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HeO AKETEHBIERT % » BHEERED » BN » XD » HHE SRS » R KB
EBRESH % { Nelson » 1940 ; Ohlrogge » 1960 ) » FREE » MM B ZMUE4E ( Epsteins
1972 ) > WLRIESHREE 23 MK o SR 7E - 7 FEROTE AR B AL STAOME Rl TR » 5 —f88F (Mn12) , =
B (Mo "3 ) BpufEsE (Mo ) 5 (EEURHEEBIEYIRICE B E4 ( Mo¥2) ( Leeper » 1947 )
- ftMa? ) BEFZERITHERE TR pH EIERS » 5t M h Bl BE7FE (Collins 255 1970 ; Meck
%> 1968 ; Mulder &5 1952 ) o pMYEM SR MIRE 4 ( Cox » 1968 ; Mulder 1952 ) > Bk
AREA 4 ( Steckel » 1947 ) » i BMP2ESBER » (EYBEFHBR » NEATER G182
HH (1) Baltt SR EAIRE Zik 43 » Kl S 0TreE B8 BT 8 HEMA T UE o DIFiESE
G I - BT R R A T EEa R ( Alley 25 1978 ; Cox », 1968 3 Gettier 25 1984 ;
Mulvaney £ Pendleton » 1967 ; Ohki %5, 1979 ; Randall %, 1975 ) o Tierney fiMartens
(11982 ) Rt AT REEDIGE M B A R TEE T M AERERB [E. » (A BheEmBhia s s lzs
TS MR RS 5 1 B ERS IR 5 3: o ik AR B 2 BTV EERE 88 2 RRIR B REE & Rl is i AT bhét
P S RSB A - FIR A THMABE TR NSRS RT o

MHEERE

—EEHR : BB 1447 AR 1586 Ao
SE R, - ERSUKAE o
SHA G BE-SAT ( BERERAUEHE) o
PR « TREESD ~ SBBEL TS « SALST ~ TREREE - BRBESE  URSE ~ BREW ~ SRTYE ~ SRSV o
EHRET - BMEREERE EE > WEE . /NEER 12m? (3 X4 ) » {7¥HH60cm X 10 cmo
B
LCK : g » N—Py05 —K,0 =40 —50 — 60 N/ AUH » HApgi =ZEHRE o
2.Mn (SP1) : SEEWEHE 0.5 %HBs4E ( MnSO, -H,0 ) o
3.Mn (SP2) : BRI H#HEE ( Metal osate —Mn » Ji 885 BB BT B » 2 Mn 5.6%) 3,500%kK0
4.Mn (SP3) : ZEEEHE 80 %4 T9IH TR ME ( Maneb > £Mn20.7 % ) 400 £ o
5Mn(S) : +-3jAmmEEE (MnSO, -H,0 ) 300 AT / A4S » % HAHAME o )
6.SMn (S) : -3} FIfERER 300 20T / ANUE (fiHe ) iRy 2 W / A ( 78 B/ » 754F
Bl ) » BEERE-
7.ZnMn (SP, ) : SEE 0.5 %Hilks: ( ZnSO0, - TH,0 ) Bbiksiik o .
8 FeZnMn (SP5) : ZEHIE ;i 85 %St /il vli@ i 2 ( Trimazone » 2 Fel.3 9% » Zn2 .49%
s Mn13.5% ) 700 f&¥ o
SHEE PR - RO AT B 20 RBALATT IS It - SRS FIE 600 AT > DR 5—10 X
BE—2R - B R —7 Ko
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Table 1. Soil properties of the experimental plots prior to planting.

] -1 it . N b 0.1N HC1— Easily
Olsen'd Mehliech's DTPA—extractable extractable reducible

Texture pH|OM

fe P.O_ | KO | CaO | MgO [ Fe |Me| Cu| Zn |Fe [ Mn | Cu | Zn Mn

Sand|Silt| Clay Classi|1:1 %

Crops | 95 | 9 | % |fication Kg/ haKg/ ha|Kg/ ha|Kg/ ha | ppm| ppmi ppm| ppm| ppm|ppm ppm|ppm| ppm

B fF
Summer| 74| 10 |16 | SL |7.32.5 250 | 41 20,05 | 413 [18.5( 1.3|5.7)0.8|185( 65 |8.9(5.7 | 5.6

crop
E fF

Spring
crop

76 | 10 14 SL [7.32.) 183 65 |22,984| 323 |17.4| 0.8 5.6| 0.7| 224| 63 | 9.5/4.4 7.8

] =3

EB 74 551 » KGR 7 A 26 BiEE » NEENTER BIERnEERS MRS - R REES
SRR AR » EERER 8 F 28 BB » DR 5 — 10 K—K » SififR » KER12 A2 H
R o BB 75 EEE - AGR 3 A1 HEE » Fih R EER B KSR 8 A% 1R - REEER T
BRI » AT BERERZABRRRSE » 1 4 A1 AETHEREE - DIdEREBS
SERPR o BEE MR 4 15 HBS » DISHEMI0K—4& » S AR o R IR » RBHMFR—
B> SRR - HBIR6 H18H - 21 R T A7 HIRHE© ’ )
—AREEN - MR

KW TR ERES B/ NEA TR INE L+ M A ST R (£2 ) » FRRE
WL HEEY ~ BB ~ ST « Sk - S REINA B S 2 B BRmRE ( 2%/ 2
) 2BE » FAR Bl EEE R E p Hil » B HRZ pHT 4 K 0.3 [HERL » FER
IR 2 PH 7.5 BR{E 0.8 [HEA » %4 PHANRHEREHE/EA » HETTRREEZ b G
T BRI ED: o + SURIEREEE ( 300 AT / AW ) REM SN BB REZ HREENS
B > e BINEZNRS » LS EFTH IRV B iR HeEH 5 o
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Table 2. Soil property variation as affected by treatments after harvesting.
N ﬁ~ 8 Olsen’s Mehliech’s DAPA — extractable 0.IN HCl —extractable qwh.mhw
i\ = tem pH oM
% vu Om _ANO CaO MgO Fe Mn Cu Zn Fe Mn Cu Zn Mn
¥ i 1:1 %
Code of kg/ha | kg/ha |kg/ha | kg/ha | ppm ppm ppm ppm ppm ppm ppm | ppm ppm
Crops \ treatments
74 | 1 CK 7.4 2.4 194 53 20,824 458 17.9 1.6 4.7 0.8 160 59 7.7 4.9 4.9
M 2 Mn (SP1) 7.4 2.5 235 58 20,848 418 17.2 2.0 5.2 0.8 178 60 8.2 4.5 6.8
fe 3.Mn(SP2) 7-4 2.6 223 55 20,856 467 17.6 1.8 5.1 0.6 174 65 7.6 3.9 7-6
w
m 4. Mn (SP3) 7.5 2.1 189 53 21,336 464 17.1 2.0 5.3 1.1 162 61 7.7 5.3 5.4
.m. 5 Mn(S) 7.5 2.5 257 65 21,752 408 17.2 4.5 5.3 6.2 160 77 7.8 21.9 15.7
m 6. SMn (S) 7.1 2 4 189 62 21,504 383 17.5 2.8 5.1 1.8 161 70 7.9 7.5 8.1
m 7. ZoMn(SPa ) 7.5 2.5 246 53 22,584 303 17.7 2.6 5.0 1.5 167 63 7.9 6.3 7.9
2 8.FeZnMn(SPs 7.5 2.7 229 48 22,896 313 17.5 2.0 5.2 0.9 183 59 8.0 5.0 7.2
1. CK 7.5 2.4 235 82 22,400 323 22.4 1.7 4.6 0.7 184 65 6.7 4.0 6.8
m 2 Mn(SP1) 7.5 2.0 240 55 22,616 293 19.4 2.1 4.6 0.7 205 66 7.5 4.3 8.4
M 3.Mn(SP2) 7.5 2.0 200 77 22,712 288 21.5 1.5 4.0 0.5 172 63 5.8 3.0 6.2
2 4.Mn (SP3) 7.6 2.0 217 58 21,872 298 18.9 1.7 ) 4.1 0.5 179 66 6.2 3.2 6.1
m. 5 Mn(S) 7.6 | 2.1 | 217 50 |21,384| 303 | 19.1 | 8,1 4.5 | 8.2 159 | 103 7.4 | 35.3 | 40.8
& | 6 SMa(s) 6.7 2.1 280 75 | 22,000 273 | 20.2 | 8.1 4.2 | 7.8 220 | 104 9.2 | 32.8 | 46.5
- B
.ma 7. ZnMn (SPs)| 7.6 2.0 183 75 21,472 333 33.5 1.9 4.2 0.9 176 67 6.4 4.1 6.7
cm. 8.FeZnMn(SP5)) 7.6 2.0 200 60 21,824 308 20.3 1.4 3.8 0.5 177 61 6.3 3.0 6.2
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FEMEESE A - EEBREERRER S P » IETRO— B BN FT 6528 Frih i - TEmIE RO E M
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Table 3. Development of leaf chlorosis in soybean during summer growing period

as affected by different treatments.

RERRE \m—REW | BoREN |FSREW | BEREN | BEREN
" i "] otlage Right before |Right before |Right before|Right before | Right before
s
Code T NP sy 2nd 3rd sth 5th
of L
treatment 8/28 9/11 9/19 9/24 10/3
1. CK & 5 = &% b= % = &® &
Yellow |Deep yellow [Deep yellow|Deep yellow| Deep yellow
2. Mn(SP1) =1 b3 % & ek
Yellow Green Green Green Green
3. Mn(SP2) & & % 53 L3
Yel low Yellow Green Green Green
4. Mn(SP3) B e B b o3 B b= R %
Yellow Green Deep green | Deep Green | Deep green
5 Mn(S) b= ® 54 & & = & ®
Yellow Yellow Deep yellow |Deep yellow|Deep yellow
6. SMn(S) % & B H & ®
Green Yellow Deep yellow| Yellow Yellow
7. ZoMn (SP4) ® % i b3 %
Yellow Green Green Green Green
8. FeZnMn(SP5) = B E= - = B & BB &%
Yel low Deep green |Very deep greenVery deep green Very deep green
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Table 4. Development of leaf chlorosis in soybean during spring growing period

as affected by different treatments,

EE OB M
B Foliage spray B—REN |B_REN | B=REY |FOREN |BEXREN| EAREN
c dﬁ Right before [Right before[Right before [Right before Right before [Right before
Oeoﬁ 5 Ist 2nd 3nd ath S5th 6th
treatments 4 /22 4/30 5/8 5/15 S/21 5727
L CK & BOR | R R | R OB | R X% | B K
Yellow [Deep yellow|Deep yellow [Deep yellow |Deep yellow Deep yellow
2. Mn (SP1) H 173 b #¥ ¥ % e
Yellow |Light green Green Green Green Green
3. Ma (SP2) = ¥ % #% #k % ¥
Yellow |Light green Green Green Green Green
4. Mn (SP3) b= % ¥ | B ® | B | B ¥ | B #
Yellow |Light green Deep green |Deep green Deep green |Deep green
5 Mn(S) ¥ b b = = " =
Light green| Green Yellow Yellow Yellow Yellow
6. SMn (S) % i} ®  RER | BRBE | B #® | B &
Green Deep green |Very deep green|Very deep greer| Deep green Deep green
7. ZnMn (SP4) ® 173 b= * b= b5 b3
Yellow |Light green Green Green Green Green
8 FeZnMn (SPs5) = 173 | B # | R % | B | B #E
Yellow |Light green |Deep green |Deep green |Deep green | Deep green
SRR EEN AT BE R RERIZE

BREHN AT R RO IR AR » (EHHF - K~ KE - THE - BNEAFRANE

2> HREBRSNSXERY  RENENEFSEEENERSENHE (£5 - £6 ) » EEEE
0.5 %TiBESEHK P16 KE FEICEIEM » 74 FBIER 75 FEESFIRB 1,390 T / NER AR /
DR > B 1,013 AT / AER 503 LT/ 2A6H » 1816 37 %K 82 % » WM 3,500 4% FEEEHL Al 53
BRI 33 % 34 % » WEHE 400 fEEETHIHIE T8I 66 % K 211 % » MEHE 0.5 %TREEEE ik $Ei% A F]
T 39 % K. 100 % > TEHE 700 FEEEEEL THRIKTIBIGERE 94% K. 209 % » it Hehilest 300 AR / A
CRAITRRI 18 %K 15 % » +HEhnEesE 300 LN / AE-ABHER 20 / 20k » QIFTI8I 24 % & 92 % o

HEAS RS B AT B B ANRERT R BT B » SRS » ERETESRE
BRB >, RATHEKZHIEDSEED » 2EBESER » e AR RS » RATHEES F1s
ROBBR RO ZIEMN » Ktk BRI M S5 TH 2 B Ee A 94 % » i M8 % THi = i PR I8
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2 66 9% » (RLEESEHSHE TS IWTIREE 209 % » SETVIZ B 211% » H¥h 2 BB S
SR » AR ARBRELBhR R 2R PR » DARDE A » WG T A LS R AU
BT T T IS AR o PRBRAR I 1 SUBET 030 5 SUR (A RIS B SR 58
5 o HEE R R - o LR S RS o T R R B R M f72: - PT RSO
R 5 SRR RN R © By e I - R 38% A HOIESR » (BALHLEHR
St B PIDIE A I BRI » WA ZIBE A - NS R AR AR AR - B
AT » SRR 2 T B MK S M PTR E » B USSR A S0P o

#5 RENEEATEIERSNRZER-

Table 5. Treatment effects on major agronomic characters of spring soybeans.

B OE R % (K B2 X[ | S % |REFRE| E B|E K
No of Wt. of {Wt. of | Seed
Code of Height Branch Node . Index [Duncans
pods pods seeds | yield
treatments cm |branches/plant | nodes/plant| pods/plant g g kg / ha %
L CK 39 3.4 11.4 34 16.6 | 11.7 {1,013 |100 a X
2. Mn(SP1) 42 4.6 11.9 49 23.1 | 16.7 | 1,390 |137.2 bd
3. Mn(SP2) 42 4.1 11.8 46 25.1 | 17.5 {1,347 [ 132.9 d
4. Mn (SP3) 42 4.3 11.8 49 35.1| 25.2 {1,682 ]166.0 be
5 Mn(S) 42 3.7 11.4 44 20.4 | 13.9 (1,191 |117.5 ad
6. SMn (S) 42 4.0 11.7 45 22.3| 16.1 1,260 124.3 bd
7. ZoMn (SPs) 39 4.7 11.5 51 27.9] 18.4 | 1,411 139.2 bd
8. FeZnMn (SPs) 43 4.8 11.7 54 40 6| 29.3] 1,961 193.5 c

% CFRERE > ERERAE S BREKE

% Yields followed by the same letters are not significantly different at 5% level.
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Table 6. Treatment effects on major agronomic characters of spring soybeans.

BB R ® (K B #@ B | R B | R E |TRE BHE|(ZXZ B F ®
No. of wt. of |Wi. of (Hundred| Seed

Cod £ Height Node I

° eA ° pods pods seeds [seed wt.| yield ndex | Duncans

treatments cm nodes /plant {pods/plant g g g kg /ha %

Lol
¥

1. CK 32 10.0 27 8.9 5.2 (12.2 503100 cec
2 Mn(SP1) 35 11.8 30 12.2 7.3 | 14.0 913 181.5 be
3. Mn(SP2) 33 10.8 36 17.1 10.3 | 16.0 672 133.6 ab
4. Mn (SP3) 38 9.6 49 28.6 18.7 | 17.9 | 1,564 310.9 d
5 Mn(S) 38 11.3 43 17.2 10.4 | 13.5 576 114.5 ab
6. SMn (S) 42 11.0 57 24.5 15.3 | 15.4 965{ 191.8 be
7. ZnMn (SP4) 34 10.2 41 14.2 8.4 | 13.8 | 1,008200.4 c
8 FeZnMn(SPs) 35 11.7 49 29.8 19.7 | 18.1| 1,553| 308.7 d

¥ ENFERERE  ERERAKES BEEPE
% Yields followed by the same letters are not significantly different at 5% level.
RSB A TR SR RS - '
KRBT AR V2 B V3 Z AL ER BYBAtS » IR RERIE R EZ AR » & IEEE
S AL R TR TR BT 255 o FAIETHMEIIRG Rk » AOTE V6 LB Btk B —2E (YU » R d
BEL e ) » 2% (RML » Rif3 ) » $ms (OL » EZ3E ) ABILIIN HCL #hiH K3
EHIEE 0 S HZAR (7)) o RHIIEBERENE - JE s R R EZ R
EEERA » EAREE  BEBRRES EHEARYEREGE » B ~HESFIR235 X65ug /
o R T MEE S BERS » EEINEK » BREZEBIERSE » HARR265 K 100p8/8
> TV B S B B ST - il e B & S BIRS » 9BIR 970 ~ 262108/ 3K 890 ~ 32548 /g -
(AR o TR E AR RE » DR REARIE » 2RISR 15 R12p8/8 » it HHEFHEE
ERRESEA N SRR » HEE P A ERIES AR » 55IR 25 ~ 22#8/5 %26 ~ 4518 / &
o MM » MR AT B A RIS AT AR IR SR a B - (BRI IR R A - RE
AR SR ARNSE » DI ERIES B A BENNIRALE » MRBIRBIERRRBR B I -
R EDIEEE 2B TR R SR B E S E » WREREERE 2 AL - (H—R IR BIE % o BRISER
TehiRestr BEAEE R ISR SEES - HREEES e NER a8 > 5 IREMF AR

YT T ey =
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Table 7. Effects of treatments on blade Fe sMn ~ Zn + Cu » content related to leaf

position sampled at the V6 growth stage.

b *
Element Fe /g Mn PB/g Cu Pg/g Zn ﬂg/g
& k24
ﬁ..
B Blade |5 _ - - - #
Code 4¢ mt| ot | R o T | AT | | Ao 3| B3 | 2| S
. 5 Trifoli—
° ate leaf
treatments 1st 2nd 4th Ist 2nd 41h lst 2nd | ath 1st | 2nd ath
L CK 54 62 66 12 15 20 11 12 13 30 30 38
-
2.Mn (SP1) 66 72 83| 810 | 970 |1,175] 10 11 | 12 32 317 40
fe 3 Mn(SP2) 73 88 98 | 110 | 110 | 130 13 15 16 36 42 45
4.Mn (SP3) 64 64 72 | 245 | 265 | 345 10 11 13 40 50 52
&|5Mu(S) 61 | 63| 65| 25| 32| 36| 11 | 12 | 14 | 50 51| 55
1™
Q
e SMn (S) 65 69 | 81 22 30 32 1 10 12 13 62 64 80
o
w1 | 7. ZnMn (SPs)| 63 72 91 | 730 | 890 |1,395| 10 11 13 | 326 | 390 | 593
8. FeZnMn (SP5)] 62 65 75 | 225 | 235 | 285 10 11 14 66 76 88
L.CK 135 | 145 | 175 13 16 20| 12 12 13 30 39 39
=3
2.Mn(SP1) | 155 | 165 | 190 | 245 | 262 | 290 | 13 13 13 45 39 39
e 3.Mn (SP2) | 150 | 145 | 185 | 45 50 57 | 12 13 14 40 41 42
4Mn (SP3) | 145 | 135 | 150 | 102 | 100 | 137 11 11 12 38 41 35
5Mu(S) 160 | 150 | 175 30 32 36 12 13 14 52 53 57
3
3 .
6. SMn (S) 160 | 165 | 165 45 45 50 | 14 14 14 62 66 70
&
5
0|7, ZnMn (SPs)| 150 | 165 | 175 | 320 | 325 | 460 | 13 14 14 | 210 | 275 | 335
8. FeZuMn(SPs5)| 150 | 165 | 180, | 95 | 105 | 127 14 14 15 41 44 45
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RREMBE LRI
BIEATBEEE BHRE » (ERA LAZ MR INR » 765 8 B2 » 9 FiBeEs i oot
B mEn 2 RESERESS  EHERRR » LEEEERRISRRHE T » St sty
AR » REREE S R R EA RIS » Brh DS TR s Tl R B S » &
BHREA » ERIRAT » WLRVEESR O] B EA T E 2 5 R B S AT IR E .2 T8k » SRR
» FIHERRAS BB AORAT o

KR8 BREMSEHEZRLE

Table 8 Comparison of input and output among treatments.

B B2 R 88 | TEKRKE | B kK BE|#® K | 8 8 B wazsH
Yield Value Material Balance of
Code of Seed yields
increment increment cost income
treatments kg / ha kg / ha NT$/ ha NT $ / ha NT ¢/ ha
1. CK 1,013 0 0 0 0
=)
2 Mn (SP1) 1,390 377 9,425 2,250 7,175
e 3. Mn(SP2) 1,347 334 8,350 1,216 7,134
4. Mn (SP3) 1,682 669 16,725 1,125 15,600
o 5 Mn(S) 1,191 178 4,450 42,000 — 37,550
[=]
=
: 6. SMn (S) 1,260 247 6,175 70,000 — 65,550
]
g 7. ZoMn (SP4) 1,411 398 9,950 4,500 5,450
n .
8. FeZnMn(SP5) 1,961 948 23,700 3,213 20,487
1. CK 503 0 0 0 0
&
2 Mn(SP1) 913 410 10,250 2,700 7,550
3. Mn(SP2) 672 169 4,225 1,459 2,766
{3
4 Mn (SP3) 1,564 1,061 26,525 1,350 25,175
5 Mn (S) 576 73 1,825 42,000 —40,175
a
o
3|6 SMn (S) 965 462 11,550 70,000 | —58,450
&
)
5|7 ZoMn(SPa) | 1,008 505 12,625 5,400 7,225
7
8. FeZuMn(SP5) 1,553 1,050 26,250 3,856 223,94
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bk L AT < BN  GRAEE  TESE - ST ~ MSHELTIMB VMR ATILZS » 14 ~ 190
« 140 ~ 150 ~ 700 & 1,420 LAt H ©
2 IS s AR R 600 AFHEER ©
Remark : 1.The prices of soybean seeds - sulfur powder ~ ferrous sulfate ~ zinc
sulfate ~ maneb + trimazone and metalosate M are 25 ~ 14 ~ 140 + 140
. 150 ~ 700 and 1420 NT dollars per kg, respectively.
5 The rate of each foliage spray is 600 liters of chemical solution per

hecter.

ig:pajﬁm(ﬁﬁggggmijﬁﬂﬁg » ARERF DTPA ( diethylenetriaminepentaacet ic
acid ) &0 1N HC1 ¥ #% 2 ZROREURERBHEET » 2lo.1N HCl #iizt 3 Fe »
Mn  Cu « Zn 2 B# DTPA it & BE » f0.1N HClHHiHZ - HMn BATHE A Mo 2 78 B #8512
DTPA il » Salcede 25 ( 1979 ) HIBFFEERESTRS AT £ Mo AR EXMn 2 RRHER 0. 1N
BCI>1IN NH40AC >0.005sM DTPA ; {HLindsay % ( 1978 ) Al gt Zes i Rugg - 3 > 1R
i Fe ~ Mo ~ Cu ~ Zn /AW » PIDTPA S HEBIEREE - DI DTPA $iiHi > + 3% Mn S23E 5 Mn 2 &
EZAERME r2550.72 » {21 0.1N Hel 5EERIF0.71 » B it 3 Mn 8 fr 2 BUE REDIT B R » 1
SE£edg it -0 DTPA JllsE Fe ~ Mn ~ Cu ~ Zn X BB EYE BIERBREERLR ©

14 pH BT E—B6L » FIAKEMn2 t RIE{E 100 £% ( Lindsay, 1972 ) » AR PHEY L 12
s ST Sk PR T R MR R T BT 2 R GREE » 14 Page (1962 ) FERE R pHIRER AR
MR Mh Mn > E M A8 » fEMn ZHRHERE o Christensen 55 (1951 ) B pHEZEM HIL
P B AR HRT » HEEREANERYLERE - -+ e P8 DB A 38 p H {380 Mn
THBEIFBEENMEZ HEZ— o AR chBET L 4 A IR ) 2 MR AR R TR -
R e B AR R i (£ 2~6 ) » Wl R B REH R TR E 2R » 1S EEEMEh R
e FESE RS 8 DR - ST G ST S RN S - AR ER

B 2 ik G A X SR 15 T PR g PG R 2 4 » BE T R A BTIA SR PT RE ki B et
4% (Murphy 2 > 1973 ) » RIEEIERIZ RRZ A HRIRBHRA BRI R YRR EE
Tl » iR/ DRI IR R DU BB AR ( Murphy fIWalsh, 1973 ) » R EsR AR & HER R R
Wik FBE IEASHEE ( Mortvedt %5, 1971 ; Randall 55> 1975 ) » ARBTAERIER 15 F5E
BRI RN L1 KRR » AR B B0 RIE Bk & SRR » RILHEE SEIE LUk T
MRS > Wilson %5 (1981 ) » DIBEAGRI MEF K SiER -1 - FAESEMn ZHEAERO0 » 5611
» 22 5 G156 AT » A SHE AT R E N SRR E - o B R A TR B e SR VRS EN ORI »
[RIH F E ft  F F E  FG BC  » R P 45 B RO FIRR o

K TAT G A B R IR R F M E RIS ( Heenan f1 Campbell » 1980 ) > Tk
HIER U INA S FE ER R #E ( Randal1%, 1975 ; Gettier 35, 1984 ) o FEARERER T
AR &% » AT TFHIESENN R » FIREBRAFAE IR B RS - 4% BIE ZETEE FE
SETH IR RS SR T i o

K TR » SRR A TR ( Bukovac fl Wittwer » 1957 ) » RE&ERED
BTN NS » TR AT EELETF ( Tierney HMartens » 1982 ) » Rt PIFEE
TR ERRFEEZERES » SEAEERHRTR » WERREAFN R SERT R SRR
ZIEE A HAILHZE ( Obki » 1976 ) » R TS S — R B T R S i E B R’ B
R ES% » ARBET RIS EE— RN AT HERBHERR - SRR B RIER ( Kroetg % »
1977 ; Randall 2%, 1975 ; Mulvaneg &> 1967 ) » (BX: B BB R IR A H R VIEEIE M R —RH
{9l HE ( Cox , 1968 , Randall 21975 ) » ZEARER M AT MEEAE HHGETIHERESICE —
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R HPTESE » MBS TE%E » BTEEEES — o6 X » TETSEEET » BTSSRk By »
FELIRRISE » FIRIE R4 ? Chazali % ( 1981 ) ZMurdock % ( 1977 ) B IIEEBRTERY (Rote
VS5 Ve ) REMBAEL (#ZER 1 )& FTLEmE % fi— KE0 T » A B A £ M R AR Bl e 77 S5 65 0T 0
BRIA o

REURGHER Mo S RIERLBATEHEMn 8% FEREE > VEEN B SE FEIRE ~ IRIEWAL ~ 11
BRI > RSERR « EF AR - SRS M > 28 o Parker % (1981 ) HObAZESIE#S
HWEER2 ( BEELR ) SRR RBHIA T4 HA Mn BREETR » KEEELE 10~17 ppm - {fijfEEHIETE
FTE 20~28 ppm o Ohki Z{EM HRIAATREAEERE VS » R1 » R2 » R3 BR6 BEIBcHZE » ’
FRAMn RBESFIRIL > 105 12, 19K 21 pg/g » 5] RAFERIEE » ERMe R BERA
Obki 25 (11979 ) SHAMEEMAER2 RATHM (JHMERE ) 1~ 2 ~ 3 ~ 4 + 528, HYH66>
BRRESFIR18» 135 11, 11, 10 pg/g » EATES » KB ENEAER2 (DHER ) BB =
% (WIBHSE ) » AL AUZEH Mn ZERRIBETRS 13 8/ g o ASER SR LETH A » PR B — RIS % E
TTERE » HISSBROR R 6 » Rtk 74 SEHYER 75 1R .2 MIRIES Mn 385 5 215 15 g / g Rl1o
P& /g » ik Obki FZ|ME » TER6 B HIEA- Mo ZERFEES 21 g/ g » Kt 15 re/gRiopg/g
BERHEFERE - B Mo RESHE IS R E R eEE S T & & WE TR H Mn
RER30~32 pg/ g » [HHIECTIRMEM » M0 MM FikeS% > B B2 Mn RERas5ug /g »
I 2 » Kt Mn 45 pg/ ¢ IER 75 2 Ml » BIZER6 35T » HE-Mn REBR21pg /g B
AE > ‘it a5n8 /g BHERE » B ESESE

2EXR

1. Alley, M. M., C. L Rich, G. W. Hawkins and D. C. Martens. 1978. Correction of
deficiency of soybeans. Agron. J. 70: 35—38.

2, Btfkovac, M. J. and S. H. Wittwer. 1957. Absorption and mobility of foliar
applied nutrients. Plant physiol. 32: 428—435.

3. Christensen, P. D., S. J. Toth and F. E. Bear. 1951. Soil Sci. Soc. Am. Proc. 15:
279-282.

4. Collins, J. F.and S. W. Bud. 1970. Effects of fluctuation in the Eh-pH environment
and iron and /or manganese equilibria. Soil Sci. 110: 111—118.

5. Cox, F. R. 1968, Development of a-yield response prediction and manganese soil
test interpretation for soybeans. Agron. J. 60:52]1-524.

6. Epstein, E. 1972. Adsorptior‘l' reactions of micronutrients in soils. P. 59—78. In J.
J. Mortvedt et al. (ed.) Micronutrients in agriculture. Soil Sci. Soc. Am., Inc.,
Madison, Wis.

7. Gettier, S. W., D. C. Martens, D. L. Hallock and M. J. Stewart. 1984. Residual Mn
and associated soybean yield response from MnSO, application on a sandy loam
soil. Plant Soil 81: 101—110.

8. Ghazali, N. J. and F. R. Cox. 1981. Effect of temperature on soybean growth and
manganese accumulation. Agron. J.73: 363-367.

9. Heenan, D. D. and L. C. Campbell. 1980. Growth, yield components and seed com-
position of two soybean cultivars as affected by manganese supply. Aust.J. Agric.
Res. 31: 471-476.



w0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Heenan. D. P. and L. C. Campbell. 1980 Transport and distribution of manganese
in two cultivars of soybean (Glycine max (L) Mess.). Aust. J. Agric. Res. 31: 943—
949, '

Kroetz, M. E., W. H. Schmidt, J. E: Beverlein and G. L. Ryder. 1977. Correcting
Mn deficiency increases soybean yields. Ohio Rep. 62:51-53.

Leeper, G. W. 1947, The forms and reactions of inorganese in the soil. Soil Sci. 66:
79-94.

Lindsay, W. L. 1972. Inorganic phase equilibria of micronutrients in soils, P. 41—
57. Inc: Micronutrionts in Agriculture. Soil Sci. Soc. Am., Inc., Madison, USA.
Lindsay, W. L. and W. A. Norvell. 1978. Development of a DTPA test for zinc,
iron, manganese, and copper. Soil Sci. Soc. Am. J. 42:421-428.

Meck, F. D., A. J. Makengie and L. B. Grass. 1968. Effects of organic matter,
flooding time, and temperature on the dissolution of iron and manganese in soil.
Soil Sci. Soc. Am. Proc. 32:634—638.

Mortvedt, J. J. and H. G. Cunningham. 1971. Production, marketing, and use of
secondary and micronutrient fertilizers. P.413—454. In. R. A. Olson, T. J. Army,
J. 7. Hanway, and V. J. Kilmer (ed.) Fertilizer technology and use. Soil Sci. Soc.
Am., Madison, Wis.

Mulder, E. G. and F. C. Gerretsen. 1952. Soil manganese in relation to plant
growth. Adv. Agron. 4: 221-277.

Murdock, L., H. Miller, D. Peaslee and W. Frye 1977. Manganese fertilization of
soybeans. University of Kentucky, Coop. Ext. Sew. Agron. Notes. 10: 1-6.
Murphy, L. S. and L. M. Walsh. 1972. Correction of micronutrient deficiencies
with fertilizers. P. 347—387. In J. J. Mortvedt, P. M. Giordane, and W. L. Lindsay
(ed.) Micronutrients in agriculture. Soil. Sci. Soc. Am. Madison, Wis.

Mulvaney, D. L. and J. W. Pendleton. 1967. Soybean yields as affected by correc-
tion of manganese deficiency on sandy soils. III. Res. 9:16.

Nelson, W. L. and F. E. Bear. 1949. Plant nutrient deficiency symptoms in legumes.
P. 269—306. In. G. Hambridge (ed.) Hunger signs in crops. Jadd and Detweiler,
Inc., Washington, D. C.

Ohki, K., F. C. Boswell, M. B. Parker, L. M. Shuman and D. O. Wilson. 1979
Critical manganese deficiency level of soybean related to leaf position. Agron. J.
71:233-234.

Ohki, K., F. C. Boswell, M. B. Parker, L. M. Shuman and P. O. Wilson 1979.
Critical manganese deficieney level of soybeans related to leaf position. Agron. J.
71: 233-234.

Ohki, K. 1976. Manganese deficiency and toxicity level for ‘Bragg’ soybeans.
Agron. J. 68:861—864.

Ohlrogge, A. J. 1960. Mineral metabolism. P. 561-597. In J. Bonner and J. E.
Varner (ed.) Plant biochemistry. Academic Press, Inc., New York.

Page, E. R. 1962. Studies in soil and plant manganese. II. The relationship of
soil pH to manganese availability. Plant and Soil, 16: 247-257.

93




94

27.

28.

29.

31.

32.

Parker, M. B., F. C. Boswell, K. Ohki, L. M. Shuman and P.O. Wilson. 198].

Manganese effects on yield and nutrient concentration in leaves and seed of
soybean cultivars. Agron. J. 73: 643646,
Randall, G. W., E. E. Schulte and R, B. Corey. 1975. Effect of soil and foliar-

applied manganese on the micronutrient content and yield of soybeans Agron. J.

67: 502—507.

Salcedo, 1. H., B. G. Ellis and R. E. Lucas. 1979, Studies in soil manganese: II:
Extractable manganese and plant uptake. Soil Sci. Am. J ., 43: 138-141,

Tierney, C. E. and D. C. Martens. 1982, Soil-plant manganese relationships with
emphasis on soybeans. Commun in Soil. Sci and Plant Anal, 13(II): 909-925.
Wilson, D. 0., F. C. Boswell, K. Ohki, M. B. Parkee, and L. M. Shuman. 1981, Soil
distribution and soybean plant accumulation of manganese in manganese-deficient
and manganese-fertilized field plots. Soil Sci. Soc. Am. J ., 45: 549552,



