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iR 4B ERY SEER, BERAERZET X, KEBHREREREZAE AL
WHRBHARAR, AR EEIROERESF. FEEARRREFRERA®E
& RERTIRIEHIR, B 5 & B A R R EKE,

—. ZBEEREBITRL

ITRARERIHEKNEESHEST M, RHERERRET 83 MIEHE, —RE 2 KO8
¥ 3—5 K, XL BRPARELEKREFER LA AL ENENERER.

ZE/LF 4 E R RRRE, UL BMLRENR, IR RECERM LB EmEeE 2—4
Fro /NXEHN 1/30 HE 1/20 H, 3— REE&,

RRHBEETHETRRAR, F4%t 6.5 AF X MLEE N 100ppm, P 100ppm, K 126ppm,
s BN BAER AR LM Zo 10 ppm, 3—4 REH,

R R ARRESEY 16.8% HWHSIMS59.1% Y ELH.SAFLHE 22 KX o0, 10,
100 25, R AE NN, 1R, 1 /A, 2 8, 20 AR NE.

Limes AEAML, H%5 A DTPA BiR; ke AMNKR-REREASE, BRTREEEN
52, TIERER 20% WALHBRE, ARHA 0.5M BRERERBR B, FREM IV PiEBRERE.

ZOHERMR

(=) P EHERS5SH

SASETERETRENEIE 41 MERNE, BE&REH 32—97ppm, FE4
60ppm, & TFH 3 rh §a 3 & R (80ppm)™, KX LA E(E 1) 2 34—101ppm,
SE342% 67ppm, SR L B H(E 1)+ 5 HE KT 2 E(100ppm)** R Tt 5 (50ppm )
THIAHTEHE, LSS RS % LR T AR R A AR O AR
REBABOLE, Aheaa BT,

1) ZRARM N S EAFR KT S HEATEARFIERR "N EEH 11.781% HBREOERAF
B4 0.381%, RESEEN 13.52%; 3 ik B REE Y 0.413%,
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Table I The content of zinc in soil of loessal region

e HHH x W ~| B % | e | REER
+ 4 o l Number of soil Ra " Average Standard Confidence
Soil ot sol nge _.:g deviation _ interval
sample. (n) - (Zu ppr}\) x) wp (S) Xtt.05%
£ 7
Total zinc content in soil
T 9 40—52 47 4 38—46
Aeolian sandy soil
- 34 40—75 59 6 56—62
Yellow cultivated locssial soil
22 40—101 61 17 51—71
Chestnut soil
3 36 3478 62 11 57—67
Sierozem
mpt 30 50—101 66 10 61—71
Dark loessial soil
B 16 58—90 72 11 64—380
Darb soil
63 54—99 S5 16 70—80
Manured loessial soil
A 46 55—90 71 8 68—74
Irrigated warped soil
THEERSE
Available zinc content in soils
16 0.10--0.52 0.24 0.07 0.19—0.29
Acolian sandy soil
87 0.13—0.77 0.30 0.14 0.26—0.34
Yellow cultivated loessial soil
37 0.12—0.83 0.41 0.21 0.32—0.50
Chestnut soil
KE1 32 0.14—0.99 0.35 0.26 0.22—-0.48
Sierozem
57 0.20—0.99 0.41 0.21 0.34—0.48
Dark loessial soil -
B T 43 0.21—-1.16 0.56 0.41 0.39—0.83
Drab soil
183 0.21—1.42 0.60 0.26 0.55—0.65
Manured loessial soil
MR+ 42 0.30—1.43 0.71 0.25 0.61—0.81
Irtigated warped soil

1+ HERBSERXAESEEYTOH, —EHXREE . E5FIESEERREF
EFEX (n =292, r = 0.298), 5BHEREESREDTEIHER (n = 68, r = —0.635),X5
TR, 47", Bandyopadhya™, Ganjir™, Naif®l, Rawat®® %pr8 88485, T
HERBESEEIMIENRYEEERBEERR (n =6, r = 0.9997*%), 1%
HAEHESEMALEE, T EERHIMENAE, —EERTELRHERX (n =6,
r = — 0.9932%%),
AX RN ESA(E DAGCA=ZMER: —RbB LT, B T, m#ER
T.HEBSEREE, ATEHRD; —ERNERMK, nR 1B L. EERSKHLR
(FIB)ERESE . IHESERERE: ZEREZERENEIMN L THGERS, TEE
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Fig. | The total available zinc and organic matter of di“ferent soil in loessial region

SRR WKEL. BEEL ERIARD 1. HERLISREETIHERFERE TR
K, BT EETEBERSSELKES 1068%, Byt 105.0%, HHLH579%, K
W1E33.3%, HUERBEEAT 0.30ppm fEHFRBRBEL MMM, Rl B
BERRSTOERERREN 24 BX B W SRFELXN 35S BEXAMREN 65 E
Ko TMPBENHE P HEEREMBEHELZELHNER,

ERER 1009 M HEh, EHRASRET 0.5ppm HIBRETIEA 648 4, AR
64.0%, AMERVAFHEGTHARFERRETHVEN. RAFEREES T
BESBRNWERE . ARERSIRI, TSRS ERRERR A EH. A
IR SRR TR (3% 2) BRI HERA B AR RE , LA RS N (i R
BRESERERME LHARHAR)LT SHEARRMAT Birdn, LIRS
|AE, B L ENE R R B K TR, e RN AR, ]
£ (& 2),.5 Singh™ FygE FARRL 1A% B PR IR A 2 B IR PR T il - ¥ 153
BRNRMEE, BEENEER ARG T EESE.

wmE ARG LIRS T AR S B, SR W AP RE A T RS
F R ESREES DA R BT HER.

HEHE K —EHER, SR AXEBKERTES IR HERE, 2315
A PGV, R MAREA R 1.50—19.00ppm, RARX —HKHE 7.4—117 %o

HEARESEETRELHEXHCERE, SAFLEN RRiRais
BRMEE 15 5,801l Mo0.2 5/ S RRHER S-S BRI 0.4 R 1.3 %,
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Table 2 The variation of available zinc content after application of zinc

+ Bin Kk ¥A L HENNR
(ppm) The days or weeks after application of Zn
Soil Amount of Zn 0 K 15 18 23 20
applied O hour 1 day 1 week 2 weeks 20 weeks

THREAEZSR (ppm)

Available zinc content in soil

Bl 0 0.51 0.27 0.33 0.47 0.38

Common 10 10.09 6.25 4.04 2.64 2.25

soil 100 96.79 71.42 35.88 23.44 17.99

FiE 4 0 0.17 0.10 0.14 0.30 0.24
Strongly

Orwongly 10 9.94 4.32 2.75 1.49 1.12

soil 100 93.16 41.95 24.00 13.45 5.23

T AR INN(%)
Net increment of available zinc in soil

P eS| 10 . 95.80 59.80 37.10 21.70 18.70

Common soil 100 96.28 71.15 35.55 22.97 17.61
-1 |

e 10 97.70 42.20 26.10 11.90 8.80

“‘j‘:ij“’ 100 92.99 41.85 23.86 13.15 4.99

TimEREEER(%)
Immobilization rate of available zinc in soil (%)

B+ 10 4.20 40.20 62.90 78.30 81.30

Common soil 100 3.72 28.85 " 64.45 77.03 82.39

REsLm 10 2.30 57.80 73.90 88.10 91.20
trongly

calcarcous 100 7.01 58.15 76.14 86.85 95.01

soil

(=) MEAKEHWR

LESNEDREEER BRI RBRE HRY T EN IS
A XAEXAME RS HXGETH 145 ARERREBEIT(E 3), SEEARKRE 2—4
Fr kMt 0.2—0.4 % BEBRBRE BNV ERT R RIM™ 92.9 Fr, WP-K4 13.8%, W™
PLEEDY 66.9 % o3f F 7™ B A1, 1 PE A3 P R S5 30 P LB A 6 » 2 JR e 7= B i 800 ST, B
PR G PR BRI, Bl 1000 TR, BESRM&, HRESERE-E
(EREF4 0.115 7T) MBRFEHF (L 0.9 FTLOFRFHHER (L 0.1 T)MABLIMBA,
LHREH 11V S F ER AR RO AEUIA 24 9.57—28.44 5T, 5B RY 10—30 %o

LEHRFWESROER ERSETNREEDSHRE.ENE, EXERE
RESHEAAHARERDEERNR (v ~ 197, r = 0.9823%%), KEFETTHEEDE.
VE 3%, M P BT RO BB U 18.1% M 45.2% (& 4), RA N ARER (%
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Fig. 2 The variation of available zinc content and its immobilization
rate after application of Zn 16 roil
¥ 3 ERNEHAOMANM (1978--1981 £F)
Table 3 The effect of applled zinc fertilizer on increase of maize yield
THEAFE | FitiR EXFLPR (in/mu) b T W | NS | AIA
—.__Fr/:_ B Maize grain yield (jin/mu) (%) C}(‘;Vﬁzc (£an/mu)
% % Group of b L % #® Increase | Increase p""?mgc Net
Crade| jin/mu experiment oK z eld . .
R > n )’lC pCl’CCll‘agC 1ncrease imcome

164.0—197.9 164.8—543.6 255 gen 46.5 100.0 28.44

! <00 10 74.5526.2 | 730.1E118.5

u |200—400| 18 2_31;_51(7—5:.3597‘?“ %2—%&5’ 105.5% | 31.5 §3.3 | 11.18
m | 400—600 | 33 14}99_207:;5971—;’ 'g(s)_(s);_i%;‘g' 122.8% | 24.9 7.9 | 13.17
w |e0o—s00| 32 670183'.94;76?.'; 635079'.34;]101236. : 4° 9L.0% | 12.7 75.0 6.52
v | 8o0—1000[ 39 803.0—-996.0 | 808.0—1200.6 | ;4 ;u 1.5 41.0 3.73

903.7466.7 944.4+494.6

1093.9—1264.0 | 1122.0—1309.8 | . 5
3. . 23. 3.
Vi >0 13 TT76.T260.7 | 1Z12.3E53.8 | 02 31 31 a
£ o8 164.0—1264.0 | 164.8—1309.8 | | 0
Average 145 75 =3 92.9 13.5 66.9 9.73

% 1. e X . 5% p<0.05; 3. ** P00
ZE: lFskra TEL R’ P 53 P<0.901,
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Table 4 The cffect of zinc application on the nutrient absorption by crop

‘ : HABRAA BRI | Pomums
YRS fE B ZirH The amount of nutrient (%) MmLE (%)
. absorption by plants Average -
Plant AEK (mg/pot) percentage Probability
R Crop of .
nutrient Group CK Zn 10ppm inccease of increase
= & F 116—998 769—1025
Nitrogen - Millet N 612+116 9324112 5.2 0.0
= EE * ‘ 70—572 245—537
Nitrogen Maize 15 3314133 391184 18.1 66.7
# £ kK 1.9—46.8 | -2.4=75.9 <
Phosphorus Maize ¥ 6.0x11.7 | 9.5x135 | . 51.3
i £ XK q 213—914 141—1025 0.2 25.0
Potassium Maize ) 345+ 317 4464 391 - .
* ki, .
PSRl T S

%5 RENMEHBREBROHER (YN IREHE)

Toble 5 The cffect of zinc application on absorption of N by crop and N recovery rate
(**N-labeled)

I
B N R e REF | G
TR D (o7 LETON € LN
Doy | N | am | REENEN | kEEE G0 | B T1)
Treatm-| weight concen- | (mg/ From fertilizer From soll - Ratio N Ax
Soil ent . of wration of pot) (ma/ (g - s recovery | value
mg mg N tn
. plant | o | Towl | pery | A% pot) | % (FN> rate | ¢ fﬁ?

%ﬁ} CK | 22.4 | 1.360 | 305 203 | 66.7 | 102 | 33.3 | 0.502 | 33.6 47

l°°'fid Zn 23.3 1.392 324 222 68.6 | 102 31.4 0.459 36.7 43

soil

R¥t | ck 13.5 | 2.355 | 321 154 | 47.9 | 167 | 52.1 | 1.08¢ | 25.4 | 101

Acolian

sandy Zn 19.2 | 1.580 303 201 66.4 102 33.6 | 0.507 | 33.2 47

soil

EE&£1L] CK 16.5 | 1.852 306 176 57.5 130 42,5 | 6.733 | 29.0 69
Subsoil | Zn 21,5 | 1.523 327 217 66.3 110 33.7 | 0.507 | 35.8 47

HE: Y NAK N Zn B 10ppm,

5) FB, M PR T Kk AR R RO B, AT SRR R RSB0 FH ON R Bt A
HABBERLNER. FREDRARB MBS R RSB, EABER R,
Rk ERMR M ER KAEESBARAR. BT, EARBYERROLHE, &
RN R ABMEBEMN A, BEEH LRI L 1/10, FEFEHRSLE L, 7
e SRR F 2 R, uﬁKﬁE%ﬁiﬂio XL L, RERE, EkK
NI ASH 1/2 BRNE, EkE KT, #ﬂmﬁﬁgikﬁﬁﬁm(ﬁﬁﬁﬂﬁﬂ&
15.3% o {EHEFEXT R S 8 MR /o
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H T RESEWAERKREEIEDSERE B R, DBEEEROE. .58
FOWMBERTNRORE, W3t TRERERSBIRERMRMRK 23.5—576%, &R
BREMK21.7—70.1%, %ﬂ%ﬁ;&{ﬁ 15.2—65.7% o TR MK, HEERSRE TR
Ko L

3N ERERNE N SEBRE 7 6 TRl A A, fE Gk P - 190 | i P g AR, 1
miﬁﬁkﬂ’\)ﬁ&s?%ﬁiﬂ%ikkﬂﬁﬁﬁﬂ, ARBATEESE, KEET 8, £#
REB/N, TR ME SRR R , 7 L s BRI EXRFMRAABRE (BA 1-—-3),
EREEEARAE RN, TRESR MR EE,HER/NHRBa RS, TEmREt. 10
iE » H&%i*ﬁﬁﬁiﬁﬁl)@ﬁ#ﬁﬁim 1/2, HESHKM 24 1/2—2/3, FTEK KX
1/4—1/3,

xé RANIXEESTHROHESR

Table _ The effect of zinc application on height and weight of maize plant

Lo, BE Lgm) © MARTYE (Dry maver g/por)
. . R t
P i gxght eight of plant
soll |l |, M%) ok 70 HE(%)
Increase Increase
Rt ‘
Aeolian 30.8 84.5 174.4 a4 29.0 752.9
sandy soil
ok
ellow < 5
cultivated 4.5 104.0 23.1 35.9 53.9 50.1
loessial soil
K51 82.3 105.7 28.4 2.9 51.5 2.2
Sierozem
Byt
Dark loessial 106.4 111.6 4.9 44.6 54.8 22.9
soil
R 73.5 107.5 46.3 21.4 42.4 98.1
Subsoil
BRRB(%) !
Cocfficient of 36.8 10.3 8.1 23.5
variability

(=) mmmmmﬁ#

LREETRS LN RREt— WA RS REIR, 5 273 LRt o
ERa B 0.18—0.29ppm, SEHH R B+ 1K 25.0—51.7% , M SRR B o -+ 1
EEHRSRRERVER, BEA L TANERNEDREBHERHE, B+ Ix
BRALER, KBS LA T S0EETH ERN R 13.3%, TisHER R#Hm 3.1%,
EHEEREHAEREA S, ERRBURE R, BEE T ABUBREE 16X
1 L ERRREREE. 5, TR A, ARG S RAE. SRR AR,

LEEESE. B AERAEN  THESREREN S RSN TR e
BRBREENAE % 7 A ILGR N T HAEKELE B F SRRk, A
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H. Zn-deficient seedlings I. Hcalthy seeding

BA 1 ERSERENTREK

Photo. 1 Healthy and Zn-deficient scedlings of maize

n ER L e -
II. Healthy scedling 1. Zn-deficient scedling

RA 2 ERSENTIRE @EHASHN)

Photo. 2 Healthy and Zn-deficient stems of maize

EEFIEELE RN 9/10 (HBR) R 1/2—3/4 (23 %iﬁ#ﬂﬁﬁmﬁﬁ'.?@ N/Zn >

RA 3 BEREXME

Photo. 3 Zn-deficient lcaves of inaize

50, P/Zn > 30, K/Zn > 200 B - 2T gk 48
X ik o, WEHE B
RSB FEEAEARERER

EEER. WL B XA RER VIR,

B BRESEATHBER,EILEM EX R
TREAMTMETTHE, FRERSHL

1B, AV L B, BEEROEKTY

B ROMELLH, S M AR 2—8
Fm‘o Eﬁﬁi_tg 1—5 fg: E%ﬁil’.g
1—3 %, ZER4EE L 0.4—0.8 o BIES
FUERA W AR S E L MR AT & 5
(% 8). RABHRIHENR. FENT
SERELE, —HEY, AP LEREE L
B MEENRDE, HALESRELR

Z, BT RRLEER . B, #.FER

ﬁﬁkgfﬁ W o
LEBHREERE  IWhEHN
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Table 7 The cffect of zinc application on nutrient
concentration ratio of soils and plants
N f E K
FARE L B i Soil Maize plant
Ratio of + ]
nutrient XEI' m M ﬁ Rﬁﬁﬁd" x‘.f Rﬂ M N W ﬁ%}ﬁﬂ&")
. Soil CK Zn (%) Zn (%)
concentration 10ppm Decrease CK 10ppm Decrease
. o] 31.5 9.9 68.6 887.4 145.4 83.6
N/zn s 50.3 10.7 78.7 1747.2 198.2 88.7
C 47.3 16.0 66.2 111.5 18.6 83.3
P/Zn s 31.0 15.6 49.7 236.5 18.5 92,2
K/Zn C 225.4 66.6 70.5 2178.0 394.1 81.u
S 47.2 19.0 59.7 2378.0 218.2 90.8
E: 1) C—%ik+; S—HEELH,
) TMABEREFR DR ERIRT
%8 FULRSNAHETFHXF-RNER(E/R)
Table 8 The effect of mixed application of Zn and N on grain
yield of millet (g/pot)
wegm | % L R ki wit i RIZS £
Manured Dark loessial L Acolian
Treatment cultivated Sierozem Subsoil
2 loessial soil soil lossial soil oz sandy soil
CK 3.27a 7.30a + 3.77a 4.63a 0.50a 2.13a
Za 3.80a 8.60a 3.60b 6.23b 3.50b 2.60b
N 28.67b 33.67b 25.50¢ 22.50¢ 0.00b 2.67h
NZn 30.87b 35.30b 34.97¢ 31.37¢ 23.27b 32.67b
I.. S. Deg.oy 3.68 5.81 4.52 5.85 3.79 2.25
L.S.D.g .o 5.58 8.80 6.85 8.46 5.74 3.40
R 1.06 1.01 1.45 1.97 9.11 30.24
Value of
interaction

#: 1) CK——i P100ppm + K126ppm;
Zn——¥ P100ppm + K126ppm + Zal0ppm;
N ¥ P100ppm <+ K126ppm <+ N100ppm;
NZn——HEP1UUppm 4+ K126ppm < N100ppm 4 Znl0ppi;
2) HhE—FhHEERRANERRTERNT 5% PRFEHARLRTEREY 1% PREGEMOHER
BERNR),

AR, K RERBRE, BETE, WEMFIRALY, BREZERXEFEEH, RllE
(%£9) kLI . BAF L HBRE 10 BRI T, EXEROAEY K BAR , Kt
EXR Y P BB A TR IR R 79.6% ; BT L MEsE 10— 100 BEHERN, R
FRSRNERENFRERMR); YEAT M 1000 ZRE, EXEY - RBMEH
100 R T 25.4% , EEMHERATBHER AT LM 5000 Bkt oK AK
BAKESEF AR, A BRRN R 87.1%, BRABZEER, REXRLN
MERRERY, ERESRBUGSAT 5—10 2R AH,
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Table 9 Effcct of different doses of zinc on Zn content of soils and plants
: g N3] ERESSERE | ERMESSRE
(ppm) Zn concentration of 0B V=Wt [
(mg/kg) Average maize plant Regression cquation Correlation Effect and toxicity
content of Zn concentration ° £2Z lied
Dose of Zn | of Zn in 3 [} 4y | of maize plant and | coefficient ot &n apphe
soil Range Average | different zinc doses
0 0.24 17.8—42.0 27.9
1—10 3.4 25.5—113.0 | 54.6 1Y =5.,07X 4 28.09 | 0.9995%+ SRR
10—100 29.4 48.0—162.6 | 101.8 | Y =0.73X + 71.87 | 0.9873%* BREEXRE
100—1000 | 386.3 | 125.3—1000 |375. | v =0.38X + 140.50| 0.9759%* HEBEEN
1000—5000 664.0 453.0—3181.2}1806 Y = 95,5e0% %X 0.8437% BERE
—_— N .. »
= %R OB

Bt WA LR A R, B & B kB3 L MRS A, Fo

ARERERHEHRNBT T, T LR TREFEY 2 BRI, EmE %L EF
A%, BEEDER, AR XEELPE R EN o B SEN LR RREH XA
FAF, BEMERS T, mBRSENTRNEEE L HK. SR BEES KRB
Ko EEEE AR, ~BRUBA L EEE 2—4 7/H0E, ETRAHMN B BEES
WM. X THMIREUFS R EHELIEN, E TR AL SRS R B4
FHEL 75K BETRLL B2 e Aok FE 55 #6 Heo
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ZINC CONTENT IN SOILS OF LOESSAL REGION, EFFECT
OF ZINC FERTILIZER AND EFFECTIVE
CONDITIONS FOR ITS APPLICATION

Peng Lin, Peng Xianglin, Yu Cunzu, Dai Minjun and Liu Yaohong
(Northwestern Institute of Soil and Water Conservation, Academia Sinica)

Summary

1. In loess region, the average content of total Zn in soil is close to that of loessal
parent material, but lower than that of the country and higher than that of the world.

2. The relationship between the soil texture and Zn content is quite clear, the coar-
ser the soil texture, the lower the content of Zn in soil. The content of available Zn in soil
Is positively correlated with the content of organic matter and negatively correlated with
the content of CaCO; in soil. In this region, the content of organic matter is lower and
the content of CaCO; is higher. Consequently, the soil deficient in Zn is widely distributed.
and it is about more than 50% of area of this region. In addition to application of Zn fer-
tilizer, such measures as application of organic fertilizer, green manure, afforestation and
sowing grass, sewerage irrigation, application of a great quantity of Mn fetilizer, etc. may
increase the content of soil available Zn.

3. In most soils of loessal region, there is an remarkable response to Zn application
and higher economical benefit. 750 kg/ha. of grain can be increased from Zn application
and the return from its application is more than 10 times. Moreover, it may also accelerate
the translocation of nitrogen to seeds in plant; thereby, both the availability of N fertilizer
and the plant growth are promoted.

4. The effective conditions of Zn application are as follows:

(1) Zn fertilizer must be applied in Zn-deficient soils, such as the soils of coarse
texture and the eroded soil with exposed subsoil.

(2) Zn fertilizer should be combined with the application of N and P,

(3) The suitable dose should be used when Zn fertilizer is applied.



