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Studies on trace elements in soils by
microbiological method. (Part 2)
Determination of available zinc in soils
by Aspergillus niger method

Keizo Hirai and Hideaki Kai

Merdux Asp. miger RAHIL C, L OTEHOBRINCY SR, Fike s Asp.
niger OIATOFEOIE 2 AAriE e DML HHT L 290 b, Asp. niger spore
colour method K X %t THEIEMODER 1T, Bof0bEC L 0EbhieMik
Hibbard j#ic & 2{tENZERIEL 2k Y F—OMEZ AL, AL TreDke 15
~ 2 {EOENA R U2 BRI TIRE L, DI Asp. miger X B 1Mo
WERE R OB Yoo R A e BT E LT T 5.

L& %

B OMRIENE R, MRl X PG, SRR oBN, ERROERSIHEL TR
DI T G L 2 B CH B0 C, HCLE S BT T oMEL RS,

BRENCH L Tik Asp o niger I 4 {iifiG# £ L, Basal medium O#fifbicik 7 r = |-
#7 7 HEET A 27 15g/1 2T 101b. 20 58 autoclave L, —T 545 Porosity
No. 4 @ glass filter T+ 5 ¥ Ay Tl 5 B —R 0T EROEMRK 25cc
t= Zn standard series & L -CHtfpgifisk-¢ Zn o 0, 0.10, 025, 0.50, 0.75, 1.0, 15,
20, 25, 30 Rt 40y, —HHEEE Zn oD I ARELE 05mm Oy E R
Liifn—SER s, Asp. niger spore suspension #EML 45 30°C =7 B

Table 1. Composition of Culture Solution,

Basal medium Trace metals
Sucrose (C. B) 50.0g Fe 3207 (as FeS04-7H;0)
KNO; (A. R) 5.0 Cu 80 (as Co80y-5H.0)
KsHPO, . P 2.5 Mn 8 (as MnS0, .4H;0)
MgS0,-7H:0 (A R) 0.75 Mo 32 (as (NHy)2: MuOs)
Twice distilled water 1000ce

¢ I HAHTAIRIEAC & BHRO—FTH 5. PR A BEL ET 5.
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E#t5s.
I OB AERI OV T, TIEEMCA L T Hibbard #,% 260

i3 Bogg, Alben # {0 TEH LT, Z4BHMh OGO FEIL Sandell $£1
el Sl & 5w
II. EBEEROEE
1) Asp. niger shoMed
Asp. niger © Zn wX+5 response OffEHL LTk, KMFOEHMT Cu OHd
LRb, Bz black Th 5% spore colour method i3 AV-Sh, BB EDE—H

Mycelial Weight (mg)

100

¢ 01025 0.5 0.75 1.0 1.5 2.0 2.5 3.0 4.0
Zn O
Fig 1. Relation between Added Zinc and Mycelial Dry Weight of Asp, niger,
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Table 2, Mycelial Dry Weight of Zinc Standard Series

. R H of
Zn added Mycelial weight (mg) c?.ll & u':' .
i solution
(r/dish) ! 2 3 4 5 average at harvest

—all* 8.9 8.6 9.8 10.9 10.3 9.7 351
a 121 11.8 13.6 13,4 14.1 130 3.55
0.10 425 37.9 39.4 43.2 380 40.2 3,57
0.25 85.0 79.3 g2.1 845 89.6 84.5 359
0.50 151.3 143.9 156.1 1604 1618 154.7 3.60
0.75 2239 2191 226.5 2394 235, 228.8 345
1.0 3011 2914 2998 2062 3116 302.0 3.47
1.5 413.0  405.2 4228 4288 4287 419.7 3.30
20 4869 4794 487.8 4931 4938 488.2 3,35
25 495.3 4884 4940 5066 5032 497.5 3.37
3.0 4899 4952 5017 5029 5043 498.8 3.18
40 483.3 480.1 4746 4914 4836 4826 321

* Culture without all heavy metals.

R, 0~2.04/25 cc OB D ILITEGRA AR L R TR IR E 5P
X 0froke. Mo EFREER LA Zn BIOEL Thie b BRI L RU TR
b, o THENRFHEERCEROEGFEEOARKERC XoT MEn L LT
WEL#s b0 EBEbitd. (B 12 Xur 13 850D

2) Asp, miger BiT X5 10RO TGEEESOEE

Z DREEDHIRE RV EIERIC DWW TS « 3 R0 o & degree of sporula-
tion method it mycelial weight method Tk b ol iR e &= R BN T

Table 3, Reproducibility of Zinc Determination by Asp.
niger—Degree of Sporulation—Method,

Soil Soil Zn detertnined

taken 7 per dish v per g soil
MNumber (g/dish) 1 2 3 1 2 3 average

1 (¢l Q3 05 as 100 100 10.0 | 10.00
0.075 0.8 0.75 04 10.7 100 10.7 10.47] 10381 0.34
Q.10 1.1 1.1 1.0 11.0 11.0 10.0 | 10.67
0.25 >2 >2 >2 >8 >8 >3 >8
0.50 =2 =2 =2 >4 4 =4 >4

2 Q.05 0.25 Q.25 02 5.0 2.0 49 4,67

0.075 04 0.4 035 | 53 53 471 & IO} 49210.23
0.10 05 Q5 05 2.0 50 50| 500
0.25 12 1.1 1.1 4.8 4.4 441 453
0.50 >2 >2 >2 >4 >4 >4 >4

3 005 o7 07 o7 14.0 140 140 [ 14.00
Q075 1.1 L1 1.0 | 147 14.7 133 14.23] 13.97+0.28
0.10 1.4 1.4 L3 14.0 14.0 130 13.67

025 =2 »2 =2 | =8 >8 =8| >8B
0.50 >2 >2 >2 | >4 >4 >4 | >4
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i d, Asp. nigor vk ZHIBESDERLIRE ¥ 3227 3 /EO Bioassay L[
BEOoEMIIELA st Bbh s,

A sample OFHEHR/E-NSTH Cu DB X Mo e LT, 0.05--0.10
g/2Bce, FREROS-FHC OV TREIR PRI ESOBTE 5.

3) Asp. niger ¥k [LARFEIT X DAL RICESLO HHK

Table 5, Comparison of Results Obtained for Zinc Contents

™ Analyticall
e .m’;thod Asp. niger—mycel weight-~—method
Sy
Zn
o _content Available Zn 7/g soil
Soil N Soi‘{‘h
taken
Number \, (gjdish)| oo 0025 0.05 0.10 | average 001
1 1046 10.58 1052
2 4,96 5.51 5.24
a 13.36 13.65 13.51
1 206 320 308
5 302 4.87 4.99
'3 8.28 7.82 8.05
7 220 1.98 209
] 416 453 4.35
9 ’ 4.08 3.93 4,01
10. 4,58 4,40 4,49
11 6.98 7.50 7.24
12 8.06 8.72 a9
13 7.32 7.35 7.4
14 .30 9.55 9.43
15 1.16 1.07 112
146 14,48 15.14 14.81
17 4.90 5.13 502
18 1.2 1.09 1.15
19 7.04 6.63 6.84
20 2.86 9.08 9.47
21 6,04 .84 5.94
22 730 5,78 704
23 9.70 10,94 16,32
24 40.5 43.2 41.85 40.0
25 254 2.80 267
26 10.36 11.67 11.02
27 2.84 aor 2.96
28 208 2.18 2.28
29 20.56 18.82 19.69
30 14,06 15.23 14.65
31 224 2.08 2.16
32 246 2.65 235
33 4,04 4,13 409
34 10,10 - .14 %.62
35 10.66 10.30 10.48
36 1.98 2.03 2M
37 44.8 44.8 40.0
28 1010 101.0 110.0
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Asp. niger #: (mycelial weight method X%7* degree of sporulation method)
& BB O THGREESN, ROLAHHEIC X B ATR, W RUKIS IR R
FRRRTRCTT. _

Hits Asp. miger B32-o\Tik mycelial weight method Bik degree of sporula-
tion method DRI X 5 L FHEELVLEEAYTHH, L% Hibbard B L 27

in Soils by Asp. siger Method and Chemical Analyses.

Asp. niger—degree of sporolation—method Chemical analysecs
Available Zn 1/g soil Total Available Water
Zn Zn soluble Zn
0025 0.0 0.075 C.10 average | /¢ soil v/g soil vfeg soil
10.0 10.5 10.7 104 794 6,6 0.3
4.7 5.1 50 4.9 66,9 3.2 0.3
140 14,2 13.7 14.0 357 8.2 04
3.0 3.3 30 3.1 719 1.2 07
5.0 5.3 5.0 5.1 74.4 2.2 Q.1
8.0 8.0 7.5 7.8 344 4.1 0.2
20 20 20 20 58.2 1.4 Q.1
4.0 40 4.0 40 60.7 2.6 01
4.0 4.0 4.0 4.0 544 22 a1
5.0 4.0 4,0 4.3 744 22 0.1
a0 6.7 70 6.6 144.0 3.2 0.2
8.0 B0 9.0 8.3 54.4 4.1 0.3
7.0 80 7.0 7.3 459 38 0.3
100 2.3 900 Q4 61,9 28 0.3
1.0 1.3 1.0 1.1 41.9 09 0.04
14.0 14.7 15.0 14.6 86,9 as [+X}
5.0 5.3 50 51 469 22 oN |
1.0 1.1 1.0 1.0 43,2 0.6 0.03
80 6.7 7.0 7.2 53.2 26 0.3
10.0 9.3 9.0 9.4 6.9 3.6 A ]
6.0 T 6.0 6.2 24.4 2.6 0.1
80 80 7.0 7.7 3.9 34 0.1
100 a3 10.0 9.5 344 56 0.2
40 420 124.4 174 0.3
30 27 2.5 27 44.4 1.2 0.3
10.0 120 11.0 11.0 719 5.7 0.2
3.0 3.3 3.0 3.1 594 1.4 003
20 2.7 2.5 24 69.4 1.0 Q04
220 18.7 18.0 19.6 744 11.0 Q1
140 14.7 140 14.2 66.9 7.8 0.
20 20 2.5 22 169 1.4 Ql
3.0 27 30 29 48.2 1.1 0.1
4.0 40 4.0 40 49,4 1.8 Q1
100 10.7 9.0 9.9 56,9 38 0.1
120 10.7 11.0 112 1240 4.6 0.1
2.0 20 2.0 20 59.4 1.4 003
400 400 612 41,4 02
>80 1100 1650 86,2 1.2
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Table 4. Recovery of Zinc Added to Soils, Determined byy

Asp, niger—Mycelial Weight—Method.

Soil Soil Zn n Zn Recovery of
taken added determined | recovered Zn added

Numbre (g/dish) (7 [dish} (ridish) {r/dish) (%>

1 0.05 #] 0520 — —

0.1 0.619 0,009 99.0

03 0.802 0.282 940

0.5 1.061 0.541 108.2

0.8 1.344 0.824 103.0

2 010 0 (.580 _ —_

0.1 0.690 0.110 1100

0.3 0.860 0.280 93.3

0.5 1.101 0,921 104,2

08 1418 04838 104.8

3 Q075 0 1.034 _ —_

0.1 1.139 0.105 1050

0.3 1.342 0.308 102.7

0.5 1.516 0482 96.4

0.8 1,760 0726 90.8

average 100,95

REFEEOE X &2, R 285 L HEC, »rhbE@—ofmiil, HFofteiEEx
FI2 SRR O AL TV 5.

Z. Hibbard #:z k 2SO B FEL T, Bioassay kit 5  Fi#klc 30°C ©
EHERr AR, 1, 4B 7 HEl% 4 incubation OXIAE 2 TREY FoTARSE ),
AR T30, incubation 1 A{E-Ci} soil no. 24 %8 < fludktkic Hibbard iz
X A THAEEMRS BT T VE T B 4%, incubation 4 HEO#-Sir B HEVTRI KL T Asp.
niger EBic X AR Ee A hiEWEARL, incubation 7 BECHEERThILE
AUl Rmainw. Bl o D 400cc OBHEE 4 Bzt 100 cc A TRIL,
Feo3E2HEN, R0l 1AM, 346, 7 Aflicii=b 30°C & incuba-
tion LCHGELBR LR Ash niger 31X 0 $¥VEZRLI.

FE>THEMOBE S Ash. niger iz X ZWHHETMOERIED Hibbard 2D £hic
HUTHCERLRTHEH L LT, M) 3586 L AfomEmirEL RS, B,

i) Asp. niger 1% Hibbard e L., incubation OAEFE S AoEE % 15
VWEL

ii) Asp. niger \23E¥BICER 2 OFERRRE KW RITAER T, sample Hidds HEEME
DEFEE L AR DE DBL Ty aic, k& 0EHIBHEIAGHE.

i) Asp. niger (2 FOSFTH > THHRETCBREER S TERER B LI
St ooh, PEEET L ERE L OMOENR A 4 v ORMBROTEHEESER Tke LT
PR BE S TELE
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Table 6, Effects of Temperature and Period of Incubation on the
Extraction of Available Zinc in Soils with 005 N KCl

(pH 3.2) (at 30°C. after 1, 4 or 7 days’ incubation)

Tl Zn rfg soil
Period of ™.
Soil incubation
Number - (day) 1 4 7 7~ *
1 74 8.2 8.6 13.8
7 L3 1.4 1.8 3.6
8 3.0 38 4.0 a0
12 5.8 74 76 11.4
13 5.4 70 0 11,0
15 1.0 1.6 1.6 2.6
16 8.6 o.4 o8 158
20 45 6.6 0 10.6
24 278 438 43.8 57.8
29 14.2 17.8 18.6 248

* Four hundreds cc of 0,05 N KCl used for extraction of available zinc in seils
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,

EhFEL RS,

. = ¥

1) AKBETEAOLEI 05ELE Asp.niger 2RBE L L, BHESERY 7
=} 7T A T L SEAEBROFHI L DR iy AT 30C T T
BRAEE L ot TOMRERERY Zn standard series O Fh 2 BT 5FERC XD
TR OFTRTETEHO Bioassay #4101,

2) KoOGE, SHEUNEER RORRO SR O NIRMESRK X 5L EENK

Fuebh 3 e Ebhi,
3) sample O FETETOLEECIE 0.05~0,10 /25 cc medium {rAEELCh 5.

4) Asp, niger = X L-ASHOIRERG DR, $#HOSS L FEHS, Hibbard
i L BALEN R TGIE R ROHFIR L s ) B—DoMR LT, HTo ek
T ORI AR 2 S oL T L

1L
)
H
4
o)

3 3
TR TR, JUKREEIEINER, 15, 447 (1956).
Hibbard, P. L., Soil Sci, 49, 63 (1940),
Bogg, H, M., and Alben, A, B,, Ind, Eng, Chem. Anal. Ed., 8, 97 (1936).

Sandell, E, B,, Ibid., 9, 464 (1937).
Tucker, T, C,, Kurtz, L. T., and Lynch, D. L., Soil Sci. Soc. Amr. Proc., 17, 111
(1953).
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Summary

Satisfactory purification of the basal medium is obtained by autoclaving
with 15 g/1 Al;0s (chromatographic analysis material) for 20 min. at 10 1b.
pressure.

Although Asp. niger spore colour method have been used for copper assay,
the technique are not convenient with zinc. Mycelial dry weight are used as
the criterion of evaluation in this work, and visual comparison of degree of
sporulation and mycelial growth with those of zinc standard series may be
used as a rapid and simple method of measuring available zinc in soils.

Samples of 001-050g are employed, depending on the zinc status of the
soil tested, and for most soils 0.05-0,10 g samples are used.

The results obtained by Asp. niger method compare fairly favorably with
the chemical method and, like in copper assay, except in a few soils the bicassay
generally gives aboul twice as high values as the available zinc contents determi-
ned by chemical method (Hibbard's method.)

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

Explanation of Plates 12 and 13

Zn standard series (r per 25 cc medium) and coltures of sample
soil No. 1 (g. of dry soil per 25 cc medium). 7 days at 30°C.
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