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TOXICITY OF PHENYL MERCURIC COMPOUNDS
IN CALIFORNIA SOILS'
E. LEVE® and A. S. CRAFTS®

INTRODUCTION

IN THE sPRING of 1947 the Rhode Island Experiment Station announced that
phenyl mercuric acetate (soluble), which had been applied to soil as a fungi-
cide, also controlled crabgrass (Digitaria sp.) seedlings in lawns (1947).*
DeFrance (1947) reported good control of ecrabgrass seedlings from seven
applications of the commercial product, sold under the trade name of Tat-C-
Lect, made at the rate of one pint of concentrate to 100 gallons of water and
applied at the rate of 10 gallons per 1,000 square feet. The commercially
recommended dosage is eight ounces per gallon, applied twice, five to seven
days apart, at a rate of one gallon per 500 square feet.

Because crabgrass is one of the worst of lawn weeds, the commercial pub-
licity given to its control by the phenyl mercuric compounds was very wide-
spread. To determine the eventual toxicity of spray residues in the soil and
the possibilities of ridding the soil of their effects was therefore important.

MATERIALS AND METHODS

Tests were carried out in the greenhouse to study the toxicity, distribution
(percolation), and leaching of phenyl mercuric compounds in samples from
four California soil series: Yolo, Aiken, Hanford, and Willows. Three com-
pounds were studied in their effects on the soils: phenyl mercuri triethanol
ammonium lactate, phenyl mercuric acetate, and phenyl mercuric hydroxide.
Kanota oats were used as indicator plants.

Toxicity Tests. The method followed in these tests was first deseribed by
Crafts (1935). Several series of cultures were grown in unperforated no. 2
cans. They contained the following concentrations of phenyl mercuric com-
pounds: 0.0, 5.0, 15.0, 40.0, 80.0, 140.0, 220.0, 340.0, 490.0, and 680.0 p.p.m.,
air dry soil basis.

Because of the somewhat low solubility in water of phenyl mercuric acetate,
no cultures using this herbicide above 370.0 p.p.m. were set up. The amounts
of chemical were taken from a stock solution, diluted to a total volume suf-
ficient to bring the soil to its field capacity, and added in three increments to
obtain more even distribution. The cans were then seeded and the soil brought
regularly to its field capacity by weighing. After 30 days, the crop was cut at
ground level and its fresh weight recorded. It was then returned to each indi-
vidual culture. The soil, which had dried out over a period of 30 days, was
pulverized, poured back into the cans on top of the dried plant material,
moistened to its field capacity, and reseeded to determine any change in
toxicity.

1 Received for publication November 3, 1950.

2 Graduate student in Plant Physiology, Davis.

2 Professor of Botany and Botanist in the Experiment Station, Davis.
¢ See “Literature Cited” for citations referred to in text by author and date.

[ 465 ]



466 Hilgardia [Vol. 21, No. 16

The results of the toxicity tests are shown in figures 1 to 5 and in tables
1 and 2.

Distribution Tests. Percolation tests were carried out to determine the dis-
tribution of the phenyl mercuric compounds in columns of air dry soil.
The apparatus used and the method followed were first described by Crafts
(1935). The amounts of herbicide added were equal to those necessary to
induce a severe growth inhibition in cultures of the toxicity tests, to half, and
to twice this value.

Experimental results are shown in figures 6 to 11 and in tables 3 and 4.

Leaching Tests. The apparatus used in the percolation test was also used
here. After the chemical solution had percolated entirely through the soil,
measured quantities of water were added to the top of these columns and
allowed to leach through the soil. To columns previously receiving herbicides
quantitatively equal to twice the amount necessary to inhibit growth in the
original toxicity series were added 5.0, 10.0, and 20.0 “surface cms of water”
(Crafts, 1949).

Figures 12 to 16 and table 5 summarize the experimental data.

DISCUSSION AND CONCLUSIONS

As can be seen in figure 1, the effect of the three different chemicals used
was very similar in Yolo fine sandy loam, the acetate and hydroxide com-
pounds being very slightly less toxic than the triethanol ammonium lactate.
These differences, however, are not significant.

A study of the data on the initial toxicity run indicates that these com-
pounds act as soil sterilants for a range of values going from 220.0 to more
than 680.0 p.p.m. in the four soils studied, yet at 220.0 p.p.m., reduction in
yield was considerable in all instances.
© With the exception of Yolo adobe clay, which Crafts (1949) reported as
acting differently from soils of its type, there is an evident relation between
toxicity and clay content of the soils, as can be seen in table 6. Within the
Yolo group, the toxicity can also be correlated to the fertility level of the
soil, if the fresh weight of the checks is taken as an index of that soil char-
acteristic (table 7).

Results of the percolation tests later confirmed this point, as can be seen
in figures 6 to 10, where, in all instances, growth inhibition occurred in the
top 10 ems of a soil column 85 ems long. It was also determined (fig. 11) that
the chemical compound actually accumulated in a much smaller fraction of
soil—not more than 5 em in thickness.

The apparent discrepancy in growth in the 2.5 to 5.0 cm fraction between
Yolo clay loam and Yolo fine sandy loam, shown in table 4, is due probably
to the fact that 1 inch of air dry soil of a column of the last soil is approxi-
mately equivalent to 166 gm, whereas that of the first soil is only 145 gm.

Examination of figures 2 to 5 will show that by the second cropping the
chemical had decomposed to such an extent in all instances that little toxicity
was left in the soil, even at the highest concentrations (680.0 p.p.m.). It can
also be noted that in some instances values higher than the check yields were
obtained after decomposition of the chemical in the soil. These values may be



August, 1952] Levi—Crafts: Towxicity—Phenyl Mercuric Compounds 467

i i . : i) i

Phenyl mercuri triethanol ammonium lactate toxicity in five California soils. The con-
centrations used are (from right to left) : 0.0, 5.0, 15.0, 40.0, 80.0, 140.0, 220.0, 340.0, 490.0,
and 680.0 p.p.m. air dry soil basis. Soils from top to bottom are: Yolo adobe clay; Yolo clay
loam; Yolo fine sandy loam; Hanford fine sandy loam; and Egbert loam.

due to a breakdown of the herbicide releasing ammonia—for example, the
triethanol ammonium lactate salt was used—and,/or may be due to the total
available bases in the soil, because those bases, still in the form of undecom-
posed plant material, utilized in the first crop were not available immediately
to the second crop.

Results of the leaching experiments (figures 12 to 16) show that water up
to and including 20.0 surface em was not able to displace the toxicant from
the top layer of the soil column where it had accumulated.

LITERATURE CITED
CRAPTS, A. S.

1935. Toxicity of sodium arsenite and sodium chlorate in four California soils. Hilgardia
9:461-97.
1949. Toxicity of 2,4-D in California soils. Hilgardia 19:141-57.
DEFRANCE, J. A.
1947. H,O soluble mercurials for crabgrass control in turf. The Greenkeeper’s Reporter,
January—February.
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TABLE 1

FRESH WEIGHTS OF KANoTA OATS GROWN IN YoLo FINE
SANDY LoaM CONTAINING VARIOUS CONCENTRATIONS
oF THREE PHENYL MERCURIC COMPOUNDS
(Values are averages of two replicates)

Concentration of compound Phenyl mercuri Phenyl Phenyl
in p.p.m. triethanol am- mercuric mercuric
(air dry soil basis) monium lactate] hydroxide acetate
(wt, gm) (wt, gm) (wt, gm)
0.0, 9.0 9.0 9.5
9.5 10.8 10.1
9.2 10.7 9.9
8.4 10.3 8.2
7.2 7.1 7.4
5.0 4.1 4.2
0.8 1.3 3.7
0.0 0.8 0.8

TABLE 2

FrRESH WEIGHTS OF KANOTA OATS GROWN IN FoUR CALIFORNIA SOILS
CONTAINING VARIOUS CONCENTRATIONS OF PHENYL MERCURI
TRIETHANOL AMMONIUM LACTATE
(Values are averages of two replicates)

Soils
Concentration of compound
in p.p.m.
(air dry soil basis) Yolo fine Yolo Yolo Hanford fine
sandy loam clay loam adobe clay sandy loam
First crop
(wt, gm) (wt, gm) (wt, gm) (wt, gm)
9.0 12.1 6.9 6.0
9.5 14.3 8.5 6.0
9.2 13.5 6.8 5.6
8.4 14.3 6.3 5.5
7.2 12.3 5.3 5.2
5.0 10.3 0.5 3.4
0.8 8.3 0.0 1.2
0.0 4.8 0.0 0.8
0.0 3.6 0.0 0.0
0.0 2.8 0.0 0.0
Second crop
(wt, gm) (wt, gm) (wt, gm) (wt, gm)
6.8 9.0 3.7 6.3
5.8 9.1 4.0 5.3
6.4 9.1 3.8 5.6
6.9 1.0 4.2 5.6
8.6 12.1 43 6.3
9.8 12.7 6.2 8.2
8.9 13.1 5.2 8.8
8.8 10.1 4.9 8.6
7.0 10.9 3.6 7.3
6.0 1.5 2.7 6.8




TABLE 3

FrEsHE WEIGHTS oF KANOTA OATS GROWN IN FRrACTIONS OF COLUMNS OF

F1vE CALIFORNIA SOILS IN PERCOLATION TESTS Ui
PHENYL MERCURIC HYDROXIDE

SING

Soils
Depth Yolo fine sandy loam Yolo clay loam
(p.p.m. added) (p.p.m. added)
75 150 300 350 700 1400
(em) (wt, gm) (wt, gm) (wt, gm) (wt, gm) (wt, gm) (wt, gm)
0.0-85.........ciut 4.3 2.0 2.8 4.1 3.5 1.7
85-17.0................ 5.1 5.0 5.7 11.7 9.0 6.9
17.0-25.5................ 6.8 5.3 6.1 12.9 12.6 9.5
25.5-34.0................ 7.8 7.4 7.3 12.7 15.0 12.2
34.0-42.5................ 1.1 11.1 9.2 13.6 15.0 12.6
42.5-51.0................ 12.8 11.3 11.2 13.0 15.2 12.1
51.0-59.5................ 13.8 11.7 11.9 14.0 15.8 14.0
59.5-68.0................ 11.8 10.4 11.3 16.2 17.2 15.1
68.0-76.5................ 10.6 9.6 9.4 16.3 15.6 13.8
76.5-85.0................ 10.4 10.2 9.6 0.0 15.6 14.6
Checks................. 10.7 10.6 9.6 12.3 13.0 12.4
Soils
Depth Hanford fine sandy loam Aiken clay loam Willows adobe clay
(p.p.m. added) (p.p.m. added) (p.p.m. added)
50 100 200 700 1400 2800 100 200 400
(cm) (wt, gm) | (wt, gm) | (wt, gm) | (wt, gm) | (wt, gm) | (wt, gm) | (wt, gm) | (wt, gm) | (wt, gm)
0.0-85..............0. 8.5 6.2 6.2 3.2 1.1 0.7 2.6 1.8 1.7
85-17.0........coiiit. 8.4 8.1 9.0 5.7 5.4 5.9 3.6 3.0 5.3
17.0-255.......c0vuenn 15.6 9.0 9.2 6.9 5.0 5.8 4.0 3.1 5.1
25.5-34.0............ ... 15.0 9.2 9.5 5.8 6.2 6.3 4.6 3.8 5.2
34.0425................ 16.7 13.3 10.4 5.0 5.5 5.1 3.2 3.5 6.2
425-51.0................ 14.0 8.8 8.5 5.0 5.5 5.1 4.2 4.2 5.2
51.0-59.5................ 14.6 8.7 7.9 3.4 5.6 5.9 3.2 3.7 5.0
59.5-68.0................ 14.7 8.6 8.7 5.5 5.4 5.9 4.6 4.4 5.3
68.0-76.5.........c.0.... 14.3 9.6 9.1 5.2 6.0 6.0 4.0 4.7 5.4
76.5-85.0........00innnn. 13.6 10.8 9.2 5.4 5.3 4.9 5.0 4.0 5.0
Checks................. 13.1 9.6 10.4 4.0 5.0 5.7 4.2 4.0 5.4
TABLE 4

FrESH WEIGHTS OF KANOTA OATS GROWN IN
FRACTIONS OF COLUMNS OF Two CALIFORNIA
SoiLs IN PERCOLATION TEsTS USING
PHENYL MERCURIC ACETATE

Yolo
fine sandy loam Yolo clay loam
Depth (150 p.p.m. (700 p.p.m.

added) added)

(em) (wt, gm) (wt, gm)
0.0-2.5. .. iiiiiiiiiiiiiiiiiiii 0.3 0.0
25-5.0.. . i 3.2 2.5
5.0- 75, i 4.5 4.9
75100 . oniieiiiii i 4.4 5.6
10.0-12.5.......... Necescrsrsassasnas 4.5 5.9
CheckS......oovvvnniennnennnnns . 6.6 6.6




[ vy 0°¢ €9 €9 g'er Lgr g1 7’8 var 9°01 16 yo1 001
'y 9y gC e L'y 0°31 S¥I ey v 0°1Ir 0TIl 16 z'8 911
8y ¥'e 14 vy ¥'e 0°g1 gt 9°¢r1 ¥or T°er i &4t 16 16 001
e'q 0'g ge'C e ¢ 188 48 891 081 8L vl zal 06 g6 2’6
L'y (29 1'e 18 9'¢ 811 0°91 gL 6°9 1°31 Lot 0'1r g'o1 1°01
L'y - 4 Te 0'g [ 4 L) L P91 g9 €01 gl g'or g1 €6
€'g 8y (U3 0'¢ 09 yer (4418 (348 9 gL {2811 001 eIl g'or
e'q 0'¢ 6°2 vy 0'¢ Z'el g'er eIt ¥e €9 98 9°6 101 z'01
19 8y 62 (84 8'¢ 0°31 g8l () 29 e 9L 0'8 j 281 g'01 IR i A §
e L4 T'e 6°¢ L'y g'er (] 0L g'g g'e g'e 0L g6 7’8 TTTTT0TLIG'S
S0 o 8’1 (U3 9°0 82 20 10 €'e 70 91 97 €'e 6°¢ e e’ 070
(wb gm) | (wb ‘m) | (wb 9m) | (wb ) | (wb m) | (wb m) | (wb ‘) | (wb ‘) | (wb m) | (wb ‘) | (wb ‘) | (wb ‘) | (wb ‘) | (wb ‘m) (w)
wo (g wo ¢ wo (g wo O] wo ¢ wd (7 wo O] wo ¢ i (g wo O] wo ¢ wo (g wd O] o ¢
Popp® 19)8M 90BJING PapPe 19)8M 90BJING PaOpPP®B 19)8M 208BJING Popp® 19)8M 998JING POppPs 19)BM 90BJING
yideq
(wrd-d 0o8g yam (wd-d gopt (urd-d gos1 (urd-d gog (urd-d o0
P9y8I0218d SUWN[0D) YA payBjoo1ad sumnjod) Y} paje[oo1ad suwnjod) YA pejB[0o1ad SuwN[o9) YJIM paje[oored sumnjoo)
WBO[ AB[0 UYTY A8[0 9qOPB SMO[[T\\ wBo[ A8[0 O[0OX WBO[ £pUBS 9UY O[0X wWBo[ ApUBs 8UY PIOJUBH

WAIXOYAA OTYNO¥WA TANIHJ DNIS[) SISEL],

DNIHOVATT NI STIOS VINYOIIIV) FAL 40 SNWATO) J0 SNOLLOVE NI NMO¥YH SLVQ VILONVY J0 SLHDITMN HSTY

¢ HIIVL



August, 1952]

TABLE 6

Levi—Crafts: Toxicity—Phenyl Mercuric Compounds

RELATION BETWEEN CLAY CONTENT OF SOILS AND TOXICITY
oF PHENYL MERCURI TRIETHANOL AMMONIUM LACTATE

Soil Clay No growth at:
(per cent) (p.p.m.)
Yolo finesandy loam.................cooooiiian... 14.94 320.0
Hanford finesandy loam........................... 16.44 490.0
Yoloclayloam. .........cooviiiiiiiiiiiiineann... 38.28 more than 680.0
Yoloadobe Clay........vuvreenieniinineiannenenn. 50.8 220.0

TABLE 7

RELATION BETWEEN SOIL FERTILITY AND TOXICITY OF PHENYL

MERCURI TRIETHANOL AMMONIUM LACTATE

. Fresh weight .
Soil of chee No growth at:
(gm) (p.p.m.)
Yoloadobeclay...........cooovvvininininiiinninan.. 6.9 220.0
Yolo finesandy loam..................ooii 9.0 340.0
Yoloclayloam..........cooviiiiiiinniiininian., 12.1 more than 680.0
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Plants, fresh weight in gm

YOLO FINE SANDY LOAM
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enyl mecuri triethanol ammonium {gctqt,
ate

0 100 200 300 400
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Fig. 1. Relation of crop yield to various concentrations of three phenyl mercuric
compounds in Yolo fine sandy loam.
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Fig. 6. Relation of crop yield to penetration of phenyl mercurie hydroxide in
Hanford fine sandy loam.



478 Hilgardia [Vol. 21, No. 16
0.0 |
\.\4.§\ - YOLO CLAY LOAM
8.5 \\ > ~o 150\,, pum,
~ I S
I~ S~o
NG A
I
. \
17.0 L, . x N\
\ \\ \
NN
25.5 \ t 1
|
! \.
\
N
340 \\
v
\. .
/
2
425 ,1 \
/
¢ o
\
\ \
51.0 x
\
; \l
£ N \
a \
8595 AN \
N
] \
\ L
n /
68.0 / }
¢ 1
76.5 I
\
Check /
0 4 10 12 4 16 18

Plants, fresh weight in gm

Fig. 7. Relation of crop yield to penetration of phenyl mercuric hydroxide in Yolo clay loam.



August, 1952] Levi—Crafts: Toxicity—Phenyl Mercuric Compounds 479

0.0
\\ YOLO FINE SANDY LOAM
N
8-5 \
17.0
25.5
340 ]
\.\
& N\
NO
425 2y T N
\
\.
\ \
\
\
51.0 .
§
£
3
o
59.5
68.0
(]
|
\
765 |
\ i
X
\
C\.
Check
0 2 4 6 8 10 12 14

Plants, fresh weight in gm

Fig. 8. Relation of crop yield to penetration of phenyl mercuric hydroxide in
Yolo fine sandy loam.



480 Hilgardia [Vol. 21, No. 16

0.0 T
AIKEN CLAY LOAM
\ ., 1
8.5
17.0
25.5
340
42.5
510
€ //
v L
£ ™ /
& [~
59.5 N /
N
\
‘l
68.0 ) \
!
!
.
\
\
76.5 y /
fad
”
/
Check
0 4 ] 8

Plants, fresh weight in gm

Fig. 9. Relation of crop yield to penetra-
tion of phenyl mercuric hydroxide in Aiken

clay loam.

0.0 T T
WILLOWS ADOBE CLAY
-
8.5
17.0
255 S+
\? \
1T\
Ld .
/
I ’
340 4
1
/
£ >
) /
425 N
\
*
A
51.0 2
/
/]
13
c R
H \
& 505 A
N\
P
A
/
68,0 7
\
.
\
y
76.5 .
/‘<
\
\
/
X
Check bl
4] 2 4 6 8

Plants, fresh weight in gm

Pig. 10. Relation of crop yield to pene-
tration of phenyl mercuric hydroxide in
Willows adobe clay.



August, 1952] Levi-Crafts: Toxicity—Phenyl Mercuric Compounds 481

0
2.5
5.0
£
(9]
£
B 75
(a)

10.0

12.5

Check

0 2 4 6 8 10
Plants, fresh weight in gm

Fig. 11. Retention of phenyl mercuric acetate by two California soils.
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loeation of phenyl mercuric hydroxide in
Aiken clay loam.
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