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B E.-ASARELHPARHETENTYSRIEF N Fe>Zn>Mn>B>Cu>Mo, B RN S &
JRFFH :Fe>Zn>Cu>B>Mn>Mo, BEMMBAHAEEH AR B, —MERER FeMSRYRE, &
BHEERE, MAR Mn §EER RUZREHRY™EE Mo, AR Cu M Zn HERBLTPEKE . HET
HiEFE. A4 TFERENHNENDRBMATEE B A Mo, BAH UG Mo, AN TS REN, L8 pH
HEMERNFARBTRARBZAYRERMRX, 5 B.Cu fll Fe #XEE ¥ (P<0.01), 5H Mo
HREEF P00 ENESMERNMARBTREARBZIANEEMX, BEEXRBMFe XBEE,
HEH Mn X E .
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Study on availability of micronutrients
in soils under three different forests
of Dinghushan Nuture Reserve

LI De-jun!>%, MO Jiang-ming!* , FANG Yun-ting?, XUE Jing-hua?
( 1. South China Institute of Botany, the Chinese Academy of Sciences, Guangzhou 510650, China;
2. The Graduate School of the Chinese Academy of Sciences, Beijing 100039, China )

Abstract; The order of average content of available micronutrients in upper soils in the three {orests was Fe>
Zn>Mn>B>Cu>Mo,and that of Pinus massoniana forest was Fe>>Zn>Cu>B>Mn>Mo, but that of pine-
broadleaf mixed {orest and monsoon evergreen broadleafl forest was consistent with that of the average. A-
mong all the available micronutrients,Fe was the most abundant,and Mn the most insuf{icient,indicating that
the forests of Dinghushan were rich in Fe and short of Mn. The contents of available Cu and Zn were at a mid-
dle level,and were higher than their critical values respectively. Moreover, the soil of Pinusmnassoniana {orest
was destitute of available B and Mo, and that of pine-broadleaf mixed forest was somewhat insufficient of avail-
able Mo, We found that soil pH was negatively correlated with the availability of all the micronutrients dis-
cussed here,and was significantly correlated with available B,Cu and Fe at P=0. 01 level,with Mo at P=0, 05
level. Soil organic matter was positively correlated with the availability of all the micronutrients,and was sig-
nificantly correlated with B and Fe at P=0, 01 level and with Mn at P=0. 05 level.
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TREFRTEEBHRESRE LS ARMER
MTFHEHTHHRAEEREN (Mo %,1994). E
TUARBBRENR, AHERSEFHAERTANE
BRSNS, FANRBAFRFHREE TN+
MIBAMAKERATEEHAEE. FRERTE
ST FAEIR B B R AT LA I3k b 8 ZR AR AL
BB o R, 3 FT A o MW o & 3R 28 46 9 BN (Mo %,
1994), B, AKEHEAZREFEHYENRE
FEoEAH A B BAME TSN EYHERL
220G ) # (Mo 55,1994 ; Peterson %£,1985), X
MM EFRRREARTANERR,

HETEEAYE RARBIE®#FTHLART S
MR, W Fe RFZENERBHEEHARR S
ME B RF LT Mn £ 2B M EALNA
HRENEHRRS. — BRI - HYFEFHHET
REZEHI LN, TNMHEAESRE L EHET
ERABFEAFRFERRSEFFATHRIB,
HEBF¥EPTE R I ORBEEF, 199561 7T
£55,1998b) . PR EE B (AT 0 H5H,1998) L
T (AT TTH %, 1998a; fr T H %, 1998b; Zeng
F200)0 —EHARLBARSHEBETERSERA
BEAT RS 18 % 5 T R HF BRAK B B 58 U AE oK L3R
H. BHLARBRTROFEARRERERGFRE
HHFAERZ - KA T LREFEREE IR
R FOMMOBE 2. FPOTRS R L8P

BT RERE S LR ERR UL AR
NEBRE TEBE,1983; K TN, 1985; fi & ¥
,1982; 5K FM,1990; BT %,1997) , K LB K
XZFabFARREEN BHRREZHEA R
BUuRRAH#TIRE.

LA G

11 58 s
SWLARRF KA F/REHR, KL 112°
33", db4 23°10", B E AW ERMESE. ETHE
HER 1927 mm, K 75%ERE3I ABS AL
1ZABIKE 2 A{Ld 6%, EFXHHETBENR
80% . FEVHRER 21.4 C, BB H A ) ME#H
HO FOBFPHBEE 25K 12.6 TTH 28.0 CT(H
JEMRSE,1982), 1 HHBRAELERERDE. PR
ERERBR-FEITREMNAFOE OEFWEH
5%,1983),
EXFFBRE=ZF BRI D E K (Pinus
massoniana forest, PMF) . # {§ & 32 #k (Pine and
broadleaf mixed forest, PBMF) 13 K ¥ & g i+ 4k
(Monsoon evergreen broadleaf forest, MEBf) , & 1]
RSB RE R FRARER, ZF LR F
BT E AT LA RO M FERE R
e EHCAKAROH), LB R AIPHE. +

1l ZHERRELN(O0~20cm)ERILE
Table 1 Properties of upper soils (0~20 cm) in three forests(Mo et af. ,2003)

HE :ﬁm‘;ﬁ(%) BN C/N oH THFEG@ m®)  FAROO
Forest type QOrganic matter Total N Bulk density Mosture content
PMF 2.73€0.17) 0.09¢0.01) 16.79(0.94) 4,030, 02) 1.41¢0.02) 24.90(1. 10)
PBMF 3.45(0.35) 0, 10¢0, 01) 18.90(0, 97) 3, 860.02) 1. 30€0.04) 25.97(0.91)
MEBF 5.35(0.58) 0.19¢0.01) 15. 910, 86) 3,79(0.06) 1.21€0,03) 38.57(1.19)

PMF-L Bk Pinus massoniana forest; PBMF-4f }& iR 3 #k Pine and broadleaf mixed forest; MEBF-Z& X 4 & i§ H #k Monsoon evergreen
broadleaf forest; PLF [& The same below; %5 B 4472 S. E. in parenthesis,n=10 for all samples.

W) — AR RLE 1.

DEMHESRY TFRIPFEAFALSEX.BET
1990 4, #k % 60 a, R BV B HALEE, FK
BEBEMEE SO% . K TERZEHEFE 5% L
L. FEE LU 2 B (Rhodomytus tomentosa ), 1= H
(Dicranopteris linearis) %X ¥, H R R, ¥ B 10°
~20°, ¥ 4K 30~80 m, '

R (RAR IR MO EE AL TR 4 K 5 38
“EBRINERSER BT 1978 4,2 60 a, 8
FEEPHARAER, BEE 85 ~95%,  HmAK

Jb, 3 20°~35°, ¥IR 320~380 m. T AEETE
AR T A DR, B K (Schima superba), B E
(Castanopsis chinensis) %,

25 JX B 45 R bR CRRT R IR ) B st 4 TR 7 X
RO, E#T 1978 &, % 15°~30°, K m KR b, &%
A 400 L A1 [ S, s v THOAR B o, HR AT
95%~99% , MR 300~360 m, FEHKEH
MEHE, K, EEE (Cryptocarya chinensis),
WEEFEH(C. concinna) , 4P EIRE (Lindera chun-
ni) &,
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L2 HERFEESLE

BESLT 1997 £ 7 A R&E, B8 HEH R H 20 14,
AR X 0~20 cm, T RERT . BERE, BT
1.3 M ERUES*

AUMEBELTEMNIHE A ESEAERXKRESR
1987 EXMHNFHENR L BT SIPERARITM
HERFME,1987). F3 Fe R DTPA B,
BT REAEEENE ;AR CuMAR ZIn XA
HMBRE, BRTFRESECEERNE B Mo R H
EM-SMERR mERALaENE AR B
REAHKRE PEBEAKNE AR MnRAZ
M- X _BBR, FFREASEEEENE. FF
ERLL 105 CHEE R,

2 HEREaH

2.1 AR BOLEE

AMEX ARRETREENLE. SEM
HEH B.Mo.Cu.Zn.Fe i Mn Y & B4 FH
0.431.0.09.0.531,1.446,31. 007 #1 0.297 mg *
kg! (B 1), H AN K :Fe>Zn>Cu>B>Mn>
Mo, # , B & (Fe) IR (Mo #Y 344 £5. FERFK
Ky ERAHS K. 0726, 0.112, 0.671, 1. 105,
106. 569 1 1. 072, KA /MFFF 3 : Fe>Zn>Mn>B
>Cu>Mo, B H (Fe) AEML(Mo) & 951 45, @
HERTEHEE D H K.0.865,0.188,0.681,
1.902.140. 103 #1 1. 381, K /MK % : Fe>Zn>
Mn>B>Cu>Mo, B & (Fe) Jy & % (Mo) #§ 745
fF., TR, =ZMHHEAKLBUEBTEEEHYL Fe Tt
EBRE . KKE ZIn Tt . BIKH Mo XK.

TREAREATEHREMEBRREZTESHN
HARE WEF—FARARMBTENTRRAL
AFRFTHRARMEBCEER —FEXRATHHHS
BE. AR2TN,. ZEMHAEHETENERER
A /N FE 2 . Mn>B>Zn>Mo>Fe>Cu; IR A
# :Mn>Mo>Fe>>B>Zn>Cu; I 1 %% : Mn>B
>Mo>Zn>Fe>>Cu, ®W W, Mn E=FFHEHK LI
REFHIARK MCuE=ZMHEHRPHERRE
¥HhBEN RBRTAHEYR Mn AR RAYS MAK
Cu B4 M &35,
22 =HHERZEANZERELR

MNERZHUEL, ZHARARENRNFERZ
FEXEELRPARHMETENERKTEREFR

MR MERMnMNEBRE=FHERZRERE
AR DR 4.6 (5, BXHARI RSN
B3 6 HR A Fe, HERMH A FHEER
OREMMA 4.5 € BEKZEDS BB 3.4 £,
AR CMERE-MNBRIEEZR A, AN
HMBEXHERTHE . BHELRMKEREE
(P<0.05), MM AR D EMAM 1. 28 15, BAHK
ROEMMR 1. 26 £5.

MERBEHB, MHBEREXELRPARHE
TENERZHAE, MATEYIAHHKTER
B.BRAX In NEEA/NF AT K>S SER
> BRAHSIN, HR T E BRI AN AR>S ER K
SRR, IFEE YN Mo.Zn. Mn f1 Fe WS BT
=AEFEAZEER HREEP<0.0D),

HER—HEBTEEARZFRZENETRREK
FHFTHRA-METEERSRFEARZE S MY
SBE. WBMTRRBK/NRFN: BHK>ST
EMASEBEHKGE D, KR THK BERMTAR
paliih- ol IR R Vi L B e

3 W #w

I BHMUBRRPE=HERLIBEUSKET
ESEiTH

BT, X LR E TR & BT RN AT R R
BB 1985 EET L BN EBITREH THE
2WHENEERL RN L RER LB ITTE ER
AR 1989 P EBFRAM R AFNMETE
THESWHEN‘TEM2EMBITEAN L REN
SHETRENMFE". AXETERA 1989 4 H
FHEB AT & BARHE, 4 & 1985 SEMFHEGR 3).

HRITH LSEMAREZLHMPERBHE
BIRE, /M TKRME . 5mg « kg"), MBAAHKNZE
NEGRMHKEREL TP EKRE. YETHAE.
A Mo WER, ZEMMKIIGEAMEQ. 15 mg +
kgAY 3/5, b FARIKAK P IREZEKRA BE RER
475, i A ARMEFREKE B TFHRAE. =
MBENER CuFIER Zn M EBEL FHFKE,
¥ETHRE. A Mn FEHLTHRMEKE H
PR RER 1/33, BEAF B RE
B 1/9, AMAARBIGREN 1/7, FHEEF Ik
RE(10 mg « kg 1/10, b FHREBRZRE., =
MEAER Fe HERBMNEERE, 10, TEMKANE
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. BREGAEN 445, BHBRAEN 15, W
- OBENMo AACulMZn EMMn ﬂfﬁ%'fﬁﬁ{ﬁﬂ@ 20 %c

@ 5 E A ST SOAR e, A BF IS B AR L2
' LEHEMER. KRBEFAS) . MTEF
(1998a,b) 1l Zeng % (2002) & X ¥ AR . It
R AL A — B K L A B R R

&

H
Content (mg/kg)

PME PEMF MEBF RBATRTT . TR TEREBRAES

BE, THEB AR KR EORAS, AR OB+

< e | - T . FAKBRELRPAY Fe MERYBHE,
<ot O I A LS AT W0 1L SRR X = R SRR
pellr B Fe P& BRT W EKWLERESN TT
S 6o | BT R RASTR. AR Cu WA Zn 1Y
5§ 0 = RN REL L A Mo S RER T 62 R 16 1L
0 - - . ERRETERES HAWETEFE, HHB

PHF PBAE MEBF SR B RRS KBTI R HAHE

— — T FE, R K ZHIRAM, B.Mo IR A R, A8
Al =fMKBERETHIERHETESRILE . _ L
Fig. 1 Comparison of available micronutrient RAN=ZFRARALEH Mo “ETHR, TEHET
content in upper soils(0~20 c¢m)among HAbfrw s, S BB A LAEARY 1/179,
three different forests(n=20) REBEMMGEEJRLUEEDN /24, XEPEE

R2 SHHERELIRPEASREBTRERBEROLR

Table 2 Comparison of available micronutrients in upper soils under three forests

B Mo Cu Zn Mn Fe

TEEE (mg- kg

MEBF 0.865(0.108)a  0.188(0.020)A 0.681(0.042)A 1.902(0. 129 A 1. 381¢0. 268)A  140.103(8.920)A

PBMF 0.726(0.078)a  0.112(0.020)B  0.671(0.036)A 1. 105(0. 094> C 1.072¢0.278)B 106.569(11. 897)B

PMF 0.431¢0.051)b  0.090¢0.009XC  0.531(0.023)B 1.446(0. 157)B 0. 297(0. 044)C 31.007(2.968)C
TREHC V. (9%

MERF 12. 4 10.5 6.2 6.8 19. 4 6.4

PBMF 10.7 18.1 5.4 8.5 26.1 11. 2

PMF 11. 7 9.9 4,2 10. 9 14. 9 9.6

[E—%F,AfMastBRAEP=0.01F10.05K¥EBE:FSHIEEDR.0=20,
Values followed by different letters within an available microelement are different by analysis of variance and Fishers protected least significant

difference test,and A,a mean statistical difference at P=0. 01 and P=0. 05 level respectively. S. E.in parenthesis,n=20.

#3 LIHAERSHRETRERFLED

Table 3 Appraisal criteria for soil available micronutrients?

% % Terribly low {§ Low 1 Medium & High % & Very high i R {f Critical value
A% B available B <0.25 0.25~0. 50 0.51~1.0 1.1~2.0 >2.0 0.5
# % Mo available Mo <0.1 0.1~0.15 0.16~0. 20 0.21~0.30 >0.30 0.15
# % Cu available Cu <0.1 0.1~0.2 0.21~1.0 1.1~1.8 >1.8 0.2
B Zn available Zn <0.5 0.5~1.0 1.1~2.0 2.1~5.0 >5.0 1
A% Mn? available Mn? <5.0 5.0~10.0 10.0~20.0 20.0~30.0 >30.0 10
£ % Fe available Fe <5.0 5.0~7.0 7.1~10.0 10.1~15.0 >15.0 7

D31 H 1989 SEFH MBI TEEH TEL M HHE Data from micronutrient fertilizer meeting in Nanjing,1989. 23] 4 1985 E L BH NN E
JTTEREH TSR Data from micronutrient fertilizer meeting in Xi’an, 1985,

WARRFXBARES KEHEHRT A -, BA Mo EEGITEE,1990),
AR AN REE T HBRELIRANS R Fe M WL, LB RRP KM RREFRA LR
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FER Fe BN TER, RALE Fe R, AR
Cu fil Zn Byt R &7, (HIYE R Mn, T EMH L
WA TE T B.Mo, R LA Mo it 5y LB
BRE.
.2 pHEMBEINRMNMEBTEARENRIE

AT ARIBIUIAH L3RR b L F L &
R.EEGEH . pHE. FVEMAEN P EFHSEm
TEHEREMNESE HERRBTEERFEAY
HER—(EAIRE, 1990; B, 2000; HERE,
1999; X @& %,2000), AX FEiTit pHEAAF
MENHBTEAREMN R RN ETEZE M

F4

HEW,

B FFa 2 AP RERBE T T2 EHEIE
BREERwRYER, Hit, o) HEMANRS &
BRXEZHHEAENRNRBTHENEHETE
BREEWAOKAN. R 4ATH,pHES L%
KA EBTEAREBEZRYENHEX Ky 5F
% B.Cu 1 Fe #3215k B F/KE(P<C0.01), 58
¥ Mo 5 BE K (P<0.01), 434 K/MEF K B
>Fe>Cu>Mo>>Zn>Mn, IR SE BN RE
HETEAREBZEHEBEMR, H$5 BH Fe
EMBEMX, 5 Mn B B EFHRL, HEHEXNIF

EHRATREINFARRBIRRINBASBEXER

Table 4 Correlation coefficients matrix of available micronutrients

and pH and organic matters in soils under three forests

pH OM B Mo Cu Zn Fe Mn
pH 1
oM -0.382+* * 1

0.381"* 1

0.223 0.259~
0. 065 0.214

0. 208 0.501 = =
0.595" 0.370**
0,272* 0.373°*

B -0. 597+
-0.318*
-0. 338" *
Zn -0.224
Fe -0.554"
Mn -0.196

1

0.291* 1

0.274 =
0.381**
0.141

0.2 1
0.212 0.1867 1
0.271* 0.335*" 0.23 1

s RS S5YAE X KFE Correlation is significant at the 0. 05 level; * * FERHEE 1% H B E/KFE Correlation is significant at the

0. 01 level;n=160.
3% Fe>>B>>Mn>>Mo>Zn>>Cu,

PRl E R AL, ERELXGTEH B
SRA DR BB TR = (RER M KE,1987) 31X
5FPRER-BCHRY LHTFRRAFGINRS
TEIHER In FREAMX WEIRSER
FIKRELEERESR Zn AL (FGE,1985), X 54
MR RMR . fir7cH % (1998a) i 1t % LA JL &b
ERFAROFRGE IAANFILES B Fe AR
BEAMHX. X 5EMRERANEFHR . HAINWES
HHBTENHXE S RWR -, BIEME,

A AR ER R BN pHESER
Mo 2 EHX (F g 4,1985), X 5 APt M4 R
RBAFE 56 THE S (1998a) B &R —3,
Bl pH 53 Mo 2 ik,

AU EAR—-BKEHE, TEE S pH E A
BAERRMFBOERR—HFEX, pH AT
UEEZHRBETEEL BPHEELULAMETE
L RIEAOAFMBRES, LT LIALE EE
TENHFARES ANMBEXTEIBE®E

(Lonegran, 1981), +MAVESHETXTEN XA
WIEFHET BHAECHREENGBEEGRREFNE
TR MK, XEEE & B T & (Perrott 1 Smith,
1976). HAi—MERA G ESH . AIRSESAR
SHEBOERAME, ¥ —MEH G RFBT, 7
REBRSARESHEBTEREME.
AARESHMBOREZHEBMMEEE L, B Mo
SRR HHXERE. W BKBS Cuiix#
A B, SHAMA S B XY X B FE Mo, P
0.05) FIth B EAF (P<0.01);Mo 2 5 Mn %
PR /IS 5 A AR 4 i 48 26 3 3k B 3F (P<C0. 05)
R B E/K T (Fe,P<0.01,% 4).,
4 &

&% iE
(DEFLARBEPR = AFREENEN S
HMEELTRPERMECEN LY EEMF RN Fe
>Zn>Mn>B>Cu>Mo, B ERA R A EE
BE BRAN In BEXHKBEMZIb. HATEHL
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OREMHAEBEE.

QEMUBRBRP X =ZMRREFALES
HY Fe N TR, RIMEE Fe BRB, A Cu
M Zn HEEN RIF,BF=EE Mn, BN
EEEGT B Mo, B LR Mo it it &
RE.

O EPHESEENFARETERARE
ZEBEFMEX, H5A% B.Cu fl Fe XK EE
(P<<0.01), 5A % Mo 1% 8 E (P<T0.05); A
REXFEMAEHBORAREZAYEZEMX,
HS5A¥ BMFe HXAREE, 5AR Mo HXE
E.FZACENLENBTENARBRAEREY M.
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