
24-D TOLERANCE 239 

until the August collection, after which arabinose 
increased and glucose decreased. Routley and Sulli- 
van (1958) noted a similar decrease in the glucose 
content of hemicellulose of stems and leaves of 
brome grass during maturation. Sullivan et al. 
(1960) showed this loss of glucose with maturation 
in several other grasses. The levels of galactose did 
not appear to be greatly affected by cutting date or 
leaf class. Xylose has been shown to be the main 
structural chain of the hemicellulose moiety of 
forage (Myhre and Smith, 1960) and in this study 
changes in xylose closely corresponded to changes 
in arabinose. This suggests that arabinose may be 
important as a structural component. However, no 
direct relationship between the content of neutral 
sugars and palatability to grazing livestock has 
been shown as yet. 
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Highlight 

Species commonly used to seed California rangelands 
were sprayed with varying rates of the alkanolamine salt of 
2,4-D at a number of vegetative growth stages in two dif- 
ferent years. Subclover, hardinggrass, and orchardgrass 
were not permanently damaged by rates up to 2.0 lb/acre 
at any of the growth stages tested. Rose clover was tolerant 
of up to 0.5 lb/acre if sprayed at the proper growth stage 
but yields were frequently reduced by even low rates at 
other growth stages. 

Much of the range improvement in the grass- 
lands of cismontane California below 3,000 ft ele- 
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vation involves the seeding of subclover (Trifolium 
subterraneum L.), rose clover (T. hirtum All.), and 
hardinggrass (Phalaris tuberosa L. var. stenoptera 
(Hack.) Hitchc.). These plants are sown alone or in 
mixtures to replace the well established, but less 
productive, annual vegetation. The resident an- 
nuals produce an abundance of seed and invariably 
result in an extremely weedy seedbed in spite of 
the best preparation. Although many of these an- 
nual weeds are grasses, the weeds in a new seeding 
on a seedbed prepared by cultivation are often pre- 
dominantly broadleaves. Common among these 
are mustard (Brassica spp.), radish (Raphanus spp.), 
yellow star thistle (Centaurea solstitialis L.), filaree 
(Erodium spp.), and fiddleneck (Amsinckia spp.). 
There is a need for a selective herbicide to control 
these weeds. 

The reaction of rose clover to 2,4-D (2,4-dichlo- 
rophenoxyacetic acid) was demonstrated by Wil- 
liams and Leonard (1959). Both the propylene 
glycol butyl ether ester of 2,4-D and the alkanola- 
mine salt of 2,4-D, applied at the rosette, early bud, 
and early bloom stages, caused significant reduc- 
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Table 1. Stage of growth at times of 2,4-D app1ication.l 

Experi- Spraying 
ment date Rose Clover Subclover Hardinggrass Orchardgrass 

First l/29/65 
Z/26/65 

3/g/65 

4/l/65 

1 trifoliate leaf 
5 to 6 leaves, 
2-3 inch rosette 
10 to 20 leaves, 
3 inch rosette 
vegetative-10 inch rosette 

Second 1218165 
l/10/66 

Z/11/66 

3/Z/66 

unifoliate leaf 
1.5 trifoliate leaves 

5 leaves, 2.5 inch rosette 

3 to 4 inch rosette 

1 trifoliate leaf 
6 to 8 leaves, 
1.5 inch rosette 
6 to 12 leaves, 
3 inch rosette 
vegetative-10 inch rosette 

unifoliate leaf 
1 to 2 trifoliate leaves, 
1 inch rosette 
5 leaves, 2.5 inch rosette 

3 to 4 inch rosette 

2nd leaf just starting 
1 inch, 3 leaves 

2 to 3 inches, 5 
leaves, tillering 
4 to 6 inches, tillered 

1.5 leaves 
1 inch, 3 leaves 

2 inches, 1 to 3 
tillers 
2 inches, tillered 

ILinear measurements refer to diameter of rosettes in clovers and leaf lengths in grasses. 

tions in forage and seed production of rose clover. 
Ormrod et al. (1960a, 1960b) found subclover was 
more tolerant to 2,4-D ester than were rose and 
crimson clovers (T. incarnatum L.). Treatment in 
the early flowering or bud stage produced signifi- 
cant reductions in both forage and seed yield of 
all three clovers. 

The application of paraquat (l, l’-dimethyl-4,4’- 
bypyridinium) removed <grassy weeds from rose and 
subclover (Kay, 1964), but cannot be used when 
hardinggrass occurs in the mixture. Fiddleneck 
can be killed with bromoxynil (3,5-dibromo-4-hy- 
droxybenzonitrile) without damage to the clovers 
or seeded grasses (Kay, 1967). 

Two formulations and a number of rates of 2,4- 
DB (4-(2,4-dichlorophenoxy) butyric acid) were 
tested under cultivated conditions (Kay, 1963), on 
rose clover, subclover, and crimson clover at four 
to six growth stages varying from one trifoliate leaf 
to early ripe. Herbage yields, seed yields, and seed 
quality were for the most part unaffected by either 
formulation at the spraying dates which normally 
would be used for weed control. However, trials 
under range conditions showed 2,4-DB to be an 
ineffective weed killer. While some species were 
controlled, others seemed to be totally unaffected. 
These results have prompted another look at 2,4-D 
amine because of its broader weed-control spec- 
trum. Hardinggrass was also included in one trial 
because of past reports (unpublished) that 2,4-D 
cannot be safely used with hardinggrass in the seed- 
ling stage. Palestine orchardgrass (Da&y Eis glome- 
rata L.) was also included in one trial because of 
its popularity in range seeding. 

Methods and Materials 
Two separate trials were conducted on successive 

years (1964-65 and 1965-66). Both studies were 
on the Agronomy Farm at Davis (50 ft elevation). 
Rose clover and subclover were seeded in separate 

rows 36 inches apart before the first fall rain. The 
alkanolamine salt of 2,4-D (2,4-D amine-Dow For- 
mula 40) was applied at four growth stages in each 
experiment (Table 1) at rates from l/ to 2.0 lb/ 
acre. No surfactant was added; however, there may 
have been some present in the 2,4-D formulation. 
Spray treatments were applied to one row of each 
species at the same time, using a logarithmic 
sprayer (Yates and Ashton, 1960) with a half dis- 
tance of 28 ft, spraying 43 gpa in the first experi- 
ment and 49 gpa in the second. Rows of harding- 
grass and Palestine orchardgrass were also included 
in the second trial. Each treatment was replicated 
four times in a split plot design. Weeds were con- 
trolled by tillage and hand hoeing when soil mois- 
ture conditions permitted. 

Clover yields were measured by clipping to 
ground level 8 ft of row centered over the half dis- 
tance for the treatments listed. Samples were air 
dried before weighing. Seedling heights of hard- 
inggrass and orchardgrass were measured on March 
10, and on May 11 plants were rated on a 1 to 10 
scale for damage from spraying. Clover seed yields 
were measured from selected treatments in the 
first experiment only. 

Results and Discussion 
Rainfall during the two experiments was very 

different. The 1964-65 growing season was very 
close to “normal” for the area. Total annual rain- 
fall was 18.56 inches (slightly above normal) and 
well distributed throughout the growing season. 
Forage yields were typical for the area. By con- 
trast the 1965-66 season received only 11.41 inches 
with a very dry spring. The last effective rainfall 
occurred on February 23, 1966. Forage yields were 
about 25% of the previous year (Fig. 1 and 2). 

Both rose clover and subclover reacted to spray- 
ing with varying degrees of epinasty and strapped 
and cupped leaves. However, in many cases the 
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2-26-6 

I-29-61 
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2,4-D-LBS/ACRE 
FIG. 1. Effects of varying rates of 2,4-D at four growth stages on 

forage production of subclover. 

plants completely recovered. There was no signifi- 
cant difference in forage or seed yields of subclover 
from any rates of 2,4-D at any of the growth stages 
in the first experiment (Fig. 1 and Table 2). In 
the second experiment forage yields were reduced 
at the .05 level of significance only by the Z-lb rate 
at the second growth stage. Yields were actually in- 
creased by many treatments because of the early 
weed control before tillage. 

Rose clover was more severely damaged than 
subclover. In the first experiment, differences due 
to 2,4-D rates, growth stages, and the interaction 
of rates times growth stages were all significant at 
the .Ol level. Forage yields were reduced by the Z- 
lb rate at all growth stages, and by the l.O-lb rate 
at all but the second growth stage (Fig. 2). The 
first spraying date produced the greatest damage. 
Yields were reduced by all rates at this date. 

Table 2. Effect of 2,4-D treatments on seed yields (lb/ 
acre), first experiment. 

2,4-D-lb/acre 

Treatment 
date 

Subclover Rose clover 

0.5 2.0 0.5 2.0 

l/29/65 800 660 510 250 
Z/26/65 790 860 1080 880 
3/g/65 800 810 820 640 
4/l/65 780 870 642 460 

Check 830 1050 

ROSE CLOVER 

2-26-65 

3-9-65 

4-l-65 

SECONO EXPERIMENT 

12-8-65 
I L I L  L 

l/8 J/4 l/2 I 2 

2.4-D- LBS ACRE 
FIG. 2. Effects of varying rates of 2,4-D at four growth stages on 

forage production of rose clover. 

Results of the second experiment were very simi- 
lar. Again, rose clover forage yields were reduced 
at all growth stages by the 2.0-lb rate, and by the 
l.O-lb rate at the first two growth stages. 

With the exception of the earliest growth stage 
0.5 lb of 2,4-D was safely used on rose clover. Se- 
vere leaf deformations occurred at these rates, but 
the plants recovered to a degree that would be 
termed satisfactory under range conditions. Also, 
under range conditions weeds would intercept 
much of the 2,4-D and the clover would receive a 
much lower dosage. Seed production would be 
more than adequate to regenerate the species the 
following year. 

However, 2,4-D cannot be safely used on rose 
clover grown for seed. Seed yields were signifi- 
cantly reduced by both the 0.5 and 2.0-lb rates at 
all but the second spraying date (Table 2). Seed 
yield was reduced 50-75% by some treatments. 
Yield reductions from the 2.0-lb rate were not sig- 
nificantly greater than at the 0.5-lb rate. 

Spraying at the second growth stage of the first 
experiment (5 to 6 leaves) produced far less dam- 
age to either forage or seed yield of rose clover than 
spraying immediately before or after. However, 
this temporary immunity appears to be of little 
value in making a recommendation, as the follow- 
ing spraying, 11 days later, produced severe dam- 
age. The “safe” spraying occurred at the beginning 
of a period of very rapid growth. The tolerance 
may be correlated with this growth rate rather than 
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the size of the plant, because plants sprayed at a 
similar size the following year did not show this 
tolerance. 

Harding-grass and Palestine orchardgrass were 
not damaged at any of the combinations of rates 
and growth stages tested. There were no differ- 
ences in seedling height or other damage symp- 
toms. The first two applications were followed by 
a very wet fog the following night which probably 
resulted in some runoff from the sprayed plants to 
the root zone. Still, no mortality was noted. 

The results of these trials indicate that 2,4-D 
may have a much more prominent place in con- 
trolling weeds in range seedings than had been 
supposed earlier. The experiments by Williams 
and Leonard (1959) showed severe damage to rose 
clover by rates of 2,4-D amine as low as 0.75 lb/ 
acre. However, most of their applications were 
made at later growth stages to coincide with brush 
control practices rather than control of herbaceous 
weeds. Also the damage they measured using 
amine in the 2-inch rosette stage would not pro- 
hibit the use of 2,4-D. Ormrod et al. (1960a, 
1960b) tested only the less selective ester formula- 
tion and again sprayed at later growth stages than 
would be used for herbaceous weeds. 

In view of the results reported here it seems safe 
to use the alkanolamine salt of 2,4-D on subclover, 

hardinggrass, and orchardgrass at rates as high as 
2 lb/acre to control herbaceous range weeds in 
new seedings. Normally spraying would be done 
at 0.5 to 1.0 lb/acre when the weeds are small. Up 
to 0.5 lb/acre could also be used on rose clover 
grown for forage recognizing that moderate dam- 
age will result to the clover. Moderate damage in 
the seeding year is preferable to a seeding failure 
due to weed competition. 
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Highlight 

Grass and cattle are an important part of Panama agri- 
culture. Ninety percent of all grassland contains one or 
more introduced grasses. Brush control, fire control, and 
improvement in grass and livestock management are major 
problems. Cattle are grown and finished for market on 
grass. Low calf crops, disease and parasites, poor dry sea- 
son feed conditions, and low-quality animals result in a 
generally low beef production per cow. Improved grazing 
practices and sound livestock management will result in 
higher calf crops and increased beef yields. Potential exists 
for a sound and economically profitable ranching enter- 
prise. 

La Ganaderia en Panama 

Resumen 

Los pastizales y el ganado son una parte muy importante 
de la agricultura de Panama. El 90% de las tierras de 

1 Information compiled by the author while employed by 
International Engineering Co., San Francisco, California, 
servicing the Agrarian Reform Project in Panama. 

pastoreo contienen una 6 mas especies de gramineas intro- 
ducidas. El combate de arbustivas, el control de las quemas, 
y el mejoramiento tanto de las plantas forrajeras coma de1 
ganado son de 10s problemas mas importantes. 

El ganado se cria y se engorda para el mercado en 10s 
potreros. Los bajos porcentajes de paricion, las enferme- 
dades y 10s parasites, el bajo valor nutritivo de 10s forrajes 
durante las epocas de sequia, y 10s animales de calidad in- 
ferior traen coma consecuencia, por lo general, una baja 
production por vaca. Mayores porcentajes de paricion y 
aumentos en el rendimiento de came podran lograrse me- 
diante practicas de pastoreo mejoradas y un manejo ade- 
cuado de1 ganado. 

La ganaderia en Panama ofrece un buen potential para 
establecer empresas remunerativas. 

Panama is best known as the narrow strip of 
land which connects the two Americas, and as the 
location of the strategic Panama Canal which 
makes events in this area of worldwide importance. 
Panama is a small country some 400 miles long and 
40 to 150 miles wide. It is bisected by a mountain 
chain only about 200 ft high at the lowest point, 
rising to 11,000 ft at the high point near the Costa 
Rica boundary. Temperatures are tropical except 
where elevations act to moderate the heat. Precipi- 
tation is from 1,000 to 5,000 mm annually, with a 
dry season of 100 to 130 days. Rainfall is adequate 


