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TOXICITY OF PENTACHLOROPHENOL AND ITS SODIUM
SALT IN THREE YOLO SOILS"

W. A. HARVEY? and A. S. CRAFTS®
INTRODUCTION

In 1940, Hance' discovered a notable activation of herbicidal solution by
using a water soluble chlorinated phenate. He found that the addition of
1} to 145 of 1 per cent by weight of this activator and of an oxidizing substance
to a herbicide solution reduced the concentration of weed killing chemical
by from one half to one eighth that ordinarily used (depending on the toxic
substance employed and the weeds) with equally satisfactory or even superior
results. This activator has since been known as pentachlorophenol or PCP;
it is available as the oil soluble parent phenol and as the water soluble sodium
salt (Na PCP).

Crafts (1944) described studies where PCP was added to petroleum oils in
order to fortify them so that the oil even when diluted or emulsified with
water would remain effective. Good results were obtained by adding 0.5 per
cent PCP to a 6 per cent diesel oil emulsion. Barley seems to be the only plant
surviving two sprayings of this mixture. Hance (1948) mentions a mixture
of sodium chlorate (NaClO,) (20 pounds) and water soluble Na PCP (4
pounds) in 100 gallons of water as a good contact herbicide. Aldrich and
Willard (1949) obtained good preémergence weed control in corn by using 8
and 12 pounds Na PCP per acre. Heavy rain fell within 30 minutes after the
application.

Many other workers (Barrons, 1948; Hance, 1948; Shafer, 1948; and
Wilson and Hall, 1948) report encouraging results with PCP or with its
Na salt, mostly as preémergence treatments. This chemical is now being
widely used, principally as a fortifying agent and in preémergence applica-
tions. Sugar cane and pineapple are quite resistant to PCP; when the chemical
is correctly applied, good results are obtained in preémergence treatments.

According to Barrons (1948), selectivity is based on depth protection. The
top growth pushing through the surface layer of soil containing the active
chemical toxicant apparently does not absorb lethal amounts because the
waxy stems or leaf surfaces do not permit the entry of such ionic materials
as the phenolic salts. Roots that lack a waxy covering do absorb such salts,
and germinating seeds are thus killed. These chemicals apparently have only
an acute and local toxicity. The occasional injury resulting to top growth is,
according to Barrons, noticeable only c¢n cotyledons and primary leaves and
does not affect subsequent growth.

The increasingly widespread use of PCP and its Na salt has created a need
to determine their toxicity and their rate of breakdown in some California
soils.

1 Received for publication November 3, 1950.

2 Associate Agriculturist, Agricultural Extension, 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.
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MATERIALS AND METHODS

The soils used in the study were of the Yolo series, an agronomically im-
portant California soil of neutral reaction and of recent alluvial origin. Air
dried and screened samples of fine sandy loam, clay loam, and adobe clay
types were employed. The method followed in determining the initial residual
toxicity of these herbicides was described in detail by Crafts (1944). PCP
was added to the soil in dry, powdered form and thoroughly mixed on a
revolving mixer. The soil was wetted to field capacity and seeded.

The Na salt (water soluble) was taken from a stock solution diluted to the
desired volume to bring the soil to field capacity, added in three increments
to obtain a more even distribution of the chemical, and then seeded.

The indicator plants used in both tests were Kanota oats. Thirty days after
planting, plant heights and crop yields were recorded and the plant matter
was returned to the cans. After 30 days of drying, the soil was pulverized and
poured into the cans on top of the dried plant material ; the cans were watered
to bring the soil back to field capacity, reseeded, and run for 30 days as
before. Five such runs were made and five replicates were used throughout.
The concentrations used were: 0.0, 5.12, 10.24, 20.48, 41.0, 82.0, 164.0, 328.0,
656.0, and 1,213.0 p.p.m. pentachlorophenol on an air dry soil basis.

Figures 1 to 6 clearly show the slow decomposition of these compounds and
the narrow range within which they remain quite effective in the soils. Little
difference can be observed between the parent phenol and its sodium salt.
Tables 1 and 2 indicate the actual experimental values obtained.

Examination of the results obtained, particularly the data for the second
cropping, proves that whenever the chemical had decomposed, crop yields of
treated soils were higher than the checks. The differences in yields between
crops probably are due more to seasonal environmental conditions prevailing
in the greenhouse than to any other cause. '

DISCUSSION AND CONCLUSIONS

Several points of interest in the use of organic herbicides are shown by
these experiments. It is important to note that there are no significant differ-
ences in toxicity between the straight pentachlorophenol and its sodium salt.
Probably when the latter is added to the soil in solution the alkaline reaction
is reduced by the soil buffer resulting in precipitation of PCP in a finely
divided state. This is essentially the same condition that exists in the soils
treated directly with PCP. Hence, from the standpoint of soil effects, it makes
no difference whether the parent compound or its sodium salt is used; the
end result is a soil toxicity related only to soil type and dosage. This may
explain some of the disastrous results of using oil emulsions containing PCP
as preémergence sprays on sugar beets and other susceptible crops. Appar-
ently the water solubility of the phenate is of little consequence once the
chemical comes into intimate contact with the soil. It should be noted that
in these tests both the PCP and the Na PCP were thoroughly mixed with the
soil, not just sprayed on the surface where differential water solubility might
affect movement into the soil.

It seems evident that under greenhouse conditions which could be described
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as warm and moist, the PCP compounds tested did not break down appreci-
ably in the soil over a period of 12 months. This is in decided contrast to other
organic chemicals studied. Because PCP is a potent fungicide this failure of
decomposition in warm moist soils may relate to an inhibition of microbio-
logical activity in the treated soils.

This notable stability coupled with the fact that PCP compounds are not
fixed on the clay fraction of the soil, thus moving freely with percolating
water, indicate that residual toxicity may be a problem in regions of acid
soils. Only leaching could be relied upon to rid the soil of this toxicant. Once
the material is added and leached down into the soil, it retains its effectiveness
for a long time regardless of soil type or fertility level. Because soils from
the Yolo series only were tested, any generahzatlons concerning soils with
different characteristics are hazardous.

However, previous experience with Yolo clay loam indicates that it might
be expected to alter the toxicity of a chemical as much as almost any other
California soil. Consequently, the build-up of residues of PCP in a great
many soils might become a real problem.

As mentioned above, no fixation of PCP on the clay fraction could be de-
tected in these experiments. Since such fixation might be expected to liberate
minerals in an ionic form, thus making them available to plants, it is inter-
esting to note that the second cropping data show marked increases in yields
in almost all instances. Evidently some other mechanism is effective here.
Possibly the same degree of toxicity that destroys microdrganisms in the
cultures showing continued inhibition of plant growth may, in the lower
dosages, prevent microbial activity and, hence, bring about partial steriliza-
tion, a phenomenon that long has been known to stimulate growth of higher
plants. Many soil micro6érganisms may be killed by these phenol compounds
and their subsequent decomposition, or the absence of microbial activity may
make available to the indicator plants the total supply of mineral elements
in the soil. Such response would be particularly notable in the Yolo clay loam.

This difference in yields for particular values, which had caused severe
growth inhibition in the first run, may, to a minor degree, be influenced by
available minerals still not utilized. They therefore should be considered
apart from general yield increases for different croppings that are probably
due mostly to environmental conditions.

Preémergence treatments with PCP compounds can be quite successful if
sufficient moisture follows the application. For preémergence treatments the
Na PCP would appear to be the desirable form. Where weeds have already
emerged but the crop has not, the use of PCP in oil as a contact spray has
proved useful. Even with the parent phenol in oil, immediate rainfall may
produce crop injury.

The results obtained in this experiment show that relatively large quantities
of PCP are necessary to inhibit growth to any great extent. In this experi-
ment the 164.0 and 328.0 p.p.m. used would be equivalent to more than 574
and 1,148 pounds of PCP per acre added in the field, and distributed in one
acre foot of soil. Most workers report successful results with less than 40
pounds of PCP per acre, indicating that the chemical is active in a relatively
shallow soil layer.
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No reports of persistent residual toxicity in soils in which such quantities
were used have been noted, and the amounts required to produce toxicity in
these tests indicate little need to be fearful. In general, 164.0 p.p.m.—cor-
responding to 574 pounds per acre foot, at least 14 times that ordinarily
used—produeced no injury. If PCP toxicity should oceur, leaching could be
practiced or a different cropping system not requiring its use could be
followed.
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TABLE 1

FrEsH WEIGHTS OF KANOTA OAT PLANTS GROWN IN THREE CALIFORNIA (YOLO) SoILsS
CONTAINING INCREASING CONCENTRATIONS OF PENTACHLOROPHENOL
(Values are averages of five replicates)

Soils
PCP concentration in p.p.m.
(air dry soil basis) Yolo ﬁl:;]sandy Yolo clay loam Yolo adobe clay
(wt, gm) (wt, gm) (wt, gm)
First cropping
(November-December, 1948)
0.00. .. ot e 6.5 8.3 4.9
812 e 6.6 10.1 4.2
10,24, .. e 6.5 9.6 4.4
20.48. . 6.8 9.4 5.2
41,00, ..ot 5.6 9.0 4.7
82.00. ... .00t e 5.2 7.7 4.0
164.00. ... 3.8 6.9 3.0
2%2.00 ........................................... (1)‘8; 31)% (0)2
131200, ... ..o 0.4 0.6 0.4
Second cropping
(February-March, 1949)
(5)(1)(2) ........................................... lgi 1?.3 gg
A2 . 17.0 .

10024, ..o 9.6 16.7 6.1
20,48, . e 9.6 17.0 7.2
41.00. . ... e 9.9 17.4 8.1
82.00.... ... 10.3 17.5 9.3
164.00. ... .coo it e 9.5 16.5 8.0
328.00. ... oo 1.2 2.4 0.6
656.00........... 0.5 0.6 0.4
1312.00. . . oo 0.4 0.4 0.3

Third cropping
(May-June, 1949)

NWhOO=RWWS®

OO NI i
[T NP SR oY A

Fourth cropping

(September-October, 1949)

0,00, ..o e 3.5 5.1 3.2
512, 3.5 6.1 3.7
10.24. ..ot 3.4 6.6 3.5
20.48. . 3.3 6.7 3.0
41,00, . ... e 3.2 7.2 3.2
82.00. .. .. 3.3 6.4 3.3
164.00. ... .iiie e 2.9 6.0 2.9
B28.00. ..o 0.5 1.7 0.8
656.00. ... 0.0t e 0.2 0.3 0.4
1312.00. . ..o 0.1 0.2 0.2
Fifth cropping
(December, 1949-January, 1950)

4.2 5.9 3.7

4.1 6.8 3.6

4.4 6.6 4.2

4.4 6.1 3.5

4.0 6.1 3.6

4.2 6.2 3.8

4.1 6.1 4.1

0.7 4.1 0.4

0.2 0.4 0.3

0.3 0.3 0.2




TABLE 2

FrEsHE WEIGHTS OF KANOTA OAT PLANTS GROWN IN THREE CALIFORNIA (YoOLO)
SoiLs WITH VARIOUS CONCENTRATIONS OF SODIUM PENTACHLOROPHENATE
(Values are averages of five replicates)

Soils
PCP concentrations in p.p.m.
(air dry soil basis) Yolo {iox;e:;andy Yolo clay loam Yolo adobe clay
(wt, gm) (wt, gm) (wt, gm)
First cropping
(November-December, 1948)

7.4 6.5 6.9
7.5 6.1 5.8
7.2 7.1 5.4
6.7 6.9 5.5
6.4 6.5 4.7
5.8 5.8 2.4
1.1 3.1 0.8
0.5 3.0 0.3
0.2 1.6 0.2
0.2 0.7 0.2

Second cropping

(February-March, 1949)

9.0 8.0 6.2
9.5 7.3 5.9
10.4 8.0 6.3
10.1 8.4 7.0
10.1 9.1 8.6
7.8 15.1 4.2
15.8 4.4 0.8
0.6 1.4 0.4
0.4 0.5 0.6
0.3 0.4 0.3

Third cropping

(May-June, 1949)
0.00. ...ttt s 7.0 7. 5.1
.12 i 7.4 7.7 5.1
10.24. .. e 8.0 7.9 5.4
20.48. . e 7.0 7.1 6.3
41,00, . oo e 7.1 7.1 7.3
82.00. ..ot e 8.4 8.0 8.4
164.00. . ..ottt e 2.3 10.0 1.8
328.00. ... e 0.3 8.4 0.3
656.00. ... ... 0.3 0.3 0.3
1312.00. . ..o e 0.2 0.2 0.2

Fourth cropping

(September-October, 1949)

0.00....cccvvniiiiiininns NN 3.4 5.0 3.4
5.12. . it seesssscssssranes eses 3.4 5.5 3.5
10,24, o0ttt S, 3.8 5.2 3.8
20,48, it s 3.6 5.2 3.4
41.00............... s 3.7 5.0 3.5
82. et 3.4 4.5 3.6
164.00. ... cueiiiiiii i 4.7 4.4 1.9
B28.00. .. ittt 0.6 1.3 0.5
656.00. ... ..00iiiiiiiiii e 0.3 0.3 0.4
1312.00. ..o e 0.2 0.2 0.2

Fifth cropping

(December, 1949-January, 1950)

00, e e 4.1 6.0 3.8
512, e 4.4 6.7 4.0
10.24. oo i 4.4 6.0 4.0
20048 ... 4.3 5.9 3.9
41,00, .00 e 4.5 5.9 4.4
82.00. ...t i e 4.4 5.8 4.5
164.00. ... .00ttt 7.5 5.2 6.2
328.00. ..t e e 1.1 2.8 0.5
856.00.. ... .0iiuiiiiii i e 0.3 0.4 0.3
1312.00. oot e 0.2 0.2 0.3




493

Harvey—Crafts: Toxicity—Pentachlorophenol and Its Sodium Salt

August, 1952]

sisq [10s A1p 41D ‘dDd “wd'd

TleL 00ZL 0oL L 000L 006 \ 008

*do1d Y33y ySnoiy) )1y woiy
S[IOS UI 9AIJ99J SUTBWIOI 31 UOIYM uryim oSues moireu oy} Surmoys ‘wreo] Lpues auy o[ox ur [ousydosoryoejusd yo worysodwoss( 1 Srg

00£

009 005 (U4

00€ 002 00L

(=)

—

~——

(05, "uor-6y, 23q) dos> yiy
(6v61 "O-"1da3g) dos> yjnoy
(6¥61 “aunr—Aoy) doud payy
(6¥61 “y210W—"qa3) dosd puodag
(8r61 “22q—"A0N) dou> ys114

:puabay

W¥O1 AGNVS 3NId O10A

oL

wB u yBram ysauy ‘pjaik dosy



[Vol. 21, No. 16

Hilgardia

494

*doao Y3FY 4onoay3 3say woly
S[I0S UL 9AI109J0 SUIBWAI JT YOIgM UTY}IM dFuel molreu oy} Juimoys ‘weo] LB o[o X  ur jousydosorgorjued Fo uorgrsodwoos( g
sis0q |10s A1p 410 ‘gDd "wed'd

TLEL 00zl 0oLt ooot 006 008
—

. 00€ 002 00l
X ¥ *—
f ki . B

lllll [ Y«/
]/J.// ~ /”lll?

Bray

7
J

\
(05, "uor—6¥, *23q) dos> yiy1y ——H—— \ )
(6¥61 "$P0—"1dag) dosd yunoy ——F——
(861 “aunr—Aow) dows payy —— —— \
(6v61 "yapW—"q34) dosd puodsg = = = == ) /
(8¥61 “22g—"A0oN) dosd ysaiy = —— N /
puabay \ /
\
VA
\
\
\
\
A
\
\ / e
U\ o
i
\
\
\
\
\
WVO1 AV1D O10A /
T 1
N !
~. A
N NS

E)
wb uy yBram ysayy ‘paik dosd

(=]
=



495

Toxicity—Pentachlorophenol and Its Sodium Salt

Harvey—Crafts

August, 1952]

sis0q j10s A1p 2o ‘gDd "wed-d
ZlEL 00Z1L

0oLt

000L 006 008

*do19 33y ySnoiy) 9siy woay
S[IOS UI 9AT}090 SUIBWOL J1 YOIyM utyiim oSuel moireu oy} Surmoys Le[o aqope ojox ut jousydororyoejued Jo uoryisodurods( *¢ “Srf

00Z

009 00§

00v 00€ 002 ool

(=]

”

= = 4 —

[ g iy ———p——

v

(05, "uor-6y, 22q) dos> Yy
(6¥761 “PPO—"1d3g) dod ynogy
(6¥61 ‘aunr—Aow) dos> payy
(6761 “y1oW—"qa4) dos> puodag
(861 ““22g—"AoN) dou> ysaiy

spuabay

AV1D 380av

O10A

oL

(48

wb ug yyBiam ysauy ‘pjaih dosy



Hilgardia

496

*do1o Y33y ySnoayy 381y Eouw.
S[I0S UL SAI}09JO SUTEWAL 31 YITYM urgyim d8ues Summoys ‘wreo] Lpues sug o[o X ut ojeusydosoryoejued wnrpos yo worysodurodsq % “Srg
m sis0q J10s Aup 110 ‘gDd ON w-d-d
g el oozt oot ooot 006 008 00£ 009 00§ oor 00¢ 002 ool 0
P 0
R =Tt me e S o S S e t— i N
. ]
= 7. AN
2 N
i\ ~ z
\ .
\
\ / v
(05, "uor-¢t, 30q) dos> yiyy —H#— \ Y
(6v61 “PO~"1dag) dos> yunoy —HF—— \
(6761 ‘aunr-Aoy) dos payy —— —— \
(661 ‘Y10W~"qa4) dosd puodag — — — — = \
(8¥61 “29Qq—"A0N) dou ysay ———— — 4
puabay ¥ / 9 a
\ 3
\ A
\ / &
\ \o/ Fo
+ 8 o
\ YA g
\ I\ H
\ I\ @
\ I | =
\ ! / H I
T = oL3
\ ! ¢
! /
! !
\
!
1 43
7 ]
\ ]
\ [}
\ !
!
/ 4 yl
WVO1 AGNVS 3NId O10A \ \
\y
{
\
h 9t




497

Harvey—Crafts: Toxicity—Pentachlorophenol and Its Sodium Salt

August, 1952]

. doxs Y377 ySnoyy) 981y WOIF S[I08 UI
BAT}09JJ9 SUTBWIAXL JT YOIYM UIY)IM oFuvl moireu oy} Jurmoys ‘wieo] e[ ojox ur 9yeusydosoryorjuad winipos yo uoryisoduwross( "¢ "Srq

s1spq j1os Aip 210 ‘g4 PN "wd-d

145 00Ct . 00LL 000L 006 008 00 009 005 " 00y 00€ ,OON 00L
——— e —— o — | " IMI% IIIIIIIII \|..M||||vl.l
— =]
— | = .
L d //
In’/yl /\/ N z

N
N T AN
/ N
(05, "unr-6¥, 29q) dosd Y1y ——H— / \\,/

(6¥61 “20—"1dag) dom yunoy ——HF——

pak
[/

o

whb ut pyBram ysauy ‘pjaih doay

(661 ‘aunp—Aoyy) dous payy —— ——
(6761 “yoivw—qs4) dos puosag -~ ———~— /
(8r6 L 2aq—AoN) doud ysiy ~———— X
¥ )
ipuabal // _
\
/ \ )
\ v/
N\ t 7
N Y,
// \ ,
-
[
N \
\« \ I

"
— .

WYO1 AV1D O10A

«©

[=]
-



[Vol. 21, No. 16

Hilgardia

498

s1spq 105 Aip 41D ‘dDd ON

*do1d Y37y ySnoiyy 3s1g wosy s[Ios
UT 9AT}90JJ0 SUTBWIAL }I YOIYM UIYFIM d98uet morreu 9yj Jurmoys ‘Aed aqope o[ox ur 93eusydororyorjuad wnrpos yo uorpisodwoss( °9 Sty

.E.Q.n‘
clel 00ZL ooLL 0001 006 008 004

00€ 00z 0oL

o

i AT (AU N——

(05, uor-6y, *22q) dosd> yiyry —H#—
(6¥61 “1O~1dag) dosd yinoy —_—
(6¥61 “aunp—Aoy) doss payy —— ——
(6761 ‘YP1oW—"qa]) dosd puodeg — — = ——
(8¥61 “93g—"A0N) dou> sty

wb ut yyBram ysaiy ‘plaih dosy

AV1D 380QV O10A

]}




The journal Hilgardia is published at irregular intervals, in vol-
umes of about 600 pages. The number of issues per volume varies.
Subscriptions are not sold. The periodiéal is sent as published
only to libraries, or to institutions in foreign countries having pub-
lications to offer in exchange.
You may obtain a single copy of any issue free, as long as the
supply lasts; please request by volume and issue number from:
Publications Office
College of Agriculture
Berkeley 4, California
The limit to nonresidents of California is 10 separate issues on
a single order. A list of the issues still available will be sent on
request.

In order that the information in our publications may be more
intelligible, it is sometimes necessary to use trade names of products
or equipment rather than complicated descriptive or chemical
identifications. In so doing, it is unavoidable in some cases that simi-
lar products which are on the market under other trade names may
not be cited. No endorsement of named products is intended nor
is criticism implied of similar products which are not mentioned.





