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Abstract: [ Objective ] In order to adequately meet the growing population's demand for agricultural products, reducing the
application of chemical fertilizers, investing in organic amendments, and improving the efficiency of nutrient use have been
recognized as effective ways to guarantee food security. Different soil aggregate sizes exhibit significant variations in terms of
water-heat conditions and nutrient distribution, which in turn influence nematode communities to varying extents. However, the
impact of reduced chemical fertilizer application combined with different organic amendments on soil nematodes at the aggregate
scale remains poorly understood. [ Method ]This study investigated the interaction between reduced fertilizer application (2 levels:
full chemical fertilizer NPK and 60% reduction in NPK) and organic amendment types (no organic amendment as control, straw,
and biochar) in the red soil of dryland agriculture. Each treatment was further divided into four aggregate size classes (> 2 mm,
2-1 mm, 1-0.25 mm, < 0.25 mm). [ Result] The results indicated that the nematode abundance in all treatments with reduced
fertilizer application was higher than that of the full chemical fertilizer treatment. Regardless of the fertilizer application, both
straw and biochar significantly increased the total nematode abundance, and nematode numbers increased with the increase in
aggregate size. Compared to straw application, biochar application generally decreased the abundance of bacterivorous nematodes
while increasing the abundance of omnivorous nematodes. Notably, in the 2-1 mm aggregate size class, biochar addition
decreased the abundance of bacterivorous and omnivorous nematodes compared to straw, but increased the abundance of
fungivores nematodes. Nematode community analysis revealed that as aggregate size decreased, the nematode structure and
enrichment indices tended to decrease, indicating greater environmental disturbance. Further analysis showed that, soil pH and
moisture were key factors influencing nematode community structure at the larger aggregate scale, while soil organic carbon was
the critical factor at the smaller aggregate scale (P<0.01). [ Conclusion ] This study revealed that organic amendments, reduced
fertilizer application, aggregate size, and their interactions significantly affected nematode communities. Therefore, the rational
combination of organic amendment types and reduced fertilizer application should be considered to better protect soil health and
guide agricultural production.

Key words: Soil aggregate; Biochar; Straw; Reduced chemical fertilizer application; Nematode community
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Table 1 The physical and chemical properties of test sample plots

+ HE2H Soil type pH SOC/ (gkg)

TN/ (gkg!) TP/ (gkg') TK/ (gkg!)

#13E Red soil 4.5 8.4

0.9 0.5 17.6

. SOC, HHEAPLEK; TN, &%; TP, &ff; TK, £#. FF. Note: SOC, soil organic carbon; TN, total nitrogen; TP,

total phosphorus; TK, total potassium. The same below.
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A= 5k i BRAR PR BT AN 3R 2 iR .

HH A 4R T 2015 48, A< a0 X0 A As i B2
212 Ipomoea batatas L. JFIIMZE( Brassica napus L. )
AE. FERMERTR T, AL REREN S AR 9
AR, SRR I U Y AER) 10 H 2B IR

F2 HXANRAELIER

Table 2 The physical and chemical properties of the tested organic

amendment
AL R
SocC/ TN/ TP/ TK/
Organic pH C/N
(gke!') (gkg!) (gkg') (gkgh)
amendments
FEAFY 6.9 4105 8.5 485 0.5 17.6
EYFRY 9.0 3834 6.0 652 2.7 16.7

DStraw; @ Biochar.

AERY 5 H AR R TR & S A AL R 2R 1Y
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HEA RARGL S — O RE 5 A AT R AR o 4 s )
30 min LAPY, DAGRIE + 3 RE G BOHTfeE . 78 S8 Rk
- A RARB I  BRE ST, KA 20 0 A G R AR
IS Ay R, — T B, —hAT
Jer i AL R

e R A S (e Ak b ) B
TSR E AL R, SRR RO R T AT,
KSR MR 5 4498 pH il ad el 437 2 ] pH
T wEHA LR (DOC) it B A PR A Ak

A EEATIE; #HER (NHS-N) FHER
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T cp ER 3~5 MEYE . M E
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1.4.3 HEabr O ARUFTE, HdE IS 5
BT E KT Excel 2019 ,SPSS 20.0 & R #K A4 it
AR 3.5.1) %, M Excel 2019 X AR EE Ut
TP S5 ikb#, B 76 SPSS 20.0 A Ry ] /R 52
K% - KT RS ( Kolmogorov-Smirnov ) 151
SCRE S (Levene ), 435l FH T4 00 A5 45 i) 128 70 A5 P
KOy 2570, IR IR0 . A LRSI . A
RARAR LA B AR RO 40w AR i (52 m, R
ZNE T EZWOTERTEIGRK . FeF, FARR
FI TR FIRAR TR B2, 455 DA3Y
i + tHERER, HXEHE (Duncan) LK 255
BEM (P<0.05).

2 45 R

2.0 RMELIRE A MR + EE RS R

2

TN 5575 , VRS FERI T AT 1 mm
PRSI 19 d5 L, W T/NTF 1 mm AR HOR A2
O E . SRS LR S AT L G RS R
P 38 o A2 3 K A0 20 K T MG A W R e (P
<0.05). TEARALIAMET . SARMA IR
BEAEL, MEPRSFF LN T 22.7% 00 A B -2
TS SRS L B FRSFFRN T 13.5%
BT R . EWEEIE T, SRR
FTHLIPRHAR L BRSO T 13.4% 59 1 B P T
WE R AR SRS, RS R T
15.9% % A 3 1A S 349 0k 1044 7 DU D SR PR 4%

L 1~0.25 mm B BIERIARRAR & TR oK . BRI
W B RS AT AR T, RGP 3 & AR
K (R3). ESERER, BHLYEXTANFE
LA HEAT R ARG &7 L AP 34 5 AR (MWD ) 3
HRFEFm (P<0.001) (% 3).

2.2 EMENIEE R YL R R E E R AR
RE RN
LT, SARBINA I EHH L,

USRS FE AL Py o 35 0 25485 T KT 2 mm H12R

B pH. MR ALIE T , S5 AEINA HL R Xt

HEAH G, WA FF A A9 o B E | TR T

2mm, 2~1mm A/NF 0.25 mm FIREK) pH, [F]

i, KT 0.25 mm kite b, S5FEEFFHLL, Witk

JIE e i A= 4 R A AL B R pH B3 (P <0.05) (1),

AL ITIE , WSIMPRA PR, fEeRfeit T

BERIMT KT 1 mm FAREAE VRS &, 7EE

fERE R BEHM T /NF 0.25 mm [FRE ALK
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Fb, WS INAR 9 T B A SR AR A B B R T
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Yk, Rl N BEWINT 2~1 mm B Ri&E

SRR, EEUEIE T BER I T KT 2 mm Al

1~0.25 mm DI &/NT 025 mm FAIRELASE (P

<0.05) (1), XF T 1~0.25 mm ki F B4, (VTE

WRALAE T, BINAE Y B BN T AT B (P

<0.05) (& 1), sk, 7EWEILIET, SREBMA

LY R X A LG, WA Rkt s T KT

2mm, 2~1mm. /pF 0.25 mm FARBEKY FTE & &

(P<0.05) (K1)

T4 Hr R, A HLYRE A [R] 2Rk - I

() - R A B 4 A T R P I Uit X

T3 pH. BRA (ESASMERZM) =R E

o, ERRAR N IR . AP . A

WA A B (% 4), BRI, fRIE it .

AN TR DL TR 1A SR AR AR /NI 158 pH

M A SR AR EEm (P <0.05), Hik

NEWiE S5 A LB Z AR ELEEM (P <
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Table 3 The effect of reduced chemical fertilizers with different organic amendments on aggregate size proportions
Qb PR +HEFIRIRI A Soil aggregate size proportions / ( g'kg™) Y EE A
Treatment >2 mm 2~1mm 1~0.25 mm <0.25 mm MWD/mm
NPK 186.7+41.7¢ 230.2+25.1ab 443.9+17.8a 139.2+18.3a 1.1+0.1b
NPKS 329.5+£36.8ab 248.5+19a 339.3+30.1b 82.7+10.5b 1.3+0.1a
NPKB 247.1£32.8¢ 222.8+10.7ab 409+30.2a 121.1£13.7a 1.1+0.1b
60%NPK 255.8+60.8bc 218.1£15.8b 405.4+46.1a 120.7+34.2a 1.1+0.1b
60%NPKS 339.1+£60.9a 243.3£11.8ab 335.2+40.3b 82.4£16.7b 1.3+0.1a
60%NPKB 226.4+59.3¢ 234.9£11.3ab 422.4+39.3a 116.3+24.1a 1.1+0.1b
R 0.9 0.1 0.5 0.8 0.8
11.9%** 3.9% 14.9%** 10.9%** 14.3%**
(6]
Rx O 1.1 1.1 1.1 0.4 0.1

¥ NPK, @mtifit; NPKS, @miiLECiEfs#; NPKB, 4/t Elid: ¥k ; 60%NPK, Wil ; 60%NPKS, ¥
REECAAFSFF 5 60%NPKB, Wit ECHAE Y ik . R: AL ; O: AHLWEL; RxO FRILILmitAAa oLk Z B8 HAEH . [H
FIARTING ARG AR B A 22 53 B35, P <0.05, *, **F1*** 35l /R P <0.05. P <0.01 F1 P <0.001, F[F. Note: NPK, full fertilization;
NPKS, full fertilization with straw; NPKB, full fertilization with biochar; 60% NPK, fertilizer reduction; 60% NPKS, fertilizer reduction

with straw; 60% NPKB, reduced fertilization with biochar. R: fertilizer reduction; O: organic amendments; R x O represents the interaction

between chemical fertilizer reduction and organic amendment. Different lowercase letters in the same column indicate significant differences
between treatments, P <0.05. *, ** and *** indicate P <0.05, P <0.01 and P <0.001. The same below.

WA 15N E, BEFEEHR 6 M E, MErEg® 13
NE, et 12408, Hip, BgEgh
) ESk M JE ( Eucephalobus ). £ B2k i Y
BT JIJE (Aphelenchus ), FHY) 25 H: 28 HU Y 2 28
JJ& ( Rotylenchulus ). i 7% & Hp )+ or )&
( Mesodorylaimus ) j=FEMLR)E (Kl 2), 76
L, RgEE iy Ll 84.3%.

Toie = ANE O, ALY R R A B
PEim T AR 1 S AR AR b B 2 U BSR (P<0.05)
(& 3) ML T2mibit, wia et ™ g 820
BOMECE B, T, f 2~1 mm
KT 2 mm WBIRMAES, BI04 B5 4 R
Hom TREFE, 0T 11.2%. 13.5%, 17E/DN
T 025 mm WEARET, BIMHRWBE, Mt
AT, BSIAE Y B 2R S BORD T 29.5% . A
ARAERE F, ZERT 1 mm B RAERIE T4
HAHEEEST/DT | mm HHERIERRLE R
SR MRS, TR, ARIERUGE . AL
Wkt F DA K P SR AR A% Y5 X6 4 8 2 BB B0 A

TREZW, H=&FZEMEENHEL =HE
L HAE AR B K (P<0.001) (R5).
HRERE L, £RKT 1 mm BHRAERE
TEMMER ., SHHEAR, MELR ., HRE
2 HUBCRRARE TN 1 mm ARk R (P <
0.05) (& 3), Hanjiirm b, vt ie Sk
SIS S o SN EOE 6 QO (S g o W0 9 RS R
AT 2mm.2~1 mm./MF 0.25 mm FIREA,
USRS 1% 26 OB & IR I AR ) e (P <0.05)
(F3), Wit T, SFREFAHEL, BmAy i
WREAR T KT 2 mm Fite . 1~0.25 mm K fE Fl/N
T 0.25 mm RARFIYE EFEL LG (P <0.05)
(A 3). WifE 2~1 mm BAREARES, @ty
JoT b BB FL IR OB = TS IS FHAR B (P <
0.05) (& 3), JCisfbhei &2 wmwd, T
USINFEFFALER, AmA P B A3 =0T, M
LB R =K. AN, #£ 1~0.25 mm
BRI AR AR, AUTEC R AL A S50 R, dn
A PP R I T A Bk R . e
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B3 AEIATHA R I CK - B8 F5FF Straw mm ZEYk Biochar

>2 mm 2-1 mm 1-0.25 mm <0.25 mm
a
525 ab 525 a 505 - 525 a I
b
c be b F b b .
5.00 .F c 5.00 °c 5.00 5.00 b
o C —
4.75 475 E 4.75 475}
4.50 450} 4.50 450}
NPK 60%NPK NPK 60%NPK NPK 60%NPK NPK 60%NPK
>2 mm 2-1 mm 1-0.25 mm <0.25 mm
L6} L6} 1.6} L6}
s a
Ty L4t 14f — a 14} 141 .
< a
2, b 12 * b D12 a, 12 be b=
< 1.2F A A g L ®
g b %.lll imi é-i- E|+ : P
[72]
£ 10t 10} 10} 10} L] =
=
08 — $ 0.8} 0.8} 0.8}
0.6} 0.6} , , 0.6} ) ) 0.6} , ,
NPK 60%NPK NPK 60%NPK NPK 60%NPK NPK 60%NPK
>2 mm 2-1 mm 1-0.25 mm <0.25 mm
0.18 0.18} 0.18} 0.18}
Tb.l)
;D 0.15 0.15} ab 2 0.15} 0.15}
z ! be
= be a
; be 0.12} 0.12} ab ab
w® 012 0.12 é! -* . b b b b . &ab b *-
& & T e H L
009) Loebs 0.09} 0.09} 0.09
NPK 60%NPK NPK 60%NPK NPK 60%NPK NPK 60%NPK
>2 mm 2-1 mm 1-0.25 mm <0.25 mm
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differences between treatments, P <0.05. The same below.

Fig. 1

K1

3, P<0.05. F[F. Note: Different lowercase letters in the same column indicate significant
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Soil physicochemical properties of different size aggregates under different organic amendments and fertilizer reduction
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Table 4 Analysis of ANOVA of the effect of organic amendment, reduced chemical fertilizers, and aggregate size on soil physicochemical properties

AL 3 Treatment pH socC TN DOC MN
R 33.6%** 3.1 3.4 0.2 5.6*
(6] 38.9%x* 15.2%** 9.5%** 12.0%** 10.2%**

A 9.3%** 70.0%** 10.9%** 0.7 3.1%*

RxO 11.0%** 4.1* 2.2 1.3 3.3%
RxA 2.6 11.7%** 3.9 1.2 0.2
OxA 0.9 2.7* 0.6 1.1 0.4
RxOxA 1.2 4. 3%%x 3.0% 0.4 0.4

F: DOC, WA HLER; MN, # %, A: BIRE, RxA FRMNCEUG AN RIEASCEER, OxA RKRAHLEHAIA R 4
Z IR EAER, RxOxA FnfLitit . AHILYR A REZ B =FEZEMHEH. FR. Note: DOC, dissolved organic carbon;
MN, mineral nitrogen. A: aggregate; R x A indicates the interaction between chemical fertilizer reduction and aggregates, OXA is the
interaction between extremely boring and aggregates, and RxOxA is the interaction between chemical fertilizer reduction, organic

amendment, and chemical fertilizers. The same below.

44k Bt Bacterivores T ELEZLH Fungivores
Alaimus Tylencholaimus
Rhabdolaimus Tylencholaimellus
Prismatolainus Filenchus
Pellioditis marina Ditylenchus
Bursilla Aphelenchoides
Anaplectus - >2mm 2-1 mm 1-0.25 mm < 0.25 mm
Acrobeles Fi 2R Herbivorous
Acrobeloides - Longidorella
Cephalobus Meloidogyne
Eucephalobus - Criconrmoides
2 Monhystrella Tylenchorhynchus
< o2e
; Rhabditis Rotylenchulus _
§o Mesorhabditis Helicotylenchus
L ..
.‘é Protorhabditis Pratylenchus
g >2mm 2-1mm 1-0.25 mm < 0.25 mm .
2 Psilenchus
Z Judrop ;
& iz fr 2k . Omnivores/Predators Malenchus
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e Boleodorus thylactus
ko
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Pungentus Neopsilenchus magnidens
Mononchus Tylenchus
Mierodorylaimus _ >2mm 2-1 mm 1-0.25 mm < 0.25 mm
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Eudorylaimus
; AHXT - Relative abundance
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Fig.2  The relative abundance of nematode genera under different soil aggregate sizes
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Fig.3 The effects of organic amendment and fertilizer reduction on the number of nematodes of different size aggregates
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Table 5 Analysis of ANOVA of the effects of organic amendments, fertilizer reduction, and aggregate size on the total and trophic group
nematode abundance

AR 2 B A TR AL HE e ekl
Variables Nematode abundance Bacterivores Fungivores Herbivores Omnivores-predators
R 409.0%** 100.4** 18.5%* 364.7%* 14.9%**
(6] 123.8%%* 143 .8%** 27 . 7x** 87.4%** 136.7%**
A 1230.6%** 257.0%%* 31.6%* 1081.8%* 185.8%**
RxO 25.3%** 1.2 2.9 27.4* 5.6%
RxA 15.6%** 26.8%** 11.0%* 19.6%* 26.4%%*
OxA 24.0%** 34.5%%* 14.0%* 22, 1%** 39.4%%*
RxOxA 3.5%% 7.2%%* 2.3 3.9%* 14.0%*

T, fE/NF 0.25 mm R AR, m A R
B> T ARG . LR S,
WAL 575, WS HLA R 2 1 45 R A
IR R A & 2 U B (P <0.05) (&1 3), 7F
2~1 mm RARH AR, BINAE Y R A 3R
AR AR BRI T U INAS FTAL 3 i A At = ANk
PR TR AR, A W 5T e b 380 0] 2 B R R B 5 1
LR, FEAPIRY, EE . A VLR
PR R E Il . MELh, fikaLk
B, HFH = FEZEMEENHE R L = HELH
VERYR R B EKFE (P <0.01) (F£5), X T
FLMR RN F , AR B g, (A4
A HLY RN A RAR Z [ AFE S BAE .

WK 4 iR, 7EKT 2 mm FARERRET, £
HOBEVE X R AT — 2 B 55 R BSR4 R v
6 2~1mm Ml 1~0.25 mm FARERZET, &4k
PO T —Z RAEE MR, 7£/NT 0.25 mm AR
R, A TR 5 =2 WA
PUGeRR b VAT, e b M e A= 4 ok e Ak 3
(60%NPKB) T, ZHMHEEZEILE R,

24 BEHEEEEIMN T IEEZHREES T

EBEAERMXER

BT BENLARMAB I G A 5 R R, R RRLAR
() g A R ey, 2 OB TR 2540 Y R B R A
25 (ES5). 7EKF 2 mm Ml 2~1 mm K2
PR AR, B 7K R BILAR S 5% i 2k IV 4544 1Y)
ST, Hb, KT 2 mmoBIAS Y P B AR LR
AR AR A IR G 2 A, 2~ 1 mm kifd

VA 3R A ke R 6 5 40 A 1 ) OC B TR 1 0 a0, 578 TR Tl
JEo 78 1~0.25 mm RARKHIERE T, oLk duiiEvs
SR EAG R FEEEA T L8 pH AR EA ALK .
/T 0.25 mm LA AR A, LA PLAR & A
iR SR L D) K B 2 HUAE v 0 A1 22 S ) S BRI R

3 3 ®

3.1 EE PR EC HEA ML # T £ 5 | R AR B 20

T RE O 515, R B ES I s
RAZRR B b LR B AR (MWD) (3R3),
WA ALY Rt A 2 1 L8 A SRR A TE 1T 1
s 1R E T, JUHOR AR T ORI AR TR 2T
AHUYPRHE S A YR B RIS B, RERS T
PO (Tii s 24587/ 5 w/% 7/ i Puta SO L ol & iie i ] ]
YERT, T 83 Tt A R AR A AR 1, Wik +
HERALS RS Rk, A HLYRHR IR B0 1 ek
g o 3ot b EAGE M I E B B . T AR Y
lb = st rh, FER A sl fie oE R4 RRE 5 If A
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X IR A B BORAA LE RS FF X R P SR AR TR A 8 it
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Fig. 4 Nematode community compartments with different size aggregates under different organic amendments and fertilizer reduction
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Fig. 5 Random forest modeling of nematode community structure and soil physical and chemical properties in different size aggregates
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