1gg A !
%28 % B3 + =¥ ik Vol. 28, No. 3
1991 ££ 8 A ACTA PEDOLOGICA SINICA Aug., 1991

EIXtEBEBETEEESM
SIEE s I

fFH B #H XEX
and Bk

(HEME ALK LR AT, 712100)

| 3

BIRLHUETRSRI AL O KRS, THEABERIEELSRE&F
WA E N, RS —ENHEE. S2ETEVRSRIE, AR GBI, BRI,
B SR e R A BB K R, R A KT AT B A SR L, —
¥4 B e AR BRI EEE R RE RN A, RS T BENRIF Lo

BREH LB TARE LR, RSP, B2 I F SRR, KT WL PR,
AFEY RV BV BERTER—SL, mR 63 TR AR, BRAELIX, XN
BELARRE,. SEETE¥XTREEFIEI VY EESSBEN  BER B EER T
FEEHAERE, DEMBAXD L -HE T RI-B LRI, REXBHETT, BrE NET
EEU BRI, KPR SRR 2 W & 500 Mb i e 38, IR AR 8 4 3 R 20

WEXRHERVX, Bt LHEREI T EHE T HEN, HpAmE 18
HE RSB HHELEGHMYE, AKX 2R E A X HE T E B 5 e/,
RRRANAEF, U RFH R LT IBOEARER, B ETEER L,

—. Bt 5 5 ik

S R R R AL R R AR, 7 ERRELEUE 203, R ERRE, BE
BRI 2 M, 1077 DA HE L H 1383 L3k 2460 MR BRER L EERA 110 fo

T e 0B R -0 AL - SR AR, R T RUOR S . AR -1 HET M, (8
BB NE. £MAHBRER S, ZE R aENE.

TR BT DTPA J(pH 7.3)8R I e HAXA Tamm jgr( BIES - BB 4 ,pH3.3)
R HAMMAEHAER. HMENERFESEENSEH.

£ oH EHUR VIR SRR E BB RAE M E.

TEPRVE  WLPE BN BT B TR — S 5 TR E o R R IR S 160 B4 ERFTAE SR

* EERRBESNT NN E,



313 + - | % id 28 &

W 25 A, DIBTR-LEMEFREE B, BIE LB TR,

%R 5B

(-) &

BLX L Ee8d 20—135ppm, BB 69.1ppm (R 1), BRTFRELEEHEET
(100ppm), HFHF LIBFHE (S0ppm)e 79% BREARSEIETE 40—80ppm I
(& D, &SR IRERZE 5.8 5, 2 ERBRALOY 173%, BB E R, &L8E58
iR, HELTREREL, B >E LR ENEFI>ELRYREABENREL>E
BT EENHET>HELIREOND L, XE5BFTEARITFRE—8HNGE 2). #©
MNREHYEBTOEREHETRIDRERERS— 8NSETERER KELLOGETH
LR, RSB ERE, BRPERAERRRY, SNEERS, @S
S EEREILAAERS YERB Y, 5 4R IR — Y,

60}
sl T ‘
B 40{ B
©
3
=
i o )
_gg 207 °|0 ! = RES ?
s g% Shlelgs ¥
=1 3 - s
T oaolg® L VI 157 =
2 el U2 B2
=] 0 B = Jccn—‘ I - i
Zn Mn B Mo Cu (ppm)

H1 ﬁiﬁi%fﬂ(%fn%éaﬁﬁﬁ?ﬁ/x =

Fig. 1 The distribution frequency of total content of trace elements
in the soils of loessal region in China
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Table 2 The content of trace elements in various parent materials (ppm)

. I RS 4
REBR | SRR R Hotal A v
Parent No. of | (%) T
matcrial }samples O.M.| %n Mn B Ma Cn Fe Za Mn B Mo Cu Fe
- x e e RIS FENH NS S S E—
b 4 3 0.09 0 30 | 116 | 29 | 0.22 10.4|1.96 ] 0.09 | 2.1 |0.52 | 0.07 | 0.03] 1.1
H 15 0.22| 53 | 400 | 53 }o0.72|16.2{2.26|0.16 | 1.6 | 0.24 | 0.05 | 0.20! 2.2
R 3 0 ‘
; 18 .24 4 . . .08 | 0. . . . . .
P 0.2 59 | 490 { 6 0.88 | 20.8 | 2.08 | 0.13 | 3.3 | (.84 | 0.08 | 0.12 | 2.9
- 39 0.29 ! 68 | 505 | 55 | 0.58|20.6]2.840.26| 3.2 | 0.15]0.03 ] 0.20] 2.0
ﬁ@f' 16 [0.48 | 73 | 618 | 81 |0.65]26.0 | 2.94|0.20 | 3.1 |0.76 | 0.16 | 0.55 | 4.2
I (R I ; | U U
%4 24 0.34 1 77 | 720 { 65 |0.67 | 27.1|3.38) 0.30 | 2.4 | 0.19 | 0.04 | 0.44 | 3.9
I
i i
* & Fe B & B L BA R R o AP AR 45 SCHRL 1 1184 (1,
R AREASHNBIENHEE
Table 3 The content ot avaiable trace elements in the soils of
loessal region in China (0—-20cm, ppm)
- {5 Mgyt sl /35 +SD
:tgﬁ?léﬂ! Climate and Range/{average4-SD)
;OIE topographic | —
yp feature Zn | Mn B Mo { Cu Fe
— - I o R
. o 0.06-0.70 1 1.8—8.0 | 0.16—1.43 ] 0.01—0.09 | 0.01—0.80 | 1.1—6.7
ity ~ BT YA - .t e
\pE | TREACE | 5 0.3120.17 ] WXL | 0935021 | 0.02£0.01 | 0:2530.05 | 3.3E0.6
. FRERXELE | 0.09—0.80 ‘ _9:95_17'2_.5 0.25 2.29 [ 0.04—0.21 { 0.11—1.72 | 1.2—6.2
=l B K i 0.25+0.1 ' 4.4+0.15 J 0.8240.24 { 0.0740.06 | 0.60+0.24 ! 2.8-£0.9
i TERTRE N 0.19-1.08 1 1.1—13.2 | 0.15--2.46 ) 0.01—0.11 | 0.18—1.93 | 1.6—14.]
i EB R A | 0,527 £0.25 | 6.9+2.1 | 0.4940.13 | 0.044-0.02 | 0,5740.24 | A.1F1.5
. | 0.04-1.20] 1.6—12.0 | 0.04—0.67 | 0.01—0.17 | 0.01—0.70 | 1.2—9.3
:q‘..‘.m‘u TR w3 - . - Py
et | TR el 0.35+0.14 | 5.8%+1.8 | 0.33%0.09 { 0.04-£0.02 { 0.63+0.21 | 3,5-£0.9
S 0.18-—1.16 | 2.2—34.5{ 0.14-~1.09 ) 0.01—0.16 | D.28—1.70 | 2.0—16.0
S - 5 = il ol
AL FTRULE | 5 42F0.15 | 8.8+2.5 | 0.4240.17 { 0.0540.03 8340.20 | 4.8%1.5
KL 41@4;]3&75 %'0.32—1.68 3.3 -25.0 0 -22--1.02 | 0.01—0.14 | 0.54—1.30 | 2.3—32.0
X R RS MIX  0.670.28 | 15.2+7.2 § 0.62%0.13 | 0.03+0.02 | 0.01+0.17 | 11.745.2
- | NN P
" ‘F@(]ﬂ//f,]]: il 0.21-1.72 ] 3.7—19.8 9_1‘8:1 01 ] 0.01—0.14 { 0.38—1.58 | 1,2—26.6
wox J{L&h:lrﬂﬁ?kﬁl 0.5840.i6 | 8.2%1.8 | 0.42%0.1Z { 0.0740.03 | 0.95+0.24 | 5.0+1.8
e ,.,]~ e [ —_—— ] -
o5 B 0.21—2.97 | 2,0—-20.4| 0.1—1.98 | 0.01—0.32 | 0.41 ~2.69 | 2.8—11.4
CIRE " 0.60+0.17 | 3.7%2.6 | 0.3040.09 | 0.09+0.03 | 1.354+0.38 | 7.942.1
0.18-—2.70 | 1.7--32.4 | 0.16—2,53 | 0.01—0.24 [0.22-4.20 | 2.1—19.2
0.74+0.24 | 8.2F2.1 | 0.02+0.26 | 0.1140.04 | 1.26+0.65 | 9.0+4.7
e L eanon | 0.16—0.90 ) 2.0—13.2 1 0,4—14.7 | 0.06--0.21 | 0.29—1.92 | 1.2—19.5
it | EEEEL 0.52£0.21 ¢ 6.5F1.7 | 2. o4+o 50 | 0.08+0.03 | 0.35+0.50 | 8.4%3.1
“ 0.04—2.97 | 0.9—34.5 0.04—14.7 0.01—0.32 | 0.01—4.20 | 1.1—32.0
B 0.51(1364) | 7.7(1356) | 0.54(968) | 0.06(419) | 0.93(1360) | 5.6(1389)
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Table 4 The gradation and distribution freguency available trace

elements in the soils of loessal region ot China

j 5 2 §} @7 ‘ O T S
o = O ppm %
TE 5 1 Levels ot available irace (%)
Critical elements Distribution freguency
El ¢/ value P e . RE f x o R
et b BT ] e [ [ 0 BE ] w || o | 08
lowy Low ﬁ/l;edxum High high 10wY Low |Medium| High high
Zn 0.5 <0.3 |0.3--0.5/0.5—1.0 1-—3 >3 20.9 35.1 30.3 9.8 3.9
Mn 7.0 <4 4—7 7—9 9—15 >15 13.6 34,7 23.5 23.4 4.8
0.25—
B 0.5 <<0.25 0.50 0.5—1.0f 1—2 >2 20.3 42 .4 24.7 11.0 1.6
Mo 0.1 | <0.05 0(')0?0— 00'11; 061;0— >0.2 | 39.8 | 34.2 | 19.3 5.6 1.1
Cu 0.5 <0.2 |0.2—0.5/0.5—1.0] t—2 >2 3.8 17.0 42.1 29.8 7.3
Fe 2.5 <2.5 |2.5—4.54.5—10 | 10—30 >30 11.2 40.3 39.4 7.8 1.3

R N> > (L5 3 5 2 86 B > ks 5 bRt > K AR B > N TR >t fe i, 2
ERERIYEMEE LT, SMEEEEEEL, SRS TR ARE.
EREENEXR, 5 oH H . BBRES 2 AHER (R 5),

EREXER Rl 4 E SRS IRE RIFIOM PR, AR L. . 2.5
HHX 354 HE WL R, M G AL ERIK 75 %, SEEIBRERIK 14.2% , EEEPEY
HEREZ T I IR KB N E BT R, H A ST ke, B/
K30% LI Lo 1984 LR, B XGEREAE 1000 JTHASG, FHUBCHRE& 12 JTmll E,
BT RED,

(D) &

WEX LS 116—1065ppm,F 537ppm(FK 1), KT RE L8 ¥ 5 & E(710ppm)
SR THPHE (850ppm), 7 68% FEAZEE NI 400—600ppm HE(E 1), B3
BINERE 8265, ERAM149%, HFLBED, NPTt LESERK, k@1
= o

LA 826 0.9—34.5ppm, W 7.7ppm, W & T 52 (5 (Tppm), & A%
EHE 37 5, MEEWERAMNY 33.6%, F 48.3% HAENERTIHAE, hEsaa
(7—9ppm) KI5 23.5% (3 4), RMAE T XA YL KEROEE T8, LT D TR
TS LR S8 X, WiEmAH .81 RE. NERZEBX L EENEs s—10
ppmo

T A R A R A R SR, KA AR EEASS
RS, A0 W 5 ol LR R RS & BB EBARRGE 5),

ML, Ke5E, B L ek 4 b IR RS RIT RO R A T
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B R VEREIX 222 FHANRK LS R, B P=HLE ) 65.7 % , P P=5 12.2%, LA
WNE HE L FESRARNEE, BF FE BENERERIT AR, BB
BREBERBEESENT Sppm B3 E L DU KHLRE FRBUEE N /N E SR 10% ,1984,
1985 B ILWEWE 13 58, SIS AR B T 00 1984 ELIUR, BEIXEFMEL N 50H
B, ARMOR TEmiiie, B, @RS EARA T K, KEFN HITR BT,

= ®

#EX LA 12—150ppm, FH 60.2ppm (F 1), S&EIMFHERIRE
(64ppm), ETHRATIHEHE (20ppm), 68% FEARPNTISELE 30—70ppm BE, B&E
EILEEZE 125 6%, ERAM281%, oHEE BEHET. FE T AR E, H R
HHRGEMESTEIRYHEES L, SR L>FHI>HEEL>DEE (R 2D, LES
HESRRSWNF—2, DERE L& E, b LB K. ‘

EWEHEFUSERESERESRE S, WTETREHR T 25 Xm0 M, £ T
BER, ENETHBEEER, EE %, ‘

TS TR 0.04—14.7ppm, REBARMEMZE 367 &, ERAM33%, H4HE
HE B HEABWSTEHEEN 0.54ppm, & TIRAME (0.5ppm), EMRTIRFEOMR
AR5 62.7% (£ 4), FHETRXERE R L8, BA0-HE SR ERAH,
EHTEBEETEX, FERMS. BRdb N RE X IS A EHAE 0.5—0.85ppm,
RINEE, NREERTIEEKSHEBERL/AKEWA lppm A4, %F L H & 2ppm B
ko

TEKEBERSW S GEEE, BREMNERRIERESE 13.6%, KEWSE
36.3ppm, B2 IRETFEEEE 0.33%, KB 1.06ppm, 36—60cm #bEh4>2450.85%,
JKEE WA 19ppmo FERGBIE AT i, T BB S AR EAVEREIESARX, 5 o8 BHB
ERANEABAE, BELSEER T ,HEE pH 5 (7 pH7.5—8.5 B ED - 8iGs
G ES,EREKEEERTHEBER,

X 70 SFA R EATF G b A, R P R (B, WEPEVERER, JbdEr, T sil 4
F R RS 45 0L, M S 7= MUK €7 % , WP~ 12.2% , Hirh 124 40 3 R IR e e, =8 ik
98% , SEEJHEF=E 15 % o BRURSLSL, BT R TR R K, N R L ok B — e Rk
S, B AT BRI AR RIS TR IG R, B X EE M EE TEE
L EEW AT Ee e m X LW E SR s F e, :

(m) 48

# LR &AL 0.21—1.45ppm, B3 0.62ppm (3 1), BETLELETE
& (17ppm) FIHFLHWAHE Cppm)o BIthy UG E 9L, KA FRARNS
AR, BENHSHEHERK, XS E I X BEHRENFERH, AXETRYFRLLE
REWNES L RGIEESVSEE, DRI RESBORAD L 2HEER GE 1-2),

T AT 0.01—0.32ppm Z W, AW RAM 56.7% , £ BB B, FHIAENK
SHPIEY 0.06ppm, KT BREBIVIE FE (0.1ppm), F 74% PAERMES B RME
PIF, 0.1—0.15ppm #EHEI A 19.3%, 5T 0.15ppm BIR 5 6.7% (G 4), H AKX 5
FRELBRME, MPX, HLemRK, S4EREDE S EE%5EE 002—0.09
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ppm, A H)IPFR, AR EHE . FiEBEK S B-EEEREESEET 0. 1ppm,

THARRSTEE oH BIEMER (R 5), ELBEEWREEE, ERES L TEA
HESRR, FREARHEE. 2B LR TEROSAER,

T ER T X AR R, BxhIERES: B B8, FE+
L 204 ZLAHAS I 45 R Ge 1, R I3 TEAEME AR P2 HLEE 67 % , 37 15.8% 5 /I
B FRSTENEST%, WK I%, BR,EEERHRE— ™5, K5
REM S5+ FHEREY e EHE,

() 4

HERX L IE S 10—48ppm, By 22.5ppm (3 1), SRELWEH & E(22ppm)H
i, M B T L R (20ppm), 66% REA S EAETE 15— 25ppm HEN, BRES
REHEZE 3.8 5, ERRI14.9%, HHEHELED,

TEFASTAEELAAEES EENEE, R L& ERE.BLEE GG D, &
HlE R GEECEG LR ERE, EHERRK, ZLEh, BLBREHEHE
SERETEEFRK,

TIEAERR S BRI 0.01—4.2ppm Z ], 3 0.93ppm (5% 3), BT WFE (0.5
ppm)"”, BER(LEMEE 420 (5, EFR R 332%, o B, SMEARREREETIR
REWSE 208%, ERSGATHADPX, HREEBK, & LEXFZEE 05—Ippm Z
B By A AR VRIER  ARAE—RTE lppm Rl E,

TEHE G EREREEYE REAAVE, MAEBE B L, S RE N 2R,
PR MmER S R L REEREE N EDE; HiR LR KEERNRE, &
B R s T L B B R B

T RIS —E 8RR BRE, EI3SHBRREERET, FREEHL
B 46.6% , PG 10.3% , P E b E R £ IX 101 Hi B PR MG 36.6% ,
P B%, WHBBRAEDEEZS T EXR. RSN,

(73) #

WXL SR 1.70—4.67%, ¥ 2.80% (R 1), BRmmIAEMEE L7 £, 55R
%\ﬂ 13.8% 4y s, Bt 85, Rt Bk

SRUE &R, BRETR, Lﬁ*&ﬁ(ﬁx&@&&?éﬁﬁﬁtt$)fﬁﬂﬁ, 1H0.02%.
i F#(O 7%)5(1.4%)H0.9% ), $H(10%)5H(4.1%), T LK IKELE R KT
2 UK Ok AR S, MRS ERES TR ENHAT M 258
fa 5 FE I B IR, PR E B RO R RO, R L X 7E Bk L

W kA % 1.1—32ppm, SEH 5.6ppm (5F 3), m TR AU (2 5ppm) s
AH11.2% WHEATRSETREAEG 9, 2B H TR L KB RH R, #Ei
B KR E S B, ITE 8ppm DLk

T IR AT S o (B MBS B AR, BENREEMRGE 5), #ill1iE
Bk BT B R L, LEEERAR SRS R LR T RN AR, EEEL
PAOEK A BRI R E 5,

TG el R B — 1 R B L A BRI S i) I R LI ik, B —
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SR, EMLI OB H b AN ORI 7.1%, BT 45%, NERRSL
X PR SN G2k Eh R 1A 240 BT Bk ™, T IR B3R

& % X B

[1] MERHE,1964: &I EL, B HMKH.

[2] X%, k. EIIES, 1982 ZERSHEBLRNIEEEREN A, DHPMR,%H 15 %3 4], 209223
ﬁo

[3] £, S, XEES,1987: LS HEMETRESENH SIENE. TEER,% 41, 163166 T,

[4] .20, B8Y%,1985 §RETEANETENENS FS5iHt. TRMRRLHITH 38, 37—
41 T,

[5] &7 NBE RIBY%E,1984: BPiE HEMBTR SRR, HHmiR, %6 1, 268271 I,

(6] S, EH. SREMS,1984: Lurassd (DTPA-Mn) IR BIEHSIERENET, L@k, #2148
3 7, 277—283 I,

[7] SEk.&fE.Bgs, 1985 +HGEMNERN G B SE XD DEMEREAILKLREAARS
H, 3 2 4L, 7080 5,

(8] #HhkZz,1980: EEMKEYBRKGENDSTR, PEHZHEMBTRZFIRAZTRSTT, Fe it

f9] Lindsay, W.L. and Norvell, W. A., 1978: Development ot a DTPA soil test for zinc, iron, ma-
nganese and copper. Soil Sci Soc. Amer. J., 42: 421—428,

CONTENT AND DISTRIBUTION OF TRACE ELEMENTS AND
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Summary

Loessal soils are one of main soil types in the northern part of China. They are widely
distributed over Shanxi, Shaanxi, Nei Monggol, Gansu, Ningxia, Qinghai and Henan provinc-
es, with a calcareous reaction and pH of 7.5—8.5 and low content of organic matter. The
yeild of crops in the soil regions is low because of drought and erosien.

In comparison with the average contents of soils in the whole China, the contents of the
total Zn and Mn of the soils in the loessal region are lower, Mo is very low, B is medium and
Cu is slightly higher. The contents and distribution of trace elements in the soils have some re-
gularities, which are affected by parent material, climate, topography and soil properties. The
contents of Zn, Mn, Cu and Fe in soils increase with the increasing of soil clay particles from
the nouthwest to the southeast. The content of B in the soils derived from river alluvium is
higher than that in the soils derved from loess. And the content of Mo in the soils derived from
Inessal materials is the highest.

The contents of available Zn, B and Mo in soils of the region are especially low- The
samples which the values of available Mn, Zn, B and Mo are below. The critical levels accou-
nt for about 50%, 56%, 62.7% and 74% respectively. It show that there exist large areas of Zn, B,
Mo and Mn-deficient soils in the loessal region.
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The availability of trace elements in soils is affected by organic matter, pH and CaCOs.
The content of organic matter is positively correlated with the values of available Zn, Mn, B
and Fe. The value of pH is negatively correlated with the contents of available Zn, Mn and
Fe, but it is positively correlated with the coatent of available Mo. The amount of CaCOQs is
negatively corrvelated with the contents of Mn, Cu and Fe. The salinity of soils is the important
factor affecting the valaes of available Mo and B.

There enist processes of leaching, migration and accumlation of trace elements in the soil
profile. Humus and argillic horizons are richer in Zn, Mn, Cu and Fe. Calcic horizon is rather
low in the concentrations of these elements put is richer in total B.

Several hundreds field experiments of trace element fertilizers in the soil region showed
that an increase in crop yield of 8—15% could be obtaiped by adding Zn, B, Mn, and Mo fer-
tilizers to maize, wheat, rape, cotton, miller, tobacco and beet. The area applied with these fer-
tilizers has reached more than 10 million mu each year and excellent economical results have

been obtained since 1984.



