Predicting Green Weight of Mesquite
(Prosopis glandulosa Torr.)
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Highlight: Planning for commercial utilization of mesquite wood
requires a procedure for estimating biomass in a given stand. A study of
virgin mesquite trees at three range sites in each of seven counties of the
Rolling Plains of Texas was initiated. Data revealed a highly significant
linear relationship (r = .933) exists between stem area at 60 cm above
ground and the green weight of the tree. The green weight of individual
trees can be predicted from a random sample of 256 trees when a predic-
tion equation (Y = .410X) is used. Y = green weight of the individual tree
expressed in kilograms. X = stem area at a 60 cm height above ground
level expressed as square centimeters.

Harvest of mesquite wood has been recommended in light of
the potential of several commercial uses. Mesquite wood can be
used as a protein source for cattle and sheep (Thayer and Young
1973; Bracher 1972). Smedley (1966) demonstrated its value as
flooring material and Laundrie (1958) recommended it as a source
of wood pulp. Mesquite wood has also been used to make char-
coal (Durso et al. 1973) and has potential as a fuel (Wiley and
Manwiller 1976) because of its high BTU content per unit of
weight. These potential schemes for commercial utilization require
a method of estimating yields of mesquite biomass. Not only is a
yield estimate needed for commercial use but it would be of sub-
stantial value for establishing formulas for predicting spread and
intensity for wildland fires (Rothermal 1972) and for studies of
nutrient cycling and energy flow.

The biomass of trees has commonly been estimated by relating
stem diameter to weight. Shrubs have also shown the potential
for weight estimation due to the high correlation existing between
stem diameters and weight of shrub parts (Brown 1976, Lyon 1970,
Telfer 1969, Whitaker 1965). Brown (1976) established methods
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for estimating shrub biomass from basal diameters for 25 northern
Rocky Mountain shrub species. Mesquite biomass estimation is
complicated by a variable growth form which ranges from a
small multiple-stemmed shrub to a large single-stemmed tree.

The objective of this study was to develop an acceptable pro-
cedure for predicting the green biomass of mesquite stands with
varying productive potential found within the Rolling Plains
region of Texas.

Materials and Methods

Study areas were established in Hardeman, Dickens, Knox,
Fisher, Runnels, Shackelford, and Borden counties of Texas.
These counties were selected because they contain a great diversity
of mesquite size and growth form. Soil surveys provided by the
Soil Conservation Service were the basis of site selection. Virgin
stands of mesquite were used for the studies.

At each of the study areas, nine .04-ha plots were delineated
and all the trees within the plots were counted, measured, and
weighed. These nine plots were evenly divided among shallow-
land, deep upland, and bottomland sites. Measurements and
weights were taken from October 1, 1975, to May 15, 1976, of
1,223 mesquite trees with a measurable stem diameter at 60 cm.
Initially, measurements were taken of height, canopy area, number
of stems, stem diameter at ground level, stem diameter at 60 ¢m
above ground level, and green weight of the tree. Stem diameter
measurements were converted to stem area. When a tree has a
multi-stemmed trunk, its stem area is an accumulation of the area
of each stem. After data from the first 235 trees were analyzed,
height of tree demonstrated a relatively low correlation to weight
(r = 0.679) and was not recorded for the remainder of the study.
When measurements were complete, the trees were cut as close to
ground level as possible with a chain saw. The larger trees were
reduced to manageable pieces for weighing. Green weights were
recorded for each tree and were used in all calculations.
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Table 1. Correlation matrix of the variables.*

NS SAG SA2 CN WT
NS 1.000 0.223 0.194 0.262 0.156
SAG 1.000 0.958 0.859 0917
SA2 1.000 0.872 0.929
CN 1.000 0.880
WT 1.000

*NS = number of stems

SAG = stem area at the ground

SA2 = stem area at 60 cm.
CN = canopy
WT = weight

Prediction equations, based on a linear relationship between
the stem area at 60 cm above ground (SA,) and green weight,
were developed for each site and for the overall group of sites.
Stepwise multiple regression (Dixon 1974) was used to develop a
correlation matrix for the variables used in the study.

Results and Discussion

The correlation matrix (Table 1) indicates that the variables
used in the study were hlghly mterdependem Consequently. the
stepwise mump.e regression analysis was abandoned in favorofa
linear regression analysis between SA, and green weight.

A significant linear relationship between stem area at 60 cm and
green weight existed at each production site — shallowland r =
.892, deep upland r = .934, and bottomland r = .932. This per-
mitted the development of equations to predict the weight of indi-
vidual trees (Table 2). When average weight per tree is multiplied
by the number of trees per unit area for a specific site a reliable
estimate of biomass is provided. Since most mesquite trees occur
in stands that grow on sites of a heterogeneous nature, it is recom-
mended that the overall formula (Table 2) be used.

Table 2. Prediction equations for estimating green biomass of mesquite
trees in the Rolling Plains of Texas.

. Correlation  Prediction Standard error Mean
Site coefficient  equation! of estimate kg/tree
Shallowland .899 ¥ = 331X 1765 15.8
Deep hardland 934 ¥ = 403X .1109 34.2
Bottomland 932 ¥ = 419X 1061 57.0
Overall site data 933 ¥ = 410X .0706 41.0

e green weight of mesquite expressed as kilograms per tree.
X = the stem area at 60 cm above the ground expressed as square
centimeters.

When estimating tree weight a minimum sample of 256 trees
must be measured in order to assure the precision of the precdic-
tion (Cochran 1964). When measuring stem diameter at 60 cm
above ground level, each mesquite must be measured unless it is
less than 60 cm in height. Two persons can measure and record
stem diameter of approximately 256 trees in 2 hours. Additional
time is necessary for estimating tree density and conversion of
stem diameters to area.

Determination of tree density requires the delineation of ten
plots, each 1,000 m? in area at the shallowland site and 500 m? in
area at the deep upland and bottomland sites. These plots must be
randomly located within representative stands on specific sites.
All trees with a height of 60 cm or more are counted within each
plot. Number of trees per hectare is calculated from this data.
Measurements of stem diameter are also made on these trees.

The density of trees, canopy area, stem area, and weight
increased with the productive potential of each site (Table 3). The
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Table 3. Average values for vegetation characteristics mesured for indi-
vidual mesquite trees at various sites in the Rolling Plains of Texas.

Green .
Canopy SAg' SAy weight Production
Site Trees/ha area . .5 .o per tree per hectarc
m? (kilos) (metric tons)
Shallowland 259 5 67.7 510 15.8 4.1
Deep upland 567 72 1213 922 342 19.4
Bottomland 633 104 1875 1473 570 36.1

I Stem area ground level
2Stem area at 60-cm height

shallowland site had fewer and smaller trees than either of the
other sites. This resulted in a green weight biomass of 4.1 metric
tons/ha (11.8 tons/acre) of mesquite as compared to 19.4 metric
tons/ha (8.6 tons/acre) for the deep upland site and 36.1 metric
tons/ha (16.1 tons/acre) for the bottomlands.

The Soil Conservation Service has classified the mesquite stands
of the Rolling Plains into three groups based on stand density —
sparse, medium, and dense. The assumption is made that this
classification corresponds closely to the shallowland, deep hard-
land, and bottomland sites measured in this study. This makes it

nassible ta eqtimate the amaount of woodvy material availahle far
possio:€ 1o estimate tn€ amount 61 WOOGY mateéria: avauao:€ 10r1

utilization. Acreage estimates as prepared for the 1973 Brush Sur-
vey! indicated 1,486,630 ha of sparse, 2,063,309 ha of medium,
and 1,831,544 ha of dense mesquite in the Rolling Plains.

Based on the assumption that it would be economically unfeas-
ible to harvest the sparse mesquite of the shallow sites (low yield,
difficult terrain, it is reccommended that these areas not be consid-
ered a source for commercial mesquite wood. Utilizing the yields
from the plots, the data indicate that there are 40,028,194 metric
tons of mesquite from the deep hardland site and 66,118,740 metric
tons of material from the bottomland site available for commer-
cial utilization in the Rolling Plains of Texas.

I Personal correspondence with the state range conservationist. Soil Conservation
Service, U.S. Dep. Agr. Temple, Texas.
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