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Effects of different ferric fertilizers on soil enzymatic activities and

bacterial community structure of chlorotic peach trees
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Abstract: This paper reported the differences of the soil enzymatic activities, available iron contents,
bacterial community structures and leaves’ active iron contents among the chlorotic peach trees applied
with four ferric fertilizers. Results indicated that four ferric fertilizers showed a tendency as EDDHA -
Fe>Nutriagent>FeSO,>FeCl; >CK in the corrective effects on iron chlorosis of peach trees grown on
calcareous soil and can differently changed the contents of soil available iron and leaves’ active iron, ac-
tivities of soil invertase, urease and protease, structures of soil bacterial communities in which the inde-
xes of soil bacterial diversity and abundance were obviously promoted by EDDHA « Fe, Nutriagent and
FeSO,. However, the contents of leaves’ active iron were most significantly correlated with the contents
of soil available iron and activities of soil invertase, urease and protease while it was shown a non-signifi-
cant negative correlation between the content of leaves’ active iron and the soil bacterial evenness.
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B NCEL /b U e A A IR SR E AR )
FEHRTE O AH R T A [ R A %o SR AR - S e 7 A
20 AR V5 5 R 7 AR I R T 3 e DL AT Y iR . AR SO
i % EDDHA - Fe (EDDHA # 4 %) . Nutria-
gent(EDTA #44#) .FeSO, « TH, OCEAHL Fe? )
il FeCl, » 6H,OCTEHL Fe® ) I Ffr 4k JIE xof ke 4k # £
AR 1) S5 I R0 Bk - 48 g 7% M 0 4 R A U 45 4
B 5 Wi o LA 43 B AS [] 5 A S 1 kAR ke 42 1 AR 2
AR 25 5 o A R B LR [ 4 AL o) i 4t T % £
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2.1 b

I 30 b A5 AE VO] A AR T O SR B XL SR
LIAEAT(30°30"28"N, 104°19'29"E). + JFi g 4 {0 45
Fife 3%, 3% pH 8. 31, & A ML 10. 87 g/kg, &
24 N.P.K 459124 0.154.0. 172 #1 0. 522 g/kg,
A% Cu.Zn,Fe.Mn 1 Mo & &%~ 1. 21.
6.11.8.36.13.4 1 0.17 mg/kg.
2.2 /&
2.2.1 SR E 7EHRRRRRE XIERE 15 pRiE ik
T RS 368 R /N i AR — B4 A ke 4k 2K g Bk AR Bt AL 40
5 HLL B 3 bR B2 43 it 258/ R (B R AE 6
L %5 7K) Nutriagent (5 EDTA + Fe .Zn.Mn, Cu,

Mo F1 B 45124 3. 76 % .3. 70%,2. 56 % ,0. 62% .
0.08% 1. 94 %, /U JI| 3 4= B} 47 47 BR A w42 41 |
EDDHA « Fe FeSO, « 7H,O fl FeCl, « 6H,0,
BE7E BE R ST 7K 26 20em DL Py o B 20 DU it P 25
LAV ORI S E SR R TS Tam (i 8 1 PR 7 ST
LI HE A Z T B AR 15d 1E % #h K — IR (5
101D b, A 2 b i H e BE kL it B 5 40d AT,
10d I Ak B ZH B AR (0 AR SR M s PG K e i
Mt 1 J5 SR AR S i B A7 840 R (500
2.2.2 MM LA Ak Aert B ERSE S TN T
A3 S TE Tt AR BT AR S 20d A 40d SR 4E AR FIAE
TN s AL A X T L2 DTPA 1242,
Ji - WROAT 43 516 5 B 6 I 2+ 38 2804 1 it (mg/
k). M F @ RE Y% 5 ] 1 mol/L HCL %1 : 101
LU A5 B8 2k 08 o FH D WRMAT 3 016 00 B T e 5 8 i
kAR I T PR AR Y S B (mg k)t
2.2.3 XEBEEFEM A EMALAT 1d A IE S
55 20d.40d 435I >R 4R RS Ab R ZH 1) A BERE A L 47C
Rff. FES BB SRR HEY R ) (L5
it S LA 5T )T o 45 T 3k vk b AT o 4 HE IR
EEREPELL 1h 5 1g HHEP A NH' -N B35 (pg)
R EALEGIE L Th 5 g 4 8 v 3 25 b 1 22
vE (mg) BFIR, Z W AL B IE PR DL 1h J5 1g 4%
H 2B R R 1Y 22 v (mg@) BUR S . SR H IS PR L 1h
Je 1g A HE v AR O (ug) BURIR.
2.2.4 DGGEPCR 54 Limip kst X
W2 IR A BORE e RE /T 1d A AR J& 20d W
LW TR, —20°C fRAF. SR 45 DNA. BT
T IEIEG A At R TS PCR B H#EAT AR V3
Fegl (i PCR ¥ 3, K B Bt #6519 S F27 (5'-
AGAGTTTGATCMTGGCTCA-3"), R1522 (5'-
AAGGAGGTGATCCAGCCGCA-3"), V3 F 351 ¥
B Bl ¥ R F357-GC ( 5'-CGCCCGCCGCGC
GCGGCGGGCGGGGCGGGGGCACGGG GGGC-
CTACGGGAGGCAGCAG-3"), R518 ( 5'-AT-
TACCG CGGCTGCTGG-3"). 78 14 B i A B W vk
Z BN R UK A 90V A6k AR PR
W N 40% ~709%% . HE U BE 8 %. FH Quantity one
B 4 B UPGAMA B30 5 %) v, Uk 45 2R i 47 4 e
BB AR S B AR B F R B T
B VLU D= i s /= e R/ N e g 21
PRV v L AR W 45 BE 4T PCR 73 L W Uk OF:
[l s 5 P PCR 724, W J5 #2531 AE GenBank
BOHE B HEAT 7 5 L X
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R FeCls 2 %8 Ry W]t o i DY BE A e 4 (B4 oK 52
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2H B R SR AR B, A S ik E B
43, JLLL EDDHA « Fe B8 IERBCR fifE, Hik 2
Nutriagent &b 21 .
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Jiti FH AN ) 256 JIES W AN (] R b 4 8 4 1 P A 2K
o, ULL EDDHA « Fe 20058 i o 1 58, HOk
SN Nutriagent (455 0L 1), H A [F) 26 8 35 = Bk A%
W 3 P A s 5 B[R AR A A X U A [m] 2 I
(4 I FH AT A 3o B2 i A R0k S A Ak AR X
BRITER By W WSORI T R T 2 5 1 I RS PR Y B i
JEAE AR B 15 75 3] 9% 1F.

3.3 LTiEEEEME

5 A 32 XoF A M TR 4 1 5 e 43 BT 4 AR (L 3R
2)FEW - (1) R[] 42 B ok - S8 %% Ak il A 4 98 IO 6 3%
YA L #EVE ;s (2) EDDHA « Fe,Nutriagent £l
FeSO, ¥ i 25 & & 4 3 8 1 g% Mk 10 FeCl, 20 B
b g 0 - R AR O 5 (3D it S R 20d S5, 4%

Nutringent
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R 4RI 2T B 34 9% 09 7 B 2R

Corrective efficacy of different ferric fertilizers onchlorotic peach leaves

Aib BEZH Y 3 22 Wy SR AL AT I T CKO 4, X il
B 4 Ff gROIE 5 ) o 2 Wy AL 0 2
FeCl; 1 EDDHA « Fe 4b 82 1 i /5 FH 55 5. 3%
3.4 TEEEEHEEMSN

3.4.1 X3 16S rDNA V3 K DGGE #
M DGGE P& ([ 2) 7] LAF Hh 454> b BE2H #8A K
> B R L R WA A B 1A (R AR R
H A BAUEAT 7 A4 50, UL 45 Ak B AT
X7 A AR A AN S WY A B s 7 A4t
A AR B S AT B SR (R 3D Hoh AN S R R
B HA 5 A g )R TR S E T (Planc-
tomycetes) . i 4% Bk % |7 ( Deinococcus-Ther-
mus) 2 ¥ & ] (Proteobacterias 2 ~) il Gemma-

timonadetes (ZE BT []).

£1 AAKEXNTENHFEUAESENZM
Tab.1 Effects of different ferric fertilizers on soil available Fe andleaves’s active Fe

b A R B (mg/kg) I 3 B i (mg k)
0d 20d 40d 0d 20d 40d
FeCly 8. 27 8.71 8.96 36.73 45. 36 47.11
FeSO, 7.96 9.37 8.93 37.98 53.2 58. 83
Nutriagent 8. 48 11.59 11. 86 38.15 59.9 68. 4
EDDHA - Fe 8.38 11.76 11.38 38. 34 63. 84 72.25
CK 8.72 8. 47 8.66 39.12 38.31 36.73
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Tab. 2 Changes of the soil enzyme activities
- 498 il 75 K AE BT ] (D) FeCly FeSO, Nutriagent
0 10.20+0. 42a 10. 09=£1. 54a 10.11+1.51a
-

Hefe 20 12.32=£0. 34a 11.50=£0. 86bc 12.19+1. 05ab
(mg/g. h)

40 15.18=+1. 18ab 14.20=+0. 31b 15.84=+1.60a

0 4.06+0.17a 4,08+0. 37a 4.12+0. 45a

R 20 4,57+0.13d 6.34+0. 26b 8.91+0. 48a
(pg/g. h)

40 7.5340. 30c¢ 6.52+0. 36d 10.94+0.51a

0 14, 36+0. 05ab 14.87+0. 70a 13.56=+0. 43b

g 20 22.5040.18d 46.75+0. 78a 46.66+0. 45a
(g/g. h)

40 15.1340. 35d 33.29+1. 22¢ 48.48+0.43a

0 2.45+0. 16a 2.43+0. 44a 2.45%+0.19a

2y AL 20 2.72%+0.14d 4, 40+0. 20b 4.04+0. 15¢
(mg/g. h)

40 4.34+0. 26d 4.87+0.11c 5.86+0.29b

10.16=+0. 90a
11.56=+0. 89abc
14. 68=+0. 95ab
4.08+£0. 23a
5.4140. 44c¢
9.31+0.77b
14.1340. 65ab
37.37+1.30b
39.89+1.22b
2.40+0. 28a
3.87+0. 14c
4.08+0. 24e

10.14%1. 04a
10. 89+0. 55¢
12.60+1.02¢
4.08=%0. 30a
4.36+0. 23d
5.70%0. 37e
14.20£0. 10ab
25.1640. 34c¢
16.36+0. 15d
2.56+0. 14a
5.78%0.49a
6.93+£0.17a

TE & [ — B[] % 37 F) 7S ) Ak B0 H A 13 A7 AR (7] 5 B (4 Tl 0% 14 (M= SD) By 19 35 6] /7 78 2. 35 74 22 5= (P<<0. 05).

A2 RARAARMe LEmE 16S rDNA V3 R ¢
PCR-DGGE #% & H #
Fig. 2 PCR-DGGE banding patterns of 16SrDNA

V; region from different soil treatments
Note:Lanes of 1, 3, 5,7,9 K Jii [/l EDDHA « Fe, Fe-
SO, , Nutriagent, FeCl; fili§ /K5 1 4 1, Lanes of
2, 4, 6, 8,10 i NE Ay A9 = 98 M R .

T IR AR A R B R R 25 7 (WL 3) 1
BHAS (] 4 IS A 38 1 S = M A1 18 22 T AN [R) R L L
Xof 2 Kb BRI S ) A R R VR 4 A AR Ak /. AR
PEOMT A R (LR O WA F H . (D 40 BEVE 55
JE 8 B AR Ak #8 K: ifi F FeCly . FeSO, . Nutriagent
Al ck ZH 9 40 B 4 AT BE S it T 4 0 8 m T
0.1%.2.2%.8. 2% F1 4. 8% ,{H EDDHA « Fe 4]
HIBEAR 7. 9% 5 (2) 40 B FEVE ARt A7 B B 19
24 [6] 22 55 : EDDHA + Fe, Nutriagent il FeSO, 4
et FH R 43 90 44 o 28, 4% . 5. 1%, 65. 4%, i
FeCly 20 F1 CK ZHFEAL 21, 1% F0 7. 4% 5 (3) 4 B 7
A4 L AN T8 BOG vk 5 F B4R B — B, ED-
DHA - Fe .FeSO, . Nutriagent % 3 4~ &b 3 2 43 3
Lot RGO T 10, 0% .21, 7% . 2. 0% . 1 iti FH
FeCl; Fixt B2 I BEAR 8. 6 0 F 2. 9%,

3.4.2 mBAAFZ M M FEEIEHT S Y
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Tab. 3 Sequencing results of the bacterial DGGE bands owned by all samples
2 Band A I 5 LRV ST N ERETES ARABLEE (20D I 28 Y
Closest sequence  Most closely related organism Taxonomic group Sequence similarity ~ Bacterial species
1 JN002823 Planctomycetales Planctomycetes 98 Uncultured bacterium
2 JF145596. 1 Unknown Unknown 99 Uncultured bacterium
3 KC237717 Thermus sp Deinococcus-Thermus 98 Uncultured bacterium
4 HG379849 Deltaproteobacteria Proteobacteria 97 Uncultured bacterium
5 AY289462. 1 Unknown Unknown 98 Uncultured bacterium
6 JQ400221 Gemmatimonas sp. Gemmatimonadetes 97 Uncultured bacterium
7 KJ410621 Kofleria sp. Proteobacteria 98 Uncultured bacterium
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Tab. 4  Shannon-wienerIndex, Richness and Evenness of

each soil sample by DGGE bands pattern

3.5 RMIRIREIE XIS4T
IR M B R

Ve B o S 200 BT AR 5 4 R B4 A5 G 5 o 2 A AT G

ik 5 E;?Z) FHARE WA WA PO AT S5 AR(ILER ) RW (D AR & 7 B
it [7
3 M AR A | T A R A R T AR A
0 14.412049  0.922427 2. 668065 . N I N
CK K 5 IR A 25 AH OG0 5 40 TR TR 1 5 B
20 13.346171 0.966279 2.591230 e N N S .
i AR ENAME; (O Gk s ES L
0 15. 495958 0. 953282 2. 740579 ) S
FeCl; o A it JUR T8 0B P O T A A A G L E S A
20 12.232370 0.954482 2.504086 . R - N .
) VAR i 38 50 BE A 3R U O B 3 0 B OG5 (3) 13
0 10. 111411  0.935775 2.313665 N e N .
FeSO, e ARG 55 R I O PR A AR A O L S 2 T A AL il
20 16. 722809 0.955907 2.816774 e N . N
i oAt 25 AH G s (4) - HE IR B 5 2 1 T R A AR
0 13. 046599 0.907378 2.568527 e N . .
Nutriagent ) WFH MO 5 2 W A A A A O s () 4l
20 13.717526 0.982146 2.618674 . . . s
WS I FJE 5805 shannon 48 808 91 1 A% 1 2%
EDDHA - 0 12. 223167 0.956919 2.503333 X s N N
e ) AYAHSC M AR - L Fe B 5 W S EEHR B Y &)
20 15.699991 0.881034 2.753660 . . R . .
FEES T A 45 B0 AR Bl 2 B B AH DG
0.28 0.40 0.50 0.60 0.70 0.80 1.00
FeCl3Rb IR AT
0.51 FeClafb 3 /5
0.58 FeS04Rb I A1
EDDHA - Fefb 32 /5
Nutriagent2h 25
—0.64 0.75
FeSO4ib B /5
Nutriagent2bIBFT
— - CKALIREY
CKAL IR
L_]0.78
EDDHA - FeAb 32 HT
B3 RREAEAIIEHTm A FR LRGSR LS
Fig. 3 Cluster analysis of bacterial community structure similarity in different soil samples
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Tab.5 The correlation analysis of leaves and soil active Fe, enzyme activities and bacterial community structure
Ttem R SR IEON RS AL o il SN % by A AL T F R Y5y
W 3 M R 0.901 > *
B AL Tt 0.544" 0.705"*
K it 0.795** 0.832"* 0.852" "
e 0.827%* 0.867** 0. 508 0.759% *
Z Wy S AL il 0.313 0. 309 0.587" 0.516* 0.426
F 0. 445 0.473 0.237 0.314 0.528 0. 361
Y5y R 0.167 0. 141 0. 267 0.375 0.209 0.283 0. 144
A 15 L 0. 453 0. 464 0. 246 0.317 0.514 0.367 0.996**  —0.132

TE U EARA « RN AATE AN SNk ARIC T o DU 7R A TR A I 25 AH Sk

4 7 e
- B X - 8 v 4% Bl R 10 2 Ak R B
TEZ IIEFRAL 25 75 B AR L IR O B R B 4+ SR

A 7 ) B — 4> T B bR L IR 4 95 A
o> A W R RO B AL
2, R DR R SR AT 4 e p AR O . R
Je - HERE TP O SR 2 WK R S 2 —. Fe AL AT
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Pt Rt 1 0 M 5 R O S 3 A 3 A DG L A
SRy 3 Tl I P T DA Ay S e - ST T v I A o
FEbR. JEHEE X AR v 4R A 1) + 8 1) BT 5% 2% B DR il
G A A T VR S PR AR Bl I g K P 1Y
TEBR. AIE 5 45 F Ak 92t F L JC HJ2 EDDHA -
Fe Ml Nutriagent 23 fifi 3 5 208k 5 i F 3% 4 Bk
%) 5 12 349 0 S0 (] B ) g b R e DK Tl RN
AT IS M 53X SR AR A A T = AT e A B TRk AR X
e v BRI A B R O R A IR A £ A B AR AL A
AP 27 fif a7 1 X A U W B S RIS Bl B 200
FR G UL X BB R (4 B IE SR T %8 .

S Wy B A o i s AR B AR B AR T AR
A B R IE SR A R AL KB ) L A B T AR OK
T35 B0 R A R ORI L ek 22 J B BT A Ik % T it AE
SR e A W A TR B R 2 R R
A0TSR0 A T 4 R 2 ) B 7 Ak SRR 1 R e )
A 25 18] 53 A 4 Ry > [R) B ) b 22 4 1 A 1T 52 i)
IR B NG 3 A ST R B it A
St A MUAE 8 B 4 g+ S B Wy B A A T
B A W K B £ A S R IR R
WE5E %% ¥ EDDHA « Fe, Nutriagent £l FeSO, fig
A J0 B v 2 O T 22 R R T L B A S A A
F=BE AN Z PR A 38w DA 2F 4 38 LT A 43 i
AR AT 2 E FROC R, Mt H] FeCly KRR 1
SRR R VR ) Z R AR X A FeCL IR YT BE
P AR RO 3R 22 1 I R 22—

i X0 48 ) B AR TR T AT 5 32 B AR T A R R
BRIE A A 5 4 2 1 7 56 AR 4 A D T L
iR AE 2 1A B A e L4 A R U i L
PL EDDHA 268 N8 i FH R fe A, a)i e 1) 1 ik
s AR Bt EDDHA « Fe (1) 1 A, {H Bk 4 it
BRAE 2R A AR S . HOR RS E L TE R PR 1Y)
RIR R AT BE o B 4. ATTHE R e b w20 &
I MR A SRR G BL T, R TR 5 7 R R Y
B o RIEHS 2 (5 S0k ) . M TE A #b A 1917 3
T MR B AR IR A P A5 B — o AR Y el 1 W Bk
BB A A I Y S N B DOt X e R SR AR
() I AL 55 DR IS 08 B LR 38 0 i — 20 AT &R
FMBEA .
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