B
Acta Pedologica Sinica

DOI:10.11766/trxb202303140101

BAERH, BORSE, MM, ARz, Djifk, SRR, sRE] SRR GE LR RN NIFAME T RE YIS HIED]. &
WAk, 2024,

HONG Huayang, WEI Tiangi, ZHOU Hongmei, REN Yanyun, MA Longchuan, SU Yanhua, ZHANG Huanchao. Organic Matter
Compensation Scheme and Preliminary Mechanism for Remediation of Soil Productivity Decline in Continuous Cropping Garlic[J]. Acta
Pedologica Sinica, 2024,

(g EEFRFIRE T NRENBIFAMETREVILH
L
IR, BERT Y, RS (HER Y, DR, HE”, ine

(L R R bR AR, BE AT 2100375 2. FPERLABE Rl LB ST, REAT 210008; 3. P EBLABE:, JEAT 100049 4. IZRE T HIAK
MR FERE,  ILARGE T 2721005 5.0 ARE & 2 BRER ORI, IZR5F T 272200)

T8 B AR G 2 B ORI KRR A 3 LSR5 SR s B A T ek (e LB ], DA
(e LB ) A LR AL IEAE A HUTAME 77 22, B 90 T A HUIE B AR IE X K B F L SRR A 12 R . i3 ik
BT KT 25 REfF I s ARER ME B, DR FIE KGRI AR A AE(E PO IR, B W AR (CP). BAR
(ND AFEESATAHUIEEACLAL 25% (M25). 50% (M50) Al 100% (M100) PUANAREE, 45K, ERKMIKHE
HEAE L, GHLEARAC N RFRA - B R B B NGB E AR, IR RIE 200%, [FIE ek T b
BEFDMPERDRERM KT 2 mm FRA G b 250G HLEACE (M25) BARMAENAETF M et
AT A T SR AREAE b, A HUE AR E E R BOR . 8 b ARFE A T R A HUIRATE e
MU BB 2 5 e 1 240 DR 49 i i e A, - 38 P SR AR K T AT 4R T 4 A 7 1 L 1 O 97 40 I [ R
71,30 KR A P IR A B S R BUR . % TR G AR A A 2 o 1 A R e ) A 4
et AT R, B B A AR

KR AHUTAME: AHLER Kairea: LRy, gy

FESHES: S158.2; S56 XEkARERS: A

Organic Matter Compensation Scheme and Preliminary Mechanism for Remediation of
Soil Productivity Decline in Continuous Cropping Garlic

HONG Huayang®, WEI Tiangi®®, ZHOU Hongmei*, REN Yanyun®, MA Longchuan®, SU Yanhua’, ZHANG
Huanchao'

(1. College of Forestry, Nanjing Forestry University, Nanjing 210037, China; 2. Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 3. University of the Chinese Academy of Sciences, Beijing 100049, China; 4. Shandong Jining Academy of
Agricultural Sciences, Jining, Shandong 272100, China; 5. Science and Technology Bureau of Jinxiang County, Shandong Province (Garlic

Research Institute), Jining, Shandong 272200, China)

*2022 FFJEVL IR Ik iRk RN RS QU8 0 H - ((BE2022805) v [ Rk 27 e i s L3RR FE T “ DU L7 GUHTITH (1ISSASIP2201) LA
¥t Bl Supported by 2022 Carbon Peak Carbon Neutral Technology Innovation Project of Jiangsu Province, China (No. BE2022805) and the
14th Five-year Plan Innovation Program of the Institute of Soil Science, Chinese Academy of Sciences (No. ISSASIP2201)

+ W HAE# Corresponding author, E-mail: hczhang@njfu.edu.cn

fEF Wi PAEBH(1994—), L, LN, BiEmRd, FENFEHIEESHFHAP. E-mail: nanlinhong@163.com

ek HIH: 2023-03-14; Wk BEME Sk HiH: 2023-06-12; W45 & HI (www.cnki.net) :

http://pedologica.issas.ac.cn


mailto:nanlinhong@163.com

B
Acta Pedologica Sinica

Abstract: [Objective] This study aimed to use different proportions of organic fertilizer instead of chemical fertilizer as
organic matter compensation schemes to study their effects on garlic yield attenuation in long-term continuous cropping
garlic fields in the main garlic-producing area of Jinxiang County, Shandong Province. [Method] The representative fields
with more than 25 years of continuous cropping history were selected in this experiment. The wheat field without garlic
planting was used as the non-continuous cropping field control. Four treatments were set up : conventional chemical fertilizer
fertilization ( CF ) and organic fertilizer to replace chemical fertilizer with 25% ( M25 ), 50% ( M50 ) and 100% ( M100 )
based on nitrogen (N ). [Result] The results showed that in the long-term garlic continuous cropping soil, organic fertilizer
instead of chemical fertilizer treatment had a significant effect on the increase (20%) of garlic yield in the current season.
Also, the content of N in continuous cropping soil and the proportion of soil > 2 mm aggregates were increased, and the N
nutrient supply status and soil aggregate structure in the soil were improved. Among the treatments, 25% organic fertilizer
instead of chemical fertilizer treatment ( N ) had the best yield and economic benefit of garlic, and also had a better repair
effect on the decline of soil productivity of continuously cropping garlic. However, in non-continuous cropping soil without
organic matter deficit, organic substitution treatment did not have a direct effect on increasing production. [ Conclusion]
This study clarified that the application of organic fertilizer (partial organic fertilizer instead of chemical fertilizer treatment)
based on chemical fertilizer application can only promote the formation of large-grained soil aggregates and enhance the
holding capacity of soil available nutrients during the whole growth period in the continuous cropping garlic soil with
obvious deficiency of soil organic matter. It also has a significant restoration effect on the degradation of continuously
cropping garlic soil productivity. This study provides a useful reference for alleviating similar soil degradation problems and
maintaining the sustainability of soil productivity in continuous cropping systems.
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1 NI HIEEARMR (0720 om)
Table 1 Basic soil properties of the test field (0-20 cm)

S - ok A s A

car%on / Total N/ Total P/ Total K/ Avail. N/ Avail. P/ Avail. K/

(g-kg™) (g-kg™) (9-kg™) (9-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
AR 4 6.95:0.32%* 0.71:#0.04 1.0620.05% 15124093 23.26+2.44%*  37.8621.97**  300.5£9.4**

U 11.51+0.10  0.92+0.23  0.92+0.03 16.54+1.22  38.72+3.98 14.38+2.90 165.0£7.5

VE: HIEEETREEAL, « RORTE P < 0.05 BEXEZEREE: = FRE P <001 BFEX[HZEREE. Note: compared with non-
continuous garlic cropping soil, * showed significant difference in P< 0.05 confidence interval, and * * indicated significant difference in P<

0.01 confidence interval. O Continuous garlic cropping soil, @ Non-continuous garlic cropping soil.
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i CF, HELAL; M25, FAHUEERAIE N 25%; M50, EHUEEAIL N 50%; M100, FHULZAM N 100%. AFEFHFER
AH [ FE AN ) i AR A 3R] 4E P< 0.05 B XA %7 3% . TIH. Note: CF, a single application of chemical fertilizer; M25, organic fertilizer
substitution rated at 25% N; M50, organic fertilizer substitution rate at 50% N; M100, organic fertilizer substitution rate at 100% N. Different

letters indicate significant difference between different fertilization treatments in the same field at P<0.05. The same below.
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Fig. 1 Effect of organic substitution on garlic bulb (a) and sprout (b) yields between continuous and non-continuous garlic cropping fields
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Fig. 2 Effects of organic substitution on soil total organic carbon (a), easily oxidized organic carbon (b) and particulate organic carbon (c) in
continuous and non-continuous garlic cropping fields (harvest stage)
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MAEARENE Kar LI, Bt fb EALEE CF EWSCHR 3 2l . B & & 4012 16.03 Al
184.8 mg-kg", thEEE 1 HEYIIGE I ARG, BoRE R ARG R T, PR K AR E AT AR
M. X— PK BT MKIHES A2 SE LIS PK BRA AN EZEER. 5 CF Mk, M50 fi
M100 AbER g — A W 5 T+ LA Rk 17K, MRFE ik 50% (18] 3b). M25. M50 F1 M100 4b ¥ T 1%
T ACE S B CF 20 714 8.8%. 12.8%F1 15.2% (/&4 3¢).
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Kl I E K
us garlic cropping field == Non-continuous garlic
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K3 AHEARHEFEMAREE G H HIRE R () « AR (b) FEEEH (¢ RIFET
Fig. 3 Effects of organic substitution on available nitrogen (a), available phosphorus (b) and available potassium (c) in continuous and non-
continuous garlic cropping fields
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THOKAR LR R AR ARG o AT T L, AR AR R 3, KT 2 mm KBZREPT S Eef] CHM
CFALHR) N 19.7%, ik T IFZEAE 234/ 60.1%, XA KIIEAF K55 T IR EE AL 2 R ik T B4
fiEHE (P 4a IR 4b, CFALFE). TM7E M25. M50 Fl M100 /b3, JESE-LHEH KT 2 mm KHZEAE
(i EE 2 52T 28 29.5%. 36.1%F1 35.1%, i CF ALFRMINE /74 49.7%. 82.9%A1 77.6% (&l 4a). 7]
WA HEARIENE R LIRS A W RSB . R LT, T RT 2 mm KEIRE LK
2&&@6%& 60%, {X7E M50 Fl M100 FiE—LA prighn (&l 4b). EAE KR, 2~0.25 mm ik

SR & LU BTG E, CF IR AN BRI T 44.4%~46.9% (18] 4a). ki A AR TEE
if’ﬁﬂ%tﬁﬁ’].ﬁtb fE CF. M25. M50 F1 M100 4b¥E R 73508 31.8%. 29.3%. 22.1%F1 23.9% ([
4b). 0.25~0.053 mm A1/NTF 0.053 mm R (5 A AR AR AR Kr LI A AR gLl = 2 A
£ CF ALTE N ik 35%, AMHLEACALEL ADRE X L R A L > 55 17%~26% (18] 4a). FEARZEAE T
Herb, 0.25 mm LURRLZ AT B A P o UL, A 8% (T&T 4b)s

gi b, AVLB A VR KGR IE R T 2 mm K EESRAR & L B ARA 3R FHBUR, UL
(34 H45 LL ke

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica
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TEAE KA H . "
i i ing fi ARIEAF K H
a) Continuous garlic cropping field b) Non-continuous garlic cropping field

L 100 a 9] T T 100 a a b ab

©
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28 75+
2D 75+
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B 5 501 -
% 50
H S
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TE B 251

a
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0 0
CF M25 M50 M100 CF M25 M50 M100
A7 Treatment 4bFE Treatment

e ARFFERERS M A B R AR A F AL AL LR 7E P< 0.05 BISX 25 &% . FIA. Note: Different letters indicate that the difference
between different fertilization treatments of the same aggregate size is significant in the P < 0.05 confidence interval. The same below.
Bl 4 BIERIMEE (@) FHEEME (b) KR KRt B R A5 AT 5
Fig. 4 Effects of organic substitution on the distribution of soil water-stable aggregates in continuous garlic cropping (a) and non-continuous
garlic cropping (b) fields

H3& 2 HATBVEH, 5 CF ARFAHLE, AHLE AL FXENE w3 H R RAR AR E M fRbn A B
RHERIW . P ERES (MWD). KAETERIRAE Roos A1 L4 EAR(GMD) B A HLE A L]
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Table 2 Particle size stability of continuous and non-continuous cropping soil aggregates under different organic substitutions

EAE SR CF 0.943£0.036¢ 65.122+1.336c 0.5310.026¢ 2.508£0.012a 0.066£0.003a
gaﬁ?gtc'?g&’;g M25 1.117+0.021b 73.883+1.473b 0.697+0.032b 2.433+0.030b 0.051+0.002b
field M50 1.266+0.029a 82.878+2.130a 0.905:+0.043a 2.309:+0.035¢ 0.039:0.002¢

M100 1.236+0.020a 80.887+2.416a 0.850+0.034a 2.359+0.043¢ 0.042+0.002¢

s 1 e CF 1.567+0.034b 91.878+1.678b 1.293+0.072b 2.149+0.082a 0.029+0.001a
Non-continuous M25 1.595+0.064b 92.143+0.368b 1.328+0.067b 2.1330.007a 0.028+0.001a
gar'icﬁcer&ppi”g M50 1724:0050a  95.634:0.784a  1549:007%  1.910:0.098b  0.025+0.001b
M100 1.664+0.06%9ab  93.341+2.413ab 1.424+0.110ab 2.093+0.034a  0.026:+0.002ab

H: F— AR ENG PR E — BN FE R EE IR E P < 0.05 E{H[X A% 5% 5.3 . Note: Different lowercase letters in the same
column represent significant difference between different fertilization treatments in the same field at P<0.05. ®WMean weight diameter, @>
0.25 mm water-stable aggregates, (3Geometric mean diameter, @Fractal dimension, ®Erodibility K value.

HIEl 5 "%, ARAHUEERLIEEG T, iﬁ’ﬁ%ﬂ#éﬁfkmlﬂﬂi RIRBR AR & B2
—8, WAETEEREAIC. 5 CF AHLE, M50 Ab3E T 3545 14‘%&”&%1%%%‘%%%%&&%%&0 JSEIN
&, AR KR B 3 2% L 40 1 S A L & = Bk $1’Fi Erh AR K 30%~40%, XS —A
FRE IR A R R L 3 A AL ) ek Bk

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

— MO == M25 = M50 == M100
a)
a o EMEREGRE
2 Continuous garlic cropping field
2
=
&
] ‘g‘
41 o
5 b p @ 4 a
= Q
T 8 %24 -
i %% %% :
'L 249 249 2
P 249 249 b
K 249 249 b
=g %% %% :
= 5 224 224 v
@ 249 249 b
g % %% :
> 224 224 v
o 249 249 ¥
<) 249 249 v
g % % :
%% =15
2~0.25 mm 0.25~0.053 mm <0.053 mm
CAREfEREE
b) a Non-continuous garlic cropping field
=
(=2}
= ab a
= b
2 b ab
W £ 101 B3
41 8 %%9 27 _T_ P77
K < %% B 224
S %% B 224
RS] %% B 224
= 2 224 299
5] 949 44 249
© S 929 %44 924
¥ O %5% b 244
¥ L 929 ’ 924
= 949 %44 944
K < 2 244 224
= 8 5 %24 i %% %% :
= = 949 2 %44 944 :
o 944 e 244 294 -
® 224 o 244 244 u
= %49 o %94 224 :
S %%9 E %24 %%3 :
3 %%7 b %7 %% i
= %% i %55 %% :
> b v b b2 i
< A=l %% % :
0 444 o 244 224 o
>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm

BB 4R %1 2% Aggregate particle size

K5 PR TERE () MEARBEME (b) Ko H -3 P RS R Z0F HU & 221
Fig. 5 Changes of organic carbon content in soil aggregates of different grain sizes in continuous (a) and non-continuous garlic cropping (b)
fields under organic substitution
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Fig. 6 Effects of organic substitution on total glomalin related soil protein (a) and easy extractable glomalin related soil protein (b) in

continuous and non-continuous garlic cropping fields
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