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Relation of Soil Reaction to Toxicity and
Persistence of Some Herbicides
in Greenhouse Plots!

By Axwm M. Huep-Karger, physiologist, Division of Cereul Crops and Diseases,
Bureai of Mant Industrir. Soils, und Agricattural Enginesring, Agrienituroel
Research Administration®
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ExgBrimental evidence that soil reaction is a factor in the toxicity
and peEsistence of sodhum chlorate nixed into the soil was presented in
g're fous publication (17).% The main perpose of the investigation

perild in the present bulletin was to determine by greenhouse ex-
perimé@ts whether soil reaction ix nlso s factor in the effectiveness of
dfher ?erbicidesmammonium and  sodium  thiccyanates. sodium

iT¥enite, ammonium sulfamate. and borax—chlorate being used in
p_m:allﬂtests as a standard for comparison. \Also cluded are the
rasultsgdf o study of the extent to which toxicity of residual chlorute
in soil ollowing its use for weed control, can be reduced in soils of
differegf veactions by applications of nitrogenons fertilizers. It is
known ggom tests in both seil and water enltures that chlorate toxicity
15 influ@ceed by the concentration of available nitrate nitrogen and
that anffhonium nitrogen seems to have a similar effect in soils but

 Submitted for publication Auwrust 28, 1945,

?The writer is indebted to L. W. Kephurt and & (U Salmen, of the Division of
Cereal Crops and Digeases, and to N, R. Smith, of the Division of Soils, Fertit-
izers, and Trrigation, for suggestions und helpful eriticism of the manuseripr.

*itajic oumbers in parentheses refer to Liferantnre (ited, p. 30
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uot in water cultures {8, 16}, indicating dependence of the effect on
conversion of the ammonium to nifrate, Since soil reaction is known
to affect the rite of nitrification {20, 28), it seemed desirable to test
the effects of various nitrogen compounds on the toxicity of chlorate
added to acid, nentral, and allaline soils,

SUMMARY

Sodium. ehlorate—To sowings made within the first several months
following its application, chlorate was most toxic in acid soil, although
differences due to soil reaction were never so mavked as with other
herbicides. .After severa]l months this velation usually disappeared.
apparently owing to relatively slow disappearance of sodium chlorate
from the nlkaline plots and sometimes from the strongly neid ones also.

Tn slightly acid or alkaline soils, chlorate toxicity was reduced by
ail the nitrogenous fertilivers tried—calehn and sodium niteates,
ammeonium sulfate, urea, and Cyanamil, the last named being gen-
erally least effective. No appreciable difference was noted i the
eflects of ealcium and sodium nitrates applied at rates giving equal
concentrations of nitrate.

Tn slightly acid and alkaline soils the effects of ammonium sulfate
weve similar to these of nitrate from the frst, but in highly acid plots
{near pll 4.3) the effects of the wmonium salt were not apparent
until the second crop was sown a month later, This is interpreted
to mean that nitrification occurred here more slowly fhan in the less
acid plots, ammonium nitrogen itself having been found to be without
effect on chlorate toxicity, Cyanumid had no effect on chlorate
toxicity in this ackdified soil at any time.

Ammonium and sodium. thiceyanates—Toxicity of these two thio-
cvanates was marvkedly less in soil made alkaline with either Iime or
sadinm bicarbonate than in un acid soit with & pIL value near 5.4,
Their outstanding eharacteristic was rapid decomposition at all soil
veactions, but especially in alkaline plots, from which toxicity of an
mitindly lethal dose sometimes disappeared in Jess than a month. In
the strongly acid soil. toxicity was gone after about 2 or 3 months.
No other herbicide udded to the soil in quantity sufficient to kill or
nearly kil plas sown immediately after the application lost its
roxicity in so short 2 time.  Following the initial period of toxicity,
there was always n period during which successive crops of seedlings
were stimulatetl to much better growth than the controls. Iiffects of
equivalent applications ot thiecyanate as the ammonium and sodium
salts were simtlar,

Bovaa: (sodium borate )—The initiul toxicity of borax was less than
that of chlorate ud thioeyanate, four to five times as much being
required for similar degrees of plant injury. Tts toxicity decreased
as the acidity of the soil was decreased by applications of either
sodium or calcium carbonate or slaked lime. The ontstanding char-
acteristic of borax was persistence, its toxicity vemaining practically
unchanged for the duration of the experiments, 36 months in the
longest test, wherens chlorate toxicity was practically gone from
adjacent acid and nentral plots after § months.

Sodium arsenite.—Arsenite proved to be muceh less toxic than
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chlorate. TEven after the dose was doubled Jess injury vesulted at ull
soll reactions than that produced in adjacent plots by chlorate apphi-
cations half as large, Toxicity was greatest in the acid plots and
least in the alkaline.

Lmmondum sulfumate—Sulfamate toxicity was greatest in the
acid plots. Considerable variation in the degrees of injury shown by
some croppings from duplicate plots and from the same plot in sue-
cessive sowings suggests that the behavior of this herbicide is respon-
sive to small differences in some environmental factor.

METRHODS

The herbicides were thoroughly mixed into the soil of greenhousc
beds partitioned into smuall plots each containing 200 pounds of air-

et P

Frouse 1.—Greenlicuse plots used for ha

irictde tostz. Dorax texiclty to oats is
shown in the three plots in right foreground.  Corresponding contrel plants
are In oadjacent plots,

dry soil (lig. 1). IFor most of the experiments a strongly acid
(approximately pIT 5.0) line sandy loam of the Plant Industry Sta-
tion, Beltsville. M., was used. It was Drought to a nearly neutral
reaction in some plots and {o wlkalinity in others by admixtures of
slaked lime (caleinm hydroxide) or, in one experiment, of sodim
biearhonate.  For the experiments with nitrogenous fTertilizers o
slightly acid clay loum of Arlington Farm. Rosslyn, Va., was used.
1t was acidifictl with sulfurie acid in some plots and alkalized with
slaked lime in others: The treatments were made about n week before
tlie herbicides were applied.  During this weel the soil was kept well
muoistened and was stirred several times,

Borax was added dry. but ihe other herbicides were added in
solution.  Following their application to the surface of the plots,
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water was added to carry them into the soil, which then stood for
several days before the final remixing,

Comparative toxicitins of the herbicides in the different plots were
shown by the degrees of injury sustained by test plants sown as soon
as the final mixing of the soil was completed. The plants were cut
and weighed ufter 4 to 6 weeks. DPersistence of toxieity in each plot
was determined by a series ot such crops. with no further treatment
except thorough remixing of the soil before ench resowing. The seed
was spaced 2 inches apart in rows § inches apart, six rows to a plot.
As {est plants, TTannchen bavley, Fulghum oats, and Leoti sorgo weve
used.

Tguad quantities of water were ndded fo the plots by measurement
throughout the experiments, except where oceasionul adjustments
were necessary o compensate for unequal Arying. The soil. with a
water-holding eapacity of about 33 percent, was kept moderately
moist {17 to 20 pereent) by frequent waterings in ovder {o aveid
intervals of ineronsed concentraiion of the chemicals.  As no leaching
ceeurred, any disappearance of foxicity may be attributed to decon-
pusition of the herbicides.

Relative degrees of injury produced by the herbicides, ivrespective
of effects of soil reaction, are shown by the avernge green weights
of the plants, expressed as percentuges of corvesponding weights for
eontrol plants grown in soil of the same reaction without the herbi-
cide, These “growth percentages™ range from & where the dosagre
15 lethal to figures near 100 where there 3s uo herbicide injnry, and
higher where there is stimulation, The actual weights of the control
plants mrown without the herbicides nre given in the tables to show
the eifects of goil reaction or of fertilizers on the size of the plants.

Soil reactions in the different plots were determined with n Beck-
mann PIL meter {gluss efectrode) except where specified otherwise.
T'he soit samples, taken from thie level of the roots, werg nniformly
moistencd fo a soft puste. Preliminary tests demonstrafed that the
small variations in proportion of meisture in such samples intro-
duced no appreciable error in the measurements, The ranges of
values obtained over the periods of the experiments ure given with
the data in the tables,

RESULTS

Errects oF Son. Rescrion Avsusten Wrril Sotivonic Acip anp
Sawen Tame

The first experiment was a2 preliminary test of the effects of soil
yeaction on the toxicity of sodium ehlorate (NaClO;). ammonium
thioeyanate {NTLSCN}, and anmonium sulfamate (NTLSO,NIT.)
to sorge. In some of the plots the naturally acid soil {pH 5.0} was
further acidified to plL 44 with sulfuric acid. Toe 2 mallons of water
in n watering o, 0 ce. of the concentrated acid was added and
sprinkled on the soil. The plots were then watered to dilute the acid
further, after which the soil was ullowed to dry somewhat befare
being thorouglily mixed. Qther plots were nlkalized fo pH 74 with
12 ounces of slaked lame (Ca{Q¥}.). Seven days later the three
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herbicides were added, in solution, each at a
After 5 days, during which the soil was th

TOXICITY 5]

rate of 5.2 gm. per plot.
orcughly mixed severl

200
190
ACIDIFIED SOIL, pK 4.4
160 [~
I #ATURALLY ACID SOIL,pH 5.0
B 190 —
2 LIMED SOIL, pH 7.4
-
= 120
(V]
4
giloof~——————— e —— s A== —————
: CHLORATE SULFAMATE g THIOCYANATE »;/4 :
§ BO : % 7
<3 /4 %
& so0 7 é
40— ' é
. g
20 3 .
ol_0028 Z %
I1ST CROP 2D CROP  18TCROP 20 CROP  {STCROP 20 CROP

Frovnre 2—Comp
flium +hlorate,
nf each in 200
acidiied, naterally aeld, and limed snils,
growtlh; 1.

e, the average green weights of eontrol pl

arative toxtelty nnd persistence over a 3-month period of so-
ammonium sulfamate, and ammonium thioeyanate (5.2 FLN
poutdls of soil) te two successiv
Dotted line represents noremnd

e crops of sorgn grown in

ants from plots of

corresponiling soil acidities not trented with a herbicide,

Tarre L—Comparative lozicity and persistence of egual applications of sodinm
ehlorate, ammoninm hiocyanate, aid i owinm sulfammate, oy shown by
growth of serpo in s6il adjusted {o different reactions

[eriicides applied Apri) 3, 10421

Growth of plattts nt 20il ceactions of

. | e
Crup . . |
No. Uirerwth poeeloel (1942 Herhluhic 150401, g7
No 1 pitadnr WSO i oo
tneidified) ackyy -~ imed)
! ] , (rowth pereentiges | for

[ Chiorate ..o ..

herhiciddu-rreated piloes

[ f

I‘ ’ - U 2 0.4
1. " AP B=May Foo.. L. . cSulfaminte. . Lo .2 2.0 7.5
! UIhlneranat & 12,2 i 75,1
i (Chiorato.... 111 120! 40.0
2. | Dne 3-Taly 0o 1Hulﬁmmln. - [ nLp 101 8
i 1"!'|liﬂc}‘l!ﬂll|ﬂ---......__.. 1824 1 1 5.8
i Averngo preen welghts of
i controd plants {In grams)
i ..._n_._n - " .' .
| Apr. B-Any 7. - o, B 1.74 308
A IJ""“ ey 2. .00 L. f 411 a0t 3,85

PAVErIEe green woeights of alsul 150 plunts expreossed ;

weldghts Tor ranten] pla

s Fram sofl of (he seme reaetion w

15 pereenthges of corresperding
ik o Beehicile,
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times, seed for the first crop was sown. A month later this erop was
eut, and after another month a second crop was sown and grown for
the same length of time. The data, summarized in table 1 and pre-
sented dingnammaticeslly in figure 2, show Jelinite effects of soil
reaction on initial toxieities and large ditferences in the persistence
of these toxicities over the 3-month period of the experiment.

The data for the first sowing show that the toxicity of all three
herbicides decreased with decreasing soil acidity.

By the time of the second sowing, 2 months later, only sodium
ehlorate remuined toxic at all three reactions. The trend of decreas-
ng toxicity with decrensing soil acidity was still evident. In con-
trast, ammonium thiocyanate was not only gone from nll the plots
but af the two acid reactions it had greatly stimulated the plants,
presumably in consequence of some residual nitrogen left in the soil
(4, 42y 87, 32). The sultamate remined injurious in the most weid
plot only,

Ererers or Sor Reacriox Apawsree Wren Supicyn BicarsroNats

A second experiment was designed to determine the eflects of soil
venction adjusted with =odium bicwrbonute instead of the ealcium
hydroxide used in the first experiiuent, on the vomparative (oxieity
and persistence of sadlium ehlorate, annuanium thioeyvanate, and borx
(Ni‘lg]_‘hoT) .

The natneally acid seil {(pIl-h8) was adjusted to pIT 6.0 and 7.3
by applications of 150 and 330 enu. respectively, of sadiyn bicar-
Bonate to 200-pound lots of soil. A fter o weel, during: which the seoil
wag kept moistened and stireed several thmes to disteibute the biear-
bomate uniformdy. rwo plots of each reaction were treated with § a,
of sodimm chlorate, two with 25 gm. of commereial borax, two with
6.0 g of wmmonium thiocyanate, and (wo were feft with no heebi-
vide, fo show the elfeets of seil reaction alone.  Nach treatinent was
dupicated, in o second bench across the aisle from the fiist.

Six days afler application of the herbicides the irst crop. harley,
wag sown,  This crop was havvested a month Lder and was followed
by similar crops of oats and harley. alternating; thew. when summer
temperntures hectne too high, by iwo crops of sorgo, fellowed ngain
i the fall by barley,

Compurative degrees of injiry sustained by these crops are shown
by the growth percentages in lable 2. Averngey Tor the duplicate
plots of the first six crops of the fable ave presented graphically in
fiewre 3. The appearance of the barley plants of the second cropping
is shown in figwre -

The data show that making the soil alkaline with sodium biear-
bonate reduced the toxicity of all three herhicides. just as ealeinm
hydrexide had done in the hrst experiment {(table 1), Thercefore.
the effect was corvelated with the soil pIT and not with (he particular
cution, caleinm or sodium, in the alkalizing agent,

The chlorate application was Tethal to the first crop at all fliee
reactions, thiocyanate at the two aeid reactions only, while borax
was nof lethal at any reaction. despite the Inrger quantity used. The
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TaBLE 2~Comparative toricity and persisienee of sodivne chloraie, bovagx, and
ammoninm {hiecyanate o successive erops in duplicale greenliouse plnts ad-
justed from the natwral pi 5.8 to less acid and to olkaline reactions with
sodfwm bicgrbonate

[[Terbleldes applled Janunry 24, 10431

i
1: ~drawth at soll renglions of—

Grop | Cron ) and herbiclde npplication f il $.810.2 1 8002 F pIf 734602
No. (opramaper o poundsof seil) '__

Pltt ' Btz fiott | bbbz Pltt | loys

: | Growth pereentages © far herbiide-trented plots
1
0 I. ......... } 0 .
pr A . ot 2
WA] W 484 | 14, )
B 7 L9 BL ¢ | 8.2
i 2 55 6 10,9 157
nnal 85,7 52,4 5.8
129, 7 eomes i T e

-t

n

1 1 1

g3 ! 2 3.5

2] LA 49,7

inei 18,4 =0 o, 8
..... . E N S,

10,6 106, § 150§ 138, 5

12,5 T 4.4 168, 9

.1 &, 0 T3 165, &

' 46, 4 105, 3 B2 2 1158

HEF LS 824 . U4 64 ney

Avermge green welithis of control plants (o gramsd

: ) -
IS R LBE L. :
Onts._oo. .. LIl [T BT 147 ‘
Barley. ... ..o} 348 | 485 0 486 1
OB e mmrnn U5 UG | L5
e mmeneiae DA | LR 240
A dBY i 465 | i 5
c eimren ean 248 ""“““‘] 244

P The growing periuts for each crap wete: 3, Fun, 20 to b, 26, 1943 2, Feb, 20 to
Mure, 20 (e sed was sows beiween the tows Defore Hie (Qrs erispowns ent} s A Mar,
2? W apr. 205 4, May 4 to June 2; 5, Juae 4 to June 305 6, Tely 2 to Aug, 31 7, Oet,
21 g Bive. .

2 Avernge greew welghis of abpur 70 plants expeessed 25 poreentnges of correspanding
]weij;lms for & similur aumber of control plants fronc plots of the snme regetion with no
werhleide.

data for the second sowing showed a different ranking. owing (1)
to complete disappearance of thiocyanate toxicity at both pH 6 and
7.3 (although it wus still lethal at pH 48) and (2) to no signifiecant
change in the toxicity of borax at any reaction. Chlorate remnined
very toxie but much less so than at the first sowing.

Persistence of chlorate was intermediate between that of thio-
eyanate and borax. Because the three erops used for the successive
sowings differed grveatly in susceptibility to chlonate injary, it was
not possible to get a clear picture of the rate of decomposition of
chlorate. Highly susceptible barley wus used for the first and third
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i:::::xi NATURALLY ACHD SOIL,pH 4.8

{8 SLIGHTLY ACID 501, pH 6.0

ALRALINE SO, pH 7.3

AN

GROWTH PERCENTAGES

i

15T CROP 20 CROP JCCRO 474 CROP 5TH CROP €76 CROP
BARLEY OATS BARLEY GATS SORGO SORGO

Freung 3—Averiuges of srowth percentapes for duplicate ploks of the first six
crops suntmnrized In fabie 2, showing compnrative toxieity and persistence
vver i 10-imonth pertod of sedlum chlovate {5 gun in 200 M. of alr-ry soll},
borax {22 @), and anunenium thiogyannte (6.5 pm.), added to a anturnbly
acid soll (pH 4.8} and te soll adjusied fo slight acidity (pIt €40) and to
atkalinity {pH 7.3} with sodium bicarbonate. The dotted lines represent
weighits of control plants Hrom plots of corresponding sell acidity net treated
with a herbicide.

sowings, and oats, most tolerant of the small grains (25), for the
second and fourth. Just when the chlorate had apparently decom-
posed to the point of being almost nontoxic to ovats, judging by the
growth of the fourth crop, the advent of very warm weather made
it necessary to change to sorgo for the fifth and sixth erops. Sorgo was
more sensitive than oats to chlorate injury: hence the percentages for
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WIGCRE L Borax dnjury te momth-old barley planes grown inosoil with pii
vithaes of 4.8 LN (8 By mid (60) 7.4,

the fifth erop dropped hack, although it can be assintned that the trend
of decreasing chlormie concentraiion in the soil continued,

Murked ~timlation folowed toxicity in the thioevanate plots., as
e the preceding experisent. Fimowe 3 bheings ont the rapidity with
whitele wn extremely toxie eonditton clanged to one of stimlation
with this herbieide, Tt in the alkabine plots, then in the ackd ones,
where toxierty had persisted Ionger. Stinulation persisted Tor sev-
erad months wfter which the plants were much like the coutrols,
with growth perecainees negr [,

Chlorate almost disappeared from all the plots subequentiy giable
230 but there was no sjgnificant clinnge in borax toxicity,  In all later
tesl-. continged Tor 36 months. the bormy plot~ remmined as toxie s
they were Inibally. whereas the adjacent ehlorate plots had lost their
toxicity completely,

Forree ve op Sk Beaerios Apacsen Weens Soaoeo D

With new -oil i the plots. a similar stady was made the follow
g sesson COctober BHES o Jane 198 of the compamtive ETPATHTA
aned persistenee of =odnine ehlorte, anunoninm thisevaistie. sodiam
arseniie. migooming ~iimate, and borax, The soil oo thind of
the plot~ was adjusted Trony i nntoenlly aeld veaction taene pll o)
t poaels wenten) cpdl T wich D, of slaked Dhne, sned ot her
thiveh to e albaline peaction cabont pH TSy with 3530 wine Two plots
of cacl renction were Jeft us eonteols without further treatment, aned
the pest. consisting of duphietes of vueh condition. were feeeted witly
e herbivides thoronghly wixed o the =oil 16 days lnter,
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Rates of application of the herbicides were 5 gm. per plot of 200
pounds of soil, excepting borax, for which the raie was 20 gm. per
plot. Six days after these applications barley and oals were sown
1 aiternating rows.

Growth percentages Tor plants of six such sowings in succession
over & 12-month period ave given in table 3. The plots were so
areanged that duplieates were at opposite ends of the greenhouse,
and the three plots of each herbicide, in neid, nentral. and alkaline
soil, respectively, were adjacent to each other. Plots numbered 1
comprised a group at the south end of the greenhouse. those nnmbered
2 at the north end, where there was less shading frone strnctural ele-
ments of the greenhonse, For close comparisons, vesults from plots
within each group ave the most signifieant,  Averages of the ligures
for daplicate plots are shown dingrammaticaily in figure §.
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B NATURALLY ACID SOIL,pH 4.9

™ I LvED sOIL, M T
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160
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1T
AMMONIUM SULFAMATE
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=
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a0
20

0=\t 20 aTh

BARLEY
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5TH 157 2D
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11

IPrguene H---Avernges of growth pereentuges Tor duplicnle plots summnrlzed In
table 3, showing comparative taxielty il persistence aver an Smonth peviod
of sodium chlorate (3 . in 200 M, of air-drey goil), atmmoninm thioeyanate
(7 mm.), sedium nrsenite (3 g for first erop, 10 gin, theveafter}, animanlum
sulfimale (3 g for first erop, 15 g, theveafter), aml orax (35 @) o
five suceessive crops each aof barley and oat sesdlings, in adiernnting rows in
plots of aaturally acld soil (pll 45, amd in this soll adjusted to nearty
neutral nnd to alkallne reactions with slaked Hme,
welghis of control plants from plots of corresponding reuctions not trented

with 2 herbleide.

Dwotted lines represent




TasLe S.—Comparative tozicity and persistence of sodium chlorgte, ammoniwm thiocyanate, sodinm arscnite, ammonium. sulfamate,.
and borax to sic sucéessive ¢rops*of pyouny plants of barley aad oals in _allernating rows in duplicate greenhouse soil plots
adjusted from the natwral pH 3.9 to nearly neutral and alkaline reactions with sluked lime )

¢l

[Herbicides applied Octaber 13, 1943, with second applications of arsenite and sulfamate on December 12]

“ }

Barley at soil reactions of— 1 Oats at soil reactions of—

Herbict i Applications ; i : i
erhicide ang (grams per 200 PH4.9:£03- | pHT103 | pH7S=01  pH4.9:03 pE 7.1 0.3 pH 7.8::0.1

!
i

erop No,) I pounds of soil)

! : : ! R
Plot1 & Plot2 = Plot1 Plot 2 Plot1 ; Plot2 ! Plot1

Plot 2 Plot 1 Plot 2 Plot1 Plot 2

GROWTH PERCENTAGES?® FOR HERBICIDE-TREATED PLOTS
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1The growing periods for .each crop were: 1, Oct. 21 to Dee. 3, 1943 ; 2, Dee. 21 to_Feb. 7, 1944 ; 3, Feb. 10 to Mar. 24; 4, Mar. 25 to Muy 6; 5,
May 17 to_June 19; 6, Oct. 2 to Nov. 7, 1944. - A commercial fertilizer (90 gm. of 5-8-3, a surface-area rate of 1,245 pounds per acre) was added
to the duplicate plots, i.e., to those numbered 2, 6 days before sowing of the fifth crop.

* Average green weights of about 40 plants (except where noted otherwise by footnote 3) expressed as percentages of corresponding weights. of
a similar number of controi plants from plots with the same reaction but not treated with a herbicide. )

aStand much reduced; injury greater than ingGicated by the- figures. ’
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Amnonium thiocyanate was lethal to barley and either lethal or
highly injurious to outs ut ull three veactions. Chlorate was siinilarly
toxic. Sodinm arsenite was much less so, producing no injury at all
in the alkaline plots, and ;moniun sulfamate was not toxic at any
reaction, so additional applications of these two were made for the
second sowings—5 gm. of the nrsenite, making a total of 10 gm. in
the plots, and 10 g. of the sulfamate, making a total of 15 gni. But
even with these increased dosages, the Hgures for the second crops
show that the argenite was still much less toxic thau the chlorate
remaining in nearby plots; sulfumate also was nuch less toxic in all
but the acid plots.

By the time these second crops were sown, 2 months after the fivst:
chlorate toxicity had not changed appreciably, whereas thiocyanate
toxicity was not ouly goue at all three renctions but the plants were
wenerally more vigorous than the contrels. This stimulation in the
thiocynnate plots was even more pronounced for the thivd cropping;
however, by the {ifth the plants weve generally about the same size as
the controls, presunmably because the extra nitrogen was gone.
Chlorate, on the other hand, remained very toxic to barley throughout
the five croppings, but its concentration in the ncid plots becume sulli-
ciently redneed to permit normal growth of ants. the more resistunt
crop.  Comparison of the figures for the two crops confirms the
previous finding (#5) that burley is the more susceptible,

From the standpoint of persistence, borax was the outstanding
herbicide, as in the preceding experiment. Tt wias most toxic in the
acid soil and least i the alltaline. Tt shounld be noted that these
greenhouse experiments agree with field observations in indicating
tho necessity of an applicaiion of borax about four times that of
chlorate for equal initial killing power.

The initial toxicity of ammonium sulfamate (i.e., toxicity after the
dosage was inereased to 15 gm. for the second cropping} was fol-
lowed, in the neutral and alkaline plots, by a period of only slight
foxicity (oats} or actual stimulation (barley) of the plants of the
third crop.  Both eats and barley of the fourth and (ifth crops
showed considerable injury, but by the time the sixth crop was grow-
ing there was no appreciable toxicity except to barley in the ucid
5ol

The genernl tendency of the herbicides to be most injurious in acid
spil and least injurious in allaline soil is shown greaphieally in
fignre 5.~ Janmoniun sulfamate toxicity was grealest in the acid
plots and was reduced by liming the soil to alkalinity, but the nearly
neuiral plots were not always intermediate. This lack of regularity
scemed to result from diserepancies between the degrees of injury
characterizing plants in duplicate plots, sugwesting o rather Iarge
difference in the toxic action of the chemieal in response to differences
in environment al the two ends of the greenhouse. IFor instance, the
figires for the fourth crop, given in table 3, show much more injury

“Po crops of o final fest, sown 4 months alter the =ixih eropping, fe., 16
months after the herbicide applentions, the sulfimmte was no longer toxic in
thig soil. Plants o the e¢hlorate plots still showed lenf-tip firing, but were not
stunted.  There wns no sigolticant ¢hange In the plunts in the arsonite and
horax plots,
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in the %)]ots of the north end of the greenhouse (mumbered 2) than
in the duplicates at the more shaded south endl.

The growth stimulation that followed disappearance of thiocyanate
toxicity was most pronounced in the acid soil and least in the alkaline.

It is noteworthy that reductions in toxicity of the herbicides were
brought about in this experiment by applications of lime that benefited
the barley plants, as shown by the size of the control plants, while
similar effects were obtuined 1n the preceding experiment (table 2)
with applications of sodium bicarbonnte that were injurious. There-
fore, the correlations of herbicide injury with pH values are not
attributable to effects of soil acidity on plant vigor.

The weights of the plants from some of the control plots of the
third croppings dropped to such low levels ns to indicate exhaustion
of some of the seil nutrients. So M) gm. of a 5-8-5 commercial
fertilizer were thoroughly mixed into the 200-pound lots of soil in the
duplicate plots (numbered 2}, just hefore the fifth crop was sown.
The control plants of this fifth crop (table 3) were usually at Jeast
twice as large in the fertilized as in the unfertilized plots. Increasec
fertility and the resulting more vigorous growth did noet produce any
significant effect either on the toxicity of chlorate or on that of
thiocyanate. In the case of sulfamate there was less injury in the
fertilized than in the unfertilized plots. shown by the appearance of
the plants as well as by differences in the growth percentages, whereas
horax seemned to be more toxic in the fertilized than in the unfertilized
plots.

The toxicity of a new lot of sodium arsenite (Merck’s reagent
grade) in Iimed (pH 7.2) and unlimed (pH +£.9) soil, in comparison
with that of sodinm chlorate and the two thiocyanates (ammonium
and sodimmn), was checked in another experiment in the spring of
1948. The applications, to 200 pounds of soil, were 5 gm. of chlorate
and of the thioryanates and 10 g, of arsenite. Barley plants from
the Timed and anlimed plots. cut a month after the date of sowing,
were reduced by the chlorate to 21.3 and 13.8 percent, respectively,
of the size of the controls, as compured witl 59.2 and 304 percent
for the plots treated with twice as much arsenite. The plants in all
the thiocyunate plots died just after emergence.

This experiment confirmed the indication of the larger experi-
ment, that sodinm arsenite is much less toxic than chlorate in this
so1l, and that, like ehlorate, its toxicity is reduced by liming. That
chlorate was so much less toxic here than in the exjreriment sum-
marized in table 8 is to be attribnted to much higher greenhouse
femperatures, as compared with those in the winter months when
the first crops of the larger experiment were gvown. This effect of
temperature on chlorate toxicity has been discussed previously (15).

ComparaTive EFFEcts oF AMoNTrM AxD Soptoyr THI0OCYANATES oN
Prants 15 Liaep axe Uxenen Som.

To 200-pound lots of soil (pH 5.1) slaked lime was added at twn
rates, 125 and 350 gm., raiging the pH to 6.8 and 7.7, respectively.
After u 10-day period. during which the soils were kept moist and
stirred several times, one plot of each renction was treated with 5 gm.
of ammonium thiceyanate. and a parallel series was freated with 5.3
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gm. of sodiun thiccyanate, a quantity that supplied an equal amount
of SON. Both chemicais were applied te the soil in 3 liters of solu-
tion, which was followed immediately by an additional 2 liters of
water. A third series of plots was treated similarly with S-gm. appli-
cations of sodium chlorate, and a fourth (the control plots) was
made equally wet with applications of water alone. Two days atter
these treatments the plots were given the usual thorough mixing
and sown with barley and oats in alternating rows. The growth of
thg;ze iuceessi\-'e erops of seedlings in these plots is snmmarized in
table &,

Tame 4—Taricity and wfter effecls of ecquivalen! quantities of thiocyanale us
witmoninm and sodigm sells, 0 comparison with chlorete, applied to soil ad-
Jfusted with slaked Hme lo different reaetions

| Herbieides appdlad Novesaher 6, 19441

!

Cregrs CGronwth prerkod 10-45 Herhicide

Fairley ab - Oulsnd -

P ad plioas ' pH 7T L GE plEARX pil 7

Growth peresstnges ! for berbickde-treated plots

4]

]

G
10, 4
106, 8

a
HLH
042

ENH

s B-Tlee VoL

r, H-Fan,

#eEilse
[ ]

TS

- 3 3 1610
I-Mur ol < AnH 2 18,1 K 5. 18]
ot

w i

Avernze greest wiizhis of control plants (o pransy

weo| Wov  B-Tdeg. 34, | | None. . (.38 i i, At 0.43
JF Thee, 16-Jan ML . At i 1, 4 H N
.| Fub. d=Mar, 1., i [ 1X] 205 LNT

. . b .
PAvernge green weighis of about 30 phints expresssd as pereentages of coreesponding
weights [or control pladets from soil of e same reactbon.

Both thioeyanates killed all the planis of the first crop soon after
they emerged. Sodium chilorate was similarly lethal, permitting no
growth at any reaction.

Six weeks after the applications the plots were resown. This time
the thiocyanates were lethal in the unlimed plots only. In the limed
plots both had deconposed to such an extent that there was no sign
of toxicity. In the moderately limed plots both thiocyanates had so
stimnilated growth that the green weights were at least 25 pereent
higher than those of the control plants. In the heavily limed plots
there was similady marked stimulation of burley. Sodium chiorate
was still Tethal at all reactions.

Tor the third crop, sown 3 months after the applieations, there was
no toxicity in any ploet. The acid plots that were lethal to plants of
the sowing made 6 weeks before this one had now produced plants
averaging from 47 to 8% percent larger than their controls, p greater
degree of stimulation than was obtained in any of the other plots.
The sodium chlorite plots remained Tethal to bavley and highly
njurions to outs.
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Of special interest was the similarity in the behavior of the twe
thiocyanates throughout the experiment. Tvidently the stimulation
that so consistently follows injury in mmmoniam thiccyanate plots
cannot be attributed to ammeonium nitrogen, sinee similay degrees of
stimuiation were here obtained with the sodinm sult,

Coxreararive Erreers or Soptoac axp CALoicyt MacaLIEs oy
Borax Toxrcrry

The data in table 2 showed that making the soil alkaline with sodium
bicarbonate reduced the toxicity of borax us eflectively as did slaked
lime in the experiment summavrized in table 3. thus disagreeing with
the observation (7) that the toxicity of bovon is not reduced by
sodinm-containing allkalies but enty by those of calcium and mag-
nesium that could precipitate the boron as more difficuitly soluble
Lorutes.

To obtain additional evidence on this point different Jots of an
acid borax-treated soil were given applications of caicium and sodium
carbonates and of slaked lime, Iuto i kg. of nir-dry soil was mixed
1 @, of borax, then the alkalies were added dry. After being
moistened with 708 ce. of water. each lot of soil was mixed again and
distributed into three 6-inch pots. so that there were triplieate cultuves
for each treatment. Positions of the pdts on the greenhouse beneh
ware rotated nccording to a plan to Insure shimilar environmental
conditions for the different treatments.

The comparative effects of various alkalies on the p¥l of tlie soil
and on the toxicity of the borax ave shown in table 5. The data in-
clude a vecord of leaf symptoms and of the green weights of
T-week-old plants of barley, and ot 9-week-old plants of outs sown as a
second crop in the same pots after a thorough mixing and redistribut-
ing of the soil of the triplicate cultnres,

Tanng S—Comparative effects of sodivm and valeinm alicalios on barer ioriciiy

FHESY SO INGR-BARLEY

I Bormx-trented pots Cuntiral pots—nu horar
.\p{’)!ia}tim: of e e e
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X Condition of lenves . f;f .!.!'v - . {;f 5
1 M f R - {HBHES -
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Na:COr—12yrpms . Green . L. 29, KH 5,4 ] B4 24
NplICO—127mms , Chlorntie .. 1.2 L8 7.8 1L 8.0: T

RECOND SOWINCE—-0O0TE
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CaCOr—2bprams - . LT Doms na 0 mol 74, oo
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That the carbonates of sodium were as citective as the ealeium
allalies in reducing the toxicity of borax, which was always lethal
except where an alkali had been aidded. is shown in table & auld
figure 6. Sodium carbonate produced the greatest improvement in the

IMsrre B—Reductions in horax toxiety by sodium oad ealetune nlliadies,
Ao hm':lx-injnlt-(l plints grown with: oA, no alkali, pit &3: 4, ealeiom
hydeaxithe, plL 708 €, ealeium carlomaie, pll 7.0 mulmm catrlwmgtte, pli K01

oo sodium hit::n'hm:.m- L T7: ot o, l_UIllIlI| plitit= From careispotuding
alkadi-lrented soils withont hoax,

calor of the borax-injured plants of hoth crops. Tt is probably signiti-
vt that this earbonate alse produced the greatest degiee of (l”\.lIIIlll\
in thaseil. Certainly the results of this experinient give no support (o
the dea that inerensing the soil pIT reduces bormx T'oxicit'\* only whoen
the alkalizing ngent containg ealehun or magnesium,

I vewiass i Borax Toxerry ny Apsisyvires o Soneee

The tendeucy of the virions herhieides 10 be most toxie, henee most
eifective as weed killers, in (he aeid plots suggested the possibiliiy
of increasing their toxicity by adimixture of sulfne as an acidifyving
agent. The idea was tied ont with borax in the following experi-
ment, in which the toxteity resilting Trom applications of horax-
sulfur mixtares is compared with that of the sunme quantigies of bhormx
applied alone.

The soil used had Deen adjusted from an original pll L3 (goil 1)
o nentradity with slaked line 10 months previously {soil 23 and 1o
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atkalinity (soil 3) with another recent application of lime, thoroughly
mixed and allowed to stand moist » week, with severu] turnings, The
soil was then weighed into 6-inch pots, each contrining 2 ke, To some
was added borax alone at the rate of one-rhird gram per plot; to
others, the sume quantity of borax mixed with 5 gm. of sulfur. Con-
trols were a third group. receiving the sultur application :lone, and
a Ffourth group, receiving no treatment. Rach treatment and ench coi-
trol was triplicated.

Two days after these treatments sorgo was sown (May 20), The
soil was kept uniformly meoist {(about 19 percent} throughout the
experiment. After abont 8 weeks, the seedlings were cut and wei ched.
Comparative degrees of mpury are shown hy the growth percentapes
for two duplicate series, A ‘and B in table 6, and illustrnted by
figure 7,

Panek 6—Comparative loricity of borar and & borax-sulfar mirlurce to ROFHO
in grecnhouse pot cultnres
[Zecl figure is an average forr abaur 90 plants feom 1 pots]

1 ! !
i ; Qrowth percontages ! for 1 Average woights of
' . ; ctronted ol o contral pinks
: [ horax-treated piols f Without horux
Soil . suil ! - I
No. Applicition topH ¢ Fastentling ! Seeomd eutting :
: B 1 [&TH RN ; (June 24 - First Second
; P i oL . eculting | ealtlng
H \ June 0} < (June %)
| H [ A n s 1 i
; : Percent | Percent © Pereent | Pereeat - Grams Gramy
- BOM&s o oeeen... ’ 45l e %6 mael 0%,  Lix
2 oo oo, e 7.0 025 5.3 a4 w0 .32 L1
2.0 THorwx + sulfur. 43 woel 00 Tiae LT ! Ty e
3 . " Tarax... ... _. _._.... Y &7 2 fre 34 43,4 al 1,00
i ‘ Borax 4- suifer_. .. __, 58 | ITE e, B2l 3 152

PAvernge preen weights of about 20 piants OXpressed a5 nercentages of correspanding
weiglits of the contral plants in the nst two I

No sulfor conld be added to soil 1, because it was already too highly
acid; however, the figures showing borax Injury to the plants in this
soil are included in table 6 because comparison with the datn for cor-
responding plants in the neutral and alkaline soils without sulfur
{sotls 2 and 8} ngain demonstrated the divect relation of soil acidity
to borax toxicity that appewred in the data of tables 2 and 3.

The sulfur applications greatly acidified the soil and erently in-
creased the toxieity of the borax (table 6). Tt can be nssumed’ that
there was w higher concentralion of boron in the ncidified soil solu-
tion as a result of less fixation of the boron (/2. P 20Y . That there
was no injury from the sulfur itsel¥ nor from the acidity it produced
i3 shown by the weights of the control plants without horax in the
tast two columns of table 6. Tn fact. these weights and the appear-
ance of the plants (fg. 7) show that growth of the plants without
borax was actually improved by the sulfur.

Renverox iy Crrorae Toxicrry ny Varioos NITROGENOGUS
. Fuervoazers 15 Revarion vo Sorn, Reaoroy

Other experiments were conducted primarily to determine the ex-
tent to which the toxicity of vesidual chiorate, following its use for
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FPlgtteg 7. - Iperogse in horax toxichty brousht about by acdbisture of sulfue;
Mants with {40 Do beetmient s (21 horx alone; (0 borax plus saifur
(fh saltfur wlone.

weed control, can be reduced by viious nitragenous fertilizers in
soil adjusted Lo different reactions. Tt was kuown from tests in hoth
anil and waler enltures thad ehlorie toxteity is alfected by the con-
centration of available nitrate and (hat ammoniun nitrogen seems
to have a similar aetion in soils but not in water eultures (8. /4).
indicating dependence of the eilect on conversion fo nitrate. Beeause
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the effect on chlorate toxicity of nitrogencus compounds other than
nitrate would therefore be expected to depend on the nitrifying power
of the soil, and this power to vary with the soil's actdity (20, #8), it
seemed desirable to compare their effects in soil adjusted to different
reactions. T

For the following experiments (summarized in tables 7 fo 9) a
lightly composted Keyport clay loam of Arlington Farm, Rosslyn,
Va., with a slightly acid reaction (pH 6.5) was used.

Sodium chlorate was added in solution to the 200 pounds of soil in
each plot. After it was thoroughly mixed into the entive soil mass.
the nitrogen compounds, except Cyanamid, were added in solution
and thoroughly mixed into the soil. Cyanamid? was dusted on the
surface and then mixed into the entive soil mass, and water was added
in quantity squal to that of the solutions applied to the other plots,
For every chlorated plot there was a control plot having the same
renction and nitrogen (reatiment but no chlomte.

A preliminary test was made to determine the extent to which
nitrate applications could be expected to reduce chlorate toxieity
in this soil, which probably had w considerable nitrate content to
begin with. The results showed elearly that caleinm and sodium
nitrate, applied at rates (21 and 20.3 gm., respectively, in 200 pounds
of air-dry soil} supplying equal concentrations of nitrate, produced
definite and similar effects. YWherefo nitrnte was added. the chlorate
reduced the size of the harley plants to 18.7 percent of that of the
plants in corresponding plots receiving no treatment, compared with
29 percent where sodium nitrate was added with the chlorate, and
32.0 percent wheve ealeium nitrate was used.

In a test carried out with similar applications in other chiorated
plots (7.8 gm. sodium chlorate in 200 pounds of soil} sorgo plants
were killedd where no nitrate was added. but they were 84 and 6.6
percent of normal sizc in duplicate plots receiving sodium nitrate
apphcations, and 6.3 and 6.7 percent in those given the calcium salt.
Tt seems, therefore, that it is immaterinl whether sodium or caleium
nitrate is used, the effect on chlorate toxieity depending on the con-
centration of nitrate. This is in accord with 2 previous finding that
the caletum ion has no effect on chiofate toxicity (/6).

Effects of sodinm nitrate in comparison with ammonium sulfute.
uren, and Cyanamid were then tested in similar plots of this slighily
neid soil that had been treated with sodium chlorate (7.8 gm. in 200
ponnds of soil). Such quuntities of the nitrogenons materials were
used as would give equal concentrations of nitrogen, 5.4 om. per plot,
The percentages of nitrogen in sodinm nitrate. ammonium sulfate.
urea, and Cyanamid Leing 16.5. 21.2, 46.7, and 22.5, respectively, the
quantities of each compound required were 32.7, 25.5, 11,6, and 24.0
@, in the order named,

Seed of the first crop of sorge was sown 5 duys after the applica-
tron of the nitrogen fertilizers to the soil. Between cach of the three
snecessive crops comprising the experiment the soil was thoroughiy

*Cryanamid. the conimercial presluet, contnined whout 63 percent enleivin
cyanamide, 17 percent iime, 12 poercent carhon, el 8 percent of other impurities
{22). Caleium cyanamide is unstable and casily polymierizes in sforage and
in the soil to dieynnodinmide, which Is not readily nifvified (343,
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remixed in order to restore a uniform wvertical distribution of the
chemicals.

TABLE T.—Growth percentages ! for month-old sorge plants, showing compara-
tive effects of coleiwm cpanemide, wrea. amaonivm. sulfate, and sodivm
nitrate, supplying egnal guantities of witrogen, on the toricily of sodinm
chiorate in a slightly weid soil

1 | Form of nitrogen adided to chlorated soil

Crops and dates ' Bench :
(1041) ! 'No. s

i
: 5 - Ammeninm Sodium
None Cyanamid Urea sylfaty nitrsto

t Pereent : Prereent Percent | Percent
I n.a 16.4 1.7 18.0

. Fereen
1, Alay -dune 13, ... |

o -

1 174 185 19,1
46,1 5.0 fl.1 53.2
47.3 5.2 il Al 9

lf.!'} 13l 4 1433 1.6
104, 6 HO. 8 105. 5

2. June 13-July 11__,

- L

3. July I1-Aupusl 6o ‘
i

ek

1 Average green weights of 80 to 90 >Irmtu, expressetl ns perceibgaes of the average
weights of contrel plants from simitarly crtillzcd Plots without ehlorata,

L

The results, swmmarized in table 7, show that in the plots receiving
chlorate but no added nitrogen, weights of the plants of the first crop
were but 4 percent ot those of tlie controls in the untrented plots
without chlorate. IManis i the chlorated plots that had received
Cyanamid. urea, ammonium sulfate, and sodium nitrate, vespectively,
were all less injured. improvement being least in those receiving
Cyanamid. By the time the second crop was harvested toxicity was
much Jess in all the plots. as shown by Increased growth percentages,
but again Cyanamid made the poorest showing as an inlubitor ot the
injurious effects of the chlorate. Dy the third sowing, only 2 menths
after the frst, toxicity had disappeared from all the plots, as shown
by growth pelcentd"es near 100, or over, und by nonappearance of
leaf symptoms. The average growth percentages for the three crops
are shown graphieally in ﬁn'm e 8.

That none of the effects of nitrogen on chlorate toxicity were due to
improved nutrition was shown by the weights of control plants, which
throughout the experiment were slightly higher in the plots receiving
no mtl ogen.

It h.win;_'; thus been_ determined that all the nitrogen compounds
tested would reduce ehlorte toxicity in a slightly acid soil (pH 6.5).
there remained the question whether acidification of the soil to a
point unfavorable for the nctivity of nitrifying organisms would pre-
vent or postpone the reduction in chlorate toxicity produced by such
potential sources of nitrate as ammeonium sulfate and Cyanamid. To
acidify the soil, 400 ¢c. of sulfuric acid, diluted tenfold, was ponred

on 200 pounds 'of soil, followed immediately by 1 gallon of water.
After the soil had dried snfficiently it was thm‘mltﬂﬂv mixed by turn-
ing at least five times. The pIT value of a 1:1 water extract, deter-
mined co]m']metrm illy, was always well below 5, the exact vatlues
being given in the tables.

Limed plots also were included to determine possible effects of
alkalinity. Three-fonrths of a pound of slaked lime {Cu (OTFT)a) we
added to each 200-pound lot of soil and thoroughly mixed. The p]'T
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Frovse S—Chlovile toxiclly ax aflected by vavious nilrogenous Terlilizers,
Baes represent average rrowth percentages {from fable 7)., showing com-
parittive foxicity and persistence of sadium ehilorte fo three sneeessive crops
of 8orge rrown over o 3nenth peviod in pearly hettrad sail with ond withous
vitrious pitrogenons fertilizers, Dotted line represents weights of control
plants from plols with ihe soe fertilizer treatments but without ebilorate.

valne of a 1 ¢ 1 waker extract, determined colovimetrically, wasg there-
by inereased from near 6.3 Lo 7.9 in one experiment {table 8) and to
7.3 in another (iable 9).

A week after these rveaction adjustiments, daring which {he soil
was thoroughly stirred and restivred, sodium chloyate was added in
solution af the vate of 5.2 g, per plot.  After three more days, dur-
ing which the soil was again thoroughly mixed several times, the
nitrogenous fertilizers were applied at the same rate as in {he
preceding experiment, so that each supplied 5.4 gm. of nitrogen per
Mat.

The growth of thyee successive crops of barley, each cut after 1
month, is summarized in table 8. To the plants without added nitro-
gren the chlorafe way very toxic in fhe first sowing, much less so in
the second. and harmful to the third in the Jimed plots only.,

The application of sedium nitrate yeduecd toxieity to about the
same degree at all three soil veactions, practienlly doubling the growth
percentages. #s compared with {he chlorted plots not treated with
sodinm nitrate, in hoth the frst and second sowings. By the third
sowing the ehiorate had decomposed in the acid plots. leaving them
nontoxie (as shown hy growth perceninges of 100 or more) ; but in
the alkaline plots. toxicity still pessisted and tlie ameliorating effect,
of nitrate was still appazrent,

Ammoninm sulfate redaced chlorfe toxicity in the slightly acid
and in the alkaline soils as promptly and effectively as did sodinm
nifrate. Tovidently at these reactions enongh ammoninm was nitrified
within the first few daysafter its application to reduce chlorate toxicity



http:ehlol':II.N1

24 TECIHNICAL LULLMLIN #11, U, 8 DEPL, OF AGRICULTURE
r

Taoes 8—Effeets of soil reaction on veduction of chlorate toxivity 1o young
Dariey plunts bp nitrogenons fortilizers®

, . : wybneos & Average green wolrhts of
Kitropenoas fertil- 8nil ronetion 4 m“cﬁ}u!:ﬁﬁf’p?;f; for . control ulants without
Lzers aikelod Lo : ; clilorate
chilornte-trented
50

f

| i 1
: Inltint l Final | Crop 1 i Crop 2 | Crop3d | Cropl | Crop2 i Trop 3

Percent l Fereent | Percent | Grams Granie Grews
% 53, 4 16 & 2,56 4.6 0
3t &' 16t § L 25 32
L 43. 6 ¥ 410
872 3. 402
08¢ 8
58.¢
1728
1050
Gl 2
12,4
WU e e 100.5
. . 5
- ! | DORRORL P SR AP SN NUN DA
¥ Soll reavtlon adjuxtinents wero made o Feb. 3, ehlorate applied on Feb. 10, nitrogen
compouneds on Feb. 130, aml the dirst erop sowa en b 207 Growing pevlods (or the
t!IrucI‘i:mps wire 1, Folbe 21 b0 Mar, 25 3, Muoro 3 ote Apre 2 oamd 3, Apr 23 te
May M
2Avernge green welghts of nbout 50 plants, expressm! ps percentages of the RYCLILEE
webplits of control plonts from shindtarly trented plots without chilgrte,

i

e O £ N
LEE EEUIERE
o SR Ty
@ o o -
SENBEGE

e
da um -
ZEGuS LR

b = T R
TN Dimgd BLhdd Sghie
MG e M SRR Dy
i OEER LN WA =biein
11610 1

-

B G e

L -

L

FREOID BLLAID LSETED B

to the very first crop as effectively as did the nitrate applications
themselves, In the very acid soil, on the other hand. the wmmonium
had little i any eflect on the first crop, presumably because nitrifica-
tion wus slow iiere with the result that the chilovate-injured plants,
harvested 6 weeks after the application, gave little if any evidence of
the treatment. By the time the second erop was harvested n month
later, however, enough nitrate had evidently become available in these
acid plots to improve markedly the condition of the chlorated plants,
for the growth percentage was increased from 53.6 to 72.0 by the
sulfate; but in the ndjacent acid plot, given an equivalent application
of nitrafe, there was practically no toxicity, as shown by the per-
centage 35.1. By the time of the third sowing, chiorate toxicity had
disappeared from all the plots except the limed ones.

That Cyanamid had no ameliornting effect on chilorate toxicity to
plants of the lirst sowing at any soil reaction, indieating that it did:
not serve as » sonree of nitrate under any condition in the first 6 weeks
of contact with the soil, is shown in table 8. By the time of the second
erop, enough nitrate had evidently become available in the slightly
acid and aikaline soils to eanse a reduction in ehlorate injury equal
to that brought about by sodium nitrate, judging from the growth
percentage of 0.9, as compared with 89.2 for the nitrate. But in the
very acid soil the plants were still as severely injured as in the
corresponding chlorated plot thut had received no nitrogen, i.e., only
52.1 percent normal, as compared with 53.6 peveent for the controls
without added nitrogen. "

Evidently there was not enongh nitrate coming from Cyanamid in
this acidified soil to be detected by its effect on chlorate toxicity. The
fact that ammonium sulfate was producing a positive effect on
chlorate toxicity in similacly acidified plots by this time indicates that
nitrifiention was not completely inhibited by the acidity and suggests
some hindering factor in the Cynnamid plots. possibly formation of
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dieyanodiamide or other decomposition products that not only are
unavailuble as sources of nitrate but also ave highly toxic to at least
some of the soil microorganisms (4,7, 11, 18, 24).

The data for the first two crops of table 8 are shown graphically in
figure Y,

'00 o —— e r ———— — St R S b — T b W — — ——— — A iy ——— - — —

ACIDIFIED SOIL,pH 4.5

so — I sucHTLY G0 SOIL, pH 6.5

74 LIMED SO!L,pH 7.8
&0

ISTCROP

GROWTH PERCENTAGES

20 CROP

NO FERTILIZER : (Nl'l4 )2 504 No KO

Fioure 9 —Growth percentages of the fivst Lwo crops snmmarized in table 8,
showing effects of nitrogenous fertilizers on chivrate toxicity in aciditied,
naturally acid, and limed soilx. - Dutted line represents weights of eontrol
plants from plots of the same renctionsg and nitrogen spplientions hut without
chlorate.

A similar experiment with sorgo as the test plant is swnmarized
in table 9. Chlorate was not so toxic to uny of the plants here us in
the preceding experiment, perhaps becanse of the higher temperi-
tures prevailing at the luter season,

Sodium nitrate was again etfective in reducing chlorate toxicity to
the first erop at all three soil reactions, while ammonimm sulfate and
Cyanamid were effective in the slightly ncid and alkaline soils only.
By the second sowing there was no evidence of chlorate toxicity In
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any of the plots except the limed ones, where, as before, severe injury
persisted atter it had disuppeaved elsewhere,

Presumably, presenting the weights of the chlorate-injured plants as
percentages of weights ot control plants from plots of the same acidity
and nitrogen tr entment compensutes for etlects of the nitrogen trenf-
ments and acidity adjustments themselves, and justilies the dl'u.wing of
conclusions us to the eflfects of chilorate lone.  T3ut since questions may
arise as to the possible cifects of plant vigor on chlorate injury, ubso-
luio weights of the control plunts receiving no chlorate are included in

tables 8 and 9. These weights show that acidification of the untreated
nearly neutral soil often reduced the size of the Plants, as did liming
also. In the cuse of barley, injury from weidity was greater than thatt
from lime, but with sorgo this was not generally true. The sodium
nitrate applications rednced the w m,l_}:ht*a helow those of plots of the
saume neidity with no added nitrogen, suggesting that the soil had a
high-nitrate content initially. TTad Tow-nitrate soil heen used, effects
of the nitrogen compounds on chlorte toxicity would no doubt have
heen ureater,
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DISCUSSION

Tt 15 recognized that such greenhouse tests ns those here reported
have limited applicability (o lield conditions because of the absence of
leaching. FFor the same reason. however. they permit moere exaet
determination of comparative rates of disappearance of herbicides
from the trented soils through chemical and Liological means, inde-
pendent of mechanical removal, than would be pos‘alble in the field.

The experiments have demonstrated a general tendency for all the
six herbicides fested—bornx, nmmonium nud sodium thiocyanites,
ammonium sulfamate, sodium ‘n'qeulh., and sodium c¢hlorate—to be
most toxic in neid soil and least foxic in soil made alkaline with either
slaked Time or sodinm Licarbonate, This refation was not ahvays so
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pronounced with chlorate as with tlie others, and in faet usually dis-
appeared after the first few months, owing apparently to relatively
stow deeomposition in alkaline soil, ns discussed previously (17), and
sometimes in highly acid soil alse (fig. 3).

Borax was included in the experimernits because it had received some
consideration as a possible herbicide (2, 6, 70, 74, 35). It was most
toxic in the acid plots and least in the alkaline, which is in accord
with the several reports indicating that bovon tends to become “fixed”
in limed soils. In several experiments not here deseribed, with soln-
tion cultures adjusted and held at rewctions similar to those of the
soil plots, no evidence of n velation between the pIl value and borax
toxicity could be found, indieating dependence of the relaiion oun a
so0il factor. This factor can be nssumed to be the capacity of soil
constituents to reduce the availability of boron to plants either by
ionic exchange, molecular adsorption, or chemical precipitation, us
summarized by Eaton and Wilcox (72). These writers, by leaf
analyses and estimates of plant injury, show thut the greater the
horon-fixing power of the soil the less the horon iutake of the plants,

There are many reports and suggested explanations of decreasing
availability of boron to planis as soil acidity deereases (5, 19, 79, 27,
23,25,29, 30, 34,36}, 'The only contribution of the present investiga-
tion on this point bears on the suggestion (5} that reduced availability
of boron to plants in alkaline soil may be due to the formation of
dificultly soluble borates, such as those of caleium and mugnesium, ¢
snggestion based on failure to obtain with sodium eavbonate the snme
reduction in toxicity of horax that was ebtained with caleium and
magnesium carbonates. But in the present experiments, the reduc-
tions in bovon toxicity hronght sbont hy sodinum eavbonate and bienr-
honate were as maried as those obtained with calcium-containing ul-
kalies {tables 2 and 5). Midglay and Dunklee {27} also have reported
ns much fixation of boron in soil trveuted with sodium as with ealcinm
cavhonate. That fhe nature of the base is of secondary impertance
is also indicated by the work of Eaton and Wilcox {72). who con-
elude that the change in boron availability following the application
ot lime to acid soils is & function of the change in pIT value or of some

-aviable to which hydrogen-ion measurements provide an index, a
conclusion that is supported by the evidenee of the present investiga-
tion.

A characteristic of the toxicity of borax that ig important in con-
sidering its herbicidal valne is its tendency to persist in the soil. ns
contrasted with the disappearance of such compounds as chlorafes.
and especially of thiocyanates. This tendency of horax toxicity fo
persist. longer than that of chlorate has heen noted hy others also
{2, 7). TUnless there is assurance of sufficient Teaching fo remove it
from the root zone of crops. present evidence indienfes that bharnyx
should not be applied to agrienltural land in the quantities necessary
for weed contrel.  Tis best use would seem to he in places where
permanent soil sterility is desived—as on roadsides, railroad tracks,
diteh banks, and Jevees.

In marked contrast, thiocyanate toxicity disappeared within 2or 3
months from all the treated plots. and in about a month from those
of nentral or alkaline reaction. In one exneriment not here renported.
toxicity of a treated soil. so great initially ns to prevent growth of
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plants, disappeared after 20 days in neutral soil and 40 duys in acid
soil (pH 5.4). Adequate dosages for killing weeds will apparently
have to be greater for limed or probably for any alkaline soil than
for neid soils, Certainly the chavictevistics of extreme initind toxicity
followed by rapid decomposition and stimulation of succeeding crops
suggest ontstanding advantages of the thioeyanates for some situations
(3, 18, 27, 32).

Sodinm arsenite and ammonium sulfamate were much less toxie
than ammoeniom and sodiam thiocyanates and sodimm chlorvate.
Whereas 5 gm. of thiocyanate or chlorate were generally lethal, equal
applications of the arsenite were only moderately injurious in the
acid plots and had no toxic effect in the alkaline plots, and the snl-
famate was nontoxic at all reactions. IHven when the dosages of
arsenite were doubled and these of sulfamate tripled for second sow-
ings, the soil still showed much Jess toxicity than that persisting from
the initial applications of e¢hlovate in adjacent piots. Both sodium
arsenite and ammonium sulfamate fended fo be most toxic in acid
and least foxie in alkaline soil.

The experiments on inhibition of chlorate toxicity by applications
of nitrogencus fertilizers show that soil reaction ig a factor affecting
the extent to which c¢hlorate toxicity can be veduced by nitvogen com-
pounds other than nitrate. Whereas nitrate wag immediately effec-
tive in all the plots, ammonium sulfate was immediately effective only
in the slightly acid and alkaline plots, the first evidence of its presence
in the strongly acid plots appearing with second eroppings sown at
lenst o month after the apphications. These findings are in accord
with our knowledge that nitrate but not ammonium nitrogen reduces
chlorate toxicity (&, 768) and that the rate of nitrification vavies
directly with the pH walue of the soil (20, 28), being much reduced
at values as low as those of the mest acid plots, which were near
pH 4.3 initially.

The fact that Cywnamid had no effect on ehlorate toxicity in the
strongly acid plots 1s consistent with the finding (22} that the
nitrogen of caleium cyanamide is little used by plants when the soil
is below p¥I 5. There is evidence that it is nitrified more slowly than
uren and nmonium sulfate (1,7, 11, 18). Apparvently its ammonifi-
-ation proceeds rapidly; but oxidation ot the ammonia to nitrate is
much slower than when the souree of the ammoninm is mmmontum
sulfate or ures (11), because it, or some of its decomposition products
—such ns dieyanodiamide, which forms by polymerization of calcium
cyanamide under certain conditions—is toxic to nitrifying organisms
{1,7,11,18,24). The formation of dicyanediamide not only locks the
nitrogen of cyanamide in less available form but inactivates nitritymng
bacteria fo such an extent that it mny even inhibit nitvification of
other sources of nitvegen in the soil.

The degree of inhibition of ehlorate toxicity obtainable from nitro-
genous fertilizers may be too small to be economicelly feasible unless
the application is alse needed for its fertilizer value. Perhaps it
will prove to be more feasible to reduce residual chlorate by incor-
porating readily decomposable organic matier into the treated soil. a
procedure suggested by the work of several investigators (4, 26, 33).
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CONCLUSIONS

Under greenhouse conditions and in the absence of lenching, soil
reaction, adjusted with sulfuric acid, slaked lime, and sodium bicar-
bouate, had a marked effect on the toxicity and persistence of seil
applications of the herbicides tested—sodinum chlorate, anumoninm
and sodium thiocyanates, sodium arsenife, ammonium sulfamate, and
borax.

Initially all these herbicides were most toxic to plauts in strongly
acid soil, least toxic in alkaline soil, and intermediate in slightly acid
or neutral soil. Residual toxicity to subsequent croppings did not
always conform to this relation, notably in the case of chlorate, which,
with the exception of one experiment, persisted longest in limed
plots. In general, however, the toxicity of the herbicides persisted
longrest in acid soil, where their initial toxicity had been greatest.

Reduction in toxicity of sedium chlorate, ammonium thiocyanate,
and borax was as marked when sodium bicarbonate was the aikalizing
agent as when slaked lime was used. The bicarbonate was nof tried
with the other herbicides.

Sodium and calcium carbonates reduced borax injury similarly, thus
demonstrating that the effect is not simply attributable to prectpita-
tion of boron as the diflicultly soluble calcium borate.

Of the six compounds tested, sodinm chlorate and the thiceyanates
were most toxic, 5 gin. in 200 pounds of soil genevally being lethal or
neurly so.

Boruax toxicity was the most persistent, there being no evidence of
significant change after 36 months in the soil. ‘Thiocyanates were
least persistent, ?lis:q)pe:u'ing from all the plots within 3 months and
from nonacid ones in half this time, or Jess.

Equivalent applications of sodium and ammonium thiocyanates
were equally toxie aund persistent, and their foxie and subsequent
stimulating eftects were similaxvly affected by the soil reaction.

Admixture of sulfur markedly increased borax toxicity, presumably
beeaunse ot the aciditying effect of sulfur on the soil.

Sodium nitrate mixed into chiorate-containing soil reduced the
Intter’s toxicity at all soil reactions tested, ie., from pH 4.3 to 7.9.

Amnnonium sulfate reduced chlovuie toxicity as promptly as did
nitrates in slightly acid and in alkaline soils; but in strongly acid
soils, below pH 5.0, its effeet was delayed, presuniably becanse of less
rapid nitrification.

Cyanamid generally reduced chlorate toxicity fairly promptly in
shghtly acid and alkaline soils, but it had no effect in the strongly
acid plots, even after several months.

The effect of the various nitrogen fertilizers in inhibiting chlovute
toxicity, although great enough to lenve no doubt as to the fact, was
nevertheless too small to be of practical significance for an already
fertile soil.

The results of this investigntion suggest that the degree to which
the various nitrogen fertilizers can inhibit chlorate toxicity depends
on thelr ability to supply nitrogen as nitrate in the particular soil.
Comparative efects of these materinls af the different soil renctions
were in accord with anticipated effects of soil reaction on nitvification.




PROHNIVAL BULLLETIN 911, U, 8 DEFE 0F AGRICLCLEURE

LITERATCRE (ITED
Arvisox, T B, Bratraxy, J. 5, and McMowrsey, I, B T
1424, FIELD EXPERIMENTS WITH APMOSUHERIC-NIFROGEN FERTI.2ENS, 1. K.
Dept. Agr. Bul. 1180, 4 pp., illus,
Rane, W, 8, Crarrs, A 8, Mansox, B AL and Ronsins, W, W,
1086, weEn coNTion,  Calif, Agr. Col. By Cir 97, 57 pp. [ Rev, 1040, by
1. N, Rayaor, 111 pp., Hius
Risxey, R., and Buerer, O,
3, EFFECT OF APPLICATIONS OF SODIUA CHLORATE ANG AMMONEUM THTG-
CYANATE ON NUBSEQUENT SOWINGS OF WHEAT,  Anwi. Sog, Agron,
Jour. 26: 8S38-844, illus,
Bawser, W. B, and Newrox, J. T
1983, DECOMPOSTTION AND MOVEMENT OF HERIRICIDES IN SOTLS, AND EFFECES
BN KOG MICHROBIOTOGICAY ACFIVIRY AND SUBSEQUENT CROP GROGCIL
Cinad, Jour, Res, Scet. €, Bow, Seb 81 731, iHus,
Cooa, I L, and Mrenax, 5.
T4, SOME MOt FACTORS AFFECTING IORON avainasinlry,  Sail 8ci. Sae,
Amer, Proe, 4 (1030 1 207-801, ilus,
Coow, W, TL, and Vlanekipann, A, €
TU3T. CHEMICAL WEED KILLERS: & REvIEw.  Cunada Nath Res. Counctl
Bul, 18, 111 pp.
Cowrr, G, AL
180, DECOMPUSTTION OF CYANAMIBE AND DICYANGHAMERD N THUE &01L.
dour, Age, Sei. [Ingland] 90 113936, illas,
Caares, A B
TUBY, PHE RELATION OF XUHFRIENTS 10 TOXICITY 6F ARERENIC, IOHAX, AXi
CLLLORATE IX soiLs.  Jour. Agr. Res 8@ 637-651, s,
—— Rrter, H. T, am! Ravson, #H. N,
FOUI1, 1arE TESES WP CHEMICAL S0l STERILAXTS IN (AndrorxXiyn Onlifl,
Apr. Bxpt. Sea. Bul, G348, 25 pp., illus,
e ] Favyon, R, XL
TG, TOE HERBCIDAL PROVERFIES OF Boney coMyoUsns,  Hilgnrdia 10
343374, ik
Crawirer, B M, and Ricirawesox, 74 T
JH82, HEUDIES OF CALCITM CVANAMIUE. I ¥R DECOMPGSTIIUN OF CALLIUM
CYANAMIDE IN TIHE S0, AND I'f5 BEFPEUTS 0N GERMINATION. NiTii-
THWOATION AXND S0 aeaceiox,  GBewrs Age. Sei. (Enghaand) 22
300-334, ittus.
{12) Barow, F. M, and Wrieox, T V.
TR, 1iTe BESLAVIOR OF BonoN IN sohis. U S Dept, Awr, Pecl Tiall G0,
28 pa., iHus,
{131 Hanvey, R, T%,
TiEdE, AMMONICAN FRIOCYANATE AB A WHED ERABICANT, Amer. Ro¢, Sgron,
Jour. 231 H4-5HG,
(14) Timeesax, T A,
FOHY, ABWEED CONTIOL BY  S0DTUM  AHSENATE, DOHAX, AN SODTLTAL
CEIgATE. N, Dt Agr, IExpE St Bimo, Bull 4(3) @ 1415,
{13) HowpIanaer, A M.
JEHO, CoOMPARMIIVE SUSCEPSIRILITY 6F CROEP PLANTS %0 SOPICM CHLORATE
iNauy. Ul 5, BDept. Agr, Tech, Hul. 648, 315 pp, illos,
(16) ———
3941, THE TNINBRVEING FEEVECT Ot NITRATE ON CHLOEATE ToxXIerry.  Amer.
Jour. Bot, 28; 197204, illus.
7)) ——
T, CTEORATE TOXICTPY AND PERSISTENCE IN RELATION 'FO 8011 GRACTION
Jour, Agy. Res, 63 48140, Hllus,
(18} Jacon, I D, Aruisox, T B, ami Branas, J. AL
A924, CHEMICAL AND HIOLGGTCAT STUDIES WITH CYANAMID AN SGME OF It
TRANGFORMATION propuets. Jour, Age, Hes, 28:37-89, illus,
(19} Joxzs, I B, and Scamseri, 6, D,
IO PO CALCTUM-BORON RALANCE IN PLANTS Af BRLAYED TO BORON NEEDS.
Snil Sel, D7 1524, Hlus.



http:Ilfl',�.\XOIll.DI
http:A\�.\IJ.AIIIJ.IT
http:l'UlJ.II

RELATION OF %015 REACTLON 10 BUXICILY 31

{20y Meew, OB, and Tapaax, ¢ K
TOZ2, wHE RELATION OF fHE REACTION ANSD OF SALT CONTENT oFf THE ME-
BIUM OGN NIFRIFYING pacTEsna.  Jour, Gen, Ifhysiol, 5 1U5-214,
iilas,
{21y Minciey, A I, aed DUNKLeR, D
SR THE EFFECT OF LIME OX THE FIXATHIN 0F BURATES 1N soins. Noji
Rel. Boes Amer, Proe. -FCHEE) 0 B02-307, illns
22y Mover T. 1
1034, CALCIUM CYANAMID AN A NITROGENOUS FEWTILEZER  Soil Sei. 373
305330, lus.
{23 Muoaw 6 R
T, AVMILARLE HORON AR AFFRECTED Y ROTL TREATMEXPS.  RNeil Sci. Sae,
: Amer, Proe, S{T940) 1 220-220,
{84 Meweran LK
L, STUBES ON CALCIUM CYAXAMIDE, il MICHRORIGIAGIONS, ASPECTS 1317
NITHIFICATION 1N SHLE TUNDBER VARIER ENVIRONMENTAL COXpi-
wioxs, Joue, Age. Sei. [Bugland§ 220 335347, illus
(233 Nawrsi, LA,
1037, SOIL TIMING INVESTIGATIONS T V. THE ERLAFTION OF OGN BEFICTEXCY
T OVER-LIMENG INJURY,  Amer. Sec. Agron. Jonr, 280 THI-TEL,
itlus,
{3 Newsox, IL T,
L STUDIES OF MICROBIAL ACTIVITY, CHLOBATE BEDITCTHIN, AND CHLOBATH
FOXICIFY 1IN SOIGS PREATED WP Sonlvs erinorasy,  Jour, A,
ltes. 6S: 221235,
{27y XNewrox, T By, ool Tav, A, D,
1980 MECOMPGSTTION AND MOVEMENT OF SERRI'IDES EX S0ILS, AND ERFECD
OX SO MICRORIOLUGICAL, ACPIVITY AND SUHSEQUENT CHOP GROWTEH,
parr 1. Cunpnd., Jour, Res 13101114,
(281 Osex, O
028, ox THE SWGNTFICANCE af HYDEOIGEX-10Y  CONCENTIATION Fob ¢
CVOLE OF XTTEROSEN YRANSFORMATION IN TR o1, Cupishers Lab,
Compt. Lend, des Trav, 17 {8 1 21, illus.
20 Panws, R Q. i
T4, FHE FINATION 08 ANDED IORDN §Y BUNKHEK FINE SANDY Lead, Bl
e, BT 00410, s,
amd Seaw, BN
T2, PUSSIREE MECUHANISME OF BOROXN FINATION 1IN SHL: T CHEMNCAL
Sail Sei, Soo, Amow, Proe, BT 218000 i,
{31) Ruernaspssox, H. 1.
032, STUIMES O CALLTUM CUYANAMIDE 1ML STORAGE AND MEXING wWITH
SUPERPTIOSPHATE. Jour. Agr. Sei, | Boghaad) 220 348-357,
{(32% Saxpporr. A Gooand BRissee, O F
INRD, wiE NPTRTFICAYION OF AMMONIUM FHIGCYANATE (A WEED E2ADICANT
AND THE EFFECY OF TIHS COMPOUND UPUN CHE S0 M ULATIUN.
Bl Sel, 480 287204,
(BEY ReprwRENpIMAN, Al
41, THE TONICITY AND DECOMPOSRTFION OF SROBITA CITLOBATE IN SOfLs.
Aoy, Soe, Awvon, Jour, 330 322537, Hins,
{341 Wuerstoxng, I, I, Ropixsox, W, 4, and Bygrs, 1), G
T2, BORGX PHISTRIRETION 1IN KOS AND BELATED para. 17 B, Dept. Ay,
Peeds, Tiul, 0%, 32 pp., illus,
{35 Winsnx, LI
1044, coxTini. or NoXinUs rraxes. Dot Tlov, 3000 2990006,
{36 Wor. 11
ML FACTORS INFLUENCING AVATLABILETY OF (0O0ON IX RGITL AND VPS BHs-
PRIBETTION IN PLANTS.  Soil Sed B0 200-=214G, illus,

(3M

W U, 5, GOVERNMENT PRINTING CFFICC: 1846877154

For dgie by {he Soprerintendest of Deemments, T 8 Governoent Peing g CiBles
Washingten 23, I - Privie T eents



http:1I1.01l.vn




