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Changes of phenolic acids in the soil of replanted apple orchards surrounding

Bohai Gulf
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1 College of Horticultural Science and Engineering , Shandong Agricultural University, Taian 271018, China
2 College of Chemistry and Material Science, Shandong Agricultural University, Taian 271018, China

Abstract: Apple replant disease (ARD) is widely found in the most, if not all, apple production region through the world.
It is a complex soil-borne disease syndrome that affects tree growth, suppresses the yield and quality of apple fruits when
orchards are replanted. The causes of replant problem of apple trees are considered as a combination of abiotic and biotic
factors, including phenolic acids, fungi, bacteria, actinomycetes and nematodes etc. At present, there is a bulk of research
conclusions on replant disease and some of them suggest that phenolic acids are closely link to replant disease. Meanwhile,
however, few references are referred to the changes in phenolic acids in the soils of apple replant orchard. In view of it, the
composition and content of phenolic acids in the soils of apple orchards were tested in several regions around Bohai Bay,
including Changyi, Qixia, Penglai of Shandong province and Dalian, Funing, Suiyuan of Liaoning province as well as
Changli and Qingxian of Hebei province. The results showed that the composition and content of phenolic acids in apple
orchards infested with replant diseases varied with regions and soil thickness. The contents of phenolic acids gradually
decreased from spring to fall in apple orchard soils. However, the contents of phenolic acids in non-replant soils were much
lower than those of replant soils. In replant soils the composition and content of phenolic acids remarkably differed in
diverse seasons, especially in spring, while the types of phenolic acids were markedly different from the summer and fall.

The possible reason on the difference was that the composition and content of phenolic acids secreted by plants in different

ESTE . IR AR B R LRZ I (NYCYTX08-03-05) ; R #AT L FRHE I B (nyhyzx07-024) 5 12548 48 T i 4 A4
TR

W5 B #3:2010-06-10; &iT H#8:2010-10-28

# W IHAER Corresponding author. E-mail : shuhua@ sdau. edu. cn; mzhiquan@ sdau. edu. cn

http://www. ecologica. cn



14 PNEEIE A PRI M D A R B SR P R 2 s AR 91

seasons varied. Besides, the distribution of phenolic acids in different soil layers varied with seasons. In summer the
phenolic acids mainly distributed in shallow soil. In contrast, it mostly relocalized to the deep layer of soil in autumn. The
possible reason on this change was that artificial irrigation and natural precipitation resulted in an eluviation of the phenolic
acids in soils, which dispersed large numbers of phenolic acids to move to the deep layer of soil. As a result, phenolic acids
content increased with the soil depth in replant orchard soil in autumn. There were no significant differences in contents of
p-hydroxybenzoic acid, catechin, caffeic acid and ferulic acid between the replant and non-replant soils from different
regions. Furthermore, contents of pyrogallic acid, chlorogenic acid and phlorizin were much higher in replant soils than
those in non-replant soils. Taken together, pyrogallic acid, chlorogenic acid and phlorizin were summarized to be the key

phenolic acids that brought about apple replant disease in Shandong, Liaoning and Hebei.

Key Words: Bohai sea bay basin; apple orchard; replant; soil; phenolic acid
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Table 1 Composition and contents of phenolic acids in replant orchard soils of different regions in spring

Hi X Region 1IZR Shandong
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
FEPEBEE TR Pyrogallic acid 4.95% 1.11 2.25" 0.63 0.00 " 0.27
LR Chlorogenic acid 0.26" 0.12 0.18* 0.06 0.00 0.02
X} F2 I R P-hydroxybenzoic acid 0.04 0.04 0.10 0.09 0.93 0.95
( +)-JLZEZE ( +)-catechin 0.09 0.08 0.04 0.03 0.00 0.00
WiHERZ Caffeic acid 0.16 0.13 0.06 0.06 0.00 0.00
FAIZRER Ferulic acid 0.06 0.04 0.53 0.56 0.16 0.15
M2 2 FF Phlorizin 0.29* 0.06 0.30" 0.10 0.39" 0.12
Hi X Region 1T Liaoning
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SuR (= AR E|SuR (= A E[SuR(H
Replant Non-replant Replant Non-replant Replant Non-replant
B FHR Pyrogallic acid 0.00 0.00 2.35" 0.79 0.35" 0.01
£EJER Chlorogenic acid 0.14* 0.02 0.09* 0.00 0.01 0.00
X 2 FFE B R P-hydroxybenzoic acid 0.04 0.03 0.11 0.13 0.02 0.00
( +)-JLZEZE ( +)-catechin 0.03 0.03 0.17 0.16 1.24 1.21
MIERR Caffeic acid 0.20 0.17 0.14 0.12 0.03 0.00
FA[ZRAR Ferulic acid 0.19 0.17 0.19 0.16 0.13 0.11
M2 FF Phlorizin 0.04~ 0.00 0.13* 0.01 0.06 " 0.01
HiIX Region 7t Heibei
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
FEE B TR Pyrogallic acid 2.74" 0.91 1.31" 0.27 0.74" 0.05
£EJFER Chlorogenic acid 0.08 0.05 0.07 0.05 0.16" 0.06
RIS R P-hydroxybenzoic acid 0.08 0.06 0.08 0.03 0.08 0.01
( +)-JLZEZE ( +)-catechin 0.27 0.20 0.03 0.00 0.07 0.00
WERR Caffeic acid 0.12 0.11 0.17 0.12 0.10 0.09
FAIZRAR Ferulic acid 0.75 0.76 0.04 0.06 0.07 0.05
M2 FF Phlorizin 0.04" 0.00 0.10" 0.00 0.10" 0.00

s R ) —H X R R B R S AR el RIS 4 bl (B0 7 5.9 /K F 128 5 B3
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Table 2 Composition and contents of phenolic acids in replant orchard soils of different regions in summer

Hi X Region 1IZR Shandong
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
SR FIR Pyrogallic acid 4.08" 0.97 1.08* 0.27 0.60 " 0.09
LR Chlorogenic acid 0.74" 0.29 0.25" 0.08 0.07 " 0.02
X FEFEIE R P-hydroxybenzoic acid 0.45 0.47 0.17 0.14 0.03 0.00
( +)-JLZEZE ( + ) -catechin 1.79 1.72 0.44 0.45 0.04 0.00
WERR Caffeic acid 0.84 0.77 0.08 0.09 0.00 0.00
FAIZRAR Ferulic acid 1.52 1.60 0.21 0.23 0.03 0.01
M2 2 FF Phlorizin 1.03" 0.11 0.08" 0.02 0.13* 0.01
Hi X Region iI 7 Liaoning
0—20 20—40 40—60
+JZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
SR FIR Pyrogallic acid 3.00" 0.42 1.88" 0.15 0.68" 0.11
£JHR Chlorogenic acid 0.34" 0.19 0.59 " 0.21 0.15" 0.09
X F2 I R P-hydroxybenzoic acid 0.23 0.25 0.34 0.31 0.12 0.13
( +)-JLZEZE ( +)-catechin 0.65 0.57 0.98 0.95 0.24 0.27
WERR Caffeic acid 0.16 0.17 0.23 0.22 0.05 0.04
FAIZRAR Ferulic acid 0.45 0.43 0.69 0.61 0.00 0.00
M2 2 FF Phlorizin 0.57" 0.00 0.90" 0.02 0.16" 0.00
HiIX Region 1t Hebei
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
FEMEBE FHR Pyrogallic acid 1.58* 0.98 0.71* 0.52 0.69* 0.38
LR Chlorogenic acid 0.43" 0.17 0.23* 0.11 0.21" 0.05
X F2 I R P-hydroxybenzoic acid 0.32 0.29 0.18 0.19 0.23 0.22
( +)-JLZEZE ( +)-catechin 0.81 0.77 0.53 0.50 0.43 0.45
WiHERZ Caffeic acid 0.22 0.25 0.14 0.15 0.10 0.09
FAIZRER Ferulic acid 0.72 0.66 0.37 0.32 0.28 0.24
M2 FF Phlorizin 0.71" 0.02 0.48" 0.01 0.87" 0.01

s R ] — M DX R R T B AR e AR el AR A Bl I TE 59 KSF B 22 5% 3%

2.3 FKFEAN IR M XA SR el 3 v I R ) T ) A R 55 6 L
SHEFMEZA L, AR bl 5 b iy R o i A R 5 B e B 25 (3R 3) o Rk sfrh MR

http : //www. ecologica. cn



94 LA E = 4 31 %

BT IR & b+ 2 I Im s in, 7€ 40—60 cm 2 IR T P HEEEE TR S E TR EZET, A
B T b D, AR DX o B R R IMERR | 7 St e 12 IR g i o, 5 52 s AL T
TACH DX (E AT X P OR [RGB 4 )2 (R SRR & 1 25 AN 3, HL 20—40 om )2 FRmEERR | BT 2R |
R B KT 0—20 em F140—60 em +J2, WL T HIX 20—40 em +EHR L H & & B E 5T 0—20 cm
A1 40—60 cm 12,

AR KRR AR I 4 By R S B A O S S AR FE 2R, B e AR AR AR R TR (A
DR AR R S5 1 IR 2 o e S B AR AR e, PRIk, A 3% 1R el v s R 2 o i AR AR MR /N T AR Tl

®3 USETEMREERELEPIBBRYRHNARNESE

Table 3 Composition and contents of phenolic acids in replant orchard soils of different regions in autumn

Hi X Region 11 7R Shandong
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
SR FIR Pyrogallic acid 0.11" 0.06 1.63" 0.52 2.70" 0.69
LR Chlorogenic acid 0.24*% 0.13 0.63* 0.37 0.61% 0.38
X 2 FHE B R P-hydroxybenzoic acid 0.17 0.15 0.32 0.31 0.36 0.37
( +)-JLZEZE ( + ) -catechin 0.58 0.54 1.10 1.11 1.34 1.29
MWIMERR Caffeic acid 0.13 0.13 0.25 0.26 0.47 0.45
FZRMR Ferulic acid 0.38 0.37 0.61 0.64 1.14 1.09
HREZH Phlorizin 0.59* 0.04 0.98* 0.05 0.94" 0.04
Hi X Region 1L 7 Liaoning
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SUR (= AR E|SUR (= AR E[SU (=
Replant Non-replant Replant Non-replant Replant Non-replant
FEPEIR & FR Pyrogallic acid 0.76 " 0.21 1.26* 0.40 2.07" 0.89
£ JFER Chlorogenic acid 0.17*% 0.09 0.37*% 0.12 0.61* 0.23
X} ¥ FIE R P-hydroxybenzoic acid 0.19 0.17 0.32 0.31 0.36 0.31
( +)-JLZEZE ( + ) -catechin 0.48 0.51 0.72 0.70 1.34 1.33
MIERR Caffeic acid 0.11 0.12 0.16 0.14 0.47 0.44
FZRMR Ferulic acid 0.35 0.35 0.43 0.47 1.14 1.12
Mz FF Phlorizin 0.76 " 0.01 1.26* 0.03 0.94* 0.00
Hi X Region 7t Hebei
0—20 20—40 40—60
FJZ Soil layer/cm AR E|SuR (= AR E|SuR (= A E[SuR(H
Replant Non-replant Replant Non-replant Replant Non-replant
FEMEBEE FHR Pyrogallic acid 0.23* 0.11 1.33" 0.38 1.62" 0.47
£EJER Chlorogenic acid 0.40 " 0.17 0.37" 0.14 0.44 " 0.16
X} ¥ FIE R P-hydroxybenzoic acid 0.31 0.29 0.36 0.35 0.26 0.24
( +)-JLZEZE ( + ) -catechin 0.92 0.93 0.58 0.54 0.90 0.85
WIERR Caffeic acid 0.15 0.14 0.11 0.13 0.21 0.18
FIZRER Ferulic acid 0.52 0.51 0.28 0.32 0.51 0.49
M2 FF Phlorizin 1.73* 0.07 0.27" 0.03 0.68" 0.04

2.5 BFAFREEN T BRI

AN RIS SR A B R S L SOR 5 e 22 2 (P 1) o 2 AR AR AR A R S A R R R R
TR MRECHAEW 5T, T 8 AFAJEVER A 13 b i R PR B £ IR AR B A 75 B 3 AR, 20l O 2 AR AR AR
W LR 44% F160% o - HLAE 8a HEAER TR XPRBILPRA ( + ) - LR A& AR
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Fig. 2 Comparison in contents of phenolic acids between 2-year
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Fig.1 Comparison in contents of phenolic acids between 2-year
and 8-year replant orchard soils of different regions in summer
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