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INTRODUCTION

The encroachment of salt cedar (Tamarix pentandra Pall.) into 
the Southwestern riverbottoms and floodplains has aroused the concern of 
both state and federal governments. Two reasons for this concern are:
(1) salt cedar has become a flood hazard due to its dense jungle-like 
growth which restricts the flow of flood-water and (2) salt cedar, a 
phreatophyte having no economic value, wastes large amounts of water 
through its growth, : v . .

■ In some areas salt cedar cohtfbl programs have been initiated. 
Earlier control programs,consisted maialy of mechanical methods but, 
with the development of chlorophenb'xy compounds, herbicide treatments 
also have been employed. Most herbicide treatments have been made on 
salt cedar regrowth after mechanical control methods have been employed.

Field testing programs for new or. untested herbicides on salt 
cedar often require considerable time and funds. This study was con
ducted to determine the possibility of screening herbicides to evaluate 
their phytotoxicity on salt cedar before expensive field tests are made.



: \ PREVIOUS WORK

.. Until 1948 only mechanical methods of salt cedar control had been, 
employed by investigators (3).. The development of chlorophenoxy herbî .
: cides after World War li and the ddvancemeht in the testing of these 
chemicals oh numerbus weedy and brushy species was rapid. In 1948 
several of these herbicides were tested on salt cedar in New Mexico and 

Arizona. v . J .; • ; , ' . % - . ' ■
Bowser (3) discussed aircraft applications of 2,4-D on salt 

cedar during the late fail of 1948 near the McMillian Reservoir, New 
Mexico.. These areas were retreated the following spring. An amine 
formulation of 2,4-D was used at low rates and was emulsified inone 
part diesel oil and four parts water. After two years the overall plahf 
kill was estimated at 85 per cent. However, after four years salt cedar;
■ reinvasion of the area was: very noticeable, ; 'V ■' y V ' " V y

Subsequent foliage applications in the McMiIlian area resulted V 
in poorer contrbl of salt cedar than was obtained in 1948. In these y.y 
later tests low rates of the low volatile esters (LVE) of 2,4-D and 
mixtures of 2,4-D and 2,4,5-T fesuIted in better kills than amine salts. 
Applications of 2,4-D amine at two pounds per acre in 3.5 gallons of 
water and one gallon of diesel oil were made to 2,000 acres above 
Cabbalo Reservoir and near Socorro, New Mexico several year later. The 
McMi Ilian, Caballd and Soccorb applications resulted in poof salt cedar 
control but killed many .amenfiferous'-.plants. .



;; The first chemical control work on salt cedar in Arizona was .
done, using the isopropyl ester of 2,4-D, applied in diesel oil, at
a rate of■five pounds per acre* as an aerial spray in the spring, of 1948- , 
The test area was a five acre plot of mature salt cedar south of Avondale, 

'Arizona (4). This area was retreated in the fall with a sodium salt of
2,4-D. In conjunction with this work, the Bureau of Reclamation coop
erating with the United States Department of Agriculture treated 30 acres 
of mature salt cedar at Various rates up to five pounds per acre of 
Sodium salt and an ester of 2,4-D. These tests (4) showed the ester for
mulation of 2,4-D to be more effective than the sodium salt, however, the
folloMng year the growth of salt Cedar appeared normal. :■

The Varying results of the different formulations of 2,4-D tested 
oh mature plants, prompted the Bureau of Reclamation and the U.S.D.A. to 
set up a demonstrational area in the Gila River stream-bed near Phoenix, 
Arizona (8). This area consisted of 40 acres of salt cedar which had 
been bulldozed and the debris burned. Salt cedar regrowth of various 
ages was treated with ground equipment. An amine of 2,4-D, .and a mixture 
of the esters of 2,4-D/2,4,5-T were applied at the rate of 1.3 and 2.6 
pounds per acre. The esters of 2,4-D/2,4,5-T proved the most successful 
giving 100 per cent kill with five applications at 2.6 pounds per acre on 
young regrowth. - ■

In a separate test (4) to determine the resistance of salt cedar 
seedlings to 2,4-D applied at two pounds per acre, little difference was 
noted between ester formulations but an amine salt gave poor control. If 
seedlings were 15 months old and 3 to 6 feet in height both esters and 1 

. the,amine gave poor results. • v



In,1954-55 new herbicides were tested on the Gila River demon- 
strafcional area. By 1956 the results showed that siIvex "(*hVE of 
2-(2,4,5-trichlorophenoxy)propio;nic acid) was more effective than either 
amine or ester formulations of 2,4-D or 2,4,5-T. Therefore, a new test 
site was selected one mile upstream from gillespie Dam on the Gila River 
(8)„ This 40 acres was bulldozed and the debris burned. Salt cedar 
regrowth was treated with a 50-50 mixture of 2,4-D/2,4,5-T esters, 2,4-D 
amine and siIvex at rates up to five pounds per acre. Plots were sprayed 
in the spring and fall of each year with the use of ground equipment.
Arle (2) reported that none of the herbicides in this test caused a high 
percentage of eradication following the initial treatment. Four appli
cations of four pounds per acre of siIvex.on four-foot salt cedar regrowth 
gave 100 per cent kill while the amine of 2,4-D gave only 79 per cent 
kill. Silvex also proved more effective on older regrowth (one year plus) 
where five pounds per acre of silvex gave 82 per cent control after the 
initial treatment while the same rate of. 2,4-D/2,4,5-T gave only 65 per 
cent control. - 1 v / ■. .. v, v /. %'/

Arle (2) pointed out that repeated treatments are required for 
effective control of salt cedar. After the second and third applications 
there was no advantage for the higher rates of treatments. The lowest 
rate of silvex (three pounds per acre) gave excellent control when 
repeated three times.

The most practical method of preventing damage to nearby crops 
from chlorophenoxy compounds appeared to spray salt cedar during its 
dormant season (3). Bowser (3) reported dormant season aircraft spraying 
at Dome, Arizona and Avalon Reservoir, Carlsbad, New Mexico. At Dome,
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six pounds per acre of a 2,4-D ester was used and the results were very 
poor. At the Avalon Reservoir, a,low volatile ester of 2,4-D and 2,4-D/ 
2j4,5-T and an amine of 2,4-D were applied in water, or diesel oil, or 
oil (triton X-100) or kerosene. Ground rig applications were made of the 
same herbicides that were used at Dome. The applications showed fair - 
results with the mixture of 2,4-D/2,4,5-1 being superior and the amine Of
2,4-D very inferior. Appraisal, of the. plots did not indicate high herbiA 
cide rates to be superior to Ipw herbicide rates.

Spraying tests in 1952 (8) and more recent work (2) have shown 
all herbicides tested to be relatively ineffective in controlling salt 
cedar if applied when the plants were dormant. These were applied/in a 
diesel oil carrier. Silvex was the most effective herbicide; however, 
it gave only 34 per cent control when applied to dormant plants. It 
appears that herbicidal applications during dormant growth gives little 
control even though this type of application might reduce the danger of 
crop damage. - A  t'



METHODS AND MATERIALS

To evaluate the effects of herbicides on salt cedar, cuttings 
were treated in a calibrated spray chamber with chlorophenoxy herbicides 
that had already been used in field tests. The: results were aiialyzed - 
statistically and compared with results from the earlier field tests.

During the fall of 1958 salt cedar cuttings, were obtained from 
the Gila riverbottom near Wellton, Arizona for use in preliminary studies 
Techniques for growing salt cedaf cuttings in the greenhouse Were devel
oped using this plant material. In addition, the rates of several 
chlbrdphenoxy herbicides which would result in differential ki 

- d e t e ^  . A: r/. 1:/: V " ; ;:--

‘ Propagation and Growth of Salt Cedar Cuttings
Cuttings, ten inches in length, were taken from normal mature 

trees (Figure 1). These cuttings were from spring growth taken in late 
summer .or from fall; growth- taken in early summer. Ten cuttings from a 
tree were grown in the greenhouse for three weeks. At this time the cut
tings were transplanted to individual one gallon metal cans filled with 
a .5:5:1, soil. Sand and peat moss mixture. The cuttings were allowed to 
grow until about.50 days old before they were treated with herbicides 
(Figure 6). In tests where evaluatibn for more than three weeks aftef 
Sprdyihg'was desire were carefully transplanted and placed
in groups of five or ten in "graveyard cans" (Figure 11) to economize 
greenhouse space.
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Figure 1. A mature salt cedar (Tamarix pentandra Pall.) in full bloom. 
Cuttings were propagated from plants such as this.



Temperature and relative humidity in the greenhouse were recorded 
with a hygrothermograph. The mean weekly high and low values are shown 
in Table 1. The mean high and mean low temperatures were 100 and 52 
degrees Fahrenheit, respectively. The mean high and mean low relative 
humidity were 99 and 32 per cent, respectively. The light intensity in 
the greenhouse varied approximately from 1000 foot-candles to 2000 foot- 
candles during this period.

Application of Spray
Preliminary work demonstrated that an efficient and accurate 

method for applying herbicides must be developed and used. Shaw and 
Swanson (7) used a screening table with an endless conveyor belt which 
transported flats under a stationary nozzle at a given speed and nozzle 
pressure. Different rates of chemical could be delivered by changing the 
speed of the conveyor belt. Anliker and Morgan (1). in studying the rela
tionship of herbicide spray characteristics to phytotoxicity used a 
moving platform similar to Shaw’s.

In this study, due to the close proximity of plants susceptible 
to 2,4-D, the use of an enclosed spray chamber was desired to eliminate 
the hazard of spray drift. Such a chamber was constructed (Figure 2).
The enclosed chamber is of the fixed platform, movable spray nozzle type. 
It was equipped with an exhaust fan, exhausting spray drift through an 
activated charcoal filter (Figure 3). Flushing the inside of the chamber 
with water, between spray applications, was facilitated by four spray 
nozzles in the ceiling.
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Table 1. Mean weekly greenhouse temperature and relative humidity data 
where salt cedar cuttings were grown.

i ■ , i • i, Temper- Relative , , Temper- Relative
, ature humidity y t ature humidity

Date < High Low High Low ?• Date High Low T High Low
t
i °Ev . °F. »

t % % i
9

s
i

°F* °F.9t % %
June » I 1 ■October t i

1-7 e 83 70 t 78 34 t .* 9 96 70 9 79 42
8-14 i 89 71 V 86 36 t 12-18 f 92 63 f 95 48
15-21 i 96 71 9 95 45 t 19-25 9 93 60 i 90 46
22-28 i 96 70 i 90 49 9 26411/1 9 87 60 t 95 51
29-7/5 i 100 72 t 98 47 8 9 1

. * i r November 9 9
July f V i 2-8 »■ 96 67 f 80 42

6-12 f 92 71 t 95 55 r 9-15 f -- . «” I
13-19 i 87 70 t 98 60 t 16-22 t - - -- 9 « - -
20-26 i 90 70 9 98 55 8 23-29 9 96 61 6 72 32
27-8/2 t

: 6 90 70 » 96 50 1
6 30-12/6 1

| 90 59 i

i
79 46

August 1 9 8 December S f
3-9 1 90 69 # 99 56 r 7-13 9 . 81 61 .! 75 37
10-16 1 86 69 1 99 63 9 14-20 9 88 54 f : 80 39
17-23 * 86 68 f 99 58 > 21-27 9 80 55 f 82 48
24-30 f 88 70 6 98 54 28-1/3 f 78 54 9 82 48
31-9/6 91 66 99 55 V - r 1

■I f 8 January .'» 9
September « $ .1 4-10 t 85 52 9 81 43
7-13 1 83 69 r 98 49 9 11-17 9 88 55 » 80 41
14-20 e 84 62 8 87 34 8 18-24 i. 95 57 # 72 34
21-27 i 88 59 : 9 85 34 f 25-31 6 88 64 f 74 35
28-10/4 i 96 65 i 90 43 9 9 <

- i e t February 6 t

1 9 t 1-7 8 86 58 t 82 42
f t • 8 8-14 9 82 62 9 81 43
I #■ 8 15-21 9 86 ' 59 9 79 36

' . 1 8 «■_ 22-28 9 85 59 $ 77 35
‘f ;9‘ Y
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Figure 2. Spray chamber used to apply foliage applications of chloro- 
phenoxy herbicides to salt cedar cuttings grown in the 
greenhouse. Spray containers and nozzles are displayed on 
top of the chamber.



to Figure 3. 1. Removable grate (steel). 2 .  Flexible air hose$ 1/4
inch (rubber)i 3> Frame construction (steel)» 1 1/8 inches x. 11/8 . 
inches x 1/4 inch angle iron. Inside;.; dimensions of the frame are;} 
length - 6 feet, width - 3.5 feet, height - 4 feet. 4. Spray con
tainer (copper and bronze) and nozzle (Teejet 8003). 5. Electric
exhaust fan, 8 inches. 6. Filter assembly, diameter 8 inches gal
vanized iron) . 7. Activated charcoal containers (galvanized iron
and screen). 8. Drive line, 1/4 inch (nylon). 9. Electric drive
motor (.06 H.P.), gear driven (100:1 reduction ratio), reversible,
1 1/2 inch drive pulley. IQ. Control panel - fan, light and motor 
switch; air valve .and pressure regulator. 11. Air pressure valve 
(regulated) . 12. Carrier pulleys, 5 1/2 inches, mounted on 1/2-
inch shafts. 13, Glass window. 14. Doors (2) , 2 feet 10 inches! x
2 feet 4 inches, 15. Covering of frame, masonite 1/4 inch (tempered) 
16. Stand (steel), same construction as frame, height 1 foot 4 
inches. 17. Floor (galvanized iron), 24 gauge, 1/2-inch drain plug.



♦ ' EXHAUST ED AI R

S C A L E  = 1:15
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Figure 3. Diagrammatic illustration of spray chamber. •



The calibration of the spray chamber was accomplished as follows:
Information Given A ,rTeejet'V8003 nozzle tip delivered 43 cc. of 

spray solution in three seconds, in three feet of travel at 30 pounds per 
square inch air pressure. This nozzle covered a 12-inch swath when the 
recipient surface was 7.16 inches below the nozzle tip and a 24-inch 
swath when the recipient surface was 14.32 inches below the nozzle tip.
All herbicides used contained four pounds acid equivalent per gallon and, 
therefore, one pound of acid equals 946 cc. of spray material.

Calculations A 24-inch swath was used in all tests, therefore, six 
square feet received 43 cc., or 7.16 ecu per square foot. It was desir
able to fill the spray container for a linear fun of five feet pr a ‘ 
coverage of ten square feet, requiring 71.6 cc. of spray material for 
each test run. A rate of one pound;per acre was obtained when .2171 cc. 
of the formulation was added to 71.4 Cc. of water. On this basis the 
appropriate amounts of herbicide were calculated for the treatment rates.

Spray Operation Five plants were treated at one time. The plants 
were placed in the chamber and the door closed (Figure 4). Then the spray 
container and nozzle made one spray run over the plants (Figure 5). indi
vidual plants often varied in height, therefore, the height of each plant 
was adjusted so its crown spread was approximately 14 inches from the " : 
nozzle, '-When-1 the'■ hozzle had finished Its spray run, the air supply was 
shut off and the drive motor stopped. The exhaust fan was then started 
and two mintites later the plants were removed from the chamber. All 
sprayed plants remained outside the greenhouse for at least four hours 
before being returned to the greenhouse.



Figure 4. Inside view of spray chamber showing position of salt cedar 
plants when ready to apply herbicides. 

14 
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Figure 5. Spray application of herbicide to plants.
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Figure 6. Fifty day-old salt cedar cuttings ready for herbicide 
treatment.
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Inufesting ctilorophenoxy herbicides on salt cedar cuttings four 
separate experiments wete carried out.

Experiment 1 A test o£ the effects of herbicides already used in 
the field. An amine of 2,4-D and low volatile esters of 2,4-D, 2*4,5-1,
2,4-D/2,4,5-T and silvex-were applied:at .25, .50 and 1.0 pounds per acre 
to 20 replications of salt cedar. Ten replications, each replication 
tonSisting of cuttings from a single tree, were treated at two dates. 
Evaluations were made on the basis of complete top kill, green stems 
only, green stems and leaves. These were scored as 1, 2 and 3, respec
tively, These evaluations were made 21 days (before transplanting to . 
■'graveyard cans") and 90 days after treatment.

. Experiment 2 A tdst was made of the effects of the herbicides 
used in Experiment 1 on cuttings obtained from trees growing in two dif
ferent regions. These localities were Dome, Arizona (200 feet above sea 
level) and Pima, Arizona (3000 feet above sea level), These sites are 
oh the lower arid upper Gila Rivet, respectively, and are approximately 
260 miles apart. The herbicides used were an amine of 2,4-D and low 
Volatile esters of 2,4-D, 2,4,5-T, 2,4-D/2,4,5-T and silvex applied at 
,125, .25, .50 and 1.0 pourids per acre. The two locations had five 
replications each. Evaluations were made as in Experiment 1.
. ; Experiment 3 A test was made of the use of a wetting agent in .
conjunction with silvex. Rates of silvex used were ,03, .0625, .125 and 
.25 pourids per acre. These treatments wete used with three rates of 
nX-77'' (a commercial wetting agent). The concentrations of "X-77" used 
were 0, .1 and .5 per cent (by volume). The treatments were replicated ' 
ten times. Evaluations were made as in Experiment 1.



Experiment 4 A test was made of the effect of increasing con
centrations of silyex on plant growth (stem elongation). Concentrations 
used were .04, .13, .43^ 1.29, 4.31, 12,92, 43,05, 129.16 and 387,48 ;:
parts per million (by weight). Ten replications ware treated at each of 
two dates. Applications were made to plants after all except one main 
branch had been removed. Each branch was measured before treatment and 
then at 3, 7, 14 and 21 days after treatment. ■ '

In Experiments 1, 2 and 3 the analysis of variance and Duncan's 
multiple range test (5), for determining significance between treatment 
means was conducted to evaluate the data. All tests of significance were 
at the five per cent level. Usually this type of analysis is not used to 
evaluate plant kill scores, however, it was found applicable here.

In all experiments each replication contained one control plant.



RESULTS

All experiments were completed between June, 1959 and February, 
1960. In the following results all control plants were omitted from the 
statistical analysis. Control plants in all experiments appeared : '
healthy after 90 days. However, where some were kept for 120 days (170 
days old) after treatment they.hegan to look necrotic. These ailing 
plants appeared to be suffering from what is called "root bounds" 

Experiment 1 In this experiment five herbicides, that had 
already been used in the field, were each tested at three rates on salt 
cedar cuttings grown in the greenhouse. Teh replications (-150 plants) , 
were treated July 19, 1959 and ten replications were treated on August 
19, 1959. The data for the results of the two applications at 21 and  ̂

90 days after treatment were subjected to statistical analysis (Tables '11 
2 and 3) . .... ■ . - . ' 'V '111:

At both the. 21- and 90-day observations there appeared to be a 
significant difference between dates of applications and replications 
within dates. More plant kill was obtained among the first ten repli- 
catidns. After 21 days, there was significant difference between 
herbicide treatments. The silvex treatment was significantly better than 
the other four formulations. The 15 pound per acre rate was significantly 
better than the .25 andithacrl.O spoundJiper acre rate was significantly 
better than the .5 pound per acre rate (Eigures 7 and 8), 11
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Table 2. Analysis of variance of scores for plant kill for testing the 
; ' effects of fivechlorophenoxyherbicideson salt cedar cuttings.

Source #
: ■: o f  ■, r, -

Degrees 
freedom .

. . V
. vt.:--.'' Meaii' 21 days

square
t ■ 
■f

-■ F v a ^
,21 days 90days

Dates ?-/•. ' ;v;V.. I1'.'// 42.56 10.47
■r;.
«•
t 202.66* 29.Q8*;:

Replication ' f ; t
in date " " 1 18 : ; ■, ) 1.23 1.33 t 5.86* '/3.69*/' J ?

. Herbicide ' ;. .■:t -■ , ■ ■ ■ , : . t 4 • : 
-t 0.48 ■' # , 

f 1.33
Rate ■ '■■■ ' :■ ' - - _ : 1

' - t 
: , 10.27 4.58 i

i
48.90* 12.72* ,

Herb, x rate *' : . ' ' ", \ - y - f . 8 ;;:v.■ . , . i  : 0.27 0.44 J
f

1,28 Y;i,22;,:
Her& x date' ! - 0,68 0.38 t

t , 3.24* ;: 1.06
Rate x date 1 f 4.42 1.69 '/f :■ 21.05& 4.69^

/ V V 1 f..
Herb., x rate x  ' • ■ ' ' f ?•

■ date . 1 v:V;/: ';::;8 : - 1 •• 0.31 0.63 1,48 1.75
? f

:>.ErtOr:;>: 21- t
,':r

* P <  .05
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Table 3, Mean scores for plant kill using five chlorophenoxy herbicides‘ 
• on salt cedar cuttings.

t Mean scbre*:,:.;: 'r
t

. t Mean score " :
Herbicide ■ - 121 days - 90: days c : Rate % - •; t 21 days 90 days :

• ' " V - ' « lbs./A. '■ t
2,4-D, LVE '1.58a**

1 • : ' 1.23a '' ' ■'' - t ; 0.25 t

t
1.82a 1.48a

2,4,5-T ; :- 11.58a• : ■ ,
1.37a ‘. .■ > % ' ■ " « 0.50 i

■. i 1.47 b 1.34 b
2,4-D, amine : '1,55a':i - - . 1.37a '; . ■ | 1.00 i

f 1.18 c 1.06 c'
2,4-D/2y4,5-T 91.47 a

■ * ''
1.17a '' ' -::v ,

■ f 
: t

silvex *1.27 b
/

1.33a 1 :
"'::: /

t
f

Standard error 
of mean '.0592

, : ;:«;
.0775\ . ;' <■ -

- t 
' i
; f;

.045 .003
Control plants '3.0

' ' v 'V.::
3.0 ‘ * i -

* (3 = stems and leaves green, 2 = stems green, 1 - dead)
** Values with the same subscript are not significantly different
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Figure 7. Salt cedar cuttings one week after treatment with .25 pounds 
per acre of silvex (Experiment 1).
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Figure 8. Salt cedar cuttings one week after treatment with 1.0 pounds 
per acre of silvex (Experiment 1).



However, 90 days after treatment no differentie among herbicides : 
could be detected, but the difference between rate means was the same as‘ 

;:-nt:2i days
■ : Experiment 2 In this experiment the herbicides used in Experi
ment • 1 were tested at four rates opt salt cedar cuttings obtained from ‘ 
trees growing in two different regions. All plants were treated on Sep
tember 15, 1959 » The statistical analysis of the data obtained from both 
the 21- and 90-day observations is found in Tables 4 and 5.

At 21 days there was a significant difference between Pima and 
Dome cuttings and significance between replications at locations. At 
this time the Dome cuttings were more tolerant to the herbicide treatments 
However, after 90 days there was no significance between locations, but 
still a significant difference between replications at locations. ,

At both 21 and 90 days after treatment there was a significance 
among herbicides and rates. Silvex and 2,4-D/2,4,5-T gave significantly 
better kills than the other three formulations after 21 days. The dne 
pound.per acre rate was significantly better than the .5 pound per acre 
rate and this .5 pound rate was significantly better than the .125 pound 
per acre rate but not the .25 pound rate. At 90 days the difference be
tween the rate means remained, but the means for silvex and the mixture 
were not significantly different from one another. The mixture was 
significantly better than 2,4,5-T and the amine of 2,4-D (Figures 9 and 1 
10). Silvex was significantly better than 2,4-D and 2,4,5-T.

Experiment 3 In this experiment a wetting agent (X-77) was used 
at three rates with each of four rates of silvex on salt cedar cuttings.
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Table 4. Analysis of variance of scores for plant kill for testing the
effects of five chlorophenoxy herbicides on salt cedar cuttings 
obtained from trees in two different regions,

Source
of

variance

i
?

■f
• r

Degrees
of

freedom
/ Mean square , F values
•i* 21 days 90 days 21 days 90 days

",1 1 ; 1 t - ,

Locations (f / \ 1 t 4,79 .84 t 9.58* 1.40■' '' i ' f ' »
Replication :.?■ ■ . t ■ i ''
in location i 8 i 1.84 3.46 -4 ; 3.68* 5.77*i % ■ f 4

Herbicide * 4 t 7.16 4.69 4 - 14.32* 7.82*
t ■ 4

Rate • ; t ■ 3 . i 10,89 5.59 4 . 21.78* 9.32*
J , ■ » t

Herb, x rate t 12 1 0.67 0.42 i 1.34 0.70t 4 f
Herb, x loc. f , ■ 4 ; ’ * 0.93 0.73 4 1.86 1,22

■ ■ < t. 4
Rate x loc. f r '■ 3 , . ■ 4 • 0.14 0,17 t ’ .28 . 0.28

' 1 .f 4
Herb, x rate x t ' f

location 4 ■' 12 ... ' V,'
' f

0.68 0.74 « 1.36 1.23 .
Error . * ’■: 152 .; ' 4 0.50 0.60 ' 6 '■

■; t . '?
* P <.05
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Table 5. Mean scores for plant kill using five chlorophenoxy herbicides 
■ oh salt cedar cuttings obtained from trees in two different

' . " regions. . : :  ̂ \

V • Mean score* ■ , ! . ; : ’ Mean sc ore
Herbicide. V 21 days 90 days •, : Bate v. •f 21 days 90 days

. < : o--;i ,
' ,
' . i '■ lbs. /A. '■ t

;l ■ ' ■ , -
2,4-D amine ' 2.80a**i . i - ■ ■ . 2.43a *■ - ■■ i .

0.125 ( 2:72a : 2.22a
2,4-D LVE ' 2.50a

, r  - 2 . 0 5 ab . *.' j 0.25 ' 2.56ab 2.30ab
2,4,5-T ■' ' 2.50a-1  ̂ v ; 2.23d |■ • ■: ' i 0.50 ' 2.28 bf ■ - - 1. 94 b
2,4^D/2,4,5-T 1 1.90 b

t '
1.73 be '■ ■ ' , 1.00 i 1.66 c8 ... 1.56 c .■

silvex ' 1.83 bi 1.60 c
' *

\ 8 '

Standard error 
of mean

"t ; . ■ .

1 : ' :: '

' .112

' ' . : »
; ■ 1
.123 <

8

V ' V ,  ; 
.100

■
.110 ,

Control plants ' 3.0 3.0 V

* (3 - stems and leaves green, 2 = stems green, 1 - dead)
** Values with the same subscript are not significantly different.
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Figure 9. Salt cedar cuttings 90 days after treatment with .125 pounds 
per acre of low volatile esters of 2,4-D/2,4,5-T. Cuttings 
propagated from trees in Pima, Arizona are on the left, while 
those on the right are from Dome, Arizona.
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Figure 10. Salt cedar cuttings 90 days after treatment with 1.0 pounds 
per acre of low volatile esters of 2,4-D/2,4,5-T. Pima 
and Dome cuttings are arranged in the same manner as Figure 
9.



•A11; p iants were treated November ,27 s 1959. The statistical analysis ; pi-' 
the data obtained from both the 21- and 90-day observations is found in 
Tables 6 and 7. , - ■'

A significant difference between replications was noticed at 21 ' 
days and there was a significance among herbicides.and Wettittg agents at1 
both 21 and 90 days after treatment.T The .25 pound per acre rate of si 1- 
vex was significantly better than the other three rates. The lowest rate 
at three weeks gave significantly poorer, control than the other rates* : 
•Both the .1 and .5 per cent levels of the wetting agent gave significantly 
better results than no wetting agent at both the 21-,and 90-day eval
uations (Figures 11 and 12). v

Experintent 4. In this;expefiment different concentrations of , ‘ 
silvex were used to test the effect of silvex on growth of salt cedar - ; 
cuttings. Ten replications were treated July 13, 1959 and the remaining 
ten BeplicatiohS were treated October 17, 1959 (Figure 13). The first 
half of this experiment consisted of nine treatments (the .04 parts per 
million rate Was omitted) while the second half contained ten treatments. 
The data for the first half of the experiment indicated no relationship 
between dosage and growth. There was a marked effect of dosage on growth 
in the second half of the experiment. An examination of the data from 

. the second half of this test indicated a non-linear relationship between-4 
dosage and growth. The regression of growth (y) oh log. dosage (x) was 
computed. (Table 8 and Figure 14) . .
: Seven, 14-, and 21-day data appeared to be logarithmic linear
with ihcreasing cprrelatloh valnes of -.832, -.878, and -.932= :These. 
were all significant at the'1 per cent level. The correlation coefficient
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Table 6. Analysis of variance of scores for plant kill for testing the 
effects of using a wetting agent in conjunction with silvex on 
salt cedar cuttings.

Source 
' of 
variance

. of 
freedom

Meansquare. F values
* 21 days 90 days t 21 days 90 days

Replications
o - ; ■
Herbicide 
Wetting agent 
Hefb. x W. A. 
Error

9
3
2
6
99

0.63 
3.14 
1.23 
0.26 
0.19

0.86
5.01
9.86
0.79
0,68

3.32* 1.26
16.53* 7.37*
6.47* 14.50*
1.37 1.16

.05



Table 7. Mean scores for plant kill using a wetting agent in conjunction 
with silvex on salt cedar cuttings. -

Herbicide
ff

■ • C . 1 ■ ~ .j. '' ■« k ' ■ .......Mean score* \
i

t  ,

-.1
Wetting
agent

■ r- ■'> . .
t . Mean score ’o ’Y:/

rate f 21 days 90 d#ys r : rate. - ■ v *: 21 days 90 days
lbs./A. f

t

f' , 
8 ; %

.03 ;'t

i
2/90a** 2.43 a 1 0.0 ' 2.73a 2.55 a

.0625 i 2,63 b 2.17a t
8 0.1 . ■ ’ 2.45 b 1. 90 b

-125 . ; s
; : i

2.43 b 1.97 a I' ■ * V 0.5 » 2.40 b i.58 :b '

: -25 ' : ; t
< 2.13 c 1.47 b - f.. 

t

i

S tandard error
/-.■ ' I 
..... f

r
i '

. of mean t ' 
- < ,079 .163 f

A

5 .069 .130
Control plants ‘ v r

■ t 3.0 3.0 6
.'f;"

* (3 - stems and leaves gree^ 2 - stems green, 1 = dead)
** Values with the same subscript are not significantly different.
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Figure 11. Salt cedar cuttings 90 days after treatment with .25 pounds 
per acre of silvex and no wetting agent (Experiment 3) .
Cans shown here are referred to as "graveyard cans."
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Figure 12. Salt cedar cuttings 90 days after treatment with .25 pounds 
per acre of silvex and .5 per cent wetting agent (Experi
ment 3) .
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Figure 13. Salt cedar cuttings 7 days after treatment to test the effect 
of silvex on plant growth. Higher rates are at the left with 
the lower rates at the right. Growth measurements were made 
on one remaining branch of each plant (Experiment 4).
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Table 8. Measured increase in length of stem growth, average rate of 
stem growth (b), and coffelation coefficient (r) values for 
salt cedar cytfings. ,

Concen- - V ^
t r a t i o n ^  : ",'.  ̂ly 1 ^
of ' ; : treatment ■ V

silvex • ■ ■ ■ . <; 3..  " 7  ■ ■ ■ ■ ’ 14 - 21 ■
ppm ‘ logarithm ’ Mean1 increase in'stem length*(dm.)■ ; i ■■ • 9 ' - i • •  i : ' \
.04 ' -1,39794 # . ' 1,72 4.52 6.28 ; i 7.631 ' y - t ■■ +'■- i- ■ f
.13 1 -0.88606 .\i.. 1.94 t 5,22 : t 7,33 8: - 8,96i '■ V;T t t
.43 ' -0.36653 ■■■I'" 1.81 f. 4.55 5.46 f 6.45i i ; ' , f ' t

1,29 ' +0.11059 t 1.43 3.02 ■ t 3,38 ' * . 3.92? , * • ' ‘ t t . i
4.31 * +0.63448 ’ t,: 2.63 t 4.83 i 4.83 ‘ ■ ̂ ‘ 4,83t„ ' ' ■ ■t . ■ t ■ t t

12.92 1 +1.11126 2.55 ' *• ;’ 3.25 ; t 3.25 i 3,25
i ' » t 1

43.05 ' +1.63397 2.58 1 ^ 2.94 \ '6 2.94 .. . j 2.94
,; ■ , • - y •' : . i 1 " ' f

129.16 * +2.11113 ■t ,; 2.77 . I 2.82 i . 2.82 ’ 8 ' 2.82( '  ̂ . ' ■' t" : J f ■ tf , :v
387.48 1 +2.58825 ■ f 1,33 ■ . v f - V : 1.33 ’ . 5 '■ 1,33 • # 1.33

Average rate ol growth (b values) " ■ - - M':
+0.1227 ”0.7625 -1.2837 -1,7128

Logerithmic linear correlation.coefficients (f values)
+0.303 -0.832** -0.878** -0.932**

** Values are significant at the 1 per cent level.
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for three-day data was -K303. After seven days there was little growth 
of plants having been treated with 44 or more parts per million of silvex, 

Visual observations made during these tests showed stem bendihg 
in 75 per cent of the plants treated with the five highest rates three 
days after treatment. At seven days there was still no stem curvature 
on plants treated with the smallest dtisage while in the four highest 
dosages some plants were showing-necrotic symptoms. After 21 days plants 
receiving the five highest dosages showed advanced necrosis.



y . discussion ;; ; ; y v , ' :v;.-.Cv;

Preliminary experiments had shown two to four pounds per acre of 
chlorophenoxy heirbidides to be extremeiy, toxic to salt cedar cuttings.
One pound rates' had been variable in kill,in these experiments; There
fore, it was decided that no rates higher than one pound would be used 
if comparisons between rates and between herbicides were to be made.

However„ in Experiment 1 a much higher rate of kill' was obtained 
when the first ten replications were treated on July 19 than the plants: 
treated at a later date. The experimental proeedure was the same for 
these two dates• The large difference between these treatment dates was 
that of daytime temperature. The temperature in the treatment area was 
105°;Fahrenheit on July 19 while it was 95° Fahrenheit on August 19.
Even though low volatile eSters were useds contamination between treat
ments may have increa£ied due to greater volatilization of the chemicals 
because of the higher temperature on July 19. Also, warmer weather 
usually is more favorable to plant growth and chlorophenOxy herbicides 
are more effective when plarits are growing more actively. ..

In Experiment 4 i somewhat the same situation, as mentiohed above, 
may have existed. The first treatment date (July 13) data showed no , 
response. The temperature for this date was recorded as 100° Fahrenheit 
in the treatment area. However, the temperature recorded on October 17, 
the second, treatment date, was only 80° Fahrenheit and this response was 
found to be a log-linear. On treatment dates for Experiments 2 and 3,



where more variable kills were found day temperatures were relatively 
low. Thus, it appears temperature may have an effect on herbicidal - , 
response to salt cedar cuttings.

In all experiments salt cedar cuttings were killed by rates much 
lower than rates used in field experiments bn salt cedar regrbwth. Hull 
(6) found little cuticle development on mesquite seedlings grown in the: 
greenhouse as compared to the thick cubicles on field grown mesquite. 
These greenhouse plants were very susceptible to the highly polar amines 
and sodium salts of 2,4,5-T where as field plants were not. Cuticle 
development of salt cedar cuttings grown in a greenhouse-mvironment might 
like mesquite grown under similar conditions, be characterized by a thin 
cuticle. • ■ ' \ ' ' ■ ; 4

In Experiments 1 and 2 there was difference between replications 
after 21 and 90 days while in Experiment 3 there was, only a difference 
between replications after 21 days. This points to the varietal response 
that different trees of the same species in the same area will give to 
herbicidal treatment. Evaluations of plant kill 90 days or more after 
treatment appear to be the most desirable.

The results obtained in the foregoing experiments were similar 
to those obtained in the field by other workers. As in the field, silvax 
and the mixture of low volatile esters of 2,4-D/2,4,5-T appeared to be 
mote toxic fhan other chlorophenoxy herbicides. Silvex was perhaps a , 
more effective herbicide than the mixture. As in the field.tests, the 
amine of 2,4-D gave poor results on salt cedar cuttings grown In the 
greenhouse. Higher rates were shown here.to be of a definite advantage 
as has been also found in the field#



At the present no results are available from field work on the - 
influence of wetting agents in herbicide solutions used in salt cedar 
control. The evidence presented here indicates wetting agents should 
be tested with applications of herbicides On salt cedar in the field.

Considerable variability in susceptibility to herbicides was 
found between cuttings taken from trees growing in the same area. In 
field tests one might find more'variability between plants within treat
ments than between twogroups of plants given different treatments.

As the results of herbicide applications in the spray chamber to 
greenhouse grown salt cedar are comparable with field tests, of :;chibrô ;g/>-sV; 
phenoxy herbicides, this method of herbicide evaluation may be useful in 
future studies, Since the treatments in the spray chamber were al1 made 
in very close proximity.to plants Susceptibletb 2,4-D and no damage was 
observed, the confinement of the spray application to, the chamber must 
have been adequate. No troubles of an important nature were noticed with 
the operation of the chamber. \



: ■; summary . : ■ ;V:: .. v . \ : . ; >

Four experimentiS were performed to determine the effect of
chlorophenoxy herbicides oil salt cedar cuttings grow in the greenhouse. 
Foliar applications were made using a calibrated spray chamber of the 
stationary platform, movable spray noazle type. The experiments were 
completed between July, 1959 and February, 1960. They had been pre
ceded by preliminary experiments for one year. Herbicide applications 
wre made on 50-day old cuttings.

Herbicides Used in these experiments were an amine of 2,4-D and 
low volatile esters of 2,4-D, 2,4,5-T, 2,4-13/2,4,5-T, and. silvex. In ■ 
two experiments silvex and 2,4^35/2,4,5-T were found to be the most 
effective. Higher rates were found to be more effective ..than lower rates,
with one pound per acre rates giving 100 per cent kills. No difference.. .
between groups of cuttirigis faljceh from two areas (varying greatly in 
elevation) was noticed three months after treatment. In a third experi
ment a wetting agent used as low as .1 per cent with silvex increased 
the effectiveness of the herbicide. In a fourth experiment a log-linear 
relationship was found in which plant growth decreased with an increase 
' fin ..silvex 'concentration with a correlation of - . 932 when observations 
were made 21 days after treatment. All.control plants appeared normal ■ 
during the 90 days of observation.



BIBLIOGRAPHY

1. Anliker, Wi,.L. and Morgan, M. J. A technique for studying. the
relationship of herbicide spray characteristics to phyto-
toxicity. Weeds.6:447-453, .October, 1958.

2. Arle, H. F. Salt cedar control with chemicals. Minutes 59-2 v -v-;
Meeting, Phreatophyte"Subcommittee, Pacific Southwest 
Interagency Committee, Albuquerque, New Mexico. May, 1959^

3. Bowser, 0. W. Discussion of salt cedar control methods demon
strated on McMillan Delta, Carlsbad, New Mexico. Salt 
Cedar Inspection Report. October, 1952. /

4. •" - ' ■ ' - . Salt cedar control investigations in Arizona. Chief,
Land Use and Settlement, Bureau of Reclamation, Region 3,
. Boulder City, Nevada. \: \

5. Duncan, D. B. Multiple range and multiple F tests. Biometrics 1
11:3-42.: 1955. . : V-'i - - : ■ ■■ ' 'v, ;■ v

6. Hull, H. M. Cuticle development in field- and greenhouse-grown
mesquite, and its effect on overall herbicidal response. 
Abstracts 1958 Meeting'of the Weed Society of America.

:'v '■ '' ' pp. 27-38. January 13, 14. and 15, 1958, > -i-1
7. Shaw, W, C. and Swanson, G.R. Techniques and equipment used in

evaluating chemicals for their herbicidal properties. Weeds 
1:352-365, July, 1952.

8. Soil and Moisture Conservation Program. Progress report for fiscal
years 1954, 1955, 1956. United States Department of, Inte- \ 
riof. Bureau of Reclamation, Region 3. June, 1957.

42


