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 OE: hEHEYIER S U LR R T E 2 S, RIS SRR T 2011 AR AR, FIH CT
W2 . e SR I0 Fe A B A LR AR SR H AR B, 0 TZERHIARAE (NPK ) (9 5EaE I, SRk 3 AR IR RS FF (NPKS ).
MR (NPKB) DL EhHIRAYIEZE (NPKM ) A7 MU RERT 2T e s+ B R R P e A i . S5 560, IcitE 3 Ay
HUPEL X LI T (RO 25 3 3, 5 NPKOARSEAA L, il AAUIE (NPKM b3 ) XF£038 i 3R FHBCR IR T
5 (NPKS F1 NPKB b3 ); NPKM 2 2 2lst 7 TSR LBRAGHE , (o IFL B EE A m v FLBRBE 43 i3 i T 53% 1 60% ( P<0.05 ),
ifi NPKS 5 NPKB 4bHEIC B #5200 . NPKM 25385 T L3 fb2A i, 5 NPK Ab#iAHEL, pH 25 T 0.9 N8y, AL
fix (SOC) FIAZ (TN) 43l T 89%F1 63%; AHAIEAHLYEH, (U NPKB i E# M T SOC &it (P<0.05), 14k,
NPKM B340 T 3R YR e, BRIEEh 1.8 38m % 2.0, 548 %0h 0.3 FEIKE 0.2; NPKB (LR EHm TF&
AAEEL, T NPKS B EFEAR T E AR5 4L (P<0.05 ). BCHEAN A HLYEHSCE T 1 IR B B 45K 43 A0, Jb T4t
51T (Chloroflexi ) AUAINTEJE, Hh0 T2 EE ] ( Proteobacteria ) FYAAXTERE, i NPKM 2 BRAY U IR E oK, Bt
AR S T A, ORISR AR R B, TRBIT 104%. sEMAIEAE R EEREY TN, SOC,
pH A E I ERE . ARSI IE 45 SR 2T el ik e sk IR L T SR ARG
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Abstract: [ Objective ] Soil quality is a prerequisite for achieving sustainable crop production. However, due to its low pH and
acid buffering capacity, the red soil is prone to losing its quality, thus, necessitating continuous research in quality management
practices. Therefore, this study aimed to evaluate the quality enhancement potential of organic fertilizers of plant and animal
sources when applied to red soil. [ Method ]Based on a long-term positioning experiment in Yingtan, Jiangxi Province that started
in 2011, we analyzed the effects of equal carbon inputs of organic materials of plant sources such as straw (NPKS) and biomass
charcoal (NPKB) on top of chemical fertilizers (NPK) and hog manure of animal sources (NPKM) on soil quality and
productivity of red soil sloping cropland. The objective of this study was investigated by subjecting our samples and/or data to CT
tomography, metagenome sequencing, and random forests. [ Result ] The results showed that the dosing of the three organic
materials had significant differences in enhancing the quality of red soil, and the organic fertilizer of animal origin (NPKM) was
better than that of plant origin (NPKS and NPKB) compared with the NPK treatment. Also, the NPKM significantly improved the
soil pore structure, which led to an increase of 53% and 60% in macro-porosity and connected porosity, respectively (p < 0.05),
whereas the NPKS and NPKB treatments had no significant effect. Moreover, NPKM significantly improved soil chemical
properties including pH, soil organic carbon (SOC), and total nitrogen by 0.9 pH units, 89%, and 63%, respectively, compared to
the NPK treatment. Of the plant-derived organic materials, only NPKB significantly increased SOC content (P<0.05). In addition,
the soil microbial diversity was significantly increased in the NPKM treatment, with Shannon's index increasing from 1.8 to 2.0
and Simpson's index decreasing from 0.3 to 0.2. Furthermore, NPKB only significantly increased Shannon's index, while NPKS
significantly decreased Simpson's index (P<0.05). The application of different organic materials changed the distribution of the
community structure of the dominant flora at the phylum level, decreased the relative abundance of Chloroflexi, and increased the
relative abundance of Proteobacteria, with the greatest change observed in the NPKM treatment. Dosing of organic materials
significantly increased peanut yield, with the most significant increase of 104% in the dosing of pig manure. [ Conclusion ] The
result of this study revealed that the main factors affecting peanut yield were TN, SOC, pH, and microbial abundance, thus,
providing an important scientific reference for the efficient fertilization of red soil sloping cropland.

Key words: Red soil slope cropland; Organic fertilization; Soil quality; Microbial diversity; Yield enhancement
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SEUOE SR HLIE B AR AR TR TR A HLAE
R AR R B, KIS A LR ( 536)
RRETE IR R A A, AIRRAR T LR
AP 2 2PN T A LR A BB
LRI M B AR P LR AN AR,
BIETEA R B A LSRR, A WLk 3 7
I RCRAT & 2t — 2 WP

CLIEA D FRR R A T | UM S A R L
Fibl, RIS o BRI T HSREER .
AR AR A R IR 3 ELD g DOK it 2k
[FIO e e w73 P N 1 e o £ ¢ 87 9
IR, H AT TR 25 1 AN R R JEAT HILIE X 213
SBOR L JoR AR THRCR B LB SEATI R O K ks T
I, AW FEARFCLL I AT HLIE LA o35,
RGBT (R ). AWk (FEYIR ) sk
Z& (ShWiR) =Fh R IR A PLY R E R D F 5 T
AR T B IERCR o il 7 B X LE A HL RS 1 589
HUEER | ASE TR L R M VE AR R R
B AR5 78 AN R R DA HL R R 20 0 b 4 1 o i
FETE A PE FIBIL , O £ BB 4 e 5 A 4 1
BA R A S

1 MESINE

1.1 Rt

FF 7% X ASE T TR YR A A 75 2 40 T R BT A RR 2400
MIAFFE s, (28°15'N, 116°55°E ), HiAbvT v i ¥ i
ALK, & W W S . 2T 1961—2021 4F [F
RGP DR EHIE, AEXAEYSE 17.6°C,
K EE 1326 mm, AHXHRE 77.9%, FE A0 P2 4E
fy (2023 4F), BFRXAERSIR 19.0C, Bk
1713 mm, FHXHEE 82.5%.

RIS ET 2011 4F, i 4 S4b3, R B
fEAE (NPK)., fLIEFEFFE S (NPKS). fLAEA Y
SECHE (NPKB) FIEAESEFERCE ( NPKM ), R4
PR E = AEE, 12 ANX, SRITBENLIX 2%
e ANXIEEEZ) R 100, HEKH 20 m, FEEEH 6 m.
TN IR L R F AN, BHERRA L
RN 1T gke!, ®AGREN 086 gkg', 2
FTHHN 037 kg, &EEN 945 ¢kg', pH R
5.0, BPRLOBYRL L RS 3 008 29% . 34%F1 37%
(LEWH ). A VLR FEA T W2 1,

= 62 %
x1 =ZHANDRIERMYER
Table 1 Basic properties of three organic materials
AHUE AR TC &% TN 48 TP 24 TK

Organic materials / (gkg") Pl
FEFF Straw 384 151 1.6 2.5 8.66
AW Fisk Biochar 454 8.9 2.1 163.0 9.85
Y% Pig manure 225 18.9 17.7 4.7 8.79

R VEY R e, R —4F— 22y Fl
R, 4 PR, 8 Awlsk. BIPHEE 15~
20 cm, 1715 43 cm, FE4 R S ZE4F | #RER 20 cm,
AE AL BB i FH B8 N 1725 kgthm? | P,Os
90.0 kg-hm 2 1 K,O 180 kg-hm2; 4 3k 46 25 %45 5T
FHYIIL, LA 0.162 kg-hm > {5 Jiti FH AIAE . Hovb 80%
RSB, B IR —RIERATEH, R4 20%
AR AEAE AL T AR LB A 2t A . RS FF . 2B
JoT ¢ FIAE ZE 0 5 Wk i 5 01 38.4% . 45.4%F1 22.5%,
PL 2 thm ™ BSERRE AT B RS AT . AR 8 R 36
=B LR 2R R R E e T X RN X,
FERF AR REREFE, VIBEE 3~5 em, E#FEAHIK
FEREFTAE 400°CIRAFERE 4 hifil £  JEF3IX 341,
FEAFFAE ARG S TR, FWE 5EE—k
T o
12 tTEHEMNRESHE

F 2023 45 9 HAEAEWGR)E , FEREAS/NXHE “S”
T TR A RAEE R AE 0~20 cm B9 HKE. Pk
MIRRAT . MR RGEZY), A5G B &
Py, — IR TSRS (RO T T2 5
ALy, — 0 KT B A0 0 T e P A v B
W . W, BA/NXTELRERE (1.5~6.5 cm)
HPVCIHT] (F 5 cem, NIES cm) RE 3 HT]
FEG, DR B ™ Je Il 5250 = B T R IEFLIR AR
B bR B
1.3 TEXFLEENE

% F 1% [E Phoenix Nanotom I f#{ CT 24X} PVC
IR AT = LB R e . RSN
100 kV ANEEHL IR . 90 A HLR & 1.25 s BB et
], it B 2304 MR RO SR IUES (8] 4 BER N
25 um M =4E B, JR IR 2 Datos|x2 Rec #44
HEHJE, EEER 0 X (1600 x 1600 x 1200 14
£ ) VENPRUEALIER L8R X 35, ( Region of interest,
ROL), LAVEBRZ AN . AWFFE b iR %
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REMER IR B A B/ NLAE R 50 pum, I, RT%ME
PIFLBR I I RALER, HIERALBE B4EH CT A
B A KFLER (>50 um ) AL L ROT BEARFLAY
srtb. 3T Image J (https: //imagej.nih.gov/ij/ ) ¥
G, 28 Ju FUNETRAM T, R Volume
Fraction, Bone-J Al Thickness ffi {443 5l 3158 K FLER
FE . AL K AL S A
1.4 TERERANF

HPE E.ZN.A.®soil DNA kit ( Omega Bio-tek,
Norcross, GA, L) #ATHAEY R SEEF 4] DNA
filife. DNA VREEMZEEERNE NS, I 1%35080
EEIC LKA DNA SE48bE . diliad Covaris M220 (3
AT, W) K DNA FBefl, ity 350 bp KA
B¢, {fi F} NEXTFLEX Rapid DNA-Seq( Bioo Scientific,
ZEE ) M PE SC%F . )5 K llumina NovaSeq™ X
Plus ( Illumina, JE[E ) W7 & #4728 BRI ( F
M RHEYBELRH AR A ). ASCLIFRIEEL
( Shannon index ) FI==FR45%K ( Simpson index ) 1N
WY o ZHMETEN RS, FAIEEER, 8
BN, FARE Y F R T,
1.5 TEEXRELERNE

T A LA R FH % R R A i
[ R kilE, +3E pH &K L1 2.5 ¢
PRI o
1.6 TEFENENENE

ARG, TEEA/NX A EBRIE 1 m® brifiEfe
Ji, Sy BIEREEACA KPR S LIRS AT, BES A SR
TREREGHREILR, XN /NCEA &
BT E ) MAEY R (R TE ). B E =K
M EAE, DS BB B iz A B
LR AR YR, DL NPK AR E R, A LR

o, 2R
1 Jc il =

P~ HE 51Ek# ( Contribution rate of fertilizer, FCR ),
FH T VAL A HLAE 0 48 7= 2 100 il g A B R

( Coefficient of variation, CV) ﬂ:{ﬁfﬁgﬁ Pt
CV {E MR R B 7= i sl P bk 5

YE — YNPK

YE

FCR(%) = x100 (1)

K, yr iR ADUIEAL A = (thm™?), yaek
by Bt AL AR A B A = B (thm ),

V(%) =2 x100 (2)
Y

K, o FAEMEZ (thm2), y BB H5(E (thm?),
1.7 HIELESSH

K H Excel 2021 XHR 0 £ 251 78 SN0 22 48
Tt FIF SPSS 26.0 3 {447 5L K 2 75 22 07 ( One
Way-ANOVA ) 1 LSD Z 8 L5, KA [m 4k
P A] A S TR R A 25 5 T R440 A
randomForest £ Fll rfPermute £ ¥ 47 BEHL AR 3T,
fF AT A6 A P R R R R G R . SR B S T
HEHEEY =T L. BIEHIVEFI A Graphpad
Prism 10.2.1 FI Origin 2022 #AF52 1.

2 4 R

2.1 BHYERMXEEEMEN=EH N
ﬁﬂLiﬁEE%E@i%%ﬁ%Tﬁﬁifﬁiﬁiﬁiﬁi
Pt (A AR A HUIE R JEAS [R] I A7 78 B 3 25 5
(% 2). 5 NPK Zb#AH L, NPKS fil NPKM f£ /£ 7=
BB ERE T 70%H1 104% ( P<0.05), [FHfH1

F2 FEIERAETHREFEMM EEYSE
Table 2 Indicators of peanut yield of different fertilization treatments
FERI it P 5 b

Fertilization treatment Grain yield/ ( thm?)

st A LA P 4 5Tk

Coefficient of variation/% Biomass/ ( thm™?) Contribution rate of fertilizer/%

NPK 2.3£1.4b 58.5 4.1+0.9b

NPKS 3.940.7a 18.5 5.8+0.2a 41.0
NPKB 3.4+1.0b 29.8 4.0+£0.4b 32.4
NPKM 4.7+£0.4a 8.5 6.3+1.2a 51.1

" REVNE FRE R R AL B R A7 7F i % 22 5% (P<0.05 ). Note: Different lowercase letters indicate significant differences among
treatments ( P<0.05) .
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AR E AN T 41%F0 54%; NPKB AbBRAE AR
FEEIEINT 48%, ZERABREKTY, M LAY E
WA AL, AZFWAEE (P>0.05), fESmER
AT, s R sk R i m (51.1%), 4
S NFEFF AR B T B 1.2 45 H1 1.6 4%  NPKM Ab 3
e e R e M, R RE (CV) 2 8.5%,
1M NPK b H R M 22 (CV=58.5% ).
2.2 IR A2 S R A R0

AN TR] 26 AU B A DL PRE S i 6T - 3 A A 1 o
A TR (R 3), SHHMEMLL, NPK
NPKS Ab B & 2 %% + 3% pH, NPKB 4bBEX} pH
JC B EF W, T NPKM &b 3 B E 45 pH 0.6 1

M7, 5 NPK AbHEAHHL, NPKM Ab #2548 5
pH 0.9 ™A (4.8 f8m = 5.7, P<0.05), T1fi
NPKB Fll NPKS AbHEX) pH TR AN %
( P>0.05), XF+3 TN, NPK Fl NPKB 4b # ffi
TN BSAG FAK, NPKS AbFERE A #2, 1 NPKM
LB TN SRR 2 51%; 5 NPK 4 FEAH 1L,
NPKM 4b# TN & £ 2 = 63%( P<0.05 ), 1fii NPKB
A NPKS &b B X} TN (% $2 T ROR A 2 ( P>0.05 ).
NPK Fll NPKS 4 FHFEAL T SOC %, NPKB #il
NPKM 4b 3 SOC 435l 48 5 29 21%F1 35% ; 5 NPK
L PEAH G, NPKB Fl NPKM 4t 3 SOC 43 5l i 3%
BT 69%F1 89%.

3 FREISEAIE T LUIEE Hitl 0~20 cm SRE B F MR

Table 3  Soil chemical properties at 0-20 cm depth of sloping cropland under different fertilization treatments

REEAEDY sl 2R TN THEAHLEK SOC
Sampling year Fertilization treatment Pl / (gkg™)
2011 4 (WIAAMH ) / 5.0£0.2 0.9+0.1 7.7+1.0
Initial values in year 2011
2023 4 NPK 4.8+0.0b 0.8+0.2b 5.5£0.7b
Year 2023 NPKS 4.9+0.1b 0.9+0.0b 6.8+0.7b
NPKB 5.0£0.1b 0.8+0.1b 9.3+1.4a
NPKM 5.7+0.2a 1.340.2a 10.4+1.7a

s R B N I EPRE 2, ARR/ING FE 3 R Ab B R A7 7E I 35 25 5 ( P<0.05 ). Note: The data in the table are the mean + standard

deviation, and different lowercase letters after the data in the same column indicate significant differences between treatments ( P<0.05) .

2.3 BHLYRIE XY L1 5 7L B 4F1E B9 22 M

Bl la JE/R T 4 FpiE 03T 4 5K fLBR
(>50 m) 4 FEAIE . 25 R R, 5 NPK ABRAH L,
NPKM 4b B 38011 53%A0 KRFLERE ( P<0.05 ),
T P AR R B AL B BE O B 35 28 4k ( P>0.05 ). M
LR AR, EPIEA VUEXERRIFLAE R
LB AR = A B ( P>0.05 ), 1l NPKM 4b
XA A FL AR RALBR VR AN TR] 5 5t Ak I Ak 34
HHEE, JEFEW NI T 6%H) 50~200 um BtAY AL
B, 16%01 200~ 500 pm Bt 9 K FLB , 336% 500 pm
PLEBRALER, AL, NPKM &b BEBEMS o3 A 6] L
R RFLBR (>50 pm ), F FLXF K FLARFL B A 52 i o
Ko 5 NPK 4ZbFHAHLL, NPKM AbHiA i &3 n 1T
60%AY 7B PEFLBREE (1 1b), A H T Wi 2 I8 A7
HUAE AL BE, NPKM b 3 i) 3% 38t AL B EE 23 4 m 1
68%71 73% ( P<0.05 ).

2.4 BRSO IER S Y EERZI

TS o ZAEMEAEAS [R5 AR AL #2147 76
W25 (K 2), BERE, NPKM 4B 40 B TS
LM R, NPK AFHIAIK, 1 NPKS fil NPKB 4b
Migrh, BRME, FRIEHE /R, NPKM Lb#H K
I TE TR 2 BRI B 3 S T NPK Ml NPKB A4b #f
( P<0.05, ¥l 2a), HARAAEEGRH] 2.02, 43314 NPK
Hl NPKB AbFHETH 12%H1 7%, R, % ARF5 5
MR 5 FAAGECE TANE, NPKS AbH Y3 7k
RAUD 3 5T NPKM kb3, Jf i LT NPK Abs#
( P<0.05, &l 2b ). NPKM &b i 3= 3 #3550k 0.18,
3 NPK Fll NPKS 4373 5IBEAR T 32%F1 17%.

A HLET AL B2 520 T AN 1A R A
B (K 3). 7 4 DEENEEERTS, S5E]
( Chloroflexi ), £ I] ( Actinobacteria ). FRATH
I"J (Acidobacteria ). ZFJE 1] ( Proteobacteria ) i
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257 FL4% Pore size
I 50 ~ 200 pm a
20t = 200 ~ 500 um

1> 500 um
151

10

RALBREE
Macroporosity/%

NPK  NPKS  NPKB
Hre Ak B

Fertilization treatment

NPKM

M LB
Connectivity porosity/%
o

_| o

NPK  NPKS NPKB
FiabEn

Fertilization treatment

NPKM

e REVNE FRE R R AL B R A7 7F i 22 5% (P<0.05 ). Note: Different lowercase letters indicate significant differences among

treatments ( P<0.05) .

B AR B AL Ak B 2598 9 O FLIBSE 38 0 i i 1 FLBRE 32

Fig. 1 Macroporosity and connectivity porosity of red soil under different fertilization treatments
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211 a
%
2
Al 20t {
5 5 Lo
@ £ 19} E e
=
©n b
18 @
1.7 : : : :
NPK  NPKS NPKB NPKM
BEAmAbFR

Fertilization treatment

0307
a

£ 02sf E ab
K= §
# £ b
w2 ¢
# 2 020f .

0.15 —— - : -
NPK  NPKS NPKB NPKM
KRAn b e

Fertilization treatment

e ARFEV/NE TR R AN BB A7 7E 1 25 5% (P<0.05 ). Note: Different lowercase letters indicate significant differences among

treatments ( P<0.05) .

K2 RFEREEAL BT AN o 2%

Fig. 2 Soil bacterial alpha diversity indices of different fertilization treatments

P THIPUAL, 78 NPK, NPKS. NPKB Fl NPKM 4b
FRZH , H 4 7 TR o SRR 09 L 230 R 81%.81%
79%FH1 78%. 5 NPK 4bBHA{ L, NPKS. NPKB Al
NPKM b BRI REAR T 2 B B T AR 52, B AR
FEAM00 R 23% . 10%F1 64%; Horr, NPKM 4b B
fIRME R fc K, A NPKS 4bHifY 2.8 %, NPKB 4b#
) 6.4 1%, AR, A HLEACIE I T 286 1] AR X
FRE, JLHJE NPKM AbBE, 380 GRS 169%.
AN, 5 NPK AbBEAI L, NPKS AbBRAH 45y B 1] 0
FREEBEINT 40%, 117 NPKM Ab 20U 2 86 5 1] 614
AR BEH 0.6%3% 5 & 5.2%.
25 HEFESIEEMMMEXXER
WS RN Pearson #HCMH: % W
( 4), teA =i 5 I 2 abr i A G M i . SOC .

m 25| Chloroflexi
B JRZL A ] Actinobacteria

T FRIT 1411 Acidobacteria

= EEE[] Proteobacteria

ERayuy |
Thaumarchaeota

m Dormibacteraeota
A5 Unclassified

m A T
Gemmatimonadetes

m R
Planctomycetota
AR 1]
Eremiobacteraeota

B HAth others

100

80

60

40t

201

NPK  NPKS NPKB NPKM
AL Ab T

Fertilization treatment

3 ANIRIEAC AR BN 40 B AT MR A X 42

Fig. 3 Relative abundances of bacterial species at the phylum level
under different fertilization treatments

[ KA R =
Relative abundance of species at the phylum level/%
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FAAEEL
Shannon index
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e TR 2R

TE . T RT3 RIEORTE 0.05, 0.01, 0.001 K B A, Note: “*”

at the 0.05, 0.01, and 0.001 levels, respectively.

pH  Macro Connectivity Shannon Simpson

porosity  porosity index mdex
KL EmHE FAk FEHR
BREE LR dEEC R

, “*¥*”and “***” indicate significant correlation

E 4 e a5 R FRAY Pearson A G

Fig. 4 Pearson correlations between peanut yield and soil indicators
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B
Fig. 5 Relative importance of soil indicators to peanut yield based
on random forest model

TN Fil pH ¥ 5047 i B0 5 EADE (P< 0.01),

Pearson Z%053-51°4 0.80. 0.77 1 0.65, TIEAW L
PSR R R R IEAEDCCR (P<0.01),
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