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Introduction

One of the most widely distributed tree species in the arid region of the southestern US is that of mesquite (prosposis juliflora D.C.).
 on the more arid uplands, it is usually shrub and it is only when fairly well applied water that it becomes a tree. The above-named species is a variable one, becoming prosposis juliflora var velutina sarg. In southern Arizona and northern Sonora where it attains a fairly large size in the hot valleys.

In the valleys of the lower Gila and Salt Rivers, and in the valley of the lower Colorado River, mesquite forms dense stands of woodland which are capable of supplying great amounts of fuelwood, corral poles and fence posts.

Climate
This section of Ariozna is included in the region having adry subtropical climate. It is characterized by very short winters, which are cool rather than cold; and by long, hot summers. Rainfall and temperature vary directly with altitude in this section, the lower plains being desert-like in character with the higher mountainous portions exhibiting characteristics of a humid region.

Mean annual precipitation varies from 3.47 inches at Yuma to 9.92 inches at Granite Reef Dam on the Salt River above Phoenix, and to 11.28 inches at Tucson on the upper Santa Cruz River. Nogales, on the Mexican border south of Tucson, has an annual mean of 16.43.

Topography and soils

Southern Arizona may be described as a relatively flat plain broken at intervals by small mountains and by wide shallow valleys.

The soil upon which the heavier mesquite stands thrive is a fine-textured, dark-colored alluvial clay. It is very fertile and produces excellent agricultural crops when irrigated.

Economic importance of woodlands to the Indians

As the greater portion of the mesquite woodland stands are at present within the boundaries of the various Indian Reservations in southern Arizona, they are an important item in the economy of these Indians. They not only furnish the Indian fuel and other wood products, but in nearly all cases, the mesquite woodlands are the basis of an industry which brings the Indians a cash return amounting to as much as 10% of his total cash income from all sources. This represents direct income from the sale of fuelwood and posts, and leaves out of consideration other values  such as forage for livestock and the production of considerable high grade honey from the blossoms.

With a large market for fuelwood readily available in the cities of Tucson and Phoenix and the smaller surrounding towns, and with a climate favorable to the use of wood as a fuel, the sound management of wood production to supply this market is important.

A detailed canvass of all wood yards was made in Tucson and immediate vicinity in the spring of 1937, and in Phoenix and nearby towns in the Salt River Valley in the winter of 1937-38, by TC-BIA
 to determine the total market for fuelwood in this region, also to determine as nearly as possible the portion of the total market that was supplied from Indian woodlands. Due to the fact that most wood dealers kept no record indicating from whom wood was purchased, an exact figure for the amount of Indian wood sold could not be obtained. It is estimated that roughly 75% of the wood sold in this section of Arizong comes from Indian Reservations.

The total wood purchased by various wood dealers in this region during the season of 1937-38 amounted to approximately 12,000 cords. This, no doubt, is slightly low due to the fact that the Indians sell some of their wood direct to the consumer and also to the fact that some of the small wood dealers were probably overlooked in the survey. The amount of wood bought in a year fluctuates with the weather to a great extent, the demand being considerably better in a year with a colder than normal winter than in a year with a very mild winter.

Growth forms of mesquite; stand description

On the drier upland sites, mesquite is a small, low spreading tree. In the lower flood plains it forms dense stands, growing much taller and straighter. The characteristic forms taken by individual plants (trees) in uncut stands are two: (1) a single stem or bols growing in typical tree form and (2) several stems or boles growing close together forming a characteristic clump or cluster of trees originating from a common base. After cutting, mesquite sprouts readily and profusely, which tends to make cutover stands extremely dense in many places.

When left uncut, mesquite reaches a large size. There are a few remaining individuals on the San Xavier Indian Reservation ranging from 24-36 inches in d.b.h. and which reach a total height of 60 feet. There are many stumps present that indicate that mesquite very frequently reached a diameter of 2-4 feet.

Mesquite reproduces readily from seed and by sprouts. It sprouts vigorously after cutting, and both young and old trees seem to sprout with the same vigor from any point at which they are cut. Past cutting practices by the Indians have followed the line of least effort. They cut off the smaller limbs and cut out the tops of the larger trees instead of falling the entire tree. As a consequence, many of the larger trees have become odd looking individuals after sprouting, varying from more or less normal stools, supporting a group of sprout stems, to tall stools (10-30 feet high) carrying a group of sprout stems at the top. The stands are usually many-aged.

Mesquite forms practically pure stands in the lower bottomlands, with a varying mixture of graythorn and cats’claw as an understory in some stands. On the higher upland sites, mesquite is mixed with cactus, creosote bush, and other wood perennials. Occasional trees of willow, elderberry, sycamore, paloverde and desert ironwood are found throughout the type.

Methods of determining tree and stand volumes

To determine the volume in standing trees, a volume table was constructed with the cubic foot as the unit of measure. The cubic volume of trees (stems) used as a basis for a volume table was obtained by calculating the volume of each 4-foot piece in the stem with a middle diameter of2 inches or more, and summarizing. Each 4-foot piece was treated as a cylinder in calculating its volume. The stump-high diameter of trees (stems) originating from seed or from sprouts at the ground line was taken at one foot above ground. On sprout stems originating on stools, the basal diameter of the stem was measured at the point where the stem would be cut, or approximately 4 inches from the point of origin. Total height (length) of each stem was measured to the nearest foot. The age of each stem was also determined by careful counting of the growth rings. Each stem was considered a tree regardless of its origin or whether it grew singly or in a group.

Analysis of the data collected on the several reservations, both by ordinary graphical methods and statistical methods, revealed little relation between total height (length) of stem and cubic volume. (See appendix). Basal (stump) diameter gave a very high correlation with cubic volume. Therefore height was disregarded and the final table for cubic volume based on diameter alone. The data from the different areas also proved to be very similar, the actual differences between mean volume of the various samples proving to be largely due to fluctuations in sampling rather than to true differences in the population. Those results indicate a high degree of homogeneity in the data, both as to different types of stems (coppice and seedling) and as to the locality of growth. All data were therefore combined into a basis for a mesquite volume table for the entire area (southern Arizona).

Estimating stand volumes is simplified greatly by disregarding height and basing the volume table on diameter alone. In estimating, all that is needed is the basal diameter of the stems (trees) to the nearest inch. The estimating was by sample strips taken through the stand at regularly spaced intervals, tallying all stems 3 inches and over in basal diameter into 1-inch classes. The large boles (stools) supporting sprout stems were disregarded in the estimating, tallying the sprouts only. All strips were taken across the larger drainages to get a representative sample of the stands.

To convert cubic-foot volumes to cord volumes, it was necessary to source a suitable converting factor. This was done by determining the average number of cubic feet of solid wood in standard cords of mesquite cut on the various reservations. As the cordwood was carefully piled, the middle diameter of each piece was measured with a tape to the nearest 1/10th of an inch. The volume of each piece was calculated as that of a cylinder four feet long, with a diameter equal to that of the piece at its middle.

The factor causing the greatest variation in the solid contents of a cord of mesquite wood is the amount of crook and irregularity of form of the sticks. The solid contents per cord of stacked wood varied from 35-51% of the stacked volume over the range of all samples. On the Papago Reservation, an average 25 cords gave a factor of 50.07 cubic feet per cord; 170 pieces per cord with an average piece diameter of 3.7 inches. A nine-cord sample on the San Xavier Reservation gave a factor of 58.28 cubic feet per cord; 236 pieces with an average piece diameter of 3.4 inches. On the Ft. McDowell Reservation, six cords gave an average factor of 56.6 cubic feet per cord; 182 pieces, with an average diameter of 3.8 inches. The mesquie on the McDowell and San Xavier areas was straighter than that on the Papago, which accounts for the larger converting factors ___ small difference.

Methods of determine growth and yield

When stand tables can be prepared representing all the different classes present in the stand, and data are ___ giving the relation between diameter and age, the average diameter and average age of the stand can be readily determined. The total volume of the stand is then determined from suitable volume tables. The total volume divided by the average age of the stand gives the average increment per year.

In the mesquite surveys, diameter ___________ one-inch classes down to and including the three-inch class. The number of stems in the 1-2 inch classes were estimated from a graphic stand extended to give values on the 2-_______ coordinates respectively (See plates VIII, XV, and XXI in the Appendix) The curve of cubic volume by diameter was broken down for the 2-12 inch __________ and was ________ extended to give the volume of 1-inch trees.

Annual growth can also be determined by applying Von Mantel’s formula to the total volume of the growing stock, using the natural rotation in effect in the stand. The formula method was in close agreement with the average age of stand method in all cases.

The stand and stock tables based on diameter classes do not show the distribution of trees and volume in the various age classes present in the stand. Using the relation between age and diameter as a guide, those tables can be rearranged on the basis of age groups instead of diameter classes. In all the stands studied, diameter classes seemed to fall most readily into 6-year age groups without splitting of any diameter class. Such an arrangement of the stand data shows at once the possibilities for management of the stand on the rotation in effect indicates the length of the cutting cycle, and permits a ready calculation of the allowable cut (see tables VIII and IX in the appendix).

Results of Surveys

The total area of commercial mesquite woodland covered by surveys on the various Indian Reservations in southern Arizona is 46,700 acres with a total merchantable stand of 92,200 cords and an estimated sustained cut of 10,500 cords annually.

Average growth of the woodland areas for the various reservations varied from 6-14 cubic feet per acre per year as calculated by the methods outlined above.

On the Camp McDowell Reservation, some stand son the east side of the Verde River are rather difficult to access, especially in the northern part of the area on the east side. Therefore, very little cutting has been done in this area and the total volume per acre is more than twice as great as the average for the entire woodland area (see tables VIII (E) and IX (E) in the appendix). The average age of this stand is the same as for all the McDowell stands, but the average annual increment is better than 25 cubic feet per acre.

At $2.50 per rick (note: a rick is 1’X5’X8’ or 21.95 cubic feet solid volume) for dry mesquite fuelwood, the value of mesquite wood is 11.4 cents per cubic foot. The average annual increment in money equivalents for mesquite woodlands in southern Ariozna varies from $0.68 to $1.60, with the best stands showing an average increment of $2.85 per acre per year.

The cost of harvesting and sawing a rick of mesquite wood is estimated as follows:


Cost of cutting and hauling to sawing point

$1.00


Cost of sawing into marketable lengths

  0.33

Total cost of harvesting and preparing for market
$1.33


Average cost per cubic foot



  0.66

At a selling price of $0.114 per cubic foot ($2.50 per rick), the margin for stumpage, marketing and profit would be 5.4 cents per cubic foot or about $1.20 per rick. Stands yielding 25 cubic feet per acre per year would give a margin of $1.35 per acre to pay for stumpage, taxes, and profit. Taxes on this type of land would be about 2 cents per acre when privately owned.

It is estimated than an Indian could cut, saw, and sell mesquite wood at a cost of 25 cents a rack (exclusive of his labor). He then receives $2.25 per rick for his labor as he pays nothing for stumpage or taxes. He harvests a cash crop which has cost him nothing to produce other than the labor of harvesting.

Wood dealers in Tucson usually pay $4.50 per cord or $2.25 per rick for green wood, retailing it dry for $10.00 per cord or $4.00 per rick. When the sell it by the sack or bundle, they get slightly more than these prices. In buying cord-length wood, the cost of sawing runs $0.90-1.00 per cord. Allowing a dollar per cord for handling and distribution costs make sthe total cost of a cord of wood to the dealer approximately $6.50. his profit then is $3.50 per cord. On a rick basis, he has no sawing charges, but allowing $0.35 per rick for handling and carrying charges makes the cost of a rick about $2.60 to the dealer. This leaves him $1.40 per rick profit.

Sold on a rick basis, the estimated annual sustained cut of 10,500 cords would bring a return of $65,625. this is an average gross income of $1.40 per acre annually for the mequite woodlands covered by surveys. Under proper management for good wood production, the net return per acre should be equal to the present average gross return.

Conclusion

The results of woodland surveys made in the desert woodlands of southern Arizona indicate that these woodlands have a decided commercial value and are not the useless brushlands that they are commonly thought to be. With proper management, they can continue to yield a sizeable cash income to the Indians and other owners of mesquite woodland and, at the same time, continue to supply the needs of many people for a cheap and efficient fuel. They will also furnish farmers and ranchers with good fence posts and poles.

APPENDIX

The relationship of various physical measures in mesquite

To arrive at a satisfactory and simple method for predicting the cubic volume of mesquite trees (stems) from easily obtained measures, such as stump diameter and total height,
 each used independently or together, correlation studies were made using a sample of 146 teees. The basic statistics of the sample are as follows:

Basis-146 trees
Stump diameter (in.)
Total height (ft)
Total volume (cu. ft.)

Mean
5.85
19.16
1.78

Standard deviation
2.17
3.87
1.96

Standard error of mean
0.18
0.32
0.16

Assuming linear regression between all variables, the simple correlation coefficients between diameter and height, diameter and volume, and between height and volume were calculated, together with the predicting equations and the standard errors of estimate. These data are summarized in the following tabulation:

Table 1 – Linear regression – simple correlation

Variables
Regression equation
Standard error
Correlation coefficient
Coef. of determination (%)

Height-diameter
H=1.00 D+13.29
3.20 ft
0.56
31.5

Volume-height
V=0.30 H-4.05
1.56 cu ft
0.60
36.2

Volume-diameter
V=0.78 D-2.78
0.99 cu ft
0.86
74.4%

The results indicate that height is not significantly associated with either diameter or volume. The association of stump diameter with total volumes is apparently highly significant, 74.4% of the variance in volume being due to the variance in diameter. The standard error of estimate is considerably less in the case of diameter than in that of height.

To cast further light on the degree of association of volume with height and with diameter, the partial or net correlation coefficients were calculated. Linearity of regression is still assumed. The multiple predicting equations for volume based on both stump diameter and total height now becomes that of a plane rather than merely a straight line. The results of these calculations are tabulated as follows:

Table 2 – Linear regression, partial or net correlation

Variables
Regression equation
Standard error (cu. ft)
Net correlation coefficient
Coefficient of determination

Volume-height with influence of diameter removed
V=0.69

D+0.09

H-3.93
0.95
0.28
7.9%

Volume-diameter, with influence of height removed
Same as above
0.95
0.79
63.1%

Removing the effect of the secon independent variable, and therey getting the net measure of association between the dependent variable and the other independent variable, aids immeasurable in determining the correct pairing of variables for use in the predicting equation. Thus, from the above tables we see that the degree of association between cubic volume and total height becomes less significant when the influence of stump diameter is removed. Only 7.9% of the variance in volume is apparently associated with the variance in height. The coefficient of determination has been lowered from 36.2% to 7.9% by removing the influence of diameter.

The association of volume with diameter has not been affected nearly as much by the removal of height influence. The total correlation between volume and diameter was 0.86, with a determination coefficient of 0.744 (table 1). The net correlation after removing the influence of height was 0.79 with a coefficient of determination of 0.631 (table II). This indicates that the relation between volume and diameter is significant as 63.1% of the variance of volume can be attributed to variation in diameter alone, whereas only 7.9% of the volume variance can be attributed to the variance of height.

To shed more light on the inter-relationship of the independent variables of height and diameter, a multiple correlation coefficient was calculated between volume, diameter, and height. The regression or predicting equation and the standard error remain the same as calculated in the partial correlation analysis. The multiple or combined coefficient of correlation is 0.87 with a determination coefficient of 76.5%. these are practically the same values as were found in the simple correlation of volume and diameter.

Using a multiple equation (based on both diameter and height) to predict volume, therefore, results in very little improvement over the simple equation using diameter alone. The standard error of estimate was 0.99 cubic feet for the equation of volume and diameter, while that of the equation of volume based on both diameter and height was 0.95 cubic feet. The coefficient of determination in the estimate of volume by adding the second independent variable of height is negligible.

In all of the above discussion, the relation between variables was assumed to be linear. But the relation of diameter and volume is known to be curvilinear, while that of volume and height may or may not be linear, bur probably is. The correlation coefficients calculated above hold for linear relations, but do not measure the degree of association accurately when regression is curvilinear. Therefore, to get a true measure of association between two variables, the nature of the regression has to be taken into consideration. When the regression is non-linear, the correlation ratio serves as such a measure.

Using the same data, the values of the correlation ratio shown in the table below were calculated for the indicated variables.

Table 3 – Association between variables with non-linear regression

Variables

(dependent-independent)
Correlation ratio
Coefficient of determination

Volume-diameter
0.92
83.8%

Volume-height
0.58
33.8%

Height-diameter
0.58
33.65%

Comparing these with corresponding values of the correlation coefficient calculated previously (Table I), we find that the degree of association between volume and diameter has increased, while that between volume and height and between height and diameter are essentially the same.

The difference between the correlation ratio and the correlation coefficient for a given set of variables can be used to test whether or not the given regression is linear. This test is known as Blakeman’s criterion for linearity of regression.
 For the regression of volume on diameter, the Blakeman test indicates significant non-linearity, whild for the regression of volume on height, the test indicates significant linearity.

As has been shown above, the influence of height on cubic volume was negligible, therefore nothing is gained by using it as a variable for the construction of a cubic volume table for mesquite in this case. The use of a linear equation for predicting volume from diameter has also been shown to involve relatively large deviation s from the actual volumes. It remains, therefore, to determine the true equation for relation of volume to stump diameter as indicated by the data.

This is done by the method of least squares. The resulting equation in logarithmic form is:  log volume = 2.809 log diameter  - 2.044, which, when put into the exponential form becomes: volume = 0-009 (diameter)2.809

Substituting values for diameter from 2-13 inches and calculating the corresponding values for volume and then plotting those points gives the curve of the equation. Plotting the original data by trees in each diameter class enables one to calculate the deviation of the actual data from the curve. The root-mean-square of the deviations of the actual data from the curve is known as the standard error of estimate and is the same statistic as was calculated in the previous correlation procedures. The standard error of estimate of the equation (curve) just calculated is 0.26 cubic feet. It will be recalled that the standard error of estimate for the linear equation was 0.99 cubic feet. Therefore, the curve is a much more accurate instrument for predicting volume than is the straight line.

Having calculated the standard error of estimate and also the standard deviation of volume, we can proceed to calculate two other statistics that serve to measure the effectiveness of the curve (equation) as a predicting mechanism. These are the alienation index and correlation index. The value of the alienation index in this case is 0.13 and that of the correlation index is 0.99. The corresponding determination coefficients are 1.8% and 98.2%, which indicate that 1.8% of the variance in volume is associated with factors other than the variance of diameter at stump and 98.2% of the variance in volume associated with the variance in stump diameter. In other words, the curve or equation as determined by least squares for these data accounts for 98.2% of the variation in volume.

Thus we can conclude that diameter at stump is a very effective independent variable on which to base a cubic volume table for mesquite. The curve is shown on Plate I and at the corresponding Table I, both in the appendix.

Variation in tree volumes with area of growth

In the previous discussion of the relation of the various physical measures in mesquite, a composite sample of 146 trees were used as representative of all mesquite stands in the study area. This sample can be separated into three smaller samples, each representing a specific area or reservation in order to study the differences between tree volumes on the various areas. The basic statistics of each sub-sample are:

Area
San Xavier
Papago
Camp McDowell

Mean tree volume of sample
1.845 cu. ft.
1.508 cu. ft.
2.124 cu. ft.

Standard deviation of volume
2.12 cu. ft.
1.39 cu. ft.
2.38 cu ft.

Number of trees in sample
53
57
36

It is obvious that the mean tree volume of the various samples differ from each other, the differences being 0.337, 0.616 and 0.279 cubic feet. Are those true differences in tree volumes on the various areas, or are they due to the errors in sampling? To answer this question, we need to know the standard deviation of each difference. These, in the order given above for the differences are 0.345, 0.437, and 0.490 cubic feet. The difference between the mean volume of the San Xavier sample and that of the Papago can then be expressed as 0.337 + 0.345 cubic feet; between Papago and Camp McDowell as 0.616 + 0.437 cubic feet; and between San Xavier and Camp McDowell as 0.279 + 0.490 cubic feet. As each difference between volumes means is considerably less than twice its standard deviation, the differences between mean volumes of the three samples ae not significant, i.e., are not true differences.

This test can be objected to, however, on the grounds that the sample from each area may or may not have represented the same diameter classes.

To get a clearer picture of the differences in volume between the various areas, tests were made between samples from each area representing a single diameter class, and between individual trees from each area representing the same range in diameter classes in each case. Fisher’s method for analysis of variance was followed to make these studies, which is only slightly different from the method used above. 

Taking the volume of 24 mesquite trees at random for the three areas representing the 3-10 inch diameter classes inclusive, they are classified by diameter and are aof growth in the following table:

Diameter class
Area of growth (volume – cu. ft.)




San Xavier
Papago
Camp McDowell
Sum
Mean

3
0.16
0.10
0.30
0.56
0.19

4
0.39
0.34
0.55
1.28
0.43

5
0.78
0.78
0.47
2.03
0.68

6
1.43
1.56
1.95
4.94
1.65

7
1.98
1.12
2.96
6.06
2.02

8
3.41
3.30
3.97
10.68
3.56

9
5.17
2.32
4.09
11.58
3.86

10
6.86
6.71
5.53
19.10
6.37

Sum
20.18
16.23
19.85
56.23
-

Mean
2.52
2.03
2.48
-
-

Summarizing the details of the analysis for further study, the following results:

Source of variation
Degrees of freedom
Sum of squares
Mean square

Total
23
102.39
--

Between diameter classes
7
94.98
13.57

Between areas
2
1.20
0.60

Discrepancy
14
6.21
0.44

Calculating the value of F for the variation between means of diameter classes and for that between means of areas, the resulting values are 30.84 and 1.36 respectively. Comparing these values with the tabular
 values for a test of significance, one finds that the value of 30.84 is far greater than the tabular value of 4.28 for the 1% level and, therefore, the difference or variation between diameter classes is highly significant. The value of 1.36 is less than the tabular value of 3.74 for the five percent level and, therefore, is not significant. Therefore, one concludes that the variation between areas is not significant. In other words, the differences that occur in the data are due to errors in sampling rather than to any true differences in the volumes of trees of the same diameter classes from the various areas.

A similar study of the variance of volume of 22 trees in the 4-inch diameter class from the three areas and of 22 trees from the 6 inch diameter class from the three areas show that, in each case, there were no significant differences between tree volumes of the same diameter class on the three areas. All differences in the data are due to variations in sampling.

An analysis of the cordwood data used in arriving at a converting factor for cubic foot-to-cords on the three areas showed the samples from San Xavier and Camp McDowell to be very similar, while those from the Papago were apparently from a different type of wood. The data for the three areas are arranged into the following form:


San Xavier
Papago
Camp McDowell

Mean cord volume
58.28 cu. ft.
50.07 cu. ft.
56.64 cu. ft.

Standard deviation
3.99 cu. ft.
4.43 cu. ft.
6.84 cu. ft.

Number of cords 
9
12
6

The difference between the San Xavier and Papago mean is 8.21 cu. ft. with a standard deviation
 of  +1.85 cu. ft.

The difference between Papago and Camp McDowell is 6.57 cu. ft. with a standard deviation of +3.07 cu. ft.

That between San Xavier and Camp McDowell is 1.64 cu. ft. with a standard deviation of +3.09 cu. ft.

Therefore the conclusions are that (1) the difference between the San Xavier and Papago mean is highly significant and cannot be attributed to variations in sampling, (2) the difference between the Papago and the Camp McDowell mean is barely significant, but may be due to variations in sampling, and (3) the difference between the San Xavier and Camp McDowell mean is far below the level of significance and the difference is entirely due to variations in sampling.

The cord samples for San Xavier and Camp McDowell can be combined into a basis for a single converting factor for use on either of the areas. The Papago factor should be used on that area until further study indicates that mesquite wood from that area is not significantly different from that on other areas.

TABLE I tables

ables
Volume table for mesquite
 in southern Arizona

Total volume with bark (cu. ft.)

D.S.H. (in.)
Volume (cu. ft.)
Basis (no. of trees)

1
-
-

2
0.06
5

3
0.20
19

4
0.44
22

5
0.83
25

6
1.38
22

7
2.14
19

8
3.11
17

9
4.32
9

10
5.82
6

11
7.59
1

12
9.70
1

13
12.16
0

14
14.96
0

15
18.16
0

Totals
-
146

Standard error estimate= ± 0.26 cu. ft. Alienation index= 0.1342. correlation index= 0.9910.

TABLE II

Tree volume data for mesquite in Southern Arizona summarized by 1-inch diameter classes

Diameter class

(in.)
No. of trees
Stump diameter (in.)
Actual volume (cu. ft.)
Curved volume (cu. ft.)

2
5
2.2
0.08
0.08

3
19
3.1
0.21
0.21

4
22
4.0
0.48
0.45

5
25
5.1
0.84
0.89

6
22
6.0
1.37
1.37

7
19
7.1
2.33
2.24

8
17
8.1
3.18
3.20

9
9
9.1
4.05
4.45

10
6
10
6.99
5.82

11
1
10.7
6.84
7.04

12
1
12.4
10.41
10.61

totals
146
-
36.78
36.36

TABLE III

Cordwood measurement data for mesquite in southern Arizona

(A) San Xavier Indian Reservation

Cord number
Number of pieces
Average piece diameter (in.)
Total solid volume (cu. ft.)
Ratio of solid to stacked volume (%)

1
286
3.1
61.34
47.9

2
288
3.1
60.03
46.9

3
325
2.8
55.29
43.1

4
285
2.9
52.18
40.7

5
215
3.6
60.70
47.4

6
166
3.9
55.61
43.5

7
188
3.7
56.28
43.9

8
200
3.8
65.43
51.1

9
173
3.9
57.63
45.1

Mean
2.36
3.36
58.28
45.5

Standard error of mean of pieces = ± 20

Standard error of mean of volume = ± 1.33 cu. ft.

Papago Indian Reservation

Cord number
Number of pieces
Average piece diameter (in.)
Total solid volume (cu. ft.)
Ratio of solid to stacked volume (%)

1
230
3.6
57.26
44.7

2
201
3.4
49.79
38.8

3
173
3.7
52.59
41.1

4
188
3.4
48.25
37.7

5
181
3.8
56.73
44.3

6
172
3.5
45.36
35.4

7
153
4.0
52.39
40.9

8
115
4.3
45.03
35.2

9
165
3.9
54.19
42.3

10
154
3.7
47.53
37.2

11
149
3.8
46.31
36.2

12
161
3.6
45.39
35.4

Mean
170
3.72
50.07
39.2

Standard error of mean of pieces = ± 80

Standard error of mean of volume = ± 1.28 cu. ft.

(B) Camp McDowell Indian Reservation

Cord number
Number of pieces
Average piece diameter (in.)
Total solid volume (cu. ft.)
Ratio of solid to stacked volume (%)

1
132
4.6
61.79
48.2

2
189
3.9
63.45
49.6

3
188
3.5
50.49
39.5

4
181
4.0
63.34
49.5

5
231
3.1
49.94
39.0

6
174
3.7
50.81
39.7

Mean
182
3.8
56.64
44.2

Standard error of mean of pieces = ± 80

Standard error of mean of volume = ± 1.28 cu. ft.

(C) All Indian Reservation


Number of pieces
Total solid volume (cu. ft.)
Ratio of solid to stacked volume (%)
basis

Mean
195
54.26
42.4
27

TABLE IV

Rick measurement data for mesquite on the Camp McDowell Indian Reservation

Rick no.
No. of pieces
Average piece diameter (in.)
Total solid volume (cu. ft.)
Ratio of solid to stacked volume (%)

1
501
2.7
20.66
64.5

2
501
2.7
20.66
64.5

3
484
2.9
21.56
67.4

4
147
5.2
21.60
67.5

5
583
2.5
20.01
62.5

6
139
6.0
27.20
85.0

7
324
3.5
21.96
68.7

Mean
383
3.2
21.95
68.6

Standard error of mean of pieces = ± 80

Standard error of mean of volume = ± 1.28 cu. ft.

NOTE: a rick is a stacked pile measuring 1’X4’X8’.

TABLE V

Tree measurement data for mesquite on the San Xavier Indian Reservation summarized by 5-year age classes

(D) Stems from small stumps (coppies)

Age class
No. of trees
Actual age (yrs)
Actual diameter (in.)
Actual height (ft.)
Curved diameter (in.)
Curved height (ft.)

5
23
6.2
2.1
13.2
2.1
13.2

10
36
10.0
2.9
16.4
2.9
16.4

15
20
14.6
4.4
20.1
4.4
20.2

20
6
18.5
5.0
25.3
530
23.6

Totals
85
-
14.4
75.0
14.4
73.4

(E) Stems from large stumps (coppies)

Age class
No. of trees
Actual age (yrs)
Actual diameter (in.)
Actual height (ft.)
Curved diameter (in.)
Curved height (ft.)

5
31
6.4
2.0
12.7
2.2
12.7

10
31
10.4
3.5
17.1
3.4
16.6

15
26
14.8
4.7
18.9
4.7
19.4

20
11
20.3
6.4
21.6
6.3
21.2

25
3
25.3
6.8
21.8
7.1
22.2

30
3
29.0
7.2
20.2
7.2
22.3

Totals
105
-
30.6
112.3
30.9
114.4

Single stems

Age class
No. of trees
Actual age (yrs)
Actual diameter (in.)
Actual height (ft.)
Curved diameter (in.)
Curved height (ft.)

5
11
6.5
2.0
12.8
2.0
12.8

10
11
10.8
3.4
14.8
3.5
15.2

15
15
14.9
4.8
18.8
4.9
17.7

20
11
19.1
6.4
19.7
6..4
20.1

25
7
24.7
8.5
22.9
8.5
23.3

30
3
30.7
9.9
26.3
9.9
26.9

Totals
58
-
35.0
115.3
35.0
116.0

TABLE IV

Tree measurement data for mesquite in southern Arizona summarized by 5 year age classes

(F) San Xavier Indian Reservation

Age class
No. of trees
Actual age (yrs)
Actual diameter (in.)
Actual height (ft.)
Curved diameter (in.)
Curved height (ft.)

5
65
6.4
2.0
12.9
2.0
12.9

10
78
10.3
3.1
16.5
3.2
16.5

15
61
14.7
4.6
19.3
4.6
19.2

20
28
19.5
6.1
20.8
6.1
21.1

25
10
24.9
8.0
22.6
7.7
22.2

30
6
30.0
8.7
23.2
8.7
23.2

Totals
248
-
32.5
115.3
32.3
115.1

(G) Papago Indian Reservation

Age class
No. of trees
Actual age (yrs)
Actual diameter (in.)
Actual height (ft.)
Curved diameter (in.)
Curved height (ft.)

10
8
10.2
3.0
16.1
3.0
16.1

15
13
15.0
4.0
16.9
4.0
16.9

20
11
20.0
5.8
17.6
5.6
17.6

25
12
24.6
6.9
20.0
7.2
19.4

30
10
29.0
8.2
19.7
8.0
20.2

35
2
33.0
8.6
19.2
8.6
20.2

40
1
39.0
8.2
19.0
8.9
20.2

Totals
57
-
44.7
128.5
45.3
130.6

(H) Camp McDowell Indian Rservation

Age class
No. of trees
Actual age (yrs)
Actual diameter (in.)
Actual height (ft.)
Curved diameter (in.)
Curved height (ft.)

10
3
11.3
3.4
16.3
3.4
16.3

15
8
15.2
4.6
18.8
4.6
18.4

20
11
20.8
5.8
19.0
5.8
19.0

25
5
25.4
5.9
15.2
6.8
19

30
5
29.2
8.4
22.0
7.6
19.0

Totals
32
-
28.1
91.3
28.2
91.7

TABLE VII

Diameter growth of mesquite in southern Arizona

Age
Diameter stump high (in.)


5
10
15
20
25
30
35
40

Gila River IR
1.7
3.7
5.3
6.9
8.0
8.8
9.4
9.9

San Xavier IR
1.3
3.1
4.7
6.3
7.7
8.7
9.1
-

Papago IR
1.3
2.9
4.0
5.6
7.2
8.2
8.7
8.8

Camp McDowell IR
1.5
3.0
4.5
5.6
6.8
7.8
8.4
-


Note: all data curved. Values in 4-year column read from extended curves.
TABLE VIII

Stand and stock tables for mesquite in southern Arizona

(I) San Xavier Indian Reservation

D.S.H. class (in.)
No. of trees
Basal area (sq. ft.)
Volume 

(cu. ft.)
% of total volume
Ratio of volume to basal area (cu. ft per sq. ft.)

2
105

2.29
5.2
9.9
2.3

3
63
3.09
5.5
10.5
1.8

4
35
3.04
14.5
27.6
4.8

5
14
1.9
11.0
20.9
5.8

6
5
0.98
6.4
12.2
6.5

7
2
0.53
3.8
7.2
7.2

8
1
0.29
3.5
6.7
-

9 & up
½
0.29
3.5
6.
-

Totals
226
12.47
52.5
100.0
4.2

(J) Gila Bend Indian Reservation

D.S.H. class (in.)
No. of trees
Basal area (sq. ft.)
Volume 

(cu. ft.)
% of total volume
Ratio of volume to basal area (cu. ft per sq. ft.)

3
17
4.75
12.6
9.5
2.7

4
51
4.44
20.8
15.8
4.7

5
27
3.68
21.4
16.2
5.8

6
19
3.72
25.9
19.6
7.0

7
6
1.60
12.2
9.2
7.6

8
4
1.40
12.8
9.7
9.1

9
2
0.66
6.6
5.0
10.0

10
2
0.87
10.3
7.8
11.8

11 & up
1
0.72
9.5
7.2
13.2

Totals
209
21.84
132.1
100.0
6.0

Papago Indian Reservation

D.S.H. class (in.)
No. of trees
Basal area (sq. ft.)
Volume 

(cu. ft.)
% of total volume
Ratio of volume to basal area (cu. ft per sq. ft.)

3
48
2.35
10.1
9.5
4.3

4
30
2.61
12.2
11.5
4.7

5
20
2.72
14.7
13.8
5.4

6
17
3.33
21.6
20.4
6.5

7
8
2.14
14.6
13.7
6.8

8
4
1.40
12.0
11.3
8.6

9
2
0.88
5.8
5.5
6.6

10
1
0.55
5.6
5.3
10.2

11 & up
1
0.70
9.6
9.0
13.7

Totals
131
16.68
106.2
100.0
6.4

(K) Camp McDowell Indian Reservation (average acre)

D.S.H. class (in.)
No. of trees
Basal area (sq. ft.)
Volume 

(cu. ft.)
% of total volume
Ratio of volume to basal area (cu. ft per sq. ft.)

3
62
3.04
12.4
10.9
4.1

4
43
3.71
19.6
17.3
5.3

5
26
3.57
21.2
18.7
5.9

6
10
2.02
13.9
12.3
6.9

7
4
1.02
8.1
7.1
7.9

8
3
1.12
9.9
8.7
8.8

9
1
0.46
4.3
3.8
9.3

10
1
0.80
9.8
8.7
12.2

11 & up
1
1.16
14.2
12.5
12.2

Totals
151
16.90
113.4
100.0
6.7

(L) Camp McDowell Indian Reservation (average acre based on Strip #6 east of river)

D.S.H. class (in.)
No. of trees
Basal area (sq. ft.)
Volume 

(cu. ft.)
% of total volume
Ratio of volume to basal area (cu. ft per sq. ft.)

3
166
8.3
33
12.1
4.1

4
102
8.87
47
17.2
5.3

5
67
9.11
54
19.8
5.9

6
30
5.88
40
14.7
6.8

7
10
2.67
21
7.7
7.9

8
7
2.44
22
8.1
9.0

9
2
0.88
8
2.8
9.1

10
3
1.64
20
7.3
12.2

11
1
0.66
8
2.9
12.1

12
2
1.57
20
7.3
12.7

Totals
390
41.85
273
100.0
6.5

Note:  difference _____ tables were used in compiling these tables which later were combined into a single volume table for all souther Arizona (Table 1)

TABLE IX

Stand and stock tables for mesquite in southern Arizona by 6-year age groups

(M) San Xavier Indian Reservation

Age group (yrs)
Range of diameter (in.)
No. of trees
Basal area (sq. ft.)
% of total BA
Volume

(cu. ft.)
Ratio of vol to BA (cu. ft. per sq. ft.)

0-6
-
-
-
-
-
-

6-12
2-3
168
5.38
47.6
10.7
2.0

12-18
4-5-6
54
5.92
52.4
31.9
5.4

Total
17
222
11.30
100.0
42.6
3.8


Over 6
4
1.17
-
9.9
-


2 & over
226
12.47
-
52.5
4.2

(N) Gila Bend Indian Reservation

Age group (yrs)
Range of diameter (in.)
No. of trees
Basal area (sq. ft.)
% of total BA
Volume

(cu. ft.)
Ratio of vol to BA (cu. ft. per sq. ft.)

0-6
-
-
-
-
-
-

6-12
3-4
148
9.19
45.4
33.4
3.6

12-18
5-9
58
11.06
54.6
78.9
7.1

Total

206
20.25
100.0
112.3
5.5


Over 9
3
1.59
-
19.8
-



209
21.84
-
132.1
6.0

(O) Papago Indian Reservation

Age group (yrs)
Range of diameter (in.)
No. of trees
Basal area (sq. ft.)
% of total BA
Volume

(cu. ft.)
Ratio of vol to BA (cu. ft. per sq. ft.)

0-6
-
-
-
-
-
-

6-12
3
48
2.35
15.2
10.1
4.3

12-18
4-5
50
5.33
34.6
26.9
5.0

18-24
6-7
25
5.47
35.4
36.2
6.6

24-30
8-9
6
2.28
14.8
17.8
7.8

Total

129
15.43
100.0
91.0
5.9


Over 9
2
1.25
-
15.2
-



131
16.68
-
106.2
6.4

Camp McDowell Indian Reservation (average acre)

Age group (yrs)
Range of diameter (in.)
No. of trees
Basal area (sq. ft.)
% of total BA
Volume

(cu. ft.)
Ratio of vol to BA (cu. ft. per sq. ft.)

0-6
-
-
-
-
-
-

6-12
3
62
3.04
19.3
12.4
4.1

12-18
4
43
3.71
23.6
19.6
5.3

18-24
5-6
36
5.59
35.5
35.1
6.3

24-30
7-10
9
3.40
21.6
32.1
9.4

Totals

150
15.74
100.0
99.2
6.3


Over 10
1
1.16
-
14.2
-



151
16.9
-
113.4
6.7

(P) Camp McDowell Indian Reservation (average acre based on strip #6 east of river)

Age group (yrs)
Range of diameter (in.)
No. of trees
Basal area (sq. ft.)
% of total BA
Volume

(cu. ft.)
Ratio of vol to BA (cu. ft. per sq. ft.)

0-6
-
-
-
-
-
-

6-12
3
166
8.13
20.5
33
4.1

12-18
4
102
8.87
22.4
47
5.3

18-24
5-6
97
14.99
37.8
94
6.3

24-30
7-10
22
7.63
19.3
71
9.3

Totals

387
39.62
100.0
245
6.2


Over 10
3
2.23
-
28
-



390
41.85
-
273
6.5

NOTE: PLATES ARE NOT INCLUDED IN ELECTRONIC VERSION

� Sergeant, C. S., Manual of Trees of North American


� woodland Section. Technical Cooperation-Bureau of Indian Affairs and the Natural Resources Conservation Service 


� Height as used herein does not mean true vertical height, rather the total length of the stem measured whether growing in a vertical position or not.


� Blakeman, John. On tests for linearity of regression in frequency distributions. Biometrika 4:332-350.1905


� Table 10.2, 5% and 1% points for the distribution of F. Statistical Methods for Research Workers. R. A. Fisher.


� Note: this and the two following standard deviations are standard deviations in the difference and not that of the mean itself which appears in the table above.


� Prosopis volitina, volume by calculation


� Corrected for the size of the sample


� Corrected for the size of the sample


� Corrected for the size of the sample


� Corrected for the size of the sample


� estimated from the curve on Plato VIII





