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

I.  Some Physical and Chemical Properties of the Soils
and the Growth of Pasturage Crops

Shoitsu OcaTa, Kyuya Kurozumr and Katsumi Nisar

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

(Tables 1-9, Figs. 1-3)
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a. The soil with manganese deposit. b.  The profile of soil.

Fig. 1 Photographs of profile of soil with manganese accumulated:
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Table 1 Amounts of fertilizers used.

~._  Fertlizer |

Ammonium sulfate Superphosphate Potassium chloride

Plot - —\\|
Complete \

no fertilizer ;

no nitrogen

v o o O

no phosphorous

oo o O
[«RNEENE eiN

[&;]

no potassium

Amount; g per pot, a/5000.
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Table 2 The general properties of soils

Propert; S Soﬂ o Miyuki top soil | Miyuki subsoil whi{i]yﬁ;sggsgg ¢ Kat:;’;s%?f hi
Texture Loam Sandy loam — Sand
pH (H;O) 6. 66 6. 96 6.63 5.80
pH (KCl) 5.72 5.50 5.44 4.51
Total acidity Y, 0.39 0.30 0. 27 0.57
Total carbon (%) 1. 30 0.3 0.6 0.3
phosphorous absorption
Coefficient 497 934 357 652
Exchangeable Ca (me/100g) 5. 54 5.94 6. 35 trace

” Mg( » ) 0.68 2.28 1.96 trace

” K ( » ) 0.12 0.09 0.13 0.07

” Na ( ” ) 1. 10 2.04 1.71 1.10
Exchang capacity(me/100 g) 15.6 20.5 18.5 7.8
Crude silica (%) 53.0 39.0 43.4 70.0

LiBD&= I BLUGRT E~ v 7 VBB LT, KiEtd B0, Bt~ v Ao OmE
BERDTEHLSDONH S,

FTTICHESNTOB LI ~ 2 VBFHHE & SN TV BHAED R %1 0 + 1% o pH
REBIOE. 23 pH 3 b~ > v ORIE L SRR H 0, % pH I3/KIETES 51012, Bk
W= oY REEZETEINTOS, Uh LA BIRBINGREEA AR TEY, %7- HAMER L d o
R E SNTOT, ARELAOMMEL 44 pH 3PP I > T3, COdkistidh 20
@, B~ T VBEDI BIZ SN, HRNEEIL LIREBICE > TH3 b0 £ 503, &

Table 3 Contents of manganese and iron of various forms in the soils.

\\ Metal ™ Total contents H,O soluble Exchangeable Easy reducible

Soil O (ppm) (ppm) (ppm) (ppm)

Mn 4,453 11.8 130.8 2,340
Miyuki topsoil

Fe 33.3 4.5 7.1 3.0

Mn 10, 780 15.7 41.9 2,788
Miyuki subsoil -

Fe 38.9 4.9 9.4 3.4
Miyuki subsoil Mn 27,070 5.3 79.4 5,080
with M deposit 38.8 2.5 5.8 2.5
Kawaguchi Mn 1,180 5.1 20.0 130
topsoil Fe 12.6 3.1 3.7 3.1

Contents of manganese and iron in soils are expressed by Mn O and Fe,O; ppm in air dry soil.
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Table 4 Ratios of manganese to iron in soils.

—— Form in soil i I i
Total . H,Osoluble | Exchangeable Easy reducible

Soil — | o |
Miyuki top soil 1 138 2.6 ‘ 18.5 | 785
Mivyuki subsoil ; 277 3.2 ' 4.5 ‘ 832
Miyuki subsoil with Mn | | f

deposit :‘ 696 | 2.2 13.7 2,065
Kawaguchi top soil } 94 | 1.6 5.5 42

Table 5 Concentration of manganese, iron and others in grasses and legumes
grown on soils with or without deposit of manganese.
(sampled late in June 1966) (in dry matter)

< Constiuent | T ‘
w5 MnO Fe,0, = PO, KO | N

Plant | (pPm) @pm) o) () () MEOITEO
Miyuki soil

Red clover SN B 178 | 0.73 S N W) 1/0. 94

Ladino clover 186 180 ; 0.79 | — 292 1/0.99

Kentucky 31 fescue! 140 | 189 | 071 — [ 2.38 1/1.35

Orchard grass i 403 171 | 0.66 ; — 1.80 1/0.42
Kisa soil

Red clover 1 71 191 i 0.66 | 1.97 294 . 1/2.67

Ladino clover " 99 222 0.82 5 2.12 3.73 1 1/2.22

Italian ryegrass 45 161 } 0.8l E 2.23 | 3.38 1/3.22

Orchard grass 16 166 ‘ 0. 84 i 3.18 2.96 1/11.38
Kyomaru soil

Red clover 53 255 : 0.47 1.61 ‘ 2.01 1/4,82

Ladino clover 164 795 0,57 1.61 2.96 1/4.84

Italian ryegrass 181 404 1 0.86 | 2.95 3.13 Fo1/22.01

Orchard grass | 00 241 1 09 273 | 212 o 1/2.41

i ] i _

Kawaguchi soil

Red clover i 9% 161 0. 50 1.47 3. 24 1/1.71

Ladino clover 78 249 . 0.82 205 | 3.62 . 1/3.24

Orchard grass ‘ 61 139 } 0.95 1.95 2.73 1/2.27

Red top | 59 127 0.74 2. 26 1. 14 1/2.18

—_— | e

Hirusen soil

Red clover | 55 156 | 0.66 215 2.85 1/2.85

Ladino clover 134 403 | 0.86 205 | 3.8 1/3.01

Orchard grass ! 128 ; 1,052 0.89 2.46 | 3.20 o 1/8.21
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Fig. 2 Yield of grasses and legumes grown on Miyuki topsoil and
subsoil with Mn deposit, with the complete fertilizer.
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Fig. 3 Yields of grasses and legumes grown on Miyuki topsoil and
subsoil wtih Mn deposit, receiving nitrogen and potassium
but no phoshorous.
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Table 6 Yields of pasturage crops in dry matter.

143

(g dry weight per pot)

= . . Soil . . Subsoil with Mn
O | Topsoil Subsoil deposit
Trear, \ B2 Cutting Ist 2nd Ist 2nd Ist 2nd
ment g ~—__| cutting cutting cutting cutting cutting cutting
° Red clover 14.7 17.5 14.6 16.8 15.8 12.1
= Ladino clover 17.6 16.3 11.6 16.1 21.6 23.6
g Keutucky 31 fescue 33.7 14.7 22.4 9.7 15.8 9.3
© Orchard grass 27.7 4.4 2.4 4.4 18.6 3.1
g Red clover 10.5 13.0 2.9 2.0 1.3 0.9
= Ladino clover 9.7 14.7 5.0 4.1 5.2 3.0
St
& Kentucky 31 fescue 8.0 2.3 2.2 0 0.7 0.2
2 Orchard grass 9.3 1.9 2.6 0 0.8 0.3
] g,o Red clover 9.4 9.2 5.4 4.3 7.0 3.8
28 Orchard grass 10.6 2.1 2.3 0.4 2.1 0.2
o %3 | Redclover 16.0 4.9 2.3 1.0 3.0 0.6
z ﬁ.% Orchard grass 19.3 2.8 5.2 0.2 1.9 0
o 88 | Redclover 21.1 7.4 25.2 10. 4 16.7 8.0
z &g Orchard grass 30.0 2.4 15.2 3.5 9.1 1.3
Table 7 Concentration of Mn, Fe and others in grasses and legumes
grown on Miyuki topsoil.
(in dry matter)
—— Constituent
MnO Fe,O, P,O; KO N MnO/
Treat- '\ plant | e | Pm) | (%) (%) (%) FeiOs
° Red clover 310 590 0.55 2.33 3.54 1/1.90
% | Ladino clover 268 437 0.92 3.07 3.46 | 1/1.63
g Keutucky 31 fescue 282 177 0.77 3.20 3.61 1/1.63
© Orchard grass 206 168 0.57 3.76 2.89 1/0.81
g Red clover 152 650 0.77 2.46 2.18 1/4.27
= Ladino clover 116 735 0.79 2.72 2.54 1/6.32
& Kentucky 31 fescue 131 400 0.79 2.83 1.51 1/3.05
:2 Orchard grass 173 332 0.34 2.89 2.54 1/1.92
o ?D Red clover 127 674 0.57 2.91 1. 40 1/5.29
Z g g Orchard clover 232 169 0.62 3.00 1.77 1/0.73
o8 g Red clover 364 1,601 0.32 2.16 2.87 1/4.40
- ‘&% Orchard grass 281 237 0.28 3.17 3.12 1/0.84
o % g | Redclover 367 657 0.23 1.95 3.39 1/1.79
# 2.2 | Orchard grass 275 435 0.24 2.19 3.69 | 1/1.58

Results obtained from Ist cuttings.
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Table 8 Concentration of Mn, Fe and others in grasses and legumes

grown on Miyuki subsoil.
(in dry matter)

Q\\ri” ~ " Constituent ﬁiii

R MnO | Fe,0, P,0; K;O N MnO/
t-\  Plant Co F

reat\  Plam S| e | e | () (%) (%) O
. Red clover 263 325 0.42 1.36 2.99 | 1/1.2
£ | Ladino clover 227 557 0.65 2.47 3.70 | 1/2.45
g Kentucky 31 fescue 274 493 0.45 2.53 3.04 1/1.80
© Orchard grass 261 207 0.40 2.45 3.20 1/0.73
5 Red clover 151 1, 104 0.47 2.49 .74 | 1/7.24
= Ladino clover 113 623 0.50 2.36 2.66 | 1/5.49
& Kentucky 31 fescue 137 506 0.39 2.47 1.61 1/3.69
z Orchard grass 241 433 0.33 2.46 1.94 | 1/1.80
5. § | Redclover 141 906 0.48 2.27 1.60 | 1/6.41
“E 2| Orchard grass 227 242 0.57 3.13 1.51 1/1.07
o % g Red clover 425 810 0.28 2.05 2.85 | 1/1.91
~ 22 | Orchard grass 521 246 0.28 2.55 3.14 | 1/0.47
o4 g | Redclover 460 412 0. 40 1.30 2.82 | 1/0.94
#3% | Orchard grass 330 240 0. 40 2.03 3.13 | 1/0.74

Results obtained from Ist cuttings.

Table 9 Concentration of Mn, Fe and others in grasses and legumes

grown on Miyuki subsoil with manganese deposit.
(in dry matter)

=T Conmstituent |
MnO Fe,O, P,0, K,O N MnO/
Treat- | Plant L eem) [ epm) | (%) (%) (%) O
° 1 Red clover 225 462 0. 50 2.05 3.37 1/2.05
% | Ladino clover 413 805 0.47 1.95 3.06 1/1.94
§ | Kentucky 31 fescue 181 505 0.54 2.83 4.08 1/2.78
“ Orchard grass 199 824 0.35 2.07 3.41 1/4. 14
q‘NS [ Red clover 105 548 0. 44 2. 66 1.71 1/5.19
N
= Ladino clover 152 720 0.49 2.76 2.26 1/4.72
& ! Kentucky 31 fescue 158 948 0.43 2.84 1.77 1/5.99
i
2 . Orchard grass 186 1, 307 0.40 3.89 — 1/6.99
o %,:’j; | Red clover 180 529 0.57 2.38 1.70 1/2.70
' 2 Orchard grass 791 590 0.61 4.40 1.41 1/0.75
o432 | Redclover 602 841 0.36 2.23 1.47 1/1.43
Z8.2 ] Orchard grass 918 504 0.19 2.79 — 1/0. 54
N
° % ] Red clover 180 548 0.55 1.32 3.15 1/3.05
“ 2% | Orchard grass 163 334 0.27 1.78 3.69 1/2.05

Results obtained from Ist cuttings.
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SUMMARY

To attempt to elucidate how to make behave manganese in pasturage soil, which was accumulated
into pan or crust in subsoil during the soil had been previously utilized as paddy, and how to effect
this accumulated manganese on the growth of foliage crops, this paper deals with the general properties
of this soil and the pot trials by the soil.

1) Concentrations of manganese in the topsoil, the subsoil, and the subsoil with Mn deposit were
4,400 ppm, 10,780 ppm and 27,000 ppm in the total, and 2,340 ppm, 2,780 ppm and 5,080 ppm in the
easy reducible, respectively.

2) However, water soluble and exchangeable manganese contents in the soils were rather lower
as below 20 ppm and 150 ppm.

This would be due to the fact that the soil pH was near to the neutral.

3) Contents of iron in soils, eluted by water, pH 7, 1 N ammonium acetate, and ammonium
acetate containing 0.2 % hydroquinone were very low in these soils.

4) Contents of manganese in grasses and legumes appeared considerably high as 150 to 900 ppm
in dry matter. However, these pot trial pasturage crops would not suffer from manganese toxication
because of their iron contents.

5) Yields of 2nd cutting of grasses was lower than that of 1st cutting but this was almost non
existent in the case of legumes.

6) It could be important to apply phoshorous to the soil with accumulated manganese to improve
yields of pasturage crops and to prevent crops from manganese toxication.



