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ABSTRACT 

Broom snakeweed (Gutierrezia sarothrae) is a widespread suffrutescent 

shrub in large areas of the semiarid rangeland of the western U. S., southern 

Canada, and northern Mexico. It is considered a major weed problem in the 

southwestern U.S. It causes poisoning to grazing and browsing animals and 

competes with desirable species, especially warm season grasses, essentially 

eliminating them from the plant community. Its population fluctuates according 

to localized or regional weather patterns. If soil water is adequate in the fall and 

winter, snakeweed will remain evergreen and use much of the available soil water 

during the period when warm season grasses are dormant. In the early spring 

when grasses start growing, snakeweed has a distinct competitive advantage 

over grasses because of its above- and below-ground biomass. 

A field experiment was conducted over two years to study the effect of 

seasonal precipitation on shallow and deep roots, and canopy development of 

snakeweed. Plant roots and canopy development were measured in the summer, 

fall, and spring. Soil water conditions during the spring-summer and fall-winter 

seasons significantly affected root growth of snakeweed in both shallow and 

deep soil. While wet springs and summers enhanced both shallow and deep root 

growth, dry conditions during the spring and summer resulted in the least amount 

of root growth in both shallow and deep soil. A dry fall and winter following a 

wet spring and summer reduced root growth and resulted in suberization of other 

roots. A wet fall and winter following a dry spring and summer enhanced root 

growth in both shallow and deep soil, but root growth in the deep soil was 



enhanced more than root growth in shallow soil. Plants irrigated during the fall 

and winter had the greatest root length density in the deeper soil (30-90 cm) at 

the end of winter. 

There is a direct relationship between water absorption ability of plants and 

root length density. The larger the volume of soil occupied by the root system, 

the larger the volume of water will be available to the plants. Therefore, broom 

snakeweed may absorb more water from deep soil than from a shallow soil 

because of substantial root length density in the deep soil and possibly a higher 

hydraulic conductivity. Greater root length density in deep soil after a wet fall 

and winter gives snakeweed a competitive advantage over associated grasses; 

therefore, its population can increase in rangelands after a wet fall and winter. 

Broom snakeweed also produced substantial root length in the deeper soil even 

during a dry spring and summer indicating that snakeweed can extract deeper soil 

water more efficiently than grasses which often have less root growth in deeper 

soil. 

Soil water conditions during spring-summer and fall-winter seasons also 

significantly affected canopy growth of broom snakeweed. While a wet spring 

and summer enhanced canopy growth of snakeweed, dry conditions during the 

spring and summer caused the least amount of canopy growth indicating that 

water loss is mainly controlled by reduced canopy size. Wet falls and winters 

following a dry spring and summer stimulated leaf growth on the basal stems 

which photosynthesize throughout the fall and winter. A dry fall and winter 

causes the plants to develop the least amount of basal leaves. 

Broom snakeweed had an orderly growth pattern when it was exposed to 

similar water conditions in different locations and years. Therefore, the soil water 

VI 



content in the top 30 cm of the profile is the most important factor determining 

root and canopy growth of snakeweed and can be used in making decisions in 

snakeweed control programs. Also, plants irrigated during the fall and winter 

had a higher deep-root/shoot ratio at the end of winter indicating that carbon 

produced during the fall and winter was mainly invested in construction of 

deeper roots which play a significant role on water absorption of snakeweed. 
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CHAPTER I 

INTRODUCnON 

Broom snakeweed (Gutierrezia sarothrae), a woody perennial, occupies 60% 

of the rangeland in New Mexico and 25% of that in west Texas (Sosebee 1988) 

and is a major weed problem in the Southwestern United States. Its population 

fluctuates according to climatic conditions (Pieper and McDaniel 1989). 

However, when it reaches high densities common to many southwestern 

rangelands, it seems no longer cyclical, but rather predominates year after year 

(Sosebee 1988). The growth habits of snakeweed often preclude grasses from 

growing in the same community. If soil water is adequate in the fall and winter, 

snakeweed will remain evergreen and use much of the available soil water during 

the period when warm season grasses are dormant. Snakeweed is also poisonous 

to grazing animals and has a low forage value, and it is seldom grazed unless 

other forage supplies are low (McDaniel and Torell 1987). However, the losses 

in herbage growth may be a more serious problem than poisonous properties 

associated with the species. 

Broom snakeweed has a shallow root system (Depuit and Caldwell 1975) and 

the roots can access water and nutrients at the same depth as most perennial 

grasses (Pieper and McDaniel 1989). Caldwell et al. (1987) pointed out that the 

grasses have a higher root density than the shrubs in the upper soil layers (<30 

cm). Therefore, root competition for soil water in the topsoil should favor the 

grasses. However, in summer drought when leaves of most grasses are rolled, 

broom snakeweed leaves remain turgid. This indicates that broom snakeweed 

can make better use of available soil water under soil water deficit than the 

grasses. Ueckert (1979) suggested that broom snakeweed's competitive 



advantage is related to its ability to extract soil water more efficiently than 

grasses. 

The growth patterns of broom snakeweed are very erratic and it may vary 

from one area to another over fairly short distances and among years (Nadabo et 

al. 1979). Such erratic growth patterns create difficulties when making decision 

on management of snakeweed. Therefore, additional information is needed to 

isolate and identify specific phenological stages or soil water conditions to 

explore conditions favoring growth of snakeweed. A thorough knowledge of 

the ecology of broom snakeweed could lead to more effective control or 

management of this noxious rangeland weed. 

I hypothesized that the dominance of snakeweed southwestern U. S. 

rangelands depends on precipitation pattern, especially precipitation events 

during fall and winter. Since snakeweed is an evergreen species, fall and winter 

precipitation enhance root development of plants during the period when warm 

season grasses are dormant. High root length density in deeper soil layers may 

improve soil water uptake and that may explain the competitive advantage of 

snakeweed over grasses. 

Therefore, the objectives of this study were to: 

1. evaluate the effect of seasonal precipitation on root growth and 

development of snakeweed in different layers of the soil, 

2. evaluate the effect of seasonal precipitation on canopy growth and 

development, 

3. evaluate water use of broom snakeweed related to seasonal precipitation, 

and 

4. evaluate soil water extraction from various depths of the the profile as it 

was related to seasonal precipitation. 
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CHAPTER II 

ROOT DYNAMICS OF BROOM SNAKEWEED 

(GUTIERREZL\ SAROTHRAE) AS INFLUENCED 

BY SEASONAL PRECIPTTATION PATTERNS 

Introduction 

Broom snakeweed (Gutierrezia sarothrae), a suffrutescent shrub, occupies 

large areas of the semiarid rangelands of the western U.S, northern Mexico, and 

southern Canada. It is considered a major weed and brush problem in the 

southwestern U.S. for two reasons. It is poisonous to grazing animals and 

competes with desirable species, especially, warm season grasses. The growth 

habits of snakeweed often preclude grasses from growing in the same community. 

If soil water is adequate in the fall and winter, snakeweed will remain evergreen 

and use much of the available soil water during the period when warm season 

grasses are dormant. In the early spring when grasses start growing, snakeweed 

has a distinct competitive advantage over grasses because of its above-and 

below-ground biomass (Wan et al. 1993a). 

Broom snakeweed's population fluctuates according to climatic conditions 

(Pieper and McDaniel 1989). However, when it reaches densities common to 

many southwestern rangelands, it seems no longer cyclical, but rather 

predominates year after year (Sosebee 1988). When broom snakeweed reaches 

high densities and grass production is essentially eliminated, no grazing 

management scheme will return the rangeland to productive grassland. 

Broom snakeweed has a shallow root system (Depuit and Caldwell 1975) and 

the roots can access water and nutrients at the same depth as most perennial 

grasses (Pieper and McDaniel 1989). Caldwell et al. (1987) pointed out that the 



grasses have a higher root density than most shrubs in the upper soil layers (<30 

cm). Therefore, root competition for soil water in the topsoil might favor the 

grasses. However, in summer drought when leaves of most grasses are rolled, 

broom snakeweed leaves remain turgid. This indicates that broom snakeweed 

can make better use of available soil water under soil water deficit than the 

grasses. Ueckert (1979) suggested that broom snakeweed's competitive 

advantage is related to its ability to extract soil water more efficiently than 

grasses. 

In semiarid rangelands, soil water potential at the 30-cm depth is usually less 

than -1.5 MPa, and the moisture content is about half of that at the 45-and 60-cm 

depth, except during short rainy periods (Wan and Sosebee 1990). Therefore, 

water should have primarily been taken up from the wetter subsoil. Wan et al. 

(1993c) determined higher photosynthesis, transpiration, stomatal conductance, 

and canopy development in plants with deep (>30-cm) roots growing compared 

to pot-grown plants with shallow roots. Osman and Pieper (1988) found that the 

root system of snakeweed seedlings only penetrated 27 cm after 29 weeks in 

southern New Mexico and reached a depth of 45 cm in late August. They 

attributed the ability of snakeweed to colonize a range site to its reproductive 

potential and possible early establishment, rather than accelerated early root 

growth. Although there have been extensive investigations of snakeweed, little 

is known about the role of roots, especially deeper roots, in snakeweed 

ecophysiology. 

I hypothesized that the dominance of snakeweed on southwestern U.S 

rangelands depend upon precipitation pattern, especially precipitation events 

during late fall and winter. Fall and winter precipitation enhance deeper root 

development of plants during the period when warm season grasses are dormant. 



High root length density in deeper soil layers may improve soil water uptake and 

that may explain competitive advantage of snakeweed over grasses. The 

objectives of this study were (1) to evaluate the effect of seasonal precipitation 

on root growth and development in different layers of the soil profile, and (2) to 

evaluate soil water extraction from various depths of the profile as it was related 

to seasonal precipitation. 

Material and Methods 

This study was conducted on the Texas Tech University campus in 

Lubbock, Texas, from November 1991 to March 1994. Soil of this area is 

characterized by the Amarillo series; Amarillo fine sandy loam (fine-loamy, mixed. 

Thermic Aridic Paleustalfs), a typical soil on which broom snakeweed grows on 

the Southern High Plains. The climate of Lubbock County is characterized as a 

dry steppe with mild winters. The average annual precipitation is 47.3 cm, 82.7% 

of which occurs April through October. The average yearly temperature in 

Lubbock is 14.8° C, ranging from -4.4° C in January to 33.3° C in July (Belo 

Corp. 1989). 

In September and October of 1991 and 1992,120 broom snakeweed plants 

were transplanted from a natural rangeland plant community into a nursery free of 

other plant species. The transplants were given sufficient opportunity (about 6 

months) to become established before they were subjected to any treatments. 

Three treatments were imposed on the plants. Each treatment included five 

replications in a randomized complete block design. The treatments were (1) 

rainfall plus supplementary irrigation April through mid-October, but no rainfall 

or irrigation mid-October through March; (2) no rainfall or irrigation April 

through mid-October, but rainfall plus irrigation mid-October through March; 



and (3) only natural rainfall throughout the year. The treatments were initiated 

April 1, 1992 and concluded March 13, 1994. For approximately six months 

(October through March), all plants were irrigated and weeded until the 

treatments were initiated. 

Plants subjected to irrigation were irrigated to maintain soil moisture near field 

capacity. The other plants that were not irrigated during specific periods were 

covered with a transparent, temporary "rain-out" shelter to protect them from 

natural precipitation events during the experiment. Precipitation was measured 

following each precipitation event. 

The soil water content was measured by Time Domain Reflectometry (TDR) 

(Topp et al. 1980). Paired stainless steel rods were inserted vertically into the soil 

matrix at three depths (30-, 60-, and 90 cm) with a parallel distance of 5 cm 

between each rod. Soil electromagnetic capacitance was determined by pulsing a 

wave down the rods with a TDR cable tester connected to the rods. TDR 

readings were converted to a dielectric constant and volumetric soil water was 

calculated via Topp's equation (1980): Qv=-5.3x 10-2+2.92x10-2 Ka-5.5xl0-'^ 

Ka2+4.3xl0-^ Ka^; where, Qv is the volumetric soil water content (%) and Ka is 

the dielectric constant. 

Volumetric water content (Qv) obtained with the time domain reflectometry 

was calibrated against water content determined gravimetrically (Wan et al. 

1993a). Slopes of the regression equations were not statistically different from 1 

nor were the intercepts different from 0, suggesting a 1:1 relationship (r2=0.95, 

n=27) 

Plant root samples were taken by using a soil core (100-cm length and 4-

cm diameter) three times in a year, mid-July, mid-October, and mid-March, 

within each treatment. Soil core samples were taken by hand from the ground 



surface to 90-cm soil depth and separated into three segments at 30-cm intervals. 

A total of 30 soil core samples (each 1130.4-cm^) were taken on each sampling 

date (3 treatments, 5 replications, 2 samples). Samples from each experimental 

unit within each treatment were combined before root separation from soil. The 

sampled roots were placed in plastic bags, frozen, and stored in a freezer until 

they could be measured. The roots were separated from the soil by using the soil 

sample washing machine (Smucker et al. 1982) at the USDA Plant Stress Lab in 

Lubbock, TX. Roots were separated from debris by hand at room temperature. 

After separation, roots were counted by using a line intersect method (Newman 

1966) for each sample; those values were converted to root length (cm) and root 

length density (cm per volume) with Newman's equation R=nNA/2H: where, R 

is the total length of roots (cm), N is the number of intersections between the root 

and the straight lines, A is the area of the circle (cm2), and H is the total length of 

the straight lines that are intercepted by roots. This method provided an estimate 

of total root length and root length density. Total root biomass was determined 

with an analytical scale after the total root mass was ovendried at 70°C for 24 

hours (Steen 1984). 

The experimental design was a randomize complete block (RCBD). Since 

measurements of root length were made on the same experimental unit within 

each treatment across sampling dates, the results were analyzed by repeated 

measures analysis of variance (ANOVA). The treatment, season, and year means 

were separated with Fisher's least significant difference at p< 0.05. 
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Results and Discussion 

Root Development of Broom Snakeweed 
in Top Soil (< 30 cm) 

Root length density (cm/cm^) of broom snakeweed subjected to different soil 

water regimes over spring-summer, fall, and winter seasons are summarized in 

Figure 2.1. Irrigated plants April through September had the greatest root growth 

in top soil (< 30-cm) in mid-July and mid-October. That did not change 

significantly at the end of winter (mid-March) even though no water was 

supplied from mid-October to mid-March. The average soil water contents of that 

treatment were 0.083 and 0.098 g g-1 April through September and 0.055 and 

0.04 g g-I October through March during first and second years, respectively 

(Fig. 2.2). The highest soil water content (0.13 g g-̂ ) was measured on August 

10, 1993 and lowest 0.033 g g-1 on January 30 and March 12, 1994. 

Plants were sheltered April through mid-October had the least amount of 

root growth in the top soil. Wet soil conditions in mid-October through mid-

March caused significant increase on root length density (p< 0.01). The average 

root length density increased 39.6% from mid-October to mid-March. Soil water 

content dropped to a critical level of 0.032 g g"l that causes mortality of 

snakeweed (Wan et al. 1993b) from mid-August to mid-October 1993. However, 

no plants died during this experiment. The highest soil-water content was 0.14 

and 0.12 g g'̂  and the lowest was 0.04 and 0.027 g g-1 first and second years 

respectively (Fig. 2.2). 

The check plants, receiving only natural rainfall throughout a year, had 

intermediate root growth in the top soil (< 30 cm) during all seasons. However, 

their root length density was not significantly different from irrigated plants 

during the fall and winter in mid-March (p< 0.05). The soil-water content of 



T1 m T2 13 

Mid-July Mid-October 

Sampling Times 

Mid-March 

Fig. 2.1. Root length density of broom snakeweed in the top soil (< 30 cm) in 
mid-July, mid-October, and mid-March as affected by seasonal precipitation 
patterns. Letters above bars (a, b, c) represent mean comparisons among 
treatments; x, y, and z represent comparisions of individual treatment means 
among seasons. Means followed by the same superscript are not significantly 
different at p< 0.05 (N=5). Tl: Irrigated plants April through mid-October, 
under rainout shelter mid-October through mid-March; T2 : under rainout 
shelter April through mid-October, irrigated mid-October through mid-
March; T3 : natural rainfall throughout the year. 
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Fig. 2.2. Soil water content (g/g) in 20-(a) and 30-cm (b) soil depths for 
three treatments measured with TDR April 1992 through March 1994. Tl 
Irrigated plants April through mid-October, under rainout shelter mid-
October through mid-March; T2: under rainout shelter April through mid-
October, irrigated mid-October through mid-March; T3: natural rainfall 
throughout the year. 
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check plants in top soil was as low as 0.027 and 0.029 g g'^ in November, 1992 

and 0.037 g g-1 in January, 1994. None of these plants died. 

Root length density of broom snakeweed in top soil (< 30 cm) is summarized 

as year*treatment effect in Fig. 2.3. The year*treatment interaction was not 

significant in the top soil (p< 0.29). Root length density of broom snakeweed in 

the first year of the experiment (April 1992 through March 1993) was 

significantly higher than in the second year (April 1993 through March 1994) for 

all treatments. April 1992 through March 1993 was a relatively wet naturally 

(524 mm, Fig. 2.4). April 1993 through March 1994, hawever, was relatively 

dry (299 mm. Fig. 2.4). There was 685 mm rainfall in the 12 months (Fig 2.5) 

preceding the first year of the experiment. Long-term yearly average 

precipitation is about 474 mm in Lubbock. Therefore, wet conditions during first 

experiment year, April 1992 through March 1993, apparently significantly 

enhanced root growth of snakeweed across all treatments. 

Root growth of broom snakeweed in the top soil (< 30 cm) is summarized as 

year*season effect in Fig. 2.6. Year*season interaction effect was significant (p< 

0.01). Root length density of broom snakeweed during April 1992 through 

March 1993 was significantly higher than April 1993 through March 1994 

apparently across all seasons, because of wet conditions during first year and the 

year preciding the experiment (Figs. 2.4 and 2.5). Root length density during 

first experiment year did not change over seasons, spring-summer, summer-fall, 

and fall-winter. However, root length density in mid-March of the second year 

was significantly different from mid-July and mid-October (p< 0.001 and p< 0.01 

respectively) indicating significant root growth during the winter. 

Similar results have been found by Wan et al. (1993b). They found that 

root length density was highest in well-watered plants and lowest in severely and 
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Fig. 2.3. Root length density of broom snakeweed in top soil as 
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extremely stressed plants. They also pointed out that as the soil water deficit 

developed, root length density decreased, indicating that water deficit reduced 

root growth. They did not determine, however, if severely stressed plants were 

watered following stressed conditions during fall and winter. Our results showed 

that wet fall and winter following a dry spring and summer increased root length 

density of snakeweed in top soil. However, irrigated plants from April to mid-

October and sheltered from mid-October to mid-March had the greatest root 

length density in the top soil at the end of winter. 

Caldwell et al. (1987) and Policy et al. (1992) found in grasses that root 

length or root biomass in the top soil was much greater than that of shrubs. 

However, in early spring most plant species have limited root growth in the 

topsoil, but evergreen species such as broom snakeweed already have substantial 

root biomass in the top soil. If broom snakeweed has wet springs and summers or 

wet falls and winters, its root length density in the top soil will be higher than 

relatively dry conditions during those seasons. This growth patterns can give 

broom snakeweed an early distinct competitive advantage over grasses when 

warm season grasses start grow in early spring. 

Wan et al. (1993b) determined that broom snakeweed plants died when 

gravimetric soil water content dropped to around 0.03 g/g (equivalent to a soil 

water potential of -7.5 MPa) in the top soil. In this experiment, gravimetric soil 

water content dropped that critical level (Fig. 2.2), but none of the plants died 

because of substantial root development beyond that 30-cm soil depth. 
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Root Development of Broom Snakeweed 
at The 30-60 cm Depth 

Root development of broom snakeweed at the 30-60 cm over different 

seasons is summarized in Fig. 2.7 as root length density. Irrigated plants April 

through mid-October (Tl) had the greatest root growth in subsurface soil during 

the growing season (mid-July and mid-October). When the plants were sheltered 

from mid-October to mid-March, their root length density decreased 46.2% (p< 

0.0001). Sheltered plants from April to mid-October had the least amount of root 

growth in both mid-July and mid-October, but their root length density increased 

59.3% when they were exposed to wet conditions from mid-October to mid-

March (p< 0.0001). At the end of winter season, they had the greatest amount of 

root length density at the 30-60 cm depth. Their root length density was 

significantly different from sheltered plants during winter and check plants in 

mid-March. The check plants, receiving only natural rainfall throughout a year, 

had intermediate root length density in subsurface soil in mid-July and mid-

October. Their root length density gradually decreased from mid-July to mid-

March. 

The check plants and sheltered plants from mid-October to mid-March (Tl) 

had similar root-length densities at the end of winter. During the first year of the 

experiment, 80.5% of precipitation (421 mm) came during April 1992 through 

September 1992 and only 19.5% of precipitation (102 mm) occurred from 

October 1992 to March 1993 (Fig. 2.4). During the second year of the 

experiment, 85.4% of precipitation (255 mm) came April 1993 through 

September 1993 and only 14.6% of precipitation (44 mm) came October 1993 

through March 1994 (Fig. 2.4). Therefore, root-length density of check plants in 

subsurface soil decreased about 31% from summer to winter because of the dry 
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Fig. 2.7. Root length density of broom snakeweed in the 30-60 cm soil 
depth in mid-July, mid-October, and mid-March as affected by seasonal 
precipitation patterns. Letters above bars (a, b, c) represent mean 
comparisions among treatments; x, y, and z represent seasonal comparison 
within each treatment. Means followed by the same superscript are not 
significantly different at p< 0.05 (N=5). Tl: Irrigated plants April through 
mid-October, under rainout shelter mid-October through mid-March; T2: 
under rainout shelter April through mid-October, irrigated mid-October 
through mid-March; T3: natuarl rainfall throughout the year. 
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conditions from October to March during both years. However, the soil water 

content in subsurface soil did not drop to the critical level that causes irreversible 

stress and death of broom snakeweed (Wan et al. 1993b). The lowest soil water 

content in subsurface soil was 0.05 g g-l and 0.042 g g'Mn the first and second 

of the experiment years, respectively (Fig 2.8). 

Root length density of broom snakeweed in the 30-60 cm depth is 

summarized in Fig. 2.9 as year*treatment effect. Year*treatment interaction effect 

was significant in subsurface soil root growth. Root-length density of broom 

snakeweed in the first year of the experiment was significantly higher than during 

the second year of experiment for plants irrigated during the spring and summer 

and check plants apperantly because during the first year of experiment there 

was more rainfall during than the second year. The second year of experiment 

was relatively dry year, 299 mm rainfall (Fig 2.4). Since sheltered plants from 

April to mid-October were protected from natural rainfall during the active 

growing season, the higher precipitation during the first year of the experiment 

did not significantly enhance snakeweed root length density. 

Year*season effect on root development of snakeweed in subsurface soil 

(30-60 cm) was showed in Fig. 2.10. The year*season interaction effect was not 

significant. Root-length density during the first year of the experiment was 

significantly higher than during the second year because of more precipitation in 

April 1992 through March 1993 (Fig. 2.4). The root length density during April 

1992-March 1993 decreased gradually from mid-July to mid-March. Therefore, 

root length density in mid-March was significantly lower than in mid-July and 

mid-October. Root-length density during April 1993-March 1994 did not 

significantly change from mid-July to mid-October, but it decreased from 
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Fig. 2.9. Root length density of broom snakeweed in the 30-60 cm soil depth 
as year*treatment effect during April 1992-March 1993 and April 1993-
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followed by the same superscript are not significantly different at p< 0.05 
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mid-October through mid-March; T2: imder rainout shelter April through 
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mid-October to mid-March. Consequently higher soil-water conditions April 

1992 through March 1993 significandy enhanced root growth of snakeweed in 

subsurface soil. 

Root Development of Broom Snakeweed 
in The 60-90 cm Soil Depth 

Root length density of broom snakeweed in the 60-90 cm soil depth 

during different seasons has been shown in Fig 2.11. Broom snakeweed 

produced remarkable root growth in the 60-90-cm soil. It was similar to root 

development in the 30-60 cm soil depth. Irrigated plants April through mid-

October (Tl) had the greatest root growth in deeper soil in both mid-July and 

mid-October; it was significantly different from both sheltered and check plants 

during the same season (p< 0.0001). However, average root-length density of 

plants irrigated April through mid-October decreased about 33% when they were 

sheltered from mid-October to mid-March indicating a loss of some roots in 

deeper soil when they were exposed to severe water deficit during the fall and 

winter (Fig. 2.12). Wan et al. (1993b) found similar results when broom 

snakeweed was exposed to severe water deficit; some of the roots died and 

suberization occurred in some other roots. Sheltered plants from April to mid-

October had the least amount of root length density in both mid-July and mid-

October. But, it was not significantly different from that of check plants (Fig. 

2.11). When the shelters were removed and the plants were exposed to wet 

conditions from mid-October to mid-March (Fig. 2.12), the root-length density 

increased about 109 % (p< 0.0001). At the end of the winter and the beginning 

of spring, plants irrigated during fall and winter had the greatest amount of root-

length density in the deeper soil (60-90 cm). Their root-length density was 

significandy different from the plants sheltered during the same season and check 
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plants (p< 0.001). The check plants, those receiving only natural rainfall 

throughout the year, had intermediate root growth in the deeper soil and their 

root length density did not significantly change over seasons. Root-length 

density of the check plants was not significantly different from sheltered plants 

from April to mid-October. Their root length density did not significantly increase 

from mid-October to mid-March; they had a similar root-length density in mid-

March as those plants sheltered from mid-October to mid-March. 

Year*treatment effect on root growth of snakeweed in the deeper soil (60-

90 cm) is summarized in Fig 2.13. The year *treatment interaction effect indicated 

that the wet first year and dry second year significantly affected root growth of 

snakeweed across treatments. Root-length density during the first year (April 

1992-March 1993) was higher than during the second year for only the plants 

well-watered from April to mid-October. There was no significant difference in 

root-length density between years for the plants sheltered from April to mid-

October and check plants. Therefore, more rainfall during April 1992 through 

March 1993 did not affect deeper root growth of snakeweed as much as root 

growth in the 30-60 cm soil depth apparently because less precipitation 

penetrated to the deeper soil. 

Year*season interaction affect on the root growth of snakeweed in the 60-

90 cm depth can be seen in Fig 2.14. Broom snakeweed had similar root growth 

in deeper soil during the wet year of April 1992 through March 1993 and the dry 

year April 1993 through March 1994 except for root length density in mid-

October. Root-length density of broom snakeweed was not significantly 

different between years at the end of winter in spite of dry conditions during the 

second experiment year, 299 mm rainfall in 12 months only (Fig. 2.4). Therefore, 

broom snakeweed may produce substantial root length density in deeper layer of 
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soil even during dry years. That may affect its competitive ability with grasses 

more than anything else. During both experiment year most of precipitation 

occurred from April to September, from October to March was dry season (19.5% 

and 14.6% of total precipitation occurred from October to March during the first 

and second experiment years, respectively). However, root-length density of 

broom snakeweed did not decrease in deeper soil from mid-July to mid-March 

indicating dry fall and winter did not negadvely affect deeper root growth and 

development of snakeweed. 

There is a direct relationship between the water absorption ability of plants 

and root length density. The larger the volume of soil occupied by a root system, 

the larger the volume of water available to it and the longer the plant can survive 

without replenishment of soil water by rain or irrigation (Kramer 1983). Jordan 

and Miller (1980) determined that an increase in root-length density from 1 to 2 

cm/cm^ gready improved the capacity of sorghum to extract water from the soil. 

Kramer (1983) also pointed out that removal of water from soil is more closely 

related to root-length density than to the distance from the plant. We found a 

significant increase in root-length density of snakeweed when it was exposed to 

wet conditions in both the spring-summer and fall-winter seasons. Especially 

after a wet fall and winter, root length density of snakeweed increased in deeper 

(> 30 cm ) soil. That may improve water uptake of snakeweed in the following 

spring and summer more than any other factor. It has been observed by some 

researchers (Wan, unpublished), an increase in broom snakeweed populations 

after a wet fall and winter. In the spring, most plant species have limited root 

growth in the subsoil (Wan et al. 1993d), but evergreen species such as broom 

snakeweed already have substantial root biomass in subsoil. The root growth of 
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snakeweed will be remarkably greater if broom snakeweed had a wet fall and 

winter. Therefore, during the eariy part of the growing season, broom 

snakeweed will have distinct competitive advantage over grasses. If the surface 

soil is dry during the dry season of the year, broom snakeweed will take up water 

from deeper soil. 

The ecological significance of deep root systems of broom snakeweed has 

recently been pointed out by others. Wan et al. (1993c) determined higher 

photosynthesis, transpiration, stomatal conductance, and canopy development 

in snakeweed with deep roots. They also determined that a deep root system had 

a higher rate of water absorption and transport than did shallow root systems. In 

our experiments, the proportion of root length density in deeper soil (> 30 cm) to 

total root-length density at the end of winter was 27.9% in sheltered plants 

during the fall and winter, 52% in well-watered plants during fall and winter, and 

38% in check plants. If we consider the higher water uptake capacity of deeper 

roots, the total water uptake from deeper roots will be considerably greater than 

shallow roots (< 30 cm), especially if broom snakeweed has a wet soil during the 

fall and winter. Wan et al. (1993c) found greater water uptake capacity of deep 

roots. They found that plants with deeper roots also had higher hydraulic 

conductivity than shallow roots. They pointed out that total hydraulic 

conductance and stomatal conductance were both highly related to the 

proportion of deeper root length to total root length. As it can be seen, hydraulic 

capacity of broom snakeweed is apparendy determined largely by deeper roots. 

Richards (1986) pointed out that water in the surface soil often has a 

shorter duration than the subsurface water. Wan and Sosebee (1990) found that 

in semiarid rangelands soil water potendal at the 30-cm depth was usually less 

than -1.5 MPa, and the water content is about half of that at the 45- and 60-cm 
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depth, except during short rainy periods. Therefore, more available water will be 

available in deeper soils on semiarid rangelands most of the time. Since broom 

snakeweed may produce substantial root in deeper soil, water in deeper soil will 

be available for broom snakeweed. Deep root system and greater water uptake 

capacity of deeper roots can make broom snakeweed a successful competitor 

with grasses on semiarid rangelands. 

Broom snakeweed root penetration was found to 90-cm soil depth and 

considerable root growth at 60 to 90-cm was determined in both well-watered 

and non-watered plants. Some roots growing beyond 90-cm were also observed, 

but because of the calcareous layer root sample could not taken. Rooting depth 

of snakeweed was comparable with that of shallow rooted Agropvron that had a 

rooting depth of 130 cm (Caldwell et al. 1987). Broom snakeweed has been 

referred to as a shallow rooted species with a rooting depth of about 60 cm and 

the majority of the root system in the upper 30 cm of the soil (Campbell and 

Bomberger 1934). Ragsdale (1969) found that one-year-old snakeweed 

seedlings in Texas had a root system 33 cm deep. Weaver (1968) reported that 

the maximum spread of snakeweed's abundant laterals occurred in the upper 30 

to 60 cm soil profile. Osman and Pieper (1988) reported that the average rooting 

depth for one-year-old snakeweed plants in New Mexico was 45 cm. Thus, the 

maximum rooting depth of snakeweed has been recognized as 45 to 60 cm with 

the majority of roots in the upper soil profile; the ecological significance of 

deeper roots has not been taken into consideration. Maximum rooting depth of 

snakeweed may vary depending of rangeland conditions, however; substantial 

root length density in subsurface soil accompanied by greater ability to take up 

water by deeper roots (Wan et al. 1993c) may significandy improve the 

competitive ability of snakeweed. 
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A decrease in root length density was found when broom snakeweed was 

exposed to dry conditions during late the fall and winter following a wet spring 

and summer; and also non-watered plants during die spring and summer had the 

least root growth. Similarly, Wan et al. (1993b) found that as soil water deficit 

developed, root length density decreased indicating that water deficit reduced 

root proliferation. They also found increased proportion of suberized and dead 

root biomass under soil water deficits. Therefore, water deficits during die fall and 

winter may cause death or suberization of roots that were produced during the 

previous spring and summer. On the other hand, water deficit during the spring 

and summer should be a major factor determining less root growth in top and 

subsurface soil. 

It has been suggested that broom snakeweed's competitive advantage is 

related to its ability to extract soil water more efficiendy than grasses (Ueckert 

1979). Wan et al. (1993d) found that snakeweed can deplete water more 

efficiendy from 30 to 60 cm of soil than grasses which is related to subsurface 

root length density and greater root biomass at lower depths than the grasses 

(Caldwell et al. 1987, Policy et al. 1992). Wan et al. (1993d) compared water 

absorption of broom snakeweed with sand dropseed. They found that broom 

snakeweed extracted more water from greater soil depth than sand dropseed 

indicating greater root length density of snakeweed in subsoil layers (> 30 cm). 

Even though broom snakeweed described as a shallow rooted species (Depuit 

and Caldwell 1975), it has the ability develop deeper root to insure water 

absorption during dry conditions and its more efficiendy soil water extraction 

should be related to its greater root length density in subsoil. 

Broom snakeweed had a higher root length density in April 1992-March 

1993 than in April 1993-March 1994 in both shallow and subsurface soil. 
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Because April 1992 through March 1993 was relatively wet (524 mm) and April 

1993 through March 1994 was relatively dry (299 mm which is 63% of long term 

average precipitation). Therefore, during the wet years (above the average 

rainfall), broom snakeweed may repopulate a plant community because of higher 

root length density and biomass in top and subsurface soil. Sosebee et al. (1981) 

reported that broom snakeweed is often the first species to populate a plant 

community when environmental conditions become more favorable. 

Conclusion 

Soil water conditions during the spring-summer and fall-winter seasons 

affected root growth of broom snakeweed in both shallow (< 30 cm) and deep 

soil (30-90 cm). While a wet spring and summer enhanced both shallow and 

deeper root growth, dry conditions during the spring and summer produced the 

least amount of root growth at both soil depths. A dry fall and winter following a 

wet spring and summer caused some roots to die and others to become suberized. 

Whereas, a wet fall and winter following a dry spring and summer enhanced root 

growth in both shallow and deeper soil, although root growth was enhanced 

more in the deeper than in the shallow soil. Plants irrigated during the fall and 

winter had the greatest root length density in the deeper soil at the end of winter. 

Since there is direct relationship between water absorption ability of plants 

and root length density (Kramer 1983), the larger the volume of soil occupied by 

a root system, the larger the volume of water will be available and absorbed. 

Therefore, broom snakeweed may absorb more water from deeper soil than 

shallow soil because of substantial root length density in the deeper soil and 

possibly a higher hydraulic conductivity. Greater root-length density in deeper 

soil after a wet fall and winter may give a greater competitive advantage to 
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snakewed, therefore, its population can increase in rangelands as it is 

experienced. Broom snakeweed also produced substantial root length in the 

deeper soil even during a dry year (April 1993-March 1994) enhancing deeper 

root growth during dry conditions. Therefore, snakeweed can extract deeper soil 

water more efficiendy than grasses which have less root length density in deeper 

soil. 
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CHAPTER m 

SEASONAL PATTERNS OF CANOPY AND 

RELATIVE ROOT DEVELOPMENT OF BROOM 

SNAKEWEED (GUTIERREZL\ SAROTHRAE) AS 

INFLUENCED BY SEASONAL PRECIPITATION 

Introduction 

Broom snakeweed (Gutierrezia sarothrae) is a widespread suffrutescent shrub 

on large areas of the semiarid rangeland of the western U.S. and southern 

Canada. It is considered an undesirable plant on these rangelands because of 

competition with desirable forage plants and because of its toxic properties 

(Ueckert 1979, McDaniel et al. 1982). Native grass production is often 100 to 

800% higher on snakeweed free rangeland compared to yield under a dense 

snakeweed stand (Ueckerd 1979, McDaniel et al. 1982). The losses in herbage 

growth may be a more serious problem than poisonous properties associated with 

the species. Snakeweed has a low forage value and it is seldom grazed unless 

other forage supplies are low. Livestock losses attributable to broom snakeweed 

and related species in Texas many years ago were estimated at 2 to 3 million 

dollars annually (Dollahite and Anthony 1957). 

Snakeweed populations fluctuate according to climatic conditions (Jameson 

1970, Pieper and McDaniel 1989). However, when it reaches densities common 

to many southwestern rangelands, it seems no longer cyclical, but rather 

predominates year after year (Sosebee 1988). If soil water is adequate in the fall 

and winter, snakeweed will remain evergreen and use much of the available soil 

water during the period when warm season grasses are dormant. In the early 

spring when grasses start growing, snakeweed has a distinct competitive 
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advantage over grasses because of its above and below ground biomass (Wan et 

al. 1993a). 

Growth patterns of broom snakeweed are very erratic; it may vary from one 

area to another over fairiy short distances and among years (Nadabo et al. 1979). 

Such erratic growth patterns create difficulties when making decision on 

management of snakeweed. Therefore, additional information is needed to 

isolate and identify specific phenological stages or soil water conditions to 

explore conditions favoring growth of snakeweed. A thorough knowledge of 

the ecology of broom snakeweed could lead to more effective control or 

management of this noxious rangeland weed. The objectives of this study were 

to determine seasonal changes in volume and biomass of snakeweed canopies 

and biomass allocation among plant parts as well as root development in relation 

to shoot growth throughout a year. 

Material and Methods 

This study was conducted on the Texas Tech University campus in Lubbock, 

Texas from November, 1991 to March, 1994. Soil of this area is characterized by 

the Amarillo series; Amarillo fine sandy loam (fine-loamy, mixed, thermic Aridic 

Paleustalfs), a typical soil on which broom snakeweed grows on the Southern 

High Plains. The climate of Lubbock County is characterized as a dry steppe 

widi mild winters. The average annual precipitation is 47.3 cm, 82.7% of which 

occurs April through October. The average yeariy temperature in Lubbock is 

14.8° C, ranging from -4.4** C in January to 33.3° C in July (Belo Corp. 1989). 

In September and October of 1991 and 1992,120 broom snakeweed plants 

were transplanted from a natural rangeland plant community into a nursery free of 

other plant species. The transplants were given sufficient opportunity (about 6 
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months) to become established before they were subjected to any treatments. 

Three treatments were imposed on the plants. Each treatment included five 

replications in a randomized complete block design. The treatments were (1) 

rainfall plus supplementary irrigation April through mid-October, but no rainfall 

or irrigation mid-October through mid-March; (2) no rainfall or irrigation April 

through mid-October, but rainfall plus irrigation mid-October through mid-March; 

and (3) only natural rainfall throughout the year. The treatments were initiated 

April 1, 1992 and concluded on March 13, 1994. For approximately six months 

(October 1991 through March 1992 and October 1992 through March 1993), all 

plants were irrigated 3-4 times in a small amount and weeded until the treatments 

were initiated. 

Plants subjected to irrigation were irrigated to maintain soil moisture near field 

capacity. The other plants that were not irrigated during specific periods were 

covered with a transparent, temporary "rain-out" shelter (3x4 m) to protect them 

from natural precipitation events during the experiment. Precipitation was 

measured following each precipitation event. 

The soil water content was measured by Time Domain Reflectometry (TDR) 

(Topp et al. 1980). Paired stainless steel rods were inserted vertically into the soil 

matrix at three depths (30, 60, and 90 cm) with a parallel distance of 5 cm 

between each rod. Soil electromagnetic capacitance was determined by pulsing a 

wave down the rods with a TDR cable tester connected to the rods. TDR 

readings were converted to a dielectric constant and volumetric soil water was 

calculated via Topp's equation (1980): Qv=-5.3x 10-2+2.92x10-2 Ka-5.5xl0-4 

K;a2+4.3xl0-^ Ka^; where, Qv is the volumetric soil water content (%) and Ka is 

the dielectric constant. 
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Volumetric water content (Qv) obtained with TDR was calibrated against 

water content determined gravimetrically (Wan et al. 1993a). Slopes of the 

regression equations were not statistically different from 1, nor were the 

intercepts different from 0, suggesting a 1:1 relationship (r2=0.95, n=27). 

Plant relative canopy development was determined in mid-July, mid-October, 

and mid-March over the two-year study. In the nursery, the canopy diameter 

and height were measured. Canopy volume was calculated from height and 

diameter measurements using the formula (4/3 n a2 b, where a: radius and b: 

height) for an upper half spheroid as given by Ludwig et al. (1975). After 

diameter and height measurements were made, the whole canopies of plants were 

collected and taken to the lab. In the lab, green tissues of plants (green stem and 

leaves) were separated from woody stems. Green tissue area was measured with a 

Li-Cor leaf area meter. The dry weights of green tissue and woody stems were 

determined after oven-drying at 70**C for 24 hours. Dried components were 

allowed to equilibrate to normal laboratory temperature and relative humidity and 

then weighed individually to the nearest decigram. Total above ground biomass 

(DW) was calculated from green tissue and woody stem dry weights. Root/shoot 

ratios of plants were also be calculated by using plant root length density, 

determined in a complementary study, and above-ground biomass. 

The experimental design was a randomize complete block. Since 

measurements of the canopy were made on the same experimental unit within 

each treatment across sampling dates, the results were analyzed by repeated 

measures analysis of variance. The treatment, season, and yeariy means were 

separated with Fisher's least significant difference at p< 0.05. 
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Results and Discussion 

Seasonal Snakeweed Canopy Volume 

Canopy volume of broom snakeweed subjected to different soil water 

regimes over the spring-summer, fall and winter seasons are summarized in Figure 

3.1. Irrigated plants April through mid-October had the greatest canopy volume 

in mid-July, mid-October, and mid-March because of adequate soil water 

conditions during the growing season. Their canopy volume was 2.5- to 3-fold 

greater than non-irrigated plants during April to mid-October. Sheltered plants 

from April to mid-October had the lowest canopy volume indicating a water 

deficit during the growing season is the main factor causing a significant 

reduction on canopy volume. The check plants, receiving only natural rainfall 

throughout the year, had intermediate canopy volume; their canopy volume was 

significandy different from plants sheltered during April to mid-October during all 

seasons. 

Canopy volume of snakeweed increased from mid-July to mid-October for 

the plants irrigated and sheltered April through mid-October, but it did not 

significantly increase in check plants; then it slightiy decreased from mid-October 

to mid-March for the plants sheltered and irrigated during fall and winter. 

Nadabo et al. (1979) found an increase in canopy volume of snakeweed through 

July, August and September; after September, they determined a decline in 

canopy volume similar to my results. Wan et al. (1993a) found that when broom 

snakeweed subjected to a severe water stress water loss was mainly regulated 

through reduced canopy size rather than stomatal closure. I also detected the 

lowest canopy size when plants was exposed to a severe water deficit during the 

growing season indicating that snakeweed mainly controls water loss through 

reduced canopy size. Sheltered plants canopy volume increased until 
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Fig. 3.1. Average snakeweed canopy volume in mid-July, mid-October, and 
mid-March as affected by seasonal precipitation. Letters above bars (a, b, c) 
compare treatment means; x, y, and z compare seasonal means within each 
treatment. Means followed by the same superscripts are not significandy 
different at p< 0.05 (N=5). Tl: Irrigated plants April through mid-October, 
under rainout shelter mid-October through mid-March; T2: under rainout 
shelter April through mid-October, irrigated mid-October through mid-
March; T3: natural rainfall throughout the year. 
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mid-October, however, their canopy volume were significandy lower than check 

plants in mid-October (end of growing season). No sheltered plants died even 

though they did not receive any irrigation for 6 months, from April to mid-

October. 

Canopy volume of broom snakeweed is shown in Figs. 3.2 and 3.3 as 

year*treatment and year*season*treatment interaction, respectively. The year 

treatment interaction effect was significant, but the year*season*treatment 

interaction effect was not significant. Plants irrigated from April to mid-October 

(Tl) had a very similar canopy volume in 1992-93 and 1993-94 because water 

conditions were similar in both years during the growing season. However, the 

canopy volume significandy decreased during the second year for the plants 

sheltered from April to mid-October and Check plants (Fig 3.2 and 3.3). The 

different growth pattern of check plants in 1992-93 and 1993-94 was related to 

differences in precipitation in the first and second years (Fig 3.4). April 1992 

through March 1993 was relatively wet receiving 524 mm rainfall in 12 months 

(Fig. 3.4). April 1993 through March 1994, on the other hand, was relatively dry 

during which only 299 mm rainfall fell in 12 months (Fig 3.4). The different 

growth pattern in sheltered plants from April to mid-October, however, was 

related to the precipitation pattern before the experiments started rather than 

precipitation during the growing season. There was 685 mm rainfall in 12 months 

prior to first year of experiment, April 1991 through March 1992 (Fig. 3.5). 

Long-term yearly average precipitation is about 474 mm in Lubbock. At the 

beginning of second experimental year, soil water content was relatively low 

compared to the first year (Fig. 3.6) because of relatively dry fall and winter in 

1992-1993. Therefore, different precipitation distribution in the fall and winter 

during the first and second experimental years has significandy affected canopy 

44 



s 

O 
> 

8 

250-, 

200-

150-

100-

1992-93 

1993-94 

T2 

Treatments 

Fig. 3.2. Average snakeweed canopy volume as year*treatment effect 
during April 1992-March 1993 and April 1993-March 1994. Letters above 
bars (a, b) represent mean comparison between years with each treatment. 
Means having the same superscript are not significandy different at p< 
0.05 (N=5). Tl: Irrigated plants April through mid-October, under rainout 
shelter mid-October through mid-March; T2: imder rainout shelter April 
through mid-October, irrigated mid-October through mid-March; T3: 
natural rainfall throughout the year. 
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Fig. 3.3. Average snakeweed canopy volume as year*season*treatment 
effect from July 1992 to March 1994. Letters on the lines (a, b, c) 
represent treatment mean comparison within a season. Means followed 
by the same superscript are not significandy different at p< 0.05 (N=5). 
Tl: Irrigated plants April through mid-October, under rainout shelter 
mid-October through mid-March; T2: under rainout shelter April 
through mid-October, irrigated mid-October through mid-March; T3: 
natural rainfall throughout the year. 
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Fig. 3.4. Monthly average and monthly total precipitation (mm) April 
1992 through March 1994 for the Texas Tech University campus, 
Lubbock, TX. 
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Fig. 3.5. Monthly average and monthly total precipitation (mm) April 
1991 through March 1992 for the Texas Tech University campus, 
Lubbock, TX. 
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Fig. 3.6. Soil water content (g/g) in 20-(a) and 30-cm (b) soil depths for 
three treatments measured with TDR April 1992 through March 1994. Tl 
Irrigated plants April through mid-October, under rainout shelter mid-
October through mid-March; T2: under rainout shelter April through mid-
October, irrigated mid-October through mid-March; T3: natural rainfall 
throughout the year. 
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development of the sheltered plants indicating that the growth pattern of 

snakeweed is not only dependent up on precipitation during the growing season, 

it is also dependent upon the previous year's precipitation distribution, especially, 

if precipitation occurs during the fall and winter. Canopy size of sheltered plants 

during April to mid-October of the second year produced the lowest canopy size. 

Wan et al. (1993a) also found similar results. They found canopy size of 

snakeweed became very low under low soil water availability. Apparendy, 

broom snakeweed reduces its canopy size according to soil water availability 

indicating that water loss of the plant is mainly controlled by reduced canopy 

size. If soil water is extremely low, canopy size of snakeweed will also be 

extremely low. Nadabo et al. (1979) pointed out that the growth pattern of 

snakeweed may vary from one area to another over fairly short distances and 

among years. In my study, the growth pattern of snakeweed varied among years 

as well as among treatments; however, it was mainly dependent upon soil water 

conditions and precipitation patterns. The growth pattern of snakeweed may be 

predictable depending on precipitation in the preceding year and during the 

growing season. That information may be useful making decision in snakeweed 

control programs. Soil water content in the upper 20 or 30 cm of the profde is 

the most important factor determining canopy volume size of snakeweed and can 

be used in making decision in snakeweed control programs. 

Photosynthetic Green Tissue Development of 
Broom Snakeweed 

Green tissue area of broom snakeweed in mid-July, mid-October, and mid-

March is shown in Fig 3.7. Plants irrigated from April to mid-October (Tl) had 
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Fig. 3.7. Average green tissue area of broom snakeweed in mid-July, mid-
October, and mid-March as effected by seasonal precipitation. Letters above 
bars (a, b, c) represent treatment mean comparison; x, y, and z represent 
seasonal comparison within each treatment. Means followed by the same 
superscript are not significandy different at p< 0.05 (N=5). Tl: Irrigated 
plants April through mid-October, under rainout shelter mid-October through 
mid-March; T2: under rainout shelter April through mid-October, irrigated 
mid-October through mid-March; T3: natural rainfall throughout the year. 
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the greatest green tissue area in mid-July and mid-October, about 6000 to 7000-

cm2/plant. Their green tissue area was about 3- to 4-fold greater than sheltered 

plants during the same season indicating significant enhancement of green tissue 

under adequate soil water conditions during the growing season. Plants 

sheltered April through mid-October, on the other hand, had the lowest amount 

of green tissue in mid-July and mid-October, about 1700 to 1900-cm2/plant. The 

check plants, receiving only natural rainfall had an intermediate amount of green 

tissue in mid-July and mid-October. The green tissue in the check plants was 

significandy different from sheltered plants in mid-July and mid-October. Green 

tissue of snakeweed increased until mid-July and there was no significant 

increase in green tissue area of snakeweed from mid-July to mid-October. At the 

end of winter, the plants irrigated from mid-October to mid-March had more 

green tissue, but it was not significantly higher than other treatments. In the 

present study, soil-water content during the growing season was apparendy an 

important factor affecting green tissue of snakeweed. The higher than average 

precipitation during growing season significantly stimulated green tissue 

development, whereas, dry conditions during growing season significandy 

reduced total green tissue of snakeweed, indicating water loss from the plant is 

controlled by reduced green tissue area. Wanetal. (1993b) found similar results 

in broom snakeweed growing in pots. They also pointed out that canopy 

development of broom snakeweed was affected more by soil-water deficit than 

either photosyndiesis and transpiration. Adequate soil water conditions during 

the fall and winter stimulated leaf growth on the basal stems; therefore, plants 

irrigated during fall and winter (T2) had more green tissue than other plants, but 

it was not significant since green tissue area values in mid-March were much 

lower than diat in mid-July and mid-October. However, separate green tissues 
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dry weight/ non-green stem dry weight (GTDW/SDW) ratio analysis in mid-March 

revealed that plants irrigated during the fall and winter had the highest 

GTDW/SDW ratio in mid-March 1993 and 1994, followed check plants and 

plants sheltered during the fall and winter (Fig. 3.8). Plants irrigated during the 

fall and winter started growing quickly in the early spring as soon as weather 

warmed up. Therefore, those snakeweed plants may have a distinct competitive 

advantage over grasses during the early part of the growing season. 

Green tissue area of broom snakeweed is shown in Fig 3.9 as year*treatment 

effect and in Fig 3.10 as year*season*treatment effect. Year*treatment and 

year*season*treatment effects were both significant. Plants irrigated from April 

to mid-October (Tl) had more green tissue area in the second year, April 1993-

March 1994. This response apparently was not related to soil water conditions 

because similar soil water conditions were provided in both years for irrigated 

plants during the growing season. The check plants, receiving only natural 

rainfall, had less green tissue development during the second year. That different 

growth pattern of check plants in first and second years of the experiment 

apparendy was related to different precipitation patterns in first and second years 

of the experiments (Fig. 3.4). Precipitation of die first experimental year was 524 

mm; the amount in the second year was 299 mm (Fig. 3.4). Plants sheltered from 

April to mid-October also had less green tissue development in the second 

experimental year. The different growth pattern of sheltered plants occurred 

because of differences in soil-water content at the beginning of experiment in the 

first and second year. The different soil-water conditions at the beginning of the 

experiment in first and second year was the result of previous precipitation, 

especially, precipitation during the fall and winter. Amount of natural 
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Fig. 3.8. Green tissue dry weight:stem dry weight (GTDW/SDW) ratio of 
snakeweed in mid-March 1993 and 1994 as affected by fall and winter 
precipitation. Letters above bars (a, b) represent mean comparison between 
years with each treatment; x, y, and z represent treatment mean comparison 
within each year. Means having the same superscript are not significantly 
different at p< 0.05 (N=5). Tl: Irrigated plants April through mid-October, 
imder rainout shelter mid-October through mid-March; T2: under rainout 
shelter April through mid-October, irrigated mid-October through mid-
March; T3: natural rainfall throughout the year. 
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Fig. 3.9. Average snakeweed green tissue area as year*treatment effect from 
April, 1992 to March, 1994. Letters above bars (a, b) represent mean 
comparison between years with each treatment. Means followed by the same 
superscript are not significandy different at p< 0.05 (N=5). Tl: Irrigated 
plants April through mid-October, under rainout shelter mid-October through 
mid-March; T2: under rainout shelter April through mid-October, irrigated 
mid-October through mid-March; T3: natural rainfall throughout the year. 
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Fig. 3.10. Average snakeweed green tissue area as year*season*treatment 
effect over two experiment years (1992-93 and 1993-94). Letters above bars 
(a, b, c) represent treatment mean comparison within each month. Means 
followed by the same superscript are not significandy different at p< 0.05 
(N=5). Tl: Irrigated plants April through mid-October, under rainout shelter 
mid-October through mid-March; T2: under rainout shelter April through mid-
October, irrigated mid-October through mid-March; T3: natural rainfall 
throughout the year. 
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precipitation and its distribution during the growing season in the first and 

second years were quite different, but that did not affect the sheltered plants. 

Therefore, the beginning soil-water content mainly determined green tissue 

development of snakeweed in the sheltered plants during April through mid-

October. Consequendy, green tissue development of snakeweed was not only 

determined by the precipitation during the growing season, but it was also 

determined by the precipitation during the previous fall and winter. Green tissue 

development of snakeweed varied among treatments as well as seasons, but it 

was directly related to soil water conditions or precipitation during the growing 

season or during the previous year. Direct relationships between soil water 

conditions and canopy development of snakeweed may be significant when 

making decision in control program of snakeweed. If there is a drought (less than 

the long-term average precipitation) during growing season or at the end of 

winter, less canopy or active photosynthetic tissue development of snakeweed 

can be expected; control of snakeweed may not be necessary or economically 

feasible. Wet conditions during growing season or during the previous fall and 

winter may significandy enhance canopy development of snakeweed; therefore, 

control of snakeweed may be necessary. 

Above-Ground Biomass of Broom Snakeweed 

Average snakeweed above-ground biomass in mid-July, mid-October, and 

mid-March is given in Fig 3.11. Plants irrigated from April to mid-October (Tl) 

produced the greatest above-ground biomass. It was about 3.5-fold greater than 

plants sheltered during the same season. Plants sheltered from April to mid-

October had the lowest above-ground biomass during all seasons and check 
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Fig. 3.11. Average snakeweed above-ground biomass in mid-July, mid-
October, and mid-March as affected by seasonal precipitation. Letters above 
bars (a, b, c) represent treatment mean comparison; x, y, and z represent 
seasonal comparison within each treatment. Means having the same 
superscript are not significandy different at p< 0.05 (N=5). Tl: Irrigated 
plants April through mid-October, under rainout shelter mid-October through 
mid-March; T2: under rainout shelter April through mid-October, irrigated 
mid-October through mid-March; T3: naturall rainfall throughout the year. 
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plants, receiving only natural rainfall, had an intermediate amount of above-

ground biomass. The differences between sheltered plants (T2) and check plants 

(T3) was not significant indicating sheltered plants produced above-ground 

biomass as much as plants growing under natural rainfall. Sheltered plants did 

not receive any water for about 6 months, from April to mid-October, but no 

plants died; rather, they produced remarkable above-ground biomass, especially 

in the first experiment of year. Plants irrigated April through mid-October and 

check plants above-ground biomass increased until mid-October, then it 

decreased from mid-October to mid-March; however, sheltered plants above-

ground biomass remained same during all seasons. Wan et al. (1993c) found that 

snakeweed above-ground biomass increased continuously and linearly until mid-

June in a pot grown snakeweed plants. However, I observed an increase in 

above-ground biomass of snakeweed until the end of September for the both 

irrigated and check plants during growing season, but the increase in irrigated 

plants was more linear. 

Average snakeweed above-ground biomass as year*treatment and as 

year*season*treatment effects are shown in Figs. 3.12 and 3.13, respectively. 

Above-ground biomass of irrigated plants April through mid-October was 

relatively similar in both experiment years since soil water conditions were similar 

in both years. Plants sheltered from April to mid-October and the check plants 

had lower above-ground biomass in the second year of the experiment. The 

different above-ground biomass of check plants in the first and second year was 

related to different amounts of precipitation in the first and second year (April 

1992-March 1993 and April 1993-March 1994). There was approximately two

fold differences in the total amount of rainfall came in the first and second years 

(Fig 3.4). However, the differences in above-ground biomass of plants sheltered 
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Fig. 3.12. Average snakeweed above-ground biomass as year*treatment 
effect from April, 1992 to March, 1994. Letters above bars (a, b) represent 
mean comparison between years with each treatment. Means followed by 
the same superscript are not significandy different at p< 0.05 (N=5). Tl: 
Irrigated plants April through mid-October, imder rainout shelter mid-
October through mid-March; T2: imder rainout shelter April through mid-
October, irrigated mid-October through mid-March; T3: natural rainfall 
throughout the year. 
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Fig. 3.13. Average snakeweed above-ground biomass as 
year*season*treatment effect from July, 1992 to March, 1994. Letters above 
bars (a, b, c) represent treatment mean comparison within a season. Means 
followed by the same superscript are not significandy different at p< 0.05 
(N=5). Tl: Irrigated plants April through mid-October, under rainout shelter 
mid-October through mid-March; T2: under rainout shelter April through 
mid-October, irrigated mid-October through mid-March; T3: natural rainfall 
throughout the year. 
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(T2) in the first and second years happened because of the differences in the 

beginning soil water content, which is determined by precipitation in previous 

years, in first and second years rather than precipitation during the growing 

season. Therefore, precipitation during the previous year and during the 

growing season both significandy affected above-ground biomass of snakeweed. 

It was remarkable that plants sheltered during April through mid-October 

produced as much above-ground biomass following wet year (April 1991-March 

1992) as plants growing under natural rainfall during the growing season. After a 

wet fall and winter, broom snakeweed may develop substantial above-ground 

biomass even if it is exposed dry conditions (lower than average precipitation) 

during the growing season. Nadabo et al. (1979) stated that the growth pattern 

of snakeweed is very erratic and it may vary from one area to another and among 

years. In this study, the snakeweed growth pattern also varied among years 

within treatment and between treatments, but it was mainly dependent upon soil 

water content and precipitation from previous years or precipitation during the 

growing season. Therefore, snakeweed had an orderly growth pattern when it 

was exposed to similar soil water conditions in different locations and during 

different years. 

Green tissue dry weight (GTDW) and stem dry weight (SDW) of 

snakeweed in April 1992-March 1993 and April 1993-March 1994 are 

summarized in Tables 3.1 and 3.2. During the first year of experiment green 

tissues dry weight of irrigated plants April through mid-October increased until 

mid-October, however, dieir stem dry weights remained relatively same. Irrigated 

plants (Tl) persent GTDW and SDW in mid-October were similar to percentages 

in mid-July. GTDW of plants sheltered Apriltomid-October (1992-1993) did not 

significandy decrease from mid-July to mid-October; however, their percent 
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Table 3.1. Green tissue dry weight (GTDW) and non-green stem dry weight 
(SDW) of broom snakeweed in 1992-1993 experiment year; A, b, and c represent 
seasonal mean comparison within each treatment. Means followed by the same 
superscript are not significandy different at p< 0.05 (N=5). Tl: Irrigated plants 
April through mid-October, under rainout shelter mid-October through mid-
March. T2: Under rainout shelter April through mid-October, irrigated mid-
October through mid-March. T3: Naturall rainfall throughout the year. 

1992-1993 

Tl T2 T3 

Mid-
July 

Mid-
October 

Mid-
March 

GTDW 

272.2 a 

78% 

362.22 b 

78% 

21.04c 

6% 

SDW 

76.52 a 

22% 

102.76 a 

22% 

313.44 b 

94% 

GTDW 

99.18 a 

81% 

127.34 a 

73% 

27.53 b 

14% 

SDW 

23.56 a 

19% 

46.02 a 

27% 

176.30 b 

86% 

GTDW 

118.12a 

74.5% 

202.22 b 

73% 

20.58 c 

10% 

SDW 

40.48 a 

25.5% 

76.32 b 

27% 

178.12 c 

90% 
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Table 3.2. Green tissue dry weight (GTDW) and non-green stem dry weight 
(SDW) of broom snakeweed in 1993-1994 experiment year; A, b, and c represent 
seasonal mean comparison within each treatment. Means followed by the same 
superscript are not significandy different at p< 0.05 (N=5). Tl: Irrigated plants 
April through mid-October, under rainout shelter mid-October through mid-
March. T2: Under rainout shelter April through mid-October, irrigated mid-
October through mid-March. T3: Naturall rainfall throughout the year. 

1993-1994 

Mid-
July 

Mid-
October 

Mid-
March 

Tl 

GTDW 

277.82 a 

83% 

469.35 b 

78% 

8.29 c 

3% 

SDW 

57.84 a 

17% 

133.59 b 

22% 

310.68 c 

97% 

GTDW 

52.14 ab 

81% 

90.66 a 

73% 

10.64 b 

18% 

r2 

SDW 

11.% a 

19% 

32.87 a b 

27% 

49.28 b 

82% 

13 

GTDW 

111.98 a 

83% 

154.25 a 

80% 

7.39 b 

10% 

SDW 

23.61 a 

17% 

38.16 a b 

20% 

69.59 b 

90% 
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GTDW decreased, while percent SDW values tended to increased. Therefore, 

the green tissue/woody stem ratio (GTDW/SDW) declined from mid-July to mid-

October in sheltered plants. Wan et al. (1993b) also found a linear decline in the 

green tissue/woody stem ratio of snakeweed when it was exposed to soil water 

deficit. The percent GTDW and SDW of check plants in 1992-1993 experiment 

did not change significandy from mid-July to mid-October even though absolute 

values increased until mid-October indicating that they were not adversely 

affected water stress. GTDW and SDW values found in the second year of 

experiment were relatively similar to values found in the first experiment year 

(Table 3.2). 

The percent green tissue dry weight of irrigated plants from mid-October to 

mid-March was noticeable high at the end of winter season in both years (14% 

and 18%, respectively) indicating that the wet fall and winter stimulated leaf 

growth on the basal stems. More leaf area on the basal stems in the fall and 

winter supports greater root development of snakeweed during winter; therefore, 

giving the competitive advantage to snakeweed over dormant, warm season 

grasses. 

Shallow Root (0-30 cm): Shoot Relationship of 
Broom Snakeweed 

Shallow root (0-30 cm): shoot ratio of snakeweed is shown in Fig 3.14. 

Shallow root:shoot ratio of check plants, receiving only natural rainfall, was 

higher than the other plants in mid-July and mid-October, but the difference was 

not significant. Plants irrigated or sheltered from April to mid-October had similar 

of shallow root:shoot ratios in mid-July and mid-October. Shallow root:shoot 

ratio of plants irrigated from April to mid-October (Tl) did not significantly 
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Fig. 3.14. Shallow root: shoot ratio of snakeweed in mid-July, mid-October, 
and mid-March as affected by seasonal precipitation. Letters above bars (a, 
b, c) represent treatment mean comparison; x, y, and z represent seasonal 
comparison within each treatment. Means having the same superscript are 
not significandy different at p< 0.05 (N=5). Tl: Irrigated plants April 
through mid-October, under rainout shelter mid-October through mid-
March; T2: under rainout shelter April through mid-October, irrigated mid-
October through mid-March; T3: natural rainfall throughout the year. 
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change over the seasons. Shallow root:shoot ratio of check plants increased from 

mid-October to mid-March. Shallow root:shoot ratio of check plants in mid-

March was different from the ratio in mid-October, but it was not different from 

the ratio in mid-July. Plants irrigated from mid-October to mid-March (T2) had 

the greatest shallow root:shoot ratio in mid-March which was significandy 

different the ratios obtained from mid-July and mid-October indicating that root 

growth in the shallow soil (0-30 cm) was favored during the fall and winter. At 

the end of the winter, plants irrigated during fall and winter (T2) had the highest 

ratio followed the check plants and lowest in plants sheltered during the fall and 

winter. 

Subsurface Root (30-90 cm): Shoot Relationship of 

Broom Snakeweed 

Subsurface root (30-90 cm):shoot ratio of snakeweed is given in Fig 3.15. 

Plants sheltered from April to mid-October and check plants had higher 

subsurface root:shoot ratios in mid-July and mid-October than plants irrigated 

during same season, but the difference was not significant. However, higher 

subsurface root:shoot ratios of sheltered and check plants indicates that root 

growth in deeper soil was favored over shoot growth when plants were exposed 

to a water deficit during the growing season. Wan et al. (1993b) also found 

higher root:shoot ratios in extremely stressed snakeweed plants. 

Subsurface root:shoot ratios of snakeweed at the end of winter were very 

interesting. Plants irrigated from mid-October to mid-March had the highest ratio, 

plants sheltered during same season had the lowest ratio, and check plants had 

an intermediate ratio. The differences among treatments were significant. 

Therefore, subsurface root growth of snakeweed was remarkably favored over 
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Fig. 3.15. Subsurface root: shoot ratio of snakeweed in mid-July, mid-
October, and mid-March as affected by seasonal precipitation. Letters 
above bars (a, b, c) represent treatment mean comparison; x, y, and z 
represent seasonal comparison within each treatment. Means followed by 
the same superscript are not significandy different at p< 0.05 (N=5). Tl: 
Irrigated plants April through mid-October, under rainout shelter mid-
October through mid-March; T2: under rainout shelter April through mid-
October, irrigated mid-October through mid-March; T3: natural rainfall 
throughout the year. 
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shoot growth in irrigated and check plants during the fall and winter. Higher root 

length density in the subsurface soil improves water absorption of snakeweed, 

thus, it becomes more competitive over the associated grasses which usually 

have less root growth in subsurface soil. Substantial canopy growth of 

snakeweed even during a dry spring and summer after a wet fall and winter may 

be related to deep roots growth which is enhanced by wet conditions during the 

fall and winter. 

Total (Shallow and Subsurface) Root:Shoot Relations 

of Broom Snakeweed 

Total root:shoot ratio of snakeweed is given in Fig. 3.16. Root:shoot ratio of 

snakeweed in mid-July and mid-October was highest in the check plants followed 

by the plants sheltered and irrigated from April to mid-October, but the 

differences among treatments were not significant in mid-July and mid-October. 

Root:shoot ratios in mid-March in decreasing order was to plants irrigated during 

fall and winter, check plants, and plants sheltered during the fall and winter. 

The differences among treatments were significant (p< 0.001). Therefore, root 

development of snakeweed during the fall and winter was significandy regulated 

by soil water conditions. While wet falls and winters enhanced root growth of 

snakeweed, dry falls and winters adversely affected root growth. Soil water 

content in the upper 20 or 30 cm of the profile during the fall and winter (Fig. 

3.6) is the most important factor determining root growth and leaf growth on 

basal stems of snakeweed during the fall and winter, and can be used in making 

decision in snakeweed management programs. 

Sosebee et al. (1981) pointed out that broom snakeweed is often the first 

species to repopulate the community when environmental conditions became 
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Fig. 3.16. Total root: shoot ratio of snakeweed in mid-July, mid-October, 
and mid-March as affected by seasonal precipitation. Letters above bars (a, 
b, c) represent treatment mean comparison; x, y, and z represent seasonal 
comparison within each treatment. Means followed by the same superscript 
are not significandy different at p< 0.05 (N=5). Tl: Irrigated plants April 
through mid-October, under rainout shelter mid-October through mid-
March; T2: under rainout shelter April through mid-October, irrigated mid-
October through mid-March; T3: natural rainfall throughout the year. 
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more favorable. Soil water content or precipitation during growing season and 

during the fall and winter has been the most important environmental factor 

affecting root and shoot development of snakeweed. In this study, remarkable 

canopy development was found when snakeweed was irrigated during the spring 

and summer. Snakeweed's canopy volume and above-ground biomass was 2- to 

3-fold greater in irrigated plants than non-irrigated plants during the spring and 

summer. When plants were exposed to a water deficit during the spring and 

summer, their canopy volume was the lowest indicating water loss is controlled 

by reduced canopy size. Similar results have also been reported by Wan et al. 

(1993a). 

Conclusion 

Soil-water conditions during the spring-summer and fall-winter seasons 

noticeable regulated canopy growth of broom snakeweed. While wet springs 

and summers enhanced canopy growth of snakeweed, dry conditions during the 

spring and summer reduced canopy growth. Wet falls and winters following a 

dry spring and summer stimulated leaf growth on the basal stems allowing 

snakeweed to carry out photosynthesis throughout the fall and winter. However, 

dry conditions during the fall and winter reduced basal leaf growth. Canopy 

volume and above-ground biomass of snakeweed were mainly determined by the 

amount of precipitation during growing season. 

Different amounts of precipitation during the experimental years, as well as 

precipitation during the year prior to initiation of the the first experiment, 

significandy affected canopy development of snakeweed. The growth pattern in 

sheltered plants during April through mid-October was related to the previous-

year precipitation. However, the check plants' growth pattern was affected by 

71 



precipitation during growing season, as well as precipitation received during the 

year prior to study. Plants sheltered during April through mid-October and 

check plants produced less canopy volume during the second experiment year, 

presumably because of less precipitation and soil water content in the second 

year of experiment. 

Root:shoot ratios of snakeweed were ordered according to check plants, 

sheltered plants, and irrigated plants in mid-July and mid-October. The 

differences among treatments were not significant in mid-July and mid-October. 

Wet conditions during the fall and winter stimulated root growth of snakeweed; 

therefore, irrigated plants during the fall and winter had the highest root:shoot 

ratio followed by check plants; plants sheltered during fall and winter had the 

lowest ratios. Soil-water content in the upper 20 to 30 cm of the profile during 

the fall and winter is the most important factor determining root growth and basal 

leaf growth of snakeweed and can be used in making decisions in snakeweed 

management programs. 
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