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Effect of treating with earthworm and iron
on iron nutrition of apple roots
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Abstract: The experiment was carried out at Caozhuang Village of Yongnian County in Hebei Province and Quzhou
Experiment Station of China Agricultural Univesity from 2007 to 2009. The rhizosphere of apple trees was applied
earthworms inoculated by corn stalks treated with 2 500,5 000,10 000 and 20 000 mg/kg of iron and different va-
lence iron,the 8-year-old Fuji apple trees was taken. Effect of earthworm and iron on the growth of apple roots, -
earthworm to iron riched, translocation and iron of root apoplast was researched. The experiment showed that earth-
worm could survive in the corn stalks treated with 20 000 mg/kg iron(tested by the highest concentration) and turned
the straw into vermicast to promote root growth and improve the apoplast Fe content of apple roots, earthworm was
more adaptive to the two-valent iron than three-valent tron. The earthworm could transfer iron from organic materiel
to the roots of fruit trees,the best treatment about increasing Fe?t content of earthworm tissue and the apoplast Fe
content of roots was 5 000 mg/kg. The total iron content of earthworms, vermicast and roots was increased as the
concentration of iron treatment increased. Iron significantly promoted root growth of apple trees . The number of new
roots was significantly less in the vermicast that earthworm inoculated with no iron than in the vermicast using iron
processing, the new roots was the most by 5 000 mg/kg treatment in two different valence of the iron. Earthworm

significantly promoted the root to growth,the number of new roots was significantly less in the treatment with no in-
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oculated earthworms than in the treatment which inoculated earthworms. The soil bulk density, soil pH,and pH val-

ue of the root apoplast and organic matter content in the soil were significantly improved by the iron and earthworms.

Key words: earthworms; iron; enrichment and translocation; iron nutrinent of roots of apple trees
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ML, B ERETERREANERK , TIEEZH
B R=ME A3, Ll 5 000 mg/kg AL IBFEFF &
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TN = kA R A AT IS B AR 5], 4R 5] 1 BB 5
BT S| 35, S I BT AR B 0 H 9 10. 08 g
M6 42 g, BER TEHE A G AL B F £ ik 15
(2.15 @) FAEFFAL B (0. 66 g) (3= 1). L0A i 15 28
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Table 1 The weight and iron content of new roots under different treatments
N-Fe (mg/kg) FeCl3 (mg/kg)
I H Item A CK2 CK1
2 500 5000 10 000 20000 2500 5 000 10 600 20 000
FE#EFHE Fw of new roots (g) 10.44b 16.50a 7.21b 10.08b 3.44c 15.77a 4.86b 6.42b 2.15¢  0.66d
#F# T H Dw of new roots (g) 5.44b 7.44a 3.49b 4.99b 1.74c 9.05a 2,60b 3.31b 1.09¢ 0.42d

&4 & Iron content (mg/kg) 127.9¢ 141.1b 149.4b 215.8a 127.9c 136.2c 149.4b 172,6a 120.2¢ 102.1d

E: RPATARDMEFGRALBAFERBFEER(P<0.05. FH.

Note: Different small letters in the same line indicate significant difference at P<(0. 05. The same below.

R 2 TEBAER LY R OS] 80 R0

Table 2 Effect of organic material treated with different irons on earthworm

N-Fe (mg/kg) FeCls (mg/kg)
O H Item CK1
2 500 5000 10 0006 20 000 2 500 5 000 10 000 20 000
5% 8 4h 4| B (4%) No. of Juveniles by hatched 44b 40b 20¢ 10d 38b 35b 9d 5d 52a
7451 (4% /M) No. of worms/utensil 9.6a 88b 6.4c 3.6d 7.8b  5.6c 4.2d  3.0e 10a
Y43 F| Wt of worms (g) 4. 8a 4. 4a 3.2b 1. 8¢ 3.9b 2.8b 2.1c 1. 5¢ 5. 0a

b1 Sh 4R 15 44.,40.20.10 4%, SEBIAE R 54504
SR LRRKEN R EN K, ZMHEHE =X
(E2).
2.3 MpUS| AR BB SR

BMEB AN 2L EE TEERE
IEEAENMNKETE. HPFEBEANZNERTER
FoWEER EBANN=MMESRAHEELE
ik BE 1 0 T 3% i B9 %+, 20 000 mg/kg N-Fe FeCl,
A0 S WA N = 4 8k A B 4Bk 205. 8.192. 6 mg/
kg, BERTHELAE., EBEAN_HENETEU
5000 mg/kg ZMEM=MELEER, 53K
9.05.7.44 mg/kg, BER/ T AL, XREEH
TR %t 5 000 mg/kg B ZHr &k = SR AL B A AS

FRIRIE I 75 ALY, WA AL 3 RO A% FF B R 8 6, i
IR PI Y Fe* BB 1,09 mg/kg,

S 5] 36 4 Bk A B A Ok A 3B M B Y B VT 3%
fn. 2500.5 000,10 000,20 000 mg/kg FeCl, 4b¥f
PR RIS h 2k B B h 177, 40,227, 20,
224.13.327. 30 mg/kg;2 500.5 000,10 000,20 000
mg/kg N-Fe 4b 3 o 48] 26 5 8 & B 43 5 ¥ 182, 47,
221.40,230. 90,284, 80 mg/kg, M %l B8 0 mg/kg %k
AL FE R R B3 S BB g 68. 10 mg/kg, HAIREE
FeCl, #b SR 153 PR E R F N-Fe(FE 3,

2.4 IBIRERBIMIGSE, WERRIMEpH E

NF4FL, RO EMEE BEN T
WESMEG & &, FeCl, f1 N-Fe #5& 5 000 mg/kg
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AP . 43 B h 49. 2 nmol/g M 47. 8 nmol/g iX
W T 5 000 mg/ke HLBE T ML HE, LLBE T
MEAERBGHW. IEHREHERPEIMEGEER
BESTEEFKLE. 555 F KA 3 5 i 5]

Rt A R MG B ERET
WESMERY pH {E, H 5 5 000 mg/kg AL B R
Sk pH B 51K, FeCl, #1 N-Fe 451 % 4. 75.4. 93,
VLA AR R AME R R R LB

R 3 A 4b TR b 451 3 A B3] 40 4R A Bk (mg/kg) KO & R

Table 3 Iron content in vermicast and earthworm tissue under different treatments

N-Fe (mg/kg)

FeCl; (mg/kg)

i H Item CK2
2 500 5000 10 000 20 000 2 500 5 000 10 000 20 000
i #5] 3¢ Vermicast 182.47f 221.4e  230.9d 284.8b 177, 4f 227.2e¢ 244,13c 327.3a 68. 10g
S 18] 40 47 Fe?t worm tissue 5. 44b 9, 05a 3.49b 4, 99b 1. 74c 7.44a 2, 60b 3.31b 1. 09¢
SE 4R 4 Fe3t worm tissue 127.9¢  141.1b  149.4b  205.8a 127.9c 136.2c 149.4b  192.6a 120. 2¢
F 4 TELEHRIMEE (nmol/g) MR SME pH &
Table 4 TIron and pH value of apoplast under different treatments
N-Fe (mg/kg) FeCls (mg/kg)
W E Ttem CK2
2 500 5 000 10 000 20 000 2 500 5 000 10 000 20 000
Fi4hE& Apoplast iron 38.6b 47.8a 27. 2¢ 20, 2d 34.13b 49, 2a 29, 3¢ 22.5d 14, 6e
Apoplast pH 5.01b 4,93c 4,95¢ 5.09b 5.07b 4,75d 5.01b 5.08b 5. 38a
ESEEIZE RS B RS X M EENEL=
3 Wik Hrf. 5000 mg/kg PeAbTFEFF 5 H:Hh 4 981 X4 T

B TFRE LY, HAYE GF 8
YIEY BER 6040 R TES,2004), FER%ERM
H R EFER 2 em BEH L BERE—TEH KA
SME. (BRI EIFER L F R A S, AT
R -ABEED S FEE. BRGTEEEKRY
S B E SR A 18.7~40. 3 t/hm®, (I 4 T &
FEHE—Z 5 cm WA L (MK E,2005), [RME
LRGSR A VLR AL S 451 28, B R
WHRREHBIFPFAK HYTFABHIRREK
RET N 2FHESTHE, TRREBRAKEL
B ERMBRERBHFEE,

i 18R G2 4 A LB R T OT R A B Y
R, BEENMARENRESMNHAEENR
11%% 12% 8 15 NIRIZEBA L, 418 EHF
ABEORA AN IS NNERETFEAWRE(EE N
2B H A B R BSE. IBARIE T AL (L 0L
0.01)g SIF B AL IA 120 mL ARAFHELE
T. B850 g L. Fiii 6 ki N 3 AMEBEEHE
B, 16dEEHALANTONM NEBIREEN
Z N (Whalena %,1999), MAIRKIEZERE , 47 15 %
K EEREBRK, BBY MK 20 000 mg/kg — 4
KM= MERLE ERBFHA PGS BER

RFEERMAERK EHIESEAKN Ft §BMIR
FAMASR S BROR B . RACHEREF /G SR 4L 5
HERBRERKMMEBETF FEEFRAHEZF
SRR A, KRB B ERHAERMB AR
AR ERBFALCEBHEEFEERESERRR
ARMRBER TERE B E A AL, B8R
wEREEBERARREK,
BRI B R R TENEENE. B
BT S IOREZ E], sk B 3ESME R E R 1 mm #/)
BIER, BB CE A VLB SR A TR, A LR A
F110~100 pm, HHLE LEH H—ZF 10~30 pm
HK 2, XA PR 4R 48 A (Jongmans %,
2003), Priya Kaushik i, 4P HE&TEN
58 mg/kg, I FFR4E 4] 90 d AF A 8k 48] 38 /5 , 4k 451 2%
PHEEEERA S mg/kg, ERFEPHEBKEE
B Ui 451 38, (H 4 2/ pH A (7. 50) & F 4 451 3%
(7.10), 8% B9 4 Y1 7 %4 & F 4k %) 3§ (Kaushik &
Garg,2003; B £ B4, 1998) , | I o 14 & L4
B SERL, R EREARWRR  BRARBE
EREARELEFHRREEFTRRL.

SEH:

Chen BS(BE 5 45) ,Chen BI(BiA &) , Zhang HXGGK HE).
(T #%# 439 T Continue on page 439 )



4 8 TR BERF R 439

(2):45—66

BT, FHER. 1989. Eritrichium. hEMYEIM]. 3.5
AR AL, 64(2) :116—151

Bentham G, Hooker JD. 1876. Eritrichium. Genera plantarum
[M]. London:Reeve & CO. ,2.850

Johnston IM, 1951. Studies in the Boraginaceae, X XI. Sino-
Indian species of Onosmal[Jl. J Arn Arb,32(3):201—225;
(4):344—368

Popov MG. 1953. Eritrichum [ M]//Schischkin BK (ed). Flora
URSS. Leningrad,19:482—521

Wang WT (E X #). 1986. Notulae de Boraginaceis Sinensibus
AD(PEEEMNHEY ADE () [J]. Bull Bor Res G B
3%),6(3):79—98

Zhu GL,Riedl H, Kamelim R. 1995. Eritrichium[M]//Wu ZY,
Raven PH(eds). Flora of China. Beijing:Science Press;St. Lou-
is; Missouri Botanical Garden Press,16:378—390

LLLLLLLLL L LLL L LL L L LKL LL L L L L L L LL LKL L L L KL L L KL LL L L L L L L KL LL L L L LKL L L KL KL KL LK KL L L KL LKL LK KKK LLKL LKL

( F#:% 516 71 Continue from page 516 )

1998. The research of worm-cast nutritional constituents (4§ ]
EERRYOHR)I]. T Sichuan Grassland (P4 )1 B JF),
(3):22—24

Cui MX(¥EHF), Xue JJ(BED T, Wang XR(EF ), ez al.
2005. Application of iron fertilizer by use high-pressure trunk-
injection to remedy the iron deficiency chlorosis in apple trees and
its mechanism(# TR EXHEKBFEEREGERENE
[J]. Plant Nut Fert Sci VP& FF 5 LR 24 ,11(1) : 133~
136

Fernandez AA, Marco SG, Lucena JJ. 2005. Evaluation of synthet-
ic( [ )-chelates(EDDHAF/Fe¥t+ , EDDHA/Fe3t and the novel
EDDHSA/ Fe3t )to correct iron chlorosis[J]. Eur ] Agron,22
(2):119—130

Jongmans AG, Pulleman MM, Balabane M. 2003. Structure and
characteristics of organic matter in two orchards differing in
earthworm activity[ J]. Appl Soil Ecol,24:219—232

Kaushik EP, Garg VK. 2003. Vermicomposting of mixed solid
textile mill sludge and cow dung with the epigeic earthworm[]].
Bioresource Technology ,90:311—316

Li DY(ZF &), Pan GX(E AR ), Xiang CG(Ja] & ). 2005,
Study and progress on exploitability and application of earthworm
resource in soils(+EPIBIFFEN AR AHELBE[]].
Chin Agric Sci Bull (h ERZ¥EIR),21(10) :340—347

Liu ZY(X)-F3), Liu BMCIR ) » Xue JJ(BEHFE) ,eral. 2004,
Research on dealing with crop stalks with earthworm( F ki 8] 4b
BAREYREF TR RO J]. Chin Agric Sci Bull (P BE

#ER),20(4):272—273 _

Peryea F],Kammereck R. 1997. Use of minolta SPAD-502 chlo-
rophyll meter to qrantify the effectiveness of mid-summer trunk
injection of iron on chlorotic pear tree[J]. J Plant Nutr, 20
(11):1 457—1 463

Wang XR(EFH) , Xue JI(EEH E), Yang QQUHF ) et al.
2006. The reaserch about the absorption, transportation and dis-
tribution of iron in apple trees by using different fertilize methods
(ERAREEEF RN EN R GER SR Z v ]
Acta Hort Sin (FHZ%1)),33(3) :597—600

Whalena JK, Parmelee RW, Mcartney DA. 1999. Movement of N
from decomposing earthworm tissue to soil, microbial and plant
N pools[J]. Soil Biol Biochem ,31:487 —492

Xue JJ(E#H E), Yu DC(HFEA), Tian ZW(H B R), et al.
1999. Effect of different fertilizering methods on chlorophyll and
iron content in apple tree(FEAE HF RN E R R . EZH&E W E
WL, J Fruir Sci CRERIEE) , (4) :246—249

Xue JJ, Wang XR, Yang QQ. 2003. Long-effect biological iron
fertilizer for fruit trees. Fertilization in the third millennium-fer-
tilizer[J]. Food Security Environmental Protection, Proceed-
ings, M :1 744—1 750

Yuan FY (3% 5 #8), Wang F(E ¥, Niu ZR(4 #E3E). 2004,
Earthworm community structure of representative agrotypes and
its indicator function for heavy metals contamination in North
China(e b R B R EHWIELBHESESBERERERD
[J]. Res Environ Sci ($EFI#BFR) ,17(6):70—72



