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INTRODUCTION 

The behavior of 2,4-0 and 2,4,5-T has been widely studied 
in the cool moist forests of the Pacific Northwest (NORRIS 1971). 
Little data are available, however, for the unique conditions 
in arid southern California, where the two compounds are used 
for maintenance of fuelbreaks in chaparral vegetation. Reported 
here is a study to determine the movement and persistence of 
2,4-D and 2,4,5-T in soil and sprouting chamise vegetation for 
l year.after application in a southern California chaparral 
site.~ / 

MATERIALS AND METHODS 

The test was conducted on a gently sloping (5% to 9%) chap- 
arral site 64 km east of San Diego at I020 m elevation. Plant 
cover was sprouting chamise (Adenostoma fasciculatum Hook. and 
Arn.) in its second season of regrowth after a wildfire in 
September 1970. The ground surface was essentially bare, and 
only occasional herbaceous plants were present. The soil is a 
well-drained, very deep, coarse, sandy loam formed from granitic 
alluvium (USDA 1973). At the time of treatment, the soil moisture 
content was: 1.7% (O-lO cm), 3.8% (I0-20 cm), and 3.3% (20-30 
cm). Organic matter content was 1.5% (0-10 cm), 0.9% (10-20 cm), 
and 0.5% (20-30 cm). 

The experiment was set up in a randomized block design with 
five replications. The 15-m by 15-m plots (with a 15-m buffer) 
were treated with the propylene glycol butyl ether esters of 
2,4-D and 2,4,5-T at 3.4 kg ae each in 187 L of water per hectare. 
They were sprayed between 6 a.m. and 8:30 a.m. with a portable 
spray boom outfitted with six #8002 fanjet nozzles. 

1_/ Th is  paper repor ts  research i n v o l v i n g  chemical p e s t i c i d e s .  
I t  does not inc lude recommendation f o r  t h e i r  use, nor does i t  
imply tha t  uses discussed here have been r e g i s t e r e d .  A l l  uses o f  
p e s t i c i d e s  must be reg i s t e red  by app rop r i a t e  State and Federal 
agencies before they can be recommended. 
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The terminal 15 cm of sprouts from several randomly selected 
chamise plants in each plot were collected into plastic bottles 
immediately after spraying (0 days) and 14, 29, 65, 146, and 379 
days later. The samples were frozen immediately. Moisture con- 
tent of additional sprout material and terminal shoots of adjacent 
unburned mature plants was determined by xylene distillation. 

Multiple soil samples from depths of 0 to lO, lO to 20, and 
20 to 30 cm were collected 14, 29, 69, 146, and 379 days after 
treatment. Samples were scraped from the side of a 36-cm deep 
pit and were frozen immediately. Six samples for each depth 
from each plot were composited on an equal weight basis before 
residue analysis. Herbicide residues were determined in soil and 
vegetation by basic digestion, extraction, purification, and 
microcoulometrlc gas chromatography (BEVENUE et al. 1963, BJERKE 
et al. 1967, NORRIS 1970). Results are expressed as ppm air dry 
weight for soil and fresh weight for vegetation. 

The 4-month pretreatment period had only 1.5 cm of rainfall 
(22-year average is 25.0 cm). No rain fell during the first two 
weeks after herbicide application on May 2, and only 2.5 cm were 
recorded by July lO. Between September and the following May 
however, about 1.5 times the normal rainfall occurred (Table l). 

TABLE 1 

Precipitation and plant moisture content 

Cumulative 
rainfall 

a/ 
Moisture content-- 

Time 
after Chamise sprouts 

Date treat- Actual Normal Mature 
ment rainfall rainfall Untreated Treated plants 

(days) cm percent 

May 2, 1972 0 0.00 o.00 87 87 44 
May 14, 1972 14 0.00 0.51 91 88 6O 
May 31, 1972 29 0,53 1.12 78 54 52 
July I0, 1972 69 2.44 1.70 64 27 46 
Sept 25, 1972 146 3.20 5.1l 63 31 49 
May 16, 1973 379 57.43 41.99 . . . . . .  

~/Mois ture  content as percent of  the p lant  dry weight .  

RESULTS AND DISCUSSION 

Ve~eta,tion 

The dry condi t ions in May were re f l ec ted  in the low moisture 
content  of  the shoots and lack of new shoot growth (Table ] ) .  The 
leaves of the t reated p lants  were dry and brown about 1 month 



after treatment, but the root crown of most of the plants sur- 
vived and vigorous sprouts appeared the next spring. Very low 
soil moisture content before and for several months after 
spraying was probably responsible for the poor overall chamise 
control (PLUMB 1963). 

Maximum herbicide concentrations of 95.2 ppmw of 2,4-D and 
92.4 ppmw of 2,4,5-T were in vegetation samples collected within 
15 minutes after the application (Figure l). The similar initial 
values for the two herbicides indicates approximately equal 
amounts of each herbicide were applied. Mean levels declined 
rapidly, and 3.8 ppmw of 2,4-D and 2.5 ppmw of 2,4,5-T remained 
12.5 months after application in the chamise shoots that had 
been originally sprayed. MORTON et al. (1967) reported similar 
initial values in range forage grasses, but they measured a 
shorter persistence. 

Samples of live chamise sprouts taken 12.5 months after 
application contained 0.27 ppmw of 2,4-D and 0.31 ppmw of 
2,4,5-T, although these plant parts were not present at the 
time of application. The sprouts were vigorous and showed no 
formative effects, indicating chamise can readily tolerate 
these residue levels. It is possible the residues were in a 
"bound form" or were otherwise unavailable to the plant. 
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Figure ]--Concentration of 2,4-D and 2,4,5-T 
in chamise vegetation. Actual data are 
plotted along with curves generated from 
transformed data where herbicide concentra- 
t ion is expressed as loglo ppm and time is 
loglo (days + l ) .  



Mean residue levels for the two herbicides suggest 2,4,5-T 
declined more rapidly than 2,4-D, at least initially, but by 69 
days the rate of loss appears similar. And between 146 and 379 
days the curves appeared to converge. The average levels of 
2,4-D and 2,4,5-T differed significantly when data for all dates 
were combined (P<O.OOl). We were not able to derive equations 
which both describe these curves and have some biological mean- 
ing. By eliminating the data on zero time and transforming 
herbicide concentration (Y) to loglo (Y) and days after appli- 
cation (X) to loglo (X+l), we formulated the equations: for 
2,4-D, loglo Y = 5.099 - 0.923 lOglO (X+l), with r 2 = 0.93; and 
for 2,4,5-~, ]Og]n Y = 2.876 - 1.003 lOglO (X+l), with r 2 = 
0.93, where Y = ~mw of herbicide and X = days after appli- 
cation. 

Using these equations we generated the curves in Figure l 
to show the fit of actual and calculated values. Analysis of 
variance showed that the slopes of the two average regression 
lines were not significantly different, and that there was no 
time-chemical interaction (P>0.05). 

A combination of greater absorption and metabolism pro- 
bably resulted in the differences in the residue levels of 
2,4-D and 2,4,5-T, at least for the first 14 days after appli- 
cation in our study. By 29 days, plant moisture levels were 
definitely declining (Table l), and by 69 days, the vegetation 
had been desiccated. Sometime after 14 and before 69 days, 
plant metabolism was no longer important, and other processes 
must have been operating to reduce herbicide residue levels 
(Figure I). Volatility and photodecomposition may have been 
involved (BOVEY and BAUR 1971, KLINGMAN 1961), but it is not 
possible to determine their relative importance in this study. 

Data on herbicide residues in vegetation are useful for 
understanding the response of treated plants, but of greater 
importance is the use of this data to determine potential toxi- 
cological impact. In reviewing the literature, NORRIS (1971) 
found "no effect," acute, and chronic exposure levels for 2,4-D 
and 2,4,5-T for several animal and blrd species. These values 
ranged from 500 to 2,400 ppmw for 2,4-D and 200 to 1,200 ppmw 
for 2,4,5-T for acute toxicity levels and from lO0 to 500 ppmw 
for chronic exposure to 2,4-D and 2,4,5-T. The initial residue 
levels in vegetation in our study were less than these values. 
The dead, dry foliage present l month after application is pro- 
bably not attractive as food. Neither the magnitude nor duration 
of exposure to 2,4-D and 2,4,5-T, which would result from con- 
sumption of any of this vegetation, is sufficient to produce 
either an acute or a chronic toxic response. 

Soi l  

The concentration of 2,4-0 and 2,4,5-T in the upper IO cm 
of soil were l. I6 and 0.88 pprmv, respectively, 14 days after 



spraying (Table 2). Within 69 days, an average of 0.22 ppmw of 
2,4-D and 0.29 ppmw of 2,4,5-T remained, and 12.5 months after 
spraying only 0.04 to 0.05 ppmw of either chemical could be 
detected. 

TABLE 2 

Average concentration of 2,4-D and 2,4,5-T in composite 
soil samples collected from three soil depths 

2,4-D 2,4,5-T 

Days Soil depth Soil depth 
after (cm) (cm) 
treat- 
ment 

0-10 I0-20 20-30 O-lO I0-20 20-30 

(ppm) (ppm) 

14 1.16 0.16 0.09 0.88 0.06 0.03 
29 0.71 0.07 0.05 0.53 0.02 0.02 
69 O.22 O.O2 O.O2 O.29 O.Ol O.03 
146 O.ll 0.02 0.01 0.21 0.02 O.Ol 
379 0.04 0.02 0.02 0.05 0.03 0.03 

In our study, 2,4,5-T disappeared at a faster rate at first 
than 2,4-D if we assume both chemicals were present initially at 
the same concentration (Figure l). This faster rate may be con- 
trary to the expected pattern since NORRIS (1970) and ALTOM and 
STRITZKE (1973) reported 2,4-D had a shorter half life than 
2,4,5-T in laboratory studies using forest floor or soil mate- 
rials. However, if only data between 14 and 146 days are con- 
sidered, 2,4-D does show a shorter half life than 2,4,5-T in 
this study as well. 

The rate of decline 12 months after application was slow, 
and minute herbicide residues may be detected for considerably 
longer than l year after spraying. We believe that a concen- 
tration of 0.05 pprmv of 2,4-D or 2,4,5-T has no important bio- 
logical significance. It may be chemically or physically 
'%ound ~' to soil particles and organic matter, and while not 
readily available under natural conditions, is removed by our 
rigorous sample extraction procedures. ALTOM and STRITZKE 
(1973) also found a reduction in rate of degradation as residue 
levels declined. 

Using the data obtained at depths of 0 to lO cm, we trans- 
formed herbicide concentration (Y) to log]~ Y and days after 
application (X) to lOglO (X+I) to obtain e~uations which de- 
scribed the soil residue. The equation for 2,4-D was: 



lOgln Y = 1.278 - l.Ol4 log,n (X+l), with an r 2 of 0.99, and for 
2,4,~-T: lOglO Y = 0.979 -'~.836 lOgl( } (X+l) with an r 2 of 0.95. 
This log-log relationship produced a g6od fit of tile observed 
data starting from 14 days after spraying (Figure 2). 
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Figure 2--Concentration of 2,4-D and 2,4,5-T in the 
0 to I0 cm soi l  zone. Actual data are plotted along 
with curves generated from transformed data where 
herbicide concentration is expressed as lOglo ppm 
and time is |Oglo (days + I ) .  

The rapid initial disappearance of both herbicides from 
the 0 to I0 cm soil zone was somewhat surprising. Microbial 
metabolism, often cited as tile primary means of herbicide de- 
toxification in tile soil (AUDUS 1964, KLINGIiAN l~61), would 
appear to be extremely limited under the dry conditions en- 
countered during the first 5 months after spraying. Neither 
soil organic matter content, nor soil texture favored a large 
microbial population (AUDUS 1964). Volatilization and photo- 
decomposition appear the more likely processes of degradation. 

The difference between average concentration of herbicide 
at different depths was highly significant (P<O.OOl). The 
chemical residues detected in the lower zones were probably 
due to contamination from the dry, loose surface soil sifting 
into the plt during sample collection because no rain fell 
during the first 2 weeks after spraying; furthermore, diffu- 
sion through the soil is limited (Table 2). 



Analysis of variance with orthogonal polynomial contrasts 
showed that the residues in the lower soil zones declined with 
time according to a quadratic function (P<O.OOl), with no sig- 
nificant interaction (P>O.05) between date and depth. This 
decline indicates that curves describing herbicide residue 
levels with time at the different depths are the same shape. 
The lack of interaction is expected if residues in samples 
below lO cm were the result of sample contamination, rather 
than leaching. 

Our results suggest that concern about the potential hazard 
of 2,4-D and 2,4,5-T residues in arid southern California soils 
seems unwarranted. Even Under conditions which are considered 
poor for rapid herbicide degradation--namely, low rainfall and 
moderately coarse soils with relatively low organic matter con- 
tent--residues of 2,4-D and 2,4,5-T disappeared rapidly. Nor- 
mally there would be little opportunity for chemical leaching 
after a spring herbicide applicatTon in southern California 
since little rainfall is expected until the fall. In fact, only 
a slight amount of leaching of phenoxy herbicides is expected 
under wetter climatic conditions (MORTON et al. 1967, NORRIS 
1971). 

The major potential hazard to water quality is through 
surface water contamination (NORRIS 1971); even then, peak 
concentrations are usually low and of short duration. In an 
average rainfall year, most streams are dry in California 
chaparral areas during late spring and summer; consequently, 
direct water contamination should be minimal. Where streams 
or standing water are present, buffer zones can be used to 
minimize direct application to surface waters. 

We conclude that the use of 2,4-D and 2,4,5-T for manage- 
ment of fuelbreak vegetation does not present a significant 
hazard to the quality of the environment nor to its inhabitants. 
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