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Abstract

In order to explore the content characteristics of iron, manganese, copper, and zinc in the soil of
tea gardens with different parent materials, this study took several major tea producing areas in
Guizhou Province as the research object, and selected three parent materials of old weathering
crust, sand shale and quartz sandstone. The characteristics of the total and available content of Fe,
Mn, Cu, and Zn in the soil and their profile distribution were analyzed. The results show that the
content of iron, copper and zinc in the soil has a very significant negative correlation with the soil
sand content, and a very significant positive correlation with the clay content. Shale > quartz
sandstone; manganese content is significantly positively correlated with silt content, on average,
sand shale > old weathered crust > quartz sandstone on soils developed from different parent
materials. In soils developed from different parent materials, there is little difference in the aver-
age content of available iron; the average content of available Mn is sand shale > old weathered
crust > quartz sandstone; the average effective Cu content of sand shale is greater than that of old
weathered crust and quartz sandstone; the average Zn content in sand shale and quartz sandstone
is greater than that in old weathering crust. The available Fe, Mn, Cu and Zn in the soil were all at
the medium level or above, and the content was relatively abundant in the soil.
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1. 51§

“H=T7 HAE, SONE KRR S, FEEART, ik 2019 IR, SEME SRR 696.63
FTE[1]e Zer=bARE, wahmil, BoADN A BT BRI = h 2] B g AR [ 25 i ) B 2
JEopb A e e, 2 T RO BN AR AT R SCRE e PRI, AR s R A OGO E L,
BRI A A AR, MY B IE M A K BT R K o IR0y, A S XM AT S i, &
SR AN A R3] [4] (5], IFRA A RRRGRT T 70 10 15 5 AR A S HL 7 5 A ot o LA B
SM6] [7]. ARFFINS, IR o3 G SR A A ) S, (R SR DL BROK AL
EVITERG, AT = 2 & BTl e 71 [8]. AMXInLh, (R o 238 22 R M Z A6 K & e 2 Wi Rd
FIF[9]e LIEHIEYE Fev Zn & RIS 5 80H 7 4% [l 4Mh 5o 45 1 S AR A A K R B A R[6]. Fes
Mn. Cu. Zn %0 FUUCERIEMDEN A HRRIEFRER, ARet oo R A& [10] [11].

TR RAE LI SRR B L EEAEA], TR AR SR A i IR R R RUE AR B, K AL
Fe. Mn. Zn HRTER S5 RERGHICMHERK[12]. KidBFAMAE, SNE A5 EE MR L, &
JRBRLLZ WA T . WP TUE A A A . BRIEIAEEN & )@ 7o RAE b s B A O, — 0
ERYEAN B JE e = AR RS, ARE SR S TRA M kS E: H— A ERKEE
YRS BT RPME, NTILEZER DA E TR O R KU, KRG RGN LI E T = = 1)
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PBSE o DRI, ASSCHE R 53 48 7 bl SRR AT I B 2R Atk E, I3 T RL5E . R IUE AR seib e =
FEEBT 2R e AT FURT R o S IR B M 2 27 X % bl - e A HURE, 0 ARl BRSBTS B +4% Fe. M,
Cu. Zn {45 UL LA RS & BRIE S 0 ATIRDL, RTEA BT 2% bd +3% Fe. Mn. Cu. Zn &8
RIS HSMA R 3R, D 5 A8 & e 7 X R e R IR & PR 3R B — 8 O RHE IR, B st
it R A R S B SEBn S A A . ARYE LR P R T R F OB IR E SR, diant
BMEITCR TR REIR, R REEAA T LR R TT R A LB R A R, X T3 %
7 B b A A R S

2. MREREE
2.1. HIRERRESXERSR

BN SEAR DA RS A 3, SRR AR 5 M 2% el DX 3 A R A, 43 TR A T SR . U
R, S ARE, B, il &%, 518, BARMEMHE. 2T, Bl FHE, Biimie. 2k,
R Hw, Eew. Bib. KU, B TRIX 21 AR R, X). FFHE Sk
BERH13] [14] [15] A A At s o Joa th 3 o 51 [ AR S5 AT T IR BEUAE o ABFTIR R T 2 M5, ib TS
AU SERb A =R R R B RIZRECAIE AT %, T 2020 4E 12 H~2021 4E 1 A, RIS 25 el A 4 X 1
0 R T SRR i e A AR PRI R, 2 48 R e . B BUK & 0B IR T O &, 1 T
KA ZEE N B AEREMEZ . ERUZAIEERZ T8R0T e bR A i fE iz 48 B R e B
HeR AR T LA FF . AFFRAEZ R B TUAAUA JERb A B B BITF92 T 20, 19 Al 12 N1+
e, HoRET 153 A LIRS

2.2. AT
A3 pH AE I E R ALV - KB 2.5:15 A HUB R E K S iR AN B A TR E b —— %

TV R ZH BCR FH Bl E THIIE s 4% Fe, Min, Cu, Zn-VRFRTH fR 5 TR ISOG B2 1% H 244 Fe, Mn, Cu,
Zn-DTPD EARJE TR0 EE %[ 16], HIRAREHETTRIFNIRESE L 1,

Table 1. Evaluation criteria for soil available trace elements”

* 1. DEBYSHETRITNRE D

%2 (mg/kg)
TLR
TRA i &g = e I 5B
A3 Fe <5.00 5.0~7.0 7.1~10.0 10.1~15.0 >15.0 7.0
193 Mn®) <5.00 5.0~10.0 10.0~20.0 20.0~30.0 >30.0 10.0
% Cu <0.10 0.1~0.2 0.21~1.00 1.00~1.80 >1.80 0.2
HR Zn <0.50 0.5~1.0 1.1~2.0 2.1~5.0 >5.0 1.0
e 1) 51 H 1989 F R sl n R LR TAESCEERE: 2) 511E 1985 #6% BFF IR T R AR R TAE W H R
2.3. BIESH
SEAG KR @IS IBM SPSS Statistics 22 & Excel 58 EHE LB K& Ge it 5341, K Origin 2021 £l BT &%

K.
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3.1. PEIBRFE T REFEUMR

H AN, SRR AT £ 22 3% pH. Eh, 8. AHUR. A E S
PRIGEEEEAL RIS 17] [18] [19] [20]0 AREEF & B MRA LM RAAEZE SR, Fik, A& 7E0
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Figure 1. Basic physical and chemical properties of tea garden soils with different parent materials

1. AR EERETIREARIRUIER

MAEBEFCRE , 75 [ 3 rb ok & S 8RR I A H A (54.2%) > WP U (32.5%) > EXMFR
(18.7%); LB Wb RIAE M B U7 18] B A& BRI R I, E=F UK BRI 3% EAMEE > w2 >
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BERUZ o WAL S B AR = Fh BRI K BRI L858 E AP T (35.9%) > 2 R4 (30.3%) > f1 b
(26.2%); EHEITH L, AR AR EE RN LE LR S EBRER FZREMMN, Mg b7 tim R
HOREEIE WA, ERTUARER A B R T35 LN E MR ZE K TR E. EERL5E. B
FRUA SR A BEITUR B ORI LI EARRRFI S B8 51.0%. 31.7%F1 23.24%, AN[FEET A R
o > WA > AUehbes KR & E7E B 7 1A FEARONBE LR & &1 .

LRSS WA AU SErb A REUR B R 3% pH {H 551 3.89~5.55, 3.82~5.68 F14.01~5.07,
NI VEBBRIRTE o AR BEUR B R0 L3 1P pH (H 22 A K HIERRIEE & 38 B FE A 52 44
S BER S KRR GESE PP A g 210, AlfgR LIRE L mR FRRILIE RS, WS
TRRZ A 2 5. bR By ) b3 pH AR I, TE=FhBERUR B ORI b, 858 pH SPI4{E Y
NEHRZ R WIS E RN, R)E DIRRACEURZ M S AV S EAEREE TN EXAEE > UE
FUZ > BESE, B 38R P 3 I i PR AR s X 2 DR TE R E IR BV R RR 22, TR o/ T ARA B 2
DR WU & B, X S5 AT AR T 45 5 —B(22] [23]. 1 HBA a6 5T 3 EAHUR & BN TS >
ZRAFE > AR . ATRE R AL ST R RSB Ak, A HUBE DUR Qe B kb, R B IR
TP s 1A SERD A B IE ST, R

32. FEIBFELTHESEE Fe. Mn. Cu. Zn SE4HE

B2 2 11§, 4& Fe. Mn. Cu. Zn fEX[E T AR R, ANETRBEARLIA A Fe (46.36
g/kg) > 4= Mn (520.7 mg/kg) > 4= Zn (114.1 mg/kg) > 4 Cu (57.48 mg/kg). (EARFBEH A B K+HIEL,
4 Fe. 4 Cu f14: Zn P BB AMNGT > WIS > AIibs: H2 s Fns jUE BEFUR & ok
() 43 A P & B B A SR A BRI 2.46 A1 1.96 1%, 44 T4 B0 B2 0 Eib 4 BEHR K 3.00

Table 2. Characteristics of Fe, Mn, Cu, Zn content in tea garden soil with different parent materials (mg/kg)
2. FRIBHEEETIE Feu Mn, Cu. Zn 24T (mg/ke)

SN g

BEJi JLR g B/MA N FEME brifEZE A5 A

B fE

Fe* 41.7 25.49 128.37 59.03 23.18 39.27

SR Mn 794 145.89 1757.79 583.06 378.04 64.84
(n=20) Cu 32 25.49 194.75 7421 3522 4747
Zn 99.5 69.91 306.42 165.55 52.85 31.92

Fe* 41.7 21.51 88.99 47.14 16.68 35.38

Wi Mn 794 96.94 2652.11 666.76 517.29 77.58
(n=19) Cu 32 13.87 180.42 60.57 46.55 76.86
Zn 99.5 40.93 204.53 97.98 39.66 40.48

Fe* 41.7 9.54 53.59 24.00 10.75 44.79

o Mn 794 41.52 534.99 185.56 145.87 78.61
(n=12) Cu 32 10.81 53.00 2471 10.73 43.42
Zn 99.5 11.98 133.55 53.68 31.17 58.07

T SN L SAEBOE F AR, 1990 * AL g/kg.
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1 2.45 15, A5 T X & o e A B A BERUT 1.69 A113.08 % o 4 Mn P38 AR F B E N s >
T > HERE, 2R TUS BURUR B R LR AP S B0 A S A B 3.14
1 3.59 f5. HHrNA Y SAEALL, 4 Fe 14 Cu P& B/ E RTINS RHUE BRI 3
B T oA IR i, AR E RN BT RMH: & Mn P& EE=FEIUR B RN L85 E
PR T L8890 5l 4 Zn ‘P EEEZNIGEER b T8 5l ERTUA A S5 B R T 5
fH. MIMEZ, A& Fe. Mn, Cu. Zn VP& EWNA SRR &R FEAC, ISR T 5
BT A, EER A SR BER DAURAGRE TR A TN, BT R B R
Fe. Mn. Cu. Zn Eiiﬁﬂlﬂ*ﬁﬁ?’ixﬂiﬁkﬂf’ﬁ*ﬂVﬁﬁ%%‘r’g{’ﬁﬁﬁffﬁﬁ?ﬂﬂiﬁ% A 278
UM TEEMER, S S e T /KB YRR ICEER TR E 4, MG s
-wdctwe: S T TR %m tL# Fe Mn. Cu. Zn B /A RAET43(14 2), 4% Fe W P& &AL
KA UK BRI LI E& LR ZERAKR, ERTUE R FARERZEANERZ R TEE, A5
FRET EOREE KT UERUZ FIIE 2 s Mn BI-F38 & 8 2 KA ST IR TUA REUR B R 138 B &1 2
Z R ZEFAKR, AT AR oS E BT 2 & TUERUZ: Cu Ml Zn FE=MEE B RERERZE >
WIEE > RS, B LIRS S W i, KT R 438 Cu F1 Zn AT REAG IR 1R o
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Figure 2. Comparison of soil Fe, Mn, Cu and Zn contents in different parent material tea garden profiles

E 2. AEISREFESELE Few Mn. Cu. Zn SEXELE

3.3. ii%':l:' Fe. Mn. Cu. Zn ﬁ%ﬁ%ﬁ*ﬁéﬂﬁﬁﬂ‘];@g
B HT AT R, 34 E Feo Mn. Cu. Zn 3ERPRLY &m0 A SRb A BRI B 5K, fERRL
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TR NE AT B R L3 E S ERm. Rk, SRR R 50k 24 %5 4 & Fes Mn. Cu.
Zn EEAAF R E AN, AP 28 Feo Mn. Cu. Zn 5HEFRA RN X R 458 ME 3 Fix,
FHRRH v AEHEIEIR 1, RN CHEE M. T3P 4 & Feo Mn. Cu. Zn 5 HIERPRLS
B HIAHSE R B0 71 8-0.5981. —0.2372. —0.5780. —0.7200, EAHI R RLR, 5k & 8Em
FHIR R H3 728 0.6031. 0.0643. 0.6167+ 0.7290, HH1 Fe. Cu 1 Zn SRR & & A B I IEA SR &
53 & 1A 5% 2 5020 51 8—0.0026. 0.3129. —0.2020. —0.0152, ¥4 Mn & &5 3Rk AT %
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Figure 3. Relationship between particle composition in soil and soil Fe, Mn, Cu, and Zn content (n = 153)
F 3. HEDFRERSTIE Fe. Mo, Cu. Zn BEMXFR 0O =153)
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3.4. Z‘Iﬂﬂﬁiﬁﬁﬁ?& Fe. Mn. Cll\ Zn g%ﬁﬁE

45 Fe. Mn. Cu. Zn RILHMEE, (AR A Feu Mn.y Cu. Zn ARV AT DL B USR]
RS, HAETShHEE— 2R LEmER e M Feuo Mn. Cu. Zn & &E. KRR
KA IEBACVE R 22 5%, B2 Fe. Mn. Cu. Zn fE+3d A IR K .

BH7 3 AL, AN AR LIERESORE, WS BRSPS & MR EREMERZM 6.13
A11.22 £, BREF SRS B ERZAERZR 11.17 1 22.86 %, A REHF-348 &0 2 e 2
MIBETZ) 5.78 11017 %, A RCEER-T358 &0 0 e R E M EEFUZ I 7.39 F110.49 5. £ =F0EER
KEKRLIE L, i Fev Mn. Cu. Zn fE IR LRI MENEE > EHEZE > BRE, X500
NI RGR—5, FOAME 2 L2 Ny RS TE R N . 3 — D0 A B B S 2 L
Heh 5 3408 Fes M. Cu. Zn & EUFHERTF(1E 4), 752 R 1D TUR FIA JERbA B TR B R I 4% |,
s R A R Fe SF3 &840 1A 90.56 mg/kg. 101.43 mg/kg F1 95.11 mg/kg, £ =FhEER 2 HA K,
B2 Mn KI5 253 508 42.15 mg/kg. 58.19 mg/kg Al 12.39 mg/kg, ANRBHREI A TS > Z R 1L
7 > AWREE; AR Cu P& &34 1.07 mg/kg. 1.18 mg/kg #1 1.00 mg/kg, WA KTZMXAL5E
MR AR Zn S B2 008 1.56 mg/kg. 2.17 mg/kg A1 2.12 mg/kg, ANFEEEGR RIS T4
A SEb A R T2 KA 52

Table 3. Contents of available iron, manganese, copper, and zinc in tea garden soil (mg/kg)
3. FEDRAHSHEEESE(mg/ke)

VI + 2 R/ME IZIN| M PRtk 72 A5 R H%
W Z 12.43 354.11 96.06 70.17 73.05
EERVEES TERUZ 0.25 92.59 15.67 16.23 103.55
R = 0.25 41.53 8.56 9.97 116.53
WIHZ 1.06 146.97 40.75 30.79 75.55
A R WERRE 0.08 24.82 3.65 5.04 138.01
RER = 0.01 9.63 1.78 2.29 128.21
WIEZ 0.24 3.24 1.06 0.46 4322
A R R E 0.01 0.91 0.18 0.19 102.40
BEJF 2 0.01 0.37 0.10 0.08 74.74
WEZE 0.52 5.74 1.90 1.06 56.05
e R E 0.00 1.06 0.26 0.23 88.05
S 0.00 1.29 0.18 0.26 146.19

MR A HES TR TR AR HECE 1), =P EEFUK B ORI 4% LS EA 20 Fe & &40 T
K5 B Mn & EAEZ RN TUS BEFUR &R 1) 188 E R THREKY, EAaRmariRE kK
)48 BAETHEEIKs AR Co S EA=FER BT SR A Zn SEAEZNNRETKE
K3 EANT &K, ER USRIV SERb S BEBUR BRI 3% B T ek 45k, =FERKkE
Kbl 3% F, HAk Fe. Mn. Cu. Zn FE&EHT 5L EAKT, BUETRS TE A SR E BER E
WATELE Few Mn. Cu. Zn SRZ LS.
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Figure 4. Characteristics of available Fe, Mn, Cu and Zn contents in soil profiles of tea gardens with different

parent materials

E 4. TEIFREERTIESHE AN Feu Mo,y Cu. Zn SEHE

BRI IREBEA MR AR KR
Wi 2 LA Ve AR R R BEST R 32 A A se e SE g5 EY,  [EIRE,  biE R ISR g B B T e R i g
TV BERDRIL . R, B2 5 TS /= et — 20 0 i LB B RN AH G R &, S5 R anf&] 5
HrR.

+4rh 4 & Fe. Mn. Cu. Zn 5138 pH VG HLUSAHCAUEREA BT 2, W HL52 pH A HLBTZ M4 o
{H & T4 45 Fe. Mn. Cu. Zn 5 HIERRONZH AR A B B AH SR, Rl IRk 24K
ARG TS LR R AR K B IEAESG, Horh 4 Feo Cu Ml Zn 5 kb AR W35 TEAH G, L%
4 Mn 58k 2R E A, UWHTIEFRRAE Feo Mn, Cu. Zn 52 TR A BGZ M ECK . A,
+3Erh A& Fe. Mn. Cu. Zn AR IEMREIK R, K4 Zn 54 Fe. 4 Mn A4 Cu 215 .3 1EAH
KK, A& Fe TEILSSE Cu FEEWEZE FAHKKCR: HILRY, L3250 R A 8UEH LR
I .

3BT LA RES Feu Mn. Cu. Zn 85 H R TR Z BRI R R K, H Fe RS 1%
pH EMEZEFAEIE, 8 Mn & &5 1158 pH 2R ZE A, Wi LB E R Fe G4 Mn & 2M%E -
1 pH {H T REMIZETEGIN: AR Cu AR Zn WIAHS, HoE &5 3% pH 2 IEADE, (HAHRHEA R
. PR Fe R85 DBENRERE EMHX, HRERARENMHILSKER, TEPHE Fe.
Mn. Cu. Zn 5LIFRABMAE —EMHEXKR, HPE8 Mn 250K SEEREEMMEL, 5
MRS B RN EAHSS: AR Fe AR Zn SRR EE2HERZEIML. STARSSEEMN

3.5.
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RERM, THEPEH Mn 54 Mn, G Cu 54 Cu FEH ENEZE IEMHR:; A Fe 54 Fe. A
Zn 5% Zn HREEFMK, HPH Fe 54 Fe BREFKF. TEZHMMALERA I, AEKERA
feit— P IRR .

pH| -0.11 0.051 0.064 -0.19 0.25 0.055 0.14 0.021 -0.47 -0.35 0.13 0.18
LR 0.0070 0.027 -0.054 0.17 -0.058 0.18 -0.069 0.30 -0.013 0.15 -0.017 0.8
Wk -0.84 -0.56 -0.55 —0.37 -0.54 -0.74 0.19 -0.49 -0.17 0.25 0.6
Kk . 0.012 0.59 0.19 0.62 0.76 -0.33 0.19 0.12 -0.30
— 0.4
Bkl . 0.12 0.38 0.039 0.20 0.16 0.61 0.13 -0.015
= 0.2
4:Fe| . . 0.19 0.73 0.49 -0.34 0.12 0.27 -0.10
45Mn| ** ok 0.21 0.32 -0.21 0.68 0.12 0.10 - o
) 0.48 -0.36 0.19 0.55 -0.093
204 e O 5
A7n| . . *x * ok -0.25 0.32 0.17 -0.24
~ 0.4
17 % el . * * * *% -0.046 0.013 -0.23
AR ) . . * 0.11 -0.064 0.6
Hi%Cy e -0.10 0.8
AR
-1

P EF H P HR NP S O
POIE M A VL g S

* p<=0.05 #** p<=0.01

Figure 5. Correlation between physicochemical properties of soil in leaching layer
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