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Abstract

Honey mesquite [Prosopis julifiora (Swartz) DC. var. glandulosa
(Torr.) Cockerell] response to sprays of 2,4,5-T [(2,4,5-trichio-
rophenoxy)acetic acid) and picloram (4-amino-3,5,6-trichloropicolinic-
acid) + 2,4,5-T was evaluated and correlated with maximum daily
photosynthetic rate, upward movement of methylene dye, xylem
pressure potential, and percent soil water. Picloram + 2,4,5-T was
superior to 2,4,5-T alone for killing honey mesquite from May 15
through August 4. Time of day the herbicide was applied had no
significant effect on control. Maximum daily photosynthetic rate
varied from 32.9 to 10.1 mg COz dm  leaf area hr™' and was highly
correlated (r = 0.89 to 0.92) with honey mesquite control with

" herbicides. Rate of upward movement of methylene blue dye in the
xylem varied from 295 to 44 cm hr'. (MPa) while soil water
content varied from 11.5 to 18.6%. Upward movement of methy-
lene blue dye, xylem pressure potential and percent soil water were
not significantly correlated with honey mesquite control.

Honey mesquite [ Prosopis juliflora (Swartz) DC. var. glandu-
losa (Torr.) Cockerell], a woody perennial of the Leguminosae, is
adapted to a broad range of environmental conditions. It is dis-
tributed throughout much of the southwestern United States and
occupies about 25 million ha of Texas rangeland (Smith and
Rechenthin 1964). Honey mesquite is generally controlled by foliar
sprays of 2,4,5-T [(2,4,5-trichlorophenoxy)acetic acid], picloram
(4-amino-3,5,6- trichloropicolinic acid) + 2,4,5-T, or dicamba (3,6-
dichloro-o-anisic acid) + 2,4,5-T; by basal treatment with diesel oil;
or by mechanical treatments including bulldozing or chaining.
Also, karbutilate [fert-butylcarbamic acid ester with 3(m-hydro-
xyphenyl)-1,1-dimethylurea[ and tebuthiuron {[5-(1,1-dimethy-
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lethyl)-1,3,4-thiadiazol-2-y/}-N,N’-dimethylurea} have shown pro-
mise as soil treatments (Meyer and Bovey 1979).

The seasonal response to herbicides is one of the major problems
when chemically controlling honey mesquite. Generally, honey
mesquite is most susceptible to foliar applied herbicides during
May and June and is less responsive earlier and later in the growing
season (Fisher et al. 1970, Meyer et al. 1972, Meyer 1977). Piclo-
ramand picloram + 2,4,5-T are more effective than 2,4,5-T alone in
East Texas (Meyer 1977). Herbicides are most effective when new
stem growth has completed elongation, the leaves are fully
expanded and have turned dark green, and the stems are undergo-
ing rapid radial enlargment. This period normally occurs between
40to 90 days after bud break (Fisher et al. 1959). Dahl etal. (1971)
found that soil temperature in the spring was an important factor
affecting the response of honey mesquite to 2,4,5-T. One reason
honey mesquite may be more susceptible to chemical control in the
spring is that the total available carbohydrate level in the roots is
lowest in May, due to a partial drain of food reserves for stem, leaf,
and floral production and radial enlargment of stems and roots
(Fisher et al. 1959, Robison et al. 1970, Wilson et al. 1975).

Dye and Hanson (1978), Hanson et al. (1978), and Hanson and
Dye (1980) have reported on net photosynthetic rates (P») and
xylem pressure potentials of field populations of honey mesquite.
No work has been done, however, that correlates the response of
honey mesquite to chemical control directly with photosynthetic
rates. The purpose of this study, therefore, was to correlate the
response of honey mesquite to herbicides with maximum daily net
photosynthetic rate and various other plant and environmental
variables.

Methods and Materials

Experimental Site and Plot Layout

A site near Bryan, Texas, with a dense stand of honey mesquite
1.2to 2 m tall was selected for study. Most plants had 2 to 4 stems
which had emerged from the base of the plant. The area was an
upland site with a 1 to 3% slope. The soil was a Wilson clay loam (a

613



Table 1. Influence of 2 herbicides applied at 6 dates in 1978 on canopy reduction and mortality of honey mesquite near Bryan, Texas.

Honey mesquite control!

Canopy reduction Mortality
24,5-T Picloram + 2,4,5-T 2,4,5-T Picloram + 2,4,5-T

Date of application (%) (%) (%) )
May 15 88d 99 ab 4le 94 a
May 26 93 bed 99 ab 62cd 96 a
June 16 95 abc 100 a 70 be 98a
July 14 91 cd 98 ab 52de 90 a
August 4 91 cd 98 ab 58 cd 9la
October 3 181 43e of 6f

Mean 79s 90t 47 x My

!'Values for canopy reduction or mortality for dates or means followed by the same letter are not signiﬁc_::ntly diffcren} at the 5% level using the Duncan multiple range test.
Picloram + 2,4,5-T was applied at the rate of 0.56 + 0.56 kg ha™ while 2,4,5-T was applied at 1.12 kg ha™. Control ratings were made June 18, 1979.

member of fine, montmorillonitic, thermic Vertic Ochraqualfs).
Four replicates of 5 plants each were used for each of 2 herbicide
treatments at 4 periods of the day during each of 6 datesin 1978. A
randomized block design was used; date of treatment, herbicide,
and time of day for herbicide application were arranged as a
factorial.

Herbicide Rates and Application Method

Herbicide treatments included the triisopropanolamine salt of
picloram + the propylene glycol butyl ether ester of 2,4,5-T at 0.56 +
0.56 kg ha™ and the propylene glycol butyl ether ester of 2,4,5-T
alone at 1.12 ha™. The herbicides were applied in water at a spray
volume of 187 liters ha at 0600, 0900, 1200, and 1800 hr CST with
a hand-carried, air, 3 nozzle boom sprayer on 6 dates. Visual
ratings of percent reduction, i.e., the percentage of stem tissue
killed, and percent dead plants (mortality) were made June 18,
1979, the year following treatment.

Plant Characteristics

Rate of upward movement of methylene blue dye was deter-
mined in 20 trees at each date as an indicator of rate of transpira-
tion. A 0.1% (w/v) aqueous methylene blue dye solution was
infused into the stem xylem from a blood transfusion bottle

equipped with a No. 16 hypodermic needle. The needle was .

inserted under the bark of each tree between 0930 and 1000 CST
and removed 30 min later. The bark was stripped off progressively
upward above the infusion point to the end of the dye streak; then
length of the streak was measured and adjusted to cm hr?

A pressure equilibration chamber was used to determine (1 hr
before sunrise) xylem pressure potential (Waring and Cleary 1967).
The general procedure outlined by Haas and Dodd (1972) was
followed. Pressure readings were taken on petioles of 4 leaves on
different branches of the sample tree before dawn on each date of
herbicide application. The leaf was removed from the tree and
sealed in a pressure chamber with the excised petiole surface pro-
truding. The basipetal end of the petiole was not allowed to extend
more than 3 mm from the chamber lid to reduce error (Millar and
Hansen 1975). The pressure in the chamber was systematically

increased at a rate of 0.07 MPa sec™ as suggested by Waring and
Cleary (1967).

A portable, open carbon dioxide exchange system for measuring
P: on branches of woody plants was developed by Balding et al.
(1973) and Dye and Hanson (1978). The system consisted of an
assimilation chamber, a ventilation and temperature control unit,
a measurement and recording unit, and a power supply unit. The
components allowed continuous measurement of Py, Py, in units of
mg COz cm® leaf area sec™’, was calculated from the relation.

P, = kFACO.A™

where ACO;z was the carbon dioxide deficit within the chamber in
ppm, F was the flow rate of air over the branch measured as liters
hr, and A was the leaf area (one side) in m2. The constant k was
equal to 1.79 X 10" mg ppmliter™ at 25°C and 0.1 MPa. A
photoelectric planimeter was used to estimate leaf areas (Kemph
1976). Photosynthetic rates were measured for entire diurnal cycles
so maximum P, could be determined for each date.

Soil Water Content

Percent soil water was determined gravimetrically at depths of 0
to 30, 31to 61, and 62 to 91 cm on each day of spraying. Five cores
were dug with a screw-type auger (Flynt et al. 1971) on each date.

Results and Discussion

; Response to Herbicides

Picloram + 2,4,5-T was superior to 2,4,5-T alone for honey
mesquite control (Table 1). Picloram + 2,4,5-T was more effective
at reducing canopy cover than 2,4,5-T on May 15 and in July,
August, and October. Picloram + 2,4,5-T killed more honey mes-
quite than 2,4,5-T alone at all dates except October 3 when neither
herbicide treatment was effective. Contrary to most other studies,
both herbicide treatments were effective at killing honey mesquite
in July and August. Generally, honey mesquite control using her-
bicides diminishes after early July.

Differences among times of day the herbicides were applied to

Table 2. Maximum photosynthetic rate, soil water content, rate of upward movement of methylene blue dye in the xylem, and predawn xylem pressure

potential of honey mesquite on 6 dates in 19781,

Maximum photosynthesis

Soil water content?

Dye movement Xylem pressure potential3

Date (mg dm?hr?) %) (cm hr) (MPa)
May 15 26.9 119b 295a -048a
May 26 24.0 186a 2000 -0.67b
June 16 32.9 180a 147 be -0.17b
July 17 28.9 11.8b 117 cd -1.01¢
August 4 24.4 11.5b 88 de -0.89¢
October 3 10.1 178a 4 e -0.65b

'Values within a column followed by the same letter are not significantly different at the 5% level using the Duncan multiple range test.

2Mean of 0 to 91 depth.
3Mean of 4 leaves on a tree measured predawn.
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Table 3. Correlation coefficients for plant and environmental varisbles versus canopy reduction and mortality of honey mesquite using 2 herbicide

treatments.

Honey mesquite control!

Canopy reduction Mortality
2,4,5-T Picloram + 2,4,5-T 2,4,5-T Picloram + 2,4,5-T

Maximum daily photosynthesis 0.92 0.92 0.89 0.92
Percent soil water -0.34 -0.38 -0.10 -0.33
Rate of upward movement

of dye 0.54 0.59 0.35 0.60
Xylem pressure potential -0.24 -0.20 -0.30 -0.17
ICorrelation coefficients of 0.70 and 0.90 are needed to show significance at the 5% and 1% level, respectively.
honey mesquite were not significant (data not shown). The means Literature Cited

for all dates varied from 78 to 819% canopy reduction and from 44
to 519%dead plants for 2,4,5-T and 87 to 91% canopy reduction and
77 to 82% dead plants for picloram + 2,4,5-T. These results were
different from those of Bovey et al. (1972), who showed that a
picloram +2,4, S-T mixture was slightly more effective at 1800 hr at
0.25 + 0.25 kg ha™ on huisache [ Acacia farnesiana (L)Willd.] and
0.56 + 0.56 kg ha™ on Macartney rose than at 0600 or 1330 hr.

Correlation of Plant and Soil Variables and Control

Data collected for the plant and environmental variables are
given in Table 2. Maximum net photosynthetic rate ranged from
32.9 to 10.1 mg dm™hr™ on June 16 and October 3, respectively.
Nossignificant differences occurred in soil water content among the
3 depths sampled; therefore, the data were pooled for use in subse-
quent analyses. Upward movement of methylene blue dye steadily
decreased from 295 to 44 cm hr™ throughout the sampling period.
Xylem pressure potential varied from -1.01 to -0.48 MPa.

Neither soil water content nor predawn xylem pressure potential
were significantly correlated with chemically induced canopy
reduction (%) or mortality of honey mesquite (Table 3) whereas
Meyer (1977) found both significantly correlated. Soil moisture
and xylem pressure potential have been shown to be very impor-
tant factors influencing plant growth (Haas and Dodd 1972) and
net photosynthesis (Hanson and Dye 1980). Although soil and
plant moisture levels are related to plant activity and transpiration,
they were less correlated with herbicide activity than photosynthe-
sis. Apparently the herbicides used in this study enter the plants
through the leaves and travel to sites of activity with the
photosynthates.

Rate of dye movement within the xylem tissue of honey mesquite
showed a trend to be more closely correlated to canopy reduction
and mortality than soil water or xylem pressure potential (Table 3).
Dye movement is a measure of the rate of xylem transport and is
regulated by stomatal activity; therefore, it, in part, reflects total
plant activity.

Maximum photosynthetic rate had the highest and only signifi-
cant correlation with canopy reduction and mortality of sprayed
honey mesquite (Table 3). These data show that maximum net
photosynthetic rate is an important factor regulating honey mes-
quite susceptiblity to chemical control, especially if the herbicides
are translocated with the photosynthate. Thus, maximum photo-
synthetic rate could be very useful in predicting the results of
herbicide applications if a simple means of estimating photosyn-
thesis can be developed.
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