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Abstract: [Objective] The approach of reducing chemical fertilizer usage while increasing the application of
organic amendment is a common strategy for maintaining optimal crop yields and preserving soil ecological
functions. Biochar, as a carbon-rich, alkaline, and porous byproduct produced from biomass pyrolysis, has great
potential in soil biodiversity restoration and soil health improvement in acidic red soil areas. [Method] This study
conducted a 2x3 full factorial interactive design experiment in red soil cultivated with sweet potato-rapeseed in
subtropical arid areas. The experiment involved the application of organic amendment (control without organic
material application, straw, and biochar) and two fertilizer application rates (full dose of NPK fertilizer and reduced
dose of 60% NPK fertilizer), totaling six treatments. The aim was to investigate the impact of biochar application
on nematode communities in upland red soils and to understand the underlying mechanisms after five years of
application. [Result] The results indicated that under full chemical fertilizer application, the use of biochar
significantly increased the abundance of bacterivores and the ratio of microbivores to herbivores, reduced the root-
to-shoot ratio of sweet potatoes and soil soluble organic carbon, and increased soil mineral nitrogen. Under reduced
chemical fertilizer application, compared to the control and straw application, biochar significantly increased the
abundance of total nematode, bacterivorous, herbivorous, and omnivorous predators. Simultaneously, it increased
the sweet potato root biomass, root-to-shoot ratio, and soil pH but significantly decreased soil mineral nitrogen. By
analyzing the relationship between soil nematode communities and plant growth as well as soil properties, it was
evident that the application of biochar in combination with reduced chemical fertilizer led to a reduction in soil
nutrient availability, thus nutrient limitation prompted plants to allocate more photosynthetic products below ground,
resulting in increased crop root biomass and the abundance of herbivores. [ Conclusion] This study suggests that
under the background of reducing chemical fertilizer and increasing the application of organic amendment in China,
soil fertilization practices combining biochar application with reduced chemical fertilizer should take into
comprehensive consideration the potential adverse effects of nutrient deficiency on crop growth.

Key words: Upland red soil; Biochar; Chemical fertilizer reduction; Nutrient limitation; Nematode community
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HI TR DR U BE 5 B AR BRI N, AR R A A 2 B, TS B B P2k o D,
LG ik dOAE I 2 R 2 s s AEACAEITERS , i TRV BUR RIBR &L i, WA
PEMT IR 2 I SRR IR, el TR SRR O S BUR R BRI, (AR AR A KA
PR BOBCR RO, A5 ik A Ik £ R A B B AR

1 #PRES 5k

1.1 I HEER

REG AT TP E LCIEHT7 A (28°15'30"N, 116°2024"E D , JB WA Z KA %, 1)
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1.2 AR 5585t
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IR RS, pH 6.89, TRZELL 48.46, HHLEK 410.54 gkg!, 2% 847 gkg!, AW
0.49gkg™s (20 WK, JFERA/NEFREFE, 7£ 350~500 CCHRAGIITT, HHRT Fe 7 e =13
REVEA PR A W HEITHI 4%, pH9.01, BRELL 65.16, HHLEK 388.36 g'kg™!, 4% 5.96gkg!, 4
f 2.65 g'kg o
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21 % (Ipomoea batatas L.)-JM>% (Brassicanapus L.) $1E, LU MMM “HE 85”7, WM
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IRt 22 5, [ RIS HAR 3E1T 7 E 85 7341 (Principal component analysis, PCA) ,
PRIUT A WL RL i P AT AL ARt S8 B PR o . R AR VR RN 4 FROET 2 [ R R o

2 4 B

2.1 EYIFRFCADR XTI EE KM RN

LR R AV AR L A2 2 AP FUR LR — 38 22 BEAE R B35 (P<0.05; P<
000 GRD , fE2EMIET, SAMHAEVEX AR, PR R TR R4
YrE: 23.6% (& 1a) , BN 7 22408 23.1% (B 1b) , [FIR I 2 FAAR T e b 28.6% (&



+ 5 R
Acta Pedologica Sinica
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A 5.4%, AN SERIN 7RIS 133.3%; SR, nds s @25 mn 7R
RN E 28.9%, W0 A Y E AN GE L B BRI 23 0 17.8% 1 16.7%.
2.2 IR A AR X IR IR AL 1 RS20

AR P 22 5 IR T (P<0.05) AT RASE (P<0.01) (K1) . 7
MR, SAMEHAENAEIXT AL, FnAEYFUR S T AE A VLR S = 31.7%
(E2b) , BIMTH REASE 18.7% (K 2¢) 5 fEREIET, SxTRMLL, Mehnd9 5k
B 7 RSN S E 2.5% (B 2b) , PR TH A & 24.8% (B 20) ; S5F5FHAHEL,
TN R R E SR T 0.25 A pH B, RN T AIE AU B 24.4%, BERFEK
THRAS & 30%, (AR S K T FIRERE T 12.3% (B3 .

1 BHARFCIERTEY S K R A DRI R 5 E A

Table 1 ANOVA results of the effects of organic amendment and chemical fertilizers on plant growth and soil

physicochemical properties

s QU AHE e

Organic Chemical OxC

Source of variation
amendment (O) fertilizer (C)

TP A KA ZEMAE )5 Shoot biomass 0.55 0.43 0.19
Plant growth R A5 Root biomass 0.41 1.52 427"
property HR & L Root/shoot ratio 0.91 1.04 6.96™

F AL R WHRE pH 526" 0.97 1.65
Soil AVEPER HLRR DOC 1.17 0.44 4.52°
physicochemical BB & Mineral nitrogen 11.11™ 8.19™ 1.41
property S AFasE P MWD 0.59 0.55 5.73"

E: OXC NAENMRAMLICHI S EAE . . **Fs*FIR P<0.05. P<0.01 F1 P<0.001. F[&. Note: O*C
presents the double factors of organic amendment and chemical fertilizer. *, ** and *** indicate P < 0.05, P <0.01 and P <

0.001. The same below.
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NPK 60%NPK NPK 60%NPK NPK 60%NPK
it A Ak 3

Fertilization trecatment
T ARIKEG NG FREG 3R 4 A ISR e AR 5% R P AR b3 2 i) 22 5 % (P<0.05) , N
Note: Different capital and lowercase letters indicate significant differences among treatments in conventional chemical fertilizer
(NPK) and 60% chemical fertilizer (60%NPK) (P < 0.05), respectively. The same below.
K1 AR PR REY SR, E Y E ARG

Fig. 1 Root biomass, shoot biomass and root/shoot ratio under different treatments
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Fig. 2 Changes in soil physicochemical properties under different treatments
2.3 HYIBIRFL AL XS TR R BB R SRR
A R T P S5 e LR AR HUR L (P<0.05) FIEEZHEZ L (P<0.01) | HHETEL
AR (P<0.05) DLKCRGE AT L AL I LES] (P<0.05) (R2) . HEEZ
#ERUZHEF IR (NMDS) S5 R E0R, ToAUIEHEIE S 75, RO RS AR A= 70 55 (i -3 2k due
%ﬁ%%ﬁmﬁmEEME%%T%%E%E%Sﬁ@%@ZW%%Eﬁ%ﬁ&%ﬁﬂ%
(B3 o BT, SARANYEIRAEL, SNV R 825 80 1 40w 2k i
KU 142%, HOREIWIN 7 ek domia e V2 R Bes 1 LE B 112%; AEEALIE T, SXHIE
FHEL, WEINAP PR BE RN T 2 A 57.6% (B 4a) , HEFWI T AL 20
228% ([ 4b) , [N T & H L R EE 59% (Kl 4c) o LR HIRE RN TR e rEL
SR AR B 57.2%80 21.7% (K 4d. B 4e) , R EEHN T Ak dURIAE £ 2R B
HEKILLH] 66.7% (K 40 5 SFEEATHLL, MMM BUR B8N 1 2 a % 121%, #E
FRAAE 2k BB A B S, (R Er fale 2 ORI B 2 sOBSCE R L 491 522 25 BRI T 46%
BAh, TV LIRS 1, BN R AN A5 o 5 2 TN 1 4 T 2 HOR BT 2k E R A
FRE (K 5a. Bl 5b) , fEREAAIET, S0, MY R S T A& L duxy
FRE; EREANET, SR, WY UR B2 Ik fr L S R (B 50
AR 2 TRES (K5 .
R 2 BRI TR R BEE M RO 5 E A

Table 2 ANOVA results of the effects of organic amendment and chemical fertilizers on soil nematode community

A7 B KIE Source of variation

bR VA T
HHE e
Soil nematode community property oxC
Organic amendment Chemical fertilizer

2% U #0 Nematode abundance 5.05 10.2” 411"
1T 4 2k U Bacterivores abundance 6.15" 0.43 0.36
13 H 26 U&= Fungivores abundance 1.11 0.87 0.29
B M 48 18 Herbivores abundance 5117 10.32" 4.52"
Hifi 7% B 28 11 £ Omnivores-predators abundance 1.73 5.11° 0.25

R B/ A M s W 5.78" 0.86 1.91
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Fig. 3 Non-metric multidimensional scaling (NMDS) revealing the dissimilarity of soil nematode community composition under

different treatments
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Fig. 4 Changes in the abundance of total nematode and trophic group, and the Wasleska index under different treatments
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Fig. 5 Relative abundance of soil nematode trophic group under different treatments
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Fig. 6 Principal component analysis (PCA) of plant growth properties, soil physicochemical properties and soil nematodes

community properties under different treatments
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