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SUMMARY

1 Mesquitc (Prosopir spp) is a nitrogcn-fixing and drought-resistant leguminous tree which exists' in many of the semi-arid regions of the world but little has been done to develop its potential
for wood, nitrogcn fixation or pod yield. We report field and greenhouse cultural practices for
mcrquitc and thc rcsults of a field screening trial for biomass production of 32 accessions,
rcprcscnting North and South American and African germplasrn. Non-destructive biomasg
estimates, dcrivcd from height and stem diameter measurements, had a 180-fold range; the
preponderance of slow-growing accessions were from the rangelandr of southwestern USA.

Prosopis (mesquite) is an extremely diverse leguminous genus of 44 species of
shrubs and trees of semi-arid regions, primarily in Chile, Argentina, Peru,
Mexico and southwestern United States. A native and an introduced species
occur in west Africa, and two native and several introduced species occur in
the Caucasus-Indian region. Forms are known that are use ful .for soil conserva-
tion and uui sources of fodder, and the genus may be valuable for timber, fuel,
nitrogen fixation and the accumulation of leaf litter (Felker, 1979).

We have assembled 400 single tree selections (accessions) of 13 species of
Prosopis. This paper reports the results of two studies on the growth of 39 of
these accissions (Table 1) in respect of height and stem diameter, and describes
the silvicultural procedures and methods of controlling weeds and insects.
Methods of inoculation with Rhizobium will appear elsewhere (Felker and
Clark, in press). Most of the material was supplied by Professor O. T. Solbrig of
Harvard University, and was obtained during work on the International Biolo-
gical Program (IBP) in North and South America. The North American mesquite
supplied by Solbrig was collected by Simpson along an east-west transect from
Texas to Arizona. Other accessions were supplied by the USDA Northern
Regional Research Centre, Peoria, trlinois; R. Modesto, Thermal, California;
R. Winterbottom, Upper Volta; O. Hamel, Senegal; H. Hyland, Beltsville,
Maryland; H. Esbenshade, Davis, California; and the Desert Nursery, Riverside,
California.

Silaic ultural pro c e dures
Seeds were dissected from

scarified by nicking them on

METHODS

the pods with a utility knife and pruning shears,
the blunt end (opposite the radicle) and surface
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Table 1. Origin of Prosopis gerrnplasm

Accession
Specier number Location of origin

P. africana 0040 Upper Volta
P. afrhana 0045 Neur'Mactar, Senegal, W. Africa
P. alba 0098 Argentina
P. alba 0035 Poro del Tigrc, Argentina
P. alba 0037 Cos los lomita, Argentina
P. alba 0039 Santiago del Estero, Argentina
P. alba 0132 Quimlo, Saer Pen4 Argentina
P. alba 0134 Argentina
P. articuhta 0016 Baja, Mexico
P. chilmsis 0009 Buenos Aires, Argentina
P. chilensis 0010 La Pampa, Argentina
P. fuliflom 0044 Ross-Bethio, Senega! W. Africa
P, kuntzei 0130 Argentina
P. laeoigata 0114 San Luie Potosi, Mexico
P. nigm 0034 ColoniaBarddelostoser,Argentina
P. nigm 0036 Poro del Tigre, Argentina
P. nigra 00gg Los Lomitos, Argentina
P. nigra 0133 Argentina
P. pauido 0041 Hawaii
P, pallida 0140 Univcrsity of Hawaii
P. twscifoha 0033 Parada 6, Argcntina
P, ntscifolia 0l3l Argentina
P. tamarugo OO42 Chile
P. oelutina 0020 Pima County, Arizona
P. ael,utina 0031 Pima County, Arizona
P. sPP 0001 Thcrmal, Califomia
P. tPP 0013 South America
P. sPP OO22 Yuman Arizona
P, sPP 0025 SantaAna, Mcxico
P. sW 0026 Lordsburg, New Mcxico
P. spp 0028 McNary, Texas
P. sPP 0030 Stafford, Arizona
P. sP? 0032 Bensoq Arizona
P. tpp 0074 Merquite, New Mexico
P. s?P 0080 York, Arizona
P, spp 0108 Mexico
P. tp| 0116 San Luis Potosi, Mcxico
P. spp 0137 Argentina
P.*pp 0138 Argentina

disinfected with the broad-spectrum fungicide Banrot (15% 5-ethoxy-3-tri-
chloromethyl -I,2,4 thiadiazole arrd 25% dimethyl 4,4'-0-phenylbis (3-thioallo'
phanate)). Sodium hypochlorite, and the fungicides Demosan 65W (1,4-di-

chloro-2,5 dimethyoxybenzene) and Arasan (tetramethylthioperoxydicarbonic
diamide) were less satisfactory

The seeds were sown in open-ended waxed cardboard Plant Bands (Monarch
Manufacturing Co, Salida, Colorado),3.8x3.8x57 cm, in which the primary
root could elongate freely. They were filled to within 3.8 cm of the top with a
horticultural soil mix including macro- and micro-nutrients;2.5 cm of vermicu-

lite was placed on top of the soil and 20 ml of a suspension _of Banrot (0.5
g/litre) aaded. A singli, fully-mature, scarified seed, undamaged by insects, was

placed 1 cm deep in the vermiculite, and the bands were kePt in a glasshouse
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with supplemental fluorescent lighting (Hanover and Reicosky, rgzz). At tem-
peratures ranging diurnally from 27 to gboc, g0% of. the seeds emerged in
4 days. Freshly-harvested seeds of P, africana would germinate only after they
had been soaked for one hour in a 2 mM solution of gibberellic acid.

The seedlings were held in the glasshouse for 90 days in temperatures ranging
from 27 to 3f,C, after which the side seams of the bands were cut and loosened
and the seedlings placed in holes, 15 cm in diameter and 28 cm deep, in the
field. After soil had been replaced around the bands they were gently pulled
out and the seedlings were watered.

Control of weeds
Cool season winter weeds, e.g., Malaa pantiflora, were effectively controlled

three months after the seedlings had been transferred to the field, with either
of the pre-emergence herbicides Karmex (3-(8,4-dichlorophenyl)-1, l-dimethyl
urea) or simazine (2-chloro-4,6 bis(ethylamino)-s-triazine) at 2 kgfta, which
did not visibly damage the seedlings. Post-emergence weeds were controlled by
the contact herbicide Phytar (hydroxydimethylarsine oxide)appliedat Zyzkglha
with a shielded applicator.

Insect pests
In the glasshouse, spider mites (Tetranychus pacificus) damaged the leaves

and could defoliate the plants completely. The mites (( I mm) produce a white
speckled appearance on the leaves and spin webs up and down the stem. Chlor-
benzilate defoliated the seedlings, but the systemic insecticide orthene (o,
S-dimethyl-acetyl-phosphoramide dethioate), or pyrethrin sprays, used every
3 weeks, gave effective control.

In the field, in spring and fall, the psyllid Alphalaroida sp caused the newly
expanded leaflets to arch inwards; when they were unrolled, the white egg;s
and immature psyllids, about I mm in length, could be seen. The susceptibi-
lity of Prosopis species to these psyllids varied in the following order of de-
creasing susceptibility: P. glandulosa var. toneyanalp. paltid,alp. articulata
) P, uelutina = P. nigra. The remaining species in our trials appeared to be much
less susceptible. orthene, applied to wet the leaves at b mlflitre (0.7g ml
a.i./litre), controlled the psyllids for several weeks. Mutty coccinellids (Coc-
cinella transaersoguttatal appeared on the plants but did not adequately
control the psyllids. Flowering and fruiting were sometimes resumed when
psyllids were controlled with Orthene.

The bruchid Algarobius prosopis burrows into mesquite pods and destroys
tlre seeds. Kingsolver et al. (L97 7 ) have arxrply reviewed the biology of this insect.
Orthene, first sprayed at 5 ml/litre three weeks after flowering (so that pollinat-
ing bees were not kined) and at 3-week intervals thereafter, decreased the num-
ber of bruchid emergence holes from 23 to L per 100 pods, but it was not effec-
tive when injected into the stem. Malathion seems as effective as orthene.
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GROWTH STUDIES

The growth studies were conducted in Riverside, California, where the annual
rainfall (mean 275 mm) falls almost entirely from November to April, when
mesquite does not grow. The seasonal course of temperature is shown in Fig. 1.

Two studies were made, the first (L977-78) a simple trial on the growth of
20 provenances, and the second (1978-79) on the growth of 32 provenances

(Table 3) under three notionally different water regimes.

Methods of assessment

Since the plants were also to be used to study pod production, insect attack
and other attributes, a non-destructive method of assessment was required.

Growth was assessed solely from measurements of height (distance from the

soil surface to the tip of the topmost branch or to the topmost leaf) and of
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Fig. 1. Relation between air temperature and growth of three Prosopis sPecies.



Accession

P. chilensis
P. alba
P. alba
P. alba
P. sPP
P. nigra
P. chilensis
P, sPP
P. uelutina
P. sPP
P. ruscifolia
P. sPP
P. sPP
P. sPP
P. sPP

Origin

Argentina
Argentina
Argentina
Argentina
Mexico
Argentina
Argentina
Arizona
Anzona
New Mexico
Argentina
Arizona
Arizona
Texas
New Mexico

(b)
Diameter

(.*)

4.9
5.3
3.9
4.0
3.3
2.6
2.7
2.1
1.5
1.9
1.5
1.3
1.2
0.7 7

0.8

2r3

(c)
Main stem volume

(cm3)'

3150
227 0
1420
I 200
940
420
380
2+0
ll0
110

88
63
48
l9
t7
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Table 2. Height, stem diameter, and stem aolume 1/z years

aft er transplanting Pro s opis

o00e)
0o3e)
oo3 7)
003 5)
0025)
003 8)
0ol 0)
oo22)
oo3l)
oo26)
0033)
0030)
o080)
oo28)
007 4)

(u)
Height
("*)

355
286
310
280
304
199
189
r23
t70
t25
149
132
135
111

86

(")
(b)

(")

Height from ground to tip of thc longest branch
Diameter at ground lwel; where two trunks appeared at ground level with diameter great€r than
I cm, the diameter which yiclded the sum of areas is given; where there were numerous branches
less than 0.5 cm in diamcter, only the largcst was measured.
Main gtem volume calculatcd by assuming the volume of a cone, i.e. nr2hl\ where z ig ttre radius
and lr thc hcight; mean stem volume is not calculated from mean height and mean stem diameter,
but from individual stem volumes.

diameter (2r) of the stem at soil level. Many ecologists have used a parabolic
expression for stem volume, namely rr2hlz, and this form is preferred for esti-

mating volume and biomass with linear regression (Whittaker and Marks, 1975).
In the second study reported below, 12 for the linear regression of volume on
height for 1152 trees was 0.43 only, indicating that either height or stem dia-

meter is too variable to be a useful criterion on which to select single trees for
biomass yield. Texas mesquite trees had a better correlation between biomass

and basal diameter (12=0.84) than with biomass and height (12=0.46\
(Whisenant and Burzlaff, 197S). In the present studies volume was calculated as

t2hl3 because this is the preferred variable for use with linear regressions.

Whisenant and Burzlaff reported a serviceable linear regression of above-

ground fresh weight (kg) on stem area (cm2) at 60 cm height. Burzlaff (per-

sonal communication) has suggested an unpublished relation, y = 0.323x, where
x is the area in cm2 at ground level.

Study 7: Growth of 20 prouenances
Methods. Seedlings were transplanted into the field on 5 July 1977. There

were sufficient plants of 15 accessions (Table 2) to set out a replicated trial in
four randomized blocks, each plot containing I plant. The plants were spaced

4,5 m apart in rows 6.1 m apart and were furrow irrigated every three weeks.

The soil was :Ln Arlington fine sandy loam (haplic durixeralf). Heights were

measured to the topmost leaf every two weeks from August 1977 until the
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Accession

P. chilensis
P. alba
P. pallida
P. sPP
P. sPP

P. pallida
P. alba
P. articulata
P. iuliflora
P. nigra
P. sPP
P. alba
P. sPP
P. alba
P. aelutina
P. ni,gra
P. sPP
P. nigra
P. sPF
P. sFP
P. sPP
P. alba
P. nigra
P. lneaigata
P. ruscifolia
P. sPP
P. spp
P, kuntze'i
P, tamarugo
P, sPP
P. africana
P. africana

Mean

PETER FELKER, G. H. CANNELL AND PETER R. CLARK

Table 3. Prosoqis stem aolumes (cm3) ranked for size

Irrigation treatment

-5
bar

l40Y
702
57YZ
57Y
82Y
58Y
632
30Y
272
42Y
39Y
2rY
36Y
58Y
30YZ
2lz
33Y
39Y
29YZ
28Y
13Y
2lY
23Y
2rY
l3Y
9Y
9Y
6Y
7V
5Y
IY
0.32

F-value
(analysis

of
variance)

15.2* * *
17.4*'F*
2.4
0.8

16.9* 'r *
1.9
2.9
2.2
2.6
2.6
5.5**
1.8
0.9
7.6* *
2.9
3,3 *
0.2
3.8*
3.0
0.6
1.3
0.2
3.5*
3.4*
0.3
2.1
3.5
0.9
0.9
0.8
6.7* *
8.4* *

oooe)
003e)
oo41)
o0or)
o0l3)
0140)
003 7)
0016)
0044)
oo38)
ol37)
013 2)
oo25)
0oe8)
oo2o)
0036)
ol38)
or33)
oo3 2)
ol l6)
olos)
0134)
0034)
0l 14)
0131)
0080)
oo28)
0r30)
00421
0074)
0045)
0040)

- 0.6
bar

482
l24Y

67Y
46Y
382
44Y
24Y
46Y
46Y
24Y
46Y
36Y
28Y
t3z
38Y
47Y
27Y
24YZ
t7z
23Y
32Y
19Y
l42
t0z
L2Y
13Y
5Z
6Y
5Y
5Y
0.52
o.2z

29YZ

_9
La

bar

742
432
462
50Y
292
35Y
+lYZ
47Y
38YZ
43Y
L42
42Y
29Y
L9Z
t9z
t82
23Y
t42
30Y
2lY
18Y
2tY
l+z
lSzY
llY
6Y
42
5Y
5Y
6Y
0.8Y
0.7Y

Mean

88
79
57
5t
50
46
43
4L
37
36
33
33
3l
30
29
28
28
26
25
24
2t
20
t7
l5
r2

9
6
6
6
5

0.7
0.4

242 34Y

Within a variety means followcd by a different letter are different from cach other at P=0.05 arjudged
by Duncan'e multiple rang€ test.

onset of cooler weather stopped their growth in November 1978, by which
time it had become difficult to measure the more successful accessions, the

tallest of which had attained an average height of 355 cm.
Results. The time course of growth in height of three accessions illustrates

the seasonal patterns (fig. 1). Two (P. chilensis 0009 and P. alba 0037) were

among the most rapidly growing accessionsl the third, P. sp 0o22,was aNorth
American accession which grew moderately rapidly. Growth apPeirrs to cease

in the fall and to start again in the spring as the fortnightly means of daily
maximum temperature pass through 27"C. Accession 0022may resume growth
rather earlier than the others. In warm desert locations mesquite may initiate
leaves, and flower, about a month earlier than in cooler situations at the coast

or at higher elevations at the same latitude.
Mean values for heights and basal stem diameters in November 1978, and
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derived estimates of volume, are given for the 15 entries in the first study
(Table 2), ranked in decreasing order of estimated mean stem volume. The
values for diameter, but not for height, follow a closely similar sequence.
Mean heights ranged from 355 to 86 cm, diameter from 5.9 to 0.8 cm, and
estimated volumes from 3154 to 17 cm3, a 180-fold variation. Estimated
volumes of the accessions from southwestern US were no more than one-tenth
of the most successful accession from South America (standard deviations for
these values are available from the author).

Fresh weight yields, estimated using Burzlaff's expression, ranged from 0.15
to 8.5 kg/plant and hence from 54 to 3026 kg/ha. At a spacing of 3 x 3 m (at
which the canopies of the larger plants would have touched) fresh weight
yields might have ranged from 169 to 9443 kg/ha.

Study 2: 32 accessionsxS utater regimes
The soil used for this study was a Hanford fine sandy loam (typic xerothent)

and plants were set out in the field on 28June 1978. The accessions (Table 3)
included representatives of each of the 12 species in our collection, some of
which Burkart (1976) recommended as rapid in growth but non-invasive.
Others were range species native to the US. These accessions were grown under
wet, medium and dry water regimes to ensure that no promising accession was
overlooked because it was $own with too much or too little water. In the three
regimes 7.6 cm of water was applied to individual plots when the soil water
potential at 30 cm depth, measured by tensiometers and resistivity blocks
(Cannell and Asbell, 1964) reached - 60, - 200 and - 500 kPA (- 0.6, - 2.0
and - 5.0 bar). Each water regime was applied in one of three randomized
blocks, each containing one plot of each accession, so that the water treatments
were not replicated and their effects were wholly confounded with block dif-
ferences. Valid estimates of error can however be made for water x accession
interactions. Each plot contained 12 plants of each accession, spaced at L.2x
I.2 m in a 4 x 3 array. Each plot was surrounded by an earthen berm with a
separate valve and pipe opening (2.5 cm). The seedlings of each accession were
sorted so that the initial sizes were similarly distributed in each of the three
sets of 12 plants.

Although the plots of the two accessions of P. africana were watered almost
every day through the summer, regardless of the measurements, in an attempt
to keep the plants alive, many plants died. This species seems to be poorly
adapted to the climate of Riverside. Since water was otherwise applied plot by
plot in accordance with the me:rsurements of water potential, different plots
receiving the same water treatment were likely to be irrigated at different times
and to receive different total amounts of water. Most of the 'wet' plots were
watered several times during the summer; the 'medium' ones were generally
watered in late September or early October, and no 'dry'plot was watered at
all, though their plants survived and grew through the dry California summer
on water stored from the preceding winter rains plus about 7 cm applied when
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the seedlings were transplanted. The 2-week mean of daily maximum tempera-

ture was 32oC or more for 12 weeks after planting, and temperatures exceeded

41"C on at least 6 days. The measurements on which Table 3 is based were
made in November 1978.

Average effects of the water treatments on estimated stem volume (Table 3)

were small, but the dry treatment produced a significantly larger mean value

(34 cm3) than the medium or wet ones (24 and 29 cm3 respectively). These

mean values conceal interesting differences between entries in the effects of
water, discussed below. Mean volumes ranged from 88 to 5 cm3 for the dif-
ferent entries (other than P, africana), with such large differences that they can

readily be accepted as real without formal statistical test. Moreover, the rank
orders of the eight accessions which were tested in both studies were almost
identical. In the second study, fresh biomass calculated from Burzlaff's regres-

sion may have ranged from around 5900 to 240 kg/ha.
The effects of the water treatments were significant in 15 of the 30 entries

(other than P. africanal; in nine the volume was greater in the dry or medium
treatments than in the wet onel in the other six the wet treatment produced a
larger volume than one or both of the others. The first accession in respect of
stem volume, P. chilensrs 0009 from Buenos Aires, was in the first groupr
whereas the second,P. alba 0039 from Santiago del Estero, Argentina, was in
the second. These different effects were not associated with taxonomic dif-
ferences though they may have been with the micro-environments from which
the accessions were originally collected.

DISCUSSION

The three most important results are the extraordinary variation in Prosopis

growth rates, the fact that many North American native mesquites were among

the least productive accessions, and the apparent drought-tolerance of some of
the faster growing ones. We suggest that the low productivities of about
300 kg/ha per year reported by Parker and Martin (1952) for mesquite-dominated
grassland on the ranges of the southwestern US may be associated with the pre-

sence of slow-growing forms of mesquite which are similar to our Texan and

New Mexico accessions (0080, 0074,0028). This may be because more produc-
tive plants are selectively removed when the largest trees are cut first for fire-

wood or lumber, particularly during settlement of semi-arid regions such as

the Southwest, where trees needed for firewood or large structures were few in
number. The most productive North American accession, P. sW (0001)' was

collected from uncui stands of a California India reservation and lends credence

to this argument. Selection of this sort against rapid growth has been suggested

for Prosopis in South America (Burkart, 1976).
Clear bole productivity in a mesquite varietal trial in Western Pakistan

(Ahmed, 1961) can be calculated to range from 13 to 8000 kg/ha assuming

Wiley and Manwiler's (1976) wood density of 0.7 kgflitre. A sheep-raising
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operation in Chile is supported by P. tamantgo where the pod-plus-leaf yields
for 30-year-old trees were 12,000 kg/ha (Salinas and Sanchez,I9TI\. TheseP.

tamarugo groves occur in a rainless but foggy region situated over a ground-
water aquifer 3-6 m below the surface. AccordinglY, we believe a dry matter
yield of 4000 kg/ha of pods, leaves or timber is a reasonable and conservative

goal though we have not yet begun to approach such yields: preliminary bio-
mass estimates for the most productive plots in the second study were only
5900 kgfta fresh weight. However, since estimated fresh biomass yield in the
first study increased ten-fold in the most productive entries, from about 0.9 to
8.5 kg/plant between the fall of. 1977 and 1978, we think it reasonable to
expect (or at least to hope) that the annual increment of dry matter would
reach 4000 kglhalyr after several years.

Large growth rates are not necessarily associated with increased invasiveness.

For example, of the fast-growing South American P. nigra species, Burkart
states 'nowhere is it considered an invader'. Results presented here suggest that
the South American weedy accession P. ruscifolia is probably not weedy for
physiological reasons (such as large growth rate), which would imply that
spread of P. ruscifolia is uded by some other means, perhaps a vector such as

cattle. Perhaps the spread of already-Present slow-growing weedy accessions

could be contained by planting fast-growing non-invasive accessions around
them.

Our experiments have shown considerable variation, both between and within
accessions. A report of self-incompatibility in several Prosopis species (Simpson,
1977) could explain variation within an accession. There is also evidence of
interspecific hybridization within the genus (Hunziker et al., 1975) which
could facilitate the transfer of both desirable and undesirable genetic charac-

teristics between species. Experiments on vegetative propagation by cuttings
for the rapid propagation of single tree selections have been moderately success-

ful and will be reported shortly.
The most productive Prosopis accessions in this study are of South Ameri-

can origin. If the non-productive mesquites examined here are representative of
southwestem United States rangeland mesquite, and if well-adapted South
American accessions can be found, large increases over natural biomass produc-
tion should be possible. A search for productive lines should concentrate on
South American germplasm.
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