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G T M EREE, ETPUATEHEZERSEN, BHEFREEE XK.
EER, EMHERERABY HROAEREEL (L4 1112,500 8) t, 8 L EKRBR
BHRAEBEHAHAR . BERAEHREEY K, EHRET DR ETES Nk, R
B =R (1978, 1980, 1981 ) T IAZE L R TR L M RERETNE, HEFHE
HHEXRBURERTHTT HEEHARR.

EEHRBENE(ERE ELEHEBEET)o SREARE LR 216 4, HohsBHE 36 4,
YRR 36 A, KR 10 L, 30 B R R R S—6 T RB AR .

TS RBEAR. HE. RSB, BEFE TR M E.

A RARORE: BEDSA 0. INHC BRI KA K A DTPA (0.001M =
LEBRZE, 0.01M FALES, 0.1M ZZ BB BRIRE, ARTREEEIE, ARdmem
RFRU BT RE, W TR AKEAE T RE, RATRASETRZREENNE. EHD
WRRATERRBTRES, ASHE T REH EEHAE,

. ORI R

EHEHREPERERO—I NG EH. FWERBEATLSHERERERLRA
o HHAM ENHEOLER, FTEZRENEARBNLE. HAREHNEREHA
LT FERFRM R D 6.

EARXNRIBRNERSIREG TEREHAFRNBRACLRBO LR, AR
R RIS ENRE LRFINEANRYY, (D) PEERANLIHR, QFRETRERLEL
BT RENESRLIER, NEHARTOEARLE; (2) BEERLLH,.BERH
TREE LHWFRERLIANRETRERIGPIE FRORIN. [obRRHE. LR
B G) BREBALEEERAVE LaPHE . THIRPERENRERLE; ()&
BB AERETRADES LR LRRETAKS (RRKY) WEKL;

*ATFERTRRASEHS TERHLRRETFGHBERY R HHERER G LERLR &SR
YRBEERYFD ETERY RSB RKMEL LR R G, LR, WERESAEXD DD, 8
MM FANRETENETAFEEE BRBER .
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(5) BAES&T M, GERIARYUREHSERENAKRL,

ME 1AL LR E MM AR IR A L BARE RN, B ERERR. #IT
HRYH pH BABK, BREEhH. —RUEEM WP Zn, Cu, V 85, B8
ki Mn, Ni, Co %, MR BT/ FEMTEBIE,

®1 TREPRBVHTROHEE

Table 1 The abundance of some elements in the main soil types

@

mAH TESR(PBIE, ppm)
- E3i] RLBR FARE ™) Content of clcmcnt’(avcrage)
. Parent Types of pH [Number
Soil type materials | utilization sa:-xfplc Zn Cu Mn Ni Co v
2 s [5.1—6.5| 7 |100.1 | 76.98 | 6599.8 | 28.08| 17.95| 82.97
EERLN ERE K+ [5.9—6.5| 7 | 98.99| 37.57 | 751.2]29.05| 17.43| 82.26
B s 4.9-7.00 8 | 98.88 | 62.57|3803.637.27( 21.02] 99.36
WRRCN RTERE  Jm} l5.s—6.9 9 | 83.29| 42.73 | 1195.6 | 35.79| 18.70 | 99.92
mousger | OB ow [4.7—5.5 7 | 97.71| 28.85| 357.232.31| 12.27 | 114.2
BRRLN “a X8+ [5.2—6.2] 4 | 70.81| 33.16 | 326.6|29.16| 14.92 | 104.2
qgpaure B o 4.8—5.4 11 | S51.44| 21.53 | 741.4|21.39| 10.62 | 74.59
BRIM | Ty KB+ |4.5—6.61 9 | 67.45| 28.25| 374.0]25.93| 14.07 | 88.84
vy (RLEDE, | R om [ 1 | 73.46| 28.08 [14500.0 | 26.79| 20.19| 83.21
®repmny k@t p.3—6.4 6 | 63.64| 37.15| 394.6 | 27.43| 15.18| 82.26
(TR 5 -¢: | ERE ko [5.2—5.4 4 96.02 | 24.90 | 890.9 | 34.02| 16.88 | 83.55
diiinly  EME # o |[4.2—4.7] s | 118.2 | 30.24 | 1022.5 | 37.27| 16.85 | 108.3
, s 7.5-8.5| 8 |109.5 | 35.34|1229.2 | 44.12| 20.30 | 116.3
Xet | REBRE | el P7_sls] 13 | 98.08| 32,13 ] 833.7]37.88| 20.35 | 104.6
Ex+ | BRE w [7.9—8.4 7 | 84.23| 33.35|1520.0 | 35.18| 26.22 | 104.4
R KBBE  [6.5—8.2] 10 | 99.96 | 31.85 | 1456.7 | 34.99| 22.41 | 105.2
BpREH | #iThRY KB+ [5.5—7.3 9 108.7 33.91 | 537.3] 34.56| 17.57 ] 95.90
— VA
=, PR S E
(=) :M2BNEE h\ ’

RS EERERIBR. HTHASE T HTIENKEMRERR, HBE
EREERH . HILFARBME, HERUNEE . UBEhREEOEM, ETHREARE
EITHEY, ME2ILBTAB LN, AXTMMBEBLBOREIR S, 83
AAARERNRROES, —REEES(MXRE)PERER,% 70—130ppm, Bk
SWMERESEEE 50—60ppm, WEMNGRASEHRBRK,RE 16—20ppm®,

TP RS RE RS 10—300ppm, 3 50ppm, HFFH 80ppm®l, R 125 4
BROMERGR D & KBX WM& R 31.5—~144.2ppm, 35 97.35ppm, Lot
FRLEREHERH K. EHLBEREWEFHT:
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Table 2 Accumulation rate of zinc in main soil types

HES e E g & Zn
No. of profile Soil type Parent rock opm Relajﬁ'?ﬁ ﬁxfu(l?zi)on -
H-#8-38 RRIN T 3.5 +4.81
H-80-25 REmTN e ;;89: +14.98
H-81-44 BEROM | BEECAKL o +4.26
H-80-026 FEERLN mEE 5. +38.29
H-#3-32 ®et t Jatoyies L +24.67
H-80-16 BRE BRE g‘l’g —6.29
H-80-29 P | REaps kil +29.58
H-#-22 (L AR TR 124 +36.14

D #hAFERTIBPERSR N 2AERERMNENENBXRERPTES B,

(i EhzM (118.2ppm) > £& 1 (109.5ppm) > RE4RR M (100.1ppm) > 4HEEIR
414 (98.88ppm) > FEBKIGLLE (97.71ppm) > 13 E M (96.02ppm) > AKX L (84.23
ppm) > R MM(73.46ppm) > BERL M (51.44ppm)e HPLUUMBERBREBRERER, &
RO ME R, HALTERLT 100ppm £H, HHESBRBANSHMBRARX, AR
T HEmES. i AELELTE, nESRIY, MEHhOEYESSa8URTEE
(110.36ppm) HEE,.LBPHE (5l.44ppm) ZEARK.

ABEIhE&HRSHARBHRABTHOREHE —ERNETXR, &6 R H B
KRB EHBOEW, U ABIEEISEMURS,ME L HSED:

#MITHBY (108.7ppm) > AKE (99.96prm) > REP A (98.98ppm) > A
% (83.29ppm) > FHLLAL AN T (70.81ppm) > LA PERE (67.45ppm) > KA G R
& (63.64ppm), HHDWILMEHATNHIELSSERS,. RA4GDE . ABER
BRAKBLEBERERK. MREAPTHENAKRERTFNAKBL . 2898 TRE K,

(=) TMFPROEE

RENAMX 216 MERIINEREZH, CRARAABIPERSBNSETEE
KGRI —9.35ppm) (R 3),ERAYW29%—180% , S B HMEEHH(E 1), RHLM
RABEAXBLP, FRERERERYIN, NEXBREFHLINES,

AEARERENIM, FREHEHER 1.41ppm, HPRTRLE Fhr s R
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(1.5ppm) HORES:,5A 60% Ll ko ZERD RS S, UARRLAFTASHLSRER
(B#92%5 2.59ppm), BESERL MK Z(CEHAN 1.47ppm)o THRERMA RS HARBE
(E#% 0.58ppm), FMHBEERRNLHMEABL . AREHFLHER S 3.32ppm, BE
KRR N, HPETHRERFAENS 14%, S THEBERELENE 10%, T
KRR AE RSN SEETEN,

%3 M EHERNER

Table 3 The abundance of available zinc in soil

FmER BAY Za (ppm)
TMAR BEBR | rypes of No. of
sl type  [Parent materiall L ation sample % & Tl SD
ange age
ERRCARmEIENE Ll Rt et
wwmos  Ens | Rl I e i B 3ot
wifpmmon wes | g% | 6 |G| 8|
th
T emea | reves | 32 | 5| B8R 3% | 1%
wum | woees | R 0 | oattle | 070 0.20
155 7 | i by oo 5 2.9—6.9 3.96 1.50
[1Fg:§--¢- | ig k= oM 4 0.6—0.9 0.70 0.18
et | xepms | M A - 7 B RY
EwE  EREERE| fal I - R 04
MpEL | wInRe | Zl A O e 0at

B Bt R CTG LB L S0 001N HCl RBRR; i ARELT(BYE L, REL. BRL)
Al DTPA MR¥iRE.

WLHRY R EOKB L@ RL), AREH LSRN 1.17ppm, FEWSIRAR
THREL T BRI R Eo

ARLEREFHFIN 0.42ppm, BT HFEHRE (0.5ppm)o MK X HRIKE
TEHESHFHIERN 0.73ppm, Hrk 80% DL EAviRA T ksl FE0%, IR RE
RERTEIKRE L, B BURE RSN, LT B T BBl o -

RetRRETHABIEBHFHERY 0.27—0.30ppm, R T B EUEFE, B2
TRERSH SRR, ERARBN 50—-65%, S HmRENEED, RBRHAEYK
SHEIMNYHHEST. HER, HEBXAERREE AL EAREHIMS
AL BRERFH—LABLIOREE) LAHRAESEAR, LHERES, SO S X

®

-
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() RENDPHTBNER

BEHFEHHIIHTRAERLER ISR BRI IBORIR. R\ 12 HRL
BEFEAEN 26 MEEH(ERE: 48, R, ARLE SR L 1R %) R TR
SERAREV: S LM EDNEEY HHRRS S, B RERRMBEN, B
ARPPOHRET. EHBREATHUAREL, 2BEERFBRYY, BERBTHR L@,

B A H X &R A 36 N WA EN AL REN: LRYEPETREEO S
A3 T R B AT B X R — A AR R MA—HEm S, LBERLANES
BB, AAREBNERTH . ARESBERLIEENERNES(E 2),

Zn(ppm)
1 2

3 4 23 4 &

D E

(80— 011) MR (MEBTE) (80— 036)EXKL(RIKAE) 80—023) RN (80—033)REERIIM  (80—030) Wit
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Fig. 2 Distribution of available zinc in soil profile
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LB CHERS: BEEREAN SRR HERRSENERNXR T

2th ATIBREBEHTWAR, KhaFRet RettokBL Akt E 2
T CREFRSBREORG T RE DKM LRRR: QFhREKENTYAK
BRBEKBL RS RN B2 hDREFREFEENEERIN, FERL
MEHAREL, ME2 TUEH,.RENTBENBRERTAREHEGESTRL.E
RS L REANHE S, A &SRR T ek FE.

(@) BT RPROSRAE

BYRSS8RE 900ppm, HWHMRX RE T LEKRNE T (Dendranthema
indicum), HIERMH B &880 41.42—47.40ppm, BAERK (Viter negundo) M &
SEEHN 63.51ppm, K DA HT XIGERA LRBOZFEIT  (Carer. sp.) FHF
BEE 454.3ppm « (HHLEESEY 304.1ppm, FIEHN 56.00ppm)o  FEIREH
Fra&g B 400ppm WA FERB I, L BRERE BRI

TEAEYSSRAEH 2BRESEHRER? FEMREFTER B IEBRRAK
Rk s A — MR 20—30ppm; HARHLEBEKD 15ppm FEHKRER 8 i F Ho
BIERMNXNZHSEEFNARE L ETRE 36 MHEARNKBER GEERMH) (RS
BEAA(FRS): AEHEKSSRGIMS LRI A 13.50—53.50ppm,  7EBEITILL
BRI R RER AR ENAEL L ERSSERSE (53.00—50.00ppm), REPTE
S HHARLT FETEASSEREE (1Y 15.88ppm), BKERAKERBHKEL
EEREHRERIE, % 19.35—20.39ppm,

P4 LR B, LR & LKL FEEESSREE (k¥ 13.50ppm),
GRERBRARL FEEEMKAY 23.08ppm, HABWAKE, HESHERNY 29.01—

%5 TELEBTXRITROIBRE (K

. Table 5 Migration cocfficient of elements in the ground water in different soil regions

Zn

+[X Soil region wﬂigg_%%c T35 Migration sequence
& (mg/h) K
Content - *
- Ca>P>Mg>Na>Cu>Ni>Mn>Zn>
BARLNIERE) *oK 1.78x107 0.22 V>K>Al>-Fe>Co
—s Ca>Na>P>Mg>Mn>Ni>K>Za>
HRERAOMEEE) # K 4.53%10 0.16 Co>Cu>V>Al>Fe
BROCE(TFBRYDE) "R K 0.025x10°° 0.91
; . - Na>Ca>Mg>Co>Ni>P>V>K>
Ra+(RABPHY) WK 2.70x10° 0.06 Cu>Zn>NMn>Al>Fe
- Ca>Na>Co>>Mg>Ni>P>V>K>
# K 0.05x107 | 0.03 Cu>Zn>Nn>Al=Fe
' Ca>Na>Mg >P>Co>V>Ni>Cu>
" X ,0'00 Al>Mn>Zn=Fe
ERE(ERE) # X 0.26%10-* 0.03 Ca>Mg>Cu>V>P>Ni>Na>K>

Co>Mn>Fe>Zn
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36.26ppmo

ﬁ*&iﬁﬁ?&&#‘%i'—%ﬁﬁkﬁiﬁ%lﬁ]&ﬁﬁ*%ﬂ‘ i#ﬁ?&?ﬁ:ﬁ r = 0.83%%,
n=7, pf <0.01,BHAFER: y=10.06 + 22.91x, HIETRL %U%E%ﬁﬁﬂ”’ﬁ
RHENLMEREERNFBRZ—

*ﬂElXiﬂz"Fﬂ(EP%Bﬁ‘éiRﬁﬁﬁ%ﬁu&ﬁmimﬂ:fzﬁﬂﬂﬁﬁ‘i 50 AHXH
TAHE Cay Mg, Na STRSBER, THREBKA, HRE, [ Fe. Al SRERK,
EBRB/N HEUERE#EZTE. Mo, Coy Niy Zn, K SBBMRK, THREE/N,.K
TREBBNBIH TR, REABXELELE LR TASHRAEEHRE (0.00—4.53ppb)o
RIS EHE R ENAM IR T K S SEMEE (4.53—1.78ppb), MLIKE
T BRI BRI X TS SRRME (0.00-0.05ppb)o MARIBABKSE,
ORI BT AP ENIBRBATERELRX, SR BMERNNORRINT XK
TAESBREHRE B KNIBAEBRX, MiX—FEASERRERBREXD AR
T, o SRR B K T B b 848,

=, BmEReaRtHE T

HMSENEE ST B o, HAEA R BATRSEEEHDE R,

HPHRE R R LAKT BROKIE. E—MEHSBEN, A—
K, -2 0, i TR RAR, LA RS S R R LR, |

AR MR TSR HOLNA RS RBM(TIGNH 4.78ppm), TEHER WOEAS
RAMKZ (F4% 147pm), TILMLEBHESR HORRELAS B RBIECES)
0.58ppm),

ARLREEHSSE BIERAE, AMCN—RERREY, TERKEL (D
R L EREEERURE SHRRELERRRMN, 2, kELFHERRER
TR,

RUBS AR 216 MERNRLERFA E— 20 LM pH EHEN, L9 pH @
B A UARA RN T oH WROAHESSRUE, ML DTPA W
e ER E IR R R G+ FRES) 62 MEREEAE, B R 178
B0 DTPA B BRI B 5L oH E2IESUE%, r = —0.84* (B 3),

BeAh, £ SR BRI AR E S B RES L) S0 o EAF%, pH
BEHOK .k DL SRR (0.27—044%), T pH (ARRIRREEALIN, BHOH
SR (0.93—2.34%),

FHXRETRAKRLIN pH EEE 7.5—8.5 ZH, HEBEKRN (RS

23.93—26.69 B @&/100 1), XERRYUHSHAATRSESBERNER
—o HTnERRET M EXRKEAARK, FESEER B,
THANRE BN EREBENTALOHEW. Flux M (ERE. KHE.
FHETENTH)REOLOM, LEREE (8 0INHC BEER) 5ERa R A
R2EMERXE4), r =076, HEARABNEIAS RHNETLRERNTER. B

@
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12 ¥ =0.03+1.75¢
y=4.11-0.472 n =40
n=g2 . 10 r=0.75
r=-0.84 - .

Zn (ppm)

0.50f

- . 2 3 1
3 7 8 3 1R (%)
pH Orjanic matter
3 THIERSES HEMNXR 4 ITWERSESAVLRASEXA
Fig. 3 Relationship between available zinc Fig.4 Relationship between content of organic

and pH of soil matter and available zinc in soil

ERNSRWEREDDBRABYURE. SRXIHAVIERNS, RIANRSESTH,
MEEBAFSRTE, XTHESFIRME N FREEXY, GHFER TR IR
ic

BACER X LA RSB OA — BB, RIERIIAEIHEA 12 A% 38 M3
ARLIMEFREFIFER (LF 4 KE: KBEGEHIHGERSHE PSRRI,
{% 0.28—0.29ppm, TEBMHFHEBABRH, NT 12.90—15.13ppm Z[H, EEHEK
#FEEER <15—20ppm, MSWEBNFEENBED(SEAR L EBEKMEEL), 5L
M P/Zn 2% 40.8—54.2, ¥k P/Zn 24 275 (ShB3 LR —75 (RRBSPDRS, KR8 H LA
BRGEEEER, RAREERIFRN. RREARELRENTHERSHARE
&9 (<0.5ppm) T, KB HEABEK , X IMEKBAOBREE IR,

A, ABLEERKPEK, BELIRS, SaEWENTRtt, 24 H4eR
et EAREEHERSSSRN 0.50pm, MERMMEAMEERAEL S S
0.28ppm, HTIFEZELLEERAKAROFET , Sy A8 08, ME K BEREE, i E
A NEESEET TR ERNRE. £ 8 A, FREAAEMTXREHNARY,

U NCEE EUR g E 4l

HTETHRELELMIERASSEOFER, A 0.IN HCI R DTPA A5 3
REEARRE(ERE . EEOLLEN T IRTE LPE%) RTOBRELN (3631 34
B) AR, NRGRZFARMRRAFRENEZAEXRSE R B ¥, r =
0.95**, FEREZREGRBEHEAR L R—BN, %A DTPA REUIRBRAHRK &R
TRPOE AR BRI LIR, 2 HSBREABRLR, ETLHEBBRE. AT
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© ERIM

o Ra4 RIKHE L

A RESRLMBEIKEL

° RALMRENBHKEL

B Bk Badio)cke diae ot

Fig. 5 Geochemical types of zinc in the soils of Hengyang basin

L e8RS . ARESTRTPREN LR, SEEREERED, 2
R FEAR T2 (&5t 106.8ppm) & BRI SPRE 4T % KK R84 5 7EB 5 (& 4% 53.94ppm)
FENRERCMRIABL, WITHBS (111.6ppm) R ERMIPE 1 R E# KRS
+o tMBRABRE,. L LR ENLHSHRING (83.29—108.7ppm), HRAHSE
FEREECEHN 1.17—4.78ppm ) K B— R ERKEY , BBH At 40.00—53.50ppm (B
M), ARTRHTASBREENAE (1.78—4.53ppb)o MWHAH +MRMF S
LN

. 884 RE. S RASSRFROLNRY, B EED F TRESREHRK,
HRBOEHRT RS (&% 7.10ppm) .\ L& (36.62ppm). 4 & PR (31.50ppm)
FR SRR, BAS8RY BRI, N BEFE(ES% 51.44ppm), H RS
SRFR% 0.58ppm, ETELEERE. ALRHTAKEERY 0.00—0.025ppb, BT
A SR BBRT, , |

OL MBS RS, BERASS RBMOLNAR, £HES  TEAREHE.
RO ERADTEA (SN 75.90m) R BHEE L R HABL(FH% 109.5—98.98

>
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ppm), ﬁﬁ%ﬁ@%ﬁ(iﬁiﬁﬁbow—O 30ppm), KT kB R, Yok HE SIS T,
AEBRUYXEAEEHIANGRBENIASR, BEEKSSE (FI5X% 13.50—15.88
ppm), RT KRB FME, AR AR (HMHE L HE IR RE) 43 HA
PRI RIE 3K » M 22 ORI v K RS B M BE R R =, IUIE BEMAERE H 8
FEHSE/NES THH, FE—HREENHEEHEERGEHRBRIKE K, #>B8 04—
30.5% , SEEIIMP 10.8% , FHEEMABE 65 7Y, L. EED IFERSHAMEDR
%ﬁﬁ?&lﬁh?&imﬁﬁ?ﬁﬁﬁgﬁéﬂo b, ARBHAFEHAKEREBKE)REN
AL,

V. T e BERER, ffﬁﬁ?&:&%%ﬁﬁ%&@iﬁﬂéﬂ, EHEPENSRSNE
T8 3 88, AREHEE, ERWARLPE (36.62ppm) FREWKEL. FRE
(&% 16.06ppm), BKAE(EH 51.19ppm) REHBHAEL EHEH 99.96ppm),
DT EK T (S 81.85ppm) REMBH EERAMCEH A 97.71ppm), T3
ERAEF SR PHELTRERREDS. BKEREHARLE L4 2R HKRINE 5T
PR ROy 20.39—23.08ppm, IR THEMREREEIEFE 15—20ppm M. HTFKEE
B URIIBE TSN TR R, XL EEUKERE SR, TGN,
REAETBEERE 50,

V. 1B BN RSB ENSE RN BRR,

%

L.HRGERER, GHABR—-IMRBENENHRAMER, TERSIMESHBR
B THBR HIERATRE ELENKEL, BI85 -+ 390 0k 5Kt ik
2 ﬂﬁ%fé’miﬂmﬁﬁ—/\ﬁ&%miiﬂﬁéﬂo BFET K A ik B £ MAH 100
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GEOCHEMICAL CHARACTERISTICS OF ZINC IN SOILS
'OF HENGYANG BASIN OF HUNAN PROVINCE
AND ITS CORRELATION WITH PLANT GROWTH

Ouyang Tao and Qian Zhenliang

(Institute of Soil Science, Academia Sinica. Nanjing)
Li Gui

(Agricultural Bureau of Hengyang County, Human Province)

Summary

The geochemical characteristics of zinc in soils of Hengyang basin in the middle south
of Hunan Province is closely related to rice growth. The content of available zinc ex-
tracted by DTPA solution in the calcarcous and neutral soil is correlated significantly with
the content of zinc in rice plants (r=0.83; #<<0.05).

The availability of zinc is affected by the factors such as soil pH, content of organic
matter, parent material and soil type. The content of phosphorus in paddy soils derived
from purple soils is rather high, and the soil available zinc is < .5 ppm, the zinc con-
tent in rice plant<<15—20 ppm, the P/Zn ratio of soil >40, the P/Zn ratio of rice plant
275 (at panicle differentiation stage) and>75 (at ripening stage). Under these condi-
tions, the symptom of stunt seedlings can be found distinctly. The zinc-deficent symptom
\can be cured and the yield can be increased by the application of ziac fertilizer.

According to the content of soil zinc in relation to rice plant growth, the soils in
Hengyang basin may be devided into 5 groups:

1. The soils .with high content of total zinc and higher content of available zinc, including
kalisic red earth, siallitic red earth and their cortesponding paddy soils, and fluviogenic
soils. ' ‘

2. The soils with low content of total and available zinc, including silicic red earth.

3. The soils with high content of total zinc but very low content of available zinc, inclu-
ding purple soils and their corresponding paddy soils and limestore soils.

4. The soils with high content of total zinc and low content of available zinc being at
critical level, including the soils derived from marls and some paddy soils derived from limes-
tone.

5. The soils with extremely high content of total and available zinc.

This study shows that the application of zinc fertilizer is effective for soil groups 2,
3, and may also have some effect on group 4. :



