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Effect of long—term organic manure application combined with chemical fertilizers on soil microbial biomass
and organic matter structure in red paddy
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Abstract: This study aimed to explore the effects of long—term organic manure application combined with chemical fertilizers on rice yield,

soil microbiological properties, and the molecular structure of organic carbon in red paddy under 34-years of long—term fertilization. Five

Woim B HA:2020-10-12  RFAHH3:2020-12-18

YEEEIAv . 05 R (1989—) , 5 VLPU R RE A, il -1, B FROFFE 0, A 3 B S HUIFIENISY . E-mail : 1003459056@qq.com

HBEIEE XFEHF E-mail :1xm3392@163.com

EE&TH . B K E\ S0 & (2018YFD0200703,2017YFD0200702) 5 [E 5% F AR Rl24 25 42 100 H (32060725, 31460544 ) 5 7T.175 48 B AR L P[] 21
B H (JXXTCX202001)

Project supported: National Key Research and Development Program of China (2018 YFD0200703, 2017YFD0200702) ; National Natural Science
Foundation of China(32060725, 31460544) ; Cooperative Innovation Program of Modern Agricultural Scientific Research in the Jiangxi Province
(JXXTCX202001)

http://'www.aed.org.cn



BRE, % . KPANEIIEEENIEEKE T RENEYENAN RS 202159 A

treatments were selected: no fertilizer (CK), nitrogen, phosphorus, and potassium fertilizers (NPK), 70% NPK fertilizers combined with

30% organic manure (NPKM1), 50% NPK fertilizers combined with 50% organic manure (NPKM2), and 30% NPK fertilizers combined

with 70% organic manure (NPKM3). Long—term organic manure fertilization combined with chemical fertilizers increased rice yield from
2008 to 2017, which was higher than NPK treatment with 6.5%~7.7% (P>0.05), and the combined application of manure with a low and
middle proportion (e.g., 30% and 50%) was optimal. Long—term single application of chemical fertilizers induced severe acidification, but
organic manure application alleviated acidification. The soil microbial biomass carbon and nitrogen were raised under long-term
fertilization by 17.0%~71.1% and 104.1%~267.0%, respectively, but their ratio was decreased. Meanwhile, the soil microbial quotient was
increased in treatments with manure application. PC nuclear magnetic resonance spectroscopy revealed that long—term single application of
chemical fertilizers improved the relative content of alkyl C, whereas combined application of manure further improved O-alkyl C (mainly
OCH;/NCH C), thus providing more benefit for accumulation of the labile organic matter. Furthermore, Pearson analysis indicated that
there was significant positive relationship between soil microbiological properties and soil organic carbon, nitrate and phosphorus and
OCH;/NCH C; While the soil microbiological properties were negatively related to aromatic and carbonyl C. The redundancy analysis
showed that the factors which influence rice yield were in the order of soil organic carbon, available phosphorus, available potassium and
alkyl C. Under the experimental conditions, the combined application of chemical fertilizers with organic manure at a low and middle
proportion was more beneficial to the maintenance of high rice yield, raised soil microbial biomass and improved the molecular structure of
soil organic matter.

Keywords: long—term fertilization; red soil; double cropping paddy field; microbial biomass carbon; microbial biomass nitrogen; nuclear

magnetic resonance
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NPKM2) ; &)= b i 45 ML AE ficd it 260 i 20 A (A AL N e
Jiti, K 1) 70% , NPKM3) . NPKM1,NPKM2,NPKM3 4b
P 5 NPK &b 2o N Y i — 3, A AU I s H
BARGE N T, AR AR AR B AR . RS
6 5 43 91 it 48 280 150, 180 kg - hm ™2, 7 7% 11 1 A it
(P,0s) 1 (K>0) 43511 49 60, 150 kg - hm™, & E Hy I
2B BEER A (1 P,0s 12% ), BAE AL B0 (5
K.0 60%) o - F8 r it A HLIE by 48 2= 0, LA v 5 )
THEAE N 0.030,P.05 0.008 . K,0 0.023 g- kg™ i1 ; B 5
J it A AILAE Sy 4 2, H 3R 40 % S K N 0.045., P,Os
0.019.K.0 0.060 g- kg™ 1. WAL FIA HLIE 43 2 it
RIE 3 MVEEERIE (50%) 5 BENE (25%) S8 54T
(25%) , B HE 4= 3838 it (509% 155 BEE , 50% 1E4h B 43
IR o ANFIALFRA R A B NFR 1 R . B

TR B e /N DX A TN TR BT Bl 0
INKFEA i
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RIS T 2017 4 MR OH i R FH - B A IO R
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Mg 5 HoAy HRE AR S IS i, 5 3% 4y
B KA MRS -

S RO Ak 27 3B 7 1 )P T A AR B
PR R - 48 pH R R BE 1T L A7 76 (K HE 1
2.5) s A AL E AR TR AN Bk s 2 (TN) HBILER
SE R A (TP) H R SRR TR - SR B P L (35 s &
BICTK) FHBSE - G RE % 5 Bl 2 (AN) 1T 1.0 mol -
L™ NaOH 5 fi 9 5L %% 5 3 2508 (AK) ] 1.0 mol - L'
NH.OAc 32 $& — K 6 BE 1115 5 4 %08 (AP) ] Olsen
By RIERUZEY AE Y Rk A (MBC . MBN) 2R FH & 45 -
TEZR VLI E

[ ZSAZ LR (PC-NMR) FE S AL P . FR i 5.0 g
ANTR)4b BE 4 3 KRR 5 B T 100 mL SREE A
150 mL HF % (RT3 8010%) TR 1 h, 20481
EEL (3000 remin') 10 min, £ FIEWT , R4 Y4k
S HF i Ab 38, Lo 5 A 31 8 Yk, 41k 5 1sF 1] 43 3
F4Rx1 h 3%x12 h 117kx24 h, HFAF5ELLE ,
ZRIRKIE VAR AW 3K LA LB HF . Jy i n R « Jin 50
mL X ZE K, P57 10 min, &0 (4 500 r+min™) 10 min,
Fk FIHWR L, EE 3K FEIE R AR E T 40 CHUR
FRRET I P B AR | 3 0.149 mm 7, B3 5 PC-
NMR _E AL E .

BC-NMR 73 #7 B FH 4% w2 4% 42 A Bruker Avance
400 (R FH TR MR A 1 7 mm 51 iR
100 MHz, 'H 90° ik M K & 4 s, 322 filt B5F 8] 1 ms, 3R i
B [H] 0.5 s. NMR 2y g 2 A1 1 #2253 FH Mest ReNova
AR T, 45250 BLAR D RE L (1) Ak 24 B S R

F1 KPEMABSLERSENE (kg-hm™?)

Table 1 Annual application rates of net nutrients in the long—term experiment (kg+hm™)

Qb FR FAFE Early rice M Late rice
Treatments N P,0s K.0 HERH(N-P,05-K,0) N P>0s K.0 #2% (N-P,05-K.0)

CK 0 0 0 0-0-0 0 0 0 0-0-0

NPK 150.0 60.0 150.0 0-0-0 180.0 60.0 150.0 0-0-0
NPKM1 105.8 48.0 116.4 44.3-11.7-33.7 125.8 38.6 87.0 54.2-21.4-63.0
NPKM2 74.8 40.2 93.6 74.9-19.8-56.9 90.1 24.5 45.5 89.9-35.5-104.5
NPKM3 46.0 33.0 71.4 103.9-27.4-78.9 54.0 10.2 3.5 126.0-49.8-146.5

— 812 — http://www.aed.org.cn
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e
¥ 2000
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KRG P B RA A P, NPKM 1 Al NPKM2 ZLFR (4 CV B 5
NPKAMHARIT , il NPKM 3 ZLBE) CV A AT E T, 20
I L A5G AT et B A R T 4R KA R g e 1
25 M AT 5 22 M A5 £ R B NPKM2>NPK~NPKM 1>
NPKM3>CK. ] UL HIG H A AT AL T it Ak 28 ) P R
P A8 BCRE T s A T Bt AL AR A B i 24 A7 ALAIE it e
BIFRELE AR RS, RG] RS S FOR T AT Re s B
B E TR

e 90 it A o - Sk Ak R A T R R (R
2) . TEENIRIG VTR 34 4F  NPK AL FEAIA HLICHL
A it 40 3 (NPKM 1, NPKM2 #1 NPKM3) /1 SOC. TN,
TP AN AP FI AK 75 344 CK AL H I 234 =5 (P<0.05) ,
X ST e A HLTCH AR B it b #E Hp BEAA HLIE FC
Jite He A 0 T s TG i o 580 iR 4 (pH=6.50) AH L.,
JITAT A PR - 48 pH 3 H KR T B, b NPK AR 3
pH V-3 F B 1.4 4507 5 1 NPKM 1 . NPKM2 # NPKM3
() pH A4 5 F NPK AR PR, 1568 55 Fiti (L IR AR EE , A BL
NEBCHtREAE —E R Fodisr it .
2.2 KEAR R HERE ST T IEM M A M B BRI

I AS T[] it JIES A B 7Y 1= 38 MBC F1 MBN 72 {5
Fil 43 51k 290.17~496.09 mg - kg™ 1 6.70~24.59 mg -
ke (& 2) , % 40P 38 MBC F1 MBN 34 5 914 HLE AL
AR K ONPK AR HIR 2 CK Ab # /N FLAEE , Horp
NPKM3 b # i3 5, 2 BHAT UL RH b F B & 4 v T
1 1€ MBC F1 MBN. 4= ¥ A= ¥ 4 ik & b (MBC/
MBN ) ANz ke -+ e Gl A 8 ), b o ke - 3R R Y
HERY RE F720, K30 Bt Ak AE Ak B RN G ML TG AL AE B it
Rb ¥ BEAK T MBC/MBN, 5 NPK 4334 F , A #L
JIEL i i Ach B E — 25 B AR T MBC/MBN, H: Hf NPKM3

LOT (B)
0.8 B—m B u
0.6

041

T L

Sustainable yield index (/s )

0.2

0

CK NPK NPKM1 NPKM2  NPKM3

Kb P Treatments

TR LR 1T o A OKFER) I (S0 5 B8 25 F1 75 11 3 B (HE ) V55 5 1 95 1 40 (4R s TR IR BB AU b A8 S R A(CV) 5
FETE I _E D5 AR TR R Ak BRLR) 22 7 8 35 (P<0.05)

Box plots show median (horizontal line ) ,mean(soild point) ,25th and 75th percentiles(box) , 5th and 95th percentiles(whisker caps) ; Numbers under the

box plots are the coefficients of variation(CV) in yield; Different letters above the box indicate significant difference among treatments (P<0.05)

B 1 &FHEPBALIE TKFE B R E AT A iR 4 (2008—2017 )
Figure 1 Rice yield and sustainable yield index of different treatments from 2008 to 2017
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Table 2 Soil chemical properties under long—term fertilization regimes

fhgm L E) e B T ik 2R R AL
Treat s SOC/(g-ke) pH Total N/ Total P/ Total K/ Available N/ Available P/ Available K/
reatments S o kg
e (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 14.33+0.64d 5.48+0.44ab 1.55+0.13d 0.44+0.09d 26.63+1.67a 147.08+4.93¢ 15.68+1.10e 38.91+1.36¢
NPK 17.43+0.29¢ 5.06+0.21b 1.73+0.08¢ 1.09+0.08c 27.25+0.81a 174.44+1.72d 76.50+1.63d 69.86+1.45a
NPKM1 19.80+0.44b 5.37+0.25ab 2.10£0.11b 1.45+0.09b 25.55+3.02a 211.96+4.80¢ 84.76+3.90c 60.20+3.26b
NPKM2 22.18+0.52a 5.49+0.26a 2.40+0.07a 2.13+0.35a 27.93+1.60a 225.37+4.15b  138.90+2.26b 61.17+2.54b
NPKM3 23.21+0.41a 5.75+0.14a 2.57£0.17a 2.25+0.11a 26.19£0.71a 258.18+6.51a 158.81+1.54a 62.01+4.21b

1 RIPAS R/ NG FbE R A Fia) 22 5 i 2 (P<0.05) . R,

Notes : The different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
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X P, HLARHL A HLITCHLAR it b B 4331 #¢ NPK &b
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Figure 3 Principal component analysis(PCA) of the chemical
structural composition of soil organic carbon treated with

different fertilization
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Table 3 Relative proportion of the different carbon species of soil organic matter under different treatments (% )

s Joe ST Kt %k O—alkyl carbon 75 ¥k Aromatic carbon ¥ HL
Troaments Allylcubon TRBGREHG ARSHER kB AT MK WA &t Carboml
OCH3/NCH C O-alkyl C  Anomeric C Total Aromatic C  Aromatic C-0 Total carbon
CK 27.3+1.4b 13.0£0.7b 25.2+0.9a 7.5+0.3a 45.7+0.1a 11.3+1.3a 3.5+0.3a 14.7+1.6a 12.2+0.2a
NPK 28.3+1.3b 12.9+1.4b 25.7+1.9a 7.4+0.7a 46.0+3.6a 11.3+0.6a 3.4+0.7a 147+1.4a  11.1£2.1a
NPKM1  28.4+0.5b 14.2+1.2ab 25.5+0.4a 7.9+0.3a 47.5+1.4a 10.3+1.5a 3.6+0.4a 13.9+1.8a  10.2+0.3ab
NPKM2  30.6+1.1a 15.0+0.8ab 24.0+0.4a 7.1£0.1a 46.1+0.8a 9.7+0.6a 3.5+0.8a 13.1+1.4a  10.2+0.8ab
NPKM3  29.0+1.0ab 15.5+1.5a 25.9+0.7a 7.2+0.1a 48.5+1.6a 10.3+0.2a 2.8+0.4a 13.1+0.7a 9.4x1.1b
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Figure 4 Pearson’s correlation analysis among soil factors and

structural composition of SOC

0.8 F

AK

Carbonyl C

MBC/MBN

45— HE P RDA2(2.35%)

-0.8 b
-1.0

55 —HEF Hl RDA1(88.09%) L0
5 AEMERLGEABFEERBEYERS TERFH
TR
Figure 5 Redundancy analysis between rice yield and microbial

biomass properties and soil indexes

under different fertilization treatments
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