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Effects of Different Zinc Application Amount on Maize Seedling Growth
and Zinc Speciation Transformation under Saline Conditions

HUO Lin"?% MA Qianrui®, YANG Sicun "%, WEN Meijuan % WANG Chengbao "*
(1. Institute of Soil Fertilizer and Water—saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou Gansu 730070, China;
2. National Scientific Observing and Experimental Station of Agriculture (Baiyin), Lanzhou Gansu 730070, China; 3. Tiaoshan
Agricultural Industrial and Commercial Development Branch, Gansu Yasheng Industry (Group) Co., Lid. Jingtai Gansu 730400, China)

Abstract: To reveal the transformation characteristics of exogenous zinc in saline fluvo—aquic soils in Hexi Oasis Areas, pot
experiments were conducted to explore the effects of different zinc application amount on the maize seedlings growth and the zinc
transformation forms under saline conditions. The results showed that the plant height and dry weight of maize increased at first and
then decreased with the increase of zinc application amount under both SO non-saline and S5 saline conditions and reached the
maximum when the zinc application amount was 5 to 10 mg/kg. The maize zinc contents increased with the increase of zinc
application, while the zinc uptake amount increased first and then decreased with the increase of zinc application and reached the
maximum when the zinc application amount was 10 mg/kg. The plant heights of zinc application under 0.5, 1.0, 2.0, 5.0, 10.0 and
20.0 g/kg treatments were 13.60%, 13.89%, 15.58%, 20.84%, 21.57% and 19.58% higher than CK, no zinc application, respectively
under the SO non—saline condition, and heights were 3.31%, 8.00%, 9.74%, 11.51%, 8.41% and 6.87% higher than CK, respectively
under the S5 saline condition. It was concluded that the appropriate zinc application amount in the saline soils were 5 to 10 mg/kg,
and the harmful or excessive zinc application amount was =20 mg/kg. With the increasing of zinc application, the contents of soil
available zinc (DTPA-Zn), carbonate bound zinc (CAB-Zn), loose organic bound zinc (WBO-Zn), manganese oxide bound zinc (OxMn-
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Zn), amorphous iron oxide bound zinc (AOFe—Zn), crystalline iron oxide bound zinc (COFe-Zn) and residual mineral zinc (RES—Zn)
under S5 saline condition showed an upward trend, increasing by 15.63% to 767.19%, 7.69% to 296.92%, 5.68% to 270.45%, 0.72%
to 19.42%, 1.82% to 65.25%, 1.01% to 37.61% and 0.18% to 6.92%, respectively. Compared with the SO non-saline condition,
under the S5 saline condition the plant height, dry weight, zinc content, zinc uptake, soil DTPA-Zn, valid zinc (CAB—Zn, WBO-Zn
and OxMn-Zn) were decreased, while contents of other zinc (AOFe-Zn, COFe-Zn and RES-Zn) were increased. Comprehensive

analysis showed that the application of appropriate zinc fertilizer could significantly improve the salt tolerance of maize, alleviate the

toxicity caused by long—term salt stress, and effectively improve the zinc nutrition level of soil-crop system in the short term.
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Ky dhE, WAL T AR IZHL X
AR, FOREEEE AR F 5 , i B[R 2
R ORNTRVRR B R Ak 4 4 b i A 8B (DTPA-Zn)
FrE A AR BV R 2 A K, e E R T
(ALY —BiERER ), 14 DTPA-Zn UYL
4 0.57 mg/kg, BT LIEEEEIE (0.5 me/ke), H
54 18.0% A2 A7 1 FORAEREAL FBUERERE, KRB
SR A BIAEREAR o PN AP O T 3 ER 20 A B AT
XFEOKFZ M AT TR iGE , R 2B X 2RI R
XFERAER A RE , TR 3R o R B2 A ke
el HAZ, JLHIEAS Rt B e oK AR &+
SRS LM RAF 9T A DA #GH .

BE(Zn) R MY TR BN EEE R OR S,
Yot 2 SRR A B, SRR
JeAERE R, ZHBAtkd, EEsdk
SRR IS o7 FERIT 2R EER
ZHCRA T, EER AR 7R et RE
Wi AEAE, R 40% A - 38 187 I 5% e Bk )
A, A6 e IR O e S0 gk
T R AR e — L) R A
DTPA-Zn ik T 0.5 mg/kg. AH AR & BEWR FE LT 20
mg/kg 1E0 - HERME MR A BB BI(E T, s
DTPA-Zn & &AL ST KB E R Z 1) T 5
JRIE, iR R ZREA, ANFEIE SR
FEY) A RCEARTR] AN R 258 1 AH 5 At
SR 25 M 2 AR A8 RO AR IR I RE&% . 7 B

PSR AR 3, Y88 pH SRR, Zn* 1Y
W B B B, AR U 2 R B
o, UEM ARG FRE 2, NaCl 5 Zn
XoFTFAEY A I 5 1 2 M) AS 2 ] PR Y 2 IR N
TMEAEE W B A BEREHUEIOCR P8 R, i
PEREASTE R L8 Zn AR, BEINAEREFIFFRL Zn
T, Xogtar A DY BEREA T
it B 5 RE I %) K I AR & - T R
AFEAL I R PG M A A . TR A BRI 5
WG ER - SRR FORA K A EAEA, R 4R35
SAF TR RI R R FOR G AR N L IREEE S
A, B ERH MR SR T AR R VERT,
Az X A PR R AR IR 2 S
1 MRERE
1.1 KB

At - B g R 28 A IR TR A TR A T I
B BBRAATE AT (39° 19' N, 100° 05" E) T KA
HWAZE 50 ~ 20 em) . SAFEVEEE, SH IR
12.3 gkeg. 2% 1.0 gk, 2WF 0.9 ghke. Ok A
70.8 mg/kg . M 13.2 me/kg ., AN 245 mg/kg .
HRCEE 0.9 mgkg, 43k 1.0 o/kg. pH 8.4, + 3
AT AL A B (Ex—7Zn ) A 254 HLASFE(SBO-Zn) &
WO HAEh g A R R T, R AL
Yi— B £k R 45 2, & 200.6 gkg, Hop
HCO;y 8.3 gkg. ClI 25.8 gks. SO 112.8 glke.
Ca® 4.6 g/kg. Mg™ 28.4 g/kg. K* 0.4 g/kg. Na*20.3
gkgo MR T BERERGE R LT mERE L L i
(2 mm)J5 & . HEHREEIR A ZnS0,-7TH,0, &R R
JRZE(EN 46%), BEIEFIEIE R KHPO,, 11k
AR HRR RIS 335, KTl PU LR
XYz FhE H B LR S A
1.2 XEE%at

RIET 2021 4 4 H E 6 HEH AL F#
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Higit, TR 2 NSRS, aBhic kAR
b+ (SO FIER 3 JE 5 o/kg(S5); BIALFRSY H A
AR (Zn0) . HEEEAE 0.5 mg/kg(Zn0.5) . 1.0 mg/kg
(Znl). 2.0 mgkg(Zn2). 5.0 mg/kg(Zn5). 10.0
mg/kg(Zn10) . 20.0 mg/kg(Zn20)7 Mt EE /7=, ik
IR H 20 em x 20 em K KA, B3+ 3.5 ke,
H 40 R N 100 mg/kg. P05 50 mg/kg Fl K,0 63
metke, FACPEYNEE 4 K, PG ACIEFIEIE LU
WA At A F - LU B DEvE g 1K, P 1 d )5
B, TARZMFRT 4 H 19 HIEM, 846
B, 7AW, EM S M. ARMEEELE T
K, EFoK 6 MIRIE A0, I E R &R,
MR FER 4y, BARMRERS, SBTE 105 C
T4 30 min, FE7E 80 CTFHLTZEIETE, 4 HFR
HIGEMER, WEESE, FESRE LR,
HARKT . BERE G 2 mm 46, HFIEA R
PERS TSR & 1L
1.3 MERB Rk

ISR AR R TR A e e
AV EERAIMN A R Y, A EHE
PLRE R, AT ak, g &
fAym, HREH Olsen 35, SERLCER FH KGR
o pH RSN OK L a 2.5 1), 44k
WK ER L S - IR T AR AR, -
AR (DTPA-Zn) LUK LT el 2 1 1 1242 (pH
7.3), MIEF R E6EE T (AA320CRT) I A& o
Zn WIS /3 PR FHsh R 55 U7 Bk I i i 2R 12
BT (R D, SRATIRAGIE Gl 2 A ARAE RR I
FRIE IR EEEH(AA320CRT) I E R & i

1.4 HIEAE
K FH Microsoft Excel 2010 Fl SPSS 26.0 %144 %}
BTG T, RAMA R T EZ 0 =7 R
M, I LSD B2 ®E A, F Microsoft Excel
2010 fEE .
2 ZER5H5W
2.1 HFEMTRESERASG ARG
MR 2 0 IEH, JGig SO JEEh B AR MA & S5
WA, MAE AR, FOR PR A
T R S N R A, i R
2 BEEHTAREERNEXS kST E"

eSS N A
SO Zn0 54.70+£3.8 e 18.50+0.20 e
7/n0.5 62.14+4.6 d 21.35+0.25 d
Znl 62.30+4.9 d 22.55+0.21 ¢
Zn2 63.22+4.2 ¢ 23.95+0.11 b
Zn5 66.10£3.9 a 25.40+£0.24 a
Znl0 66.50£5.2 a 25.65+£0.45 a
7Zn20 65.41x4.4 b 22.40+£0.24 ¢
S5 Zn0 39.02+6.4 ¢ 9.25+0.10 d
7Zn0.5 40.31£3.0 ¢ 10.40£0.11 ¢
Znl 421435 b 11.00+0.16 be
Zn2 42.82+2.8 ab 11.84+0.22 b
Zn5 43.51£3.7 a 13.06+0.13 a
Znl0 42.30+4.3 b 13.00£0.10 a
7Zn20 41.70£3.0 b 11.43+0.11 be
Zn sksk sksk
S sksk sksk
ZnxS ns o

D& FRRNE /R TR 35K F R Fl 652 4 2 1)
EFik REKF(P<005) ; ns AFAREEFREE, A
TR EFRE, R TFREMEFREE, TR,

F1 TEPRESENESLRIE

IR RBUEA PRI T L A
I R (Ex—7Zn) IN MgCl, (pH 7.0) 1:4 {HIRHRZ2 h
I WRIREL 2, 5 S (CAB-Zn) IN NaOAC-HOAC (pH 5.0) 1:15 [HIRIR 6 h
I} S A PLASEE(WBO-Zn) 0.1M Na,P,0,+1NNa,S0,(pH 9.5) 1:20 HIRIR 2 h
\Y AR A B A EE(OxMn—Zn) 0.1M NH,0H-HCI (pH 2.0) 1:20 [EIAR%0.5 h
Vv B WA (SBO-Zn) 30%H,0,%4k(pH 2.0) 51 N MgCl,  1:2.55 (85+5)°C 7K iy I # ik T (2
(pH 7.0) 1:4.0 O EERE2 h
VI EEREREE S B (AOFe—Zn)  H,C,0,~(NH,),C,0, (pH 3.25) 1:20 {HIR R4 h
VI i ARG S B4 (COFe=Zn)  0.04M NH,0H-HCI(25% HOAc) 1:20 96~100°C/K I A, e E 21k
(R AR )
VI SRR WA EE(RES-Zn) HC10,~HF-HCI T B
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5.0 ~ 10.0 mg/kg BFIEFN R, Mi%E 0.5, 1.0, 2.0,
5.0, 10.0, 20.0 mg/kg X FR K5 Zn0 AN RE )
Fe e, #F SO JE Fh B AT 4 il 3 m 13.60% |
13.89% . 15.58% . 20.84% . 21.57% . 19.58%, 1t
S5 R AT A 3.31% . 8.00% . 9.74% .
11.51% . 8.41% . 6.87%. MULINHK, ZRINERILIE
TS B N 5 ~ 10 me/kg, A EE B SR
=20 mg/kg.

e 2 B AT LA W, it A R 4 MR X ok
i EESTEAN S E L HAEH(P<0.01), XFEK
PR TE & S HAEF, (Hii5r 5 R vk B 2
Tk MR AT EIYA R EEm(P<0.01). 5
SO AHEL, S5 #IHI T F KRG A, BRIR T FOKbE
ML T, (B Zn0.5 ~ Zn20 Ab 3 HEAS 25 i
R FORAE K A . ANHEEEALHE S5 K
AL SO KT N AAREFEAK T 28.67%, M 8T
BRI T 50.00%, £5itiEEAbBR S5 7K TRk FEAK T
32.42% ~36.39% , Hi T HEFEMK T 48.54% ~
51.29%,
22 HREMTARREFENE KRS FET
RAEEF W) Hom

MR 3 LR 1, B B a1 1
TG K s W Bt it A A 4 3 i S 3 R
IN, B 10.0 me/ke BFIAFIR & MEAEAN 3T
1 K S A S Zn0 REFRAE SO R A1 R
A3 BB I 17.35% . 39.73% . 56.16% . 82.19% .
107.31%. 131.05%(P<0.05), 7E S5 EHA&ME T4
B 22.16% . 34.66% . 43.75% . 63.07% .
131.25% . 147.16%(P<0.05); WLEFRH Zn0 A0FH
FE SO AR ER I 25 1F T 43 38 i 1 35.28% . 70.21% .
102.03% . 149.66% . 187.00% . 179.45%(P<0.05),
TE S5 Fh 5 A5 1F F 43 A 37.19% . 59.96%
83.80% . 129.98% . 224.64% . 205.07%(P<0.05).,

MR 3B AT LR, R A Rl B /K X oK
TR IO E S HAER, EXT R A A8 BAE
#F(P<0.01), Ehor FUtEBE K F B RGN 1 8 2%
(P<0.01) o F KW EFERN I FERLAE SO 15 S5 K
R AL P 22 S B 2 L S5 K T ANt g
b F KRN 17.60 me/kg, KT KA B R
PEIGFAE(20.0 mg/kg); 5 SO K- TFAHLEL, S5 7K
SR R OK B B AR A R b BE AL B R R T

10.35% ~ 28.07%, FRWEER B ERHR T 54.55% ~
63.44%,

23 HmEMH T REESGE T LE DTPA-Zn 9%
")

B 1 BR, Mg, MK, R
ZLHAEH, ¥x 35 DTPA-Zn A 8 5% (P<
0.01) . 7€ SO KT, RIFEANtiEERT 3% DTPA-Zn
H0.76 mg/kg, J& TIETEGRAEIERE (DTPA-Zn 7E
0.5~ 1.0 mg/kg) ., Pl MEEFER AN, DTPA-Zn 1%
B FEWNIN, Zn0.5 %8 Zn0 N T 15.79%, H%E
Znl WPEZESFORNEE; 7E Zn20 AbFEF DTPA-Zn 1%

%3 BESUHTARREENERERSEETRGE

N . e Y PE
SIS PR
FALSR I / (pelg) / (gl )
SO 7Zn0 21.90+0.80 g 405.59+£9.24 ¢
7Zn0.5 25.70+0.84 548.7049.14
Znl 30.60+0.78 e 690.3449.29 e
7n2 34.20+0.68 d 819.43+£9.24 d
7/n5 39.90+0.73 ¢ 1012.61+9.24 ¢
7Zn10 45.40+0.86 b 1 164.06+£10.41 a
7n20 50.60+0.85 a 1 133.44+10.24 b
S5 7n0 17.60+0.43 { 162.98+4.22 ¢
7n0.5 21.50+0.45 e 223.60+£3.20
7/nl 23.70+0.62 d 260.70+4.26 e
7n2 25.30+0.60 d 299.5549.24 d
7n5 28.70+0.44 ¢ 374.82+8.35 ¢
Znl10 40.70+0.50 b 529.10+£7.82 a
Zn20 43.50+0.56 a 497.21+7.64 b
Zl’l sksk sksk
S sksk sksk
7nxS ns wE
8.001 070
a B 7n05
"o 6.00 :
=<
=To)
E
Eﬂ 4.00
IS
N
=
= 200
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B 1 AREEFEX®RHRFET 1T DTPA-Zn BRI
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O, BONHEEFE TSN T 669.74%; £ S5 /K
VR, fE AT EE B 58 DTPA-Zn & & R 0.64
mg/kg, # SO K FAHEFEAL PR T 15.79%., 5
SO MEL, TEMIFIMEEEALFE T, DTPA-Zn 75 & F&AIK
5.13% ~1591% , {Hjtier G, DTPA-Zn %
FALIH B 80, Zn20 AbFE R 4 Zn0 &b 33
767.19%, DTPA-Zn & 83805 =T S0 /K-,

24 HHEMTARREFEALBEEHE In 9%
o]

MF 4 AT, Bl RO, AR R4S &
BFE(CAB-Zn) . METANEEGAEE(WBO-Zn).,
RG4S &85 (0xMn—Zn ) . TCEE ARG A
BE(AOFe—Zn) . SRIEEAERES G FE(COFe—Zn ) Fl
FR B AR (RES-Zn )Y 2 EFHA#aS. S0 5
S5 KT, Zn20 4k PR CAB-Zn, WBO-Zn,
OxMn-Zn. AOFe-Zn. COFe-Zn. RES-Zn & &34
i, B Zn0 LIRS I T 264.10% . 232.24%
18.02% . 65.28% . 37.41% . 6.85% Fl 296.92% .
270.45% . 19.42% . 65.25% . 37.61% . 6.92%,
L CAB-Zn. WBO-Zn &EIiE K,

ARV A X AE W T R A B TR A S AR
Mo 5 S0 JEFhm 4 FARLL, S5 ERAH T iAE
YT RSP (PR L 25 G B . MG &
BB, BALERSS G BIREL, 53000 9.15% ~

16.67% . 8.30% ~17.75% . 18.23% ~19.19%;
AR (LE T AR A G 88 . B bk s
HARPEREREE T WAAR)H TR . X T S0 R
Wi s, S5 R Wi & F T CAB-Zn. WBO-Zn,
OxMn—Zn 7E ZnO Ab PR FEAG R B e K, 200k
16.67% . 17.75%. 19.19%; 1 Zn20 KEFET FEARHE
BE /N, 4Rk 9.15% . 830% . 18.23% .
AOFe-Zn. COFe-Zn. RES-Zn 7EZh 541 F &
AR, LES MR IR T 2B 2.81% ~
3.22% . 1.68% ~1.90% . 1.43% ~1.50%, Jiti 5% Hij
Ja AR,

WHZE T 2R, . sk +
BRI In YR FEZHAENM, X CAB-Zn,
WBO-Zn, OxMn-Zn. AOFe-Zn, COFe-Zn [/ 5k
SZMON H4 8 B 2 K- (P<0.01), X RES-Zn
(52 IR B 2 27K (P<0.05) .

3 it E54iR

RS T TP R OCR Zn =, MERE
HEZEXT Zn MW . B85 G B2 BRI, (A Zn
()& T D, TR LT 3R haa s AR
T, FEERTURME T FOK MM = AT EH R,
10 mg/kg YR it A (o F K (R Rk o AT B AR AN
JiEEE A BRI T 8.46% . 40.39% , X Ui B AE HE S
e 4 e T O R OR X ER AR pLE . B B

R4 BRREEGTAEAREENTEERS mgrkg
FAbE RIAb R CAB-Zn WBO-Zn OxMn—Zn AOFe—Zn COFe—Zn RES-Zn
S0 Zn0 0.78+0.08 f 2.14£0.18 f 1.7220.08 e 4.8120.18 ¢ 10.72+0.18 ¢~ 77.37x1.18 d
Zn0.5 0.8320.05 ef 2.25+0.10 ef 1.73£0.10 e 4.89+0.10 ¢f  10.83x0.18 ¢  77.50+1.18 d
Znl 0.89+0.04 ¢ 2.37+0.14 e 1.7420.10 e 4.98+0.14 ¢ 10.93+0.14 de  77.63x1.14 d
Zn2 1.00£0.10 d 2.620.12 d 1.76+0.05 d 5.1420.12 d 11124032 d  77.88+2.32 cd
Zn5 1.36+0.09 ¢ 3.4720.19 ¢ 1.820.10 ¢ 5.59+0.19 ¢ 11.65£0.19 ¢ 78.57+1.19 be
Zn10 1.93+0.05 b 4.79+0.20 b 1.92+0.15 b 6.38+0.25 b 12.61£0.25 b 79.7842.25 b
Zn20 2.84+0.08 a 7.1120.18 a 2.030.12 a 7.95+0.28 a 1473031 a  82.67+131 a
S5 Zn0 0.65+0.05 f 1.7620.14 £ 1.39+0.04 ¢ 4.95+0.14 f 10.90+0.14 ¢~ 78.48+3.14 d
Zn0.5 0.70+0.15 ef 1.8620.15 ef 1.4020.11 ¢ 5.0410.15 ¢f  11.01+025e¢  78.62+225d
Znl 0.75+0.10 e 1.98+0.22 ¢ 1.4120.05 ¢ 5.1240.25 e 11.11£0.35 de  78.7622.35 d
Zn2 0.86+0.12 d 2.22+0.08 d 1.4320.07 ¢ 5.29+0.18 d 1131028 d  79.01+2.28 cd
Zn5 1.2020.08 ¢ 3.03+0.18 ¢ 1.48+0.08 ¢ 5.77+0.18 ¢ 11.85:0.38 ¢ 79.74+1.38 be
Zn10 1.7420.04 b 4302021 b 1.560.11 b 6.57£0.21 b 12.85¢0.29 b 80.97x1.29 b
Zn20 2.580.15 a 6.5220.20 a 1.66+0.10 a 8.18+0.20 a 1500040 a  83.91x1.40 a
Zl’l sksk sksk sk sk skek
S sksk sksk sk sk k
7nxS ns ns ns ns ns




24 Ok, A SRR BT TR A i A AR S AL R R « 159 -

SR, FRESEEEN T, M EEBA R &k
F 20 mg/kg Jo, AR KRBT, I R R £
B R AR R AL SR AR N L) B AR A 10
meg/ke J5 T DB G AR AT R VR B IR A L
T ORAF MR A A8 O R R A R
PR RE R B ) b1 AR RS L2 FEARER R IR,
WA EE R K, FORMIMRE . TE . MR
PG RGNS, RWITE - R IR
BUF L i AFENE R85 AT RUCHE & FORAE AR % B
i, R EOR AR, (F Y56 RS F] 20 me/ke
Jo, FORMBRR . T W R Y 5 IR AR
B AR S SRR LR, fEAREER T AR
R4 B T 13.60% . 13.89% . 15.58% .
20.84% . 21.57% . 19.58%, e &AM 23 )4
T 331% . 8.00% . 9.74% . 11.51% . 8.41% .
6.87% . EEEE RN 5 ~ 10 mgke, A F ot &
MEEE A =20 mgke, X547 FE% 42 SR
—5, A, AR AEERE, EHRBAGF TS
10.0 mg/kg 1= AFA0 B ) K 25 B AR IR i 38
WEER, SRR AR AR R BIA R 5.0
mg/kg HRUFEALIRACE, (HEERIS R HIREAR T 1 4%
e, B AR S T EORER W
BB, W T IEERREE, RS T R
B, B T AR K R RS A, S T E
KAEPI A o & R A T4 RR I w A K
FACHE, DI DR R 2 Tl 38 X EORAR R
TRRE T ERAE MRS 57 7 ORI s I RE T 2

S 3 DTPA-Zn S AR LI P 2>,
+3E pH, AHUR SR . CaCOy. T/ FIEB 43
SIEICRMNE EAERWREERE . Hifgm
o )8 T A AR 8, R, I
pH JEAERTE 8.5 LA I, ‘BEAE -8 [TAH I 4 e Bt B
Ji¥g R, 3 DTPA-Zn SRR MIREE R, A
WFFE R, TEAIMATRES s, il 135
) DTPA-Zn & 0.76 mg/kg, TITE S gkg £hi
%M T DTPA-Zn &% S FE AL 2 0.64 mg/kg, 115
DTPA-Zn % S FEAGIR BE B 2, b T W 76 Gl B
W, XSFEATUAEMBIFRLE S R—8. it
Gb, R SRR R, R N % RS BB
BRI A -2 R EBL, SNER 1L
+ 1 A REE (DTPA-Zn ) . WA A HLES & A 5

(WBO-Zn) . A b5k %56 &8 (OxMn—Zn) . JoE
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