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ik 12.0%. 34.4%. 16.7%(P<0.05), {HME MRk &I E 2R TEAF BT 10, BRFSFIBE & 2hE T s W st , H
RITErRAAAR B . ST RN IR (PLFA) W ZE RS AU IR, /NERERAEFF P ANDE . B . R e
2R, AH/NEREFF PR 22 R (G &8 T RFEFHE 20.26%, 19 2 FRBAMER(G )& & L KRS AR 16.35%, RN, GG,
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Differences of Nutrient Contents in Residual Wheat and Maize Straws and Their Relationship

with Microbial Community Composition in Fluvo-Aquic Soil
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Abstract: The wheat (Triticum aestivum L.) and maize (Zea mays L.) straws are often returned to the field directly in the typical
fluvo-aquic soils of the Huanghuaihai Plain, however, it is unclear whether the microorganisms that drive the straw decomposition
in fluvo-aquic soils of different textures are related to the nutrient contents in the residual straws. In this study, a 10-month field
decomposition experiment of wheat and maize straws with nylon bag method was conducted in fluvo-aquic soils of sandy, loam
and clayey textures, the decomposition ratios of straws, the nutrient contents and the microbial community compositions in the
residual straws were measured and their differences were compared and analyzed. The results showed that both the decomposition

ratios of wheat and maize straws were increased with increasing clay content. The decomposition ratios of wheat and maize
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straws were 73.66% and 75.43%, 74.19% and 76.63%, 77.68% and 78.05% in soils of sandy, loam and clayey textures (P<0.05),
respectively. The average nitrogen (N), phosphorus (P) and potassium (K) contents in wheat straws were 12.0%, 34.4% and
16.7% lower than those in maize straws (P<0.05), respectively, but there was no significant difference in carbon (C) contents
between wheat and maize straws. The contents of C, N and K in wheat and maize straws were not influenced significantly by soil
texture, but P content significantly increased with increasing clay content. The phospholipid fatty acid (PLFA) analysis showed
that no significant differences in the populations of bacteria, fungi and actinomycetes were observed between wheat and maize
straws. The population of gram-positive bacteria (G") in wheat straws was 20.26% lower than that in maize straws, while the
population of gram-negative bacteria (G') in wheat straws was 16.35% higher than that in maize straws (£<0.05). Meanwhile,
G'/G", fungi/bacteria, monounsaturated fatty acids/saturated branched fatty acids were significantly different between wheat and
maize straws. The average populations of bacteria, fungi and total PLFA in wheat and maize straws in the clayey fluvo-aquic soil
was 25.1%, 30.3% and 22.9% lower than those in the sandy one (P<0.05), but the population of actinomycetes in the former was
93.8% higher than that in the latter (P<0.05). Redundancy analysis (RDA) showed significantly difference was existed in
microbial community compositions between wheat and maize straws, which may be attributed to the differences in G* and G
populations, among of which, the microbial community composition in wheat straws were mainly influenced by the ratios of C/N,

C/P and C/K, while that in maize straws were mainly influenced by N, P, K content and decomposition ratio, suggesting different

nutrient parameters that affected the microbial community compositions in wheat and maize straws.

Key words: Soil texture; Straw decomposition; Straw nutrients; PLFA; Microbial community composition
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Table 1 Basic physiochemical properties of three tested soils
B AU M (g/ke) 7@&  pH T HEFRS
T 002 0.002~0.02 5000 &™) AR AR A8 AW WEE BSE H
mm mm mm (g/kg) (g/kg) (g/kg) (g/kg)  (mgkg)  (mgkg)  (mg/kg)
W 459 95.0 859.1 1.36  9.14 5.47 0.31 0.81 12.96 4.39 1.66 17.84
Hem 1451 2084 6465 128  9.10 9.79 0.56 1.02 12.68 7.39 5.00 20.98
B 3902 5423 67.5 1.13 9.1 14.08 0.87 1.04 15.97 9.30 1.77 10.55
Fz2 BEHEEFESRE
Table 2 Initial nutrient contents in wheat and maize straws

FEFFE A C(g/kg) N(g/kg) P(g/kg) K(g/kg) C/N C/p C/K

INEE 413.20 10.77 0.58 21.49 38.37 712.41 19.23

BN 450.41 10.64 0.96 11.93 42.33 469.12 37.75

1.3 HmathAE

AT R R 2E R, TR AN

FERT O iR (%) =
RIARAT T E IR T )

ALAR A AT T

TR R A A IR B -SRI E DY
FEIRO SR HoSOL-H 0, T IS Hl s 5 I,
PILECE RGN E U i, PR DL L (ki iy
i, KGRI E AR Y,

AT B sl 3R 00 5k B AR AT A KO8

FERTRR (TR0 % (%) =

IRARRAE T B AR IRGE D) R 2
EAEAEAT T H R IRRS AT RR (TR 70 & &

T AT PRl P eV 4544 R A PLFA JAIE | $2HL
FERMEIER Bligh-Dyer M S5 AW,
Wty A . EUR . ke 3 MY, Bk
Kb LR 3.

1.4 HUESH

RIGBHE R H Microsoft Excel 16.0 .IBM Statistics
SPSS 24.0., Origin 2017 Fl Canoco 4.5 #3475 S
THRER, $d otk FAUR 2001, L8R
K H /N 2 (LSD)iF A7 i EE R 0 (P< 0.05)

2 GRS

21 HBEFSBEREDHRMFESEREER
2210 A orfita, FEFF2RA A+ 38 T 34 e

T3 RAE LR R B RO FFE B4 BE AR AR BR

Table 3 Characteristic PLFAs expressing soil microbial types

P FEAEBERE g I TR
38 41 12:0. 14:0. 16:0, 17:0. 18:0. 20:0
LG IEMEANR (G i14:0, 30H-i14:0, i15:0, al5:0, 30H-i15:0. il15:1, al5:1. i15:109¢. i16:0, 30H-i16:0. i16:1, i17:0. al7:0.
30H-i17:0, i17:1, i17:1e9c. i19:0
O CHMEAIR(G)  30H-10:0, 20H-16:0, 30H-16:0. 16:0Nalcohol, 16:1a7c. 16:109¢c., 16:1mllc, 20H-17:0, cy17:0. 17:108c.
18:1o7c. 18:1m9¢c. 19:1wb6c. cyl19:0. 20:109¢c
HE 16:105¢c, 18:2w6,9¢c, 18:3w6¢(6,9,12)
T T 10Mel7:0. 10Mel8:0, 10Mel9:0. 11Mel8:1m7c
TSR R i14:0, 30H-i14:0. i15:0. al5:0., 30H-i15:0. il5:1. al5:1. il5:1w9c. i16:0, 30H-i16:0. i16:1. i17:0. al7:0.
30H-i17:0, i17:1, i17:1w9¢c. i19:0. 30H-10:0, 20H-16:0, 30H-16:0, 16:0Nalcohol, 20H-17:0
LW NIy i 16:1w5¢c. 16:1m7¢c., 16:109¢c. 16:1ollc, 17:108c. 18:1n7c. 18:109c. 20:109c. unl8.846/19:1w6c
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Fig. 1 Decomposition rates of wheat and maize straws
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BELA , 33K ] BB ek B T - 98 T RS R o0k S DR S R
zZ—

2 4 AT, RS AP RU RS FF o AN &L 5% 57 R
TG 5 2552, /INZZ R KRS FF T 288 % BE 23253
22.17% M 21.13%, PRI K550 40.09% Fi
42.72% ; FEFThic 5% B8 2 Bl 25 - 498 o bib. 20 288 o0 1717 o 2
I%, TRSR A RAZ IS o AP AR + 1
[ 35 8 S S e A AT P R, /N RS RT3
B BA R T EORAE AT, B b rf/ N2 R R OK RS FE
BRI F R 20.24% . 20.44% FI
14.38%. 21.78%. /NEFRSFFRHRRE B ERTE
KFEFF, ABANSZ 358 T M s )

N RN K FF 55 43 % B8 10 22 5 AT g S5 40
G R RO a SR R R S
(R 2)o ANI[) 5 Ml -3 R RS FTfc I 5% B SR A AN TR]
FU LI T REE S RS AT IR RO B, [ R AN
WM, FERSFFoM R RE b, RO BEAS FF 20 A 20
RO, BRI ARiio, Riesk BRI, SACKI0 45
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Table 4 Residual rates of carbon and nutrients of wheat and maize straws decomposed for 10 months in soils of different textures

Qb B C N P K
N ESPS Uy Tk N Fok N K

233 23.81+£0.92 23.12+1.27 40.05+3.71 44.56+2.03 29.78+1.03 27.57+021 0.58+0.07 1.73+0.14

e 22.68+£0.65 21.72+1.13 43.58+3.87 43.66+3.18 37.34+1.98 32.20+0.92 0.62+0.19 1.58+0.19

Rt 20.02+1.18 18.54+1.77 36.64+2.02 39.93+1.7 37.33+1.07 31.41£0.66 0.60+0.09 1.68+0.03
WS EwiE = O T 0.309 0.286 0.001 0.001
T 0.013 0.198 0.002 0.910
FEAF x 0.946 0.735 0.256 0.776

I R ORTME £ bRiER, TE.

22 BRBETESSENNEMEZARK
2.2.1 REEHFESSE
10 NHJE, /N KGR 8RS FF B & 8 e B &

1 5 AT, A AT O3

E5 . M/NEFRBREAN T E17.41 gke),
(0.82 g/kg) . #1(0.71 g/kg) & 435Il b £ K% B A5 A1
A.(19.78 g/kg). WE(1.26 g/kg). H&1HE(0.85 g/kg)fik
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11.99% . 34.35%. 16.73%(P<0.05); 1E4 5 + 35,
FREAFSFERR A S R LR B ES, B ekt
96 10T Hb 7 280 T i MG, W N RN R K AR R
o & o s L BE Ik 21.83%. 32.06% FiI
18.61%. 20.61%; /NEMEKRREFREFA . BT
B mB AR )05 61.67%. 42.15%
1 85.93%. 30.83%(P<0.05), Wik . Bi& 50 il A
10.06% . 96.69% #117.01%. 92.85%(P<0.05).
TSR KRB, AR S AR AT
A FE R ET NG, SAREG SR . FFFAS
SN R R AT REAT LR OFSFF A B R R
RS, (EDIRS R R E B0 0 5 o R I A R
RGBS L N NUESE ) FIMES i 451
HRAZAEYHRE . EA. M%), FERFS
f it BRI HEAT , S5 R U B SRk RS AT 2L d A X

BEINEO QAP B AN, RS R R R iE
A I SOR RS AR 33 A T HLRL, K AR AL AT L
R, IR RER R o FORFEFTHE A9 RS AT g
5 KA L2 H R AL R A KGR 6), XM
PR A P BE S o B 22 RS S R B JEHILARC, DA TR
EHP AR BIRAE LPY BFRRI], REFFT B
BT A RN TR AT 20 R, T AT i i e Bl
FE S K2, SRR R A R, RS
PP B IR IR IA 5 K5k B RS AT v e B i o
A e TORFE AT A0 an e & A A R (GR 2). AT
TR KRR S HAAEE B4 G, M7k
EEUGETKIE TSR, I ER A7)
fif i AR P RS PGHURE O SR PO, /N TR AT o
PR 10 22 5 A RS A TR R B AS AT b HAR I 2581 1Y
A K

x5 BHETRRMLTREDSHE 10 DB EHHRMFTED S E(g/ke)

Table 5 Carbon and nutrient contents in wheat and maize straws decomposed for 10 months in soils of different textures

Qb C N P K
INEE FoK Uy 2 FoK N EP/S INFE Tk

b 373.53+0.32 388.34+9.72 1631+0.90 19.63+1.48 0.66+0.05 1.08+0.04 0.65+0.07 0.85+0.09

e 371.15+3.25 383.55+10.03 18.19+1.47 20.09+1.14 0.84+0.07 1.33+0.01 0.70+0.20 0.80 = 0.08

R 37022 £10.95 349.45+33.94 17.73+1.26 19.63+1.07 0.97+0.01 1.36+0.02 0.78+0.09 0.91 +0.01
WHE 2% FEFF 0.870 0.037 0.003 0.002
g i i 0.385 0.644 0.001 0.073
Fili < Jo 0.471 0.807 0.507 0.841

PE— B FR o USSR (K 2)ER B, FSFF
fit 10 NHJGE, TEA T3, Bl 4 49 T b b 5
B, WEFF CN, C/P. C/K BEFEMGEE, Hd c/p 2
SR E NER B CNER2.00), C/P
(466.62). C/K(536.53)43 7l Lk EKFEFF C/N(19.08).
C/P(302.29) .C/K(429.49) /& 15.33%.54.36%.24.92%,
B C/K ZRMEARE,; NEMIKRLERFH C/N,
C/P SR IR FEAT 23 AR 42.65% ., 34.50%F11 54.93%
35.57%(P<0.05), 1 C/K MJELRE) 19.23 Fil 37.75 &
FH KR F) 536.53 il 429.49.,

XIS EBI Iy R0, FERS R B h, ik
PURE R TAMEK, REERERAN C/N B
(B 2A), TIwE. PRAERSFEo- AR AR, J5
RS, ik C/P, C/K HLHEASPGEE K, 5
SR REARARAE , X RE I D B R, AEF
ORI, C/N, C/P. C/K B Wi/ i J5
(K 2B. 20).

2.2.2 PLFA && M 6 nJHl, 40t 10 A,

R 2 LR A 18 o b B 2552 T AR R RS AR GO
G g i, M/ R OKRER BARSFE T A 40 TR . LA
JICER R AL PLFA &0 W5 k22 5 5 B 39 o
R, SREAEFFAE . HE . S PLFA T
HIEAR, ORTE F e W T R, AP R R A
FF (4 240 B8 (166.15 pg/g) . H B (39.33 pg/g) . &
PLFA(211.25 pg/g) V348 & HhHE i + 31 (137.84
31.18., 177.88 pg/g)MZh i + 3 H1(124.50, 27.36,
163.04 pg/g)Fi 20.54% . 26.15% ., 18.76% il 33.45% .
43.74% . 29.57%(P<0.05), Tifb 5+ 3 sk BB Fs Ak
T P (5.8 pg/g) LLEE (8.7 ng/g). FhHi(11.2 pg/g)
3L 34.89% . 48.36%(P<0.05).

FEFFH T & B BT ER A LTS R W) T b A
(3557, REIRERIE W AR 1 B0, o B Yy 1
It REAR PRS2 o BERSFF 00, LIRS A
BE WA AL, S P AV S5 AL BE 2 2% . PLFA
SETERA Wy A MRS b ) —Fh B 203, AN IR 2SR A
YRR tE PLFA AN, PG, ol DU HRE . I
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2 FEBRMEIRS S 10 A BHEIFE C/NA). C/P(B). C/K(C)
Fig.2 C/N (A), C/P (B), C/K (C) of wheat and maize straws decomposed for 10 months in soils of different textures

Fz6 WEHEARRKMLIEFRSME 10 B EH PLFA &2 (ng/e)
Table 6 PLFA contents of wheat and maize straws decomposed for 10 months in soils of different textures
Ab P ] G" G
N Tk INFE Fok N Tk
g 17834+ 6.06  153.96+9.74 43.1+0.81 42.24 +1.08 78.33 +4.36 63.60 + 4.08
e 14145+ 1.81  13424+1.75 33.5+3.42 48.08 +2.03 66.73 + 0.40 53.91+1.10
B 119.44+1.75 129.56+5.88  28.71+0.88 41.74 +5.07 55.55+1.33 54.92+1.37
XLH R FiFF 0.131 0.002 0.001
J5 25 Hr JB b 0.001 0.045 0.002
T 5T b 0.025 0.028 0.039
gzl HLR e 4 PLFA
N Fok N B/ N E/S
b 36.80 + 0.46 41.86 + 6.88 6.72+1.76 6.37 +0.49 221.86+£6.69 202.20 = 17.10
He 30.02 +2.29 39.45+ 7.61 8.12+227 9.61 + 1.84 179.59+5.14  183.30+ 7.66
R 2521 +3.17 29.51+£2.17 10.15+2.14 1221+£0.70  154.80+3.56  171.28+6.34
PSS FhiFF 0.202 0.238 0.981
T5 25 hr T b 0.016 0.015 0.003
T < B 1l 0.922 0.961 0.163
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Table 7 PLFA ratios of wheat and maize straws decomposed for 10 months in soils of different textures
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Fig. 3 Redundancy analysis of microbial communities in wheat and maize straws decomposed for 10 months
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