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H OE URBURLLENAEANAHRT P ERGERANT HABAHKEIEAT
TEBEAEARERE S LBANE pHEZFANX R FRKWE: 0~20 cm L BT FE
AW B Mn 48 AR AL Mo, Cu 48 AP AT Zn & B EN-Y AR XM Fe & BXK
%320 ~40 cm + B WM A Ak B.Fe Mn 48 REEAEKX Mo £ B BAATIMZn & A
HMALK Co 0 BREE; BM-YABEXHA B Mo CuMn 4 BELRE T ENRMR A TLEA
HAEHE B Mn BB, Cu B, HFh Mn>Zn >Fe>Mo>B>Cos D RME TR ARYEL &
HEUFREEAMREG(12.28), BH-PABRZEHRRMK(2.95), #FAM>VS>E>V >
[>TO>VL LANFALEL BZn ARSEGELHAEXREF, ZRSART T REH
BRAVRE ARSI Mn 2 FWX R, ARG Mo Fe Cu Z Al h & EHX AT EH. £
pHEL +E Zn Cu ERFEMX, 5 Mo Mo A B M AN, T 5 BHEXERIK, 5 Fe
KB RAK.
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Soil microelements under different vegetation restoration patterns in yellow soil slope region
of mid-subtropics. QI Liang-hua', ZHANG Xu-dong’, PENG Zhen-hua'?, FAN Shao-hui',
ZHOU Jin-xing’ ( ' International Center for Bamboo and Rattan, Beijing 100102, China;’Research
Institute of Forestry, Chinese Academy of Forestry, Beying 100091, China). -Chin. J. Appl. Ecol. ,
2008 ,19(4) . 735-740.

Abstract; With the Niierzhai watershed in Wuling Mountain as a case, this paper studied the con-
tents and availabilities of soil microelements and their relationships with soil organic matter and pH
value in yellow soil slope region of mid-subtropics under seven typical vegetation restoration pat-
terns, L. e., Pinus massoniana natural forest ( I ), Cunninghamia lanceolata plantation ( I ),
Fucommia ulmoides plantation ( [l ), Vernicia fordii plantation (IV), Machilus pingii secondary
forest ( V), Phyllostachys edulis — C. lanceolata mixed forest ( VI) , and wasteland-shrub commu-
nity ( VI). It was found that in 0-20 cm soil layer, the contents of B and Mn, Mo and Cu, Zn,
and Fe reached the peaks under VI, IV, IIl and VI; while in 20-40 cm soil layer, [, IV, Vand
VI had the highest contents of Cu, Zn, B, and Fe and Mn, Mo, respectively. In both two soil lay-
ers under VI, the contents of B, Mo, Cu and Mn were the lowest. Mn had the biggest single ele-
ment available index, while Cu had the smallest one. The biggest and smallest total available index
of soil microelements was 12. 28 for VI and 2. 95 for VI, respectively. There existed the regularities
of Mn >Zn > Fe > Mo > B > Cu for single microelement available index and VI > V >II> IV > 1
> I > VI for comprehensive microelement available index under different vegetation patterns. A
good linear relationship was observed between soil organic matter and B and Zn availabilities, and
the relationship of soil organic matter with available Mn could be described by a quadratic equation.
Soil pH was highly positively correlated with soil Cu and Zn contents, correlated with soil Mo and
Mn contents, slightly correlated with soil B content, and slightly negatively correlated with soil Fe
content.

Key words: soil microelement; vegetation restoration pattern; yellow soil slope region; mid-sub-
tropics.
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WMEITREN SERNERBRENEZEH
S , MR AT IR HESSEESES
MREREAAXRRER Y. REBFREE LR
BURMERRE, RRELTEHMBTEAR S5
itk BB EEREY . ER—KEHEEN, AR
BEEREFH L, HME TR GBS 15 pH A,
A YU B R VA ¢, LB S + 4 H D 3F
BETF,2ERERE AN EERS H
BIRE LR REAE R R —EHNENIMES
FHEPTRIES N BRI N RS+
SRAE 1 B % W BF 5T B P AE X 3 A WL LA e
N.PK S RBTEMPR LT, B R+ E
TCRA KM SEZR R W E FHBII L5 35
—HEE MR SRR TR K A
IR E TR BRI A RGBT AR E.
I RREMILEENEFMIK, AR
PR 5 A0 5 30 i B = B BRIk + R ™
H, i SRS 2 5 A s SRR A , AT M X 35
BB ROEEE SER™ . AR ILR
B2 1Ly X A L /) I 3 3 20 A Wk R X B S 0
&, Ht Pl R R R SR E T +
i EITE B . Mo.Zn Fe Cu Mn K& B, IFH
MEITTRARNM:, BT L EA YL pH H S5 E T
RZIEREF, USRSk ik XA T
P SRR N RE SR, LR B
AL BRAPEREE.

1 ARMWEEHRFHZE

1.1 B??E[Zﬁﬁ

R XA FHIBE A R AT AR RIS E PR
o JLEE/NFIR (29°30'N, 110°10°E) . ¥ 48 i FR
2.81 km®,#§3k 210 ~917. 4 m. B A UK TS Hb A
hE, LB EERN L EIE. B IR ERZEX
HERESE, MR, LR L, FHHE 1 440
h,4E SR 16 C, EH KR 1 400 mm, TFEH
216 ~265°d. B 1993 SFSEHEUH W FAN E AT
RFARREFOHEIKE R TR, RBES
WIS+ R B E, AR E RS
L ( Pinus massoniana) KSR MK #2 A& ( Cunning-
hamia lanceolata) N\ Tk . H: 4% ( Eucommia ulmoides)
ANTAK WA ( Vernicia fordii) N\ T 845 ( Machilus
Pingii) YKt WK . BAT ( Phyllostachys edulis) -#2 ARIB A
R R F B A S e 2

1.2 BFRF® .
1.2.1 +REREESH F200549 F20—2 H
K& B RAEEE L Hm 3 4, i S
HIE(E B ;402 (0 ~20 f120 ~40 cm) BRARE+
BEG 1 kg 24, EZ NI E LA PR . pH
HEEMHEEBTERARS SR RARKEHENE
pH R BRH LN ERIE (OM) , R
B E A SO (B) , B FER 4 L 5 35 W A 4
(Mo) , R F IR 6 BE B T B A 38 (Zn) B
#(Fe) A4 (Cu) RAREE (Mn) 22,
1.2.2 +EMBTEASHTN SHLEELRE
BRI S e ™ RARTE(E,) fig
BRB(E,) ME AW, B BES TEA R
B, ERAS T RETTE S S AR BN
! Ci 1 . 2

E, = 5 E, = /N;Ei
K. C, HHIBHBRTE | SEMLTWE;S, h+IE
WMETE i SRMERE.
1.3 Zitartr

SR FA SPSS et b sk {4 AT E T EE
5 28 BA 45 DL & Pearson #1362 B0, Hh,
TEAENASEESMETERARSEEMTIER
B2 1Bl B 2R BLE A T BUER A A | R BT
SRETNR E AR KBRS UL 5 O
R FEBOER TS BOERY “S” i £ LA K Logistic
% 11 MERIT BT BRI Ak

2 GRESH

2.1 FEMHEBIREHEXT HEMBTERARSEE
HFE1IAUESH,0~20 cm L2, FEEHEN
1 B . Mn &8 WA TH Mo Cu & AT
A Zn SBMEBIT-EARRZH Fe S RER, TN
KA Zn ERFEANTLHA Fe & EHAK;20 ~40
em + 2 @K AE A B . Fe Mn & & SEEEMME
Mo &8 .HMAAN LA Zn §EFAL A LTAHK Cu
ERBEE , SARANTIH Zn B AT Fe &
BRIK BM-EAEZHAEZENEBHK, i HFE
B™%E,B Mo.Cu Mn §RAELXE TR EK. 275
EZNNMREZE LR, ARER 0 ~20 cm 12 35
Zn Fe Cu Mn ZEBHOHREEER(P<0.01),B
EREFEE(P<0.1),fi Mo FBERFABE(P
>0.1).20 ~40 cm+ 2 1Mo . Fe . Cu Mn& EHF

<
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®1 FAEBHSEX TLREXMBARER.TESNRSEILR
Tab.1 Contents {mg - kg '}, ANOVA and ANOVA-LSD of soil availablé microelements under different vegetation resto-

ration patterns

B 0~20 em +JZ Soil layer of 0 10 20 em 20 ~40 em 12 Soil layer of 20 to 40 cm

Pattern B Mo Zn Fe Cu Mn B Mo In Fe Cu Mn

I 0.43aA 0. 09aA 5.43aA 23.55aA 0.89aA 172.88aA 0.34aA 0.03aA 7.97aA 28.052A 0.70aA 4.43aA
I 0. 40aA 0.06aA  14.12abA 13.58bB 0.85abAB  100. 20bB 0.33abAB 0.04bB 5.43abAB  22.37abAB 1.23abAB 55.07bAB
il 0.39aAB  0.37aA  15.45abA  20.75bB 0.98bcBC  195.93bBC 0.29abAB  0.12¢C 5.75bcAB  17.28abcAB  1.40abABC  144.11¢BC
v 0.38aAB  0.42aA  13.02abAB  19.23bBC  1.40cdBC  165. 00beBC 0.31abcAB  0.09dD 11.87bcAB  31.05abcABC 1.07abecABC  158.17dC
v 0.43abAB  0.07aA  12.50bcABC 18.33beBC  0.75¢dBC  183.80cC 0.36bcAB  0.06eDE 8.80bcB  34.90bedABC  1.00bcABC  191.33¢D
Vi 0.33abAB  0.03aA  6.20cdBC  28.92beBC  0.63cdC 4.00dD 0.26bcAB  0.02EF 6.12bcB  24.03cdBC  0.55¢dBC 2.2ME
il 0.44bB  0.13aA  10.23dC 21.73¢C 1L.23dC 233.32¢E 0.30cB 0. 14fF 7.53¢B 30. 28dC 0.96dC 171. 071{E
F 2.4760 0.9420 6.0530 8.5320 9. 1860 134.7480 2.8410 139. 7360 4.5730 4. 5660 5.1530 259.1270
P 0.0761*  0.4966 0.0027** 0.0005** 0.0003°* 00001"* 00504~ 0.0001**  0.0090 0.0001**  0.0055** 00001

1 . SEWKRI P. massoniana natural forest; 1 ; 32K A THk C. lanceolasa plantation; If : k- A THKk E. ulmoides plantation; IV : i A THK V.
fordii plantation; V : #8442 4k M. Pingii secondary forest; VI: BAT-H2ARIB AR P. edulis — C. lanceolata mixed forest; VI : 37 L §E M\ Wasteland-
shrub. AR NEEFSHFERLERK0.1 F10.05 5 ZE/KF Different small and capital letters meant significant difference at 0. 05 and 0. 1 level,

respectively. # P <0.1; * %P <0.01. F[&] The same below.

ERBELER(P<0.01)  BEEFAEREER(P
<0.1) [N Zn FEESAREE(P>0.1).7 P
WMEHAHO0~20cm LR HWEMNMBTESE
MIEBET20~40 cm + 2. XFERHE FHR IR
EHYE A IR S RIGH AT 1EE XK
MEITTE, Rt K T2 A B E B,
2.2 AFEHEPFEREEXT LERBTEARN
REEBEKEER 0 ~40 cm + 2 HIEME T
EESS B EHEA SR ERENEREESE
Zit TR, BB L EMECEAREIITRIHTES

®2 IRRETEAESERTHESERE

Tab.2 Average values and critical values of soil available
microelements (mg - kg™!)

X, 55 6 MTRWEBMERB(E,) REHEBIRE
BT HEMETRABHSEEREB(E) 8 RL
# 3.

AFRHBEITEZRBREEZRAE, KADWF
% Mn >Zn > Fe >Mo > B > Cu, H.tf, Mn F & {48
Bl , 5 28. 89, B .Cu RS ZBWKTIRAME,
AR <1, RPK XX HFRETTEA R
ERIEFHZ Mo BREEREEABHBREAR, X
A A AR5 e A AR R R B A 2 B R 1T =
FinAE. X E RN RARR AN 184
KA FERERENELZ B Mo, Cu, 4L A AR AR
ANIHMERZ B Cu, ZAR-FEITIRIZHERZ B Mo ,Cu,
Mn. F3ERUERTTRA LR A I BT Rl A

B, B Mo Zn Fe Cu Mn . PO

Pattern %r%‘( 12.28) 2 AR BATIR MR EAL(2. 95) , A A
I 0.39 0.06 6.70 258 0.80 88.66 THR IR A TR B A vk A AR AR I, 76 10. 30
i 0.37 0.05 978 17.98 1.04 77.64 ‘ " \

I 0.3¢  0.25 10.60 19.02 1.19 170,02 - 1\1' 58 I}, SRMKISME AN LKL, 71
\s 0.35 0.26 12,45 25.14 1.24 161.59 A 5.97.5. 51 ANFEE R E BT . VI >
v 0.40 007 10.65 26.62 0.88 187.57 V>H>NV>1>1>V.

Vi 0.30  0.03 616 26.48 0.5  3.14 p — iy .
| 0.37 0.14 88 2601 110 202.20 2.3 AHUIA pH (EXS L RBUER TR A MR
s 0.50 0.15 150 450 200  7.00 My

S, LI ETE | S BH1E A The critical value of soil microele-

ment 1.

£3 IREBTRAREEY

Tab.3 Available indices { E;) for soil microelements

2.3.1 APl @1 ATAE S, AR R E B
AL EEYFESELS5.88~35.23 g kg™ ,0~
20em +EFVEESEHEE T 20 ~40 cm + 2,
KU T EBEVE A RBHNHE.0~20 cm +)2

R E, E,

Pattern B Mo In Fe Cu Mn ﬁﬂﬁﬁﬁ%ﬁm?ﬁ{ﬁ(ﬁ: V>Vi>H > V> I
I 0.78 040 4.47 573 040 1261 597 20 = >

1 0.74 033 65 400 0.5 1L.09 5.51 >W>1520~40 em 2/208: V1> V>V > 1 > I
[} 0.68 1.67 7.07 423 0.60 2429 10.50 > > VIL

v 070 173 830 55 06 23.08 10.30 N . .
v 0.80 047 710 592 0.4 2.8 11.58 M4 ATLLE & AR B Zn Z 1 451
v 0.60 020 411 58 030 045 295 BB E(P =0.004) B FHH*(P =0.098) ,Be,
v 0.74 093 592 578 0.55 28.89 12.28

Zn 3 B FEA HLB A3 0T s A MLR S B RS
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Fig.1 Soil organic matters (A) and pH values (B) under dif-
ferent vegetation restoration patterns.

1) 0-20 cm;2) 20-40 cm.

F4 THENR(>) SHBTR(y) BAMGT
Tab.4 Regressive estimation of soil organic matter (x)
and microelements (y)

AR R F RIS F-test
Regressive model ’ df F P
y=0.3091 +0.0023x 0.791 40  9.44  0.004
Yyo e 2300 12 W 0.026 40 .08  0.304
Yza=7. 5726 +0.0855% 0.667 40 287  0.098
¥re =26. 0023 ~0.1051x 0.034 40 1.43 0.239

Yea=1.2712-0.02785+0.0005> 0,101 39 218  0.127
Yua =148.385 -3.92742 40. 1065  0.677 39 2.59  0.088

Mn HEIAXRF AT AR ZHA R, HERESIT
ZB X (P=0.088) ;A YLE 5 Mo Fe.Cu Z A&
AL EIRXR.

2.3.2pHM WA TLUEH, ARIEEKREER
#0 ~20 cm 2+ 3% pH {7 4. 17 ~5. 37 X [A],20 ~
40 cm +E7E 4. 13 ~5.27 ZAA4k . H 438 pH {8
F/NERE R IV (5.32) >VI(5.00) > 1.V (4.93)
>M(4.68) > I (4.23) > VI(4.15).20 ~40 cm +
EAHYRAE TS HEX B ENEIRES,
¥ 113 pH [ERMETF 0 ~20 cm + 12, [HF EHFL
RERVBEERABE(P>0.1).

HERSAUEL, pHES5HHE Zn . Cu 2B HF
IEAE%, 5 Mn #1 Mo B BF A RHE. XEER
¥ pH EAIFEAREH# T Zn Cu ,Mn Mo S BT
R YERENE M, AR HARSE. Wt
EPBHEEXRBEESA EWHESLESTHY
", 5% pH {ERIRBI , BUHE St M. B pH

5 L pH 5T WENAMIT R Pearson 10X RY
Tab.5 Pearson coefficients of soil pH values and available
microelements

HF pH B Mo Zn Fe Cu Mn
Factor

pH 1. 000

B 0.324 1.000

Mo 0.564 -0.149 1.000

In 0.898* 0.236 0.719 1.000

Fe -0.165 0.078 -0.226 0.310 1.000

Cu 0.815* 0.192 0.838* 0.836*-0.469 1.000

Mn 0.712 0.529 0.614 0.693 0.035 0.724 1.000
* P <0.05.

AR, LBEPABESEELS, AR S a1k
RIS 3% pH ES5 A RBKEBREXXER.
Ak, Cu 55 Mo Zn 2 Al AR B EH XK, 5
i1%F 1458 pH {E i B 25 ARV &

3 HZig5iit

3.1 ARHBKEESN T BYEBECRARESS
BHEW

£0~20 cm + 2, FREHEMERX B Mn T8,
HHIATAH Mo . Cu &, HMATHZn EEME
Fr-EARIBA Fe S BHEE. 20 ~40 cm 2, 1E
PR B .Fe Mn & &, TR E# MBI Mo 58,
A TAR Zn S EAAPATLH Cu FEES; B
T-A2ARRZEHR B Mo, Cu Mn FBESE LENE
fi%. EEA £ JLEE/N L BB O R R AR B K
0~20cm +E+BEFHUBLESELMAESTF 20
~40 cm 22, FEREB TR T HEW N 50
B 5 mIRMYER.
3.2 AREMEGHEREEA L EHETRERHEY
2

AREEREEAXT P E TR R ERE
HEE R :Mn >Zn >Fe >Mo >B > Cu. Mn 2+ &
BERAMHMETLE, KA HERLER , RYUAR
B ] A YRR R R B K 7S RS M 4
MEBEMMESFEEESBRVEER. 1P
A MAEIY R EYREKER In, HEYYIH#
ARP AR, LS IR R M. R
A B Pk R B L33 R 1 3, FTVE S Fe 1Y)
FUERSHEEYERRTNER B Fe &
MHERBOER. M TR X ERRA,7 fE
KPR YEBEBE , K Ml R RAVEEFEHER
AR, B . Cu B HE TS BURMR , R 9 X O B A
WETEAUSBIEERZ. R EBRAFTHLH
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— & Mo BYK, EXHEMMAE SRR 10% , iz
Mo ERRTE H3E &M T 5 TS , O A Rtk
WK REAHEKEHEWN T RME TR AR
GZAEKHF N VI>VS>T>N>TI>T>VLH
PR EEMNME R R, M2 AR-EBITHREAR. X7 6
RHTREENRSHEFED, ER-EMBEXHAEEZ
BIRER, R EmE
3.3 AL .pH EX LM EBE TR A RN W

BVESERASB.Zn ZEAMFXERE. X
FERHTHEAYS B.Zn ¥ 60% ~80% Kk H T
TIEAPURRI R, 5ERAE Mn 59 1E% R AT
A owEmAMAR. WXL WA TR AEMEE.
B AESSRMILFIEM, 3 Mo Fe Cu £ 1
BHEES5ShRENAHENE, SEVEXER
RKEBBRTHEABSR.

pH {E32 M R B E WA ER S ML
R ApF5EH, pH 5 Zn(0. 898) .Cu(0.815) &
BEIFMRK, 5 Mn(0.712) \Mo(0. 564 ) 1. B 54719
XM, TS B HEMERK(0.324) , 5 Fe A5
FHR( ~0.165). Wt 5h, Cu 5 Mo, Zn 2 [a] A9 #H % 1
WX B B E K.
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