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AbFE SOD  POD Ml CAT 3 Pk, ok 8 0.5 ¢/kg, 1M 2.5 ¢/kg S RACHE B 00 T 2h AR R AP G . 1.0 g/kg SRR
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Abstract: The effects of different concentrations of chitin on the activity of enzymes and fungal communities existing in
replant soils were explored, for enrichment of soils to alleviate apple replant disease ( ARD). In this study, Malus
hupehensis Rehd. seedlings potted in replant soil were treated with four concentrations of chitin (0, 0.5, 1.0, and 2.5 g/
kg). The growth of seedlings was monitored though plant height, fresh and dry weight, antioxidant enzyme activities, such
as superoxide dismutase ( SOD ), peroxidase ( POD ), and catalase ( CAT ), and lipid peroxidation in roots.
Simultaneously, soil enzyme activities, soil microbial load, and fungal community structure, which was measured by
terminal -restriction fragment length polymorphism ( T-RFLP) profiles, were determined in soil samples subjected to the four
chitin treatments. Compared with the control, seedlings treated with 1.0 g/kg chitin showed 36.8% , and 82.1% and 100.
8% increase in plant height, and fresh and dry weight, respectively. The optimal dose of chitin could increase antioxidant
enzyme activity in the root system of the seedlings, whereas high doses inhibited enzyme activity. The effectiveness of chitin
treatment for inhibiting the activity of SOD, POD, and CAT in the root system of M. hupehensis seedlings decreased in the
following order: 1.0 g/kg > 0.5 g/kg > 0 g/kg > 2.5 g/kg. Chitin treatment at 1.0 g/kg enhanced the bacterial —fungal
ratio, and resulted in a “bacteria —rich soil”; consequently, sucrase, urease, protease, phosphatase, catalase, and
polyphenol oxidase activities increased by 8.6% , 40.5%, 81.1%, 15.3%, 18.7% , and 49.8% , respectively. Remarkable
differences in T-RFLP profiles were observed among control, 0.5 g/kg, 1.0 g/kg, and 2.5 g/kg treatments. A significant
difference in fungal community structure was observed with the application of different doses of chitin. The Shannon
diversity, evenness, and richness indexes were the highest in replanted soil treated with 1.0 g/kg chitin and the least in soil
treated with 2.5 g/kg chitin. Principal component analysis indicated that fungal community structure of soil treated with 1.0
g/kg chitin was considerably different from that of the control soil and soil treated with 2.5 g/kg chitin. The present study
showed that low concentrations of chitin could alleviate ARD stress in M. hupehensis Rehd. seedlings, whereas high
concentrations could aggravate ARD stress. Collectively, these findings suggest that chitin applied to replant soil at 1.0 g/kg
obviously enhanced plant height, fresh and dry weight, improved the soil environment, and effectively alleviate ARD stress

in M. hupehensis Rehd. seedlings, therefore, a chitin dose of 1.0 g/kg was considered optimal for replant soil.
Key Words: replant disease; Malus hupehensis Rehd.; chitin; soil enzyme activity; fungal community
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oK IR HABTC TS Y T G2 itk B 42 % AR IR b A 2 A 7™ 3 AR5 A DR ) TR R, AT 5 9@ WY L 38 s sl T LAl
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A ik EDEAE T BRI R BN NO R ABA I A FEVEFH T BB AU TG 1, A A0 BEL Lk SR P
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PR e b= KT RN Y R A B, G R AR R IO B A . R B ARAE AR BT G 2 A
FFIE SQRO MG AT T37 i AL WA HILIE Al A 8B 0 A 25 1R T BTG 220 . 52 3R SRR ™= 1y 7e
RBEPTA AR AR M R B S VR = &, O EL AT LAscste - R0 45 4, PRl T4 S 3 m s, o
BB AT BE e AR b ORI M AR R A B e ) HA T E R TR T H SRR AT R R A
MHLRAE ST S R BT M a Iy T A A B RGE (B Se SR A0 T & E R 4 A K i
SN AR TR SRR - M TR AR Vi 45 R B B MR AR LA e = o Lt PSR A AL AR BT RR S
AL 60a AL Pe AR M BFFEXT R, 38 USSR PR e 2K, 005 S SR A0 vl R R A i | T SR
P, 45 G HHER R 2R R B AR S i AE AR, oA F 52 3RS R AR IR RACR , DUV A L
e S AT SIS

1 #MRERFE

1.1 Rk

REE T 2012—2013 4E7E L R AR KB R4 5 TR AR i FE SR TR O se sl vE AT, Bk R
RS FAE A B EHAS (Malus hupehensis Rehd ) SEA= 1 | P A —2 1 6 R B A AR R e FU 7 (
WAEHN 25 em, FEHR 17 em, =28 18 em) 1 fHAH 72 A Trma bl % B oe RACML A R A, 8 H +
HCA Z2 1T A 60 AFRAE 20 5 3R SRR AR R\ B W 52 (M. micromalus) , +3EHH B A T 80 em DA,
R 5—40 cm Ju [, R Z S PR LIRSS H . BHEMARE L (NOS-N 13.23 mg/kg,NH;-N 4.32 mg/kg, i
BT 108.86 mg/ kg, HERLHE 9.28 mg/kg, ALK 5.06 ¢/kg) .
1.2 b

MR — A G PR AR, BRI E S A AP B 6 25 R S A A 4 2R
Vg, RIS 4 AN H £ A B B ST R AEEVE £ R 4300 :0,0.5 1.0 2.5 o/kg, FEALEE 30 7, &
%52 BRAIE  BEDLHES , IEH REACEHL, 4390 F 7.8.9 H Oy BUREI 5 AR A 0wt 59 H 430 5 Mk A= 400 i 1 )
B, XPAR R PP P MDA 53, DL R ) 3 A TN 3R SRS &L 2mm B, 23 3 FF AT,
— TR ATEE ATCIR B 48 A LI % 4°C VAR TRAF , 00 3 W 53— 0 KT, T 3l
BRI SE 5 275 =437 1] 5256 % - 20 °C vKAIRAE , FH THE I DNA , 0 i R P iAW 2 e
1.3 Bk

RAYUEALEE SOD POD | CAT {144 #8 Wang' " Z5R56 7 7052 , MDA # i BB A8 vkl a2

IR SR FH AR A kI RE

RGO B R AR R R T BT RK A R, AR AR AR R R R
HHRAD TR R RS R — SRRt
1.4 35 DNA 25U T-RFLP 4347

BL0.5 g RAIRIALH A RE S+ 3 3208 E.Z.N.A.™ 13 DNA 425URAF] & (Omega Bio-tek Ome. USA) ¥t B 45
PEAE  BEEBURESL DNA BRI 3 R, ARG FHELTE 1TS IXGH 1 A BES W) (1TS1-F F 1TS4) V'S ghA5 914 | |2
NAKZR R .25 pl 2xTaq Master Mix,3 pL DNA B4R ITS1-F F1 ITS4 (10 wmol/L) 4% 3 wL, Ml ddH,0 £ 50 uL,
PCR F 3 440 94 C 1251 3 min;94 °C 7284 1 min, 51 CCIB K 1 min, 72 °CZE{H 1 min, 3t 34 MER ; 525 72
°C 4EH 10 mim, HL5 wL ITS-PCR ¥ 87248 1.5% (g/mL) BEBEWHEERE HE Ik K , SR 5 ] EasyPure PCR 4fifk,
HAl&E (b 2N =W ARGRA ) difh, K alifb ™= P F B &l % N P FastDigest Hha T ( Thermo
Scientific, USA) HEATERY], BEYIROVAKZR 4 10 WL ITS-PCR Zii4k=4),2 wL Hha 1 (10 U/L),2 pL 10xBuffer,
h ddH,0 % 30 pL, RIVAKZR T 37 CAHEIFE 15 min, HREUI W% 2 F A T A Y045 AR BR S w3470
¥, 5 5 R A Peak Scanner 1.0 R {F4i i
1.5 Sitodr

i SPSS 19.0 #4777 225387, K Duncan’s 3t &A% 22 047 22 5 W & A, A Origin 8.5 52 B6HA L
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Bl

BEFEATT 50 bp 1500 bp [AIH) T-RFS, SCR T L E > 1% 9 T-RFs FEA7087, 84 T-RF 90 14>
OTU ( Operational Taxonomic Unit) , PAAH X U4 H ALAE R X3 . OTU A9 FEE . BIO-DAP #2 /% (http://nhsbig. inhs.
uiuc.edu/wes/populations. html ) 7145 Shannon-Wiener %% ,Simpson $8%§ , Pielou 5441 Margalef $5%%, 73 51l X}
D FCEBEE I 2R RS S S BERN=E R 2 T SPSS 19.0 FAFHERT T AT

2 #R

2.1 HFERXLH YRR

1 AT LU H,7.8.9 = H 4 78 R0 7 B ER 2 i 1 52wt S5 1), R e 2 9 A sz, 5%
HEAHLE, 1.0 g/kg A ST 2 US04 FT S 3250 (2 T3 40 i bk o R T 6 ) 29 J31) L Xk BRI T 36.8% . 82.1% FlI
100.8% ., ¥ 0.5 g/kg W e R WREMEL i R TSI (HAE AR, SN 2.5 ¢/kg MR
Jo , H A T AR T A AR

x1 HREXNFEMFYHHEMEL N
Table 1 Effects of chitin on plant biomass of Malus hupehensis Rehd. seedling

G SN ¥k Plant height/cm fif T Fresh weight / (g/ k) FE Dry weight /(g/#k)
i/ (eke) 7 1 8 f 9 A 7A 8 A 9 A 7A 8 A 9 A
Chitin applied 1y Aguest September July Aguest September July Aguest September
0 31.840.9c  40.3+3.5¢ 52.2¢4.1bc  18.0£0.8c  27.8+6.2bc 51.4+10.9b  6.0£0.5d  14.1+3.4bc  22.5+4.3bc
0.5 51.0£1.8b  53.5+4.7b 54.0£33b  34.7£3.1b  36.7£62b  49.4+82b  15.0+2.7b  17.1x2.6b  23.6x0.6b
1.0 53.8+1.3a  70.840.9a 71.4x1.5a  43.3x3.1a  68.4x132a 93.6+1.9a 21.2x1.0a 36.1x63a  45.2x1.3a
2.5 31.3£0.4c  39.6+2.5¢ 47.2¢1.9c¢  13.7£0.7c  19.8+53c  40.4x1.7h  5.4+0.8c  9.1+2.4c 19.5+1.0¢

FHFRR NG F 1R R AR ) A B8 9 22 5 (P<0.05)

2.2 HSEZEXLYHERAGYEE SOD POD CAT {% Al MDA & & 5200

HE 1 AT LE L ARG s RAE , FEFIRYE R R SOD iR /N —, Hf Dl 1.0 ¢/ke
HI 5240 B SOD 1 PR, Folk 0.5 g/kg FIXT IR 2.5 g/kg W72 Z A0 BB MR T 4 B AR & SOD & 1,
POD HI CAT §5 281k 5 SOD A2 fki#a ¥ —2, ¥ J& 1.0 g/kg W58 R AL PR 7548 R BT AL B 5 f 75 , SOD |
POD Fll CAT 35370 % R 2.1 1.7 (1.8 1%,

E XTI LG, 0.5 g/kg A1 1.0 g/kg 72 2R A HE VT I & FEAIRAR R MDA 19 & &=, 43 ) 4 X Y 58.3% Fll
43.8% 1M 2.5 g/kg AR AL PRHIFAR R MDA & & B E 8,
2.3 SRR L RS 0 R

2 WTLAE LB 0.5 ¢/kg Fll 1.0 g/kg A ST 2N a2 35 m] 384 0 4% b - Rl 3% 1, RE W G DR g | 2
PG ol P T 3 4R St R 2 1 S il 03 1 0 3] B X R R T 7% .30.8% ,14.9% 12.5% ,17.6,26.8 F118.6% .
40.5% 81.1% ,15.3% 18.7% .49.8% ,2.5 g/kg Wl 522 b FH V0| 35 AT - J3 il 05 P B33 (o1 - S8 I 0% 1 5 %o HRAE Y
76 R AL B THE R | 22 190 S AR BTG P Bt P e R i R A T 2 AR Ak (HL B A R I 0 AL U TS
PEBR 1.0 g/kg Ab3E ZE3E AL ILABAL AR LR
2.4 WFERX R Y BGE 1 RE

3 3 ATLE N EE TR IA 0.5 g/kg Fl 1.0 g/kg W55, H400 1 598 b 30 3 K5 f 1 308 0 /00 177 40 T
ot RN H X R B R AN B, 2.5 o/kg FUM SR URING:, BN T EL B AN BRI Tk
REBCR, ME/ EEHE 1.0 go/kg BRE R, N 476.8; HKJE 0.5 g/kg AT 247.0, %F 18N 168.4; &
S 2.5 g/kg WA RANEE Ry 144.1,
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1 BEEXNFEEMFLHEIRRRIPEEEF MDA K300
Fig.1 Effects of chitin on the antioxidant enzyme activities and the MDA content in root of Malus hupehensis Rehd. seedling

F PR R/ING FREFR R AN R AL PR 1 22 57 (P<0.05)

®2 HRHEMNTEEEENZIE

Table 2 Effects of chitin on the soil enzyme activities

L eI s HER it el BERRAE i S Z A
Chitin applied/ Sucrase/ Urease/ Proteinase/ Phosphatase/ Catalase/ Polyphenol oxidase/
(&/ke) (mg BEE g7 d™") (gNHeN g™ ™) (ueNHyN g™ d™h)  (mgPy0sg™ d™")  (pg Hy0, g7 min™) (mgg™td™)

0 2.44+0.02 ¢ 24.7+3.1 ¢ 123.329 b 0.281+0.012 b 0.638+0.013 b 0.231+0.02 ¢

0.5 2.61£0.02 b 32.3+3.5 ab 141.7£25 b 0.316+0.018 a 0.75£0.04 a 0.293+0.023 b
1.0 2.65+0.01 a 34.7+4.2 a 2233455 a 0.324£0.016 a 0.757+0.16 a 0.346+0.024 a
25 2.070.02 d 27.33.1 be 91.7+39 b 0.274+0.085 b 0.775+0.025 a 0.222+0.027 ¢

®3 HRZENBEMHENHN

Table 3 Effects of chitin on the number of microorganism

F SE R AR HTHx10° M= 10° TR HIx10* P
. . : , : VRN
Chitin applied/ Fungi/ Bacteria/ Actinomycetes / . .

. . . X . R Bacteria/ Fungi

(g/kg) (CFU/g T 1) (CFU/g T 1) (CFU/g T1)
0 39.7+8.1 ab 66.7£9.0 b 141.0£15.6 b 168.4£26.0 ¢
0.5 30.3+4.2 b 74.3+£3.5b 56.7+4.9 d 247.0+21.3 b
1.0 26.3+5.0 b 123.7+11.7 a 185.3£20.2 a 476.8+61.4 a
2.5 53.3x119 a 75.7£11.0 b 85.3+7.5 ¢ 144.1£16.3 ¢

2.5 T-RFLP [ 13 e R #r
Y5 T-RFLP AYEIEH OUT (AR Fh2E K B A BIHA T R [R AL B 3 1Y L B 2 PR R 5 (£ 4) .
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1.0 ¢/kg H5E R AN B A EAE + B e ) 2 FEPE 51 BE RN 32 6 FEFE 5, 4370 e X BRI T 52.2% .8.0% Fil
87.1% , [al i EAG S ARAY LSV . 17 2.5 o/kg 72 RACFR A A 3 TR i ZREME 2950 FE T 8 B /R, L
B e ), F R RSN T 68%

*4 BRENTEEHZHEERNZN
Table 4 Effects of chitin on the soil fungal diversity
ZREPEREL P TR 5L

WEREMI k) g i I
Chitin applied e Evenness index dominance indes Richness index
0 1.38+0.2 ¢ 0.88+0.1 ab 0.25+0.05 b 1.39+0.3 ¢
0.5 1.68+0.1 b 0.85+0.1 ab 0.20+0.01 ¢ 1.97+0.07 b
1.0 2.1x0.1 a 0.95+0.05 a 0.10=0.01 d 2.6£0.2 a
2.5 0.94+0.06 d 0.82+0.1b 0.42+0.03a 0.7+0.01d
2.6 T-RFLP FE§EH 3 55 Hr 0.75 -
AR AT AT ORI, B 1 E AT R oo n
B B K E 5 BT A K T A2 859 BT, AHE 2 x 10
GEARI AR IR 0t 76 40 BBE 5 10 T-RFs ZE PR S ' 025 |
50 B AT R AN M7 (PCA) R 35— & . L
FAN L TR R 66.36% , 4 = A Lok 5 03 ’ 03 g°
H 19.83% , i & S A1 86.19% , 1 LAE A R 5% § 0B
RIBLCIE 2) , ARIFGR N 0 B o 26 4 B0 1 3% F - 39ep 050 |
FLE B PC2 73180 1 PR, Horb 0.5 o/kg F11.0 g/kg 119 s | X

2RI AE PC2 5 )7 ) L, 1 CK f12.5 ¢/
kg I I 52 Z A0 BEAM AR A6 PC2 AT J5 1] |, 3 Ui A [+
I R S R AR LI L R Z A TR AL
AN 19 AR A s SN EA LA
B, PR T ) R 50 28T 48 o LR VR 25 4 AR

F 431 Component 1 (66.36%)

2 ARFMEAFERAAEE T-RFLP B ERH 554
Fig.2 PCA for different treatments

3 it

KAEMFFERY SEBORLEy AP GRAAR SRIE HENE ZEACH A 1 5¢ 55 - 3B R)A F) T4 8 R34, FRAIR
TP EY T, SGE TR R DL ORI A R 4R R 3 AR A R SRR M, R
E LSRN T 0 K A, T SR A 22 AR O 22 AR A B M S S S i R e R i ok
1.0 g/kgi, n] 5 35 34 - (& SR 4l v ks 5 T S E, S5 4 0 AR R BUAEAE I SOD (POD M1 CAT {1, B AR
Z MDA Fim (R, BE R M, DA e B T W 7 S, 45 R A 7 BT 4 = U
PUEAP T &, AR MDA AR SR | B 1T 2 fiff 7K 7 360 X &0y 1 3 ol ) S8 i 4 A, 394 5 i 4l i ) 470 5
Mo HISTERX T H i Wb SR A LA VR AT TR W R RCR AR R T T R
R 23R (2.5 g/kg) WHIMERLZEAE A0 T 2l i 2R, X AT RE S IR il A i e ) H 52 SR XA AR &R 7 A T
BEEAEH], SRS TR KT

TR SN R P > 2 — R I GRSk T X R IR MR AN S R AL
B BRI IR IR T S A U B e AT A M, O A 2 DR B A, T S e
T Bh A WAl R RS B A ), e SRS S PP A B BRI — ORI L IR A PR 220G 1
TG TR R G T - MRS R (R T PR S MR | AR AR 5 R M B A e v
S SR ERRAR ) MR b | e Sl U R | TR 8 R e AR G PRI, 7T B A 8 30 3F
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BEGAL RN Z — | TTDRHE 39V BE (A HLYDRL A IR 1T 32 o S R A SRR, AR R4 R R B, A
TP 1.0 g/ kg HISEEE AT S iy 0 P e | ORI | 2 11 e R ok SR S A 2 1 SR AR AT 1, 2.5
g/kg B TE R AU g 1 i S A S I P, o Al 5 S e AN ) A, 3o ] R PR O 3 Y 56 3R T 42 S 4
TR SSRGS TTHCBE N-C BRSO 22 PR B AT 280 /st LA A BT P e ™, DR R o
FRNSERAE AT U I R E YRR AR o 32 ol SR W A ) R R AR M, s T
Bl R G0 MK 0] BB 58 3R G2 M S AR R s ) — > BT

TR TR S R G B B T A BB 73 VT A W] S S5 SRR AR W A v A R A 3 s D R
BB s 45 Y 0 L R W A TR 5 R 1) SRR S AL (00 S TR S B i e AL T | A
PR T AR T 0 AR ISP AR A v 45 4 A i BR Ak B A B 22 5 1 (T-RFLP ) AR B 5 3% 1 S 21
bl -3 U MR LB TR 454 . 6T T-RFLP (8135 32 HI 2 REVEAR BOR 320003430 Ar LB 1 AN [7) Aub B )
FLH 2R SRR 4l . SRR B, BN 1.0 g/kg W FE SR REIE N 3 b 20 B AR TR A B3, eI S B
W E N AN R LG, 08 TR oy BRI [ R B TS T 2.5 g/kg RO SR AN T R LR Y
Rk M AR BCR AR, IR AESIN, XA b H A 2SS AR B A T RSN R )
SR A S e/ b BRI R AR B BE AR R B2, AL O 388, (45 Do i e i, B B
Ve S A T2l A R Ty AL, DRI, A = T S A S rh R s o 4 e 2K ] (A - S e
L Y 1) 240 R B A T LA A T AR S MU SR I A R VR R 4R BT TSR
MHAERER,

EEAIER 72K (1.0 g/kg) ATHR T B SR L IR G I EEGE , FEIRIR R MDA AORR R 42 4k
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