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A WUBBFE T G FHAA HLUIE )X HZ S R B E RO FINLEL, FESE BT I 1 S MR E TGN (CF, SiifbIE) . & #A HLIE(OF)
AAYAPALBOF)3 AMEH, FRITHNE HHEA U 3G M DL . FIRAAR e . U MR S5 B AR S 2R S5
RN, R A AN AR E T SRR, GRS KGR 15 AR SR FH B 3 BT HLER(TOC) AT A A MLk (DOC)
Fr R VR B SE ITTREAR s[RI, e as . AR & L A= B RAR M IR B Wi s a7~ 5 +3E TOC A1 DOC Y &K
FRBEEMERR, MAAVIGRIELSREV, OF M BOF 4bHY B EHINT DOC. BEIAVBEOC), kA HLIK(POC)SH
A PRI SR >2 mm KARRE B BN ZE 25.66% F137.68%, FEFHFEEHEBEHZMWD), JUTFH EA(GMD)%
R MAaHR W48 = . OF A BOF AbBRA) +HERZ b . ZE1EFF T AR BP0 +5 DB, TR JRA % )T B AN A IR Bk ) oA 5 380 v 1Y)
FREZ MG . A YO A BRBE R ZAC T I (GRSPY & i, LUK B-A40bETFrme . Wialms. UREE. sbkefmemsnsiiitts R
[F) AR 5 157 - OF /Al BOF A FRAGAR JES A 2l CF AR 26.67% M REMRE 18.67% Hl 15%; 3r4E 2 tb CF AbFR 43 HI3 0 16.64%
H1 25.73%, BE=E/"HATHIBEIN 12.55% F1 18.79%. £5 LTk, ARWFRRIITERMIEERG: L, AR T BUR 5 R R GREIER:
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Effect and Mechanism of Soil Organic Carbon Supplementation in Reduction of Garlic

Continuous Cropping Obstacles

WEI Tiangi'?, YANG Shunying', HONG Huayang®, ZHOU Hongmei*, MA Longchuan®, LIU Qin'®, SU Yanhua'”

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China; 3 College of Forestry, Nanjing Forestry University, Nanjing 210037, China; 4 Jining Academy of
Agricultural Sciences, Jining, Shandong 272100, China; 5 Science and Technology Bureau of Jinxiang County (Garlic Research
Institute), Jining, Shandong 272200, China; 6 University of Chinese Academy of Sciences, Nanjing, Nanjing 211135, China)

Abstract: In this study, through farmer surveys and analysis of soil samples collected from fields with varying continuous
cropping durations, the causes of garlic continuous cropping obstacles was investigated. Based on the findings, in order to
verify the remediation effects and mechanisms of enhancing soil organic carbon (via organic fertilizer application) on
reduction of garlic continuous cropping obstacles, a field experiment with three treatments: conventional fertilization (CF,
chemical fertilizer only), regular organic fertilizer (OF), and bio-organic fertilizer (BOF) was conducted under equivalent
nitrogen, phosphorus, and potassium nutrient inputs. The study explored the impact of organic carbon supplementation on soil
active organic carbon fractions, aggregate stability, microbial community structure, garlic Fusarium wilt incidence, and yield.
Farmer surveys and soil analysis revealed that in typical fields continuously cropped with garlic for over 15 years, the contents
of soil total organic carbon (TOC) and dissolved organic carbon (DOC) decreased with increasing cropping duration.

Concurrently, soil compaction, Fusarium wilt incidence, and yield reduction progressively intensified. Garlic yield showed a
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significant positive correlation with soil TOC and DOC levels. The organic fertilizer application experiment showed that both
OF and BOF significantly increased the content of labile organic carbon such as soil dissolved organic carbon (DOC), easily
oxidizable organic carbon (EOC), and particulate organic carbon (POC). The proportion of >2 mm soil aggregates increased to
25.66% and 37.68%, respectively, while the mean weight diameter (MWD) and geometric mean diameter (GMD) increased
significantly. OF and BOF increased the copy numbers of soil Actinobacteria, Bacillus, and Pseudomonas, while the
abundances of pathogens like Fusarium oxysporum and Fusarium equisetum were suppressed. The content of
globularin-related soil protein (GRSP), and the activities of B-glucosidase, dehydrogenase, urease, and alkaline phosphatase
were also increased under organic fertilizer treatments. The incidence of root rot was reduced to 18.67% and 15% under OF
and BOF, respectively. Compared with CF, the sprout yields under OF and BOF increased by 16.64% and 25.73%, and bulb
yields increased by 12.55% and 18.79%, respectively. In conclusion, this study proved that in long-term garlic continuous

cropping soils, the loss of soil organic carbon is the important factor for continuous cropping obstacles, applying organic

fertilizers can alleviate this obstacle for garlic sustainable production.

Key words: Garlic continuous cropping obstacle; Soil organic carbon; Soil-borne disease; Garlic yield
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HHUE UL KA LR XSS, Hodr,
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KRR I I R R B = i e - A K an i =ik
HI, TESRAR SR R I L, O iR B4R SR R4 e &
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K FH SPSS 20.0 #4715 H 2 5 22 53 M7 (one-way
ANOVA), X5 (Duncan)Z2 FAG KA A 50 A R ] 22 53
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Table 1 Fertilization and field performance of garlic fields under different continuous cropping years
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Fig. 1

Soil organic carbon content and its relationship with garlic yield under different continuous cropping years
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Fig. 3 Effects of organic fertilizers on soil total organic carbon and labile organic carbon under garlic continuous cropping
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Fig. 4 Effects of organic fertilizers on distribution of soil water-stable aggregates under garlic continuous cropping
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Table 2  Effects of organic fertilizers on stability of soil water-stable aggregates under garlic continuous cropping

Ab B MWD (mm) GMD (mm) Ro2s (%) DY D Al K
CF 0.82+0.01 ¢ 0.43+0.01b 5523+1.18b 251+0.01a 0.08 +0.002 a
OF 1.00+0.07 b 0.58+0.06a 66.00+2.93 a 2.44+0.01b 0.06 + 0.007 b

BOF 1.17+0.03 a 0.67+0.03 a2 72.20+0.32a 2.48+0.03 b 0.05 +0.002 b

T FFER/ NG AN F 2R A B R] 2 53 8.3 (P<0.05), T,
*3 AHUELEMNEERFLERESRAXTIEEANZM

Table 3  Effects of organic fertilizers on glomalin-related soil protein (GRSP) under garlic continuous cropping

b3 EE-GRSP(g/kg) DE-GRSP(g/kg) T-GRSP(g/kg) EE-GRSP/T-GRSP
CF 0.39+0.03 ¢ 0.52+0.04 b 0.91+0.03 b 0.43+0.03a
OF 0.52+0.02 b 0.68+0.07 a 120+ 0.06 a 0.44+0.03a
BOF 0.61+0.02a 0.70 £0.01 a 131+0.02a 0.47+0.01 a

CF b B4 8 33.33% Al 56.41%; MEFLIUBRPES
M 56 1 38 55 1 (DE-GRSP) Fil s Bk 9 5 2 A1 ¢ + 1
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A R AR (B 5C) ;1R RS TR 00 D s A A
Pythium heterothallicum F1 Pythium sylvaticum W&

ANZAT AL B (K 5C), iR gh R RIHATHL
JE RO A= WA BILAIE Ak B X5 AT 38 A0 - S84 25 S A 1 4R
i, (AT e TR A W R B
2.5 AHEAEXNKEEEXRRFLTIEEEEN I
5 CF MK, OF Fl BOF AP i 405 T Ks
-5 B A W RN ST - 2 A Y T
IR ES 98.23% F1 115.5%(/& 6A), Mt B 1)
S 37.3% £ 49.31%(& 6B). [FlA}, OF Fl BOF
A $HL Y - SR il R B R S ME 4 T CF,
t BOF AbFH A i 3% 22 5 (P<0.05), %8 CF 233l
20.66% #F1 32.42%(1% 6C. 6D).
2.6 BURLEMNKEEEXFRBEFHN~EMH
A
CF b P AR JEE 993 I3 2R 83 26.67%, ™ HH 5]
K=t 1 OF 1 BOF &b 3 A AR I & 95 253 )
BHIEZE 18.67% HI 15%(1&l 7A). 5 CF ML, OF M
BOF b B i 246 S mn 2077 5L, 7300135 7 16.64% Fil
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Fig. 5 Effects of organic fertilizers on abundances of soil specific microorganisms under garlic continuous cropping
10 20 S5r 50+
= (A) B) a © . )
fn i ~ a T a = a
%3 8k ja—_ Q 15k T i 4+ b gl:l_ i il 5_’9 40 - _E,tl_ _—r_
E L0 : )
o ] b ) 2 b
Ho6r E E) 3+ 5 30r
= b w 10f = =
2 4L &= ol Z 20}
i & = «
= ® Sh = #®
' 2r = E 1t H 10+
g = =
e 0 1 | 1 O 1 | 1 | | 1 0 1 | 1
CF  OF BOF CF OF BOF CF  OF BOF CF OF BOF
Ab 3 Ab 3 AbpR Ak
6 HHIAEAE X EME KR FR L IREGE SR
Fig. 6 Effects of organic fertilizers on enzyme activities under garlic continuous cropping
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Fig. 7 Effects of organic fertilizers on garlic root rot and yield under garlic continuous cropping
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