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ECOLOGICAL AND PHYSIOLOGICAL
FACTORS INFLUENCING CHEMICAL CONTROL
OF HALOGETON GLOMERATUS"

By Evcene H, CroNIN, plant physiologisl, Crops Research Division, Agricultural
Roegegreh Service

INTRODUCTION

Halogeton glomeratus (M. Bieb.) . A. Mey., a2 poisoncus annual
weed, was introduced into the cold desert region of North America
sometime bofore 1934,  The first collection was mxde near Wells, Nev,,
in 1985 (48)° und the plant has become established on more than 10
million acres of western rangeland,

The plant is poisonous to livestock., The toxic substances in
halogeton ure sodium and potassium oxalates thut account for 17 to 30
percent of its dry weight, depending on the season {6, 72. 24. 45},
Since the plant is a ploneer invader on disturbed sites in the sult-desert
shrub vegetation of the intermonntain aven, it is an important
poisonous weed with which the livestock industry must contend on
winter raages, Fartunately, the palatability of halogeron is ex-
tremely low, and it is seldom eaten by livestock except where it is one
of the few sources of forage. However, (ook and Stoddart (7} found
that even when halogeton was a major part of the vegetution, sheep
did not consuwe large amnounts unless the seed remained on the plant.

The prolific seed production of the halogeton plant wus recognized
as early as 1943 by Holmgren (/9) and later by Bolunont (4) ; Tisdale
and Zappettini {43) ; Cook and Stoddard (7) ; Palmer and coworkers
(28) ; Rauchfuss, Bohmont, and Beetle (30) ; and many others. The
production of two types of seeds, discussed by Zappettini (48), Tis-
dale and Zappettini {42), Holl {78),and Williams (45), is undoubtedly
important in the spread and persistence of the plant throughout the
cold degert region of North America.

Cook and Stoddart (7} found that halogeton seeds retain a high
degree of viability even after passing through the digestive tracts of
sheep and rabbits, and that these animals are capable of scattering
lavee quantities of seeds over great distances by consuming them and
passing them with fecal material. Flolmgren (79) reports, “As a

! Cooperative investigations of the Crops Research Division, Agricnltural Re-
search Berviee, .5, Depurtinont of Agricuiture, and the Utal Agricultural Ex-
perinrent Station, Legun, Utah,

Tortions of this munuscript were submitted as o dissertation in partinl falfill-
ment of e regnirmments for the degres of Doctor of Philosophy of Tteh State
Puiversitye.

? Trulic nombers in purentheses refer to Literature Cited, p. 63.
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roadside weed, the plant has been rapidly spread by highway equip-

ment, especially road graders, which pick up myriads of seed in heav-
ily infested areas and then plant them along the way.” Tisdale and
Zappettini (43) presented data indicating that movement of the
seed by the wind was limited to about 450 feet, and existing vegetation
further limited its movement, :

I have observed that “whirlwinds or dust-devils,” common to the
infested nveas, can transport small sections of dry-stem material con-
raining large amounts of seed for distances far in excess of 450 feet. -
In one instance, the distance was probably more than 8 miles. The .
size of the halogeton infestation and the importance of the area to the
livestock industry as winter rangeland make it imperative that meth-
ods of controiling halogeton be developed.

Three methods of controlling halogeton exist: {1) Revegetation of
mmfested areas, (2) biological vontrol by grazing management or by
introduction of sects or other parasitic organisms, and {(3) chemical |
control. A combination of these methods will probably prove to be
the final solution to the problem. '

Reseeding some infested areas with crested wheatgrass is feasible
and desirable. But Stoddart and coworkers {42) and Rauchfuss,
Bohmont, und Beetle {30) recognized that reseeding the areas where
most of the halogeton infestation oecurs has not been successful be-
cause of low rainfall and the high salt content of the soil {15,34). On
sites that are adjacent to areas infested with hulogeton, that have at
least 12 inches of rainfall, and that support an Artemisiz tridentata
{sagebrush) community, reseeding with crested wheatgrass, when suc-
cessful, appears to be of value in relieving grazing pressure on in-
Tested sites. Revegetation of infested areas with native perennial
shrubs would seem even more desirable than with grass species, but
little information is available on propagating these shrubs.

Improved grazing management has effectively reduced livestock
losses to halogeton. Perenmial shrubs and grasses can recover and re-
place annual weeds in the depleted desert range under proper grazing
levels (20). Recovery of depleted desert ranges is slow, and the rate
of recovery depends on the level of depletion, climatic conditions, and
mansgement. Halogeton infestation varies from sites where it is pres-
ent as & few scattered plants to sifes where it is dense and constitutes
more than 90 percent of the vegefation. TL.ivestock losses are most
Likely to occur on sites having dense stands. These sites are usually
avorded by herders. Thus, these areas do not contribute to livestock
production and serve as & source of seed for other sites where vege-
tation is removed, reduced in vigor, or otherwise altered. Recent in-
vestigations {73) have shown that halogeton can ajter the physical
and chemical properties of the soil. The changes in the soil proper-
ties affect germination of seeds {24, 41}, favoring germination of the
- less desirable plants, especially the seeds of halogeton.

Chemicals are valuuble tools in revegetation since they selectively
reduce competition for water by halogeton and other weedy species.
This 15 especially important in revegetution or as an aid to recovery
of existing vegetation in areas where water limits growth and survival
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of plants. Chemical control of halogeton requires an understanding
of the plant’s life cycle, its response to various environmental stimuli,
its anatomy, and its response fo herbicides.

THE LIFE CYCLE OF HALOGETON GLOMERATUS

Halogeton is an annual plant that disperses its achenes in the fall.
In Utah, germination begins any time after the middle of December
when favorable microenvironmental conditions exist. Seedlings (figs.
1 and 2) become established in three general types of habitats: (1}
T'nder mats of the bracts from the black achenes that collect in areas
protected from the wind, {2) in cracks between the polygon-shaped
soil plates, and (3) on the soil surface. Conditions fuvorable to ger-
mination usually oceur first under mats of the bracts, then in cracks,
and finally on the soil surface. Seedlings may become established any
time during the growing season, provided they receive adeguate
moisture,

Seedlings established between January and the first of May do not
develop beyond the seedling stage until after May 1. During the first

Fratrre 1.—The epigenl cotyledons of hulogeton seedlings and head of o straight
pin. The lannte hairs in the axil of the first true leaves can slso be found in
the axil of most vegetative leaves by careful evaminetion.
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Ficurr. 2,—The leaves of these plants are starting to enlarge. The photograph
was taken during the first week in May 1950,

2 weeks in May, the true leaves enlurge to form & rosette of leaves
(fig. 8). Sometime during the last purt of Muay, the latera! branches
begin to elongate und form a small decumbent cruciform plant (fig. 4).
Through this stage of development, the plant, with its decumbent
growth habit, responds to the microenvironment near the soil surface
rather than to the macroenvironment. Plants develop more rapidly
on warmer sites exposed to the sun and protected from the wind than
on shaded sites exposed to the wind.

During late May or early June halogeton makes rapid growih. The
Leteral branches become negatively geotropic nnd assume an erect
growth habit: the ventral or tifth branel elongates. Toward the end
of Juna growth slows. The available soil moisture determines both
the rate and the amount of growth, Competition with other plants
for soil moisture reduces rate nnd amonnt of growth.
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FlorRE 3—A rosetie of halogeton leaves, The translucent bands, where the
switer storpge tissue” underlays the epidermis, cue be seen on the ventral
side of wost leaves on this plunt,

Tn lute June the plant enters reproductive development, and vegetu-
tive growth nearly stops. When bracteoles can be observed with the
naked eye, the plant is in the reproductive phase. Within a week a
pumber of physiological changes also occur. These didymous, les £-
like structures e fownd in (he axils of the vegetative leaves but lack
the terminal spine. In eross section the Dbracteoles are reniform to
rordale.

The halogeton inflorescence is a glomerate cymose puniele in which
the main axis continues to elongate, The terniinal glomerules are less
developed than those on older portions of the plant.

Canses of fower initiation are not known, but preliminary work by
Jansen * indicates a complex of photoperiod and night tempemntures.

The achenes begin to mature in late Aogust, and the bracts of the
Blark Nuit emerge from vetween the bracteoles about Seplember 19
and nearly cover the plant {fig, 5). By the first half of Uctober, the
plant has largely dried. A majority of the black achenes have fallen
from the plant by late Octoher or early November. The brown achenes
ave more persistent and may remain on the plant as lute as January
or Febroary.

®3axsey, L. L., PERSONAL COMMUNICATION.
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Fioure 4. —Blongntion of the laternl branches hns started, and the acropetal
development of e plant cun be observed af this stage. The first branch
formetl is i the lower foft of the phorerraph, and the seeond baneh is v the
opposite side of the plant. Branches 3 and 4 arve al right angles to the frst
two brunches and in the upper left and lower righr, respectively.  Broaeh 5
is u conkinunarion of the main axis und appears as n whorl of leaves i the

conter of the plant,
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Fiovne, 3—The bracrts of ibe blnck frait penrly cover the plant in fall,  The
decmnbeat Bobit of the Wern) Goipebes is pot eypival of the species.

Tia-Uak e 65 2
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THE HALOGETON FRUITS

The fruits of halogeton are achenes but are popularly classed as
seeds. Hereafter they will be veferred to as seeds. The two types of
halogeton seeds (fig. 6) can be separated according to morphological
and physiologieal characters, us ean their embryos (19, 26. 43. 45, 48).
The seeds are attached to five niember braets, which develop from the
calyx. The bracts of the Llack seeds are scarious (fig. 7) and become
detached from the seed before or shortly after falling from the plant.
The bracts of the brown seed are coriaceous, tenaciously attached to
the seed, and only slightly longer than the seed (fig. 8).

The plant produces brown seeds Hrst. They are the only ones
formed until the middle of August (fig. 93, and only black seeds are
formed theveafter. Seeds possessing characteristics of both types are
to be expected, but the percentage of these intermediates is low.

Black seeds germinate rapidly (5. 27.:22). They do not persist for
more than one season under field conditions (78, 48). The embryos
escape from the seeds in as little as 15 minutes after receiving moisture.
Black seeds have a short atter ripening” period. From 15 to 20 per-
cent of seeds collected in late October germinate, but 95 to 99 percent
of those collected in late November or early December germinate.

The black seeds are named for the color of the coat; the brown seeds
for the color of the adhering bracts. Little is known concerning
germination of the brown seeds. It is known that they respond to cold
treatment, since their embryos are more vigorous after excision than
are those of seeds stored af room temperature and then excised (fig.
10}. In one instance, plants collected in the field during a December
snowstorm were stored in a cold (358° F.), moist environment for 3

FicURe 6. —The black seeds (upper row) are on a metrie scale, and the brown
seeds with pentmnerons bruets (botloan row) are adjacent to the scale,
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I'torn 7 Araet- of the bloek seeds, The sesad is atiachad 1o the beacets in e
el el ool the phiotogeaph,. Coortesy of A0 HL Lolmegren, Coritor ol the
Phteriae iltasn Herlametn

s bis. Morhe end of this period they were rovered with molds,
dors naned by species o Peade i, spergittus. wad Khizopus.
Wihen the brown sewds from these plants were exposed to conditions
frvorable For serw i o, 9 pereent of the embreyos vseaped from the
~esfytieoild o b bo vlongate, U stored w roon temperature,
crabryos st be exeised belore they wilt germinate.

To b year reads of the gerunttion of baried <eeds of halopeton
are Leews e peearrees i o Western =tes ond =should resnlt b data
reedied ot b pee al te Beown ~ewl cthe peepetuacion of the balo-
retogs Bhaty L0 gL bornomation of hrown seed- hareied e the soil
for at et b ovenr varies from (o 30 pereent { /8.

Soerieape P preperpad ik o Phe western Loy estier ant, Moo -

fr e e U reeson s omte o the o=t e radts jsee |
Boarer o Fe oved by Nerotonn | B aldained feor n to 20 pereent
soriezoet on o faon s sewls recovered Tromn the hilis of this insect,
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Figusg 8. A portion of a glomernie with the papery bracts of the black seed
peojecting betwoeen the bracteoles, while the brows seet (i bracket) andd its
brcts is bt one-third the length of the bractecles, The corineeous bracts
wdhers Cightly o the seed.

The unts remove the bracts from the brown seeds, and this may con-
tribule to increased germination.

L. L. Jansen * colleeted a large number of plants from Utah, Idaho,
Nevada, Colorado, Wyoming, and Montana in the fall of 195+, He
luboriously counted the blick and brown seeds on some of the stems of
each eoltection, He found an average of 27 brown seeds and 47 black
seeds on each l-inch section of the stem. This ratio varied with the
foeation of the collection. In the southern areas the plants usually
produced u higher proportion of brown seeds, whereas in the northern
areas they produced a higher proportion of black seeds. Jansen also
found a Lurge plant that produced more than 40 meters of dried stems.
This plant could have produced 42500 brown fruits and 74000 black
fruits, or a fotal of LIG,H00 fruits,

S FamsEN, L L., PERSONAL COMMUXICATIHON,
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Fiovse 9.—Halogeton plant that became established belween August 12 nnd 16,
1954 It was in {full breet by the firsk week in Uctober, when the photograph
wus made. Only binck sceds were produced.

Osmotic pressure of the medium and its relation to seed ger-
mination

Halogeton's sall toleracee ean be observed on the shores of the Great
Salt Like, where i grows al the buse of piles of erude salt (fig. 11).
Williams (46} found thal halogeton made its best growth when sup-
plied with sodium chioride.  Much interest existz in the problem of
establishing various plants, especially species of grasses, in halogeton-
infested aveus.  Kekert and Kinsinger {(/4) found that the leachate
from halogeton deposited the ehemical constituents, principally
aodivim, in the soil.

The objective of the study reported here was to compure the toler-
ances of germinding seeds of halogeton and some of the associnted
planis to increasing concentrations of osmotic pressure of the media,

To separate osmotic pressure effects from jon toxicity, the vapor
equtlibrium techniques of Arcichoviskij and Arcichovaskaja {/), as
modified and described by Slatyer (40), were used. A solution of
known osmotic concentration was added to petri dishes until it formed
a thin layer over the bottom ot the dish. A ring with a plastic sereen
fop was placed in the dish, and che seeds being tested were placed on
top of the sereen. This arrangement provented direct contact between
the seeds and the solution. The dish was then covered and placed
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Fiovne 10 3, Ttesponse of embryes of hrown secds of halogeton Lo cold ireat-
et Esbored 1ompndy a2t 47 (700 B vespanse of panbrvos stored al room Femn-
pernbires. Bmbreos of bolh grotps of seed were oxclsed and placed on moist
filter prper Tor 4 days,  CMillhoeter seale is stiown ol hobiom.)

in a well-agitated wider bath maintaoned at 24°£0.01° ¢, Muaiute-
nance within such navrow limits prevented condeusation of the vapor
it the petri dishes. The seeds remained in this environment for & days.
A Tew samples were dizenrded when rough handling ecaused moisture
to adhere to the sereen or fo the top of the petridishes.

Solutions of known esmotic coheenttations were prepared with so-
dium chioride.  Coneentrations of £, 2,3, 4, 5, 6, 7. 8, 8, 10, and 15
atmospheres were used in this study,  Ten seeds of a species were
plieed ineach petri dish. The seeds used were Fairway crested wheat-
grass (Agropyron evistafum) and peppergrass (Lepidium perfolia-
firn) collected in September 19536, and halogelon (seeds) collected in
November and Deconber 1936,
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Frovre 11.—Group of balogeron plants growing at the base of a pile of crude
st on the nerch shore of the Great Sale Luke. The surfuce fnch of soil col-
lectet from smony these plants contained + pereent of scluble salt.

After 6 days in the coastant temperature water bath, the petri dishes
wers opened and the seeds divided into the following groups: (1) Seeds
dry in appearance, {2) seeds moist and swollen, (2) germination
initiated but not complete, {4) germination complete and seedlings
normal, and (5) germination complete and seedlings abnormal. The
criteria_used to separate normal and abnormal seedlings were those
outlined by Justice and Reece (22). Germination of halogeton and
peppergrass wus not considered complete until the embryo had escaped
from the seedcout, uncotled, and started to elongate. Germination of
crested wheatgrass was considered complete when root hairs could
be observed on the primary root.

To check the viability of the seed samples, a 15-day test at room
temperature with 200 seeds of each species was completed. The seeds
were placed on blotters in petri dishes moistened with distilled water
contiining a fungicide (0.002 percent of methy! mercury dicyanida-
mide). The seeds were incubated at 25° C. for 15 duys, and seedlings
were counted and removed at 3-day intervals (tuble 1), To have pro-
fonged the vapor equilibrium test beyond 13 days would have allowed
the fungi to destroy muny of the healthy seedlings. Repeated han-
dling to remove moldy seed or seedlings would have increased the num-
ber of samples that were discarded beeause of splashing of the solu-
flons in the dishes. Data from the 15-day fests are included to
indicate the potential germination of the seed samples. Six days of
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favorable temperatures and meisture for germination, or an even
shorter period, is not atypical of the environment encountered on the
desert. The data from thisexperiment are tabulated in table 2.

Germination of halogeton seeds collected in November was obtained
at concentrations as high as 9 atmospheres. Some of the seeds had ini-
tiated germination at all concentrations tested, and most of them
were able to ahiorb water at all concentrations.

Fairway vivsted wheatgrass did not germinate in the range of 6 to 10
atmospheres concentration, but germination was initiated as high as
9 atmospheres. The seeds were able to obtain water at concentra-
tions as high as 9 atmospheres.

Tasie 1—Germination of seeds on filter paper moistened awith dis-
tilled water confaining 0002 percent of methyl mercwry dicyandia-
mide and tncubated for 15 duys

1

i !
{ Seeds | Seedlings produced
Species 1 i failing to
! germinate !
'[ Normal Abnormal
I_ Percent Percent Percent
Crested wheatgrass .. ____. . ___ ! 3.0 . 0 14. 0
Peppergrass o ; 17. 0 810 2.0
Halogeton: i
Seed collected November 1956 __' 315t 62.0 8.5
Seed collected December 1956 . _j L0 I £86. 5 12. 5
i

1 200 seeds of each species used In fest.

Germination of peppergrass was complete only over distilled water.
Germination was initiated at concentrations as high as 7 atmospheres,
and the seeds were not able to obtain water above 8§ atmospheres during
the 6 days of the test.

The data from this study imply that halogeton seeds are capable of
germinating fuicker and with iess soil moisture than either Fairway
crested wheatgrass or peppergrass, A pparently halogeton seeds would
be able to obtain water for germination from more concentrated soil
solutions than would the fwo other species tested and should be more
competitive for subsequent available moisture.

Establishment and survival of seedlings of halogeton under
field conditions

Field observations indicated that halogeton seedlings became estab-
lished early in the spring. but the mortality rate for these early seed-
lings was high. These periods of seedling establishment and mortahity
were obviously related to the weather. The seeds of halogeton are
produced in such large numbers that the plant is capable of perpetu-
ating itself in spite of periods of high or even total seedling mortality.
The brown seeds make it possible for the plant to survive through 1
or more years of totul seedling mortality.
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Since halogeton is an annual dependent on seeds for its perpetua-
tion, a control program should be designed to eliminate the seed-pro-
ducing crop. Therefore, an experiment was designed to determine the
date or dates when the fruit-producing crop becomes established as
seedlings in the field. An “established seedling™ is used here to desig-
nate a seedling that has its rocr in the soil and its cotyledons expa.nde%i.
It seems more accurate to discuss “established seedlings” than seed
germinafion, since germination could occur in the soil and could
not, be observed or recorded.

Permanent plots runging in size from 3 square inches to 144 square
inches were used in the experiment. Euch seedling was marked by
colored toothpick, pin, or wire to designate the date’1t was found. It
wis planned to visit the plots every second week, but sometimes stormy
weather made a visit impossible or a period of warm moist weather
madse it desirable to reduce the interval between visits to 1 weels
The work was done in the spring of 1933 and repeated in the springs
of 1955 and 1957. Some data are also available for the springs of
1954 and 1936, but they are not complete.

Tisdale and Zappettini (43) and Holl (Z8) have reported data
concerned witl date of germination of hulogeton in the fisld, but not
on the methods used to obtain the data. Tt is probable they used
the Joop procedure reported by Sharp (37).

Of all seedlings marked, 39 percent survived in 1953, 68 percent in
1955, and 43 percent in 1957 (table 3). Plants established after the
first week in June represented 0.4 percent of the fruit-producing plants
in 1953 and 14 percent in 1955. In 1957, six seedlings in the plots be-
came estublished durtng the last week in August. T was not in Utah
afrer the 9th of September, und do not know if these plants produced
seeds. Since it is doubtful that they could have completed their life
cycle, the data are not included in table 3.

The earliest date on which seedlings were found in the plots each
year ranged from February 27 in 1953, to April 15 in 1955. Estab-
lished seedlings were found in the plots on March 2, 1954, on March
16, 1viro, and on March 2, 1957. The date of establishment appears
to be a response to warm daytime temperatures and enough moisture.
The microenvironment is probably more important than the actual
wealher conditions. Freezing night temperatures do not appear to
aflect. the seedlings adversely, since night, temperatures in March and
carly April ave often m the low 2(s on the Fahrenheit scale. Dry
weuther, especially when aceompanied by wind, probably accounts
for most of the seedling mortality during the spring months.

A majority of the seed-producing plants of halogeton are established
in March and April. The first week in June brings a large measure
of stability to the population. This stability is probably due more to
Intraspecific competition than to climutic factors. The plants already
established are upparently able to compete much more successfully for
the available moisture. This has been demonstrated on many oc-
casions,  Where the older plants were removed by mechanical or
chemiral means, new plants often became readily established. The
density of the new population depends on the moisture available on
the purticular site.  Summer rain showers typically permit new plants
to become established in the absence of competing plants.

T40--030 (k65 - -8




TasLE 2.—Germination of halogeton, Fairmvay crested wheatgrass, and peppergrass seeds as affected by osmotic
g y Y grass, pepperg Y
pressure of the medium

! Gerniination Germination complete

Kind of seed, and osmotic pressure of Seeds dry in | Seeds moist initinted Total

medium: (atmospheres) appearance and but not seeds

swollen complete Seedlings Seedlings tested

normal abnormal
Halogeton: Percent Percent Percent Percent Percent Number
Collected November 1956: : :
1 RO SRS 0 74 12 10 4 50
| T L UL U 0 74 18 8 0 50
U S L L 0 66 14 20 0 50
- S U SOOI (1} 76 22 0 2 50
1 S N 0 70 22 8 0 50
100 e eaili 2 66 29 0 2 50
Collected December 1956:

I S P 0 1 3 95 1 320
SO DU U 0 14 i) 79 1 160
S SR S S S Ie 1 11 10 74 4 160
S F PSR Sy SUp NP RS ISP 0 21 25 52 2 160
L S UG R AR 1 14 19 66 0 160
L+ USRS ST 6 17 21 53 3 150
R S 3 16 27 53 1 150
S TR 3 48 25 24 0 150
8 i secmmenie 7 46 27 20 0 100
O e 1 71 28 0 0 100
N0 il 12 79 9 0 0 100
R T S S PRI LU 0 01 9 0 0 100
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1 Complete germination of peppergrass oceurred only over distilled water.
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TabLe 3.—Halogeton seedlings evtablished in the field on various dates
and fe?’cenmge of survival during 1953, 1955, and 1957, Snowwille,

Uia

Date established

Seedlings

Still present at
seed stage

Mature

population

Number

Percent

42

Percent

oo

28.

o0

Rk o 0

30

-
. e

&

30.
9,
6.
4,

7
2
5
9
4
&
&
2
5
3
1
0

Qe

1,840

792

P e,

b
o]
o

! All seedlings were covnted and marked in plots 12 inches square.

? Unknown.

¥ All seedlings were counted and marked in circular plots of 3 square inches.
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SOME ADAPTATIONS OF HALOGETON TO THE
SALT-DESERT SHRUB ENVIRONMENT

Transpiration

Recent studies have indicated that the stomates may be important
pathways for penetration by herbicides (10). The succulent growth
and the accumulation of oxalic acid made it difficult to ignore the
possibility that halogeton might exhibit “Crassulacean metabolism.”
Plants exhibiting this type of metabolism would normally close their
stomates during the day. An experiment designed to measure diurnal
transpiration was selecled beeause it would determine whether the
stomales wers open at night or during the day and would indicate
tha amount of water lost by halogeton each day. The design of the
experiment also made it possible to measure the amount of moisture
left in the soil after halogeton had died. Field observations had
shown that each succeeding generation of halogeton on a site tended
to make less growtlh, which indicated that less moisture was available
to the plant each ensuing year.

The study utilized halogeion transplanted from the field into quart
plastic pots containing a soil mixture of 4 parts desert soil, 1 part sand,
and 1 part black mountuin soil.  The plants were allowed 3 weeks to
establish & new root system and make other adjustments to the new
environnient. Plants were selected from this group on the basis of
uniformity of size, cruciform growth habit, green color of the stems
and leaves, and large turgid succulent leaves,

The soil was saturated with water, and the plants were placed in the
dark for 24 hours 1o allow the excess water to drain from the pots.
Polyethylene freezer bays were pulled over the pots and tied around
the plunts immediately below the crown of the plant. Iach pot was
weirhed nffer the bagging operation, and the individual pots were
weighed twice daily at 7T aan. and 7 p.m, for 6 weeks, or until the plants
were (lead.

The plants were divided into five groups of six plants, and the
aroups were placed in various environments. The ohjective was fo
measire ihe vavintion in transpiration rather than the effeets of the
environmenial factors on transpiration rate. The environments were
ag Tollows:

Groups 1 and . Plants were pluced in the greenhonsc where little or nn
detectable nir movement existed. They were exposed to 8 to O hours of
direct sunlight each duy, The air temperatures ranged from # minimuam
of 5% F.at night to120° or higher during the day.

Groups 3 and 4, Plants were placed near the outlet of the greenbonse fir-
couditioning fon where they were subjected to continuons air movement
nnd high humidity. They received about § hours of sunlight doring the
duy. and the air temperaturces ranged from 50° to 85° F. during the 24-
hour period,

Group 5. Plants were placed in & growth room where they received 2.000
foat-candies of lizht for 146 hours ench duy and remained in tofsl darkness
for 8 hours. The nir temperatures were 86° F. during the period of light
und 792 during fhe dark period.

The moisture content of the saturated soils was determined prior to
the experiment. Ten pots of soil contuining dead halogeton stems were
hagged, as were the living potted plants. The percentage of soil mois-
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ture in these pots was measured at the end of the experiment to deter-
mine whether moisture was Jost from the soil because of factors other
than transpiration.

The moisture content of the soil from 21l pots was determined at the
end of the experiment. Data on soil moisture are expressed as the
percentage of the ovendry weight.

The maximum rate of transpiration for an individual plant during
a 12-hour period was 6.577 grams when exposed to 9 hours of direct
sunlight and 1.624 grams during a dark period. Most of the moisture
loss by the plants occurred during the daylight period, which indi-
cates that the majority of the stomates opened during the daylight and
not, at night.

The average number of grams of moisture lost by individual plants
each day is shown in table 4. Analysis of variance of these datn re-
veals that there are no significant differences between replications, but
differences between treatments (groups) are highly significant.

TaBLE 4—A verage amount of water lost daily by individual halogeton
lants and average percentage of moisture in the soil after the plants

died?
Treatment {group)? Water lost by indi- | Moisture in soil after
vidusal plants 3 plants had died +
Grams Percent

N S S
| DD

| et
W] ooty

! The plunts are presumed to have died from a lack of nvailable moisture.

? Bee text for description of environment for each treatment {group).

! The differences between treatments {groups) is significant at the l-percent
level, but there are no significant differences between replications.

¢ There ure no statistically significant differences between replications or
treatments (groups),

The control pots containing the dead halogeton branches lost 0.72
pevcent of the moisture from the soi! during the experiment. The
soil had an average moisture content of 23.96 percent at the beginning
of the experiment and 2324 percent at the end. The average soil
moisture tor the pots containing living plants was 4.28 percent at the
termination of the study.

The percentage of moisture of soil samples from pots containing
living plants used for {ranspiration studies is also listed in table 4.
Analysis of variance of these data indicates that differences between
treatments {groups) and replications are not statistically significant.

Diurnal acuvity of the stomates

Studies concerned with transpiration indicated that 75 percent of
the moisture lost ench day occurred during the daylight hours. Skoss
(39) and Dybing and Currier (/1) have demonstrated that the sto-
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mates are an important pathway of sprayed substances into the plant.
Exact information on diurnal activity of the stomates is pertinent to
the study of the response of a plant to any herbicide.

One of the simpler techniques for determining the relative openness
of the stomates is using liquids of various surface tensions. In this
study, benzene was the only liquid used. Although a number of
chemicals {le., benzene, gusoline, kerosene, and mineral oil} were
used, only benzene resnlted in the typical water-soaked appearance
of the leaves when the stomates were open. The appearance of the
leaves was much the same as when the leaves are lightly pressed be-
iween the Hngers.

Tests were made on June 22, July 6, July 20, August 3, Augnst 17,

and August 31, On the evening before testing, 48 plants were watered
and moved fo the Leadhouse. At 7:30 aun, on the day of the trials,
the plants were divided into four groups. One group was placed
under 400 foot-candles of light provided by fluorescent light tubes.
The second group was placed outside in the shade of the headhouse.
Gronps 3 and 4 were placed in un area that received full sunlight dur-
ing t]he day. Group 4 remained outside with group 3 until the
stomates were known to be open, then was moved into the shade with
rroup 2. :
§ 'l‘eg[.ing was sturted at 8:30 a.m. and was repeated at intervals of 30
minutes unless there were indications thut movement of the stomates
was occurring.  When movement occurred, the interval was shortened
to 15 minutes; however, in many plants the movement of the guard
cells had been completed before any changes were detected.

The test used to determine whether the stomates were open or closed
consisted of dipping the terminal inch of a branch into a vial of
benzene for 5 seconds. Omne branch from four individual plants in
each group was used at each time interval of these trials. These
trented tips were observed until the water-soaked appearance could be
seen, or for a maximum period of 5 minutes., The treated branch was
then removed from the plant.

The stomateg at the apex of the leaves opened first and closed last.
The stomates of the central and basal portions of the leaves opened
more slowly and closed sooner than those on the terminal end of the
leaves {tuble 5). This information was used to determine when the
stomaties were in the process of opening or closing.

Light intensity appeared to strongly affect stomatal activity, as
evidenced by the earlier opening of stomates of plants in direct sun-
light. The stomates of plants that were moved from direct sunlight
when the stomutes had opened tended to close sooner than those of
plants that remained in direct sunlight. The stomates of plants that
remained in direct sunlight tended to remain open longer than those
left in the shade or those that were moved to the shade from full
sunlight.

The period of time that all of the stomates remained open varied
during the season. It should be emphasized that the plants were
watered the evening before these tests were made and should not have
heen under any internal water stress,
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Taste 5—7Time of stomatal opening on halogeton leaves exposed to
various light and envivonmental conditions

Time
all
Date of trials and First All First All sto-
treatments stomates stomates stomates stomates | mates
open open closed closed re-
mained
open
June 22:
Fluorescent Hours
Tight oo ..- g:15 a.m. ' 10:00 am ;12:15p.m. |12:30 p.m. 2%
Shade, outdeors__{ 9:30 a.m. j11:15 a.m. | 3:00p.m. | 3:30p.m. k1
Full sunlight,
outdoors. . .__. 9:15 a.m. | 11:00 am. | 3:00 p.m 3:15 p.m. 4
Sunlight, then
shade cutdeoors.| 9:15 s.m. }11:00 a.m, 112:30 p.m 1:15 p.m. 1%
July §:
Fluorescent
light . ... i 945 am,. 111:00am. e 111:30 r.m. z 1
Shude, outdoors .- 9:30 a.m. } 11 00 aam. ¢ 12:30 p.m 3:00 p.m. 13
Full sunlight, : » :
outdoors_____._} 9:00 a.m. | 10:30 a.m. ;12:00 noon | 1:00 p.m. 134
Sunlight, then
shade outdoors_| 8:00 a.m. } 10:30 am. 111:3¢ a.m. | 12:15 p.m. 1
July 20:
luoreseent
light . _____. 10:30 aam. | 11:45 a.m. | 1:30pm. | 1:45 p.m. 134
Shade, outdoors__} 8:30 a.mn S:45a.m. | 2:00 pm. | 3:30 p.m. 514
Full sunlight, ;
outdoors_ . __. e mmm e 8:30 a.m. | 3:00p.m. | 3:30 p.m. 614
Sunlight, then
shade outdoors_|__._______. 8:30 am. 112:30 p.m. | 1:45 p.m. 4
Aug, 3:
Fluorescent
Vight. . ____ $:30 a.m. [ 11:30 a.m, 112:30p.m. | 1:00 p.m. 1
Shade, outdoors__1 10:00 a.m. | 10:30 a.m. 12:00 neon | 12:30 p.m. 134
Full sunlight, !
outdoors. ... 9:30 un. ' 11:00a.m. | 1:00p.m. | 1:45 p.m. 2
Sunlight, then . t
shade putdoors_t 0:30 o, (11:00 am. | 11:30 am. | 12:45 p.m. i
Aug. 17: '
Fluorescent
tght. .. .. 11:00 aan. | 11:30 a.m, !12:00 noon | 1:15 p.m. i
Shade, outdoors__] $:30 amn. ! 11:00 aum. | 2:30p.m. | 2:45 pm. 34
Full sunlight,
cutdoors. ___.. 9:30 e, | i:45a.m. | 3:00p.m. | 3:30 p.m. 4%
Sunlight, then
shade outdoors_| 9:30 a.m. {10:45 e.m. | 12:30pom. | 3:00 p.m. 1%
Aug. 31
Fluorescent
light..o.__..__ 10:30 a.m, 111:30 a.m. ;12:00 noon | 1:00 p.m. 1%
Shade, outdoors__| 1:30 a.m. ; 11:15 am. | 2:00p.m. | 2:30 p.m, 2%
Full suntight, {
outdoors____.__ 9:00 aan. 1 11:00 aom. | 3:00 pm. | 3:15 pan. 4
Sunlight, then !
shade outdoors.! ¢:00 a.m. | 11:00 a.m 3:00 p.m. 1%
I

. l 12:30 pam.
]

1 Stomates had 2l elosed during the nornal half-hour interval between inspeetions,
? Stomates open less than ) hour.
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The stomates of halogeton are relatively small and apparently do
not open wide since benzene was the only liquid tested with low
enough surface tension {about 28.58 dynes per cm.”) to move through
the stomates. This agrees generally with data obtained n the ana-
tomical studies of the size of the pore of the stomates.

Changes in the water content of the terminal inch of halo-
geton stems

The water balunce of plants could influence the absorption and
translocation of herbicides by its effects on photosynthesis, metabo-
lism, and the activity of the stomates. Redistribution of water is
known in some planis when internal moisture stresses occur {23, 47).
Rartholomew (.2) found that lemon fruits lost moisture to other parts
when the plants were subjected to moisture stress. The older leaves
of plants suflering from wn inadequate supply of moisture die first,
which indicates that the younger leaves are able to obtain moisture
at the expense of the older leaves. Most of the younger leaves and
bracteoles {a lenflike structure) occur on the terminal inch of haloge-
ton stems. These terminal tips would receive the best coverage by
herbicidal solutions applied as a spray.

A change in the percentage of moisture in the terminal inch of
stems of halogeton should be indicative of the water balance within
the plant. Related changes in the water balance within the plant
and its response to 2,4-1 sprays should indicate that the water bal-
ance of the plant influences its response to applications of the herbi-
cide,

Four sampling sites were chosen that supported healthy, vigorous
stands of halogeton and probably formerly supported pure stands of
Kochia americana (Green Molly). The terminal 1 inch of the pri-
mary stem of each halogeton plant was removed with the aid of a
pair of scissors and placed in airtight cans whose weight had been
measured previously. The volume of each can was 21.2 cubic inches.
The stem tips were carefully packed into the cans so as not to crush
them, yet to have the largest possible number in each can. Three of
these composite samples were collected at each site on each of the
(ive sampling dates. The closed cans of stem tips were transported
to the laboratory and weighed; then the open cans were placed in an
oven for 48 hours at 105° F., and weighed again. The moisture con-
tent of the samples of stem tips was caleulated on the basis of their
ovencry weight. '

The percentage of moisture of the stem tips continued to decrease
during the experiment (table 6). The percentage of moisture
Aropped substantially on each of the four sites sampled. On the first
two sites, the drop occurred between June 29 and July 9. On the
last two sites similar losses occurred between July 9 and July 23.
Iracteoles were observed on all the plants on all four sites when the
samples were collected on July 23.

T45-93% O—bfmnr =
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TasLe 8.—Change in percentage of moisiure of the stem tips of halo-
geton plants during the growing season of 1957, expressed as the
averuge percentage of the ovendry weight

1| Bampling site
Date of sampling : Average

P:rcmt;Percmt Pereent) Pereemt Percent
June 20 L __._ 610 ¢ 494 § 511 | 510 531
July O 305 . 424 ) 462 | 438 405
July 23 o._ v any [ 306 | 303 ¢ 251 292
AVE B - 275 | 252 ) 270 t 235 258
Aug. 200 .. 233 | 260 | 277 | 228 253

Standard error=15.16.

Anatomy of halogeton

I have studied the anatomicsl structure of the root, stem, and
leaves of halogeton to determine whether the visual aspects of any
structure of the plant would suggest the existence of a barrier to
penetrating substances or an obstruction to translocation of materials.

The structure of the root (fig. 12} is similar to the root of the com-
mon beet, Betu vulguris (I7). The similarity is most obvious in the.

Fiotue 12.—Photomicrograph of cross section of a small reot of halogeton
showiny the concentrie rings of tertiary vasceular tissue and the disintegrating
periderm,
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development of the supernumerary rings of vascular tissue and in
the periderm region of the more mature roots where the cells are
constantly slu fled off as the root grows in diameter.

The stem is an ectophloic polystele (fig. 13). The fascicular cam-
bium and interfaseicular cambium form an almost continuous layer
in the stem. 'The pith consists of large parenchyma cells and appears
to be the succulent tissue of the stem. Many cells in the pith contain
druses. Druses are common in many tissues of the plant and are
probably erystals of calcium oxalate.

The papiliate epidermis and the cortex of the stem are probably of
most inferest in relation to absorption of herbicides (fig. 14). The
thickened outer walls and anticlinal walls are common in many halo-
phytes. Repp (7)) indicated that this tissue acts as a barrier to
water loss and to the penetvation of salt into the tissues of halophytes
subjected to salt spray ov inundation by sea water. If the cells of
the epudermiis prevent or inhibit water loss, it is likely that they
prevent or inhibit water movement in the opposite direction.

The cuter covtex could possibly be classed as a hypodermis, but it is
questionable if it should be so termed since 1t is not definitive. There
is & gradual transition from the parenchyma cells of the inner cortex
te the thick-walled eolienchynma of the outer cortex. While the outer
three to five layers undoubtedly act as u supporting layer and nmy
possibly contribute to pretecting the plant from water loss and from
penctration of extraneous materials, there is no evidence that it con-
iributes to mechanical protection of the plant. The walls of these
collenchyma cells contain primary pit felds.

Finune L3,—hetomicrograph of a traongeetion of a young stem of hitlogeton.
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Ficure 14.—Photomicrograph of cross-sectional view of the outer cortex and
epidermis of the stem of haiogeton.

The most, distinctive feature of the halogeton plant is the leaf, and
a transverse view of if is given in figure 15. The venation of the leaf
is camptodromons. The core of the leaf consists of a main vascular
bundle with the smaller pinnutely arranged secondary veins curving
outward and upward toward the apex of the leaf. The secondary
branches terminate after being adjacent to the spongy mesophyll for
a short distance. Tertiary branches and reticnlation of the second-
ary branches have not been observed.

The main vascular bundle is surrounded by leaf cortex, which is
responsible for the succulence of the leaf. Repp (37) used the term
“Wassergewebe” (wuter tissue) to discuss similar tissue in other
halophytes. T prefer the term “water tissue” to “cortex,” since the
former term not only indicates pavt of its function but also describes
the appearance of the tissue in the halogeton leaf. The cells of this
tissue are large, thin-walled parenchyma.

In her summary Repp (3I) makes the following comments con-
cerning sucenlents:

In the babitat under natural conditions the sait enrichment of the plant
occurs slowly but unavoidably with apge. If the limit is resched, which is
determined through the specific plasmic salt hardiness, then the affected
ant part dies. Many plant species—and indeed typieat halophrytes as well
as glycophyies niso, which are suceessful on siline soils—have the capacity,
by incressing the succulence, to extend the limits of this injuorious internal
threshold concentration. ‘This increasing snccuience depends simply on an
enlargement and incrensed water confent of already existing cells, par-
ticularly the parenchymn. The capneity for this is developed by pluants
in very different proportions; it is econvenienily produced by alreudy existing
succutence {water tigsue).
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Freure 15.—Photomicrograph of o e¢ross sectlon of & leaf on the abaxial side
tof a lenf). The main vascular bundle ean be seen in the lower center of
the Hgare, and o few ol the secondary bundles cun be seen under the spongy
mesophyll. The spongy mesophyll is the durk layer ot cells outsicde of the
water rissue.  Note thai (he water tissue extewds to the epidermis on the
extreme abaxint side of the terers leafl

On both the ventral and dorsal sides of the Jeaf, the water tissue
extends from the main vaseular bundle to the epidermis. The photo-
synthetic tissues ave on the luteral sides of the leaf except that it be-
somes contate af the terminal end of the leaf on the abaxial side. It
is sotnetimes united at (he apex on the adaxial side, but the distance
of connateness would be measured in microns rather than millimeters.
These bands of water tissue under the epidermis cun be seen on the
adaxiul sides of the leuves in figures 2, 3, and 4. At the base of the
sessile, slightly clavate leat the bunds are broad, but the width 1s
reduced by half within approximately 2 millimeters of the base. Fig-
ure 15 illustrates the distribution of the water tissue in the leaf.

The spongy mesophyll is external to the water tissue and is com-
posed of small, densely packed chlorenchyma cells (fig. 16). The
tissne is usually one layer. but it is sometimes two cells deep, and the
variation has been noted in o majority ot the leaf sections examined.
Yet it does not appear that there is any specific region in the leaf
where the spongy wesophyll is either uniserate or biserate. The con-
contration of chloroplasts is high in the spongy mesophyll cells and
much higher than in the palisade cells.

The palisade tissue is external to the spongy mesophyll and is
always unisernte.  The tissue is composed of densely packed, elongated
chlorenchyma. Befween the palisade tissue and the epidermis is a
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Frovue 16, Photomierograph of pholosgeihetic tissues, subepidertnl tssue, aod
epidermis of 1 halogewon leaf. Two large druses can be seen on the upper edge
und the luwer side of the ffgure in the colls of the subepidermal tissue,

layer of cells, one to two cells thick, that do not contuir chiloroplasts.
They are thin-walled parenchyma cells, and many of them contain
large salt erystals or druses. The number of cells containing druses
inereases with the nge of the leal.  Tn late August and early Septet-
ber a nijority of these cells contain druses.  Two druses are shown
n tirure 16,

The epidermis is composed of cells of many sizes.  The outer walls
nre thicker than the remuining portions of the walls. Stomates are
confined to the area of the epidermis over the photosynthetic tissues.
The long axis of the pore of the stoniates i= at right angles to the main
axis of the leaf. The enlargement of the subsiciary cells eauses the
cuard cells to appear fo rest well below the surface of the leal (fig.
17).

The <tomures were measured] by dipping the leat in a colloidin
~olution,  The eolloidin flm and the enidermis were then stripped
fromt the Teaf and examined under o microscope. The stontates of
hitlogeton, ineliding the ruard cells, nvernged 33.05% 2359 microns
o i huege, matwee leaf. The pores averaged LAY L4 microns dur-
ing June, buein early Augnst they did not open us wide: and the
average <ize, when open, wis 11322093 mierons. In the epidermis
over the photosynthetie tisns, the stomates oceurred at the mte of
000 per square centimeter. The arven of a large vegetative leaf wus
appreximately 3 square centimeter.
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Fu.ore 15, Transverse view of a stomate from g looasiredina section of o hale-
weton leaf.  The stanates are the sunken eype hecause the ynbsidliry cells uare
Targer thaa the sqrronnding eplderial ceils,

Tlie eutiele was diflicnlt 1o stain. Tt was suecessfully stained twice
i merons attempts over a period of ¥ yeurs.  Altempts to isolate
the citiele lave fatled. bat apparvently the cutiele was present and was
important 1 inhibiting movement of water and solufes.

Hracteoles are modified leaves and fheir anatomiceal strueture is
<tmtlar o ilag of the lenf (iig. 18). The phorosynthietie tissues oteupy
asnallor pereentnege of the aren of tie hracteoles than they do on the
Jewves. The water tissie extends to the epidermis on the adaxial side
of the bineteole, with v exeeption of aosmall sren on the terminal end.
Ou the shaxial side the hamd of this tissue is wider and extends farther
up than it does on the beaf tfign ).
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Figcrre 18.—{ross-sections} view of the sdaxinl side of & bracteole,

RESPONSE OF HALOGETON TO VARIOUS RATES
OF 2,4-D ON DIFFERENT DATES

Before 1953, research workers in Idaho had evaluated the effective-
ness of applications of various berbicides to hnlogeton (26}, They
found that the propylene glyveol buryl ether ester of 24-dichloro-
phenoxyacetic neud (24-D) was one of the most eflective herbicides.
These resenreh workers were interested in obtaining darn on the effec-
tiveness of the chenteal ar various stages of growth and ar divergent
gopgraphical focations, I cooperated with them and adapted my ex-
perimeintal design Lo coineide with theirs, so thut a vegional comparison
cowld be made.  The project was carvied our during 1933 und 1954,

A split plos with the whole plot arranged in o 4> 4 Latin square was
used in 1933, The main plots were 1645 X33 Teet and were divided
into four subplots with dimensions of 1645 X8 feet. Two permanent
lhne transeets were established on each subplot. The plants n ten
Seinch-~quare quadreates were counted at regular intervals along each
of these trapseet=, The vegetation was sanipled before treatment and
after the plants had matured in the fall,

Treatments ronsisted of applications of 1. 2, 4, and 8 pounds of
24-1) per acre in 15 gallons of spray.  Applications were mude on
June 1o, Jaly 10, and August 200 Plots in another group were not
trested and were used ws controls.

The experinmental design in 1954 was clinnged to a randontized block
with four replications of ench treatment and eight untreated control

.
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plots. The propylene glycol butyl ether ester of 24-D was applied at
1, 134, and 2 pounds per acre cn May 11, June 11, June 24, July 9,
July 28; on onae set of plots, treatments were applied on June 11 and
repeated on August. 12.

The treated plots were 12 feet square, but only the center 64-square-
foot aren was sampled. The vegetation was sampled in the same man-
ner as it was in 1953, except the quadrates were increased from 20 to
36 per plot.

In 1953, the highest percentage of kill (97.2) was achieved with 4
pounds per acre on June 10 (table 7). On the other two dates of
application, 8 pounds per acre failed to reduce the population similarly.
On the untreated control plots, 11 percent of the pﬁmts died between
the first part of June and the last part of September.

TapLe T—Halogeton killed with agueous sprays of the propylene
glycol butyl ether ester of 24-dichiorophenozyacetic acid applied at
4 rates on 8 stages of growth in 19587

'
F

! Kil when 2,4 D was applied at—
i SBtage of growth
Date treaged | crented

i 1 pound ‘ 2 pounds | 4 pounds | § pounds
| per aere ;. per RCre | per aeré | per acre

! i Pereemt i Pereent Fereent Prrcent
J Rlongation. ... 70 70 {

T Barly Howering__.__. i i1, 33 36 55
—_— Late flowering ! Y i 31 13 57

! (3 thoe control plots, t1 percent of the hulogeton plauts died during the
experiment,

The sampling method used in 1954 indicated that single treatments
on June 11 and on Jane 24, and double treatments on June 11 and
August 12, resulted in complete kill of halogeton. But healthy plants
were growing on these plots and simply did not occur within the 2-
bneh-square samples along the transects on the plots. When the
sapling techniques used indicsted a 100-percent kill, an actual count
of the plants within the 6d-square-foot sampling area was recorded.
The averages of these data for the four replications are contained in
the lust three columns of table 8.

Treatments applied June 24 resulted in a high percentage of halo-
ceton kill, while treatments applied 15 days later on July 9 resulted
in a relutively small percentage of kill. One important result of the
1954 experiment is that the double treatments (herbicides ufpiied on
June 11 and again on August 12) did not result in greater kills than
the single treatments applied on June 11 or June 24. During fhe
summer of 1934, alinost daily observitions of the plots were made.
These observations Indicated that the vast majorily of the plants
found in the fall on the plots treated on May 11, June 11, and June 24
were plants that became estublished after the plots had been treated.

if the plants on the plots receiving a second {reatment on August
12 were plants that had beeome established after the first treatments
on June 11, they were less thun 2 months old.  Certainly the plants

T45-058 Omfiommre §




Tawee 8—Halogeton killed with aqueous sprays of propylene glycol butyl ether ester of 2. 4-diehloro phenoxy-
acetic aeid at 3rates of application on variows stages of growth in1954"

Date treated

Stage of growth treated

Kill caleulated from sampling data
when 2,4- was applied at—

Plants counted on the plots: with esti-
mated kills of 100 percent when 2,4-D
was applied at—

1 pound 13 pounds 2 pounds 1 pound 1% pounds 2 pounds

per acre per acre per uere per acre per acre per acre

Percent Percent Percent Nuinber Nimber Number
May 1} .o .| Seedling...o..___ . . 53 61 i3 B RGPS AEPUULI RPN DRI -
June 1. oLl .0 Cruciform .. __.___ 100 100 100 153 140 12
June 24 Lo L. Elongation. ._. _. ————— 100 100 100 81 7 21
July O Lo ool Barly flowering 35 27 LT 3 FURSUUNPAS YRR U -
July 28, . oo _ao. Flowering. ... wleian 40 | 42 20 | i w e e e
June 11.and Aug. 12.__1 Cruciform and late 95 100 100 |l 31 22

flowering,.

L Average of 4 replications.

_period of May through August.

A 49-percent increase iii the humber of plints on the untreated control plots occurred during the
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treated on June 24 were 2 months old, and perhaps many of them
were more than 8 months old. 1f clironological age wus a factor in
the resistance of halogeton to 2,4-1), then these plants on plots treated
the second time should have been killed, and the number of plants
on these plots should have been substuntinlly less than the number
found on plots receiving o single treatment on June 11 or June 24.
The lack of real differences between the number of plants en these
plots implies that it is not chronological age but physiological age
that determines the resistance of halogeton to 24-D. Morton, Haas,
and Erickson (26} concluded that “the tolerance in halogeton to
24-D is influenced more directly by physiological development or
condition than by chronological age.”

FIELD STUDIES OF ABSORPTION-TRANSLOCA-
TION OF 2,4-D BY HALOGETON

1953 experiment

The toxicity of 2,4-D to halogeton decreases sharply around the
first of July, when the plant enters its reproductive phase of growth,
and continues to decrease over the remainder of the growing season,
In the fall of 1952 T visited « number of areas ihat had been treated
with 2,4-1) and observed that glomerules on the underside of the stems
of the plants offen remained green, whereas glomerules on the dorsal
side were necrotic and without seed. Some plants on sprayed areas
exhibited little or no injury, whereas others were killed almost without
regard to the date of treatment. These observations indicated that
either the herbicide was noi being translocated within the plant, or
it was not being absorbed by the plant. It was not clear whether
translocation or absorption phenomena accounted for the variable
plant responses to 2,4-1) during the reproductive phase of grosth.

The frst attempts to define the factor or factors involved in the
resistance. of halogeton to 24-D during reproductive growth were
undertaken during the growing sensons of 1953 and 1954, It was
hoped (hut resolution of these factors might permit development of
techniques and materials which would increuse the effectiveness of
vhemical control.

The cruciform growth habit of halogeton is well suited to trans-
loeation and absorption studies. Trewtment of & single lateral branch
with & solution ertaining 24D should result in symptoms of 2,4-D
injury on other branches of the plant, provided the herbicide is ab-
sorbed and transloecated: and various materials that would ald trans-
location or ahsorption of 2,4-1 were selected.

Diuring the growing seasons of 1953 and 1954, laboratory and green-
house fucilities were not available, and the first phase of the work
wis done in the field. TUniform plants were obfained by thinning
field populations to one plant per square foot in late May and early
June. When the densily of halogeton was reduced to this level, vigor-
ous plunts with a eruciform growth habit resuited. Dense stands of
halogeton often result in plants having only three stems, with the
other two stems represented by a rosette of leaves that can develop
into glomerules during the reproductive phuse of growth.
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The herbicide propylene glycol butyl ether ester of 24-DS was
applied in the various carriers selected for this study. Herbicide
solutions of 200 milliliters each were prepared with each carrier con-
taining 750, 1,500, 3,000, 6,000, or 12,000 parts per million. (These
concentrations were such that if applied at rates of 80 galions per
acre, the 24-D would have been applied at rates of approximately 0,
35,1,2,4,and 8 pounds per acre.)

The carriers used in 1933 were as follows:

(a) Whater.
Fb) Water plus 1 percent Triton B-1956.
¢) Watersaturated with sucrose.
d) Kerosene.
e} Ethanol (70 percent).
f} Lanolin.
} Gasoline,
(ﬁ) Gasoline saturated with household paraffin.

Water is often vsed as the carrier for applying 241 under field
conditions, and it wus selected as a standard for comparing the effec-
tiveness of the other curriers. Triton B-1956 was added to water to
improve the wetting properties of the carrier and to obtain maximum
penetration of the herbicide.

There is evidence that 2,4-1) moves with rlie carbohydrute stream:
and, by supplying sucrose in the carrier {water saturated with su-
crose), a more favorable carbohydrate pradient could be created for
the translocation of the herbicide (46,44). Rice and Rohrbuugh {33)
also found evidence that kerosene vaused 2,4-1) to be transiocated
readily in destarched plants.

Ethanol wae selected as a currier on the basis of its property of
destroying the selectively permeable attrilmtes of the cell membrane.
It 15 also a poor solvent for waxy substances similar to those found
in the cuticle. (asoline is not only a good solvent for wax, but it is
also toxie to the cells of plants (9). High light intensity, high tem-
peratures, and Jow humidity in the area where these studies were
earried out erented conditions favoring a high rate of evaporation of
the carriers, especinily the more volatile materials like gasoline. For
this ceason, gmsoline was saturafed with household parafiin fo decrease
its volatility. Lanolin was used to determine if the rate of ubsorption
was the limiting factor in the cfectiveness of 2,4-1).

The spray solutions were applied with small atomizers (DeVilbiss
No. 132) to a single branch to the point of runoff. A tinfoil shield
wag attached to the treated branch to prevent spray drift to the un-
treated portions of the plant and to prevent drops from aecidentally
running down the stem to the crown of the plant. Of course, the
Tanolin paste could not be used in this manner, so it was applied to the
terminal inch of the hranch where u large number of young leaves were
loeated. It was also applied as a band around the stem about 1 inch
above the crown of the plant. Since only small quantities of the

* Furnished by the Dow Chemieal Co. The chemienl is marketed under the
trade muwme “Dow 10-10,7 Menption in (his publication of fitm numes or trade
products does pot imply recommendation by the 178, 'Ije]mrtmeur of Agricul-
ture over others not mentioned,
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lanolin paste could be applied. the concentration of the herbicide was
increased fourtfold in thiscarrier,

The cruciform branching habit of halogeton made it possible to
measure transtocation of 2.4-D into branches originating above as well
as below the freated branch. One branch of each plant was treated
with the spray solution. An effort was made to vary the treated
branch systematically within a replication, so that eacli treatment was
upplied toa branch in 2 diffevent position (representing the four posi-
tions of the lateral branches on the plant). The spray solutions were
applied July 10, July 29, and August 19, Treatments were replicated
on three sites, but one replication was lost because of trampling by
livestock.

The individual branches were given u "survival rating™ 1 weel atter
treatment. The “survival rating” of a replication is the suin of the
“survival ratings” of the four Dranches on each of six plants in a
replication. _ ) )

Symptoms of 24-D injury usually appear on branches originating
on the central stem ubove the treuted branches. If injury symptoms
did not appear on all untreated branches, the branch or branches
originating on the central stem below the treated branch usually
lacked symptonss of injury. Regurdless of the ontogenical position
of the treated brauch, the jbmnch most likely to exhibit symptoms of
injury was branch § (a continuation of the central stem above the
crown),

The survival rating for the untreated branches is a measure of the
herbicide absorbed by the treated branch and translocated into the
untreated portions of the plant. But some of the carriers were phyto-
toxic, and injury caused by these carriers unfortified with herbicide
was found on untreated portions of the plant. Some carriers caused
injury only to the treated branch,

Anulyses of variance of the data for the untreated branches indi-
cate that the differences between survival ratings for carriers, rates,
and dates, and interactions of curriers with rates and of carriers with
dlates all exceed the 1-percent level of sigmificance. The interactions
of rates X dates and carriers X rates X dates exceed the 5-percent
leve| of sigmificance.

A summary of the data collected during this experiment is con-
tained in table 9.

Lanolin paste as a carrier did not prove to be satisfactory in this
experiment. Little injury was observed on the branches treated at
Jower concentration on July 29 and August 19,

Water was used as a basis for comparing the effectiveness of the
other muteriuls as carriers for 24-D.  The survival ratings for plants
treated with 24-1) in water indicate that approximately the same
conditions existed us on lurge plots sprayed at various dates with
various concentrations of 24-1.  Increxsed concentrutions of the
herbicide did not always result in corresponding increased injury to
halogeton, especially on the iater dates of application. The toxicity
of any given concentration of the herbicide decreuses during the season.
At the lower concentration of 2,4-D on August 19, the treated branches
were not badly injured.

When 1 percent of Triton B-1956 was ndded to the water, the results
were about the same as those with water ulone for the untreated




TabLE 9. -——A'verage total survival rating for & replications of 6 field-grown halageton la,nts,

branch with various cmwentratwm of 2,4-0 n ezght carriers, 1958

each treated on one

Date

Survival rating when concentration of 2,4-D was 1

Carrier treated v

0 750 1, 500 3, 000 6, 000 12, 000

p.p.m, pop-m. p.p.m. p.p.m. p.p.m. p.p.m.
Water. o i i July 10 72 72 - 46 49 20 29
July 29 72 45 44 43 52 31
, Aug. 19 72 72 72 721 - 48 72
Water+1 perecent of Triton B-1956... .. ... .. July 10 68 44 32 30 19 8
July 29 70 46 47 49 47 41
Aug. 19 72 72 72 72 72 64
Water saturated with sucrose. . _Z__ o .o .o July 10 72 32 38 29 8 30
: July 29 55 51 35 52 38 36
Aug. 19 72 72 72 72 72 72
Kerosene. ..ot e el e i daeea July 10 62 11 12 8 8 6
July 29 64 40 28 20 34 28
: Aug. 19 72 64 68 58 52 51
Ethanol (70 pereent) ... o i i iiaain July 10 56 | 10 i1 6 15 8
July 29 60 30 28 24 27 28
Aug. 19 72 72 72 66 67 52
S Lamolin . o Ll e Cihiiediolicleclicccaan July 10 70 62 58 32 36 30
. July 29 72 70 68 ‘ 72 66 50
: Aug. 19 72 72 72 72 63 68
Gasoline. . - _. ool i Lil il July 10 18 10 6 0 0 7
July 29 60 36 22 32 18 20
Aug. 19 72 43 70 52 40 50
Gasoline saturated with paraffin.__.______Z___.__. July 10 22 2 0 0 0 0
July 29 28 19 6 0 0 0
Aug. 19 38 42 40 28 31 34

I Survival ratings are the average of totals in each replication made 1 week after treatment and are-derived as follows: 6 plints
X 4 untrcited branches X the rating value for each branch (0-3 scalg).
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branches, except on the first date of treatment. The spray solutions
were ntore toxie to the treated branches,

A carrier of water saturated with sucrose did not achieve results
that differed substantially from those with water alone as a carrier.
Either sucrose did not penetrate into the plant or it did not effact
transiocation of 2.4-D.

Kervsene was an effective carrier at the earliest date of treatment
but failed to maintain its effectiveness at the last date. Whether
kerosene functioned to increase the amount of 2.2-I) absorbed by the
halogeton plant or to increase the translosation of the herbicide is not
clear. 1f the carbohydrate stream does not translocate 24-D, kero-
sene shoulds and noe change in the extent of injury should eccur to
untreatedd plant parts. 1f kerosene transports the 2,4-1) across an
abzorption barrier. a change in the composition of the barrier could be
responsible for the change noted with the carrier. Apparently kero-
sene aets primarily to inerease the amount of 2,4-D that penetrates
into halogeton during the early part of the reproductive phase of
growth. Later the nature of the abserption barrier changes, and
kerogene is not elfective as a carrier.

Ethanol alse was an effective carrier at the first two dates of treat-
ment but proved to be as ineffective as water on Mugust 19.

(Frsoline was an effective carrier in plants treated July 10, but re-
sults from July 29 and August 19 were erratic and are difficult to
interpret.  The erratic behavior of ¢asoline m ight possibly be due to
its rapid rate of evaporation, since gasoline saturated with parafin
did not give erratic results. The Jatter was more eflective than any
other carrier, as measnred by the results achieved on all three dates of
freatment.

Tt the basis of the resistance of halogeton to spray selutions of 24-D
5 un absorption harrier, as it is possible to in fer from this experiment,
then some dication of the nature of the barrier can nlso be deduced
from the solvent properties of kerosene, ethanol, and gasoline, Since
gasoline i=the best solvent for waxy substances, the cuticle would be the
obvions source of substances acting as a barrier to absorption.

The toxicity of some of the carriers tended to obscure the effests
of the herbicide and eaused some difficulty in interpreting the results.
This was particularly true of gusoline saturated with pareaffin.
Since this carrier appeured to be the most effective one used, I decided
to repeat the experiment in 1954 using carriers with similar properties.

1954 experiment

Kerosene increased absorption-translocation of 24-D in the bean
plant but was not particularly effective in increasing 24-D injury
to halogeton plants when used as a carrvier for the herbicide. Kero-
sene was saturated with sucrose in hopes it would clarify the role of
kerosene in the herbicide spray solution. Kerosene appeared to be
more effective than water in the 1953 experiment, but it wius impossible
to determine whether it wus acting to increase absorption or translo-
eation.

Witter was used us o husis of comparison and the other carriers were
selected because they were lipoids and solvents for wuXy materials like
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gasoline. The carriers used in the 1953 field studies of absorption-
translocation were—

(a) Water.

{b) Kerosenesaturated with sucrose.

(¢} A 1:9emulsion of gasoline saturated with household paraflin
inwater.

(d) A 1:1emulsion of gasoline saturated with household paraffin
in water.

e) Gasoline saturated with household araffin,

Ef) Gasoline saturated with “Sure-seal” crude 0il.s

ﬁ) Carbon tetrachloride saturated with “Sure-seal” crude otl.

% ) Stoddard solvent suturated with “Sure-seal” crude oil.

Water wus used as the standard of comparison of the effectiveness of
the various carriers to increase the absorption-translocation of 2,4-D.
Treatments were applied on July 12, J uly 80, and August 20. With
the exceptions mentioned, the experiment carried out in 1954 was the
same 28 the one in 1953.

The results of the 1953 and the 1954 experiments cannot. be compared
directly, since none of the carriers was us effective the second year.
Nor do the results from water and from gasoline saturated with paraftin
have the same relations, even though they are the only carriers that
were used both years,

Statistically, the same factors that were significant in 1953 were sig-
nificant in 1954. A summary of the data for the three dates of treat-
ment is contained in table 10.

Water as a carrier resulted in less 24-D dumage to the plants than
did simiiar treatments in 1953, but the relation between concentration
of the herbicide and date of trentment is comparable.

Kerosene saturated with sucrose was superior to water as a carrier
but was not us effective as other lipoid solvents. The important factor
would appear to be that this combination of materials lost its effective-
ness as o carrier as the plants aged.

The efficiency of gasoline saturated with household paraffin in 1953
led to the use of this mixture emulsified in water as a earrier in 1954.
When 10-percent gasoline saturated with paraffin was emulsified in
water, its effectivness was approximately the same as wauter alone.
Water and gasoline saturated with parafiin emulsified together in equal
parts was effective on the earliest date of treatment but was no more
effective than water on the last two dates of treatment. The results
with gasoline saturated with paraffin were only slightly better than
those with water on the lust two dates of treatment.

Carriers such as gasoline saturated with paraflin, and gasoline,
carbon tetrachioride, or Stoddard solvent saturated with “Sure-seal”
crude oil are definitely more effective than water as a carrier, especially
on the earliest date of treatment. All these carriers failed to maintain
a wide margin of effectiveness on the last two dates of treatment, but
they did vetain some superiority. These carriers are known to move
into the plant from the treated branch to the untreated branches and
may carry the herbicide with them, but it is probably their penetration
of the plant that accounts for their superiority over the other carriers.

° A patural crude oil with n composition of 30- to 40-percent paraffin hydro-
carbons furnished by the Sure-seal Corporation of Salt Luke City, Utah.
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TasLe 10.—Awverage total survival rating for 3 replications of 6 field-
grown halogeton plants, each treated on one branch with various
concentrations of £.4-D n 8 carriers, 1854

Survival rating when concentration of
2,4-D was '—
Date treated and carrier

750 { 1,500 | 3,800 ( 6,000 12,680
{p.p.m.jp.p.m.Jp.p.m.lp.p.m.| p.p.m.

July 12, 1954
Wat 64 58 79 47 46

62 30 40 43 32
1:9 emulsion of gasoline satu-
rated with paraffin in water_ 72 53 41 46 41
i:1 emulsion of gasoline satu-
rated with paraffin in water_ 9 5 0 3 16
Gusoline saturated with paraf-
10 R B 9 B

Gasoline saturated with “Sure-

senl” crude oil 1 16 3 12 9 12

Carbon tetrachloride suturated

with “Burc-seal’” erude oil_. 21 18 15 8 12

Stoddard solvent saturated

with “Sure-seal” erude oil. _ 38 13 11 14 3

July 30, 1954;
Wat

58 85 68 65 &4

70 68 54 54 51

1:9 emulsion of gasoline satu-
rated with paraffin in water_ 72 66 62 57 a3
1:1 emulsion of gasoline satuy-
rated with paraffin in water_ 58 57 46 49 42

Gasoline saturated with paraf-
50 48 48 50 42

Gasoline saturated with “Bure-
seal” crude oil 41 36 41 42 37
Corbon tetrachloride saturated
with “Sure-seal” erude oil_. 54 57 48 45 37

Stoddard solvent saturated
with “Bure-seal” crude oil__ 61 62 465 50 50

Aug. 20, 1854
72 72 71 85 62

71 72 71 67 68

1:9 emulsion of gasoline satu-
rated with paraffin in water_ 72 7L 67 82 59
i:1 emulsion of gesoline satu-
rated with paraffin in water_ 56 57 57 52 58

Gasoline saturated with paraf-
53 54 54 56 49

Gasoline saturated with “Sure-
seal’ erude oil : 67 54 52 52 50
Curbon tetrachloride saturated
with “‘Sure-seal’”” crude oil._ 58 54 53 54 52

Stoddard solvent saturated
with ‘"Sure-scal’’ erude oil__ 65 66 59 54 54

Kerosene saturated with

Kerosene saturated  with

! Survival rafings arc the everage of totals in each replication made 1 week
after treatment and are derived os follpws: G plants X 4 unireated branches X
the rating value for each branch (0-3 seale}.




40 TECENICAL BULLETIN 1325, U.S. DEPT. OF AGRICULTURE

ABSORPTION-TRANSLOCATION OF 2,4-D-2-C* IN
HALOGETON

Extractions of 2,4-D-2-C" with ethanol from treated plants

Results of preliminary field investigations of the factors involved
in the resistance of halogeton to 2,4-D sprays after the plant had
entered the reproductive phase of growth suggest that a reduction in
the amount of 24-D absorbed may reduce the effectiveness of the
herbicide. But the use of lipoid solvents as the carrier for the herbi-
cide o overcome the absorption buarvier fended also to obscure the
symptomns of 2,4-D injury with symptoms of injury by the carrier. It
seemed desirable to obtain a more refined measurement of the 2.4-D
concentration in the untreafed portions of the plant than could be
obtained with injury symptoms. The use of C-labeled 2,4-D ap-
peared to be a too! that would yield such measurements. For these
experiments, & small anount of 2,4-D-2-C1* was obtained. It had an
activity of 0.13 millicurie per gram.

Three carriers were used. Gaseline sutwrated with household par-
affin was selected on the basis of results obtained in the field study.
Preliminary irials with water indicated that because of its surface
tension it would not adhere to the plant, and it was necessary to add
a wetfing agenf to insure that a known quantity of the herbicide solu-
tion remained on the plant. Addition of 1 percent Dynawet’ to the
water carrier resulted in a solufion that would adhere to the plant and
form a. film over tha plant surface,

Ennis and Boyd (74) and Rice (32) have presented data that indi-
cate that the addition of Carbowax to nqueous spray solutions increases
absorption of 24.D by reducing the rate of evaporation of the spray
solution. Apparently, paraffin also does this when it is added to gaso-
line. Therefore, the third enrrier used was water with 2-percent Car-
bowax 150023

Sinple branches of individual plants were treated. Herbicide solu-
tions were mixed so that each branch received 25 micrograms of the
labeled herbicide when 0.3 milliliter of the solution was applied to
the branch. The solutions were applied with insulin hypodermic
syringes and 22-guge 2-inch needles to the glomerules on the upper
half of the treated branch. They were upplied in 8 aliquots of 0.1
milliliter each at A0-minute intervals to prevent runoff of the solution.

The plants were obtained from the field 26 to 30 days before treat-
ment. They were carefully lifted from the ground in their accom-
panying soil, which was removed from the roots by a soft spray of
water, The plants were then wrapped in wet newspaper and trans-
ported to the greenhouse in Logan, Utah, where they were trans-
planted in quart plastic containers in soil containing 4 parts desert
soil, 2 parts sand, and 1 part black loam. After the plants had been
fransplanted. they were kept in a cold room (35° F.} for 5 days to
reduce water losses while new roots formed.

Following the cold treatment, the plants were placed in a portable
greenhouse where the air was replaced three rimes per minute. This

? Supptied by the Dow Chemical Co.
* Supplied by the Carbide & Carbon Chemical Co.
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rapid displacement of air maintained the inside temperature withont
a substantial reduction in light intensity. The air inlets and outlets
were at the sume level as the aerial portions of the halogeton plants.
This resulted in a strong air movement across the plants, which is not
unlike the environment in the field. The appearance of these plants
was us similar to plants of field populations as the eye can measure.

The transplanted halogeton plants were watered three times each
week.  On July 6, July 18, Angust 6, and August 15, a group of
48 plants were treated. The plants were selected for treafment on
the basis of cruciform growth habit, uniform size, a bluish-green color,
and full turgid leaves, The plants that were not used were discarded.

The plants selected for treatment were moved to the laboratory,
where they were randomly chosen for the various treatments. The
branch to be treated was alse selected at random and labeled unless
it was touching another braneh. If so, another branch was chosen
and labeled.

Four plants from each treatment were harvested on each of 4 days—
1, 2, 4, and 6 days—adfter treatment by carefully removing the plants
from the soil so as to retain a muximum amount of the root system.
"The soil was washed from the root system with running tapwater, and
three replications were dried in & 70° F. oven for 24 hours.  One plant
{ previously selected at random) was placed in a plant press and oven-
dried at 70° for 48 hours and used to make radioautographs. The
other three plants were dried and then divided into seven samples in
the following munner: (1} The treated brauch, (2) the crown, {3} the
root system, and (4 3, 6, and 7) the four untreated branches, The
branches were cut from the plant about 1 centimeter above the crown.
“Crown™ is used here to designate the portion of the plant where the
four lateral branches originate on the central stem.

The individual samples were broken into small units in a mortar,
covered with a minimum amount of ignited sand, and ground into
small particies (approximately 20 to 40 mesh) with a pestfe. The
saidd and ground plant mixture was poured into a 30-milliliter vial.
The mortar and pestle were rinsed with 5-milliliter aliquots of 80-
percent ethanol until no visual traces of the plant material remained.
The rinses were added to the proper vial and ethanol was added to
the vial,

The vials were allowed to stand for 24 hours with intermittent
shaking fo insure thorough mixing of the solution and the plant
ruaterial.  About 2 milliliters of the resultant steep was decanted into
i bottle cap (these caps lacked the cork, glue, and paint found in a
typical soft drink bottle cap) and the liguid was allowed to evaporate.
‘The solution in the caps was replenished periodically until the solu-
tion had been decanted from the vials, The vials were then refilled
with 80-percent ethiwnol and the evaporation process was repeated.
‘T'he period required to evaporate the 60 milliliters of ethanel ranged
from T to 10 days. The cups were stored in trays in a dustproof box
until counts of the radioactive muterials could be made. A 4-minute
count was made for each cap by means of a counting tube with an end
window of mica 1.4 milligrams per square centimeter. A. 4-hour back-
ground count was made each duy experimental samples were counted.

The plants used for radionutographs were mounted on 20-weight
bristolboard and exposed to *no-screen” X-ray film for 6 months.
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The tota] counts per minute above background for the three plants
of each treatment ave presented in table 11. Recovery in this experi-
ment ranged from 23 percent to more than 98 percent of the total
activity applied.

Absorption and translocation resulted with all three carriers.  Sta-
tistical analysis of the data revealed that gasoline saturated with
paraffin was significantly better as a carrier than either water plus 1
percent of Dynawet or water plus 1 percent of Dynawet plus 2 percent
of Carbowax 1500, No sratistical significance was found among the
other data examined,

The largest amounts of absorbed and translocated radioactive ma-
terinls were generally found in the crown of the plant and in the roots.
In a few plants. nctiviey was higher in the untreated branches than in
the crown und roots. Regardless of the carrier, the majority of the
radioactivity was always i the treated branch. {These data are not
show because of their large volume.)

The results obtained from the radioautographs {not shown for this
experiment) of plants treated with 24-D-2-("* agreed with results
obtained by making counts of the radionctivity in the plants. The
radioautographs indicate that most of the activity not associated with
the treated brauch was in the erown and root system of the plants.
There is little indication that the radioactive material tended to ac-
cumulate in the stem tips or in the glomerules on the stem. In nearly
every instance there appears to be a gradient from high concentration
in the crown of the plant to Jesser concentrations 1n the untreated
stems. The lowest concentrations of radioactivity appeared to be in
the stem tips. and often there was no indication of radiouctive materials
in them.

Radioautographs of dissected plants

Cratts (§) discussed nrtifacis created by various methods used in
studying movement of ("-labeled 2,4-I) and methods of killing and
drying plants.  When he compared plants killed and dried by methods
gimilar to those described in ‘t{le- preceding section of this bulletin with
plants dried while frozen, he found considerably more transport in the
first group.  The slower transport in the freeze-dried group was more
prominent in plants receiving a short period of treatment (2 hours or
less). Itappeared that thisantifact might possibly be used as a tool to
differentiate. between absorption and translocation. I repeated the
work reported in the preceding section with 24-D-2C** and used
radioautographs to measure the results. This was done to determine
whether the resulis reported were due to artificial translocation during
the drying process.

The date reported in the preceding experiment would indicate that,
if absorption of 24-1) wis oecurring but the herbicide was not being
translocated from the treated branch, it was being moved into the
erown and root of the plant by upoplasmic hydrostatic phenomens
erented during killing and drying of the plant. If the treated branch
was cut off before the plant was removed from the soil, there should be
no artificial movement of radioactive materials from the treated
hranele even when the sylem of the plunt is under subatmospheric
pressure,




TasLe 11.—FEffects of various carriers on absorption-translocation. of 2.4-1-2-C* in halogeton al prions suages
of growth during the first 6 days after application of the herbicide solution to a single branch of the plant*

Counts per minute of residue-from aleohol extracts on t—

Days
o bc(,\\')v'(-n July 6 July 18 Aug. 1 Aug. 15
Composition of earrier treat- ]

ment

and From - | From all |- From | From all { From i From all From - From all
harvest treated - treated un- freated un- treated un-
‘branches) treated [branches) - treated |branches treated  {branches) trented
portions portions portions porlions

Number Number Number Number Number Number Nuwnber Number Number
8, 040 122 | 11,405 708 | 15, 283 77 |- 5,750 115
6, 903 83 | 11, 422 99 | 10, 404 102 5, 668 103
6,119 o222 14,227 138 | 14, 447 148 9, 098 137
7,694 230 S, 490 287 110, 836 1, 117 4,093 176
9, 612 150 9, 954 180 |11, 186 95 0, 827 106
10,279 99 § 10,3851 51 8, 925 144 5, 921 112
7, 756 03 | 10, 595 251 10, 020 116 6, 447 85
7,257 714 10, 455 298 8, 007 209 7, 998 75
6, 506 1, 295 7,142 401 | 11, 592 138 9,578 289
H, 592 465 4, 794 345 8,980 169 6, 219 810
6,218 2,673 5, 840 2, 670 g, 979 205 5, 607 269
4, 183 2,912 6, 378 343 5, 529 504 6, 240 138

Water plus 1 percent of Dynawet,

Water plus 1 percent of Dynawet plug
2 percent-of Carbowax 1500.

Gasoline  saturated  with household
paraffin.

Sl NG b O e NS O3 R T

1 Each figure represents the sum of the counts per minute above background for 3 plants.
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Every effort was made to prevent the plants from developing water
stress that might increase the amount of movement by hydrostatic
phenomena. For this experiment, treated plants were watered the
evening before treatment and every other c{a-y thereafter until they
were harvested. To prevent further development of subatmospheric
pressures in the xylem, the plants were placed m a durk, moist chumber
the evening before they were harvested.

The treated branches were cur from all the plants as the first step
of harvest. The soil wak washed from the roots and the other four
branches were cut from the plants.  The next step wus to separate the
crown and the roots. Then all brunches except the treated branch
were sectioned inio 2- to 3-nch units and mounted in their relative
position on bristolboard and dried between Llotters in a 70° F. oven
for 24 hours.

Since there wus no statistical difference between water plus Dyna-
wet aad water plus Dynwwet plus Carbowax 1500 in the previous ex-
periment, only water with 1 percent of Dynawet and asoline suturated
with household paraflin were used as cartiers in this experiment. The
same stages of growth were treated as in the previous experiment, but
the plants matured faster during the growing season of 1957, so the
dutes of trentment are slight!y earlier.  Plants were treated on July £,
18, 29, and on MAugust 12,  Except as noted. the conditions under
which this experiment wus conducted were the same us those outlined
in the previous experiment.

The results of this experiment ave shown in figcures 19-22. Diagram-
matical drawings have been made of the plant showing the origin of
the various brauches on the central axis of rhe plant. The degree of
crosshatehing indicates the intensity of the reaction between the radio-
activity in the plaut parts and the X-ray film. The number at the
top of each branch corresponds to its order of acropetal development
on the central axis. The treated Lranches of the individual plants can
be noted by the fuct thar they ave not sectioned and have been cross-
hatched in four direetions, The concentration of radioactivity in the
other branches is indicared by crosshatching in one, two, or three
directions. Plant parts that are not crosshatched did not appear to
have any radioactive materials.

The results of this experiment indicate that gasoline saturated with
paraffin eauses not enly more radioactive materinls to be absorbed into
and translocated within the halogeton plant during its resistant phase
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of growth (reproductive growth) buf also a wider distribution within
the plant. Inereasing resisiance to absorption-transiocation of 24-D
is indicated by the diminishing amounts of radioactivity in untreated
portions of the plants with increasing age. The radioantographs indi-
cate that the individual plants vary in their resistance to absorption-
translocation of 24-D. 'This is5 more obvious where water was used
as a carrier. Thig variation in resistance of the individual plants in
a population has increased the difficulties of interpreting the results
of nll experiments concerned with halogeton and 24-D.

W ATER CARRIER l GASOLINE & PARAFFIN CARRIER

235« 7tz 53506 23 5 4

VIS T
LYWW

DAYS BETWEEN TREATMENT & HARVEST

Frerue 19.—Coneeutration of rudioactivity in plants freated with o 4.
in o water carrier and in gasoline saturuted with bouselold paraflin ¢arrier
on July 4, 1857.
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WATER CARRIER GASOLINE & PARAFFIN CARRIER
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Fiorug 20—oncentration of radionctivity in plunts freated with 23-D-2-0
in & water earrier wd in gasoline suturated with household puraffin earrier
on July 16, 1957,
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GASOLINE & PARAFFIN CARRIER
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FioURe 21.-—(oncentration of rudionctivity in plants freated with 2,4-[)—2—_(]"
in n witer cnrrier und in gasoline saturated with household paraffin carrier
on July 26 1857,
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WATER CARRIER GASOLINE & PARAFFIN CARRIER
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Fievre 22.—Concenirntion of radloactivity in pinnts trented with 2.4D-o.C
in @ water carrier and in gaseline saturited with household paraffin carrier
o Aug. 12, 1857.

ABSORPTION AND TRANSLOCATION OF
FLUORESCENT DYES

Dybing and Currier (17) reported techniques and results involving
the use of & water-soluble fluorescent dye to study foliar penetration in
plants. These researchers used sodium 3-hydroxy-58,10-pyrenetri-
sulfonate to detect possible pathways of foliar penetration and the
effects of some surfactunts on the rate of penetrution. Dr. Currier
furnished a small quantity of the chemical for use in this study.

Aqueous solutions containing 0.1 percent and 0.5 percent of the
fluorescent. dye and 0.01 percent. of Dynawet were used in these tests,
which repeated the work reported by Dybing and Currier, who used
Zebrina pendula (wandering Jew) as the test plants. Under the
conditions of this experiment, a longer period of trentment, and wash-
ing to remove the dye wus required fo obtain results similar to those
reported by Dybing and Currier.

A second dye, bis (p-dimethylaminophenyl)-methylenimine {an oil-
soluble dye availuble from biological supply houses under the frade
name of “Aurnmine §7'), was also used to determine the role of the
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gasoline saturated with paraffin carrier in absorption and translocation
of lrerbicides. A solution of gasoline saturated with household paraffin
and 0.01 percent of Auramine U wus used. The dye was not readily
soluble in the currier, and all the dye added to the solution may not
have been dissolved.

These tests were conducted during July, August, and October in
1939 with plants held in the reproductive stage of growth by lights
supplementing the normal photoperiod. Work with the oil-soluble
dye was repeated in August 1960.

Potted plants transplanted from the field during early June were
used in the work with halogeton. The terminal inch of a branch was
submerged in the test solutions for intervals ranging from 15 seconds
to 5 hours. Figure 23, u photograph taken with ultraviclet light, indi-
eates the method of treatment. During the treatinent, the plant was
placed on its side so the tip of the treated branch was lower than the
rest of the branch. This position prevented the dye solution from
moving on to the untreated portions of the branch., The plants re-
mained in this position for 1 hour (with the exceptions noted in the
results) to insure drying of the dye solution before they were returned
to an upright position.

Fruvee 28.—Halogelon plont with three branches treated wilh Auorescent dye
salution.  I'be photograph was sken under ubirnviolet light.
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The branches treated with the water-soluble dye were washed under
ranning tapwater for periods ranging from 3 minutes to 4 hours. The
treated portions were examined under both a dissecting scope and a
light microscope with light on the upper surface provided by two
adjustable microscope illuminators equipped with H100 SP4 spot-type
mercury arc bulbs {GE).

Following periods of absorption ranging from 1 to 48 hours (timed
from the moment the branch tip was first submerged in the test solu-
tion), the branch was cut off at the base and the tip was removed 2
millimeters below the base. Sections were made of the stem at meas-
ured distances from the point where the treated tip was removed.
These were examined under u light microscope with the ultraviolet
light source. Hand sections of the treated tip were nlso examined.

Regardless of the time stem tips were immersed in solutions of the
water-soluble dye and the time allowed for the material to penetrate
the surfuce of the piant, the dye wuas not observed to penetrate the
surface. The dye rould not be washed as easily from the surface of
the halogeton plant as from the surface of Zebrina. About 4 hours
was required to remove the dye from halogeton by running tapwater
over the surface of the treated avea. The dye tended to adhere fo the
ferminal aren of the vegetative leaves and in the axils of {ne leaves
and bracteoles. After the dye was removed from the surface of the
leaves, sections made of the treated leaves and stem showed no evi-
dence of fluorescence: nor was fluorescence ever ohserved in sections
of the untreated portions of treated stems.

Because of the difficulty of removing the dye from the surface of
halogeton, it was an arduous task to determine whether the dye was
penetrating the stomates. Attempts were made to detect penetration
through the stomates by treating plants when the stomates were open
and removing the dye after the stomates had closed. Treated plants
were placed in the darkroom immediately: this was done to induce the
stomates to close quickly, so that the dye could be washed from the
surface of the plants before any dye in the sfomatal cavities had time
to diffuse inte the surrounding tissues and become too diluted to be
observed. Attempts were also made to strip off the epidermis of the
leaf after short periods of 5 to 25 minutes of washing, but the dye
moved quickly from the intact epidermis over the area where the epi-
dermis had been removed. As a result, the water-soluble dye did not
appear Lo penetrate the cuticle or the stomatal openings.

Prata from the tests with the oil-gsoluble dye are recorded in table 12,
and they probably indicate the penetration snd movement of the car-
rier in the plant. Whether other lipoidal solvents move along these
same pathiways is not known. but it 15 assumed that they would fol-
fow similar pathways since results were similar when they were used
as earviers of 2.4-D.

Tha dye appeared to enter through the stomates of the lenf and
through tha caticle and epidermis of both leaves und stems. Teaves
submerged for 2 minutes and longer uppearved to have open stomates
at the end of the rreatiment, while periods of 1 minate and less did not
appear to cipse the stomates to react, The small size of the stomutes
made it dificuli io observe any but the most eross movement of the
ged cella Tr owas mueh easier lo deteriine the Joeation of the
stomates and the position of the guard eells when the stomaial chamber
contained fluoreseent Jdyve than when the dye was confined to the sur-
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TasLe 12.—Abcorption-translocation of Awramine O by halogeton
plants trented from Oct. 14 to 28, 1958

E Time Time for Distance Tissue
Btems | stem tip labsorptios! Plant |from treated containing
examined in dye to oceur | structure | portion in Aucrescent
{number} solution after examined | which dye dye
treatment was observed
=.
! Seconds Fours Centimetera
L S : i3 1| Leaf _____ 1 | Ceniral vasecular
1 bundle.
6. : 15! i1 Stem___.. 10 | Phlgem.
E T, : iat 2] Leaf. ... 1 | Central wvaseular
‘ i bundie.
L S : 15 2 Btem.._.. 8 | Phloem,
L S 15 4| Leaf ____ 4 3 Central vaseular
bundle.
S i3 4 . . do..___ 11 | Phiocem; a few
xylem cells.
S, : 15 8 __do.____ 1 { Central wvascular
' bundle.
T S 15 21 Stem.___. 7 { Phloem.
L S i3 24 | Leaf_____ ]
. S, 15 24 | Stem_____ a
10 .. 30 11! Leaf__. .. 1! Central vascular
bundle.
- SPR 30 1| Btem_.___ 10 | Phioem.
- S ; 30 1. do_, _._ 20 | Phloem {small
; ares).
" S 30 2] Leaf_____ 4. | Modified SHOngy
mesophyil.
F 30 2 Stem_____ 6 | Phloem.
L S 20 41{ _.do_.___ 10 | Cambium;
: phloem.
[ 30 4 1 Leaf ____ 2 | Central vascular
bundle.
- S 30 5l .. do._._. 4 1 Central vascular
i bundie.
- S i 30 51 Stem_____ 5 | Afew xylem
i cells.
B amen i 30 ! 51 do.__.. 6 | Phloem (faint).
L SR 30 - 6F Leaf ____ 3 | Central vascular
H bundle.
12 ... 30 §1 Btem__.... 10 | Phioem {(small
: arcs).
L S / 30 Gi.. do.. .. 10 { Phloem {dis-
; : tinet).
. S, i 30 G| Leaf. ._. 0
L SR g 9| Stem_.... 10 | Secondary
! xylem.
I ! 30 gl _do..___ 15 | A few xylem
! cells.
| . 30 24 | Leaf_____ 0
- S : 30 24 | Stem_.___ 0
S : 30 48 { Leaf ____. 0
S 30 48 1 Stem..___ 0
U rfours
- S ; t | Leaf__._. 5 | Central vascular
] bundle.
L S, i 1 11 Stem_____ 8 | Phioem.
L S i 1 4 | Leaf . __. 1} Central wvascular
; bundie.
T i H 4| Stem ... 7 | Phioem; a few
; xylem cells.
C ! 1= 10| Leaf . ____ 1 | Central vascular
i i bundie.
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TaeLe 12.—d4Absorption-transiocation of Auramine O by halogeton
plants treated from Oct. 14 to 28, 1959—Continued

Time Time for Diistance Tissue
Stems stem tip (absorption{ Plant from treafed contatning
examined in dye to oceur | structure | portion in fluorescent
{number) solution after examined | which dye dye
treatment was obgerved
Houry Hours Centimeters

. S 1 101 Btem____. 10 | Phloem; areas
in xylem.

- S 1 24 | Leaf ____ 0

Booe o _ 1 24 | Stem_____ 0

. I 1 48 | Leaf..___ 0

- S 1 48 | Stem_____ 0

8 . ___. 2 14 Leaf_____ ¢ | Central vascular
bundle.

L S 2 1 Stem_.___ 4 | Phloem;
eambium,

4 o _ 2 4 7 Leaf_____ Central vaseunlar
bundie.

L S, 2 4 | Stem.____ 9 | Phloem.

[ S 2 8| Leaf_____ 5 | Central vascular
bundle.

R 2 8| Stem_____ 12 | Phloem; cam-
bium; a few
xylem cells.

8 - 2 24 | Leaf____. 0

- S, 2 24 § Stem_._._ ;]

: S 2 48 { Leaf ____ Q

< S 2 48 | Stem.____ 0

2 S 5 1} Leaf ____ 0

4 b 1} Btem____. 5 | Phloem.

L S 5 2 Leaf_____ 5 | Central vascular
bundle; one
lateral branch
of vascuiar
bundle.

E T 5 2! Stem__._. 8 | Phloem; small
area of second-
ary xylem.

4 . 5 4 | Leaf_____ 1 | Central vascular
bundle.

L 5 4 | Stem_.__. 14 | Phloem.

4 . 5 8| Leaf_____ 1 | Central vascular
bundle.

4 .. 5 &) Stem_____ 12 | Phloem.

L 5 10§ Leaf ____ 2 | Central wvascular
bundle,

i S 5 10 | Stem._____ & | Phloem; a few
xylem cells.

L S 5 12 | Leaf _.__ 1 | Central vaseular
bundle.

4. 5 12| Stem_._._ 5 | Phloem;
eamium,

B _______ 5 12 | Leal_____ 3 | Central vascular
bundle.

: S, 5 14 | Stem.__._ 0

G o 5 18 | Leaf ____ 0

.. 5 18 | Stem_____ ]

. S, ] 24} Leaf .. __ 4]

- S 5 24 1 Btem. ... ¢]

- S 5 48 | Leaf_____ 0

. T a 48  SBtem_____ 1]
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face or when the plant was treated with the carrier alone. Some of
the oil-soluble dye wus flushed from 2 small area of the leaf surtace
with 93-percent ethanol, Such treatment was helpful in determining
whether the dye was in the substomatal chambers and the anticlinal
walls of the epidermis cells.

When it could not be derermined thut the stomates were open und
the dye had moved into the substomatal chambers, sections of treated
leaves were made. Thess sections generally indicated that move-
ment through the epidermal tissue was largely confined to the anti-
clinal walls of the epidermis, but the dye was also observed in the
lumen of the cells. Penetration through the epidermis cells and
through the pores of the stomates normally oceurred in the same
plants. Moverent through the tissue of the leaf other than the epider-
mis id vor appear to be confined to the cell walls; rather, the intensity
of the fluorescence was commonly greater in the protoplasm.

The time required for the dye to penetrate into the treated portions
of the plant and move into the untreated portions of the stem appeared
to be about 1 hour. There was some variation amon inéividual
plants. The 1-hour period appeared to be required for the matevials
to penetrate into the conductive tissue of the plant. Once transloca-
tion was initiated, it was apparently rapid. The dye and the carrier
appeared to be confined to the phloem for a short distance below the
treated section of the stem. The dye was observed in the xylem 5
centimeters below the treated portion of the stem but not above this

oint.

P Concentration of the dye was reduced beyond visual recognition
with both distance from the treated stem tip and time. The fact that
the dye was never observed in the stem or leaves of the untreated por-
tions of the stem more than 12 hours after treatment is thought to in-
dicate that penetration oceurs over a relatively short period—much
shorter than 12 hours. Penetration time was probably related to the
volntile nature of the carrier, The fact that the dye was not observed
beyond 11 to 20 centimeters below the treated tip is thought to be
due to ashimple diluiion factor.

While the dye was present in all tissnes of the treated portions of
the stem, it was confined to the phloem, xylem, and cambium of the
nntreated portions, It was not observed in the interfascicular eam-
bium, pith, or ¢orfex—an indication that intratissue movement was
extremely slow or nonexistent in these tissues.

In treated leaves, the dye was observed in all tissues except the water
tissue {cortex). This was interpreted to indicate that the dye was
stable in the tissnes of the halogeton plant even when the tissue con-
taining the dye was subjected to sectioning operation.

ABSORPTION AND TRANSLOCATION OF 2,4-D-2.C"
AND WATER-SOLUBLE FLUORESCENT DYE
THROUGH THE ROOTS OF HALOGETON

In an effort to gain seme indication of the translocatability of
2,4-D and the water-soluble fluorescent dye, both compounds were
supplied to the root system of the plant on the assumption that ab-
sorption would not be restrictive in the roots. Plants for this study
were obtained from feld populations and grown in culture solution
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unti! they had developed a new absorbing root system {about 4 weeks).

The labeled 2,4-D was supplied to the root svstem in the culture
solution at concentrations of 250, 500, 1,000, and 4,000 parts per mil-
lion. The plants were exposed to the solution for 2 to & hours, sec-
tioned into short lengths, mounted on blotters, ovendried, and radio-
autographed. Plants to be supplied with fluorescent dye were re-
moved from the culture solution and placed in a 0.01-percent solution
of the water-sojuble fluorescent dye. These plants were moved to the
dark room and observed at hourly intervals under ultraviolet light.

Radioautographs of the plants exposed to labeled 24-D indicated
that time of exposure had lLittle effect on the amount of radioactivity
or its Tocation in the plant. This is somewhat suvprising in relation
to the concentration, but the time of exposure varied only 4 hours.
Increased concentrations of the herbicide may have adversely atfected
the permeability of the roots,

The water-soluble dye could be observed within the intact plant 8
hours after it was placed in the dye solution. Figure 24 is a photo-
graph of a plant taken under uwltravielet light 24 hours after being
placed in the dye solution. Both the radioactive 2,4-D and the water-
soluble fluorescent dye tended to concentrate in the adaxial base of
the leaves and bracteoles.

FIELD PLOT TRIALS WITH GASOLINE SATURATED
WITH PARAFFIN AS A CARRIER FOR 2,4-D

Gasoline saturated with household pavaffin was used as a carrier
for 24-D on large field plots since it had appeared to be effective as
o carrier in experiments concerned with absorption and translocation.
Because it is flammable, the mixture was emulsified in water at the
following concentrutions: 0, 5, 10, 20, and 50 percent by volume. The
mixtuwre plus the 2.4-D was applied to plots at the rate of 15 gallons
peracre. The propyiene giycol butyl ether ester of 24-D was applied
at rates of 0, 14, 1, and 2 pounds per acre.

The study was conducted on a random block design with plots 12
feet square with four replications for ench treatment. The treatments
were applied on July 10, July 31, and August 21, 1954. These treat-
ments were compared to an application of 2 pounds per acre In a

avrier of water and to 16 plots receiving no treatment. Results were
evaluated by visual estimates.

Halogeton was in the reproductive phase of growth when treat-
ments were applied and was resistant to 24-D, as indicated by 52-
percent kill obtained with the herbicide in & water carrier treated
July 10 (table 13). The percentage of kill increased when gasoline
saturated with household paraffin was incorporated into the spray
mixture. Bither 20 or 50 percent of gasoline saturated with paraffin
and 1 or 2 pounds per acre of 24-D were the best spray mixtures
nsed in this experiment, The effectiveness of the carriers and 2,4-D
still depended on the stage of growth of halogeton.
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TasLE 13.—Awerage kill of the original population o f halogeton plants
on plots treated with various rates of 2,4-D in various concentra-
tions of gasoline saturated with parafin emulsified in water

Date treated and Kill obtained when concentration of gasofine saturated

amount of 2,4-D with paraffin emulsified in water was—

applied per aere
{pounds) 2

None | 5 perceni | 10 percent | 20 percent | 50 percent

Percent Pereent Percent Pereent Percent

[ 3]
NOoOLo oo

o ]
SWESc 0o

-

' An average of 4 percent of the hulogeton planis died on the 16 plots receiving
no treatment.
T Applied iu & spray mixture at the rate of 15 gallons PEer acre,

DISCUSSION

It is fortuitous when one finds an undesirable plant susceptible to
control measures at u stuge of development that is critical in the com-
pletion of its life cycle. Controlling halogeton is more complicated.
It is susceptible to applications of 24-D during its vegetative stage of
growth, but to disrupt the life cycle of halogeton it would be necessary
to prevent all seed production on a control area. Halogeton plants
may become established after summer showers (18, 28, 42, 43). Mor-
ton, Haas, and Erickson (26) and I have noted plants that became
established after the middle of August and produced seeds by the end
of the growing season.

The prolific seed production of halogeton is important in consider-
ing control of the plant. It is possible to calculate the theovetical
potentia] production of the seed on an inch of halogeton stem. As
Jansen’s * data indicate, each 1-inch portion of halogeton stem pro-
duces an average of 27 brown seeds and 47 black seeds. Justice and
Reece (22) found that 67 percent of the black seeds procuced normal
seedlings when the pH of the medium was 8.0. (Gates, Stoddart, and
Cook {75) found that the pH of the surface soils (0 to 6 inches) in-
vestigated in the salt-desert shrub aren varied from 8.1 to 8.4.) My
data, from three seasons, indicate that the average survival of estab-
lished seedlings is 53 percent. If the “normal® seedlings of Justice
and Reece would be “established™ seedtings under field conditions, the

*JansEn, L. L. PERGONAL COMMUNICATION.
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implications are that rhe black seeds from 1 inch of halogeton stem
would be potentially capable of producing 17 mature plaus daring
the following growing season. The progeny from a single inch of
stem could produce suflicient plants to infest many acres within 2 to
3 yeurs,

Tisdale und Zappettini (43) have stated that a large plant may pro-
duce as many as 25,000 seeds. whereas a plunt germinating in
Avgust produced 271 seeds.  They have also compiled data that mmdi-
cate that a vigorous stand of halogeton ean produce 200 to 400 pounds
of seed per acre with approximately 571,760 black seeds and 167,850
Lrown seeds per pound of seed produced.

There are insullicient duta on the germination of the brown fruit
to culeulate their potential, but they should not be dismissed as unim-
portant. Holl {18), Robocker and Kerr (35). and Sharp {38) have
data indicating thar the brown fruit are viable and will germinate.
Williams (45) has grown plants to maturity from the embryos ex-
cised from the brown seeds and found them indistinguishable from
plunts originating from black seeds. Yf all seed production was pre-
vented during any single growing season on any specific site. u source
of new plunts from the brown seeds from previous crops would remain
in the soil. Tt is also possible for seeds to be transported into an area
by wind {78}, by animals {7}, and by nmn and his machinery (79).

The leachate from halogeton apparently changes soil properties
(7.7} and creates an environment mare fivorable for the germination
of seedds of halogeton and other undesirable weeds (24). Halogeton
seedls appear to be uble to germinate in media of higher osmotic pres-
sure than the seeds of some of the associated plants used in this study.
The implications are that once halogeton infests a site, it changes the
environment to make it more suitable for itself. The change may be
as simple as nereasing the osmotic pressure of the soll solution,

Morton. Haas, and Ervickson {2¢} and I found that halogeton be-
romes resiscinif to agueous sprays of 24-D around the first of July.
The onset of resistance to the herbicide occurs about the time the plant
enters its reproductive phuse of growth. The percentage of moisture
in the terminal inch of the stems drops sharply at about the same time.

Joarly observarions indicated rhat 1he basis of resistance could be due
toa lack of translocaiion or to poor peneteation of the herbicide, Little
or no evidence is contained in the ditn compiled here to indicate that
the herbicide is not translocated readily in the plant. The roots of
halogeton ave apparently permeable fo the solutes in the soil moisture
(.26, 46y, and the water-soluble fluorescent dye and CV-lubeled 2,4-D
supplied to the root system were transloeited rapidly into the other
parts of the plant.

Fvidenre is substantial that 2.4-1 does not penefrute easily into the
plint doring reprodictive growth.  Although the anatomical studies
were Jlimited in scope, they do permit speculation on some aspects of
absorprion of 24-T) in halogeton.  There appear to be no anatomical
strurfures in the root fo prevenf absorption,

The thick-walled cells of the epidermis of both stem and lexves and
thase of the puter cortex of the stem suguest a relatively high degree
of impermweabnlity to aqueous solutions (57}, The cortex of the leaf
proved extremely diflicult (o debydrate and inlilirate in the parallin
wiethod : it similarly may retard entranee of the herbicide.  The biser-
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nate layer of cells of the leaf between the epidermis and chlorenchyma
contains cells similar in appearunce to those in the leaf cortex, implying
that the bisernate luyer nughe inhibit penetration of herbicides.

Repp (41). who worked with the halophytes of the coastal area of
northern Denmark, has suggested that che hilophytes of the salt
marshes alnost abways possess on their aerial DAELS un arrangement
of hairs, cuticle, and thickened outer walls of the epidermis that protect
aguiust wetting and penetration from salt water. The halogeton plant
possesses all these structures; the epidermix has al ready been discussed.

Lanate hairsare found m the axils of rhe leaves and appear to inhibit
watting of the lower portions of the leuves. When a surfactant is
added to an aqueous spray, a disproportionate amount of the water
collects in the axils of the lewves.

The cuticle also resists wetting, 1Ir is thought to be the most im-
portant individual structure of the halogeton plant that limits pene-
tration by externally applied Tiquids. Attempts to isolate the cuticle
for study have heen wnsuccessful. The cuticle responded with no
consistency to lipoid stains. In 8 years the cuticle was observed on
only two plants as a result of rreatiment with ¥udan IV. The eaticle
deposited on the surfaces of the haloseton plant probably varies in
aimount ** and composition (27) with the date and site of collection and
among individual plants.

Separation of the phenomenn ot penetracion and translocation is not
an easy task with any plant, and with the methods used to study these
factors in relation to halogeton it has been extremely complex. Te-
cause of the smal) leaves of halogeton, it has been necessary for the
materinls to be translocated before absorption could be detected. No
individual experiment concerned with absorption and translocation can
be used to determine which factor is responsible for the vesistance of
halogeton to 2.1 during its reproduciive phase of growth. When
data trom all the experiments wee considered together, much evidence
exists that tnck of absorption is the prinmry reason for the exiguous
response to 2.4-T3,

Field trials with the various carriers for 24-D, conducted in 1953
and 1954, indicate the relative importance of absorption and trans-
location of the herbieide during resistant stuges of growth of halo-
geton,  When 241 was applied in aqueous carriers, there wus little
damage to the untreated portions of the plant except at high con-
centrations of the herbicide. s vesistance of the plant to 24-D
inereased, even the treated branch tended to show fewer symnptoms
of injury, although at the higher concentrations it was killed.

Lipoid solvents as carriers for the herbicide resulted in the death
of the treated hranch.  With some of the more phytotoxic substances,
there wes severe injury to the untreated branches of the plant. This
is interpreted {o indicate that materials such us kerosene, ethanol,
gasoline, carbon tetrachloride, and Stoddard solvent ure translocated
within the plant.  Tncreased injury fo untreated portions of the plants
was noted when 24-1> was added -~ these carviers. The increased
mjury must be due fo the 2.4-10. Vhether the herbicide is carried
to the untreated portions of the plant by these (arriers or is frans-

POrGELL, W, FL. THE ISOLATION AND PERMEARILITY OF PFLANT CUTICLE, Doc-
forate thesis, Univ, OCalif, Davis, Calif, 1954,




CHEMICAL COXTROL OF AALOGETON GLOMERATCS 59

located incependently of these curriers is not known, bur 2.4-D prob-
ably moves w thlipoid carriers.

Carriers of water und of gusoline suturated with paraffin performed
i€ the same levels relative to euch other In experiments in which (.
labeled 2,4-I) was used in the sume way as in the field studies. With
the labeled herbicide It wus possible to obtain data on the councentra-
tion of the radioactive materials (assumed to be 24-1)}) in the un-
treated parts of the plant.  The radioactivity found in the untreated
parts of the plant was significantly greater with the carrier of gaso-
line sacurated with paraffin than with the water carrier. "This study
also indicated that adding Carbowax 1500 to waier (/4) did not in-
erease the amount of 2.4-I) that penetruted the treated branch and
was  Iranslocated  within the plant. .—Xp{)arentl_v,_ eviporation of
aqueous carrievs, which is presumably reduced by Carbowax 1500,
is not huporiane so far as absorption-transiocation of 2.4-D in halo-
geton is concerned.  This is not true with many of the lipoid solvents,
since the addition of paraflin to gasoline increased the effectiveness
of this substance as a carrier.

mkoss (29) collected data that indieated that the stomates are im-
portant pathwuys of penetration for herbicides in some plants. T did
not observe any of the water-soluble fluorescent dye in the stomatal
chamber even when the stomnates were known to be open uf the time
of treatment, but I did observe the oil-soluble fluprescent dye in the
stomatal chambers. This was true with plants known to have open
slomates at the time of treatment and with plants known to have
rlosed stoates.  The stomates are probably not an avenue for entry
of 2,;b-D with aqueous carviers but are utilized with lipoid solvents.
The lipoid solvent appears to destroy the control of the guard cells
uver the pore opening.

Experiments to study absorption-translocation by means of fluores-
vent dyes cannot be assumed to be directly reluted to the absorption
and translocation of 24-1). The dyes indicated the movement of
the carrier. The warer-soluble fluorescent dye wuas not observed to
senerrate the surface of any halogeton plant during the experiment,
but it was tenacionsly adsorbed on the surface of the plant. In hoth
lield wnd laboratory studies of absorption-translocation of 2,4-ID,
there wus often evidence that the herbicide upplied in nqueous carriers
was ithsorbed and translocated; the amount appeured to vary with
the individual plant.  Evidence from these three types of experi-
ments indicates thar watet nay not move into the aerial portions of
the plant while 2.4-1) is absorbed and translocated independently, at
least by a portion of the population. The solubility propertiés of
24D are probably the basis of differential absorption of the herbicide
and the earvier. If this assumption is correct, 1t follows that truns-
location of 2.4-1) in halegeton is not a problem.

(rasoline =uturated with paraffin was used ws a carrier for an oil-
soluble fAluorescent dye.  Evidence from this experiment was (hat the
earrier 1s able to penetrare the cuticle and tissues of both the leaves
nd stems and to min entry into the plant via the stomates. It is
likely thar other Hpoid carciers, especially those that are solvents for
wixy naterials, would behave ina similar manner.

Movement From the surface into the vascular system appears to
vequire about T hour. Onee the maferial is in the phloem, 1t is up-
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parently translocated rapidly. Nor doves the evidence indicate that
it depends on the phloem as a purthway of distribution in the plunt,
Tt diffuses from phloem to xylen after moving a short distance (5 cm.)
and after having been in the phleem for only a short time, This
agrees with duta reported by Rudwan, Stockmg, and Currier (29)
and also agrees with evidence obtained in both field and luboratory
studies where symptoms of Injury by the carrier were observed on
untreated bratches of the plant.

The lipoid solvents and 24-D are undoubredly closely uassocinred
in the processes of penercation and rransloeation.  Penetration of
2,4-1) into o population of halogeton apparently is enhanced with, if
not dependent on, u Hpoid carvier; bur it 15 doubtful that translocation
of these curriers nnd 24-D is u dependent reaction. Hay (76) and
Rohrbaugh and Rice (J6) have used both kerosene and sucrose to
facilitate the vansport of herbivides from destarched bean leaves.
In halogeton, the primary function of kerosene appeurs to be to lesson
the impediments to the penetration of 24-D. An agueous solution
of sucrose as a carrier did not appear to be as effective as water. I
assume that suerose did not enter the plant and did not aflect the
carbohydrate gradienr. When sucrose was added to kerosene, the
results were not sufliviently different from the expected results with
kerosene alone to indieate that sucrose affected the translocation of
the herbicide.

Regardliess of the carrier and the date of application, 24-I applied
to the aerial portions of the plants appers to be absorbed and translo-
eated by, at least, o Fraction of the popularion. The proportion of the
population that will absorl and translocate the herbicide can be sub-
stantially increased with the use of lipold earriers that aet as solvents
of waxy materials. These pliytotoxic carriers can penetrate through
the stomaies and ean apparently destroy the control of the stomatal
opening through their toxic action on the guard cells.

When lutlogeton first enters its reproductive pluse of growth, its
response to 2. 4-I) is suddenly and dramaticaily reduced. The toxic
wetion of 2.3-13 is continually but gradually reduced as the season con-
finves. Iiven the wax solvenrs were not as effective as carriers on the
last ate of treatment ns they were during earlier stuges of reproduc-
tive development.

Apparently the resistance of the plant to 2,41} Is the result of an
ahsorption barrier: and the cuticle, judged by the results of the ex-
perintent with the water-soluble fluorescent dye, would appear to be
the absorption barrier to aqueous solutions. Aqueous herbicide solu-
tions srart ro lose rheir effectiveness in lute June and for all practical
purposes ave completely ineffective by Iate July, The percentage of
maoisture in the stem Lips drops sharply during this time, which may
he indicative ot rhe hydration of the cuticle. Early in the reproduc-
tive phase of growth, all of the lipeid solvents were more effective than
wuter as a carrier of 24-I2: but luter only solvents of waxy substances
were effective. Iiven the wax solvents lost much of their effectiveness
as carriers on the Tast date of application.  Changes in epmposition of
the rcuticle probably oceur throughout the reproductive phase of
rrowth,

The rate of growt] by halogeton changes over the season, especially
during the hater stages of reproductive development. The low rate of
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growth muy be a factor in the loss of effectiveness by the wax solvents
on the Iast date of treatment.

Detailed information is needed on the composition of the cuticle and
on the changes that occur during the growing season. Some of the
rhanges in composition are suggested by the data presented here. Jre-
liminary studies concerned with evaluating chemicals for their toxicity
to llogeton have shown thar some chemicals are able to penetrate inlo
the plant when applied us rqueoux sprays during reproductive growtl.
Halogenton killed by these chemicals ranges from 60 to % percent,
These chemivals have side chains of alkylamino radicals and include
2¢k-D, Iriazines, polychlorobenzoice acids, and trichlorobenzoie acids
Not all chemicals with these side chains are eflective, but all effective
chemivals contain an alkylamino side chain.

SUMMARY

Lulogeton glomcrafus (M. Bieb.} . A. Mey. way introduced into
the cold desert region of North America sometime before 1934, This
polsoncus annual weed now infests more than 10 million acres of west-
ern rangeland. The toxie substanees in halogeton are sodium and
potassitin exalates.  These compounds account for 17 to 30 percent of
1ts dry weight,  Ir not only is lethal to livestock but alse removes
heavily infested sites from production because livestockmen arve afraid
toallow their unimals to graze the sites,

Seeclings of halogeton may becone established anytime from Febru-
ary through August and complete their life cycle during the growing
season.  Needlings begin rapid vegetative growth in May. Near the
st of July the plants cense vegetative growth and reproductive
growth begins. Fhe seeds begin 1o muatwre in late Augnst and early
September.  In Ocrober (he seeds are mature, but the best germina-
tion is obtained from sevds collected in lute Novemiber and Decentber,

Ialogeton produces twe types of seeds that can be separated on
morphological wid  physiological characters. The plant produces
brown seeds lirst,  They ave the only ones found on the plant until the
middle of Augnst. Plants thae become established atrer the middie
of Mugust will produce only black seeds.

Fhe biack secds germinate readily and do not persist in the soil for
more han one season. The brown seeds have nol been germinated
m the laboratory, but mature planis have been grown front the excised
emhryos. It is known that they germinate under field conditions and
thal they persist in the soil for niany vears,

Field studies on the date seed-producing planis became establiished
reveated that most of them became established in April.  They hecame
establishedd as seedlings as enrly as February 28 and as late as the mid-
dle of August.

Black seeds of halogeton were germinated at much higher osmotic
concentrations than were seeds of peppergrass (@ native annuai) or
erested whealgrass (an introduced perennial grass used to revegetate
arid raneeluand),

Halogelon opens 1t stomates Tor w short time in the forenoon. An
individual plant, with 5 srems about 6 inches long, lost about 4 grams
of wuter euch day.
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The water content of rhe stem tips drops at the same tine the plant
enters reproductive growtli and becomes resistant to 2.4-1).

Microscopic examinution of the anatomical structure of halogeton
suggests the cutiele, epidermis, and water tisste as possible sites of an
absovption barrier. When open. the pores of the siomates averagzed
113X 1.1 mierons in June and 1L3X090 microns in August.  The
stomates were found over photosynihetie tissue.  Their density was
5,600 per square centimeter ot large, mature leaves that averaged 0.5
em® in surface area.

Rates of 1, 115, and 4 powuds per avre of 24-1) applied on June 24
resulted in nearly complete kill of halogetan.  Fifteen days faler, on
July 9, even the highesr rate killed Tess than 50 percent of the plants.
Repeated treatments on the sume plots on two dates (June 11 and
Aungust 12) gave abour the sume percentage kil of halogeton as the
singrle treatment ou June 11,

Various carriers were used to study absorprion awd translocation of
2.4-1) inthe feld.  The ellectiveness ol the carriers was measured by
the extent of 24-1) injury on the wntreated branches of the plant.
Lipoid solvents, especially wax solvents, resulted in the greatest in-
jury to the untreated branches. Suerose and kerosene, which have
beent Found 1o inerease anslocaiion in the bean plant, were only a little
more effective than water.  Injury wis nored first wind was the most
severe o untreated branches oviginating higher on the central stem
than the treated hranel.

Radioactive-labeled 2.4-D was uswl to treat halogeton. The high-
est concenlrations of radivactivity were found in the untreaied por-
tions of the plant when goline sarurated with household paraftin was
used as the earvier.  Household purafiin was added to gasoline, a good
wax solvent, to reduce ivs mpid raie of evaporation.  The highest con-
centrations of radioneriviiy were found in the root and in the crown of
the treated plants,

A water-soluble fluorescent dye was not able to penetrate into the
plant, but an oil-soluble dye readily moved into the plant. It was
possible to follow the movement of the oil-soluble dye within the
treared hranch of the plant.

Both radionetive-Tabeled 2.3-1> and the water-soluble flucrescent dye
were quickly absorbed by the roor and transported to other parts of
the plant.

CONCLUSIONS

The qualities that adapt halogeton to the harsh, uncertain environ-
ment of the salt-desert shrub range are also the qualities that make
control of the weed diflicult and exueting.  The prolilic seed produc-
tion. the persistence of the brown seeds in the sol, and the numerous
wiys that the seeds ave transported arve factors that insure its survival.
Control of halpgeton refuires its eradication miless other plants can
oceupy the space lefr when halogeton plants are removed by chemicals
or other methods.

Halogeton is susceptible o applications of 24-I) in the vegetative
phase of growth: but when reproductive growth begins, resistance to
241> oceurs.  Seedlings that become established after the first part
of July quickly enter into reproductive growth and attain the same
resistance exhibited by the chronologically older plants.
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The resistance to 2,4-D displayed by halogeton is primarily due to
the lack of ubsorption. Carriers such us gasoline saturated with par-
affin can increase the eflectiveness of the herbicide. The wax solvent
properties of these carriers are believed to increase their effectiveness.

The vuticle is probably the barrier to penetration by agueous solu-
tions, but anatomical studies suggest that the epidermis of both the
stemn and the leat, the outer coriex of the stem, and the subepidermal
tisswe of the leaf may act (o inhibit penetration.

Absorption and translocation of (*-labeled 24-D and wufer-sol-
uble dye were rapid when these substances were supplied to the root
system of halogelon plants.
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