 5 7% . P IEl, CN101911867B[P].
2012-05-23.

Nanjing Agriculture University. A method of total straw returning: Chi—
na, CN101911867B[P]. 2012-05-23.

(8] W 5 iy, BTN 5, K W9, S5, REFFAE s LA I X 22 4 3 2wl

R[], 3R, 2013, 44(4).945-951.



2016 £ 10 A

VRN, S5 RSATAE TV R T LSRR A1 MU TR & ) 2 1967

TAO Bao-rui, SHAO Li—ping, FU Ming-ying, et al. Effects of the straw
concentrated buried return on nitrogen and phosphorus leaching in
wheat fields[]]. Chinese Journal of Soil Science, 2013, 44 (4):945—
951.

[9] Zelles L. Fatty acid patterns of phospholipids and lipopolysaccharides in
the characterisation of microbial communities in soil : A review[]]. Biolo—
gy and Fertility of Soils, 1999, 29(29):111-129.

[10] O’ donnell A G, Seasman M, Macrae A, et al. Plants and fertilisers as
drivers of change in microbial community structure and function in
soils[J]. Plant and Soil, 2001, 232(1):135-145.

[11] Peng C, Lai S, Luo X, et al. Effects of long term rice straw application
on the microbial communities of rapeseed rhizosphere in a paddy—-up—
land rotation system[J]. Science of the Total Environment, 2016, 557—
558:231-239.

[12] 5 g0, 5Kk i, SRIRME, S5 40 PR o (e g 3 S A MY
BFAE[T]. FREERL 54K, 2006, 29(1):43-44, 117.
GONG Xiao—feng, ZHANG Jing, ZHANG Zhen-hui, et al. Measure—
ment of NHi =N in soil with nessler’s reagent colorimetry[J]. Envi—
ronmental Science & Technology, 2006,29(1):43-44, 117.

[13] B E 77, ML R, AR . XGHIC 6 R RE I g L3l A A A mT
FIHEDRFEL]. H AR 2T 412, 2009, 25(2) :43-45.

HUANG Yu—fang, YE You-liang, YANG Su—qin. Feasibility of NO;-N
Determination by Dual Wavelength Spectrophotometric Method([J]. Chi—
nese Agricultural Science Bulletin, 2009, 25(2) :43-45.

[14] Gryta A, Frac M, Oszust K. The application of the Biolog Ecoplate ap—

proach in ecotoxicological evaluation of dairy sewage sludge[J]. Ap—

plied Biochemistry and Biotechnology, 2014, 174(4 ) : 1434-1443.

[15] 47K, BR3¢, BTG =, 55, T3 P Ak Wy s o 5 vk S 00
[M]. e TR H L, 2006 54-60.

WU Jin—shui, LIN Qi-mei, HUANG Qiao—yun, et al. Method and ap—
plication of determination of soil microbial biomass[M]. Beijing: Mete—
orology Press, 2006 : 54-60.

[16] Borcard D, Gillet F, Legendre P. Numerical ecology with R[M]. New
York: Springer Science & Business Media, 2011:117-140.

(7] XU E s, XU e, S es, 55, SMNRAE Y BT 1 rh s A R
RO R Al FRBERL 24, 2012, 31(5):962-968.

LIU Wei—jing, LIU Ye, GAO Xiao-li, et al. Effects of biomass char—
coals on retention of ammonium nitrogen in soils[J]. Journal of Agro—
Environment Science, 2012, 31(5):962-968.

[18] Lehmann J, Silva J P D, Steiner C, et al. Nutrient availability and
leaching in an archaeological anthrosol and a ferralsol of the central A—
mazon basin ; Fertilizer, manure and charcoal amendments[J]. Plant &
Soil, 2003, 249(2):343-357.

[19]1 £ 5, @5 E, 3030 5. Bob: TORREFE /K A BERRAR i W i 2l
J1IERFET]. FRBERLE, 2008, 29(3):703-708.

WANG Yu, GAO Bao-yu, YUE Wen-wen, et al. Adsorption kinetics of
phosphate from aqueous solutions onto modified corn residue[J]. Envi-
ronmental Science, 2008, 29(3):703-708.

[20] M, X g, XUESE, 55, FEZEREFFAE T il HEiA T X 2 1 L3y
AR IRSZ AT A=A 4R, 2016, 36(7) :2066-2075.

WU Jun-song, LIU Jian, LIU Xiao—fei, et al. Effects of rice and wheat
straw ditch—buried returning on soil physical properties of wheat field[J].
Acta Ecologica Sinica, 2016, 36(7) :2066-2075.



