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This publication reports tescarch involving pesticides. It does not
contain recommendations for their use. nor does it imply that the
uses discussed here hiave been registered. All uses of pesticides must
be registered by appropriate State and/or Federal agencies bafore
they can be recommended.

CAUTLION: Pesticides can be injurawus to humans. domestic ani-
mals. desirable plants. and fish or other wildlife. Use all pesticides
seiectively. properly. and earefully. Follow recommended practices
for the disposal of surplus pesticides and pesticide containers.
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PREFACE

The use of pesticides in or near agricultural waters is being seimn-
tinized carefully by a number of State and Federal agencies for
possible environmental hazards. The investigations veported in this
bulletin provide information on the possible hazards and the margins
of safety in irrigating cortain farm crops with water that contains
2.4-1) or silvex, Although these investigations were conducted in
1987 at the Treigated Agricuiture Research and IExtension Center,
Prosser. Wash.. the results ave still pertinent and applieable to many
simidarly terigated areas.
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Responses and Residues
in Sugarbeets, Soybeans, and
Corn Irrigaied With 24-D

or Silvex-Treated Water

By V. F. Bruns. research agronomist [rrigated Agriculture Re-
search and Lwtension Center. Western Region, Agricultural Re-
search Service. Prosser. Wash.: B. L. Caxlile} formerly senior
research scientist, Pacific Northwest Laboratories, Battelle Memorial
Institute. Richlund. Wash.: and A. D. Kellex. agricultural research
technician, Ivrigated Agriculture Research and Fatension Center.
Western Region. ARS. Prosser. TWash.

INTRODUCTION

The control of weeds is & major task in the operation and mainte-
nance of drainage and irrigation systems (23. 25).° Research and
development have shown that (2.4-dichlorophenoxy)acetic acid (2.
413} is generally one of the most efective herbicides for control of
broad-leaved weeds that inhabit the banks of such svstems (4, 713).
Certain formulations of 2.4-1) also effectively control several emersed
aquatic species such as cattail. waterhvacinth, and waterlily. which
may grow at the waterline or dircetly in water (9. 76. 22. 84).
Similarly. 2-(24.5-trichlorophenoxy) propionic acid (silvex) effec-
tively controls certain broad-leaved bank weeds. woody plants. and
aquatic species. and may be partienlarly useful on species resistant
to 24-1) and velated compounds (8 9. 27). Silvex and 24-D. at
normal herbicidal dosages. do not usnally injure prasses that are
desirable on ditchbanks.

The spmvinn of weedy plants in o along irrigation and drainage
systems. and in or around lakes and reservoirs. without introducing
some of the material into the water is extremely difficult. if not
impossible. The irrigation of creps with water from cony eyance sys-
tems or urpoundnmntb subjectedt to such spraying opewtlons poses
two major guestions. Fivst, what effect will the hm‘bw;dc in water
have on crops? Secondly. will crops. partienlarly the edible parts.
contain unacceptable residues of the herbicide?

! Now with the Deparctment of Soil Seience, North Caroling State University,
Raleigh.
*Italic numbers in parentheses refer {o Literatnre Cited, p. 80,
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Several field experiments determined the cffects of 24D in tri-
gation water on certain crops (2. 4. 4, 6). The treatments were
applied by farvow irvigation only. In these experiments. the crops
tolerated rather high concentrations of 2.4-1). The crops were not
analyzed for 2.4-D residres: nor was silvex included in the previous
field experiments.

The objectives of these studies were primarity twofold. The first
was to gain information on the response of an annunal broad-leaved
crop. a grass. and a voot crop to 24-D and silvex in water applied
m the ficld by furrow and sprinkler ierigation. The second was to
determine if significant quantities of herbicide residues remained in
the crops at normal harvesttime. A considerable amount of pre-
liminary laboratory work was necessary to gain the second objective.

INVESTIGATIONS

The investigations veported herein were conducted jointlc with
the Pacific Northwest Laboratories. Tattelle Memorial Institute.
Richland. Wash,, under a project entitled. “Degradation and Deple-
tion of Ierbicides in Trrigation Waters and Accumulation of Resi-
dues in Crops Trrigated with Treated Water” The project was
financed Ly the U8, Department of Aerienlture. Agricultural Re-
search Service contract 12-100-8863(54). The feldwork was con-
ducted at the Trrigated Agvicnlture Resenreh and Extension Center.
Prosser. Wash., whereas the analvtical and other laboratory worl
was done primarily at the Pacific Northwest Laboratories. Richland.
Wash,

Analytical Methods

The busie analytical method used in these investigations involved
the conversion of 2.4-D and silvex forms to their vespective methy)
esters by esterification with boron triflouride in methanel {72, 77).
This derivative can be analyzed with precision and high sonsitivity
on the gas chromatograph with an cleetron capture detector.

2,4-D and Silvex in Water

After a water snmple was thoroughly mixed. a 500-milliliter {(m)
aliquot was taken for analysis. The sample was acidified to pH 2.0
with phophoric acid and extracted with multiple extractions of
chloroform as ouvlined by Burelifield and Johnson (7). After the
chlovoform was evaporated. the residue was dissolved immediately
in 3 ml of hexane and transferved to a 10-ml volumetrie flask with
three hexane washings {1 wml each). The hexane was cvaporated
to near dryness. The residue was then esterified and analvzed by
clectron capture gas chromatography.
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24-D and Silvex in Soil

After a soil sumple was screened and thoronghly mixed, a 100-g
sabstmiple was taken for analysis. The moist soil was transferred
to a 1-1 Erlenmeyer flask together with enough distiled water to
form a slurry. Af the same time. a ©0-g¢ sample of the soil was
oveadried to determine the moistnre content. The slurey was acidi-
fied to a pII of 1 to 2 with phosphoric acid. and 100 1.3} of diethyl
cther were added. The mixture was shaken vigorously for 20 min on
a mechanical shaker. the Jiguid phases were decanted into a separa-
tory fummnel. and the two layers were allowed to separate. The
agneous layer was vem’xed with the soil shirey. and the solvent
phase was colleeted in a aradunted evlinder. Extraction of the soil
slurry with diethyl ether (50 ml) was repeated two or more tHimes.
Al glassware was rinsed three times with diethy) ether (10 ml each).
and the rinsings were added to the initial oxtracts. AN extracts were
then combined and filtered throngh a glass filter that contained 25
g of granular. anhydrons sodium sulfate. The solvent was evap
ornfed by a rotary vacuum in a warm water bath (40° () to the
paint of dryness. The vesidue was dissolved immediately in 5 m)
of hexane and quantitatively transferred to a 10-mi volumetric flask
with fthree washings of hexane (1 ml each). The hexane was c¢vap-
orated to dryness mder slight vacuum. and the residue was then

esterified and analyzed.

24-D and Silvex in Plant Material

Basically, the procedure used for isolating 2.4-1) and silvex from
plant material involved primary extractions with acidified ethano)
solution and several additional extractions with diethyl ether as
deseribed by Burchficld and Jolinson {#). The procedure was modi-
fied fo include n basic hydrolysis to improve the recovery of 241
und siivex.

Each plant sample was chopped and mixed thoroughly before a
100-g snbsample {(fresh weight) was taken for analysis. At the
same fime. a 10-g snbsample was ovendried for moisture determina-
tion. The 100-g sample was blended with: 300 ml of distilled water.
200 ml of diethyl ether. & ml of 10-pereant ethanelic sulfuric acid,
and 10 g of sodinm chloride in a blender at high speed for 3 to a
nun. Tho homogenate was then transferved quantitativ ey to large
contrifuge bott]os and ceantrifuged at 1500 revolutions per minute for
5 min. The supernatant was decanted through a glass funnel that
vontained a glass wool plug into a round-boftom flask. The addition
of 50 ml of diethyl ether to the plant residue and tie suspeading,
mixing. centrifuging, and decanting were repeated three times. The
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comnbined extracts were cvaporated on a rotary vacuum cvaporator
to remove the solvent. The aqneous extract was brought to a pH of
10 by the addition of sodium hydroxide and heated over a steam
bath for 4 hours. The solution was then acidified with sulfuric acid
to pIT 1 and placed in a separatory funnel for liquid-liguid extrac-
tion. The -acidified extract was extracted three times with 100 mi of
diethyl ether. the solvent was evaporated to nenr dryuess by votary
vacnum evaporation. and the residue was dissoived in benzene. "The
resicdtue was then subjected to additional eleanup by eolumn chroma-
tography,

Extract C leanup

Two procedures ol columm chromatography were used in the
cleanup of extrnets from plant material. The initinl procedure in-
volved the one-stage separation of methyl esters of 2u-13 and silvex
on 200- by 15-ml columns of Florisil. For best results.. the Florisil
was partly deactivated by adding water (5 percent) and equili-
Lrating before nse. The plant extracts were transferred to the top of
the eolomm and washed with 100 ml of benzene. and the efiluent
was discarded. The esters of 24-1) and silvex were eluted with
20-pereent diethy]l cther in 100 mi of benzene, and the eluate was
arefully evaporated to standard volume for analysis.

A\ subsequent procedure that utilized a one-step separation of
acids of 24-1) and silvex on 100- by 315-ml columns of basic alumina
was adapted to remove a Jarge quantity of interferring plant ma-
tertals. The concentrated sample extract dissolved in bensene (not
esterified) was fransferred onto the column. The column was washed
with a series of chlovoform-ether washes, Acidic phenoxy acids
remnined on 1he basie eolumn during this procedures. They were
eluted. after the colinm was dried. by passing 100 ml of a I-percent
sotution of sodium biearbonate through the colutnn. The cluate was
acidified to pI 1 with phosphoric acid and extracted three times
with 50 mi of diethyl ether. After evaporating the ether to dryness.
the herbicide residue was esterified and analyvzed by gas chromatog-
raphy.

Esterification Procedure

Extracts trom the water. soll. and plant samples were esterified
by the boron triflouride (BF;)-methanol procedure, wheveby 6 ml
of 12.5-pereent BFy-methanol solution were ndded to each sample
and heated until BF, fumes were released (77). The methyl osters
of 24-1) and silvex were then extracted into @ ml of hexane. and
aliguots were taken from the hexane layer for gas chromatographic
analysis.
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Gras Cbmmatogmpby Analyses

S8amples were analyvzed on a Beckman Model GC-4 gas chromato-
araph egaipped with an electron-capture detector. direct on-column
injection, and programed temperature and earrvier-gas-differential
flow controllers. The chromatograph glass columns were 6 feet long
and one quarter of an inch in diameter and packed with 3-percent
Beckman Lopol on 100/120 mesh Chromosorb G, Column and
detector temperatures were 170° and 220° C, respectively. The
carrier gas was helium with a column lonizing flow vate of 20 ml
per minute and a columa discharge flow rate of 190 ml per minute.
The column was purged with carbon dioxide at the vate of 12 ml
per minute. A 1- fto S-microliter sample was injected into the
chivomatograph.  Isothermal eolumn temperature was used in the
analvses. except for certaln plant extracts when temperature pro-
craming was utilized to expel extrancons material from the column
and reduce time of analyvsis.

Detoctor-response curves for the chrematograph were prepared
from standard sclutions of the pure methyl ester of cach aeid
and compared with the unknowns to determine the amount of 2.4-I)
or silvex in the snmples, The response was vecorded by a disk
integrater which measured pealk arens as a funetion of the amount
injected into the chromatograph.

Laboratory Experiments
Methods and Materials

The stability and vecovery of 24-D and silvex in and from water,
soil. and plant samples were investioated in replicated laboratory
experiments befoee the field studies. Water samples from irrigation
canals were collected and thoroughly mixed in a 3-gal ecarboy. One
liter subsamples were spiked with 0. 0.02, 0.1, and 5.0 parts per
million (ppm) of the alkanolamine salts of 2.4-D and the propylene
olyveol buty] other (PGBE) ester of silvex and stored in the dark
at room temperature {23% C) and under refrigeration (57). After 1
hour. 7 days. and 14 days in storage. duplicate 100-ml aliguots of
each subsample wore analyzed by procedures deseribed under “Ana-
Ivtical Methods.”

Procedures for extracting 24-1) and silvex from soil wore tested
on samples of Warden very fine sundy loam that woeve colleeted from
noncultivated land on the Irrieated Aericulture Research and Ex-
tension Clenter. 1Prosser. Wash. The samples were spiiced with known
quantities of the allnolamine salts of 2:8-1 and the PGBE ester
ot silvex. and recovery pereentages were determined after extraction
by the procedures deseribed ander ~Analytieal Methods™
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The stability of 2,4-D and silvex in soil samples stored at low
temperature wns measured by treating soil samples with known
amounts of the herbicides, storing the samples at —10° C for 6 weeks,
and then analyzing for 24-D and silvex.

Extraction procedures for plant material were evaluated by col-
lecting samples of folinge and voots of field-grown corn and sugar-
beets and sprayving them with the alkanolamine salts of 24-D and
the PGBIS ester of silvex at 0.1, 1.0, and 10.0 ppm. Folinge and roots
of soyvbeans grown in nutrient sohitmm in groswth (‘h'nnbms were
also sprayed with 24- and silvex at 2 and 20 ppm. The samples
were nacerated in a blender and analyzed in necordance with the
provedures deseribed previously.

In anather series of experiments, 4-week-old sovbeans grown in
nutrient solutions in & growth chamber were treated by .lddmrr the
2.4-D or sitvex to the nutrient solution of some plants and by placing
a drop of herbicide solution at the base of leaves of others. After
2 days. the plants were harvested and analyzed for herbicide residues.

Results

Ewtraction from water—The procedure for extraction and analvsis
was rather eflicient. Recoveries 1 honr after spikine the water sam-
ples with 24-D or silvex ranged from 89 to 95 and from 94 to 100
pereent, respectively (table 1).

TanLe L—ZRecovery of 8.4-D and silvex from canal water in lobora-
tory experiments

. Recaveryr—
Herbicide
and T
conceniration 1Alfter After 7 days at— After 14 days at—
101F
(rpm) at23° ¢ 23° © 5° G 23° G 5
Prreent Percent Percent Peroent Percent
240
002 . __ 45 81 87 T4 a1
A0 93 BG 95 72 98
800 . ___ 89 87 88 83 92
Silvex
002 ___ _______ 100 87 99 a7 98
A0 94 a5 o7 81 84
500 . __ 96 87 95 a6 88

The 244D levels in the water samples stored at 23° ‘C Qeclined
gradualty after 1T and 2 weeks in storage (table 1). The porcentage
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loss tended to decrease vwith increase in initial concentration. No
significant loss was apparent after 14 days of storage at 5°.

Little, 3f any. silvex was lost from water samples stored for 14
days (table 1}. However. the PGBE cster of silvex was hydrolyzed
completely to the acid form after 7 days of storage at cither 5° or
232 C. Therefore, all samples from later field experiments were
handled to insure rvecovery of both the ester and acid forms of
silvex.

Ewtraction from soil—The use of the diethyl ether procedure
for the extracrion of 24-I and silvex from soil provided sdeqnate
recoveries with minimum interference from extrancous organic ma-
terial. Recoveries of 24-1 and silvex averaged 95%=4 agnd 943
percent. respectively. Tnlike other procedures that were tested. the
dicthy] ether procedure required no additional cleanup of extracts
from the soll samples.

The recovery of 24-1) and silvex from moist soil stored at —10°
(" for 6 weeks ranged from 89 to 94 percent. Thus, the losses of
chemical from the soil under the condifions of this study were
insignificant.

Extraction from plunt material —The average recovery of 24-D
and silvex added to folinge and roots of corn. sugarbeets. and soy-

beans ranged from 82 to 97 and from 86 to 96 pereent, resnectively
{table 2). Low recoveries, primarily from green foliage samples. were
attributed fo interference in the gas chromatograph from extrane-
ous organic material. Recovery percentages were increased by clean-
ing up the samples on Florisil in chromatography columns.

No 2413 or silvex was detected ‘in the “fohiage of soybeans grown
in solutions that contained 0.01 and 0.1 ppm of these compounds;
however. measurable quantities {>0.005 ppm) were present in the
roots. No symptoms of injury were evident after 2 weeks of growth
in the treated solutions.

Soybeans were injured slightly within 24 hours after 20 micro-
grams of silvex were placed at the base of the leaves, Injury from
similar applications of 24-I was barely noticeable. Recovery of
21> from foliage and roots 2 days after treatment varied befween
w0 and 81 and between 8 and 11 percent. respectively  (table 3).
Similarly. recovery of silvex from foliage and roots varied betweon
7+ and 83 and between 5 and 10 pereent, respectively. A small amount
of 24-1) was found in the solution which nourished the plants
freated with 20 micrograms of the herbicide, This suggests exudation
of 2:4-13 {rom the roots into the solution. No silvex was detected
in the nufrient solutions.
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Discussion

Inasmuch as the water-soluble amine salt of 2,4-1) and the PGBE
ester of silvex woere used in these studies, the existence of various
forms of the herbicides (salts, esters. and ester-hydrolysis products)

TaBLE 2—Recovery of 8.4-D and silvew added to plant material in
the laboratory

. Recovery t
Plant past Concentration
added 24.D Silvex
Ppm Pereent Percent
Corn foliage _ o ooeee_____ 0.1 86 87
Do oo __ 1.0 83 89
Do 10.0 88 81
Corn ro088 oo 1 83 a4
DO e 1.0 90 94
DO e 10.0 04 94
Beel foliage . _______________ a 85 231
Do e __ i.0 86 98
Do _— i0.0 S0 80
Beet coots oo __ A 88 a6
Do _ 1.0 8% 80
Do 100 97 88
Soylbean foliage . ___________ 2.0 82 86
Da _ ——— 20.0 BS 8Y
Soybean tools ___ 2.0 87 54
Do e __ 20,0 87 94

PAdvernges of 3 analyses of the treatsd plant material.

Tasue 8—Recovery of 2,4-D and silvea: applied wn drops to the base
of leanes of soybeans grown i nwutrient solution

Recovery 2 days after
Micrograms of

; i treatment?
herbicitdle applied fafiermi R
nalyzed
per plant 24D Bilvex
Fereent Percent
S . Polinge T2 78
Bo Raots 10 7
DO e e Solotion O 0
2 e, Falinge 8 82
DO e Roots 9 7
Do . Solution 2 ¢

* Avernges of 3 nnalyses.
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in the collected samples was possible. Over 50 percent of the PGBE
ester of silvex was hydrolyzed to the acid form in less than 48 hours
in water and 72 hours in moist soil. Because the conversion of the
ester form to the acid was rapid, all snmple extracts of 2,4-D and
silvex were esterified to the methyl cster by BIF;-methanol before
the analyses. When the acid forms of 2,4-D and silvex were present
in water and soll samples, good extraction efficiency with organic
solvents cowtld be achieved only if the samples were acidified before
extraction. Acidification suppressed the formation of the carboxylate
ion which cannot be extracted into organic solvents.

The extraction of anionic 2,4-I) or silvex from all plant material
cannot. always be accomplished successfully by acidifieation. These
compounds can form conjugates with natural metabolites in plant
material and cannot be extracted with organic solvents unless sub-
jected to sowe hydrolytic procedure. Recoveries were significantly
higher when the row extract was hydrolvzed in basic solution over
a steam Dbath for several honcs. After the hydrelysis, the agucous
selution was acidified again, and the sample subjected to extraction
with an organie solvent which extracted the free acids of 24-D and
silvex.

Generally. the quality of the reagents and solvents used in the
procednres was nanograde. Reagent grade sofvents were redistilied
Trom a glass still before use. Fach solvent was examined by electron-
capture gas chromatography to determine its suitability. Glass bottles
were used to dispense the solvents, and contact with polyethylene
was avoided. All glassware. except volwnetric flasks and pipettes,
wns heat-treated overnight at 300° ¢ to eliminate organic contami-
nates. Objectionable impurities in the anhydrons sodium sulfate and
cleanup adsorbants were removed by heating the solids at 400° for
S hours.

Gas chromatographic analyses of the methyl esters of silvex and
2.4-D was a convenient and sensitive method if proper attention was
given to cleanliness of apparatus and reagents and to handling of
snmple extracts. The procedures adapted for cleanup of extracts
of plant material in these studies did not eliminate all organie
contaminates and some column degradation and detecior fouling
occwrred. ITowever, sinee large numbers of samples were involved, the
preparation of new columns and the oceasional cleansing of the
detector were more expedient than the use of more rigorous cleanup
proceclures.

The practical lower limits for measnrement of 24-D and silvex
in water, soil, and plants dependod primarily on the sensitivity of
the instrument. the size of the sample. and the nmount of extrancous
materinl that remained in the snmple. Because the absolute lower
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limit of detection {2:1 signal to noise ratio) is dependent upon the
sample and analytical conditions. the practical lower limit of
measurement is diffienlt to define. For most water samples, the
detection limits were approximately 0.01 parts per billion (ppb)
of silvex and 0.0+ ppb of 24D when 500-ml samples were used.
IFor soil samples. the detection Himits of the procedure wore approxi-
mately 0.5 ppb of silvex and 2 ppb of 2.4-T) when 100-g soil samples
were used.

The annlyses of plant material were somewhat nore variable
beenuse the backgronnd peaks for cach plant and plant part were
different. At the beginning of the study. a detection level of 5 ppb
was selected ns 2 woal for minimal measurement of 2.4-1) and silvex
i plant material. and the extraction and cleanup procedures were
carried ont accordingly.

Studies showed that significant losses of 2.4-1) from treated sam-
ples of Drvigation water may ocenr. Studies by previous investigators
on the fate of herbicides in water and soil have shown that 2,4-1)
may be rapidly degraded by biological action when speeific micro-
organisms ave present (/. /7. /8). Beeause 24-D has been used as a
herbicide in the Yakima Valley for many vears, it is likely that
micre-organisms that ave adapted to the decomposition of 24-D
inhabit the water svstems of the region.

Field Experiments
Methods and Materials

The experiments were conducted on Warden very fine sandy loam.
The soil contained approximately 1.5 pereent organie matter and was
3 to 3 feet deep over hedrock.

On Toebrnary 106, 1967, the experimental site was fertilized. disked,
plowed. and packed. Farly tn April. winter wheat (Gaines) was
seeded in the arens which were not ocenpied by plats or alleyways.

Before and after the chemical treatmeats. all plots were culti-
vated or handweeded and irrigated as necessary to maintain optimum
weed control and adequate soil moisture for all crops. Injury
syinptoms after freatments were noted and vecorded. Crops were
harvested after maturity (dwarf corn was harvested September 14
to 15; soxheans, September 20: sweet corn, September 27 to October
31 and sngarbeets. October 9 to 13) and vields were determined.

All seil and green plant samples coliccted for residue analvses
were sealed in polyethylene bugs and frozen iminediately with dry
tee in the field. The samples were then stored at —10° G until they
were analyzed. Water sanples were collected in glass bottles and
kept in a refrigerator until they were analyzed.
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Furrow irviguiion—Twenty-one plots. ench 10 by 12 feet. were
laid out on contour with a zero grade within each of three blocks.
Each block was divided inte three replicates or subblocks. Alleyways
between plots and between subblocks were abount 2 feet wide (fig. 1).

On April 6. four rows of sugarbeets {U & I Commereial Hybrid
Monogerm). 12 feet lone and 2 feet apart, were planted in each plot
in one block. On May 23. sovbeans {dlerit) and swect corn (Ferry
Morris Cross) were planted likewise in the other two blocks. After
the seedlngs were well establisbed. the sugarbeets. sovbeans. and
sweet corn were thinned to average one plant per 10, 4, and 9 inches
of row. respectively.

On Angust 7 to 9. 24-1) and silvex were applied to plots at random
within each subblock at rates of 0. 0.22. 1.10. or 5.51 parts per
million by weight {(ppmw} {(herveafter referped to as the specified
concentrations) 1n the equivalent of 2 acre-inches of water (0.1, 0.3,
or 2.5 1b per acre). The sweet corn was in the early-milk stage. the
sngarbeets were 3 to & inches in diameter. and the soybeans were
Gi-pereent podded. Six 600-gal tanks on sleds and equipped with
valves, hoses. and boom attachments were used to apply the irviga-
tion water and chemicals {fie. 1). The technigue is deseribed in
previeus publentions (2. 20 §). A giver tank was used to apply one
chemieal at one rate only. Tach application was made in approxi-
mately 114 hours.

Measured quantitics of 2.4-D or silvex were thoroughly mixed with
the appropriate quantity eof irrigation water in the 600-gal tanks.
The flow of treated water from the tanks was reguinted by valves to
inaintain proper levels of water in the irrigation furrows. The
irrigation furrows were dammed at each end of the plots to provide

PN-3374

IMeyrr 1.—The areangement af Fuerew-irrigiated plots and the application of

haericide-trented waker by means of tanks, vaives, hoses, and bhoon
at{achments.
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uniform application and wetting and fo climinate effluent during
rrigation.

During the farrew-lrrigation treatments. the air temperatures
ranged from 72° to 12° ¥, and e wind veloeitios varied from neavly
0 to 10 wmiles per hour {mph}.

Water samples were collected for analvses from ontlets in the

boom 15 and 45 minutes after treatments were stavted. Soil samples
were alse falken for analvses from a depth of 0 to G inches in the
crop vows 1 and 7 davs after treatment. Samples of roots. foliage.
and seeds or seed parts were collected 7 davs after treatment and
during harvest from each plot. and the replicate samples were com-
posited for residue deternunations.
Sprinkler irvigution—Twenty-one subplots. cach 10 by 12 ft. were
laid out in semicivenlar plots within each of three blocks {(fig. 2).
One subplot of cach erop {(sugarbeets. covn, and sovbeans) was in-
cluded in ench semicirele. Iach of the three blocks or replicates
contained seven semicirendar plots.

On April 5. fowr rows of suzarbeets were planted at random on
one subplot within each semieirele. Similarly. sovbeans and dwarf
corn {PeeWee B-N.1). 56} were planted on May 23 and June 2.
respectively. By JJune 210 the sugarbeets sovbeans. and dwart corn

—

.} - .‘3,

PN-3370
Freyre 2—Three rectarguiar subpiols of test erops within a 30-foot semicir-
cular aren {mmnin piot) for making sprinfter irrigation trentments.
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were thinned to average one plant per 10, 4. and G inches of row,
respectively.

Trom Aungunst 11 to 17, 24-D and silvex were applied randomly
at rates of 0.02, 0.22, and 2.21 ppmw (hereafter referred to as the
specified concentrations) in the equivalent of 2 acre-inchas of water
(0.01, 0.1. and 1.0 11 per acre)., Each treatment was applied to the
three replicated plots simultaneously through three oscillating, half-
cirele. sprinkler heads at the end of 100-foot. 34-inch, plastic hoses
(fig. 8). The opposite cnds of the hoses were connected to a 34-inch
cross at the end of an assembly for mixing and for dispersing the
water and 24-1) or silvex in correct proportions.

The preseribed ¢uantities of 24-D or silvex were mixed with 48
gal of water in a 53-gdl pressure cylinder (fig. 4). Pressure in the
evlinder vwas maintained at 45 pounds per square inch {psi) with
nitrogen gas. The solution in the cylinder was introduced through a
flowmeter and into the mixing and dispersing assembly by means of
copper tubing. Pressure in the irvigation water supply line and the
assembly was maintained at 35 psi. A flowmeter was used to mensure
the equivalent of 2 acre-inches of irrigation water per treatment.

Bach treatment was made in 8 hours. The treatments were made
between 1:00 am. and $:00 a.m. to avoid interference from strong
Lreezes or winds which frequently oceur during midmorning and

afternoon in this area. Adjacent subplots were completely covered
with pliable sheeting during trentments as an additional safeguard
against contamination by drifting particles,

Sugarbeets weve 3 to 5 inches in diameter, the short-season dwarf

PN-3376

Fioynr 3.—aAn oseilleting, half-eirele speinkler hend attached to the end of n

plastic ose and placed at the vadinl point of the semicivele tluring n
sprinkler irrigntinn trealment.
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Ficore 4.—BEquipment for treating sprinklev-irrigated plots.
1. 53-gallon exlinder. 2. Nitrogen gas eylinder. 8. AMeter. (L Mixing and dis-
persing assembly @ A, Devigation waler snpply line; 8, townmeler; O, treated
water infake; D, mixer and strainer: B, ¥%-ineh cross with 8 hoses at-
tached: and F. sampling spout.

corn was in the Iate-milk stage, and sovbesns weee Gi-pereent podded
at the time of treatment.

Maximum dayvtime aiv temperatures From Angnst 11 to 17 ex-
ceeded 100° I However. alr temperatnres during the actual treat-
ments ranged from 54° to 717 Wind velpeisies varied from approxi-
niately 0 to 7 wph.

Water snmples for analvses were taken fram the mixing and dis-
persing assembly near the beginning, middle. and end of each treat-
ment. Water snmples were also collected from w eateh teay or funnel
(18 inthes in diameter and 12 inelies above ground Yduring treat-
ment to determine losses of the chemicals through velatilization
during sprinkler irrigation (e §). Soll samples were taken from
a depth of U to 6 inches in the crop rows at the end of the treatment
and 2 days nter to determine herbicidal infiltration. Samples of
roots. folinge. and sced or seed parts were colloctod from each plot
2 days after treatinent and during harvest, and the replicate samples
were compostted for residue anndysis.

One-half of cacly sample of sugarbeet roots coliected at harvest-
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time for residue analysis was vsed to determine sugar content.3 The
analyses for sugar content were made in quintuplet.

Results and Discussion

Analyses of water and soil from furrow-irrigated plots—In gen-
eral, the average 2.4-D or silvex concentrations in the water samples
as determined by analyses (hereafter called the analytic concentra-
fions) were 94 to 99 pevcent of the specified concentrations {table ).
The analytic concentrations of 24-I) in samples from the first appli-
catlons (sugarbeet plots) at the lowest concentration (0.29 ppmw)
were an exception and averaged only 32 percent of the specified con-
centration. Flowever. such concentrntions incrensed with subsequent
treatments until an average of 95 percent of the specified concen-
tration was reached. The 600-gal tanks lind been coated with
aluminmn paint (varnish base) several months before the treatments.
The tank and pipe suriaces apparently sorbed appreciable quanti-
ties of the chemical. particularly during the carly treatments. Vari-
ous phenoxy compounds veportedly react with or are sorbed by
certaln paints and metals (75). Such sorption could oceur at the
high raves and at the low rate of application and be masked by
the differences in sorption: concentration ratios. Some sorption of
chemicals by sediment in the irrigation water uncloubtedly occurred
also.

Losses of 24-D nnd silvex from the soil within 7 dayvs after furrow

*The sngar content of sugarbeet saniples was deterniined by the T-I Sugar
Company, Toppenish, Wash.

I T L R
SN 3

PN-3378
Fraure 5.—A& plastic catch tray or Tumnel (18 inches in diameter and 12 inches
nbove graund) used to sample water during sprinkier irrigation toeatmonts.
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irrigation with treated water were not significant. Thereforve, the
data from the analyses of soill samples colleeted 1 and T days after
treatment weve averaged {table 5).

No 24-1) was detected in the soil samples from sugarbeet and
soybean plots treated af the lTowest concentration (0.82 ppmw) and
only 0.003 ppmw was found in the samples from the corn plots. On
plots treated at LIO or 5.51 ppww. the concentrations of silvex in
the soll samples (average 0.17 and 0.97 ppmw) were higher than
those of 24-13 (average (.11 and 048 ppmw). Some of the 24-D
and silvex undoubtediy was sorbed by organic matter in the furrows
und surtaece soil during treatment.

Anolyses of water and soil from sprinkler-irvigated plots-—The
analvtic concentrations of 2.4-1) and silvex in the sprinkler svstem
were 91 to 90 percent of the speeified concentrations (table 6).
Apparently no 243 {an amine salt form) was losf to the atinosphere
during sprinkler rmgation as determined by annivses of water
samples from the tray. However. 3 to 10 percent of the silvex {an
ester form) was lost te the atwosphere during the sprinkler irei-
sation treatments.

Laosses of 24-1) and silvex from the soil within 2 davs after

TarLe ¢—Concentrations of 2.4-I7 and silver in walter applied by
furrow irrigation

Chemieal coneenfration

Analytic

Crop Specified Analytie® relative

e e m——— [ — to specified

24-D Siltvex s e e =

24-D Silvex

Ppnne Fromae Poanw Fereant  Pereoit
Untreated eheck _ 0 <0,00004 < 0.00001. _— —
Sweet corn ool 22 21 21 85 85
Hovheans _______ 22 a7 .21 7 a5
Sugarbeets ___._ . .22 07 21 3z 95
Sweel corn ooo__ 1.10 1.07 103 a7 94
Soyheans —______ 116G 1.08 1.03 98 94
Sugarbeeis oL 110 104 1.04 O HE
Sweet enrn oo 551 2,24 .44 a5 99
Sovbeans . 5.51 5.19 $5.33 84 97

Bugarbeety oo .81

8.24 0.38 a5 b o

YPhe lowest relinble lisnits of detection for 24-D and silvex were 0.00004 and
000001 pru, respectivety, Thoe yvaines were corrected for extraction efficiency
and are presented as averazes of 2 sooples [rom ench of fhivee repliente Mots,
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sprinkler-irrigation with treated water were not significant. Thus,
the daka from the analyses of soil samples taken st the end of ench
treatment and 2 days later were averaged {(table 5).

No 2.4-D and only about 0.001 ppmw of silvex were detected in
soil samples from plots treated at 0.02 ppmw. The average concen-
trations of 2.4-1) and silvex in the soil samples from plots treated
at .22 or 221 ppmw were approximately 0.02 ppmw for the 022
treatments and 0.20 ppmw for the 221 treatments. Plant folinge
obviously intercepted appreciable quantities of the chemials during
the sprinkler treatments.

CROP RESPONSE TO 2,4-D IN FURROW IRRIGATION WATER

Sugarbeets—\Within 2 wecks after treatment. sugarbeets on plots
treated with 2.4-1) at 551 ppmw (2.3 1b per acre} were wilted and
drooped. Same petioles were curved downward abnormnalty. Injury
symptoms were similur but milder on plots treated at 110 ppinw
(0.5 1b per acre}. Growth on plots treated at 0.22 ppmw (0.1 1b per
aere) appeared normal,

Tapre b~—Concentrations oF 2.4-I1 and silvex in soil within 7 days
after furrow (rrigation and 2 days after sprinkler irrigation with
treated water

2,4-D or silvex conceorration ©

Irrigation niethod
and ¢hemical Concentention 2 Sugarbeet Sorbean Corn
plots plots plots Avernge

Fuarrow Lba
irrigation: per acre Ppmio Ppmw Ppinwo
0.1 <4002 < G002 (.003
Rl A0 Jd 06
.19 19 b
038 026
R 81
82
Sprinkler
irrigation:
<..002 <002
4 L1 .01 03
1.0 22 12 28
01 . . 001
1 .02 01 03
1.0 08 . 30

T See balles 4 and 8 for anniytical concentrations.
*Dry snil asis, ‘The lowest relinble limits of detection for 24-D and silvex
were 0002 and (.0000 prm, respectively,
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Tasrr 6.—Concentrations of 2.4-D and silvexr wn water applied by
sprinkler trrigation

Caoncentrations nf 2,4-D or silvex

Specified e —

Chemieal concentration Anaiytic rvelntive
Analytie! tn specified

Pipe Tray Pipe Trax
Lb

Pmnwe  peracre Pamuwe P Pereent Pereent
['ntrented check. G o <000004 <O.00N04  __ _
.62 .01 421 021 95 95
Aan 1 20 20 91 91
221 . 212 2,15 a6 97
I'ntreated check. 0 < 00001 < .00001 - —
Silvex 02 . 620 H18 91 82
Do oL 23 1 21 .19 95 &6
2.21 1.0 2.1 2,00 95 99

tThe ipwest reliahie limits of detection for 2.4-D angd sitvex wore 0.00004 and
GOO00L ppmaw,  respeetivoly, The valites were eorreefed for extraction ceffici-
sney and are presented as averages of § snmplings douring each trentment,

Three weeks after treatmest. many of the sugarbeet petioles on
plots treated at 331 ppmw weve bwisted and diseolored  (dark}.
Many Teaves were chlorotic or neerotic and somewhat malformed.
Sinall or vounger plants were wore severely njured than the
large or older plants. Again, injury syvmptoms were similar but
milder on plots freated at 110 ppmw. Some svmptows of carly
fop virus were present and interfered considerably with the evalaa-
tions. No definite syinptoms of herbicidal injury conld be distin-
suished on plots treated af (.22 ppmw,

None of the 24-1) trealmoents decrensed the yvields of sugmrbeat
tops or roots (table 7). Some of the beels on plots treated at 5,51
ppmw possessed abnormal masses of fine voots which were injured or
dead at harvesttime,

Saybeais—Ten days after trentment. the lower leaves on the soy-
heans were vellowing. Suels yellowing was more prevalent on treated
thas on untreated plots. and it increased in prevalence as the treat-
ment rate nereased,

Two woevks nfter treatiment al 5,31 ppmw, the sovbean growth was
stunted or suppressed. Such stunting or suppression was less obvious
on plots treated at LI ppmw. Plants on plots treated at 0.22 ppmw
nppeared normal
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TasrLe T.—Yields of sugarbeets. soybeans, and corn cfier furrow
wrrigation with 2.4-D or silvex-treated water

Chemical

Ylelds per aores

Specifed

concentration®

Bupgarbeets

Tops

Raets

Soybeans
Fodder

Sheiled

Tntreated

Silvex

Do -

Lb
per acre

0 0
22
1.16
851
22
110 .
5.51 2

Tans

191 be
209 ¢
165.1 abe
146 ab
21,2 ¢
1%.0abe
1358

Taime

361z
36.7a
319=a
Ly ¥:
366z
349a
3334

Bughela

485 be
56.5 ¢
3.0 ¢
44.7 ah
S ST o
51.9 be
3.5a

Busheis 3

20334
1871 e
18784
19752
19052
i93.4a
1971

* Bee tahles 4 and 6 for analytic concentrations.

*Any 2 figures in the same column that are not followed br the same letter
are significantly different at the S-percent level of proLability, excepi those
under sugarheet tops, which are significantly different af the 1G-percent level, as
determined by Dunean's muliiple-tange test.

* Computed on basis of 15.5-percent moisture.

After 3 weeks. an average of 1. 7. 3. and 21 percent of the sovbean
leaves were chiorotic or necrotie on plots treated with 24-1 at 0,
0,22, 1.10. or 351 ppmw. respectively, At the sune time, much of
the terminal leat growth of seybeans throughont the test area was
malformed. Specimens weve collected and eultured for pathologiead
tests in the greenhouse.t The tests indieated that the terminal tissues
were malformed by a virus known as the tomate big bud strain
of aster vellows rather than by the chemieal treatwent.

The 24-1) treatments did not decrease the yield of soyvbean seed
{table 7). ITowever. the quality of the seed wuas somewhat reduced
Ly the high concentration of 3.51 ppmw.

Corn~~—Within 1 to 2 weeks after treatment. some of the lower-
mosf teaves of corn were wilted or shwivelled on all plots. Tlowever,
such wilting or shrivehing was more pronounced on plots treated
at the highest concentration (5.51 ppmw). As the season advanced.
any differences in desiceation were masked by natwal maturity.
None of the treatiments deereased the vield of fodder or shelled corn
{tpble 7).

Y11, CThawmns, plant pathotogist, Agriculiural Resenrch Service, U8, Depnrt-
ment of Agvieuibnee, condneted e pathologionl tesés,
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CROP RESPONSE TO SILVEX IN FURROW IRRIG{&TION WATER

Nugirbeets—Two weeks after treatment with silvex at 3.1 ppmw
(2.5 1b per acre). sugarbeet petioles were curved downward ab-
normally and the leaves were witted. Similar Lot milder symptoms
were noted on plets treated at 1.10 pporw (0.3 1k per acre). No
nbnormalities were observed on plots treated at 0.22 ppmw (0.1 1b
per acre).

Adter B oweeks, mmny of the petioles were limp. twisted. and
Bleached on plots treated at 3.31 ppmw. Ay leaves. particudarly
the lower ones. wore bleached and somoewhat walformed. Again,
similn but milder symptoms were observed on plets treated at
1.10 pprov. Deteetion of possible chemical injnry From treatments
at 0.22 ppmw was inhibited by the presenee of curly top virus.

None of the treatments decreased the yield of sugnrbeet tops or
ropts significantly at the J-pereent level of probability {table 7).
Iowever, the roncentration of 331 ppmw decreased the vield of
tops it the 10-pereent level of probability.

A thin Iaver of tissue immediately beneath the epidermis was
broken down in about 25 prreent of the larger beet roots harvested
from plots treated with stlvex at .51 ppmw, The thin layer of
darle brown, dead tissue was most pronounced in the upper part of
the beets. Lesions or splits in the epidermis in the elfected areas
were commeon, Such o condition condd pessibly promote spoilage
during the preprocessing. storage period of the sugarbeets. Linrge,
secondary roots developed on a unmber of the smaller beets, These,
in turn. were covered with an abundance of fine reots which were
severely injured or dead at harvestitme, Treatments at L1O ppmaw
caused stmilne regponses. but to a lesser degree.

Soybewns—Two weeks after treabinent. erowth of sovbeans was
suppressedd by treatments b 551 ppmw. Soch suppression was less
neticeable on plots treated at 1.10 ppmiw. and not apparent on plots
treated at .82 ppmw. Yellowing of the Towermost leaves was more
prenounced as the rafe of treatment increased.

Three weeks after freatment, 1.0 16, 18, and 27 pereent of the
leaves were chlorotic or neerotie on plots freated with silvex at 0.
0.22, 1.10. or 3.51 ppmw, respeetively. Leaf chlorosis was definttely
mterveinal on plots treated at the highoest mute.

Silvex at 0.22 or 1.10 ppmw did not deerease the vield or quality
of soylbean seed (table 7). However, the concentration of .51 ppimw
decreased both yicld and quality of the seed.

Cori—Within about 10 davs affer (reatment. the lowermost
leaves of corn were somewhat more wilted on plots treated with
silvex at 551 ppmw than on untreated checks. As the season ad-
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vaneed, desiccation of the lower leaves was most pronounced on
such silvex-treated plots. However. none of the trentments decreased
the vield of fodder or shelled corn {table 7).

CROP RESPONSE TO 2,4-D IN SPRINKLER IRRIGATION WATER

Sugarbeets—Within 4 days, some wilting and dveoping of the
feaves and some downward curvature of the petioles was noted on
plots treated with 2,4-1> at 2.21 ppmw (1.0 1b per acre}. However,
sucl symptoms of mjury disappeared within 10 to 15 days. The
folinge of the sugarbeuts was not visibly affected by the treatments
at 0.02 or 0.92 ppmw (0.01 or 8.1 1b por ncre).

The fresh weight yield of sugarbeet tops was from 10 to 15 tens
per acre greater on the 24-T) treated plots than on the untreated
plots {table 8). Likewise, the root vields were over J tons per acre
greater on the 2.4-D-treated plots. The ncrease in vields without
abvious growth differences in the foliage of the plants was remark-
able. The iaboratory analyses indicated that the snpar content was
from 0.7 to 1.7 poreent lower in the 24-D-treated sngarbects than in
the untreated eheels.  Newvertheless, the gross sugar production
apparently was still higher (200 to 1.600 1b per acre) on the 2,4-D-
treated plots. Several investigators have reported inereases In
egrowth, yield. protein, nitrate-nitrogen, or potassinm nitrate from
applications of 24-1) to plants such as wheat, bavley, beans. soybenns,
potatoes, or sugarbeets (74, /9. 20, 27, 28). For cxumple, Wort
(28} increased root production of swgarbeets 44 percent by applying
a composite dust that contained 0.1 percent 2.4-1) to the foliage of
I-month-old seedlings. Sugar content was not determined.

Soybeans—Sovybeans wore somewhat suppressed 1 week after
treatment with 24-T) at 2.21 ppmw, Two weeks after treatiment, the
plants waere mostly crect, and only sbout 10 percent of the lemves
were chlovotic,. By harvesttime, differences between the treated
plats and the unfreated checks were minos

Sovbeans on plots treated with 24-1 at 002 or 022 ppmw
appeared normal throughout the season. None of the 2.4-D treat-
ments redoced the yield or quality of the soybean seed {table 8).

Garn~—No visible symptoms of injury were detected in the corn
after the treatments with 24-T), Moreover, such treatments did nod
redinee the vield of fodder or shelled corn (table 8).

CROP RESPONSE TO SILVEX IN SPRINKLER IRRIGATION WATER

Sugarbeets—Within 1 to 2 days after treatmaent with silvex at
.22 or 2.21 ppurw, sugarbeets were somewhat wilted and drooped.
Adter 4 days. drooping of leaves and downward curvabure of the



http:trcatnw.nt
http:desiccati.on

44

Tasre 8.—T7elds of sugarbeets, soybeans, and corn after sprinkler irrigation with 2,4-D or silvex-trected water

Yields per acre?

Chemical Specified Sugarbeets
concentration ? : -

Gross Soybeans
Tops Sugar sugar Fodder Shelled

Pounds
per aere Tons Percent Bushels Bughels 3
Untreated
0 0 10.5a 403 a 16,3 X 52.8 ¢ . 99.9a
.02 .01 30,5 46.2 bed 14.6 A 494 ¢ . 90.3a
22 1 35.2 471 ca 15.6 . 56.0 ¢ . 8784
2.21 1.0 20.5 b 45.6 be 14.7 . 553 ¢ . 87.8a
.02 .01 27.0 42.4 ab 16.0 X §3.8¢ . 87.34a
22 1 26.9 50.4 de 115 . 34.7b 3. 100.5a
221 1.0 26.3 53.1 e 9.2 4, 136a 2 1003 a

! See tables 4 and 6 for analytie concentrations.

% Any 2 figures in the same column thatare not followed by the same-letter are mgmhczmtly different at the 5-percent level of prob-
ahility, except those under soybeans, which are significantly different at the l-percent level, as determined by Duncan’s multiple-range
test.

3 Computed on basis of 15.5-percent moisture.

TEATIADIEOV J0 LIAA "$ ‘9LPT NLLATILT TVOINHONT




RBESIDURS IN SUGARBERTS, SOTBEANS, AND CORN 23

petioles were pronounced (fig. 6). Weeds within the treatment
areas, partiealarly lambsguarters. were imjured.

On plots treated at 221 ppmw. curvature of the petioles and
drooping of the leaves persisted until the sugarbects were harvested.
The petioles were rather brittle and easily broken. particelarly near
the base. Leaf growth. for the most part, was not killed but was
chlorotic and arrested. New growth was sparse and malformed.
Treatments at 0.22 ppmw produced similar symptoms, but fo a lesser
degree. No visible symptoms of injury were observed in sugarbeets
treated with silvex at 0.02 ppmw.

Despite the obvious injury to the foliage. the fresh weight yield
of sugarbeet tops was abiocut 7 tons per acre greater on the silvex-
treated plots than on the untreated checks (table §). Moreover,
voot yields were increased about 2. 10. and 13 tons per acre by the
sitvex treatments at 0.02, 0.22. and 2.21 ppmyw, respectively. On the
other hand, the treatments at 0.22 or 2.21 ppmw lowered the sugar
content of the roots, and the gross sugar yvields were 1.600 and 8.400
1b per acre less. respectively. than those from the untreated checks.

Unfortunately the actions of compounds, such as silvex, at sub-

PN-3372

Frouse 6—Dreoping of sugarbeet leaves and curvatuze of petioles 4 days after

silvex was applied at 2.21 ppimw in 2 pere-inchies of water by sprinkler
irrigation.
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lethal and at lethal dosages within plants are not fully understcod.
The studies indicated a marked imbalance between the photosyn-
thetic and respiratory processes and an accumulation of water in the
foliage and root fissues.

About 30 percent of the sugarbeets harvested from plots treated
with silvex at 2.21 ppmw bore an abundance of adventitious, club-
like, small roots. Lesions and splits in the epidermis were common.
and a breakdewn in a thin layer of tissue immediately bencath the
epidermis was noted. A few suzarbeets on plots treated at 0.22 ppmw
were affected similariv, but to a much lesser degree.

Soybeans—Within 1 to 2 days after treatment with silvex at 0.22
or 2.21 ppmw. soybeans were wilted and drooped. Within 2 weeks
after treatment at 2.21 ppmsw. 75 percent of the leaves were chiorotic
or necrotic and nearly all plants were decumbent. About 50 percent
of the plants wore slumped to the ground and about 30 percent of
the leaves were chlorotic on plots treated nt 0.22 ppmw. The soy-
beans on plots treated at 0.02 ppmw were crect and growing normally.

The soybean leaves on plots treated with silvex at 022 or 2.21
ppmw desiceated prematurely. Yield and quality of seed from smch
plots were veduced significantly (table 8). Silvex at 0.02 ppmw did
not reduce yields, but impaired the quality of the seed slightly.

Corn—Silvex at 0.02, 0.22. or 2.81 ppmw produced no visible
symptorns of injury in the corn. Yields of fodder and shelied comn
were not affected significantly (tabie 8).

2,4-Ix RESIDUES IN FURROW-IRRIGATED CROPS

Sugarbeets—No 24-D residues were detected in the folinge or
roots of sugarbeets T days after the furrow irrigation treatments nt
0.22 ppmw (0.1 1b per acve) (table $). At the same time, abont 0.1
ppm of 24-D was found in the voots on plots treated at 1.10 or 4.51
ppmw (0.5 or 2.5 1b per acre).

At barvesttime, ne 24-1) residues were detected in any of the
foilage samples or in voots from plots treated at 0.22 or 1.10 ppmy.
Only roots from plots treated at 5.31 ppmw contained any ineasur-
able amount of 2.4-1) {0.010 ppm).

Soybeans—No 24-) residues were detected in soybean foliage.
pod, or root samples collected T days after treatment at 0.22 or 1.10
ppmw (fable 9. Such samples from plots treated at 5.51 ppmw
contained only minute amounts of 2,4-1) {(<0.1 ppm}.

At harvesttime, only sovbean roots from piots treated at the high
concentration of 451 ppmw contained any detectable amount of
2.4-13 {0.080 ppm).

Corn—Only those folinge samples collected 7 days after treatment
at 5,51 ppmw contained measurable amounds of 24-D (table 9).
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No residues were detected in any grain samples. Low concentrations
(about 0.1 ppm or less) were found in root samples 7 days after
treatment at 1.10 or 5.51 ppmw and at harvesttime.

Tamcre 9.—Residues in plant paris after jurrow irvigation with 2.4-D
or silvex-treated water

Concentration 7 dirs Coneentracion at harvest-

Chemieal after trentment at— time after trentment af—
and i
piant park 022 1.10 N 0.22 1.18 551
ppmw pnmw ppmw ppmYw prms pRoTw

Ppsn Ppm. Fpm Ppm Ppm Ppm.
2413
Sugarbeet folinge <0.005 <0.005 0.08 < 0.005 <20.003 <0.005
Sugarbeet roots .. <.005 084 d1 <.005 <.005 Nix}
Sorbean foliage _  <C.005 <.M3 RiH] <005 <005 <005
Sorbenn pods ___ <005 <Z.005 01 <005 <7005 <005
Horbean roots ... <.005 <005 .09 <005 <005 09
Corn folinge <005 <0056 .08 <005 <005 <005
Corn grain <005 <005 <005 <005 <.005 <005
Corn roots <005 0712 12 <Z.005 609 075
Silvex:
Sugarbeet foliage <005 <Z.005 21 <005 <005 <005
Sugarbeet Toots . <003 051 217 <7005 <005

Soybean foliage . <005 005 .35 <003 <005 <005
Boybean pods ____ <005 015 .02 <005 <005 <C.005
Soybean roofs .__ 010 050 a5 <.005 050 25
Corn foliage ____. <005 <005 .28 <003 009 a3
Corn grain <005 01 <005 <005 0
Corn roots K 074 41 <005 097 TR

SILVEX RESIDUES IN FURRQW.-IRRIGATED CROPS

Sugarbeets—~—No silvex residues were found in sngarbeet foliage,
except In samples collected 7 days after treatment at 5.51 ppmw
(table 9). Moreover. no silvex was found in root samples. except in
those collected 7 days after treatment at 1.10 or 5.51 ppmw. Root
samples collected at harvesttime from plots treated at 5.51 ppmw
were lost.

Soybeans—On plots treated at 0.22 ppmyw. only the root samples
collected 7 days after treatment contained mceasurable residues of
silvex (table 9). Seven days after treatment at 1.10 or 5.51 ppmw,
all plant parts contained some residues. ITowever. residues in the
foliage and pods apparently dissipated by harvesttime and only the
roots retained some silvex.

Corn.—No silvex residues were detected in foliage ar grain sam-
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ples 7 days after treatment at .22 or 1.10 ppmw {table $). However,
vesidues were found in the voots after such freatments and in all
plant parts after treatmeni at 5.51 ppmw.

Plant parts from plots (reated at 0.22 ppmw and grain from plots
treated at 1.10 ppmw contained no measurable residues at harvest-
time. All other plant parts still contained some silvex {0.01 to 0IR

ppmj.

2,4-T3 RESIDUES IN SPRINKLER-IRRIGATED CROPS

Sugarbeets—Two days after treatment with 24-D at 0.02. 0.22.
or 2.21 ppmw ((.01, 8.1, or 1.0 1b per acre) by sprinkler irrigation.
all foliage and root samples contained residues (table 10). However.
only roots from plots treated at 2.21 ppinw contained a measnrable
amount of 2.4-1) at harvesttime (1L01 ppm).

TavLy 10.—lesidues in plant paris afier sprinkler trrigation with
P 7 g
84-I} or silrex-treated waley

Concentration 2 days Concentration at harvest-
after treatment gt— time after treaiment nt—

Chﬂni{‘ll] o [, - _— . - e ra e == m e ee

plant part o022 0.22 2 0.2 .82 2
DpIW pprEiw ppmw ppmow ppmw ppmw

Ppm Fpm Ppm Fpm FPpm Ppm

oA BF I B

Sugarbect folinge {055 nme 0.69 <0003 <0008 <0005

Sugarbeet roots - 078 5§23 3.80 <005 <005 .01
Savbenn folinge . 008 061 a8 <005 <5 <005
Savhean pods __. < 005 005 04 < (05 <05 <085
Soybean ronts .. <005 062 .52 <003 <005 (2
Corn folinge .. 008 094 51 <008 <005 <0G
Corn zgrain .___ <07 008 DR < 0G5 <005 <005

Carn roofs o ___ <2005 007 05 < 15 <005 i

Silvex:

Kugarheet folinge <005 025 a1 <. <005 <05
Rugarbeet roots _ 105 801 409 <005 <008 8
Sorbean foliage . 016 04 .12 <005 <005 03
Sovhean pods __ . <005 017 21 <005 <005 <005

Soybean roots .- 008 321 .81 <005 062 16
Corn foliage _._  .0I0 .210 .52 <003 <005 07
Corn grain _.__ <.005 044 .06 <005 <005 <000
Corn roots _... .01C .101 45 <005 DGR .05

Soydbeans.—All plant purts. exeept pods and roots from plots
treated at 0.02 ppmw, contained somic 2:4-1) residues 2 days after
treatment (fable 10). Again, only roois from plots treated at 2.21

¥

i

A
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ppmw contained measurable amounts of 24D ai harvesttime (002
ppm).

Corn—Two days after treatment, 24-1) residues were detected in
all plant parts. except grain and roots from the plots treated at
.02 ppmyw (table 10, Only roois from plois treated ar 2.21 ppmw
contained detectable amownts of 24-1 at harvvesttime (0.04 ppnm).

SILVEX RESIDUES IN SPRINKLER-IRRIGATED CROPS

Sugarbeets—All folinge and root samples. except foliage samples
from plots treated at 0.02 ppmw. contained some silvex residues 2
days after treatment 1table 1), Tlowever. only roots from plots
treated at 2.21 ppmw contained measurable residues at harvesttime
(0.08 ppm).

Soybeans.—Sitvex residucs acenrred in all plant parts 2 days after
treatment. except in the pods from plots treated at 0.02 ppmyw (table
10). No restdues were detected in pod samples collected at harvest-
time. Moreover, only folinge from plots treated at 2.21 ppmw and
rots from plofs treated at 022 or 221 ppmw contained measurvable
wmounts of silves.

Corn—All folinge. grain. and root samples contained measurable
concentrations of silvex 2 days after treatinent. except grain samples
from plots treated at 0.22 ppmw (table 101,

No residues were found in the grain samples at harvesttime. At
the same time. only foliage from plots freared at 2.21 ppmw and
roots from plots treated ai 0.22 or 221 ppmw contained detectable
siivex residues.

Frank, Demint, and Comes {77) found that the maximum concen-
trations of 24-1) in the water after field applications of N-oleyl-1.3-
propylenediamine salt derivative at 1.9 to 3 1b per acre to control
bank weeds along three irrigation laternls were 5.2 to 61.0 ppb. Such
concentrations were short in duration because the herbicide dissi-
pated as the water moved downstream. In the most typical treat-
ment. the avevage level of 24-T) in the water during the i howrs
required for the treated water to pass a downstream sampling sta-
tion was 3.6 ppb. The infiltration rate for most soils of this area
is one-fourth inch or less per hour. IT farmland were Irrigated for
8 hours with water that contained an average of 3.6 ppb (total 2
acre-inches). an extremely remote possibility. only 0.0016 pounds of
24-D would be applied per acre. In our study. none of the edible
plant parts. except sugarbeet roots. contained detectable amonnts of
2.4-1 residue at harvesttime after sprinkler and furrow irvigation
treatments at rafes (25 and 1363 times higher than 0.0016 1b per
acre. respectively. Furthermore. the concentrations found in the
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sugarbect roots were only 0.01 ppm and were at least 500 and 2.000
times below the 24-1) tolerances in effect in 1972 for certain foods
and forages for human and livestock consumption, respectively (26).

No detectable residues of silvex oceurred in the edible parts of
sugarbects. sovbeans, or corn at harvesttime after sprinkler or fur-
row irvigation trentments at 0.22 ppmw in 2 acre-inches of water
(0.1 1 per nere) in mid-August. Silvex is currently rvegistered for
use af 5 pemnds per acre-foot in ponds awd lakes to control submersed
aquatic weeds. On the basis of ¢hese studics, the irrigation of certain
crops with 2 acre-inches of such treated water (177 ppm or 0.8 1b
poer acre) before adequate degradation has occurred shoudd be
avoided according to the Iabel becanse of possible residues and lack
of established tolerances.

SUMMARY

Analytical methods for determining 24-1) and silvex vesiduces in
water, soil. and plant material were studied, tested. and modifed
or developed as necessary in preliminary laboratary experiments.
The basic methoed used in the studies converted the alkanolamine
salts of 2.4-1> and the PGBE ester of silvex to the methy) ester by
esterification with boron triflonride in methanol, and the derivatives
were meastred on a gas chromatograph cquipped with an cleetron
capture detector.

By multiple extractions of acidified samples with chloroform, 2.-D
and silvex in water samples could be veliably measured at the 0.0000-+
and 0.00001 ppm levels, respeetively,

With acidifiention and multipie diethy] ether extractions. quanti-
tative measnrements of 2.4-1) and silvex in soil af concentrations as
low as 0.002 and 0.0003 ppm. respectively. were achioved.

With multiple liguid-liguid extractions and basic hydrolysis. fal-
lowed by column clennup procedures. o Tower limit of 0.005 ppm in
measuring 24-1) and sitvex residues in plant material was achieved.

Tn feld oxperiments, the alkanolamine salts of 24-D and the
TGBE ester of silvex were applied at speeified concenteations of 0.
0.22, 1.10. and #.51 ppmw in 2 acre-inclies of water (0. 8.1, 0.5, and
2.5 1b per aere. regpectively) by fnerow Levigation in mid-Angust to
surarbeets. sovbeang, and sweel cor. The snme chemieals were ap-
plied to sngarbeers, soyvbeans, and dwarf corn by sprinkier irvigation
at specificd concentrations of 0. .02, 1.22. and 221 ppmw (0. 0.01
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0.1, and 1.0 1b per acre, respectively) in the same amount of water.

On the furrow-irrigated plots. 3.31 ppmw of 24D or silvex in-
jured sugarbeets, soybeans. «nd sweet corn. but the yields of sugar-
beets and corn were not reduced at harvestiime. Both chemicals. at
the high rate. reduced the guality of soybean seed. but only silvex
decreased the guantitative yields. 24-I) and silvex at L10 ppmw
also injured sugarbeets and soybeans somewhat. but not sweet corn.
Yields were not affected significantly. At 0.22 ppmw. neither chem-
ieal injured the crops visibly or reduced yields.

On the sprinkler-icrigated plots. silvex at 0.22 or 2.21 ppmw in-
jured the folinge of sumarbeets and sovbeans markedly and decreased
the vield of sovbean seed at harvesttime. Flowever. the vields of
sugarbect tops and rnofs were juereased by the treatments. Silvex at
0.02 ppmw reduced the quality of sovbean seed. but not the quanti-
tative vields of either sovbeans or sugarbeets. The highest concen-
tration of 24-1) {221 ppmw) injured the follage slightly and tem-
poravily bat did not decrease vields of sngarbeets and soybeans.
None of the 24-D or silvex treatments injured the foliage visibly or
reduced the vield of dwarf corn.

With one exception. ne edible parts of sugarbeets. soybeans. or
corn treated at 0.32 or 1.10 ppmyw by furcew irrigation or at 0.02
or 0.22 ppmw by sprinkler irrigation contained detectable araounts
of free 24D or silvex residues at harvesttime. The exception was
the silvex residue of 0.01 ppm in corn foliage after treatment at 1.10
ppmw by furrow irrigation. At the highest concentrations (3.51 and
221 ppmw by furrew and sprinkler irrigation. respectively) 2.4-D
residues at harvesttime were detected in the roots of the crops oniy
{edible sngarbeet roots contained 0.01 ppm or less). At the same
concentrations. edible parts that contained measurable residues of
silvex at harvesttime were corn folinge and grain under furrow irri-
@ation and sugarbeet 1 ots, sovbean foliage. and corn foliage under
sprinkler irrigation.

In these studies. the 2.4-1 was applied at concentrafions many
times higher than those found during the monitoring of residues in
irrigation systems. The doneentrations of the residues, if any. in the
crops were many times below the tolerances in effect in 1972 for
certain foods and forages for human and livestock comsumption.
Silvex residues in the edible plant prres were also minute. but ieri-
gation of certain crops with silvex-treated water from ponds or
lakes before adeqnate degradation has oceurred or adequate toler-
ances have been established probabhy sheuld Le avoided.
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