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Studies on the Growth of Pasturage Crops on the Soils with
Accumulated Manganese

I Elution of Soil Manganese and its Effects on the Growth
of Pasturage Crops

Shoitsu OcATA and Hidekazu TANAKA

Department of Animal Husbandry, Facully of Fisheries and Animal Husbandry,
Hiroshima University, Fukuyama

(Tables 1-16; Figs. 1-5)
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RETEED KL TERLTHEDTT ZTIIERT 3.

2. £WMIUHUEIUBORHNFHEDD

T~ o BRUHOAISHIZE | BUITR LI TH 572, B4 pH IcB1) 5+
B~ o W BLUSOBRBREERHTEE43 7 == Tick Y 48 pH 1t 8 L7 IN BEBE A IC
Ko TTIE o 12,

ZOMtE~ v OBEBICHT 2 HEA A VY HRMOEEORIHCMT 2 RBRFH LI COEBRERD
HoZhZhoitoxsb0Ed 3,

3. RO pH CRBM UV H U ERLIBIC K B iHEEE

LA D43 pH OFRMIIHMBABRIC L > TS - 72, w130 pH Ol 388 %9 &
RIEABRKRTRICH 7 RBREICK > T - 72,
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Table 1. Amounts of fertilizer applicated.

- Treatment P-0 P-2 P-5 P-10 P-20
Fertiliger
Superphosphate (g/pot) { 0 .20 { 50 |10 L
Fusedphosphate (g/pot) | 0 l 2.0 k 5.0 | 10 ] 20
Ammonium sulfate ‘ 10g/pot for all treatments,
Potassium sulfate ] 4g/pot for all treatments.

* Pot size was 30cmx 30cm X 30cm: amounts of soil per pot were 24 kg. (air dry soil)
BB LBERERE2XDES D TH S,

Table 2. Amounts of fertilizer dressed after harvests.

Cutting Date Amounts of fertilizer dressed after harvest

: 20g of ammonium sulfate, and 4g of potassium sul-
Lst April  20th fate to all treatments. ’

10g of ammonium sulfate, and 4g of potassium sulfate
2nd May 29th to all treatments. Super phosphate; Og to P-0, 1.0g to
P-2, 2. 5g to P-5, 5.0g to P-10 and 10g to P-20.

10g of ammonium sulfate, and 4g of potassium sulfate
3rd June  22nd to all treatments. ’

4th July 17th Same as for 3rd cutting.

5th November 22nd Same as for 3rd cutting.

5. BRIEMEOKPHEHR

BAEOWEEERB N D~ v 7 WL A TRBRERB AT 5 72, WA F g 1/5000a py
AU ObOTHD, KHBRMRI B IR ICRLEESINTH S, MR A+ —F r—=Fr5 =
(FEXRFE), Vv Fbv 7 (ERH), B8XU5 Y/ 7 ax— (kM) TH3.
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Table 3. Composition of cultural solution.

Salts used Concentration of elements
NH; NO, 40 ppm as N
KH; PO, 40 ppm as P,O;
K,SO, and KH,PO, 40 ppm as K,O
MgSO, - 7H,0 25 ppm as MgO
CaCl, - 2H,0 25 ppm as CaO

Ferric « citrate

2 ppm as Fe,O,

Other trace elements except Mn are added.

6. Zothairik

ZOMLZER, ME, BROSIHEOTEOFMIEIHEKT 5.

1. T@EEoovrHYRE

ERBEREIUVER

WARITe Y H VBB IO DORRED= v VB LUBOAR pH Itk 2 HIREZR U,
FHbbFEIVO=rH I pHT.0 5 6.0 F TORKTOBRKIZEODTEL, METHIZE
W< H Y ORIBIENC EICES, L LEKEO pH 43 4.5 DITFICE5 & ABICER LTL 5.
CHICH L THOBHBIZEBKO pH Ik D= v H Vit BB 3BOL 1 KREBEFHRBLEVLZ S,

Table 4. Elution of manganese and iron from the soil with accumulated manganese at various pH.

\‘\ Elements Manganese eluted Iron eluted
\ . | .
pH \ Exchangeable J Easy reducible Exchangeable Easy reducible
7.0 0.6 l 6, 160 0.2 trace
6.0 0.9 7,600 2.0 1.0
5.0 4.6 7,755 2.0 0.8
4.0 26.3 6, 865 2.0 0.7
3.0 58.0 ! 6,697 1.5 0.7
2.0 103.0 { 6, 582 0.4 1.2

note: mg MnQ; or Fe,O; from 1000g of air dry soil. (subsoil)

BETEO~ Y FY3%EO pH Ic7 v =7 THEG S IN BEEBRERCAT s~ Frokd
iC, ZORMIZ pH Lk > TREL EBH%ES I3 FILL, SBILEOHKICBLTHE OB
PH IC X W KX UERARZIL, b5 pH O LOEEERL ST 2 bORBERED < W~ T
H1, 1EOBIALLEE LORBICEB LT, 10 pH BERAh T3S bi3LEL o< F
CHAMERIEL, ML= FryORNGBIZSNEbDEEIOND. L LLENICE AR
L TH > Tb—H pH AL 155 LRMHICE DB UL BININ S B2 v B BH BB bDEHER
Sh3. TOTEICDOTIIFHBT S &S ICKED pHICHE U7 LI TR ZHEE LI & ORRIC
ka= v ORNG1E pH OETFICE D AMITHALTHRE T L5 dIEAINS.

SEICt e v T OEBICHT 2B A Y OREERITECLET S, COHETATH S
~NA FBF ) YORMEE A7 pH3 O IN Bl 7 € = TIEHIC K 5138~ v v o iIilicx L
A A YERMBED L D BT AR L.

COBBRESRIGRTAD THD, BBCORIUR UIEERE D EREA A ¥ OIFEIEILA O H
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Table 5. Effect of phosphorous on the releasing of manganese from the soil.

Hydroquinone concentration phosphorous phosphorous
(%) in eluting solution of None phosphorous | 50;mg (as P,0;)added | 150mg (as P,Os)added
IN acetic acid adjusted pH3. 0* to 100g air dry soil to 100g air dry soil
0 48 28 ‘ 0
0.001 2240 1856 1216
0.05 5952 5344 3840
0.10 6272 6112 4322
0.20 6280 6262 5376
0.40 6400 6320 5120

* IN acetic acid was adjusted pH 3. 0 with NH,OH.

BITHT BUMRE OIS B, THHbEIIROBIALOET LD biy3~< v F v ORBENHT 3
ffimicd 5. U LEICAIOBRMAKN LSS EZ OO~ > 7 I 2O EIIETF T 2
£5TH3.

Table 6. Effect of phosphorous on releasing of Mn at soil pH 7.0 and 3. 0.

Amounts of Mn released. mg MnO from 1000g dry soil
Treatments
Soil pH; 7.0 k Soil pH;; 3.0
Nonephosphorous added 0.8 ‘ 60.0
Phosphorous added
(50mg as P,0O; to 100g dry soil) Trace l 25.3

T DR, BOKITRLIES Y, LD pH BMELEHATHRNRLBILWTH 2B 311~
I DEHITK UTHEEA A CRITERICE7ZS5 &AL S,

2. pH A UL B TOMERIESR

TTIEHTHR LI L D ITHA RO pH MK I8 B &8 L b, 4~ v m o hBasiciag LT
(B, E5NA FuF) yOXIBBILCABIICMbDY, LEAEITIRIEICE 2 EASICHART 3
=AY DRIBBFMRO pH OZILICHBEES T B &35, HF—ETH 3.

FHTRLEpH OLBIC K D HEICHE, LoLSicdBo~ vy FyBRINEh3hERITS T
L9 3,

B, 2BIUBKETICEED pH OB TAB L ARREOEBTRE R LI, bbb D)
IAN—, F—F = FIIF7RBIVLy FEvyFEdb, pHIS Zicchkd pH BMETS 3 &%
OEBRIAMUET TS, K53 Y7 7ax—tBbLTHEpH DETFICE 1759 EFERDIET A
WLHEBES L,

BIRILF V) 7an—, B8, IRTENEN LY Fhy FEAd—F +v— FO | Hi2HEOHY
W= v H Uy EHRRER L., EORMEICBOTHER O~ v # Y OGHBE R pH 0T
Ik, KDELE2HAICHY, EKICEBEDETLLBICAMICEESEOITHS.

FhAHEED, | BHICHBRLT2HE PO~ v HVBEREL > T3, T, WiELIKE
DIBLF V) 7anN—fD= Y VBESMMTEICHELTEL, A—Fr— F7 5 2OBESR LI
WEITHE, LorLIFEFO=rHUBEICH LT2HEhO< Y HrOBEED FREREID2 K
DIF/BOZNICHTIHRICTEEA—F +— FITBOT, ot dbKEho 1.
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Dry matter Yields

in g/pot
258t
20 -
15 |
/an cutting
10 +
1st cutting
5 |
JH 7.0 6.0 50 4.0 3.0

pH of soil
Fig. 1. "Effectjof soil pH onlyields of Ladino clover.

PH of soil

Dry matter yields
in g/pot

Dry matter yields

in g/pot
15
151
10F 1st cutting \o
Q .
10 1st cuttingznd cutting
51 2nd cutting “\g 0,
5 L
7.0 6.0 5.0 4.0 3.0 X . X .
pH of soil 7.0 6.0 5.0 4.0 3.0
Fig. 2. Effect of soil pH on yields of red top. Fig. 3. Effect of soil pH on orchard grass.

Table 7. Effect of soil pH on the growth and the contents of Mn in Ladino clover.

o |
Soil pH* iani‘;;)xgl;:?er inF fizgargla)i?er in drl;rI :ﬁattcr in cli)ri) i:;ttcr in ;(rzyorr:/:\tter MnO/Fe;O,
7.2 360 567 426 | 1.00 } 5.17 1/1.57
6.5 353 550 Los | 517 1.54
6.0 353 567 4.47 0.87 | 517 1.60
5.5 327 | 517 0.92 | 557 .58
5.0 400 483 438 | 103 | 567 1.21
45 | 600 533 419 | L3 | 570 0.89
4.0 867 527 4.73 0.88 | 4.92 0.61
3.5 1,080 610 4.47 138 | 48 | 057

" % Soil pH was adjusted by dilute H,SO,.
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Table 8. Effect of soil pH on the growth and the contents of Mn in red top.

Soil pH* inNtIirrl)(l)rElg:?er irlj (:izgfaxgg?ger in drl;lI :fnatter in gx?)(') inoﬁtter in ;iilon:/;tter MnO/Fe;0,
7.2 220 466 6.19 1.37 4.87
6.5 220 393 6.23 1.38 4.93 1/1.60
6.0 307 433 5.80 1.27 4.83
5.5 240 393 5.97 1.27 4.50 1.64
5.0 240 460 6.08 1.30 4.48
4.5 360 393 5.93 1.28 4.42 1.09
4.0 200 477 6.47 1.38 4.50
3.5 313 417 6.11 1.37 5.00 1.33

* Soil pH was adjusted by dilute H,FO,.

Table 9. Effect of soil pH on the growth and the contents of Mn in orchard grass.

Soil pH* inh/gr:?rﬁgixtlcr ixf Egargsgzzr in drli :?lattcr in ng;) inp:tter in tI;;Om‘Ztter MnO/Fe;O,
7.2 57 350 4.97 1.48 5.10
6.5 73 377 4.88 1. 10 5.07 1/5.16
6.0 40 333 4.77 0.98 5.10
5.5 60 343 4.97 0.93 4.25 5.72
5.0 73 350 4.97 1.00 4.92
4.5 90 333 4.80 0.92 5.13 5.55
4.0 127 350 4.73 0.72 5.13
3.5 167 383 4.26 0.97 4.58 2.29

* Soil pH was adjusted by dilute H,SO,.

IR LTS IIED pH AT 5 &L~ o F V3R L TR Icaiucnild sh s kS
B, DT E3tEo pH EFEHO LD~ v H VB EDBIE AR Lz TrRuoc!® & DRSS
E—HT5. CThICHLEOBRBREB~ YB3 3L3 B LEBBOOTE4IRICELIES b+
PH %35.5 X DIEF 9 % & Fe,03/MnO HHZAMICIEL 755,

T IBFRIY 2FHOUN~ Y v BEDOHLBEIDRIET~DROSGNE D ILAZHEIC LS
b0k, FILBMBCLERRE D OLE~DOESBREEBBOMBICH LS LBBTICK S boh
BAERD S 3K TIIRON, BBTEEIICKEIIMBRE D OEBIOMBIC K 3 HBBTRICE 3
bDLEZL SN BN,

3. ZHEOBTEMECKBDTUHY ORI

BIORIOR Lic & Sic LBOBTALE RET B LS5 4 Fux) v, FUFy 2ENMT3EED
BETBOTS vV F Y ORNEREL, ULbbWEKN <5y #BESELLS. Chics Lo
BRE =Y KB 5D R3EBOBTICK > TREZINT 597 7 ux— KEBOLTIRZOHAOD
MnO/Fe; Oy K3 ML O BRTEMITIL B &, H24%, EOBTIOHICLET L3,

CORBEBEB TS O/ 20— RE L2 BRFICORONETETHY, 597 7ax—kHNO
MnO/Fe,Oy i3, %5 KR L& S DFMOH T BN &SR RT3,

FTROLRHLIE~DBEIKS O E EHOFRE SHIR-> T, MBIELEOETICS &3
FRYOLIE~OWENLIBRTERETEODEEZ SN, TOT EHHBETD~< >~ H > OWRIUE
#£D MnO/Fe;0; R FRDOBEREEZZ SN 3.
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Fe,0,/Mn0 ,MnO ppm in dry matter

1/1.0f g
/1.0 d
1/0.5F F
O—0 Fe ;,0,/Mn0O
@——@ MnO ppm
pH 7.0 6.0 5.0 4.0 3..0

pH of soil

Fig. 4. Effect of soil pH on manganese concentrations and
Fe,O;/MnO ratios in Ladino clover.

Table 10. Effect of soil reduction on the concentration in pasturage crops and the amounts
of manganese absorped by pasturage crops.

Ladino clover Red top Orchard grass
Treatments Amounts of Amount of Amount of
MnO ppm MnO ppm | MnO ppm
in dry matter MnC()nI;')ge)r potiy dry ma.tterilvhlc()nlljg)r Potiin dry matter Mn(()nf)gc)r pot

none treatment 60 369 207 & 793 313 1111
I
Hydroquinone*and )

starch* added 240 1284 260 | 859 453 1821

* 2g of hydroquinone and 5g of starch are added to a pot (24 kg soil) priar to sow.
MnO[

7.5F

3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 (1967)
date

Fig. 5. Ratios of Fe,O, to Mn in Ladino clover grown on the field with accumulated manganese.
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Bi#ED T= oo BER LT3 CORBITHEEERN Lis» THE 2 H3H LB, kN~
UHVBERIRKELUCHEICHRLUTRERL, EFHELEOLOTARTHY, HEOMHITIEHODTER
THHIEERELTE., RETECOHEEISITHRIE D LT S0, ¥y b h#kiskicky
A RRRETE o7, ARBRIHEH LIKFERI Y/ 7an—, Ly FLy 7PBIUEF~F+~—F
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EFIFI5V/ 70— I FRIKODOTRBIC, HBEBEEHOBEOEFTICBITTHRIZODTAE
VW, FTRbB, BIHRIOR Uk 5 ICBBRIENH Xicx Uil &% P,Os; T 2.0g5.0g 2% LT
Wl e, WEOAEFRIZBICHKTS. LhrL30g kit LABTRIGERENREEZE LTHH
MeEd, BEITHER > T3, Zhicxt UG d < o8 Vil MEBX Téyh 200 ppm s 40
ppm FTIKTF LT3, UL UESERIURLIEIDSFNEL B E 1 RBED KN~ VBT
H# LS FRoThITRIEIC A UKERRX T 600 ppm HEEfGEH 10g X T 380 ppm &72 5> Tid 3,
CHIFAIASHEDSIT LI ds»> TIRE O LI P TOILKR E & I BSOS REOE B OMRITE S
THEBETICHETDDEZEZIOND, COTERPEIOXRITIRLIZES Y, LT LAL FaF) v
TV FVEORIA, HEVRGSBREOERYEHHTEE, 12X 1RETHA D & bMEitkd
D= HVBEBEALTLE, ZOTLBFRFY REER~ 7O b3 HERITIC X » THER
U, MMDSHEDICTHE> T OuJIEME~ Y B Y BHEICRINE S h, AN= YV BEDERTADE
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Table 11. Effect of phosphorous application on the growth and the composition of Ladino clover.

) Phospho- ‘ MnO ppm k Fe,O; ppm N% P,0; MnO/ Yield in
Cutting | rous in in in in Fe,O dry matter
applied | dry matter | dry matter | dry matter | dry matter b g/pot
P-0 200 583 4.64 0.97 1/2.92 10.7
2 107 417 4.24 0.97 1/3.90 36.8
Ist 5 60 427 4.06 1.17 1/7.11 61.5
10 42 433 4.03 1.15 1/10.83 55.5
20 40 460 4.34 1.23 1/11.50 54.3
P-0 600 364 4.68 0.59 1/0.60 13.1
2 560 367 4.19 0.58 1/0.66 44.4
5th 5 487 380 4.21 0. 57 1/0.81 67.1
10 467 367 3.91 0.72 1/0.79 70.9
20 380 377 4.10 1.03 | 1/0.79 83.0

FRIFHEHLLEOIFHETORONS XS ICHBOMMICK 25K bD= v 7 VBEDIKTI,
BEBEOBKHICH E T CAFTFROBRICLAHMUEHFRSFICLEbDEEIFENS. L Likido
£, vy FFy 7, A—F+r— FTRONWB XK (FEBXEBR) LI LARGRICEE 00D
HLEREZONTEL, HBEO~< H Y OBFRPUTH UBERAICE S LTOLAHRIGEZIEL TZKS
¥,

DTV y Fby FICHET 25BN ERBROMEORBEFI2RITUR L. COBBIKOLTHF Y
J7anN—LREBEDOTEMOZ S, TIRDOBHEEEO MM ICH UTHBROH REDEE % BIfITT
5. L L3V, 7uax—D8KIcHELTLDELERIBETRSNENZ OB LI THE, T
WEEOHH A DO~ T OREZBRIVELLEDHE5T, <V HUOBRBEBEGBEIZ5H00
EITHY, 79/ 70x—0DBEID B> ZIHBONFEICEIE= U H v OBFRNELXZE)
DEEZLNS,
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Table 12. Effect of phosphorous application on the growth and the composition of red top.

Cutti Phospho- | MnO ppm | Fe,O; ppm } N% P;0;5% MnO/ Yield in
utting | rous n n i n mn Fe,O. dry matter
applied | dry matter | dry matter | dry matter | dry matter 3 g/pot
P-0 253 210 3.07 0.83 1/0.82 22.6
2 327 260 2.69 0.65 1/0. 80 45.1
Ist 5 | 207 210 2.39 1.13 1/0.98 38.3
10 | 147 210 2.60 1.02 1/1.43 38.8
20 147 260 2.54 1.22 1/1.77 41.9
P-0 424 143 2.00 0.20 1/0. 34 42.4
2 380 150 1.70 0.27 1/0.39 51.5
5th 5 444 150 1.72 0.42 1/0.34 50.6
10 616 167 1.76 0.27 1/0.27 49.1
20 360 167 } 1.63 0.37 1/0. 46 55.3

7250 7un—OBRaLRAK I FNOZNCHEL TS FHOKN~ Y7V RIENELTED,
WD SICOWTHTHZORIEBMMLTY S, Chi3 I FHOBATS, KLl ~M Fax) v,
FrFUEMADL LR v VBED LR, RINEOENS S, FIEOETLIEICL S
COWNERMME LDBECERBEBBOROEZEILNS,

A—Fr—Fr52 GEI3EBR) OBAEI T/ 7u"—H303Lvy Fiy 7OBEEIhbE
RO EMOE S, BEREOHBHEILV Y FI vy 7OBALRK, V7 7ax—085L0, &
DIELFIICH D bDEVLZB.

Table 13. Effect of phosphorous application on the growth and the composition of orchard grass.

. Phospho- | MnO ppm | Fe,Oy ppm | N | PO% | o , | Yiedin
Cutting | rous in | in n in Fe.,O, | dry matter
applied | dry matter ; dry matter | dry matter ‘ dry matter Lt g/pot
P-0 327 150 3.37 | 0.68 1/0. 46 16.5
2 400 110 249 | 0.72 1/0.28 37.2
st 5 413 117 2.28 0.78 1/0.29 35.5
10 240 93 2.47 0.92 1/0. 39 44.5
20 273 133 2.36 1.13 1/0.49 44.4
P-0 1,040 327 3.16 0.45 1/0.31 15.0
2 | 1,120 335 2.51 0.47 1/0.30 26.0
5th 5 1,273 367 2.96 0.65 1/0.29 34.8
10 1,247 327 2.36 0.87 1/0.26 47.7
20 1,343 283 2.30 0.80 1/0.22 53.3

5. TUHUBEARICTIEERRICELD
KL A B
ST ruN— Ly Fhy 7BEEA—F+— F7 7 RE YV HYBEEARICT S HERIRICERE
L, =¥y A rOThoimick 2% IRERR L7,
w514, 15B L TI6EICZD | FEhOKN= v 7 vV BIE, Bifi e LU MnO/Fe,Os lLRZRL7:,
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Table 14. Influence of manganese concentration in cultural solution on the growth

and the composition of Ladino clover.*
Dry matter basis

Mot " Moppm| T | Nw | o | Ko0w |9Rtindy | aaopkeo,
solution
0 147 370 4.15 1.55 2.50 6.4 1/2.52
0.5 187 277 4.21 1.40 2.92 17.5 1/1.48
5 653 293 4.36 1.35 2.88 17.6 1/0.45
10 760 267 4.09 1.33 2.75 18.3 1/0.35
50 1,973 143 4.17 1.22 2.93 17.5 1/0.07

* at the first cutting

Table 15. Influence of manganese concentration in cultural solutions on the growth

and the composition of red top.*
Dry matter basis

l\zgguggl"sloif MnO ppm |Fe,O; ppm N% P,0;% K;0% g/ p;gt;ti:;rdry MnO/Fe, O,
0 507 333 4.99 1.77 3.58 15.5 1/0.66
0.5 507 333 4.02 1.63 2.67 30.0 1/0. 66
5 547 250 4,13 1.82 2.73 29. 1 1/0.46
10 947 167 4. 34 1.75 2.77 27.3 1/0.18
50 2,200 193 3.44 1.55 2.60 30.8 1/0.09

* at the first cutting

Table 16. Influence of manganese concentration on the growth and the composition of orchard grass.
Dry matter basis

MnO ppm in /pot in dr
cultural  |MnO ppm|Fe,O,ppm| N P,0;% K, 0% |8/P t‘t“ Y | MnO/Fe,0,
solution matter
0 293 100 4.84 1.33 2.60 13.7 1/0.34
0.5 373 83 3.29 1.43 3.00 18.5 1/0.22
5 507 60 4.75 1.47 3.07 18.0 1/0.12
10 653 50 5.29 1.65 3.25 17.8 1/0.08
50 867 50 4.53 1.32 2.87 14.3 1/0.06

* at the first cutting

ChiTk>THLSMET ER, 7Y/ 7ux— Ly Fhy 734 —F+— F75 RICHELT 50
ppm OFREF THEREMET LTORL, UL, OUTFhoKH TS <~ v 7 Y OEEEIC M LT
BORYEE I BRI ~REDICHELTHS L D EELI NS, L LkEilh~>rry
BEH 10ppm LRI &= AV BBICE 2 BEMANTEIVRBF LI HERT S LTS, &
T EOBEIC bR P~ Y TV BE ERICE 75> TSAHERIEMET T 5. Hsdk#RBicky,
Witk < 7V BE L BRELOBERERYD, ChEIBICER LS~ 7 ViBE L BRED
MREEERRTACELIEOOTRERCLLEI ONS., TTICHMHD ShTWw3aE50, =v
VIBREHEORBIIHICHEKRF O~ Y A VBEDAIE ST, B, Wi, ZoOMOEEEOMEBOHZ
RRBED NS YRTEDEFEZRTNERSBROLMSTH S,

s £

IKFRETEL OB FITERBR Lc= v H U H 3 0RIELPICETEL TV S = v H ¥ & # TR
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SUMMARY

To attempt to reveal how to release manganese the soils which have intensively accumulated just
under the top soil layer during these soils have been cultivated as paddy, and how to absorb pasturage
crops soil manganese, the experiments on the elution of manganese from the soil and of pot cultures,

using the soil with accumulated manganese, were performed.
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1) Amounts of manganese eluted from the soil increased with increasing of hydrogen ion concen-
trations of soil or of eluting solutions, however, amounts of iron had kept fairly constant with changing
of pH of eluting solution.

2) Concentrations of manganese in pasturage crops had a high correlation with increasing of
amounts of soil manganese released, that is, increased with decreasing of soil pH.

3) The existence of phosphrous (ortho-phosphate ion) in the eluting solution lowered the releasing
of manganese from the soil, however, when the soil was reduced by addition of reducing agents such as
hydroquinone, the effect of phosphorous was scarcely recognized.

4) The soil reduced by addition of easily digestable organic matter such as starch or reducing agents
such as hydroquinone was forced to release more manganese than the soil in the more oxidized state,
and supplied more manganese to pasturage crops.

5) Application of phosphorous fertilizer to the soil with accumulated manganese improved yields
of pasturage crops and decreased the absorption of manganese by pasturage crops, resulting in lowering
concentrations in them.





