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/A Method for Simulating Subsurface Injection of IIe.rbicidesl

J.M. Cupello and A.L. Young2
Abstract. Specially designed growth boxes were used to simulate field

subsurface injection of phenoxy herbicides. Sorghum (Sorghum vulgare

L.} seedlings were grown in stainless steel containers (inserts) which .
were placed in plexiglass boxes containing a soil layer that had
received 2,240 kg active ingredient/ha (kg ai/ha) of a SO:Sb mixture of
the n-butyl esters of 2,4-D [(2,4-dichlorophenoxy)-acetic acid] and |
2,4,5-7T [(2,4,5-trichlorophenoxy) —aoet}:c acid]. Ieaf-blade length data
ine s E kL glailo S

é:bsurface herbicide appllcatlol}\ re cd plant growth Jrej:&txve"-bo-m-
herbicide treated-eemtrols. Ao differences in Pl AL were
ochaerved between plants having cut roots and exposure to herbicide, and

5iplants having only cut roots.

INTRODUCTION
Interest in disposal methodology for selected herbicides or. |
herbicide manufacturing wastes has prompted field studies where
herbicides have heen subsurface injected at massive concentration rates

(2, 9). The premise fdr such studies is that high concentrations of

]T{eceived for publicaticm

Frank J. Seiler Research Laboratory (Air Force Systems Command) and Air

1

Force Logistics Cammand.

21\:390::. Professors, Dep. Chem. Biol. Sci., (DFCBS), United States Aix

IPorce Academy, OO 80840.

ware collected periodically for all treatments. Lthi - '

, 1976. Work was supported by |
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herbicides or their manufacturing wastes will be degraded to innocuous
products by the combined action of soil microorganisms and soil
hydrolysis (15). Numerous field methods and incorporation equipment |
have bheen described for the subsurface placement of herbicides (4, 5,
14). Laboratory simulation of these field techniques has been confined
to "normal" rates for herbicide application and to studies of root versus
versus shoot uptake. A double pot technique first described by Eshel
and Prendeville (7) has been most frequently used (3, 12); however, the
laycring of treated soil in pots or cans has also been popular (8, 10).
A few other techniques have also been described, Parker (13), for
example, used a double-dish technique using petri dishes to separately |
expoge roots and shoots to sand or soil containing herbicides, while
Appleby and Furtick (1) developed a plastic envelope device for allowing
scparate exposure of seeds, roots, and coleoptiles of emerging grass
seedlings to soil-incorporated herbicides. Techniques to observe the
growth of roots and the effects of root-active chemicals have been
described by Muzik and Whitworth (11) and Duffy (6). The latter study
involved chemical treatment of isclated portions of root systems without
disturbance or injury to the untreated root mass. | |

~ All of the above techniques have been limited to the study of
intact (uncut) root or shoot systems. In a field situation where an
agricultural subsoiler would be used, many roots and stems would 'be
severed by the shank or blade, Goulding (9) undercut a '__4.'05 ha plc'r!_:_lh‘pf_l

sparse to moderately dense greascwood [Sarcobatus vemiéuiatus:- (Ilobk;):'

Torr.] and injected a total of 62,457 liters of liquid wnst:e fmm the
manufacture of 2,4-D. - Slow reoovery of the shrubs. waq obaerved,%_ |

principally between the 1nject10n po;mts.~ In; a unique_ e:{p@t'irrmt 1p.
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Soutlwest Kansas, growing grain sorghum was undercut with Noble biade |
equipment and simultaneously treated with 2,240 kg active ingredient/ha
(kg ai/ha) of a 50:50 mixture of 2,4-D and 2,4,5-T-. Plant height at
harvest for control plots was visibly different (greater) than plots
receiving either undercutting with herbicide or undercutting without
herbicide. ,-

The present study was ini'tiatedlto c_ievelop a laboratory method that
would\Dblmulate field dlsposal studies of phenoxy herbicides usmg sub-
surface injection a@ 25 quantify ‘the effects of wndercuttihg sorghum
with and without the addition of massive quantities of phenoxy
herbicides.

MATERTALS AND METHODS

Special growth boxes (Figure 1) were designed to permit simultan—
eous cutting and exposure of plant root systams to herbicides. The
boxes had dimensions of 30.5 cm x 30.5 am x 17.8 om (inside diameter),
constructed of 0.64 om plexiglass. A 29.8 cm x 2918 am x 12.7 om
(outside diameter) insert constructed of 0.16 cm stainless steel was
made to fit loosely inside the plexiglass boxes. The ingsert had three
0.16 cm diameter stainless steel rods welded across its bottom as @
support for a 30.5 an x 30.5 cm sheet of 10 mesh (1680 aperture ﬁd&) _
stainless stcel screen. The screen retained the soil inside the stain-

less steel insert, while permitting passage of the roots into the

3Condray, J.L. 1972, Annual report of the weeds research project.

Garden City Branch Experiment Station, Kansas State Univeréity, Garden

City, Kansas 67846.
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plexiglass container below. Tour plexiglass legs, each 1.3 am x 1.3 cm
5.1 cm were placed in the fourl corners of the plexiglaiss box to
support the stainless stecl insert at a fixed distance from the bottom
of the plexiglass box. This design permitted easy access to the root
systems for cutting, provided that the space (a layer 5.1 cm deep)
bencath the stainless sﬁeel screcn was loosely packed with vermiculite
or a similar growth medium which permitted removal of the insert from
the plexiglass box without damaging the root systems. Chemical treat-
ment: and, hence exposure of the cut roots, was accomplished by removing

the vermiculite layer and replacing it with treated soil.

Moisture studies. To determine the sensitivity of this new technicque

to variations in the amount of water contained in the vermiculite layer,
a preliminary experiment was conducted. Two plexiglass containers were
filled with a 5.1 cm layer of dry vermiculite. The first, referred to
as the damp vemic:ulité container, was provided sufficient tap water to
moisten the vermiculite layer without allowing free standing water. A
second container, the saturated Mmlite contai.ﬁer, Qas watered
until free standing water was 5.1 cm deep. A third plexiglass container
was filled with 5.1 cm of woist Ulysses silt loam soil (pH 7, 1.3%
organic matter, and 33, 44, and 23% sand, silt and clay, respectively)
as a control, and was used to indicate whether plants grown in vermicu-
lite had different groth rates than those grown in soil only. The
stainless steel inserts for the three plexiglass boxes were filled with
10.2 om of the Ulysses silt loam goil and placed in their rec‘pectj.ve .

plexiglass boxes. A cardboard tenplate with the sam smrfaoe area; as

the stainloss steel inserts vas pre-puncmd mth 100 holos in "a :m x 10 B
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square matrix, each hole separated from adjacent holes by a distance of
2.54 cm, The template was placed over the soil in the stainless steel
inserts. One hundred secds of sorghum (var. Pioneer 846), selected at
random, were placed in the 100 holes and the seeds were pushed into the
soil to a depth of 2.54 cm using a wooden dowel rod. The cardboard was
then ramvedﬁ//\wthe soil lightly rak%:g-ﬁrrl % the-t1188 Createt 5y the
mwarﬂ the soil Tightly“Packed. The growth boxes were placed in
an ehvironmental chanber for 46 days. The chamber was maintained at a
l4-hour photoperiod, diurnal temperature of 35:2C and 15:1C, and a

relative humidity of 60 and 85 percent, day and night, respectively.

Chemical treatment study. Based upon the results of the moisture stwdly,

further experiments were designed to study the effects of chemical.
treatment on cut versus uncut root systems. The experiment was of a

2 x 2 design utilizing four growth boxes: (1) cut control; (2) uncut
control; (3) cut treated; and (4) wncut treated. All four stainless
steel inserts were filled with a 10.2 cm layer of the Ulysses silt loam
soil, The four plexiglass containers were handled somewhat differently
depending on whether the root systems were to be cut or uncut. .
Tnitially, however, all four plexiglass containers were filled with

5.1 cm of damp vermiculite, their stainless steel inserts carefﬁlly
positioned inside the plexiglass containers and 100 seeds planted J.n '
cach of the four inserts. Those growth boxes containing plants whose
root systoms were to remain uncut were allowed to grow fdr 3 days, at
which time their stainless steel inserts were ramoved, the vermiculite
layer replaced with moist "treated” or "untreated” soils, and the.

stainless steel insert replaced. Prior work indicated that by the




10
11
12

13

st By

14

<1

- 16
17
18
19
20

21

third day after planting, the roots were just approaching the
stainless steel screen.
%.sz:w\;o _ '
The grewthrboxes~-which were to be cut were allowed to grow for 22
days after the initial planting, at which time the stainless steel
inserts were removed, the vemlculltcﬁreglaced with either treated or

N Y e [ N u&/o/&{
; .and the stainless s
f'

untreated soil, the root systems (Gu 1 inserts
roplaoog. All boxes were maintained in the environmental chamber under
the conditions previously described. The boxes were periodically re—

moved for watering and plant height measurements. The arrangement of

growth boxes inside the chanber was alternated at the time of watering

on a random basis in order to minimize any effects due to nonhomogeneous

plant ‘heights Were Twastred, \% minimum of ten plants per box were

randomly selected and the heights of the plants, from the 9011 surface o

to the tip of the longest leaf, were recordedgX CAW

SR O

Chamical formulations and application. Those plexiglass containers that

were to receive chemically treated soil at the appropriate point in.the
experiment were handled in the following manner. At the time of .
chemical treatment for.both cut (day 22) and uncut (day 3) root systems,
the 5.1 om of vermiculite was removed and replaced by 4.1 cm of Lm-.____[.::_:.
The remaining i.O cm space was filled with soil o

ocontaminated soil.

(a 50:50 mixture of the n-butyl esters of 2, 4-D and 2 4 5-1) to be k

equivalmt to 2 240 kg ai/ha 'Ib ingure a umform layérmg of th:!s ;

environmental factors within the chamber. On_thpse days—on-which the ™

which had been previously mixed with sufficient herbicide fornniléltidh

i
ey
g

/?’ /}/ﬁﬁ_. c/bﬁ
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the 4.1 an of untreated soil), the contaminated soil placed on this
grid and spread to fill all of the grid squares equally, and the grid
carefully removed. This soil was lightly packed, wetted with 500 ml of
R,
tap water, and the stainless stcel insert placed kack—thposttiom:-
U
The 1 am layer of soil w&a—predetem:hmd-te weigh' 1,500 grams, and&

WD b
to_this-weight-of-seit was-added 20.1 ml of the herblclde fonmllat:l.on.

A

To quarantee quantitative transfer, two 5 ml acetone rinses of the
glassware were also added to the treated soils. The acetone was

(-8 \Lﬂ\-\‘i rvvwmﬁ—
allowed to evaporat%p ior to the time the root systems were placed in
contact with the chemlcally treated soils. The ocontrol soils received
no herbicide, but did receive the 10 ml of acetone.

RESULTS AND DISCUSSION

Moisture study. The data points in Figure 2 represent. average sorghum

plant height as a function of time after initial seed planting (time
zero)., Two of the curves represent growth rate variations due to
differences in the monisture content of the vermiculite 1ayér placed
beneath the 10.2 am of seed bearing soil. The data obtained from

the box containing soil rather than vermiculite were congidered as

saturated vermiculite data were compared.

“;:aieer'jﬁ'”ssoil oSt Truly tepresented-normel € SHvIrOnTental grewth

Because the data were time var:.ant, they ware analyzed by . fJ.tt:i.ng

a curve to the data po:mts uging the method of least squarea
1:mear regression. A muber of eqnmtiona relating plant:. he;tght (Y) and
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time (X) were tested to determine which mathematical form of a growth
model best fit the experimental data. The best fit was defined as the
equaticn which resulted in the smallest mean squared error (MSE) between
enpirical data and that predictad by the growth model.
For the control data in Figure 2 (soil rather than vermiculite),
an equation of the form
Y=a+8X+ 82}(2 + B3X3 ‘[1]
gave the smallest MSE, and was selected as the appropriate growth model
against which to compare the data resulting from root growth in vermicu-
lite. Additional statistical testing of this equation indicated that
no additional terms needed to be included in equation [1). Utilizing a
matrix inversion technique, the coefficients for [1] were determined as
shown below:
Y = -11.1 + 2.71X « 0.0642}{2 + 0.000615}(3 [2]
The experimental data obtained from the damp and saturated vermicu-
lite treatments (Figure 2) were also fitted to the general form of
equation [1] and their ccefficients determined, so as to provide the
minimal MSE.

_ Lincar regression analysis at the 95 perceht confidence level -
(used for all statistival tests in this study) indicated that both the
damp and saturated vermiculite growth models were different than the
soil growth model. Likewise, the damp vermiculite growth model was
shown to be statistically different from the saturated_vemniquiite. ‘
aronth model. - o I

It could be argued that the damp and saturated venniculi'l:e data
should be fitted to a growth model d.Lfferent frcm the general form of !

v

A

cxzuatmn [1] Even if thJ.s were tmc it would not dl'[:ﬁ.li' the
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conclusions; it: would only reduce the MSE of the curve fits,

It is concluded from those analyses that the laboratory mthod
described is sensitive to the replacement of soil by vermiculite, and
the water content of the vermiculite layer. Thus, care must be taken to
ensure that all growth boxes uscd in a given experiment or set of sub-
sequent exporiments are alike with respect to the quantity and water
content: of the vermiculite layer; at the beginning, and for the
duration, of the experiment (s). |

The effect of cutting of root systems was studied in the
pregence ahd abgence of herbicide., The experimental design required
those treatments that were to have "uncut" root systems to have
their vermiculite layer replaced by soil approximately three weeks
prior to the time when the "cut" treatments had their vermiculite layers

replaced. If the uncut treatments were not so modified on day 3, the

roots would already have penetrated into the vermiculite layers, and . i

would be damaged when the vermiculite layer was replaced by soil,
and the stainless steel ingert placed on top of this soil layer.
The previous results with the vermiculite suggested that a comparison

of "cut" and "uncut" treatment data might- be invalid. The fact that

the environmental growth conditions are different for a period of up to

three weeks could, in.itself, ,rgause significant differences in p]'.,an't::'_,"
growth rates. Thus we wouldsbe unable to ascribe any observed growth

rate differences to chemical treatment or cutting, alone.

Chemmal treamnt study. Figure 3 J.llustrates the data and best curve |

fiLB for the cut and Uncut control treatments {no herblcide) Both
—fltS in thure 3 were J,ndepemdently deternﬂned usmg the

N
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procedures described in the moisture studies.
The growth models which provided the best fit to the data for the

uncut control and cut control treatments were, respectivelys

30.42 - .01817X% + .0002215%° + 18.63 1n(X) [3]

Y = 30.52 - 1.348X + .{)1050}{2 + 23.39 In(X) [4]

h

Y

Statistical analysis confirmed that the growth models for cut and
uncut controls were significantly different. However, whether this
obhserved difference was due to the physical act of root cutting,
growth rate alterations induced by handling the uncut and cut treatmonts
differently (changing vermiculite on day 3 versus day 22, respectively},
other experimental variables, or a combination of all of these could
not be determined. Therefore, further discussion is limited to
comparisons within the categories of cut and uncut treatments.

Figure 4 shows the comparison of uncut control and the uncut
treated growth models. The general form of ;ﬁjatlan [3] was used to

Y

determine the coefficients, for -the uncut treated growth m:yde1\ Analysis

2 Mana b
Qf..the-cosfTIETE s mé—:teat:aﬂ that treatmant with herbicide mgmf:.—

cantly reduced the ratg of gr d;e;m@ %m M
L Gy |

I‘lgure 5 J_llustrates the comparison between cut control and the
cut trecated growth modgls. The same procedures were used to make sta-
tistical inferences as were used to analyze the data in Figure 4; the
only difference being that the general form of the growth model being
tested was of the form shown in equation [4). The results of these
analyses J.ml}cated no difference in growth rate between control and
treategz _i%lqt&; hotlzest which had their root systems severeﬁi % c)utting
the root systems caused the plants to grow as if the herbicide were

not prescnt. .
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Technicque evaluation. The development of this laboratory method for

sinmlating massive subsurface field disposal of herbicides was prampted
by our nced for a subsurface application method that mimicked actual
field methodology; namely, cutting of root systems during application.
The addition of this refinement over existing methods is the principal
justification for preferential use of this technique. Frequent employ-
ment of subsurface herbicide p_lacement techniques in the field, to
enhance chemical persistence and to place the agent in the zone of plant
uptake, scems to warrant continued improvement of laboratory simulation
methods. When root systems are not cut, herbicide application causes a
significant decrease in plant growth, but we find no herbicide effect
on growth when root systems are cut. The introduction of this one |
additional experimental variable, root cutting, may completely alter
the conclusions drawn from such studies; it is too important a
consideration to ignore. . | ' %ﬁ"’ "
Our use of the technigque for massive quantities of phenoxy
herbicide would not preclude its usc at rates comonly found in
cammercial applications. It is cquestionable, however, whether such
low rates of application of these chemicals would appreciably affect
sorghum growth rate. - |

During the course of these experiments a mumber of interesring
physiclogical phe.norrnana were cobserved. Those plexiglass growth boxes
treated with subsurface herbicide showed little, if any, root penetra-
tion into or beyond the chemically treated s0il layer Boxes mth :
untreated soil showed significant “wass Jpenetration thmugmut the '
qoil. If smilar resultv can be ve.r:n.f:.,ed m fmld studieu, one could

arque that the pre._,enae qf this clmcal, barner to root penet:mt.iqn
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would limit or prevent plant uptake of herbicide. Were this so, massive

subsurface placement of herbicides for biodegradation purposes could be
accamplished without fear of animal food chain contamination.

As anticipated, rates of seed germination were similar for all
treatments. Since the seeds were placed beneath the soil surface, and
7.6 cam above the site of herbicide placement, no germination effects
were expected.

Those plants directly adjacent to the walls of the stainless steel

inserts, and especially those plants located in the corners of the

dinserts, were visibly taller than those more centrally located. We

attribute this growth advantage to the fact that the ocuter perimeter
of plants had less root competition for nutrients due to the lack of
an a&jacent row of plants on one of their two sides. The plants located
in the corners would have such an advantage from two sides, rather than
just one. A ran&oi}m elec ﬁtl‘.ﬁ“ n of plants for height determinations.
aaded-to minimizerktlus bimodal distribution of plant heights. <Another
way to roduce this/;rtifact would be to confine plant measurements to |
plants other than those located adjacent to the four stainless stéel ')
walls. | _ -
The present studies were of a 2 x 2 Istatistical d_esign, and were
not replicated over time under exact environmental conditions. ch—aes)er,
a number of other studies using the identical growth boxes were con—

ducted to study the effects of tamerature and relative humidity,

[

alternative methods of cutting the roots, subsurfatr:a'e' mteriﬁg,"—‘?étql" In - ‘

all cases, the technique was reliable. Although the mthanaticél' pian’t
growth lmdels will obvmusly change as the technique is mdlfied

(alLerjng scul om\posit.mn, -type of plants, etc.] we are. oonf.i.de;:nt that

. T
o . LA
) oL ST e
(D . L ot 1 " .

PRI o . P e
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results obtained within a given sot of experimental conditions will
permit cuantitative comparisons betweon treatments.
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1 Captions for Figures
2|Figure 1. Plexiglass growth boxes with stainless steel inserts.

3|Figure 2. Average height of sorghum plants following root exposure to

4 damp or saturated vormiculite, and moist Ulysses silt loam

5 soil. Data points are averages of ten or more plant heights.
6 Curve fits determined by least squares linear regression.

7 “The curves were significantly different at the 0.95 confi-

8 dence level for all treatment comparisons.

9| Pigqure 3. The effect of subsurface root cutting on the growth rate of

10 non-herbicide treated sorghum plants. Data points are

11 averages of ten or more plant heights. Curve fits deter-
12 mined by least squares linear regression. The curves

13 significantly different at the 0.95 confidence level. B

14| Figure 4. The effect of subs'urface herbicide application on the growth

15 rate of sorghum plants having uncut root systems. Data _

16 points are averages of ten or more plant heights. Curve fits
17 determined by least squares linear regression. The curves -
18 _ significantly diffarent at the 0,95 confidence level. |

19| Figure 5. The effect of subsurface herbicide application on the growth

cad T

20 . rate of sorghum plants having cut rcot systems. Data _.points
21 | . are averages of ten or more plant heights. Curve fi-tslldei:er-
22 mined by least squares linear regression. The curves were
23 not significantly different at the 0.95 confidence level.
24 |

. 25 1
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A Method for Simulating Subsurface Injection of Herbicides!

J.M. Cupello and A.L. Yt:::l.u'a_:}2
Abstract. Specially designed growth boxes were used to simulate field

stbsurface injection of phenoxy herbicides. Sorghum (Sorghum vulgare

L.) seedlings were grown in stainless steel containers (inserts) which
were placed in plexiglass boxes containing a soil layer that had
received 2,240 kg active ingredient/ha (kg ai/ha) of a 50:50 mixture of
the n-butyl esters of 2,4-D [(2,4-dichlorophenoxy)-acetic acid] and
2,4,5-T [(2,4,5-trichlorophenoxy)-acetic acid]. Ieaf-blade length data
were collected periodically for all treatments. Subsurface herbicide
application to intact root systems retarded plant growth. No
differences in growth were observed between plants whose root systems
were cut and exposed to herbicide, and those plants whose root systems
were cut but not exposed to herbicide.
INTRODUCTTON

Interest in disposal methodology for selected herbicides or
herbicide manufacturing wastes has prompted field studies where
herbicides have been subsurface injected at massive concentration rates

(2, 9). The premise for such studies is that high concentrations of

J'Received for publication , 1976. Work was supported by

Frank J. Seiler Research Laboratory (Air Force Systems Comend) and Air
Force ILogistics Command.
2Assoc. Professors, Dep. Chem. Biol. Sci., (DFCBS), United States Air

Force Academy, CO 80840.
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herbicides or their menufacturing wastes will be degraded to innocuous
products by the combined action of soil microorganisms and soil
hydrolysis {15). Nmemus field methods and incorporation equipment
have been described for the subsurface placement of herbicides (4, 5,
14). Laboratory simulation of these field technigues has been confined
to "normal" rates for herbicide application and to studies of root
versug shoot uptake. A double pot technique first described by Eshel
and Prendeville (7) has been most frequently used (3, 12}; however, the
layering of treated soil in pots or cans has also been popular (8, 10}.
A few other techniques have also been described. Parker (13), for
example, used a double-dish technique using petri dishes to separately
expose roots and shoots to sand or soil containing herbicides, while
Appleby and Furtick (1) developed a plastic envelope device for allowing
separate exposure of seeds, roots, and coleoptiles of emerying grass
seedlings to soil-incorporated herbicides. Techniques to observe the
growth of roots and the effects of root-active chemicals have been
described by Muzik and wWhitworth (11) and Duffy (6). The latter study
involved chemical treatment of isolated portions of root systems ﬁithout
disturbance or injury to the untreated root mass.

All of the above technicues have been limited to the study of
intact (uncut) root or shoot systems. In a field situation where an
agricultural subsoiler would be used, many roots and stems would be
severed by the shank or blade. Goulding (9) undercut a 4.05 ha plot of

sparse to moderately dense greasewood [Sarcobatus vermiculatus (tHook.)

Torr.] and injected a total of 62,457 liters of liquid waste from the

manufacture of 2,4-D. Slow recovery of the shrubs was observed,

principally between the injection points. In a unique experiment in
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Southwest Kansas, growing grain sorghum was undercut with Noble blade
equipment and simultaneously treated with 2,240 kg ai/ha of a 50:50
mixture of 2,4-D and 2,4,5—'1‘3. Plant height at harvest for control
plots was visibly different (greater) than plots receiving either
undercutting with herbicide or undercutting without herbicide.

The present study was initiated to develop a laboratory method that
would (1) simulate field disposal studies of phenoxy herbicides using
subsurface injection and (2) quantify the effects of undercutting
sorghum with and without the addition of massive guantities of phenoxy
herbicides.

MATERTATS AND METHODS

Special growth boxes (Figure 1) were designed to permit simultan-—
eous cutting and exposure of plant root systems to herbicides. The
boxes had dimensions of 30.5 cm x 30.5 cm x 17.8 om (inside diameter),
constructed of 0.64 cm plexiglass. A 29.8 om x 29.8 am x 12.7 cm
(outside diameter) insert constructed of 0.16 cm stainless steel was
made to fit loosely inside the plexiglass boxes. The insert had three
0.16 om diameter stainless steel rods welded across its bottom as
support for a 30.5 an x 30.5 om sheet of 10 mesh (1680p aperture width)
stainless steel screen. The screen retained the soil inside the stain-

less steel insert, while permitting passage of the roots into the

3Oondray, J.L. 1972. Annual report of the weeds research project.

Garden City Branch Experiment Station, Kansas State University, Garden

City, Kansas 67846.
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plexiglass container below. Four plexiglass legs, each 1.3 cmx 1.3 cm
x 5.1 cm wére placed in the four corners of the plexiglass box to
support the stainless steel insert at a fixed distance from the bottom
6f the plexiglass box. This design permitted easy access to the root
systemg for cutting, provided that the space (a layer 5.1 com deep)
beneath the stainless steel screen was loosely packed with vermiculite
or a similar growth medium which permitted removal of the insert from
the plexiglass box without damaging the root systems. Chemical treat-
ment and, hence exposure of the cut roots, was accomplished by removing

the vermiculite layer and replacing it with treated soil.

Moisture studies. To determine the sensitivity of this new technique

to variations in the ampunt of water contained in the vermiculite layer,
a preliminary experiment was conducted. Two plexiglass containers were
filled with a 5.1 am layer of dry vermiculite. The first, referred to
as the damp vermiculite container, was provided sufficient tap water to
moisten the vermiculite layer without allowing free standing water. A
second container, the saturated vermiculite container, was watered
until free standing water was 5.1 cm deep. A third plexiglass container
was filled with 5.1 am of moist Ulysses silt loam soil (pH 7, 1.3%
organic matter, and 33, 44, and 23% sand, silt and clay, respectively)
as a control, and was used to indicate whether plants grown in vermicu-
lite had different growth rates than those grown in soil only. The
stainless steel inserts for the three plexiglass boxes were filled with
10.2 cm of the Ulysses silt loam soil and placed in their respective

plexiglass boxes. A cardboard template with the same surface area as

the stainless steel inserts was pre-punched with 100 holes in a 10 x 10
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square matrix, each hole separated from adjacent holes by a dJ.stance of
2.54 cn. The template was placed over the scil in the stainless steel
inserts. One hundred seeds of sorghum (var. Pioneer 846), selected at
randam, were placed in the 100 holes and the seeds were pushed into the
soil to a depth of 2.54 om using a wooden dowel rod. The cardboard was
then removed and the soil lightly raked and packed. The growth boxes
were placed in an environmental chamber for 46 days. The chamber was
maintained at a l4-hour photoperiod, diurnal temperature of 35:2C and
15+1C, and a relative humidity of 60 and 85 percent, day and night,

respectively.

Chemical treatment study. Based upon the results of the moisture study,

further experiments were designed to study the effects of chemical
treatment on cut versus uncut root systems. The experiment was of a

2 x 2 statistical design utilizing four growth boxes: (1) cut control;
(2) uncut control; (3) cut treatment; and (4) uncut treatment. All four
stainless steel inserts were filled with a 10.2 am layer of the Ulysses
silt loam soil. The four plexiglass containers were handled samewhat
differently depending on whether the root systems were to be cut or un-
cut. Initially, however, all four plexiglass containers were filled
with 5.1 cm of damp vermiculite, their stainless steel inserts carefully
pogitioned inside the plexiglass containers and 100 seeds planted in
each of the four inserts. Those growth boxes containing plants whose
root systems were to remain uncut were allowed to grow for 3 days, at
which time their stainless steel inserts were removed, the vermiculite
layer replaced with moist "treated" or "untreated" soils, and the

stainless steel insert replaced. Prior work indicated that by the
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third day after planting, the roots were just approaching the
stainless steel screen.

The plants which were to be cut were allowed to grow for 22
days after the initial planting, at which time the stainless steel
inserts were removed, the vermiculite replaced with either treated or
untreated soil, the root systems cut flush against the stainless steel
screen, and the stainless steel inserts replaced. All boxes were
maintained in the environmental chamber wder the conditions previously
described. The hoxes were periodically removed for watering and plant
height measurements. The arrangement of growth boxes inside the chamber
was alternated at the time of watering on a random basis in order to
minimize any effects due to nonhomogeneous envirommental factors within
the chamber. At approximately one week intervals, a minimum of ten
plants per box were randomly selected, and the heights of the plants

recorded.

Chemical fornmlations and application. Those plexiglass containers that

were to receive chemically i:reated soil at the appropriate point in the
experiment were handled in the following manner. At the time of
chemical treatment for both cut (day 22) and wcut {(day 3) root systems,
the 5.1 cm of vermiculite was removed and replaced by 4.1 cm of un~
contaminated soil. The remaining 1.0 cm space was filled with soil
which had been previously mixed with sufficient herbicide formmlation
(20.1 ml of a 50:50 mixture of the n-butyl esters of 2,4-D and 2,4,5-T)

to be equivalent to 2,240 kg ai/ha. To guarantee guantitative transfer,
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two 5 ml acetone rinses of the glassware were also added to the treated
so0ils. The acetone was allowed to evaporate prior to the time the root
systems were placed in oontact with the chemically treated soils. The
control scils received no herbicide, but did receive the 10 ml of
acetone.

To insure a uniform layering of this 1 cm of contaminated soil, a
plastic grid containing a matrix of 1 cm x 1 cm square holes was first
placed in the plexiglass container (over the 4.1 am of untreated soil),
the contaminated soil placed on this grid and spread to fill all of
the grid squares equally, and the grid carefully removed. This soil
was lightly packed, wetted with 500 ml of tap water, and the stainless
steel insert replaced.

RESULTS AND DISCUSSION

Moisture study. The data points in Figure 2 represent average sorghum

plant height as a function of time after initial seed planting (time
zero). Two of the curves represent growth rate variations due to
differences in the moisture content of the vermiculite layer placed
beneath the 10.2 cm of seed bearing soil. The data obtained from
the box containing soil rather than vermiculite were considered as
control data and were used as the baseline against which the damp and
saturated vermiculite data were compared.

Because the data were time variant, they were analyzed by fitting
a curve to the data points using the method of least squares

linear regression. A number of equations relating plant height (¥) and
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time (X) were tested to determine which mathematical form of a growth
model best fit the experimental data. The best fit was defined as the
equation which resulted in the smallest mean squared error (MSE) between
empirical data and that predicted by the growth model.
For the control data in Figure 2 (soil rather than vermiculite),
an equation of the form
Y=o+ BX+ 82x2 + 83X3 (1]
gave the smallest MSE, and was selected as the appropriate growth model
against which to compare the data resulting from root growth in vermicu-
lite, Additional statistical testing of this equation indicated that
no additional terms needed to be included in equation [1]. Utilizing a
matrix inversion technique, the coefficients for [1] were determined as
shown below:
= -11.1 + 2,71X - t'.!.0642X2 + 0.000615%° [2]
The experimental data obtained from the damp and saturated vermicu-
lite treatments (Figure 2} were also fitted to the general form of
equation [1] and their coefficients determined, so as to provide the
minimal MSE.
Linear regression analysis at the 95 percent confidence level
{used for all statistical tests in this study) indicated that both the
damp and saturated vermiculite growth models were different than the
soil growth model. Likewise, the damp vermiculite growth model was
shown to be statistically different from the saturated vermiculite
growth moded.
It could be argued that the damp and saturated vermiculite data

should be fitted to a growth model different from the general form of

equation [l]. Even if this were true it would not alter the
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conclusions; it would only reduce the MSE of the curve fits.

It is concluded from these analyses that the laboratory method
described is sensitive to the replacement of soil by vermiculite, and
the water content of the vermiculite layer. Thus, care must be taken to
ensure that all growth boxes used in a given experiment or set of sub-
sequent experiments are alike with respect to the quantity and water
content of the vermiculite layer; at the beginning, and for the
duration, of the experiment(s).

The effect of cutting of root systems was studied in the
presence and absence of herbicide. The experimental design required
those treatments that were to have "uncut” root systems to have
their vermiculite layer replaced by s0il approximately three weeks
prior to the time when the "cut" treatments had their vermiculite layers
replaced., If the uncut treatments were not so modified on day 3, the
roots would already have penetrated into the vermiculite layers, and
would be damaged when the vermiculite layer was replaced by soil,
and the stainless steel insert placed on top of this soil layer.

The previous results with vermiculite suggested that a comparison

of "cut" and "uncut" treatment data might be invalid. The fact that
the environmental growth conditions are different for a period of up to
three weeks could, in itself, cause significant differences in plant
growth rates. Thus we are unable to ascribe any observed growth

rate differences to chemical treatment or cutting, alone.

Chamical treatment study. Figure 3 illustrates the data and best curve

fits for the cut and uncut control treatments (no herbicide). Both

curve~fits in Figqure 3 were independently determined using the
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procedures described in the moisture studies.

The growth models which provided the best fit to the data for the
uncut control and cut 00n£rol treatments were, respectively:

Y = -30.42 - .01817%° + .0002215%X° + 18.63 In(X) 3]
= ~30.52 - 1.348X + .01050X> + 23.39 In(X) [4]

Statistical analysis confirmed that the growth models for cut and
uncut controls were significantly different. However, whether fhis
observed difference was due to the physical act of root cutting,
growth rate alterations induced by handling the uncut and cut treatments
differently (changing vermiculite on day 3 versus day 22, respectively),
other experimental variables, or a combination of all of these could
not be determined. Therefore, further discussion is limited to
comparisons within the categories of cut and wcut treatments.

Figure 4 shows the comparison of uncut control and the uncut
treated growth models. The general form of eguation [3] was used to
determine the coefficients for the growth model. Analysis showed that
subsurface herbicide treatment of intact root systems significantly
reduced the rate of plant growth.

Figure 5 illustrates the comparison between cut contrel and the
cut treated growth models. The same procedures were used to make sta-
tistical inferences as were used to analyze the data in Figure 4; the
only difference being that the general form of the growth model being
tested was of the form shown in equation [4]. The results of these
analyses indicated no difference in growth rate between control and
treated plots which had their root systems severed, i.e., cutting
the root systems caused the plants to grow as if the herbicide were

not present.
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Technique evaluation. The development of this laboratory method for

simulating massive subsurface field disposal of herbicides was prompted
by our need for a subsurface application method that mimicked actual
field methodology: namely, cutting of root systems during application.
The addition of this refinement over existing methods is the principal
justification for preferential use of this technique. Freguent employ-
ment of subsurface herbicide placement techniques in the field, to
enhance chemical persistence and to place the agent in the zone of plant
upta}§e, seems to warrant continued improvement of laboratory simulation
methods. When root systems are not cut, herbicide application causes a
significant decrease in plant growth, but we find no herbicide effect
on growth when root systems are cut. The introduction of this one
additional experimental variable, root cutting, may completely alter
the conclusions drawn from such studies; it is too important a
consideration to ignore.

Our use of the technigque for massive quantities of phenoxy
herbicide would not preclude its use at rates commonly found in
commercial applications. It is questionable, however, whether such
low rates of application of these chemicals would appreciably affect
sorghum growth rate.

During the course of these experiments a mmber of interesting
physiological phenomena were observed. Those plexiglass growth boxes
treated with subsurface herbicide showed little, if any, root penetra-
tion into or beyond the chemically treated soil layer. Boxes with
untreated s0il showed significant root penetration throughout the
soil, TIf similar results can be wverified in field studies, one could

arqgue that the presence of this chemical barrier to root penetration
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would limit or prevent plant uptake of herbicide. Were this so, nﬁssive
subsurface placement of herbicides for biodegradation purposes could be
accamplished without fear of animal food chain contamination.

As anticipated, rates of seed germination were similar for all
treatments. Since the seeds were placed beneath the soil surface, and
7.6 cm above the site of herbicide placement, no germination effects
were expected.

Those plants directly adjacent to the walls of the stainless steel
inserts, and especially those plants located in the corners of the
inserts, were visibly taller than those more centrally located. We
attribute this growth advantage to the fact that the outer perimeter
of plants had less root competition for nutrients due to the lack of
an adjacent row of plants on one of their two sides. The plants located
in the corners wotuld have such an advantage from two sides, rather than
just one. A random selection of plants for height determinations
minimized the effect of this bimodal distribution of plant heights,

The present studies were of a 2 x 2 statistical design, and were
not replicated over time under exact environmental conditions. However,
a number of other studies using the identical growth boxes were con-
ducted to study the effects of temperature and relative humidity,
alternative methods of cutting the roots, subsurface watering, etc. In
all cases, the technique was reliable. Although the mathematical plant
growth models will obviously change as the technique is modified
(alterz:.ng soil coamposition, type of plants, etc.) we are confident that
results obtained within a given set of experimental conditions will

permit quantitative comparisons between treatments.
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Finge 3.

Fiﬂe 5.

Captions for Figures
Plexiglass growth boxes with stainless steel ingerts.
Average height of sorghum plants following root exposure to
danp or saturated vermiculite, and woist Ulysses silt loam
soil. Data points are averages of ten or more plant heights.
Curve fits determined by least squares linear regression.
The curves are significantly different at the 0.95 confi-
dence level for all treatment comparisons.
The effect of subsurface root cutting on the growth rate of
non-herbicide treated sorghum plants. Data points are
averages of ten or more plant heights. Curve fits deter-
mined by least squares linear regression. The curves are
significantly different at the 0.95 confidence level.
The effect of subsurface herbicide application on the growth
rate of sorghum plants having uncut root systems. Data
points are averages of ten or more plant heights. Curve fits
determined by least squares linear regression. The curves
are significantly different at the 0.95 confidence level.
The effect of subsurface herbicide application on the growth
rate of sorghum plants having cut root systems. Data points
are averages of ten or more plant heights. Curve fits deter-
mined by least squares linear regression. The curves are
not significantly different at the 0.95 confidence level.
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A Method for Simulating Subsurface Disposal of Herbicidesl
J.M. CUPELLO, A.L. YOUNG AND J.C.H. SMITH2
Abstract. Specially designed growth boxes were used to simulate field

subsurface injection of phenoxy herbicides. Sorghum [Sorghum bicolor

(L.) Moench] seedlings were grown in stainless steel containers (inserts)
which were placed in plexiglass boxes containing a soil layer that had
received 2,240 kg/ha of a 50:50 mixture of the n-butyl esters of 2,4-D
[(2,4-dichlorophenoxy)acetic acid] and 2,4,5-T7 [(2,4,5-trichlorophenoxy)-
acetic acid]l. Plant height data were collected periodically for all
treatments. Subsurface herbicide application to both intact and cut
root systems significantly altered root growth. Plants with treated,
intact root systems showed retarded growth which became more pronounced
with time. Plants whose root systems were treated, and cut on day 22,
showed an initial acceleration of growth; a trend which eventuwally
reversed itself and resulted in control plant height exceeding that of
treated plants.

INTRODUCTICON
Interest in disposal methodology for selected herbicides or herbicide
manufacturing wastes has prompted field studies where herbicides have

peen subsurface injected at massive concentration rates (2,9). The

lReceived for publication September 21, 1976. Work was supported by
Frank J. Seiler Res. Lab. {(Air Force Systems Command) and BAir Force
Logistics Command.

2Assoc. Prof. Biol. Sci., Asso¢. Prof. Biol. Sci., and Asst. Prof. Math,

Sci,, respectively, U.S. Alir Force Academy, CO 80840.
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premiselfor such studies is that high concentrations of herbicides or
their manufacturing wastes will be degraded to innocuous products by the
combined action of soil microorganisms and soil hydrolysis,

Numerons field methods and incorporation equipment have been
described for the subsurface placement of herbicides (4,5,14). Labora-
tory simulation of these field techniques has been confined to "normal"
rates for herbicide application and to studies of root versus shoot up-
take. A double pot technique first described by Eshel and Prendeville
{7) has been most frequently used (3;12); however, the layering of
treated soil in pots or cans has also been popular (8,10). A few other
technigques have also been described. Parker (13}, for example, used a
double-dish technique using petri dishes to separately expose roots and
shoots to sand or soil containing herbicides, while Appleby and Furtick
(1) developed a plastic envelope device for allowing separate exposure
of seeds, roots, and coleoptiles of emerging grass seedlings to goil-~
incorporated herbicides. Techniques to observe the growth of roots and
the effects of root-active chemicals have been described by Muzik and
Whitworth (11) and Duffy (6). The latter study involved chemical treat-
ment of isolated portions of root systems without disturbance or injury
to the untreated root mass.

all of the above techniques have been limited to the study of
intact (uncut) root or shoot systems. In a field situation where an
agricultural subsoiler would he used, many roots and stems would be
severed by the shank or blade. Goulding (9) undercut a 4.05 ha plot of

sparse to moderately dense greasewoed [Sarcobatus vermiculatus (Hook.)

Torr.] and injected a total of 62,457 L of liquid waste from the

manufacture of 2,4-D. 8Slow recovery of the shrubs was obsexrved,
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principally between the injection points. In a unique experiment in
Southwest Kansas, growing grain sorghum was undercut with Nohle blade
equipment and simultaneously treated with 2,240 kg/ha of a 50:50 mixture
of 2,4-D and 2,4,5-T3. The sorghum plants on the treated plots survived
to produce grain. Plant height at harvest, however, was vigibly less
for the treated plets than for control plotsg receiving neither herbicide
nor undercutting. Unfortunately, no other comparisons were made in this
study.

The present study was initiated to develop a laboratory method that
would (a) simulate field disposal studies of phenoxy herbicides using
subsurface injection and (k) guantify the effects of undercutting.
sorghum with and without the addition of massive guantities of éhenoxy
herbicides.

MATERTIALS AND METHODS
Special growth boxes (Figure 1) were designed to permit simultaneous
cutting and exposure of plant root systems to herbicides. The boxes
have dimensiong of 30.5 cm by 30.5 ¢m by 17.8 c¢m (inside diameter),
constructed of 0.64 cm plexiglass. A 29.8 cm by 29.8 cm by 12.7 cm
{outside diameter) insert constructed of 0.16 cm stainless steel was
made to fit loosely inside the plexiglaés boxes. Thé insert had three
0.16 cm diameter stainless steel rods welded across its bottom as
support for a 29.8 cm by 29.8 cm sheet of stainless steel screen con-
taining 4 mesh/cm. The screen retained the soil inside the stainless

steel insert, while permitting passage of the roots into the plexiglass

3Condray, J.L. 1972, Annual report of the weeds research project,

Garden City Branch Exp. 8tn., Kansas State Univ., Garden City, KS 67846.
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container below. Four plexiglass legs, each 1.3 ¢m by 1.3 cm by 5.1 cm
were placed in the four corners of the plexiglass box to support the
stainless steel insert at a fixed distance from the bottom of the plexi-
glass box. This design permitted easy access to the root system for
cutting, provided that the space (a layer 5.1 cm deep) beneath the
stainless steel screen was loosely packed with vermiculite or a similar
growth medium which permitted removal of the insert from the plexiglass
box without damaging the root system. Chemical treatment and, hence
exposure of the cut roots, was accomplished by removing the vermiculite
layer and replacing it with treated soil.

Moisture studies. To determine the sensitivity of this new technique to

variations in the amount of water contained in the vermiculite layer, a
preliminary experiment was conducted. Two plexiglass containers were
filled with moistened vermiculite. "The first, referred to as the damp
vermiculite container, contained 128% water (w/w). 1A second container,
the saturated vermiculite container, held vermiculite containing 502%
water (w/w). BAs noted, vermiculite will absorb five times its weight in
water. A third plexiglass container was filled with 5.1 cm of moist
(11% water) Ulysses silt loam soil (pH 7, 1.3% organic matter, and 33,
44, and 23% sand, silt and clay, respectively) as a contrel, and was
used to indicate whether plants grown in vermiculite had different
growth rates than those grown in soil only. The stainless steel inserts
for the three plexiglass boxes were filled with 10.2 c¢m of the Ulysses
silt loam soil and placed in their respective plexiglass boxes. A card-
board template with the same surface area as the stainless steel inserts

was pre-punched with 100 holes in a 10 by 10 square matrix, each hole
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separated from adjacent holes by a distance of 2.54 cm. The template

was placed over the soil in the stainless steel inserts. One hundred
seeds of 'Pioneer 846' grain sorghum, selected at random, were placed in
the 100 holes and the seeds were pushed into the soil to a depth of 2.54
cm using a wooden dowel rod. The cardboard was then removed and the
soil lightly raked and packed. The growth boxes were placed in an
environmental chamber for 46 days. The chamber was maintained at a 14-h
photoperiod, diurnal temperature of 35%2 C and 151 ¢, and a relative

humidity of 60 and 85%, day and night, respectively.

Chemical treatment study. Based on the results of the moisture study,

further experiments were designed to study the effects of chemical treain
ment on cut versus uncut root systems. The experiment was of a 2 by 2
statistical design involving four treatment variables: (a) cut control;
(b) uncut control; (o) cut treatment; and (d) uncut treatment. Experi-
mental replication during the course of this study consisted of two rep-
licates of each control growth box and three replicates of each treated
growth box} for a total of 10 growth boxes. Additional replication was
not possible due to space limitations inside the environmental chamber.
All 10 stainless steel inserts were filled with a 10.2-cm layer of the
Ulysses silt loam soil. The 10 plexiglass containers were handled some-
what differently depending on whether the root systems were to be cut or
uncut. Initially, however, all 10 plexiglass containers were filled
with 5.1 cm of damp vermiculite, their stainless steel inserts carefully
positioned inside the plexiglass containers and 100 seeds planted in
each of the 10 inserts. Those plants whose root systems were to remain

uncut were allowed to grow for 3 days, at which time the stainless steel
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inserts were removed from the growth boxes, the vermiculite layer re-
placed with moist "treated" or "untreated" goils, and the stainless
steel insert replaced. Prior work indicated that by the third day after
planting, the roots were just approaching the stainless steel screen.
The plants which were to he cut were allowed to grow for 22 days
after the initial planting, at which time the stainless steel inserts
were removed, the vermiculite replaced with either treated or untreated
s0il, the root systems cut flush against the stainless steel screen, and
the stainless steel inserts replaced. BAll boxes were maintained in the
environmental chamber under the conditions previously described. The
boxes were periodically removed for watering and plant height measure-
ments, The arrangement of growth boxes inside the chamber was alternat-
ed at the time of watering on a random basis in order to minimize any
effects due to nonhomogeneous environmental factors within the chamber.

At approximately 1 week intervals, a minimum of 10 plants per box were

randomly selected, and the heights of the plants recorded.

Chemical formulations and application. Those plexiglass containers that

were to receive chemically treated soil at the appropriate point in the
experiment were handled in the following manner. At the time of chemi-
cal treatment for both cut (day 22} and uncut (day 3} root systems, the
5.1 cm of vermiculite was removed and replaced by 4.1 c¢m of uncontami-
nated soil. The remaining l.0-cm space was filled with soil which had
been previounsly mixed with sufficient herbicide formulation (20.1 ml of
a 50:50 mixture of the n-butyl esters of 2,4-D and 2,4,5-T7) to be eguiv-
alent to 2,240 kg/ha. The herbicide was mixed in a lI=-cm thick soil

layer to ensure a homogeneous distribution of the chemical. To
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guarantee quantitative transfer, two 5-ml acetone rinses of the glass-
ware were algo added to the treated soils., The acetone was allowed to
evaporate prior to the time the root systems were placed in contact with
the chemically treated s¢ils. The control soils received no herbicide,
but did receive the 10 ml of acetone.

To ensure a uniform layering of this 1 om of contaminated soil, a
plastic grid containing a matrix of 1 cm by 1 cm square holes was‘first
Placed in the plexiglass container (over the 4.1 cm of untreated soil),
the contaminated soil placed on this grid and spread to £ill all of the
grid squares egqually, and the grid carefully removed. This soil was
liéhtly packed, wetted with 500 ml of tap water, and the stainless steél
insert replaced.

RESULTS AND DISCUSSION

Moisture study. The data points in Figure 2 represent average sorghum

plant height as a function of time after initial seed planting (time
zero). Two of the curves represent growth rate variations due to
differences in the moisture content of the vermiculite layer placed
beneath the 10.2 cm of seed bearing soil. The data obtained from the
box containing soil rather than vermiculite were considered control
data and were used as the baseline against which the damp and saturated
vermiculite data were compared.

Because the data were time variant, they were analyzed by fitting a
curve to the data points using the method of least squares linear re—
gression. A number of eguations relating plant height and time were
tested to determine which mathematical form of a growth model best fit
the experimental data. The best fit was defined as the equation which

resulted in the smallest mean squared error (MSE} between empirical
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data and that predicted by the growth model.
For the control data in Figure 2 {soil rather than vermiculite), an
equation of the form

3 [Equation No. 1]

Y=a+le+82x2+B3x
gave the smallest MSE, and was selected as the appropriate growth model
against which to compare the data resulting from root growth in vermicu-
lite. In the above equation, and those equations which will be intro-
duced later, Y represents the plant height above the soil surface in cm,
at various times, X, after planting of the seeds. Various powers of the
X term are included in the equation in order to give a reasonable fit.
The constant coefficients such as o, B., B

1 2

selected to provide the minimum MSE between the empirical data and the

, and 83 are statistically

growth model being fitted to the empirical data. Additional statistical
testing of Equation No. 1 indicated that no additional terms needed to
be included. Utilizing a matrix inversion technique, the coefficients
for Equation No. 1 were determined as shown below:

Y= -11,1 + 2.71%X - 0.0642X2 + 0.000615X3 [Equation No. 2]

The experimental data cbtained from the damp and saturated vermicu-
lite treatments (Figure 2) were also fitted to the general form of
Equation No. 1 and their coefficients determined, so as to provide the
minimal MSE.

Linear regression analysis at the 95% confidence level {used for
all statistical tests in this study) indicated that both the damp and
saturated vermiculite growth models were different from the soil growth
model, Likewise, the damp vermiculite growth model was shown to be

statistically different from the saturated vermiculite growth model.

It could be argued that the damp and saturated vermiculite data
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should be fitted to a growth model different from the general form of
Equation No. 1. Even if this were true it would not alter the conclu-
sions; it would only reduce the MSE of the curve fits.

It is coﬁcluded from these analyses that the laboratory method
described is sensitive to the replacement of soil by vermiculite, and
the water content of the vermiculite layer. Thus, care must be taken to
ensure that all growth boxes used in a given experiment or set of subse-
quent experiments are alike with respect to the quantity of water in the
vermiculite layer; at the beginning, and for the duraticn, of the

experiment (s) .

Chemical treatment study. The effect of cutting of root systems was

studied in the presence and absence of herbicide. The experimental
design required those treatments that were to have "uncut" root systems
to have their vermiculite layer replaced by soil approximately 3 weeks
prior to the time when the "cut" treatments had their vermiculite layers
replaced. If the uncut treatments were not so modified on day 3, the
roots would already have penetrated into the vermiculite layers, and
would be crushed when the vermiculite layer was replaced by soil, and
the stainlegss steel insert placed on top of this soil layer. The
previous results with vermiculite suggested that a comparison of "cut"
and "uncut" treatment data might be invalid. The fact that the environ-
mental growth conditions are different for a period of up to 3 weeks
could, in itself, cause significant differences in plant growth rates.
Thus we are unable to ascribe any observed growth rate differences to
chemical treatment or cutting, alone.

Fiqgure 3 illustrates the data and best curve fits for the cut and
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uncut control treatments (no herbicide). Both curve~fits in Figure 3
were independently determined using the procedures described in the
moisture studies.

The growth models which provided the best fit to the data for the
uncut control and cut control treatments were, respectively:

-50.01 - 1,983X + 0.01541%° + 34.58 1n X {Equation No. 3]

~37.90 - 1.655X + 0.01310X° + 27.96 1n X [Equation No. 4]

Y

t

Y

Statistical analysis confirmed that the growth models for cut and
uncut controls were significantly different. However, whether this
observed difference was due to the physical act of root cutting, growth
rate alterations induced by handling the uncut and cut treatments
differently {changing vermiculite on day 3 vs day 22, respectively),
other experimental variables, or a combination of all of these c¢ould not
be determined. Therefore, further discussion is limited to comparisons
within the categories of cut and uncut treatments.

Figure 4 shows the comparison of uncut control and the uncut
treatéd growth models. The general form of FEgquation No. 3 was used to
determine the coefficients for the growth model. B&nalysis showed that
subsurface herbicide treatment of intact root systems significantly
reduced the rate of plant growth.

Figure 5 illustrates the comparison between cut control and the
cut treated growth models. The same procedures were used to make sta-
tistical inferences as were used te analyze the data in Figure 4; the
only difference being that the general form of the growth model being
tested was of the form shown in Equation No. 4. The results of these
analyses indicated a lesser growth rate effect between control and

treated plots than that shown in Figure 4, but the difference is still

10
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statistically significant for those plots which had theix root systems
severed; i.e., cut root systems that are chemically treated with this
herbicide grow at a different rate than cut controls. The initial
growth rate of cut, treated plants is greater than cut controls, with a
reversal in this trend occurring somewhere around day 50 of the experi-
ment. There is no apparent explanation for this growth rate reversal

with the data presently available.

Technique evaluation. The development of this laboratory method fox

simulating massive subsurface field disposal of herbicides was prompted
by our need for a subsurface application method that mimicked actual
field methodology; namely, cutting of root systems during application.
The addition of this refinement over existing methods is the principal
justification for preferential use of this technique. Frequent emplov-
ment of subsurface herbicide placement techniques in the field, to en-
hance chemical persistence and to place the agent in the zone of plant
uptake, seems to warrant continued improvement of laboratory simulation
methods. Our work has shown that subsurface application of massive
amounts of herbicide does affect the growth rate of both cut and uncut
root systems. ‘The quantitative effect does differ between cut and.uncut
root systems, however,

Our use of the technique for massive guantities of phenoxy herbi-
cide would not preclude its use at rates commonly found in commercial
applications.

During the course of these experiments a number of interesting
physiological phenomena were observed. The plexiglass growth boxes

treated with subsurface herbicide showed little, if any, root
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penetration into or beyond the chemically treated soil layer. Boxes
with untreated soil showed significant root penetration throughout the
soil. If similar results can be verified in field studies, one could
argue that the presence of this chemical barrier to root penetration
would limit or prevent plant uptake of herbicide. Were this so, massive
subsurface placement of herbicides for biodegradation purposes could be
accomplished without fear of animal food chain contamination. A reduc-
tion in plant yields due to a shallow root system might also be expected
if the herbicide injection points were not deep enough.

As anticipated, rates of seed germination were similar for all
treatments. Sihce the seeds were placed beneath the soil surface, and
7.6 cm above the site of herbicide placement, no germination effects
were expected,

Those plants directly adjacent to the walls of the stainless steel
inserts, and especially those plants located in the corxners of the
inserts, were wisibly taller than those more centrally located. We
attributed this growth advantage to the fact that the outer perimeter of
plants had less root competition for nutrients due to the lack of an
adjacent row of plants on one of their two sides. The plants located
in the corners would have such an advantage from two sides, rather than
just one. A random selection of plants for height determinations
minimized the effect of this bimodal distribution of plant heights.

The present studies were of a 2 by 2 statistical design. A number
of other studies using the identical growth boxes were conducted to
study the effects of temperature and relative humidity, alternative
methods of cutting the roots, subsurface watering, etc. In all cases,

the technique was reliable. Although the mathematical plant growth

12
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models will obviously change as the technique is modified (altering
soil composition, type of plants, etc.) we are confident that results
obtained within a given set of experimental conditions will permit
quantitative comparisong between treatments.
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Captions for Figures
Figure 1. Plexiglass growth boxes with stainless steel inserts.
Figure 2. Average height of sorghum plants following root exposure to
damp or saturated vermiculite, and moist Ulysses silt loam soil. Data
points are averages of ten or more plant heights. Curves are signifi-
cantly different at the 5% level for all treatment comparisons,
Figure 3. The effect of subsurface root cutting on the growth rate of
sorghum, Data points represent the mean of at least 20 plant heights.
Curve fits determined by least squares linear regression. Error bars
represent the 95% confidence limits of the mean plant height. The
curves are significantly different at the 5% level.
Figure 4. The effect of subsurface herbicide application on the growth
rate of sorghum plants having uncut root systems. Contrel and treated
data points represent the mean of at least 20 and 30 plant heights,
regpectively. Curve fits determined by least sguares linear regression.
Error bars represent the 95% confidence limits of the mean plant height.
The curves are significantly different at the 5% level.
Figure 5. The effect of subsurface herbicide application on the growth
rate of sorghum plants having cut recot systems. Control and treated
data points represent the mean of at least 20 and 30 plant heights,
respectively. Curve fits determined by least squares linear regression.
Error bars represent the 25% confidence limits of the mean plant height.

The curves are significantly different at the 5% level.
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RESEARCH SUMMARY
PLANT UPTAKE STUDY

"Tranalocation of Subsurface Applied C~14~TCDD By
Cut and Uncut Roots of Sorghum vulpgare L."

Methodology

Five different treatments or combinations of Herbicide
Orange and TCDD were applied below the soil surface of spec-
ially designed, individual growth boxes containing 100 plants
per box., The attached Table indicates the five treatments
(the first two being replicates), and the Orange and TCDD con-
centratlons used. This study simulates the Field work done
by Captain Young, et al in Kansas in 1972, in which 2,000 1bs/
acres of Herbicide Orange were intected subsurface with a Noble
blade; the Orange containing 14 ppm TCDD.

The growth boxes were designed to include a 12" x 12" x 7"
(I.D.) plexiglass outer container, and a 12" x 12" x 5" (0.D.)
stainless steel insert with a stainless steel mesh screen in
the bottom. |

FEach of the ten stainless steel inserts were filled with

4" of Kansas soil, and 100 seeds planted (Sorghum vulgare L.,

var. Pioneer) at a depth of 1" beneath the soil surface in a
10 x 10 matrix arrangement. FEach plexiglass outer container
was filled with 2'" of Vermiculite to permit access to the root
systems as they grew through the soil, crossed the mesh in the

stainless steel insert, and grew to a depth in excess of 4".



uging a random number table to select the plants to be measured,
A preliminary study indicated that measurement of more than

ten plants did not significantly decrease the varlance in plant
height measurements.

The experiment was terminated on day 64 and all plants
cut and finely ground in preparation for TCDD extraction and
analysis,

Table I1I indicates the observed average plant heights as
a function of time and treatment. Although the statistical
analysis of the data is not completed, statistically sgignificant
differences have been detected at the 95% confidence level be-
tween treatments on all days except day 8. Analysis of the
treatment differences on g given day indicate that significant
differences between treatments cannot be readily explained as
a result of the cut versus uncut treatment, but vather on the
Orange and TCDD contamination levels.

A TDY is currently planned (16-20 February) to the Dow
Chemical Laboratories, Midland, Michigan, in order to .analyze
the plant tissue for TCDD content. It is anticipated that a
man;script will be prepared before March, 1976,

Investigators

Captain James Cupello, Ph.D.

Captain Alvin L. Young, Ph.D.



the soil lightly packed,

Environmental Conditions. All four growth boxes were placed inside a Sherer

Model CEL 37-14 growth chamber throughout the course of the experiment, The
chamber was programmed to provide a minimum temperature of 15 + 1°C from ap-
proximately 1800 to 0800 hours, and a maximum temperature of 35 + 2°C for the
remainder of the diurnal cycle, Over these same time periods, the relative

humidity inside the chamber as determined by a hygrometer was

85 + 5% relative humidity (RH} (1800 to 0800 hours) and 60 + 5% RH, respectively.

In addition, fluorescent and incandescent light fixtufes inside the chamber
were programmed to provide a realistic exposure to sunlight throughout the day-
time hours of the experiment,

On or about day 20 after planting, it was observed that the Sorghum leaves
were turning brown and wilting at the tips of the longest shoots; red or reddish-
brown spots were becoming evident on the leaf surfaces, Whether this was some
type of plant disease and/or a reaction to excessive temperatures or humidities
in the chamber was not known, In an attempt to prevent the plants from dying,
the environmental conditions in the chamber were altered. The temperature
inside the chamber was reduced to provide a minimum/maximum temperature regime
of 15°C + 1°C/29°C + 2°C, while at the same time removing six of the 12, 50 W
incandescent bulbs from the chamber. To combat any possible nutritional de-
ficiency that might be occ&rring, 1000 cc of nutrient solution was added to the
soil surface of all ten growth boxes on day 28, By day 31, new growth was ob-
served on those plants previously showing bhrowning and dessication, Steady
improvement in the health of the plants continued throughout the study with no

recurrence of the aforementioned symptoms,
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Southern Weed Science Laboratory
P.0. Box 225
Stoneville, Migsissippi 238776

February 3, 1977

Dr. A. L. Young
Department of Chemistry and Biological Sciences
U.S5. Air Force Academy, Colorado 80840

Dear Dr, Young:

Manuscript 76-130 "A Method for Simulating Surface Injection of
Herbicides" was mailed to you on October 24, 1976, with a return due
date of January 30, 1977. I hope that it will be possible for you to
return this menuscript in revised form within the next few days. 1If the
manugeript cannot be returned in the near future, it will be necessary
to resubmit it to the Editor and have the manuscript reviewed again for
further consideration. This letter is simply to remind you of this
deadline, and to urge you to return the manuscript if at all possible.
Please let me know if you do not intend to resubmit.

Sincerely,

&

C. G. McWhorter
Associate Editor
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SR A Method for Simulating Subsurface Disposal of Herbicides!

IM. CUPELLO, ALL. YOUNG and J.CIT, SMITH?

Abstract. Specinlly icsipned growth boxes were used to sknu-
late field subsurface injectiaon of phenoxy herbicides. Sorghum
(Sorghum vuldin. o Pers,) seedlings were grown in stainless steel
containers (inseirs) which were placed in plexiglass boxes con-
faining a soil tayer (hai had receijved 2,240 kgfha of a 50:50
mixture of the n-butyl esters of 2,4-D [(2,4-dichlotophenoxy)-

~ peetic acid} and  2,4,5-T 1(2,4,5-trichlorophenoxy-acetic
" acid]., Plant height data were collected periodically for all
. treatments. Subsurface herbicide application o both intact
- and cut root sysiems significantly altered roel growth. Plants
- with treated, intact root systems showed relarded growth

which hecame more pronounced with time, Plants whose root

sysiems were trealed, and cut on day 22, showed an initial
-, aceeleration of growth; o trend which eventually reversed itself

and resplted in conirol plunt height exceeding that of treated
© plants.

INTRODUCTION

" Tnterest in disposal methodology for selected herbicides or
herbicide manufacturing wastes hus prompicd field studies
- where herbicides Trave been subsurface injecicid i massive con-

~centration rates {2, 9), The premise tor such studies is that high.,

concentrations of herbicides or (heir manufacturing wastes will
be degraded 1o innocuous products by the combined action of

- soil microorgaisig and soi) hydrolysis,
" Numerous ficld methods and incorporation equipment have
- been described for ihe subsurface placement of herbicides (4,

. 5, 14), Laboratory simulation of ihese field techniquus has

- been confined to “normal” rates for herbicide application and
" to studies of root versus shoot uptake. A double pot technique

" Afirst described by Ishel and Prendeville (7) hat been mast

- frequendiy used (3, 12); however, the layering of treated soil in
_ pots or cans has also been popular (8, 10). A few other tech-
. niques have also been described. Parker (13), for example,

used a double-dish technique using petri dishes to separately
. expose rouls and shoots to sand or soil containing herbicides,
" while Appleby and Furtick (1) developed a plastic envelope

- device for allowing separate exposure of seeds, roots, and

~ coleoptiles of emerging prass scedlings to soil-incorpyrated
. herbieides, Techniques 1o observe the growth of roots and the

wad Whitworth (11) and Duffy (6), The latter study involved
chesnicnl trealment of isoluted portions of root systems with-
;- out disturbance or injury o the untreated root mass.

- Y Recejved for pubilication September 21, 1976, Work was supported
by Prank J. Beiler Res, Lub, {Air Force Systems Command) and Alr
Foree Logisties Command.

. # Aasor, Prof, Biol. Scl,, Assoe. Prof, Biol. Sci., and Asst. Prof. Math,

S, respectively, US, Air Foroe Academy, CO 80840,

- jw;&ﬂmm Proof

~of intact {(uncut) root or shoot systems, In a field situation

- 24-D. Slow recovery of the shrubs was observed, pringipally

. Unfortunately, no other comparisons were made in this study.,  f

-effeets of root-active chemicals have been described by Muzik -

“Gardon City Braneh T

.

All of the above techniques have been limited to the study

where an agricultural subsoiier would be used, muny roots and
stems would be severed by the shank or blade. Goulding (9)
undercut a 4.05 ha plot of sparse to maderately dense grease-
wood [Sarcobatus verniiculatus (1look.) Torr.] and injected a
total of 62457 L. of liquid waste from the manufacture of

between the injection points. In o unlque experiment in South-
west Kansas, growing grain sorghum was undercut with Noble
blade equipment and simultancousty treated with 2,240 kg/ha
of a 50:50 mixture of 2,4-D and 2,4,5-T%. The sorghum plants
on the treated plots survived to produce grain, Plant heightat |
harvest, however, was visibly less for the trcated plots than for '
control plots receiving neither herbicide nor undercutting,

The present study was initiated 1o develop a laboratory
method that would (a) simdlate field disposal studies of phe-
noxy herbicides using subsurface injection and (b) quantify
the effects of undercutting sorglium with and without the
addition of massive quantitics of phenoxy herbicides,

MATERIALS and METHODS :

Special growth boxes (Figure 1) were designed to pemmit
simultaneous cutting and exposurg of plant root systems to
lierbicides, The boxes have dimensions of 30.5 cm by 30,5 ¢m
by 17.8 cm (inside diameter), constructed of 0.64 em plexi-
glass, A 29.8 cm by 29.8 an by 12.7 cm (outside diameter)
insert constructed of 0.16 cm stainless stecl was made to fit
Joosely inside the plexiglass boxes. The insert had three 0.16
cm diameter stainless steel rods welded across its bottom as
support for a 29.8 em by 29.8 cm sheet of stainless steel
serecn contalning 4 meshifem. The screen retalned the soil in-
side (lie atainless steel insert, while permitting passage of the
roots into the plexiglass container below. Four plexiglass legs,
egeh 1.3 em by 1.3 ¢m by 5.1 em were placed in the four
comers of the ploxiglass box to support the stainless steel
insert at a fixed distance from the bottom of the plexiglass
hox. This design permitted casy access to the root system for
cutting, provided that the space (4 layer 5.1 ¢cm deep) benenth
the stainless screen was loosely packed with vermiculite or o
similar growth medium which permitted removal of the insert
from the plexiplass box without damaging the yoot system, .
Chemicad treatment and, henee exposure of the cut roots, was

S

'
i

*Conray, J.L. F073 Aunual repoet of iliq-wﬂe('l's}cm'rc!i projegt..
X Sty Kansag State Unlv, Garden City, K§

67846, -
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Figure 3 illustrates the data and best curve fits for (he cut
~and uncut control neatinents (no herbicide). Both curve-fits in
Figure 3 weve independently determined using the pumdures
- desertbed in the moaolsture studies.

Tlse growth models which provided the best fil Lo the daa
for the uneut control and cut control treatments weré, respecs
tively:

Y = 50,01 — 1.983X + 0.01541X* + 34,58 In X
fLquation No. 3}

Y =-37.90 « 1.655X +0.01310X? +2796 In X
[Equation No, 4]

Statistical analysis confirmed that the growth models for
“cut and uncut controls were significantly dilfeient. However,
whethier (his observed dilference was due to the physical act of
raot cutting, growth rate alterations induced by landling the

vncut and cut treatments differently {changing vermiculite on

" day 3 vs day 22, respectively), oiber experimental variables, or
\ -a combinittion of Al of these could not be determined. There-
© - fore, Tarther discussion is limited to compatisons wilhin the
" categories of eut and unewt treatinents.

" Digare 4 shows the comparison of uncut control and the

“uncut treated growth models. The general form of Equation
2o No. 3 was used to determine ihe coefficienss for the growth
“ model. Analysis showed that subsurfice herbicide tscatment of

C b . CONTROLEMT -
S - o CONTROL, UNCUT ..
2p I'IJ
; } .:
o | TIME (UAYS)

Figure 3, The effect of subsurfacy root cutting on the growth vale of
“gorghym. Daty polus represend the mean of at least 20 plant heiphiy,
Curve fits determined by least squares lnear regiession. Firor burs rep-
resend the 95% vonfidence limits of 1he mean pl;mt heiglt, [I\c curves |
ate r-i“nilnwntiy different " the 5% leval,

- growth,

- b

" . this growth rale reversal with the data presenily avaitable,

- i Figure 4; the only difterence beiug that the geneeal form of |
the growil maodel being lested was ol the form shovgedrt
Equation No. 4. The results of these analyses indicatod(l fess,

. prowih rate effect between control and trented plots thun th

i, cut root systems Lhat wre chemically trealed with this

" growtl cate of cut, treated plants s greater than cut controls,
- with a reversal in this trend occvurring somewhere around day

" that subsurface application of massive amounts of herbicide
" does affect the growlh rate of both cui and uncut root sys-

i 1 CONTROL, UNGUT
. o1 TREATED, UNCUT
By
i
a
i el
-, I"
a
wh
a A |'n i '.q L !-- L . ) M ili i o‘n, ek
1IME {nava}

- Figrre 4, The effect of subsurface herbicide application on 'ttw'gro'wlh
_tate of sorphum plants having uncut rool gystems. Contral and {reated
[ dafa points represent flw inean of al least 20 and 30 plant lmbtm. .

Anthor Prool

intact root systems significantly reduced the rate of plant

Figur: 5 illusirates the comparison hetween cut control and
the cut treated growth models, The same procedores were used
to make statistical inferences as were used 1o analyze the data

shown in Figure 4, hui the difference is still statistically sig-
nificant for those plots which had their root system severed;

herbicide prow at a dilferent rate than cut controls, The initial

50 of the experiment. Thete is no apparent explanation for

Technique evgluation. The development of this laboratory
method for simulating massive subsurface field disposal of
herbicides was prompied by our need for a subsurface applica-
tion method that mimicked actual {ield methodology; namely,
cutting of root systems during application. The addition ol
this refinement over exisling methods is the principal justifi-
cation for preferential use of this technique. Frequent em-
ployment of subsurfuce herbicide placement techniques in the
field, to enhance chemical persisience and to place the agent in
the zone of plant uplake, seems to warrant continued improve-
ment of laboratory simulation methods. Our work has shown

D

respoctively, Curve fits determined by lons| sguorsy Hucar regression,
Vrear bars represent Hie 95% contidence Yinits of the meun plmmt
hcu,h(. lhc LllT\'G’i ure ‘ilfl‘lif[udliﬂ}' Lliftcrctll ul mq ‘n‘)! lcwel




 » CONTROL, CUT
! - @ TREAILD, CUT

PLANT HEIGHT (cm)
-]

" I X o " L vl Il i

: TIME (DAYS)

" Figure 5. The effect of subsarface herbicide application on the growth
rale of sorglun plauts having cut voot systenms, Control and treated
data points represend e mean of at leasd 20 and 30 plint heighty, re-
spectively, Curve fits determined by least squares binear regression,
Emor bars represeni the 954 confidence limits of the mean plant
. height, The curves are significantly different at the 5% level,

tems, The quantitalive effect does differ between cut and
uncut root systems, however.

" Our use of Ui fechnigue for massive quantities of phenoxy
herbicide would not preclude its use at rates communly found
" - in conunerieal applivilions, _

 "During the course of these experiments a number of inter-

7 esting physiological phenomena were observed. The plexiglass

- growth boxes treated with subsurface herbicide showed little,
" if any, root penetration into or beyond the cliemicaily treated
soil layer. Boxes with unireated soil showed significant root
' penetration throughout the soil. If similar resudts can be veri-
. fied in field studies, one could argue that the presence of this
chemical bairier to root penetration would Hmit or prevent
plant uptake of herbicide. Were this so, massive subsurface
placennent of herbicides for biodegradation purposes could be

accomplished withoul fear of animal food chain contumina-

tion, A reduction in plant yields due to a shallow oot system

| _ might also he expected if the herbicide injection points were

“'not deep envugh. .

: As anticipated, rafes of seed germination were simifar for ail
" treatments. Since the seeds were placed beneuth the soif sur-

. face, wnd 7.6 cmn above 1he site of herbicide placciment, no
" gennination effcets wero expected. X ‘

Those plants directly adjacent to the walls of the stainless

" gieel inserts, and espeetally those plants focated in the cussiers
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. of the jnserts, were visibly taller 1han those more centrally -

SUBSURFACK DHSPOSAL:OF HERDICIDES
8 SORSUREACE INSPOSAT OF THIRMCIDES
CSOBSURTACH DINPOSAL QX TIRMCIDES
S SUBSURFACE ISPOSAL QI HERBICIDES i .
-SUBBLUNRBACH DISFOSAL OF HERBICIDES

B 2 \ 11 B 1Y

the outer perimetler of plants hadt less root competition for

- nutrients due to the lack of 4n adjacent row of plants on one

of their two sides. The plants Joeated in the cormers would
have such an advantage from two sides, rather that just one. A
random selection of plants for height deterntinations suini-
mized the effect of this bimodal distribution of plant heights.

- The present studies were of a 2 by 2 statistical design, A
aumber of other studies using the identical growth boxes were
conducted 1o study the effects of temperatore and relative
humidity, alternative methods of cutiing the roots, subsurface
watering, ete. In all cases, the technique was relinbie. Although
the mathematical plant growth models will obviousty change
as the technique is modificd (altering soit composition, type of
plunts, ete.) we are confident that resulls obtuined within a

_given set of experimenlal condilions will permit quantitative

comparisons between treatments.
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ROOT ELONGATION ALONG A SOTL-PLASTIC
CONTAINER INTERFACE!

W. . Voorhees?

ARSTRACT

oot growth is often sindicd in glass-fronted contniners
which allow cominwens observidion of several growih
pacameters, These observations are generally aswned to
extrapelate (o roor prowth under Held conditions, ¥
ever, laborawory sudics reported here show that ront
clongation yates along a sotlcontainer interflace in soil
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cores are sigailicatly lower than those mersured within
the hulk soit mass. These differences are probably duc
cither 1o higher siil steength at ihe interlace or to an
attracting electrieal charge on the container sueface, or
i,

Additional index words: Growth roots, Soil density,
Pisum snthoa L.

ROOT clongniion rate is often studied uneler
carefully conuolled laboratory conditions with
scedlings grown in transparent plastic or glass con-
tainers in the desived soil eavirenment. ‘Fhe con-
tainers ave [requently inclined from the vertical 10
force roots 1o prow against the interface to permit
centinuous obscervation amd measurement, Howcever,
these growth characreristies are assumed o be the
same as those within the bulk soil mass. Observa-
tions seported here show the crror of this assumption.

The soil used in these experiments was <5 2 mm
diam. size raction of a Nuley clay (Udertic Ifap-
foborolly from the surface 25 em. Three sets of [ive
soil cares were prepared by compressing #& known
weight of slightly moist soil into Plexiglas® cylinders
(7.6 em diam. by 74 cm long) to obtain the desired
bulk density. The cores were saturated with water
and equilibrated on cevamic plates to a matrix sac-
ton ol 1 bar, Germinated pea seedlings  (Pisum
saftvn L. ‘Alaska’y with l-em-long primary rools were
placed on top ol the cores (one/core) in root chian-
nels, made by inserting a 1-mm diam. dissecting needle
Lem deep into the soil core and anchored in place,
Coves were then placed in an enclosed  chamber
within a constant wemperature (22 C) voom. ‘T'he
atmosphere wis kept near saturation by a free water
surface at the chiher botton, Seedlings were cen-
tereh in oone set of cores and allowad o grow verti-
cally through the rore center for up to 150 haurs,
In another core set, the seedlings were placed near
the core cdge so that roots grew along the soil-con-
tainer interface. ‘l'o ivsure root growth along this
interface, wie cores were inclined 26° fyom vertical,
These cores were wrapped with opague black paper
which was removed for root clongation measnrements.
A second set of incdlined cores were treated as above
Lut without the wrap and were exposed to light 24
Lours a day.

~ YConwilnttion from the North Centzal Region, ARS, 11SDA,
Mumiris, hlinn,, in cooperption with the Mian, Agric. Exp. Sto.,

< sgientifie jomnal poaper no. 8NG. Reeeived Mar, 6, 1975,

S ARl L'r.!f‘!i”}it. UshA, Morris, Mini, :
T Peade pames and compisty sames ave ineluded for the hene-

Fir o the veader and o nod imlply any emlorsement or prefereu.

tial drearment of the product Hsted by the USDA, '

BULK DENZITY, g em™

Fiz. 1. Root clongation e through ceater of soil core and
along plexiplas-soil interface.

Tigure 1 is a graph of measured primary root
elonpation rates for ail three core sots over a range
of hulk densitics. Each plotted point has a typical
cocfficient of variation of abomt 69, As r:x[pt:clcd,
clougation of primary roots along the interface in
the presence of light was lower than for roots shielded
from the light sinee light inhibits reot clongation
(Street, 1968). Both sets of primary root elongation
rates along the interface were statistically lower than
those through the center of the soil core.

There ave several possible cexplanations for this
observation.  The soil butk density at the container
wallsoil interface is likely higher than for he total
soil core since soil doesn’t helave exactly like a fluid
when initially compressed nto the cylinders, Thus,
the soil aL the interiace would have a higher physical
resistanee to root clongation, The indirect effect of
soil physical resistance o voot clongation is well
documented  (Taylor, 1971). Another possible ex-
planation is the presence of an electrical charge on
the Plexiglas surface thay elther repels or ativacts
root surfaces which also have an clectrical charpe.
Tanada (1972) veported that voot tips were electri-
cally atbracied 1o a phosphate-charged glass surface.
This attraction depended on concenuation of indoi-
acetic and ahscisic acids and the proper comhbination
of red and favored illumination. {t 15 not known to
what extent this athraction would affcet root clonga-
Lion rate.

In the inclined cores, yoots growing along the in-
terface tended 10 grow parallel to the interface, about
1 to 2 mum away from it. Since Plexiglas is noawetting,
the pereent of aiv (iMled voids at the interface may
he quite high, thereby causing roots (o clongate a
short distance away where waler was mare ahundant
amd soil physical resistanee less.

Thus, based on these data, extrapolations of yoot
clongation rates along a glass or plastic interface to
the field should he carefully reevaluated.
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