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M MR sE XS & /N2 K M SRR G E R RS2

CEE, TEF, X &, THE, £2EZRF, T &
Ghpggl K2 WA, 1L K% 030801)

OB AT Ma-FAeie b A G IR B R ARG B R & RRIE, T T N E TR A F AR R R 2 KR
SR AEAT IR ARG AT K B AR BN BRSNS, AT SRR AR SR, EREAW, A
D EFARINE KT @R B IR A 0.2%~0.5%4%) MnSO, % i% T 7~ Bl 42 #2 & 3 v F POD.CAT & 1 A &
vt G E W R B 5 £ B AR T @R R KB4 0.05%~0.2%4 MnSO, T £ £ R & A REHATERE, 3
iR NS E, AR SN 2 K e i 38 e s ot B ARERE IR S D A S BRI R o4, LR
P 3 MnSO, R & iR 6938 fm 3G e N AR AR ALE R o> >4 > 2 AP R T et @k sh R E 2
B&) N EAR R A, BRI AR KBt B R AR £ B G A A AL AR T B R 2 4 HE 41.8~81.1 mg/kg.
RO Ert @R AN R W A RIS E B R ETEAE RR, AR BRI SR N

0.2%8 MnSO..
x 8 W taEiae; Ble; Ak A2 BRI
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oA EE AEWESIN LB UE TR — MEFRNFEFEDAERK KT 28 s
B EE R AR 2 R A o S TEAGT, A BRI AR T R SR e S R IR A S
2 pHAH A J5 AL SRR AT O¢, db 77 A v 358 vp B A 80P LRSI, 30 0 VR W 2 2R B LR R R
gk 2> ARV 7t 2 B AN AR T it T B S B R A /N S A T P S 2R 0T B B O B R SR TR & R K
ST 7T 3% W) 0 T A N B S 25 R /N 22 TR, A R kN AR R I e R B, NS R
10.24%~17.34% , {H A5 I - TH0 P62 Jth o A %o /0N 252 v 7= A0 J02 B e 2 1) s e At 9 0 65 AR o DAt Tt 2 8k
5, 3 BAE NS 3R BA S AR R SR B I T A () o B A B B AR R , 3 AT X NS A AR B AR AR L B
F S RE AR Min W SO R AR (R 52, LA DR /N 22 1) v o A0 o A 2 Sl — s B ik 3
1 MRS %E
1.1 33t

TRIQLE L1 P AR 2 YR IR 2 B i 30l iR 47, A R o Mk B2 388, R b pHAE N 7.7,
A BT R 2> B0H 16.3g/kg, CEC BE/R J B 4 23.3 cmol/kg , S50 AR 280 « 1 R0 3o R4 4 ot 2 20 K 20 )
N 45.6.14.5.214.8 mg/kg, W EEIE TR A 39.5% 0 A58 F5 20 (ND L B (P.Os) L B (K,0) #% 8 0.15.0.10
0.15 g/kg LU 54T HIR & IRAI R34, B35 125 kg HRF/INZEZWFCN/INKE 375, /N ERER
[A282014 45 H 17 H , ki (8] 9 2014 42 8 H 27 H o

TE/NZERATHA(2014 46 H 20 H) VZ2 R (2014 47 A 3 HO AR 1 (2014 457 A 20 H O 43 7 B e
0.05%-0.1%-+0.2%-0.5% i T34 & 1] MnSO, W, 542 & W18 2 Rt 1 K, B Wi 100 mL , FEMTE 3 7K,
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(7] IR 52 B ANt MnSO BRI iR 13 A EE, AN A B 40, 36 52 3, O 1 i/ IVl g v
R, /N2 W W5 A 78 1 20 R 1R e BAR S T AR 1 s

k1 KRB FRATE

b HE AT ZH R R

CK - - -

J-1 g5 i 5T A8 A 0.05% 1) MnSOL YA - -

12 Wi 5T LA A 0.1% 1) MnSOL AT - -

13 Mt B9 EE M 0.2% 1) MinS O - -

J-4 Wi 5T LA A 0.5% 1) MnS O AT - -

B-1 - e 5 B B M 0.05% 9 MnSOL A T -

B-2 - g it J 345 0.1% 11 MinSOL A iR -

B-3 - I i 5 FEL 98 A 0.2% K MinS O 753 -

B-4 - IS i 5 FEL 9 0.5% 1 MnS O, 753 -

F-1 - - M S 434 EE M 0.05% 19 MinS O, ¥ 181
F-2 - - it 5T ISR 0.1% 1 Mn SO AT
F-3 - - it 5 LIS 0.2% ) Mn SO AT
F-4 - - I R 4594 52 M 0.5% 4 MinS O 7

1.2 MEmMBRGE

ALY (POD) ik S Ak S B (CAT) v 1 FH 23 35 I 52 43 50 e ™« 43 UAE /N 22 401 3 2] L E R
R it AN 5] 5 BV BE 1Y) MinS ., 7 d JE KA /INEZ I o FH @B AR Le vk s /N 22 1 i POD ¥ 1 , F AL Vi
SEVRINE CAT VG, FE RS BRI R LU G ikl g /N2 1 Fh v 3R A 40 B

ANFE PR N RE < TR RS B AN AR, R BRAR 3, H SRR, FEE 2K T WK
AT, SR 5 T BT T DR R Rk b _E 35 B AR B 20 1 B T, 110 C %75 30 min 4R 5 60 C LT 218 it & , FRELS 2%
AR, B RN R B R AT

INFE BB TR Min R4 BRI SE N B N AR 2R LSS RPRLR T R AT AR B, SR S ICP-
OES([H PE 2 #]-5300D V)il i€ £ &5 B FF &b 1 Mn 1 51 & 70 #4
1.3 HELAR

TF /N & 38 B & 5 BB AR, 2 TF oo (BREED 5 Fae sravioa (EFFEED 5 TFieavesto (/50
B s TFumeiow CITE B, TF i CFPRLJR D
1.4 RIEGH

56 H s F Excel2013 #3H47 403, F DPS 2 Fi# ik Duncam s 3T & M 2= 758647 75 2 0 W o

2 RS9

2.1 MEBIHEEES /N EM ) POD.CAT E M R R ERE S BHEI

CAT . POD 1 4t B iy 713 14 4 25 T i R G 2 40, 380 A2 P A HLO, » /0 X 4 B I AL 3 55
It , CAT \POD ¥ 4 Ji Bt — i I R Pk o8 R A Je i M A8 Ak . B3R 2 WA, /N2 ity vf CAT vl ME Rl
INEEKRE SR EBUE SRS, DA IR RS 8 10.3~14.1 mg/(g-min) , X 5 F B ESE" A
Fo &k T30 POD V5 14 U 52 032 3T 14 in 1) a3, iR IR R 6 POD e A AE A4 2Hh B & 1) — L6 K AL &9
AR TR 2R, SR YA AR B 40 HT 0 T 5 it S (7] 5 #2914 MinS O % /N 22 i it v CAT . POD
TEVERZ A B3, {2 CAT.POD ¥% P B MnSO, i 59K & 32 15y S 30 Il 35 o Z2 A ) oo T 58 it S ) Jofd 2 94 B
MnSO, 7] & 2 $2 = i A CAT.POD & M, F: 71 L 0.5% MnSO. T [ POD & P A1 0.2% MnSO. I CAT & P
B 1B CK 2 A 51 89.9% A1 37.1% 0 {HVEE JZ 3H I T 153 0.2%~0.5% MnSO, Xt 2 Feh i 14 [ 520 22 S 454N
B, v, I8 SRR AT 3G 58 CAT A1 POD v M , 3% 5 R IR 5K R 2851t 91 25 SR — 30

I H 453 25 10 5 2 43 250 b 1T 1 28 A R TG 498 L Z R 22 E SR RS 1 N , SR BN () e B AR
I3 58 o 4T 3 e T Wt A T W 3 2 5 0 B T AN B RSP 0.149% 0 2R S N S T i 5
Jiti MinSO. J53 F A< FE [P 3G 0, i P w4 25 140 0 6 0 Bt 020 W 38 5 339 B 0.2% MIinS O, Ab B -4 35 it 8 73 i
151 0 N BRI N 22.5% 1 42.0% o 3% BF I THT W55 it — o 0 A P B A T 8 v 4 3R T B 0 4, IR I 5
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2 G A A ], X 5 i SR T s R
%2 vt @ 4R Iest s & vt B POD.CAT i Arvt G E R B0 %k

Ab POD i 1#/(mg- g - min™) CAT i 1%/(mg- ¢ - min™) 2R R T U %

-1 1.79+0.01 b 3.7240.05 ¢ 0.143+0.007 b

12 2.79+0.04 a 3.85+0.07 b 0.151+0.001 ab

AT -3 2.83+0.08 a 3.87+0.07 b 0.162+0.003 a
J-4 2.95+0.03 a 3.92+0.10 a 0.159+0.004 a

J-CK 1.93+0.05 b 3.75+0.01 ¢ 0.140+0.002 b

B-1 4.04+0.09 d 11.72+0.07 ¢ 0.2200.010 abc

B-2 4.67+0.06 ¢ 11.03+0.01 d 0.240+0.007 ab

ZE B-3 5.05+0.05 b 14.09+0.04 a 0.245+0.006 a
B-4 6.04+0.06 a 13.06+0.03 b 0.218:£0.006 be

B-CK 3.18+0.05 ¢ 10.28+0.05 ¢ 0.2000.009 ¢

F-1 3.81£0.08 b 10.11£0.04 a 0.210£0.004 a

F-2 439+0.10 a 10.14+0.02 a 0.178+0.003 b

RN F-3 4.44+0.07 a 9.92+0.05 be 0.203+0.005 a
F-4 4.63+0.07 a 10.0140.07 ab 0.2000.004 a

F-CK 3.42+0.04 ¢ 9.80+0.04 ¢ 0.143£0.011 ¢

A AEE BRI RS F RN A RS FAE 5%/K T T 257 53,
2.2 MEBRE SR N Z kS & =4 E S0
PR 3 AT, TEFR T 2P 0 R 5 A W it A [ 5 VR B MinS O, % /N 22 Wk w3 T W 3 52 ), 3 AN A 3Pk
B 53 591 8 68.0.70.3 F166.5 em, {E - TH] % it B AE X /N 22 7 B A — 52 520 5 Z2 el It e S 205 SR dpe 1
08 BN 17%~52% , He A it 0.2% MnSO. 1Y 77 18 B2 5 i s LN RESR I, 39 72 18 B2 11%~22% 5 3K
5 HIE i A [ 5T BV MinS O, /N 77 B TG i 35 B i
&3 vr@rfssgiest N E R G T RERAE RER. FEHYR

b Fisi/em THLIT R/ g TR /O - ) FEEAg A
J-1 66.3+2.5 ¢ 39.24+0.11 gh 32.67+0.14 ¢ 25.64+0.21 f
J-2 72.7£2.5 ab 39.25+0.21 gh 32.57+0.13 ¢ 25.56+£0.25
J-3 66.4+2.2 ¢ 39.54+0.10 gh 32.67+0.11 ¢ 25.83+0.05 f
J-4 66.7+0.3 ¢ 38.88+0.28 h 32.76+0.08 ¢ 25.48+0.23 f
B-1 67.4+1.8b ¢ 44.75+0.26 d 32.79+0.12 ¢ 29.34+0.28 d
B-2 67.2+2.4 be 44.03£0.25 ¢ 37.56+0.15a 33.09+£0.41 b
B-3 69.7+3.9 be 50.38+0.22 a 37.71£0.11 a 37.99+0.35a
B-4 77.0+7.8 a 39.67+0.21 g 37.00+0.13 b 29.36+0.31d
F-1 67.8+3.0 be 45.50+£0.27 ¢ 32.50£0.15¢ 29.58+0.40 cd
F-2 65.0+£2.5¢ 42.45+0.17 £ 32.76+0.09 ¢ 27.82+0.23 ¢
F-3 67.8+5.0 be 46.45+0.21 b 32.75+0.12 ¢ 30.43+0.32 ¢
F-4 65.3+1.8 ¢ 39.56+0.11 g 32.60+0.10 ¢ 25.15+0.63 f
CK 67.2+3.4 be 39.05+0.23 gh 32.48+0.08 ¢ 25.04+0.19 f

7 FBIARRNG FRERRA AL TR 5%/KF T 2 % 53, T H.

M=K R T 5 2 ) BE 27 B 55 1 0.05% ~ 0.2% 1) MinS O, % /N 2 T 0 it B A S8 35 S, 12 v s 8
N 9% ~29% , F A1 DL ZA A i T i 0.2% MinSO, #8580 e £ 5 38 77 8 5 8 29% , i 15 3 3 i AS [7) Joi 2 94
(1) MnSO, 22 [8] G i 38 22 57t P T W it e Ao /N 22 O 207 AT — 2 i, I LR ZA B I8 i 0.1%~0.5% 1)
MnSO. A 5 32 52 /N 22 FREORE B, B2 R B2 14% ~ 16% , Ji 5] AT B % 2 40 3a B 00 & R IS A 6 7 1 08
AR AT 0 e o AR T SR 5 300 e T it A ot /)~ S AR B M AN
2.3 MEBHEET NERRE S R RITREE £

T 4 NGRS AL R /N2 AN R 88 B BRIV R A B L. R 4 R e e R I B B N 2
AR IORR T 5 B B, /N2 % I T R 40 O A S BB 2 T B MinS O, J5 = IR B IR 3 i 3 m . 3
L RPRL R R R T B 2 B0 41.8~81.1 mg/kg. V2R BB it B AT /N 22 K700 140 46 P 0 o 0 T e e 2, DA
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%3t 0.5% MnSO. [ FE MR 55 K, &35 B 5 (1 )51 & 40 0 /0 A 0N - D SR> KPR 250 SRR/ N % 38
R A 5 B ) 0 AR AR SR < D ARD B2 KR ZE T, (EAN [ B 34K FEE 1) MnSO, Ab B 2 [R]X /N2 %% 88 B
(M BRAMD R T 525 2 57, oA R 4 0 5 20 B0 CR B 3 I N 43% ~47% . ZARE HII5E JitE MnS O, 75 Wi/
KR A 1) o 2 70 UL CKOH 51 49% ~ 84% , /N2 3% 2% BY A PR o B2 20 OB v THRCTT I, & 28 R IK o 2
Iy BERIUN > AR KR 25 o HLVE S I T W it /R R A B R /N 22 B2 BRI R IR P S TR
SR 2 A I THT i B AR B, 1T B R 9 E SR M /N S R AR S A 7 43 1 e i

k4 RRTERREBEELT P EXEANE TR A EIK mg/kg

Ab 3 R E H B ke
J-1 71.0+4.7 be 24.845.6 def 80.9+3.1 k 69.6£7.0 g 41.8+1.7¢
J-2 73.5+2.6 be 26.7+4.7 de 95.9+1.8 732427 g 44.6£33 ¢
J-3 78.1£0.5 be 24.6+2.4 def 122.3£8.9 1 722418 ¢ 44.4+1.1e
J-4 82.0+39b 29.6+3.5 cd 224.5£7.6 h 72.1£2.0 g 432+42.1¢
B-1 70.8+3.8 be 21.9+2.8 ef 290.9+2.4 g 70.5£09 g 453403 ¢
B-2 76.4+1.8 be 22.2+42.1 ef 314.845.6 f 98.5+3.0 f 45.140.8 ¢
B-3 82.4+2.5b 22.4+1.3 ef 384.1£3.4d 117.3+4.5¢ 55.748.8 d
B-4 103.4+9.3 a 30.9+3.9 bed 441.3+7.5b 161.5£9.0 d 56.748.4 d
F-1 66.3+1.0 cd 22.6+0.9 ef 365.8t4.2 ¢ 120.243.4 ¢ 48.0£3.0 ¢
F-2 72.8+0.8 be 36.544.9b 394.3+1.8d 185.1£2.7 ¢ 635429 ¢
F-3 78.0+1.1 be 35.3+£5.9 be 4143422 ¢ 234.843.4b 78.7£1.2b
F-4 82.8+3.3 b 90.8+7.3 a 484.5+2.8 a 268.9+£9.2 a 81.3+34a
CK 56.5+1.7d 19.3+0.7 £ 64.3+1.11 47.4+1.1 h 30.3+2.2 f

MAEVIFRE IR TR (3R 50, IR S 2 Z2 RS0/ N 22 R i B 3 2 o e e M oy, HLARR RS IR B 2B 5 0
SE AR IZHT PRI 5 B AE /N 22 Z5 AT TP IR 20 BC ANHRCTY 0 280 2 RS 2 T v 3, Z R ) 21 SR YT I BRI 5 /N S H PR
TR 0 FCBE /N2 AR I RE A T e 3, 28 G IUIIE 40% DA E . JEER AT g e 2 AR S /N A BT TR 73
FEAERFAEARK, X 5T Es R — B
%5 REREINREBR IS A HEESRF(TF)

b3 TF s TF serpsm TFo/mm TF sy zm TF s
J-1 0.10 0.11 0.44 0.07 0.28
32 0.12 0.08 0.42 0.08 0.30
33 0.10 0.08 0.44 0.07 031
J-4 0.11 0.09 0.48 0.06 0.26
B-1 0.06 0.14 0.42 0.10 0.28
B-2 0.06 0.1 0.40 0.1 032
B-3 0.07 0.10 0.41 0.08 0.34
B-4 0.07 0.1 0.43 0.07 032
F-1 0.05 0.07 0.30 0.16 0.42
F-2 0.05 0.08 0.27 0.18 0.42
F-3 0.04 0.08 031 0.16 041
F-4 0.06 0.09 036 0.1 0.38
CK 0.18 0.08 0.22 0.12 0.40

3 W54

B AE AR N BB A Ay e 2 — , SR I B TR T A B S M DL R ZE R 2 1) AR A A S A
AT EAREIVER, Bt — 5 B AR AR FT DU S VR = . X T Ab 7 A A ik 33, A U Fy o) T ot e - 38 38 it
LA T A PR 7 5 R [0 IR AT v s R R AT ) P 00 o T A R e R B, W i o o A T P FIE AT LA
PErm /N R i 2 5 R 40 H S POD A CAT 35 1 5 3% =8 B2 R D A - SR 3% R AR 4 » o 4R 38 IE 7 K
B 5IhRE AR A AR, & FE RO TS BRI R 4B R A 9 T A A5 4 PR T a2 i Ak 1 AR
o XI5 52 5P FU R B, it A A v DA i /N 22 X6 S (R W A, -t 398 ol A 1 a2 A 2=

BT 5 32 B , I T % it 325 B 1 B M ] AR 538 /N 32 1 | POD A CAT 36, o rf LLZA A3 0.5% MnSO. i &k
£ 1) POD 75 11 F10.2% MnSO. 5T S B2 N 1 CAT ¥ 1 5 vy » 2 RS A HE S STt st it MinS O Jot 5K JEE 1 14
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T B S (1) B A BOHE A L 35 LA 0.2% MnSOL AL HE R /5 -

M= R R SR, LAZA BRI it 0.2% 5 B ¥k FEE 1) MinS O, b B fi 4, J5 A 2 12 26 & B B T 638 e A MR 4
A PA— s FREE L3R /NS AR, I EL e KV S [, £ s T b 8, Ji DR 3 B A 2 e O SR R
Fo R MER T D /2t e A E B AR NI AE KK E

I} T W e i T PV A P R AL R, A [ A 3R 4% 2% B 75 B 1 0 A A R AR R BN < > B3> AR > FF
Fi>Z5 , Z R A J5 W T Wit AR B e A, R R, K. LR G B E 1R/ 22 B U Wit
0.2% MnSO. X} /NKZE 37 5 17 B AR 1 IS0 R AR R W B K
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Impact of Spraying Manganese Fertilizer on Leaf on Growth,
Absorption and Transfer of Manganese in Spring Wheat

ZENG lJianguo, LI Tingliang, WEN Tao, WANG Weihua, ZUO Yuhuan, LI Jia
(College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China)

Abstract: The use efficiency of manganese is very low when applied as base fertilizer in calcareous soil. Using
pot experiments, this paper investigated the efficacy of spraying MnSO, at different concentrations on the leaf of
spring wheat at different growth stages in improving its physiological traits, yield, as well as absorption and trans-
fer of the manganese. The results showed that leaf-spraying MnSO. solution at 0.2% to 0.5% concentration from
jointing stage to filling stage increased the activities of peroxidase and catalase, as well as the content of chloro-
phyll. Leaf-spraying MnSO. solution at 0.05% to 0.2% concentration at booting stage significantly improved the
grains per spike and 1000-grain weight. Also, leaf-surface spraying improvedthe yield and the manganese content
in different organs. With the increase in MnSO, concentration, the distribution of manganese in the plant organs
was in the order of leaf>glume>root>seed>stem. The manganese sprayed at the jointing stage was transferred
mainly to the roots, while thoses prayed atbooting and filling stages were transferred to the glume and the content
of manganese in the grain varied from 41.8 to 81.1 mg/kg. Considering improvement in physiological traits, yield
and manganese absorption and transfer, spraying MnSO, with 0.2% concentration at the booting stage is effective
for improving yield and grain quality.
Key words: spraying manganese fertilizer; spring wheat; physiological index; yield; absorption and transfer of
manganese
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