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Studies on trace elements in soils by
microbiological method. (Part 1)
Determination of available copper in soils
by Aspergillus niger method

Keizo Hirai and Hideaki Kai

FEROBFERORZFHEL, BEEL ESLLUBLIHDH, D) OORE
TERARTOCTRAILER R, LR R MBI AT 5,

—7 BRIV TR TH S BEETLES < TSy, < L bEE0EHIT
LRSI AL b HLENE. L ~REEHOESBICAT5 RIS LE2HR
REANREG X D bEPEEETHLFE L BTFBR T3,

IoTHOE#ML 5 AERBR L BB OMOERELHE L, FThE2FAL T
Bioassay TSR OPRERYERERT HENALT, AR R TLIRBEOER
¥HLELTES S L bh 2 ocifsdimbie,

Asp. niger i} 218k 0EHE%SD Bioassay & Butkewitsch (190932 im¢ko
THEEHh, Koszeleskii (1909) 3%k ULV BHRERRE « MERUEL O
| sta iz, Mulder (1928)9" (% Niklas ot R L CHIEROTRMMKY Ftor
BA4fT\~, Xt Edson, Smith (1949)%) &0 43 Cu, Zn, Mn, Fe %0 Mo g
THHELHL TS, ,

TG T REORELLEL UFEOMEFHR X b Asp. niger LHIAL CTHHRR
SHOBERIC R TIOT R R E- e LT i3,

L & At ik

(A) Asp. niger i

1) &£ B & #®%

ARSEEAN AT L DR L 2238 & Waksman, Fred © synthetic acid
medium'™ w4 LML 7o Asp. miger sp. O TOHRG, Asp, niger I BF
Asp, niger 11 RERDFECHELHACHETS Cu BrrOoRTORCELD
AP E L R TH WA B, RBCIE Asp. niger | % Blilk: L CEBR L.

A S e DR BB L DD, Czapeck @ synthetic solution agar w2
®, HEGL, 2 B lEY ok,

* TPERFEETIRARE L 2RO — K ThH S, Mgl T B v kT 5.
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2) JMEOHKEEE

WraR X b BB ORH, BOECHlTme X 3\ Ut RAEEL,
T57 vy 7 AWYRUEHN TR TR —-BEF A BRLLE TRl
TRRACCMNE L, TokiE 101b. 15 45 autoclave, ¥k 150°C 20 & #4 L C R
w7z,

) BEAEHORHE

B -ROME SR ORI WA LT
Table 1. Composition of Culture Solution.
Basal medium Trace meials

Sucrose (C. B.} 50.0g Fe 320r (as FeSu;.TH:0)
KNOQ; (A. R) 5.0 Zn 230  (as ZnS0Q,.7H30)
K:HPO, . P) 25 Mn 8 (as MnS0,-4H-0)
Mg80, - 7TH:0 (A . R) 0.75 Mo 32 (as (NH;)z-MoOy)
Twice distilled water 1000ce

BEFEHOMLCIL TIIEE 2, TRk Gty LTS & 5580 32 o
T A o TR RIIE D R L B A4 OF NS B2, S LR IA R & WA
WEAHHLA. Hboe~ 27 7EEET A FROBBGKOBAOR Y ERALT
R LAF 15g/1 TA z+8ut 5 g/l REBEFROSESC MRS Ebh,. f£2TC
Fazd+ 16 g/l #EHL 10 1b., 20 448 autoclave L-—FcHiE Porosity No. 4 ©
glass filter L THi{LL 7~ Basal medium % F¥EAEEC € pH 7 %L, =
IR L o R B MO R I T TR L

4) BEE X U %%

PEE3~TD > » — 1T 26ce SEORERE Lhre, FEFSMH < Cu o 0, 0.025, 0.05,
0.10, 0.80, 050, 10, 20 ZF 3.0 v/25cc medium @ Cu standard series #{E5.
—F G BERTLE 0bmm Oy B LRSS —ERAYHL T 3 —viT
Adt 101b, 15 458 autoclave IR TEE L, 2K 25ce LR UL ML 5.

R D ERAIEIBEL 30°C 5 BHFE#R LA, METANKE TR E
% Spore suspension (#)5 x10* sporefcc) I EinEEREL, 30°C OEEMHR T T HEER
7 %5. Standard series X-SLBUSHTI WD Asp. #igdr OFETY & P B L THR
EDD. (FHEHAE)

(B) ftE2me &%

1) LEROTTRRERD 2%

Hibbard #:07% mfiy s, BT 5 g i 200cc O (005N KCl, g% o4 pH
3.2) Tin THRL X <RBLIBRWHEL, ¥4 7 ¥ TEERERO BT
HORROBH LML CRRICEBEEZ T, B G L2 RIEHOBHK L T5.

2) LiEhopiFolERis
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Bogg, Alben E' VA1 g gD 4 ¢ O = HRIMAL I THEML, &
IR (100cc o7kiz HCl 10 cc ZiRim 30 ce ims B LB L TRl s L
2o, 100cc 2275 A= CRHEL, JEESE AVGTERL —RE T 5.

3) M OKISHERD Bk

A4 10 g 2P b BAEZ0R BV CTRRM OB I O3 5 & ki 200 cc 5t T 2
FRGELEML, BWEYA L TKENHOBHR L T5.

ZEBHEBOMOERT, 2 LT Sandell #F™CfE, —HEREY EHES Lo
Frikhe Ik Lot HbBHEC 10% 7 = 8y ~F dcc iz, NHOH © pH
¥8.5 ke L 7ok, 0.01 96 UBILIRME « 7 Y ¥ 5 co ik AV PISER R
odbip v inBEC A b T 5. BB 288 % e L i HCL (1:1000) 1Ccc &z
TR, COMESR 2HREHLC Zn RO Py % HCL OKc B3 Chrd, ME{csR
e FF Vg pH 3.0 OREEEMR Wee L BHBOBR MR XY n: THRBL
Copper dithizonate % L T ARG OB L b5, S OfiEd 2 ML
o8, 0.001 % UEALBEF; « F 7 7 > ifide i Artalie X b fiste R,

H H R ETEG

1) Asp. niger :oillays:

Asp. miger DHETHT D response OHIEH: L L TROM-2DFH I -~THRME LT
Hfz.

a) Eagdo pH o84t (pH of Culture Solution)

EASR T IR O pH &l Ui R mRiondn {, e icsimsgo pH
REL ETFT328%, Cu BEOLILITNSS 535/ <. Mk LOi#yE o pH iz
I AHEI - B,

Table 2, Comarison of pH of Cultare Solution, Mycelial Weight, Degree

of Sporulation and Spore Colour of Asp. niger Cultures in
Response to Copper Added. (average of seven cultures)

. . Degree of
Cu added pH of culture | Mycelial weight H Spore Colour
(rf25¢e) solution {mg) sporulation | #as
—all* 3.47 12.3 Q.5 !
o} 2.86 162.1 2 1.5
0.025 296 235.1 3 2
005 2.90 2054 3.5 3
010 2.99 385.1 4 4
0.50 3.20 304.9 5 5
1.0 a.16 275.3 5.3 é
20 3.22 262.3 ? 7
30 3.18 228.4 5 7

* Without all heavy metals
*+= Sporulation code: 0=none, T=maximum
¥:% Colour code: 1« 2 3 4 5 & -7
white, vellow, tan, brown, dark brownish black,
brown, black,
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b) BikEHRERE (Mycelial Weight)

£ LU T-Etk% Porosity No. 3 © glass filter LR TTSICERL
5%, 70C = 10 B, + 0% 103~105'C C 2RHlIR L fo b DR MET 5. HOWE
B IRMOE RS Cu OLREE T Cu RE DHNC KA L CIRGHIBIHR
RUTIHARR HMNT 50 Thil EORKR 5 2 Wdo Rz il LA BRs e < &
b, H2 0ly/2bcc OFALH/E L U TR EO BT TR TRARIIRA LTS
F)E 5.

c) SedfangdE (Degree of Sporulation) {H% I non sporulation=0; max-
imum sporulation=7 > LTz @787 Sporulation code TCIHFLI-.
(iR 11 £

" ]
7 -
6 =4 X0
~0
[« ] —~
~ ]
g E 5 - [
2% -
~85 s
- Y -
o 31 - e
“ & B
E T - ]
gu 2 =
EER 1 %
o o
Q " &
]
£ =2 -4 =
2 ¥m
m‘g f
] = -
my
L L L 1 1 1 1 0
o 0025 045 010 050 10 0 A0
Ce T

Fig. 1, Spore Colour, Degree of Sporulation, Mycelial Weight and pH of Culture
Solution {at harvest) of Asp. #niger—Cu Standard Cultures,

d) RT-0o6EH (Spore Colour)

{75 | white=1, yellow=2, tan=38, brown=4, dark brown=>5, brownish
black=86, black=7 kL7 Colour code G&ERL .

B_XKECE—RC Lo, SEFRBEEIFE Ca ST L Tivie b HFE B
LR, RBETOAMT white 228 black Offliz i b 77E Cu It & DIHEA
b CH YT TL 3 HRED BN,
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PEOTHRFE 25k UL Asp. niger O3 T O&F% Cu standard series ©th
LT AU X D, Y OGO BRI TIETH WA MRS, I OBSIT
FEE LIRS 5 0 W iR A T h S X B A,

2) Asp. niger-spore colour-method = J 5 8RO THERMOE S

a) COERBROFMBMEC-OWVTR, 3 ol o¥ k. 05, 025, 010, 0075, 0.05
g/25cc O 5 ODERID 4 r R L cERITBERIC A S <,

Table 3. Reproducibility of Copper Determination by Asp.
niger—Spore Colour—Method.

Seil Seil Cu determined
taken T pcr dlsh r per g soil
Nomberl cqraisn) | 1 2 3 4 | 1 2 3 4 | Average
1 005 04 0.4 0.4 04 ao 8.0 80 80 | 80

0.075 05 06 06 06 6.7 8.0 8.0 80 7.7} 7.84:0.15
oo 07 0.8 .8 0.8 70 8.0 8.0 50 78
0.25 1.8 1.8 1.8 1.8 72 7.2 7.2 7.2 72

0.50 »>2 =2 >2 2 >4 24 4 >4 | =4

2 0.05 0.2 0.2 0.2 02 40 4.0 4.0 40 | 40
0.075 a3 03 0.3 o2 4.0 40 40 40 40t 4010
0.10 0.4 0.4 0.4 0.4 40 40 40 40 | 40

0.25 09 09 09 0.9 3.6 3.6 36 36 | 36
Q.50 1.8 1.9 1.8 L7 3.6 38 3.6 34 | 36

3 0.05 0.5 n.5 0.5 0.5 100 100 100 100 |100
0.075 0.8 08 08 0.8 167 107 107 107 10.?} 10.31£0.35
Q.10 1.0 10 1.0 L1 100 100 100 110 [103
0.25 =2 =2 >2 »2 =8 »B =8 =8 >8
0S50 =2 2 2 =2 =4 =4 =4 >4 | =4

—#%C Bioassay R Tik+ 5 ~10 26 DR DR BV LO L INTVBHETE LD,
B2 - DiRG Asp, niger W X A TGP OTREHOERL e F I VRO T & B
Bioassay LRIUERBEOCEMIMLEALRZOTIL S 0 Bbh 5.

b) sample DFEHERICOVTH H=RUHELFCRIL SIS, 025g/25cc LiLD
BT scale out T LA LA DB IETEH Y, EoTHEEOLMTE 0.05 742 010
2/25 cc medium firdi ) < —B LB mLES L Bbhant, REE-tEom Re
FHACE G E BRI SV TRBER AV ENHBROBTH 5.

3) Asp. miger B2 (CERSEREN X B RO HB

Asp. niger W X 5 ith O THRRAORER ROLER ST X 5 L4t D40, A
R R KSR o e Ik B & SRS 5,
Hit Asp. niger ¥ X 2O E RS Hibbard ¥ X 5 Eh &k b F—0M
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Table 4. Comparison of Resalts Obtained for Copper Contents in Soils by
Asp. niger Method and Chemical Analyses,

Anaiytica
Method Asp, niger—spore colour—method Chemical analyses
Cu e )
content Available Cu 7 /g soil Total | Availa Water
e soluble
Soil Soil - Co |ble Caj o
Number\ taken| 50y | 0025| 005 | 0075 | 0.0 |average
{(gidish) : : Lo P soillg- Jg soiliy /g soil
1 8.0 27 7.8 7.8 74.5 30 0.4
2 4.0 4.0 40 40 145 27 0.1
3 100 10.7 10,3 103 52.0 3.7 0.4
4 4.0 4.0 4.0 4.0 49.5 24 a7
5 3.2 3.3 30 3.2 495 20 0.2
[ 25 27 25 2.6 44.5 1.5 008
7 30 3.3 3.0 &l 35.8 2.0 0.1
8 4.0 4.0 4.0 40 610 28 0.2
9 40 1.0 3.5 38 425 24 0.2
10 4.0 1.6 4,0 4.2 395 2.4 0.2
i1 4.0 40 4.0 40 780 3.2 0.2
12 30 32 3 112 15 0.8
13 S0 48 49 123 28 1.7
14 40 36 38 118 21 L.O
1% 1.6 1.6 1.5 1.6 245 1.2 0.2
16 3.0 2.7 30 29 345 2.0 0.2
17 30 33 3.2 3.2 320 Z.4 0.2
18 20 20 20 2.0 370 1.1 0.1
19 6.0 6.0 6.0 60 44.5 3.2 [¢X)
20 4.0 40 4.0 40 42.0 24 0.2
21 3.0 5.3 S0 5.1 320 27 0.3
22 6.0 5.3 6.0 5.3 295 3.2 04
23 40 4.0 4.0 4.0 295 2.0 0.7
24 160 160 150 15.7 430 5.6 0z
25 3.0 27 30 29 420 1.6 0.2
26 3.0 2.2 30 2.9 220 1.6 0.07
27 4.0 40 40 40 44,5 28 c.1
28 4.0 4.0 4.0 40 125 .2 0.1
29 16.0 147 160 16.9 62.5 5.2 0.5
20 83 7.3 70 7.4 520 az 0.2
31 3.0 33 3.0 al 18.3 23 01
32 1.8 z20 2.0 1.9 10.8 1.3 0.1
33 4.0 40 40 4.0 17.0 2.8 0.2
34 30 32 31 145 12 0.5
35 20 18 19 92.0 B.O 05
26 40 4.0 4.0 4.0 108 20 007

FIERL T 5, FFOAM RS 152 [FofELat L T 5, Jensen, Henriksen
3 (% Asp. niger L AHWEE £y NH.CL © X3 M+ LAl <2 Bl
T B a4 L, Nicholag,® Dole'’ 4 Asp. miger 3z k b fit (LM
T X HTREE L ROMOSEM L D BT HEREL T 5.

% Hibbard ¥ & 2RO BHICESL T Bicassay 0 Rgc 30°C oxdl
Erahl, 4 BT A 2 k4 incubation ORI E L CEE L o8RRI
#1¢, incubation 1 HREGi: Hibbard j&ic L 2 MR L ITIFFLWETH 5, 1
HE ORI BHERITEA LT Asp. niger guc L et DiEWERX 5L, 7HREC
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Table 5, Effects of Temperature and Period of Incubation on the Extraction
of Available Copper in Soils with 0.05 N KCl (pH 3.2).
(at 30°C, after 1, 4 or 7 days’ incubation)

\ Perioci-;f Cu 7 /g soil
. incubation
Namber = . 1Y t 4 7 T
3.6 60 6.2 8.8
7 2.2 2.8 3.0 456
2.8 3.2 34 5.6
12 17.6 250 260 39.0
13 290 39.0 420 50.0
15 1.4 1.6 15 ; 2.4
16 22 26 28 5.4
20 2.6 3.6 38 5.8
24 i 6.6 10.4 11.6 14.0
29 'l'[ 64 11.6 124 184

* Tour hundreds cc of 0.05 N Kl used for extraction of available copper in
soils are divided into four portions, and three portions are incubated for
two days respectively and the last portion for one day. After incubation
four portions are combined together.

b the R e TR ST A R B o BEL A 400ce % 4 [Miaid 100cc AT
Plod 3[EH 2 B, B0 1kl Hil, 4 E7 Himisi: b £20°C € incubate L
THEEL B LA iih g Asp. niger 3L D dBEXRLI. ZHDH RIS
Asp. niger i L BT RENS Hibbard D thic kL TR LTT H ik
& LT,

i) Asp. niger T Hibbard #X O incubation ORHAME < B2B 1% 4 G4 2.

il) Asp. miger 114 ORI « OFMRE FERRCEET HH.

iii) Asp. miger LEWICHGFFRAUCIBMEIR L TRA-MEBIR L k5 1o,
LR X KRS B 1 A v O RSO SER eI B Tk 2 L BRI BR s h TR
BUEEMEL BN D,

I, 24 9

1) JuABEEIEER O HEE L DB Ut Asp, niger 3BT L, Pigfishr 7 e <
F 77 7 BfERE T A2 FI X SREEEDHFAC X DAL L oy FL T 30°C ¢ TH
fHES#E, + 0RO % Standard series @ %1k Bt 5 H i L 2> C g ow
B Bioassay wfrof.

2) sample O HELEFO LT 0.05~010 g/25cc medium {ir, FAIFE1E
DU HARRAPEAIC S L BHR A BT AEAEY 2 Bbit s,

3) Asp. miger {IT X DAMHEINO EHEEL, Hibbard #i02 L SR IE R D8 L
e D l—O M a3, Frt-e it 45y T DM R L5 ~ 2 Bl A R Ui
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Summary

In this paper, the quantitative determination of available copper in soils by

Aspergillius niger method and comparison of the results with chemical methods
are described.

Satisfactory purification of the basal medium is obtained by autoclaving

with 15 g/l Al:O: (chromatographic analysis material) for 20 min. at 10 Ib.
pressure.

The spore colour sensitivity of Asp. méiger to trace amount of copper is

confirmed, and the amount of available copper in soils can be estimated by
visual comparison of the spore colour of similar cultures with from 0.05 to 0.10
g of dry soil replacing copper with that of series of copper standard cultures
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containing from 0 to 3.0y of added copper per 25cc nutrient solution after 7
days’ incubation at 30°C,

The results obtained by Asp. siger method compare fairly favorably with
the chemical method, and except in a few soils the bioassay generally gives
from 1} to 2-fold as high values as the avalable copper contents by chemical
method (Hibbard's method.)

These higher values are probably attributable to the fact that organic acids
produced by Asp. niger may release more copper than chemical exchanging
solution and the soils remain in contact with the acid nutrient solution during
several days of incubation.

Laboratory of Manures, Plant Nutrition,
Faculty of Agriculture,
Kyushu University

Explanation of Plate 11

Response of Asp. niger to increasing amounts of Cu (y per
25ce medium)}—Cu standard series, 7 days at 30°C.
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