
Changes in Streamflow in an Herbicide-
Treated Jumpier Watershed in Arizona

Item Type text; Proceedings

Authors Baker, Malchus B., Jr.

Publisher Arizona-Nevada Academy of Science

Journal Hydrology and Water Resources in Arizona and the Southwest

Rights Copyright ©, where appropriate, is held by the author.

Download date 24/05/2023 20:26:09

Link to Item http://hdl.handle.net/10150/301304

http://hdl.handle.net/10150/301304


CHANGES IN STREAMFLOW IN AN HERBICIDE- TREATED
JUNIPER WATERSHED IN ARIZONA

Malchus B. Baker, Jr.
Rocky Mountain Forest and Range Experiment Station

Flagstaff, Arizona

Abstract

A 147 -ha juniper watershed in north -central Arizona was sprayed with an herbicide mixture to
kill all overstory vegetation. After the area was sprayed, annual water yield increased significantly
when flow was greater than 12 mm. The ratio of mean annual quick flow to event flow prior to treat-
ment was 0.86 and remained essentially the same after treatment. The herbicide treatment reduced
evapotranspiration losses and increased water yield by killing the overstory trees and leaving them in
place. These dead trees provided some shade and wind resistance and created a microclimate that
reduced evaporation and enabled the soil below 30 cm to remain above its soil moisture wilting point.

Although mean annual water yield increased by 27% (6 mm, 8 -year mean), this increase may not
be practical from a management view point. Therefore, it is unlikely that extensive juniper acreage
will be treated. The amount of treated acreage will depend on the demand for water and on the value
of water in the market place. The area treated will also be constrained by consideration of other
resource values and desires of the public.

Introduction

The pinyon -juniper woodland type is between 1,220 and 1,980 m above sea level and occupies
extensive areas in the Southwest [Spencer, 1966; Arnold et al., 1964; U.S. Department of Agricul-
ture, Forest Service, 1958]. Pinyon -juniper covers about 21 million ha in Arizona, New Mexico, Colo-
rado, and Utah [Clary et al. 1974]. The distribution and number of trees in this woodland type has
increased since the early 1900's because of increased livestock grazing and because of the reduced
number of forest fires [Arnold and Schroeder, 1955; Barr, 1956].

Arnold and Schroeder [1955] reported that encroachment of pinyon -juniper reduces grazing capa-
cities, increases erosion, increases livestock handling cost, and possibly decreases water yield. Barr
[1956] estimated a probable increase in annual water yield of 13 to 25 mm from the removal of pinyon -
juniper in Arizona if the land were reseeded with grasses. However, in a study of pinyon -juniper
removal, Collings and Myrick [1966] found no significant change in water yield. Skau [1964a and
1964b] reported that any change in water yield from pinyon -juniper removal would probably result
from reduced interception and evapotranspiration losses. Clary et al. [1974], after reviewing all doc-
umented hydrologic results from the southwestern pinyon- juniper type, stated that the possibility of
increasing water yield through overstory removal was only marginal.

The Beaver Creek research watersheds in north -central Arizona were established by the USDA
Forest Service in the mid- 1950's to quantify treatment effects on water yield from pinyon -juniper
woodland and ponderosa pine forests. The Forest Service has studied two types of vegetation manip-
ulation in pinyon -juniper woodlands: clearing of the overstory and killing of the overstory with
herbicides [Clary, et al., 1974]. Preliminary results of the herbicide treatment have previously been
reported by Clary et al. [1974]. This paper documents results of the 8 -year period following the
herbicide application on a 147 -ha watershed.

Study Area

The two watersheds used in this study are about 80 km south of Flagstaff, Arizona, in the
pinyon -juniper woodland type of the Beaver Creek drainage (Figure 1). Watershed 3, which had the
herbicide applied to it, is 147 ha in area; watershed 2, an untreated control, is directly adjacent and
51 ha in size (Table 1).

The soils in the area are developed from volcanic basalt parent material. The predominate soil is
a Springerville very stony clay that is about 112 cm deep and has a clay texture throughout [Williams
and Anderson, 1967]. Most of the clay fraction is montmorillonìte, which produces pronounced swelling
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Figure 1. -- Location of watershed 2 and 3 in the Beaver Creek drainage area.

Table 1. Physical Characteristics for Two
Experimental Watersheds on Beaver Creek

Characteristic
Herbicide Control
Watershed Watershed

Size (ha) 147

Aspect W

Mid -Area Elevation (m) 1573

Basal Area (m2 /ha) 13

Annual Precipitation

Before (mm) 453

After (mm) 426

Annual Streamflow

Before (mm) 22

After (mm) 28

51

NW

1591

12

466

425

25

20

and shrinking. After each wet and dry cycle, cracks form, opening as much as 5 cm wide and 1 m
deep. Mean elevation of watershed 3 is 1,573 m above sea level, ranging from 1,516 to 1,676 m
(Table 1). The general aspect of the watershed is west with 92 percent of its area in slopes of
10 percent or less.

Prior to application of the herbicide, watersheds 2 and 3 were stocked with Utah juniper

(Juniperus osteosperma (Torr. ) Little) and pinyon pine (Pinus edulis (Engelm. )). Total basal area
on watersheds 2 and 3 averaged 12 and 13 m /ha, respectively, with an average of 33 trees per ha
(trees 13 cm d.b.h. and greater).

Mean annu$1 temperature is 13.3° C, and average monthly temperature varies from 3.3° C in
January to 25.0 C in July. Mean annual presítpitation on watershed 3 is 442 mm, with a high of
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691 mm in water year 1973 followed by a low of 210 mm in 1974 (Figure 2). Mean precipitation
during the seven winter months, October through April, is 270 mm, or 61 percent of the annual total.

Two major precipitation seasons characterize this area. The most important period from a water
yield standpoint is the winter season from October through April. Most of the remaining precipitation
falls during July, August, and September.

Winter precipitation is associated with widespread, protracted, frontal storms. Snowfall commonly
begins in November and increases into December. Snowfall usually declines in January and February,
followed by an increase to a peak in March. Typically, the snowpack is intermittent throughout the
season at this elevation [Baker, 1981].

Nearly all summer precipitation falls during thunderstorms. Although they are frequent, indi-
vidual storms usually cover relatively small areas. Mean summer rainfall averages 172 mm.

Continuous streamflow records on both watersheds are obtained from precalibrated, concrete,
trapezoidal flumes [Clary et al., 1974]. Mean annual streamflow from the herbicide treated and con-
trol watersheds is presented in Table 1. Annual streamflow on watershed 3 has varied from zero in
1959, 1963, and 1974 to 149 mm in 1973 (Figure 3). Mean annual streamflow from watershed 3 prior
to the herbicide treatment (1958 -1968) was 22 mm, with 82% occurring from October through April as
a result of snowmelt or winter rains.

Most of the water yield from the Beaver Creek experimental watershed is produced in the winter.
During the period of this study on watershed 3, in 11 of the 19 years, 96% or more of the annual
discharge was during the winter season. The soil mantle begins to recharge during the winters,
when water from rain or snowmelt is available and evapotranspiration demands are low. Most stream-
flow is in March and April. The stream channels in these headwater basins become dry before the
onset of summer rains.

Summer rains are preceded by the two driest months of the year, May and June, during which
precipitation amounts average 13 and 10 mm, respectively. Because of the high evapotranspiration
demands and the distribution and amount of precipitation during the summer on watershed 3, only 4
summer seasons out of 19 years have had 6 mm or more of streamflow. Although, summmr streamflow
is infrequent, maximum peak discharges from watershed 3 of 7.7 and 5.1 m s km occurred in
August, 1964 and Septemlr, _11970 respectively. Peak discharges from the same storms on water-
shed 2 were 9.3 and 4.1 m s km .

Much of the streamflow from these upland or headwater basins is the product of quick flow
[Hewlett and Hibbert, 1967]. The shallow A- horizon (about 8 cm deep, with infiltration rates ranging
from 20 to 64 mm /hr) on these watersheds, covers a relatively impermeable soil layer (hydraulic con-
ductivities of less than 1 mm /hr). Rainfall and snowmelt intensities greater than these infiltration and
permeability rates are not uncommon on Beaver Creek [U.S. Department of Commerce, 1967; Ffolliott
and Hansen, 1968]. Water storage capacity of the Springerville soil series is over 46 cm.
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Figure 2. -- Average winter (October -April) and summer precipitation on watershed 3.
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Treatment and Analysis

Watershed 3 was treated with a foliage spray application of 2.8 kg acid equivalent of picloram and
5.6 kg acid equivalent of 2, 4 -D [(2, 4- dichlorophenoxy) acetic acid] as triisopropolamine salts in 94 1
of water per ha. The watershed was treated in August 1968, and the overstory inventory of October
1969 showed that 86 percent of the trees were killed.

The paired watershed method [Wilm, 1943; Kovner and Evans, 1954; Hewlett, Lull, and Reinhart,
19691 was used to evaluate changes in annual water yield brought about by the herbicide treatment.
A covariance analysis was used to test significance of the pretreatment and posttreatment annual water
yield regressions.

Confidence limits (95% level) were placed on the pretreatment regression, and posttreatment data
were located with reference to these limits to determine significance of treatment in the individual
years [Harr, Frederiksen, and Rothacher, 1979].

Effects of Herbicide Application

Streamflow for 19 years on watershed 3 has been divided into two periods (Figure 2). The first
11 years are the pretreatment or calibration years (1958- 1968), and the last 8 years (1969 -1976) are
the treatment period following application of the herbicide.

Annual and Seasonal Flow

The 11 years of pretreatment data (1958 -1968) define the regression (correlation coefficient
(r) = 0.99) used in determining posttreatment effects on annual water yield. A covariance analysis
of the pre- and posttreatment regressions (1969 -1976, r = .98), indicates a significant increase
(0.05 level) in annual water yield following the herbicide application. The analysis shows that the
treatment response is multiplicative and is significant only when flow is greater than 12 mm (6 mm on
the control watershed). In drier years there is a predicted 8 mm increase in water yield when the
control watershed yields 13 mm. In wet years, when the control yields 102 mm, the herbicide treated
watershed is predicted to yield an increase of 28 mm or 121 mm.

Killing the overstory vegetation caused annual water yield to equal or exceed the 5% prediction
limit 3 out of the 8 posttreatment years (years 1969, 1970, and 1973). Of the other 5 years, 3 years
(1971, 1972, and 1974) received below average winter precipitation, and all but 1976 received below
average annual precipitation (Figure 2). The fact that 1975 received normal winter precipitation and
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Figure 3. -- Annual water yield from watershed 3. Increase in water yield due to treatment determined
from pretreatment regression.
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1976 received normal winter and annual precipitation without showing a significant increase may indi-
cate that the effect has ended.

Prior to the herbicide application, the ratio of mean annual quick flow to event flow was 0.86 on
watershed 3 and 0.88 on watershed 2 (Table 2). There was little change in this relationship after
the application of the herbicide on either the treated or control watershed.

Discussion

The hydrologic regimes of the forested areas on volcanic- derived soils on Beaver Creek are dif-
ferent from many other forested areas. Because of the relatively shallow soil depth, the impermeable
clay soil, and the predominately short spring streamflow period, manipulation of the forest vegetation
has a limited affect upon the streamflow regimes from these upland watersheds. In the hydrograph
analyses used, the term quick and delayed flow are used to define the hydrograph components be-
cause of the difficulty in defining and quantifying direct runoff and baseflow [Hewlett and Hibbert,
1967] . Most forested areas have a higher portion of their streamflow produced by the delayed flow
component. On Beaver Creek the higher percent of streamflow results from quick flow because of
their characteristic soil and climatic conditions.

The herbicide treatment applied on watershed 3 reduced evapotranspiration losses, as shown by
the increase in annual water yield and the decrease in soil moisture loss. The soil mantle (with an
available soil water storage of 46 to 56 cm) begins to recharge annually during the fall and winter
period on both treated and untreated areas, as observable in the saturated surface soil and overland
flow conditions during most spring runoff periods and as apparent in the high ratio of quick flow to
event flow.

The increase in water yield was achieved by killing the overstory trees and leaving them in
place. These dead trees provided shade and wind resistance and created a microclimate which reduced
evaporation and enabled the soil below 30 cm to remain above its soil moisture wilting point [Johnsen,
1980]. With reduced soil water loss, less precipitation was needed to recharge the soil mantle and
consequently more precipitation became available for streamflow.

Analysis of the annual water yield response showed a sharp increase after the herbicide applica-
tion. The increase is believed to be largely the result of reduced evapotranspiration loss. An
additional contributing factor would be the increased exposure of soil following the defoliation of the
overstory trees. The soil surface would be particularly susceptible to raindrop impact and subse-
quent soil surface "puddling" and reduced infiltration rates. The initial increase, 65% as reported by
Clary et al. (1974), was reduced after 1972 and remained consistent through 1976. By 1973 the
watershed would have had the opportunity to stabilize. Herbage production increased following the
treatment and the additional ground cover would provide protection for the soil surface and contribute
to an increase in soil permeability.

Table 2. Effects of Killing Pinyon -Juniper Trees on
Mean Quick Flow and Delayed Flow

Period

Mean
Quick flow

Mean
Delayed flow

Control Herbicide Control Herbicide
Watershed Watershed Watershed Watershed

Water Year (Oct -Sept)

MM

Before Treatment 22 19 3 3

After Treatment 18 23 2 5

Summer
Before Treatment 5 4 0 0

After Treatment 2 3 0.4 0

Winter
Before Treatment 17 15 3 3

After Treatment 16 20 2 5
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Although the increase in annual streamflow is statistically significant on the treated watershed
for flow events of greater than 12 mm, the 27% (6 mm) increase in mean annual streamflow (8 -year
mean) may not be a practical or a significant increase from a management view point. To make this
treatment economically feasible, a land manager might need additional increases in other resources
such as additional grazing caused by increased herbage production and increased benefits for wildlife.
The results also indicate, but were not experimentally verified, that the treatment effect may only last
5 -8 years and that the watershed will then have to be retreated to maintain the increased flow.

The reservoir system in Arizona depends on water yields derived primarily from winter precipi-
tation. Although a significant increase in annual streamflow can be realized by killing overstory vege-
tation on an upland basin, it cannot be assumed that such a treatment will produce an increase in
water yield in the valley below.

Because of the limited spring streamflow period, most water yield increases resulting from vege-
tation manipulation will be added to flowing stream channels. Therefore, the water yield increase or
a significant portion of the increase is less likely to be lost in transmission from the headwater basins
to the reservoir system. However, as Hibbert [1979] observes, an increase in water yield from
treatments on small upland watersheds is no assurance that the increases can be measured at the
downstream reservoir even if transmission losses are negligible, because the increased flows may not
be detectable after combining with flows from other sources.

There is also little likelihood that extensive acreage will ever be treated as in this study. As
Hibbert [1979] states, the actual water yield increases from vegetation manipulation will likely be less
than the maximum potential because only a portion of each vegetation type can be treated economically
for water yield increases. The amount of acreage that can be treated will depend on the demands for
water and on the value of water in the market place. The amount of acreage treated will also be
constrained by considerations of other resource values and desires of the public.

These results show that water yields can be increased on basins with volcanic soil by chemically
killing the juniper overstory and leaving the dead trees standing. Therefore a management system
could be devised where dispersed upland juniper basins are chemically treated to provide some addi-
tional water yield. However, these treated areas may not be esthetically pleasing and the use of
chemicals in the environment might be undesirable.
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