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Abstract 

Dense stands of honey mesquite (Prosopis glanddosa TOR. var. 
glandulosa) negatively impact livestock handling and herbaceous 
forage production; however, very little information ls available 
on the effect of stand density on biomass production of herbage 
and wood. Our study compared above-ground yields of berbage 
and wood in undisturbed, cleared, and 3 levels of thinned (100, 
300, and 900 stems ha-‘) stands of mesquite. Total removal of the 
mesquite canopy resulted in a 45 % increase in herbaceous stand- 
ing crop compared to the control in the first 2 years post-clear- 
ing. Herbage yields for the thinning treatments were intermedi- 
ate although herhage yields for the 900 stems ha-’ (2,017 kg ha-‘) 
treatment was similar (P > 0.1) to the control (l&49 kg ha-‘) and 
lower (P < 0.1) than the cleared treatment (2,684 kg &I). Total 
wood production was significantly (P < 0.1) lower for the 3 
thinned treatments (481 to 1,214 kg ha-’ yi’) than the control 
(8,128 kg ha-’ yr’) because of the higher stem density for the con- 
trol (> 7,500 stems ha-‘). Growth rates of individual mesquite 
stems were 2- to J-fold greater (P c 0.1) for the 100 and 300 stem 
ha-’ stands than for the higher-density stands during the relative- 
ly wet growing season of 1992. Under the drier 1993 conditions, 
however, growth rates were similar (P > 0.1) for all treatments. 
Results indicated that severe thinning to less than 900 stems ha-’ 
increased the amount of available forage and positively influ- 
enced the potential growth rates of the remaining mesquite 
stems. 
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Honey mesquite (Prosopis glandulosa Torr. var. glandulosa) 
dominates much of the rangeland in western Texas, New Mexico, 
Arizona, and regions of Mexico and can occur at densities as high 
as 10,000 stems ha-’ (McPherson and Wright 1986). Mesquite is 
prevalent on about 23 million ha of rangeland in Texas and is 
generally considered the most troublesome woody plant species 
in the state (Scifres 1980). Mesquite is a prolific producer of 
long-lived seeds that germinate readily after scarification. It 
establishes under a wide range of conditions and withstands 
repeated top removal (Weltzin 1990). 
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Dense stands of mesquite negatively impact livestock handling 
and herbaceous forage production. Results from numerous stud- 
ies (Dahl et al. 1978, Gibbens et al. 1986, Dugas and Mayeux 
1991, Heitschmidt and Dowhower 1991) have shown increased 
herbaceous plant production in response to mesquite control. 
Overstory/understory relations in mesquite woodland, however, 
have not been studied in detail. For instance, effects of stand age, 
different levels of canopy cover, and mesquite density on under- 
story production have not been quantified. In addition, limited 
information is available on the production and growth rate 
response of honey mesquite trees to such management practices 
as thinning (Comejo-Oviedo et al. 1991). Mesquite trees have the 
potential to grow at favorable rates and to produce good quality 
wood appropriate for various markets (Felker et al. 1990). 
Mesquite is valued as firewood and barbecuewood as well as 
lumber for the furniture and flooring industry. 

The objectives of this study were to (1) determine biomass 
yields of wocd and herbage at 5 levels of honey mesquite density 
and (2) determine the growth rate of mesquite trees at 5 different 
stand densities. 

Materials and Methods 

Study Site Description 
This study was conducted in the Rolling Plains resource area at 

the Angelo State University Management, Instruction, and 
Research (MIR) Center about 10 km northwest of San Angelo, 
Texas (31”3O’N; 100”30’W). Climate on the study area is semi- 
arid. Average annual precipitation is 519 mm, with most of the 
precipitation occurring between April and October as a result of 
thunderstorm activity. The average annual temperature is 18.3” C 
with an average frost-free period of 232 days (Wiedenfeld and 
Flores 1976). 

Soils at the site are Angelo clay loams (fine-silty, mixed, ther- 
mic Aridic Calciustolls). The Angelo series consists of very deep, 
well drained, moderately slow permeable soils formed in calcare- 
ous loamy and clayey materials. These level- to gently-sloping 
upland soils have slopes ranging from 0 to 3% (USDA 1989). 

Vegetation of the site was dominated by a dense stand of honey 
mesquite which had regrown since being top killed by a wildfire 
in 1968. Maximum stem age at the time of the study was about 
25 years. In this study, a woody shoot emerging at ground level 
with a basal diameter greater than 1 cm was considered a stem. 
Density of the stand was 7,630 f 490 (SE) stems ha-‘, with about 
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1.5 stems tree’. The majority of the trees had a single stem but 
multiple-stemmed trees also were common. Stems of multiple- 
stemmed trees joined at a common base at or below ground level. 
Most of the older trees that regrew from root crowns following 
the fire had self-thinned to 1 to 4 stems. Younger trees had single 
stems and had grown from seed. Herbaceous understory vegeta- 
tion was dominated by cool-season grasses, primarily Texas win- 
tergrass (Sripa leucotricha Trin. and Rupr.). The major forb 
species were annuals such as wooly indianwheat (Plantago 
patagonica Jacq.), southern thistle (Chichotium texanum Buckl.), 
and annual broomweed (Amphiachyris drancunculoides (DC.) 
Nutt.), although perennial forbs such as ragweed (Ambrosia spp.) 
also were common. 

Treatments 
The U-ha area was divided into 3 blocks, based on surface 

drainage and vegetation composition. Five 0.36-ha plots were 
delineated within each block and randomly assigned to 1 of 5 
treatments: (1) cleared; (2) thinned to 100 stems ha-’ (10-m spac- 
ing); (3) thinned to 300 stems ha-’ (5.8-m spacing); (4) thinned to 
900 stems ha-’ (3.3-m spacing); and (5) control (7,630 stems ha-‘). 
Treatments were applied in autumn 1991 with chain saws. In the 
thinning process, the largest and straightest stems were left at the 
specified spacing for each treatment. Over 90% of the selected 
stems in the 100 and 300 stems ha-r treatments were larger than 9 
cm in basal diameter. Basal diameter of about 40% of the select- 
ed stems in the 900 stems ha-’ treatment were between 4.5 and 9 
cm, and the other 60% were over 9 cm. Felled trees were cut at 
ground level and removed from the plots. The cut basal surface of 
each stem was treated with a 2:98 (1~) mixture of the butoxyethyl 
ester of triclopyr { [3,5,6,-trichloro-2-pyridinyl)oxy)acetic acid} 
and diesel fuel to prevent resprouting. Treatment of stumps was 
not totally effective and resprouting from treated stumps was 
common. Furthermore, populations of mesquite seedlings estab- 
lished each year on the thinned and cleared plots. Annual low- 
volume basal [triclopyr + diesel (5:95 lc) mixture] or foliar 
spraying [0.75% clopyralid (3,6-dichloro-2-pyridinecarboxylic 
acid) in water] during the summer was necessary to control the 
new mesquite growth. 

A ditching machine was used in January 1993 to sever 
mesquite roots to a depth of 1 m along the perimeter of all plots. 
The objective of this activity was to minimize the effect of lateral 
roots from mesquite trees on neighboring plots. The lateral root 
system of mesquite trees is concentrated in the top 0.3 m of the 
soil (Heitschmidt et al. 1988). 

Vegetation Sampling 
Herbaceous biomass was sampled in April and August of 1992 

and 1993 to estimate standing crop yields. The April sampling 
period coincided with maturation of cool-season grasses, while 
sampling in August coincided with maturation of dominant 
warm-season grasses and forbs. Herbaceous vegetation was har- 
vested at ground level within 10 randomly-placed 0.33-m’ 
quadrats in each plot. Plant material was separated by species, 
individually sacked, dried in a forced-air oven at 60” C for 72 
hours, and weighed. 

Annual wood production (including stem wood, branches, and 
bark) of trees was estimated within 2 size classes (4.5 to 9 cm and 
>9 cm basal diameter) for the 3 thinned treatments and control. 

The basal diameter of 16 randomly selected stems in each size- 
class was measured at ground level with a diameter tape in each 
plot in February 1992. Each selected stem was marked by secur- 
ing a numbered metal tag to it at 0.6 m above ground. Stems were 
remeasured at ground level in January 1993 and October 1993. 
Because fewer than 10% of the stems in the 100 stems ha-’ and 
300 stems ha-’ treatments had basal diameters less than 9 cm, 
only stems in size class 2 (> 9 cm) were measured. Both size- 
classes were represented in the 900 stems ha-’ and control plots, 
and 16 stems in each size-class were marked and measured in 
each plot. Stems smaller than size-class 1 were not marked and 
measured in the control plots even though their density was over 
2,500 stems ha-‘. These stems were in the understory, generally 
less than 2 cm in basal diameter, and appeared to represent an 
insignificant part of total wood production. 

In December 1992, the basal diameter of 35 individual stems 
with a range of basal diameters from 4 to 25 cm were selected in 
an area adjacent to the study site. Trees were felled, sectioned for 
ease of handling, and weighed to the nearest 0.1 kg. Subsamples 
were dried in a forced-air oven to determine the percentage dry 
matter. These data were used to develop a regression equation 
relating oven-dry wood biomass to basal area. The prediction 
equation was Y = -3.39 + .215X (? = 0.967), where Y was wood 
biomass (kg) and X was the basal area (cm’). This equation, simi- 
lar to that of Comejo-Oviedo et al. (1991), was used to estimate 
woody biomass production of marked trees within each thinned 

treatment. Estimates of annual wood biomass production were 
based on difference in total wood biomass in successive years. 
Basal diameters of 18 individual stems (ranging from 4 to 24 cm) 
were measured during July 1992 in an adjacent, dense stand of 
mesquite to describe the relation between basal diameter and leaf 
biomass of mesquite. Leaves of each stem were stripped, dried in 
a forced-air oven at 60°C for 72 hours and weighed. The resulting 
regression equation was Y = 1413.92 + 244,94X, where Y was 
mesquite leaf biomass (g) and X was basal diameter (8 = 0.927). 

Canopy cover was estimated by line intercept. Mesquite canopy 
was measured along five 15-m lines randomly located in each 
plot in August 1993. 

Statistical Analysis 
Herbaceous plant standing crop and annual wood production 

were analyzed as randomized block ANOVAs with thinning 
treatment as the main effect and individual plots (n = 3) as 
blocks. Stem growth data expressed as basal-diameter increment 
were analyzed as a split-plot with block and thinning treatment in 
the main plot and size class as the sub-plot. Analysis of variance 
of individual stem data showed that basal-diameter increments 
differed by size-class. Analysis of variance for individual stem 
parameters was then conducted within size-class with thinning 
treatment as the main effect and individual plots as blocks. 
Repeated-measures analysis (Winer 197 1) was used because 
measurements were made on the same trees over a 2-year period. 
Data were analyzed within the framework of General Linear 
Models of SAS (SAS 1988). Least squares analysis was per- 
formed and the protected LSD procedure was used to detect dif- 
ferences among treatment means when appropriate (Steel and 
Torrie 1980). Significant year differences were identified using a 
univariate analysis procedure for paired contrasts between years 
(SAS 1988). Because of inherently high degree of variability 
within the mesquite woodland type, a 0.1 significance level was 
considered appropriate for testing differences. 
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Results and Discussion 

Precipitation from September 1991 through August 1992 was 
150% of the long-term average (Fig. 1). Rainfall was particularly 
favorable from December 1991 through February 1992. The fall 
and early winter of 1992-93 (September through January) were 
relatively dry and precipitation from February through August 
1993 was near the long-term average. 

Herbaceous Plant Standing Crop 
Total removal of mesquite canopy resulted in a 45% increase 

in herbaceous plant standing crop compared to controls (Table 
1). The increase in herbaceous standing crop is in the same range 
reported for other sites in Texas (Scifres and Polk 1974, 
Bedunah and Sosebee 1984, Heitschmidt and Dowhower 1991). 
Herbaceous standing crop for the cleared treatment was similar 
(P > 0.1) to standing crop at either 100 or 300 stems ha-’ but 
greater (P < 0.1) than the herbaceous standing crop at 900 stems 
ha-‘. Compared to the cleared treatment, mean herbaceous stand- 
ing crop was significantly (P < 0.1) decreased at a mesquite den- 
sity between 300 and 900 stems ha“. This range in density is 
equivalent to canopy cover ranging from 37% (300 stems ha-‘) to 
61% (900 stems ha-‘). 

An interaction (P < 0.1) between treatment and year of observa- 
tion affected biomass of total grasses. Total grass biomass for the 
cleared treatment in 1993 was greater (P c 0.1) than on the thinned 
and undisturbed plots, but there was no treatment effect (P > 0.1) in 
1992 (Table 1). Yields of warm-season grasses in 1992 and 1993 
followed a pattern similar to total grasses. Biomass of warm-season 
grasses on the cleared plots in 1993 was double that in 1992 where- 
as 1993 yields for the other 4 treatments were only half of the 1992 
levels. Growth of warm-season grasses in 1993 on cleared areas 
was favored by removal of mesquite trees, high light intensity, and 
adequate summer precipitation. The principal warm-season grasses 
were buffalograss [Buchloe ductyloides (Nutt.) Engelm] and sand 
dropseed [Sporobolus crypfundn~~ (Tom) A. Gray]. Warm-season 
grass yields represented a small portion (< 20%) of total herba- 
ceous plant production except in the cleared treatment in 1993 
(Table 1). 

Standing crop yields of cool-season grasses were not affected 
(P > 0.1) by treatment (Table l), but yields were 6-fold higher 
(P < 0.1) in 1992 (2,831 kg ha-‘) than in 1993 (474 kg ha-‘) 
averaged across treatments. The unusually high precipitation 
received in late 1991 and early 1992 coupled with the mild 
1991-92 winter favored growth of the dominant cool-season 
grasses even in the reduced-canopy treatments. The winter of 

SONDJFMAMJJASONDJFMAMJJA 
1991 1992 1993 

I Monthly ppt 

- 30-year average 

Fii. 1. Monthly precipitation from September 1991 through August 
1993 compared to the 30-year average for San Angelo, Tex. 

1993 was relatively dry, and cool-season grass yields were low. 
Cool-season grasses were the dominant species for all treat- 
ments composing from 64% (cleared) to 83% (900 stems ha-‘) 
of herbaceous yields. Texas wintergrass was the dominant cool- 
season grass in 1992 and 1993, whereas little barley (Hordeum 
pussillum Nutt.) and rescuegrass [Bromus unioloides (Willd.) 
H.B.K.] were prevalent only in 1992. Little barley and rescue- 
grass are annuals that are indicative of favorable moisture con- 
ditions. 

Forb yields were extremely variable within treatment and dif- 
ferences (P > 0.1) were not detected (Table 1); however, yields 
differed (P < 0.1) between 1992 (666 kg ha-‘) and 1993 (229 kg 
ha-‘) averaged across treatments. The dominant forbs in 1992 on 
all plots were cool-season species, e.g., wooly indianwheat and 
southern thistle, whereas warm-season forb species, e.g., annual 
broomweed and ragweed (Ambrosia spp.) were dominant in 
1993. 

Table 1. Mean staoding crop of tbe major components of herbaceoos vegetation for 19!X and 1993 at 5 mesquite densities, Sao Angelo, Tex. 

Total’ T0ta12 Warm-season2 COO-SCXlSOd TlJtA’ 
herbaceous emS=s erases masses 

Treatment 9z93 92 93 92 93 92I93 92J93 

---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(kgh~-’y~-‘)~~~~--~~~~~~~~~-------~~-----~------- - 

ClCGXl 2,684” 2,985’ 954a 156= 321’ 1,731* 71Y 
100 stems ha-’ 2,147* 3,152a 461b 84” 4ob 1,745a 3418 
300 stems ha-’ 2,314& 3,060” 535b 68” 21b 1,753a 517” 
900 stems ha-’ 2,017b 2,958’ 473b 54” 3ob 1,674& 301a 
Control 1 ,849b 2,521” 446b 157a 89b 1,361= 366” 
‘Stamiiig crops of total hehaceous. coo-season grasses, and total f&s are not presented by year because there were not treatment X year interactions (P > 0.1). 
*Standing crops of total grasses and warn-season grasses are presented by year because of treatment x year interactions (P < 0.1). 
“bMean.s within columns with different supersaipts are significantly different (P < 0.1). 
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Honey Mesquite Stem Growth 
Reducing mesquite stem density to 900 stems ha’ had no effect 

(P > 0.1) on basal diameter growth rates of stems in size-class l(4.5 
to 9-cm diameter) compared to growth rates of stems in the control 
(Table 2). Basal-diameter growth rates were similar (P > 0.1) in 
1992 (0.35 cm) and 1993 (0.4 cm), indicating that differences in 
amount of precipitation did not affect wood growth of stems in size- 
class 1. 

Growth rates of mesquite stems in size-class 2 (> 9 cm) were 
affected (P c 0.1) by an interaction between the thinning treat- 
ment and the year of observation. During the relatively wet grow- 
ing season of 1992, basal diameter increment of the larger stems 
was 2- to 3-fold higher (P < 0.1) for the lower mesquite densities 
(100 and 300 stems ha-‘) than for the 900 stems ha-’ and control 
stands (Table 2). Under the drier 1993 conditions, however, 
growth rates were similar (P > 0.1) for all treatments. At lower 
mesquite densities, basal-diameter growth rates for stems in size- 
class 2 were nearly twice as high in 1992 as in 1993. Basal-diam- 
eter growth rates of the stems at the higher stand densities did not 
differ greatly between years. Comejo-Oviedo et al. (1992) report- 
ed first-year growth rates of 0.97 cm stern-’ in plots with 100 
mesquite trees ha-’ and 0.49 cm stem-’ in plots with 1,740 trees 
ha-’ in southern Texas. Tree growth rates on the control plots in 
1992 and 1993 were similar to those reported by Comejo-Oviedo 
et al. (1992). 

Table 2. Mean basal diameter increment by size-class’ for 1992 and 1993 
at 4 mesquite de&ties, San Angelo, Tex. 

Mesquite density Size-class I* Sizeclass 23 
(stems ha-‘) 1992/1993 1992 1993 

maximum values for mesquite trees in the Edwards Plateau and 
Rolling Plains resource areas. 

Total Wood Production 
Treatment effect on annual wood production of individual stems 

followed the same pattern as for basal diameter increment because 
annual wood production by stem was derived from stem diameter. 
Annual wood production on an area basis was significantly (P < 0.1) 
lower for the 100,300, and 900 stems ha’ treatments (481,1,214, and 
2,439 kg ha’ yr’, respectively) than the control (8,128 kg ha’ yr’). 
Higher wood production on the control plots compared to the thinned 
stands was due to the substantially higher stem density for the control 
(7,630 stems ha-‘). Total wood production was similar (P > 0.1) 
among the 100,300, and 900 stems ha’ treatments. Total wood pro- 
ductionwassimilar(P>O.1)in1992and1993. 

Honey Mesquite Leaf Biomass 
Leaf biomass of mesquite trees was estimated using the regression 

equation relating basal diameter to foliar biomass. Stems used to 
develop the regression equation were in a dense stand of mesquite 
contiguous to the study site. Although the stems in the contiguous 
stand could be considered representative of stems on the control 
plots, the relationship between basal diameter and leaf biomass 
might be different from that for trees growing in natumlly occurring 
sparse stands (e.g., 100 stems ha’). It has been documented that indi- 
vidual stems at wider spacings generally produce more wcod and 
foliage than individual stems in denser stands (Schacht et al. 1988, 
Comejo-Gviedo et al. 1991). The values for leaf biomass presented 
here, therefore, apply only to this study site and values for the 100 
(205 kg ha’), 300 (1,055 kg ha-‘), and 900 (1,105 kg ha-r) stems ha’ 
treatments mav be underestimated. Honev mesouite leaf biomass for 

----;----------(em)--------..----- 

100 1.3” - o.78 
300 1.2& 0.7” - 
9oil 0.9 O.Sb 0.8” 
7,630 (control) 0.3a 0.4b 0.6a 

‘Size-class 1 = 4.S to 9-cm basal diameter and sizesla.ss 2 = > 9 cm basal diameter. 

the control (6,875 kg ha-‘) was significan~y higher (P < 0.1) than for 
the thinned treatments, and leaf biomass among the thinned treat- 
ments was not different (P > 0.1). Although basal diameter tended to 
be greater for stems on the tbinned plots, stem density was the princi- 
pal factor dete rminiug leaf biomass. Total leaf biomass was similar 

ear interaction (P < 0.1). a o stems in size-class 1 were measured in the 100 and 300 stems ha-’ treatments. 
“kam within columns with different superscripts are significantly different C.7 < 0.1). 

‘Basal diameter increment for sizeclass 1 is not presented by year because there was not 
a treameot x year intelaction (P > 0.1). 
‘Bawl diameter increment for size-class 2 is presented by year because of a treatment X 

leaflets and asynchrony of leaf production and leaf fall make esti- 
mation of leaf biomass of a mesquite stand both imprecise and 
inaccurate. Development of leaf area and (or) canopy volume 
indices are possible alternatives to the regression equation relat- 
ing basal diameter to leaf biomass. The leaf biomass estimate for 
control plots in this study appears to be very high compared to 
estimates reported for other dry woodland types; however, con- 
sidering the density of stems, leaf biomass would be about 1 kg 
stem-‘. Leaf biomass estimates in other dry woodlands range from 
1,891 and 2,900 kg ha“ (Collins 1977, Schacht et al. 1988, 1992). 

(P > 0.1) in 1992 and 1993. 
Tree leaf biomass in mesquite woodlands has never been 

reported because it is very difficult to measure. The small size of 

Growth rates of other hardwood species in low-density, inten- 
sively-managed stands in semi-arid regions (Knoop and Walker 
1985, Meyer and Felker 1990) and more mesic areas are similar 
to our findings. Smith and Lamson (1983) reported an increase in 
diameter at 1.3 m (dbh) of 0.89, 1.27, and 1.35 cm year’ for 
sweet birch (Betula lenta L.), black cherry (Prunus serotina 
Ehrh.), and yellow poplar (Liriodedron tulipfera L.) respective- 
ly, 3 years after pre-commercial thinning of a sapling stand in 
Pennsylvania. Lamson (1983) reported growth rates of 0.41,0.41, 
and 0.96 cm year-’ for red maple (Acer rebrum L), red oak 
(Quercus rubra L.), and yellow poplar, respectively, 5 years after 
thinning treatments were applied in the Appalachian region. 
Growing conditions for mesquite trees on our study site were 
very favorable for the San Angelo area because soils are deep and 
fertile. We hypothesize that stem growth rates reported for the 
100 and 300 stems ha-’ treatments in 1992 may represent near- 

Management Implications 

At the initiation of the study, the herbaceous understory was 
dominated by low seral, cool-season species, such as Texas win- 
tergrass and rescuegrass. Although they provide valuable cool- 
season forage, these species have short growing periods, vary 
greatly in terms of annual forage production, and are unaccept- 
able forage during much of the year. A shift should occur over 
time to species which are more productive and better adapted to 
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the growing conditions in the reduced-canopy treatments. Scifres 
et al. (1989) hypothesized there was a delay of 4 to 6 years fol- 
lowing control of mesquite before herbaceous plant production 
reached its maximum. The expected shift would involve warm- 
season grasses largely replacing cool-season grasses because of 
increased light intensity in reduced-canopy treatments favoring 
warm-season species (Brock et al. 1978, McDaniels et al. 1978, 
Jacoby et al. 1982, Heitschmidt and Dowhower 1991). With 
herbaceous vegetation dominated by warm-season grasses, forage 
production should be consistently higher and more acceptable to 
livestock through the grazing season. 

Herbaceous plant production for plots with 100 and 300 stems 
ha-’ was similar to the cleared plots. For thinned treatments, how- 
ever, these forage responses were realized in addition to 481 to 
1,214 hg ha-’ yi’ of wood production by crop trees. Results of our 
study indicate that mesquite agroforestry systems, with large trees 
on relatively wide spacings, could provide rapid growth rates of 
wood and high levels of forage production in the understory, and 
potentially reduce livestock handling problems associated with 
dense stands. 

Costs for thinning dense stands of mesquite to a desired densi- 
ty, along with follow-up stand management, could be offset 
largely by the value of harvested, marketable wood. Although an 
economic analysis was not conducted, it appears that revenue 
coming from periodic harvest and sale of the widely-spaced crop 
trees could provide some or all of the funds needed to pay for 
maintaining a stand with a relatively open canopy. Overall, 
thinned mesquite woodland has great potential for multiple use 
management; however, site selection should be a prime consider- 
ation. An agroforestry system would be more likely to succeed on 
range sites with the greatest potential for supporting plant growth. 
In addition, forage responses should be greatest on sites in high 
range condition classes. 
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