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This report belongs to a series of analysis reports 
published by the Danida Forest Seed Centre. 
It is the intention that the series should serve 
as a place for publication of trial results for the 
Centre itself as well as for our collaborators. The 
reports will be made available from the DFSC 
publication service and online from the web-site 
www.dfsc.dk. The scope of the series is in particu-
lar the large number of trials from which results 
have not been made available to the public, and 
which are not appropriate for publication in sci-
entific journals. We believe that the results from 
these trials will contribute considerably to the 
knowledge on genetic variation of tree species in 
the tropics. Also, the analysis report will allow a 
more detailed documentation than is possible in 
scientific journals.

At the same time, the report presents results 
within the framework of the ‘International Series 
of Trials of Arid and Semi-Arid Zone Arboreal 
Species’, initiated by the FAO. Following collec-
tion and distribution of seed between 1983-87, a 

Preface 

large number of trials were established by national 
institutions during 1984-1989. An international 
assessment of 26 trials took place from 1990 
to 1994. DFSC is responsible for the reporting of 
this assessment. 

This trial was established and maintained by 
the Empresa Brasileira de Pesquisa Agropecuaria 
(EMBRAPA) / Centro de Pesquisa Agropecuária 
do Trópico Semi-Arido (CPATSA), Petrolina, 
Pernambuca, in Brazil. The assessment team con-
sisted of Paulo César Fernandes Lima, João Claro 
de Souza, Pedro José Alves, José de Assis Amaral 
de Lima (EMBRAPA/CPATSA), Agnete Thomsen 
(FAO) and Lars Graudal (DFSC).

The authors thank the personnel at EMBRAPA/
CPATSA for help with the establishment, main-
tenance and assessment of the trials, and the 
personnel of DFSC for their help with the data 
management and preliminary analyses. Drafts of 
the manuscript were commented on by Marcus 
Robbins, consultant to FAO, and Luiz Balbino 
Morgado, researcher at Embrapa Semi-Árido.

PREFACE
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This report describes results from a trial with four 
provenances of Prosopis juliflora, coming from Bra-
zil, Honduras, Mexico and Senegal. The trial was 
established with spacing of 6 x 6 metres at Petro-
lina - PE, Brazil in 1988 and assessed at an age of 
5 years in 1992. Different growth parameters were 
measured and subjected to analyses of variance 
and multivariate analyses. 

The fastest growing provenances had increment 
rates in basal area of 0.3 m2  ha-1  y-1, corresponding 
to a dry weight production of approximately 1.1 t 

Abstract

ha-1 y-1. Though having only a moderate survival, 
the Brazilian provenance had the fastest growth 
together with the provenance from Senegal. The 
provenance from Honduras had a creeping growth 
habit, and in the multivariate analysis, the prov-
enances from Honduras and Mexico were clearly 
separated from the land-races from Brazil and Sen-
egal, as well as from each other. The differences 
between the provenances were significant for all 
the analysed variables. 
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This report describes the results from trial no. 4 in 
a large series of provenance trials within the ‘In-
ternational Series of Trials of Arid and Semi-Arid 
Zone Arboreal Species’. The main goals of the 
series were to contribute to the knowledge on the 
genetic variation of woody species, their adaptabil-
ity and productivity and to give recommendations 
for the use of the species. The species included in 
this series of trials are mainly of the genera Acacia 
and Prosopis. A more detailed introduction to the 
series is given by DFSC (Graudal et al. 2003).

The species P. juliflora was introduced with cer-
tainty to Brazil in 1942 and is at present found 
in the entire north-eastern region and other parts 
of the country (Silva 1988). Seed were brought in 
from United States, Peru and Sudan, but only four 
trees survived these introduction   trials, and it is 
believed that today’s population of P. juliflora are 
descendants of these trees (Pires et al. 1988). There 
is concern therefore that the trees are of narrow 
genetic origin, and in trials differences between 

1. Introduction

offspring are difficult to find (Pires & Kageyama 
1988, Pires et al. 1988). According to Pasiecznik et 
al. (2001) it is possible that the species was intro-
duced earlier, but the dominant form in Brazil is 
believed to origin from the introductions in the 
1940s. 

The species is cultivated through large parts of 
the tropics and origin in South America. Due to its 
widespread cultivation, however, the exact origin 
is not known, but is believed to include the West-
ern part of the Andes, the Caribbean and Central 
America. It should be noted that the taxonomy 
of Prosopis species native to these areas is highly 
complex, and that P. juliflora especially in Peru 
hybridises with P. pallida (Pasiecznik et al. 2001). 
This trial includes four provenances of the species, 
including the local land race, two provenances 
from Honduras and Mexico and a land race from 
Senegal. Lima (1998) gives a detailed description 
of the background for the trial.

INTRODUCTION
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2.1 Site and establishment of the trial
The trial is located at Bebedouro, Petrolina (9°9´S, 
40°22´W) in Pernambuco state, Brazil at an alti-
tude of 366 m. The mean annual temperature is 
27 ºC, and the mean annual rainfall is 553 mm 
(DFSC 1994). The dry period is approximately 
7 months. Further information is given in the 
assessment report (DFSC 1994) and summarised 
in annex 1. 

Seed were sown in December 1987, and the trial 
was established in May 1988. 

2.2 Provenances
The trial includes 4 provenances of P. juliflora, 

one from each of the countries Mexico, Brazil, 
Honduras and Senegal (Table 1). For convenience, 
the provenances have been given identification 
numbers relating to their geographical origin (name 
of country followed by a number). The original 
seedlot numbers are provided in annex 2.

2. Materials and methods

2.3 The experimental design
The experimental design is a randomised com-
plete block design with 5 blocks. Within each 
block, each provenance is represented by 20 trees 
in a plot, planted in a rectangle of 4 × 5 trees. The 
trees have a spacing of 6×6 m. The layout of the 
trial is shown in annex 3.  Further details are given 
in DFSC (1994).

2.4 Assessment of the trial
In October 1992 EMBRAPA/CPATSA, FAO and 
DFSC undertook a joint assessment. The assess-
ment included the following characters:

• Survival
• Health status
• Vertical height
• Diameter at 0.3 m
• Number of stems at 0.3 m
• Crown diameter

A detailed account of the assessment methods is 
given by DFSC (Graudal et al. 2003). The prove-
nance Honduras3 was characterised by a creeping 
growth habit, and it was impossible to determine 
where to measure the diameter. Therefore diam-
eter was not measured for this provenance. The 
raw data from the assessment are documented in 
DFSC (1994), and the plot data set on which the 
statistical analyses in this report are performed is 
shown in annex 4. 

Table 1. Species and provenances of Prosopis juliflora tested in trial no. 4 at Petrolina - PE, Brazil.

Provenance 
identification

Seed collection 
site

Country of 
Origin

Latitude Longitude Altitude (m) Rainfall 
(mm)

No. of 
mother 
trees

Brazil2 Bebedouro Brazil 9°9’S 40°22’W 365.5 553 15

Honduras3 Comayagua Honduras 14°21’S 87°37’W 680 880 30

Mexico6 Cananez Mexico 24 13 N 104 28 W 890

Senegal37 Thies Senegal
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3.1 Variables
In the report the following variables are analysed:

• Survival
• Height
• Crown area
• Number of stems at 0.3 m
• Basal area of the mean tree at 0.3 m
• Total basal area at 0.3 m
• Biomass of the mean tree
• Total biomass
• Health

Survival was analysed as the rate of surviving trees 
to the total number of trees per plot, whereas 
height, crown area, number of stems, health and 
basal area and biomass of the mean tree were ana-
lysed as the mean of surviving trees for each plot. 
Total basal area and total biomass were calculated 
as the sum of the variable for each plot and then 
related to the growth space of the trees, expressing 
the values on the basis of unit area.

For five small trees, no assessment of number of 
stems was made. This means that the analysis and 
the mean values for number of stems are biased. 
Since this applies only to a small proportion of 
the trees, the implications of this are likely to be 
small. The provenance Honduras3 is not included 
in the analyses of basal area and biomass, because 
no diameter was measured (see above).

The dry weight values were calculated from 
regressions between biomass and basal area, estab-
lished in another part of this study (Graudal et al. 
in prep.). For P. juliflora the regression is

 

where TreeDW expresses the dry weight of the tree 
in kg tree-1, and basalarea expresses the basal area 
of the tree in cm-2. 

3.2 Statistical model and estimates
The analysis included a test of differences between 
all provenances, performed according to the fol-
lowing model: 

 

where Xjk is the value of the trait in question (e.g. 
height) in plot jk, µ is the grand mean, provenancej 
is the fixed effect of provenance number j, block k is 
the random effect of block  k in the trial, and εjk is 

3. Statistical analyses

the residualof plot jk which is assumed to follow a 
normal distribution N(0, σe

2). 
In order to complement blocks in adjusting for 

uneven environments, a co-variate related to the 
plot position was included in the initial model. 
This co-variate was distance along the first axis of 
the trial, plotx. The distance along the second axis, 
ploty, was not included because it was confounded 
with the block effect. In the cases where plotx was 
not significant at the 10% level, it was excluded 
from the model.

Standard graphical methods and calculated 
standard statistics were applied to test model 
assumptions of independence, normality and 
variance homogeneity (Snedecor & Cochran 1980, 
Draper & Smith 1981, Ræbild et al. 2002). In all 
cases the assumptions of the models were fulfilled, 
and no further reference is made to this. 

The P-values from the tests of provenance dif-
ferences were corrected for the effect of multiple 
comparisons by the sequential tablewide Bonfer-
roni method (Holm 1979). The tests were ranked 
according to their P values, and the test corre-
sponding to the smallest P value (P1) was consid-
ered significant on a ‘table-wide’ significance level 
of α if P1<α/n, where n is the number of tests. The 
second smallest P value (P2) was declared signifi-
cant if P2<α/(n-1), and so on (c.f. Kjaer & Siegis-
mund 1996). In this case the number of tests was 
set to nine, thus equalling the number of variables 
analysed. The significance levels are indicated by 
(*) (10%), * (5%), ** (1%), *** (1 ‰) and N.S. (not 
significant).

Two sets of estimates are presented: The least 
square means (LS-means) and the Best Linear Unbi-
ased Predictors (BLUPs) (White & Hodge 1989). In 
brief, the LS-means give the best estimates of the 
performance of the chosen provenances at the trial 
site, whereas the BLUPs give the best indication of 
the range of variation within the species. Note that 
in the calculation of BLUPs it is assumed that the 
provenances represent a random selection. 

A multivariate analysis providing canonical vari-
ates, and Wilks lambda and Pillais trace statistics, 
complemented the univariate analyses (Chatfield 
& Collins 1980, Afifi & Clark 1996, Skovgård & 
Brockhoff 1998).

A more detailed description of the methods used 
for the analyses of variance is given by Ræbild et 
al. (2002). The statistical software package used was 
the Statistical Analysis System (SAS 1988a, 1988b, 
1991, Littell et al. 1996). 

)036.2)ln(466.2( −×= �������

���������������� εµ +++=

STATISTICAL ANALYSES
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4.1 Survival
Survival is regarded one of the key variables when 
analysing tree provenance trials, since it indicates 
the adaptability of the provenance to the environ-
ment at the trial site. It should be noted that the 
survival reflects only the conditions experienced 
during the first years of the trial and not necessar-
ily the climatic extremes and conditions that may 
be experienced during the life span of a tree in 
the field.

The average survival varied between 44 and 80 
% (Fig. 1). The differences between provenances 

4. Results

were significant, also when correcting for the 
effect of multiple tests (The Bonferroni P-value, 
Table 2). The co-variate plotx was not significant 
and was not included in the model. The prov-
enance from Honduras had the highest survival, 
and the provenances from Brazil and Mexico had 
the lowest survivals, both with 44 %. Senegal37 
was intermediate. The predicted genetic values by 
choosing the provenance with the highest survival 
in stead of the Brazilian provenance are consider-
able (Fig. 2).

Table 2. Results from analysis of variance of provenance differences of survival in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 3 0.162 7.2 0.005 **

Blocks 4 0.015 0.7 0.62

Error 12 0.023

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

SURVIVAL, %
0 10 20 30 40 50 60 70 80 90 100

Figure 1. Survival in the P. juliflora provenance trial at 
Petrolina - PE, Brazil (Trial no. 4 in the arid zone se-
ries). Values presented are least square means with 95 % 
confidence limits.

Figure 2. Best linear unbiased predictors (BLUPs) 
for survival in the P. juliflora provenances in the trial 
at Petrolina - PE, Brazil (Trial no. 4 in the arid zone 
series). Values presented are deviations from the mean 
value in percentage point.

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

SURVIVAL, deviation from mean, percentage point
-20 -15 -10 -5 0 5 10 15 20
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4.2 Height
Height is usually considered an important variable 
in the evaluation of species and provenances. This 
of course will depend on the main uses of the trees. 
Apart from indicating productivity, height may 
also be seen as a measure of the adaptability of 
trees to the environment, tall provenances/trees 
usually being better adapted to the site than short 
provenances/trees. This need not always be true, 
as there have been cases where trees of the tallest 
provenances are suddenly affected by stress and 
die-off.

The average vertical height varied from 1.5 m 
in the provenance from Honduras to more than 
4 m in the local Brazilian provenance (Fig. 3). The 
provenances from Mexico and Senegal attained 
average heights of 2 and 3.9 m, respectively. 
According to the analysis of variance, the differ-
ences between provenances were highly significant 
(Table 3). Therefore the predicted genetic gains by 
choosing the best provenance are quite consider-
able (Fig. 4). The co-variate plotx was significant.

Table 3. Results from analysis of variance of provenance differences of height in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 3 7.3  97.4 <0.0001 ***

Blocks 4 0.1  1.5 0.28

Plotx 1 1.1  15.4 0.002

Error 11 0.1

Figure 3. Vertical height in the P. juli-
flora provenance trial at Petrolina - PE, 
Brazil (Trial no. 4 in the arid zone se-
ries). Values presented are least square 
means with 95 % confidence limits.

Figure 4. Best linear unbiased predic-
tors (BLUPs) for vertical height in the 
P. juliflora provenances in the trial at 
Petrolina - PE, Brazil (Trial no. 4 in the 
arid zone series). Values are presented 
as deviations in percent of the mean 
value.

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

VERTICAL HEIGHT, m
0 1 2 3 4 5

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

VERTICAL HEIGHT, % deviation from mean
-50 -40 -30 -20 -10 0 10 20 30 40 50

RESULTS
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4.3 Crown area
The crown area variable indicates  the ability of 
the trees to cover the ground. The character is of 
importance in shading for agricultural crops, in 
evaluating the production of fodder and in pro-
tection of the soil against erosion. 

The average crown area for the provenances 
varied between 8 m2 tree-1 (Mexico06) and 28 m2 
tree-1 (Brazil2) (Fig. 5). Since the growth space in 
the trial is 36 m2 tree-1, the trees of Brazil2 would 
be close to covering the area had the survival 
of the provenance been higher. Honduras3 and 
Senegal37 had intermediate crown areas of 19 and 
26 m2 tree-1, respectively. The differences between 
provenances were again highly significant (Table 
4), and there were considerable genetic gains by 
choosing the best provenances (Fig. 6). The co-
variate plotx was significant.

Table 4. Results from analysis of variance of provenance differences of crown area in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 3 381  37.1 <0.0001 ***

Block 4 3  0.3 0.85

Plotx 1 70  6.9 0.02

Error 11 10

Figure 5. Crown area in the P. juliflora provenance trial 
at Petrolina - PE, Brazil (Trial no. 4 in the arid zone 
series). Values presented are least square means with 95 
% confidence limits. 

Figure 6. Best linear unbiased predictors (BLUPs) for 
crown area in the P. juliflora provenances in the trial 
at Petrolina - PE, Brazil (Trial no. 4 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

CROWN AREA, m2/tree
0 5 10 15 20 25 30 35 40

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

CROWN AREA, % deviation from mean
-60 -50 -40 -30 -20 -10 0 10 20 30 40

CROWN AREA, m2/tree
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4.4 Number of stems
The number of stems gives an indication of the 
growth habit of the species. Trees with large 
number of stems are considered bushy, whereas 
trees with only one stem have a more tree-like 
growth.

Senegal37 had the lowest average number of 
stems with values just below 2 stems tree-1. Hon-
duras3 and Mexico06 both had approximately 3.5 
stems tree-1, whereas Brazil2 was intermediate with 
2.5 stems tree-1 (Fig.7). This corresponds with the 
visual impression that Senegal37 and Brazil2 had 
the most tree-like growth, and that Honduras3 and 
Mexico06 were more bushy. Note, however, that 
the analysis and the estimates are biased since five 
of the smallest trees were not assessed (see section 
3.1). The differences between the provenances 
were highly significant (Table 5), and the predicted 
gains by provenance selection for number of stems 
are subsequently high (Fig. 8). The co-variate plotx 
was not significant.

Table 5. Results from analysis of variance of provenance differences of number of stems in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 3 4.03  32.9 <0.0001 ***

Block 4 0.76  6.2 0.006

Error 12 0.12

Figure 7. Number of stems in the P. juliflora provenance 
trial at Petrolina - PE, Brazil (Trial no. 4 in the arid zone 
series). Values presented are least square means with 95 
% confidence limits.

Figure 8. Best linear unbiased predictors (BLUPs) for 
number of stems in the P. juliflora provenances in the 
trial at Petrolina - PE, Brazil (Trial no. 4 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

NUMBER OF STEMS AT 0.3 M
0 1 2 3 4 5

PROVENANCE

Senegal37

Mexico06

Honduras3

Brazil2

NUMBER OF STEMS AT 0.3 M, % deviation from mean
-40 -30 -20 -10 0 10 20 30 40

RESULTS
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4.5 Basal area of the mean tree
The basal area is often used as a measure of the 
productivity of stands, since it is correlated to the 
production of wood. The basal area of the mean 
tree is calculated on the live trees only and gives 
an account of the potential basal area production 
of the provenance provided that all trees survive. 

Note that the provenance from Honduras was 
not included in the diameter measurements. Basal 
areas for this provenance are therefore included 
neither in the analysis nor in the estimates. How-
ever, there were highly significant differences 
between the provenances included in the meas-
urements (Table 6), and the co-variate plotx was 
significant. 

The mean trees of Mexico06 had basal areas 
of 20 cm-2 tree-1, whereas Senegal37 and Brazil2 
had values of 78 and 94 cm-2 tree-1, respectively 
(Fig 9). Consequently, the predicted genetic gain 
by provenance selection varies from almost -70 
% in Mexico06 to 45 % in Brazil2 (Fig. 10). The 
differences between Brazil2 and Senegal37 did not 
seem to be significant. One may note that in the 
five years following sowing of the trees, the trees 
of the Brazilian provenance have on the average 
increased with almost 20 cm-2 tree-1 annually.

Table 6. Results from analysis of variance of provenance differences of basal area of the mean tree in 
trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 2 7064  57.1 <0.0001 ***

Blocks 4 454  3.7 0.06

Plotx 1 1790  14.5 0.0007

Error 7 124

Figure 9. The basal area of the mean tree in the P. 
juliflora provenance trial at Petrolina - PE, Brazil (Trial 
no. 4 in the arid zone series). Values presented are least 
square means with 95 % confidence limits.

Figure 10. Best linear unbiased predictors (BLUPs) for 
the basal area of the mean tree in the P. juliflora prov-
enances in the trial at Petrolina - PE, Brazil (Trial no. 4 
in the arid zone series). Values are presented as devia-
tions in percent of the mean value.

PROVENANCE

Senegal37

Mexico06

Brazil2

BASAL AREA OF MEAN TREE, cm2
0 20 40 60 80 100 120

PROVENANCE

Senegal37

Mexico06

Brazil2

BASAL AREA OF MEAN TREE, % deviation from mean
-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50

BASAL AREA OF MEAN TREE, cm2
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4.6 Total basal area
In comparison to the basal area of the mean tree, 
the total basal area is expressed per hectare and is 
thus a better measure of the actual production on 
the site. 

Note again that there are no data for the prov-
enance from Honduras. The average total basal 
areas varied from below 0.3 m2  ha-1 in Mexico06 
to 1.3 and 1.4 m2  ha-1 in Brazil2 and Senegal37, 
respectively. For Senegal37 this corresponds to an 
average annual increment of approximately 0.3 m2  
ha-1 (Fig. 11). In the analysis of variance the prov-
enance effect was highly significant (Table 7), but 
plotx was not significant.

 The predicted values for the deviations from the 
mean value ranged from below –60 % in Mexico6 
to almost 50 % in Senegal37 (Fig. 12). The differ-
ences between Senegal37 and Brazil2 were not 
significant.

Table 7. Results from analysis of variance of provenance differences of total 
basal area in trial 8.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 2 1.71  20.7 0.0007 ***

Block 4 0.18  2.15 0.17

Error 8 0.08

Figure 11. Total basal area for the P. juliflora provenanc-
es in the trial at Petrolina - PE, Brazil (Trial no. 4 in 
the arid zone series). Values presented are least square 
means with 95 % confidence limits.

Figure 12. Best linear unbiased predictors (BLUPs) for 
total basal area in the P. juliflora provenances in the trial 
at Petrolina - PE, Brazil (Trial no. 4 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

PROVENANCE

Senegal37

Mexico06

Brazil2

TOTAL BASAL AREA, m2/ha
0.0 0.5 1.0 1.5 2.0

PROVENANCE

Senegal37

Mexico06

Brazil2

TOTAL BASAL AREA, % deviation from mean
-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50

RESULTS

TOTAL BASAL AREA, m2/ha
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4.7 Dry weight of the mean tree
The dry weight of the mean tree is comparable to 
the basal area of the mean tree in that they both 
are calculated on the live trees only and thus serve 
as a measure of the potential production at the 
site, provided that all trees survive. Furthermore, 
the two variables are linked closely as the basis 
for estimation of the dry weight is the basal area. 
However, an important difference is that the dry 
weight includes a cubic term (in comparison to 
basal area having only a square term), meaning 
that large trees with a large dry mass are weighted 
heavily in this variable. The dry weight is thus the 
best estimate for the production of biomass at the 
site.

The dry weight of the mean tree varied from only 
5 kg tree-1 in Mexico06 to 30 and 38 kg tree-1 in 
Senegal37 and Brazil2, respectively (Fig. 13). 
This corresponds to an average annual growth of 
approximately 5 kg tree-1 for the Brazilian prov-
enance. The differences between the provenances 
were highly significant (Table 8), even though the 
difference between Senegal37 and Brazil2 was not 
large enough to become significant. Plotx was also 
significant. The resulting predicted values for dry 
weight of the mean tree varied from almost –80 % 
for Mexico06 to +55 % for Brazil2 (Fig. 14).

Table 8. Results from analysis of variance of provenance differences of dry weight of the 
mean tree in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 2 1332  53.0 <0.0001 ***

Block 4 131  5.2 0.03

Plotx 1 420  16.8 0.005

Error 7 25

Figure 13.  Dry weight of the mean tree in the P. juli-
flora provenance trial at Petrolina - PE, Brazil (Trial no. 
4 in the arid zone series). Values presented are least 
square means with 95 % confidence limits.

Figure 14. Best linear unbiased predictors (BLUPs) 
for dry weight of the mean tree in the P. juliflora prov-
enances in the trial at Petrolina - PE, Brazil (Trial no. 4 
in the arid zone series). Values are presented as devia-
tions in percent of the mean value.
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4.8 Total dry weight
In parallel with the total basal area, the total dry 
weight is expressed on a unit area basis and gives 
the best measure of the actual production of bio-
mass at the site.

Mexico06 had the lowest production with only 
0.6 t ha-1. The ranking between the two other 
provenances was opposite to what was observed in 
the dry weight of the mean tree, Brazil2 having a 
dry weight of 4.7 t ha-1 and Senegal37 having a dry 
weight of 5.3 t ha-1 (Fig. 15). This amounts to an 
average annual production of approximately 1.1 
t ha-1 from the time of sowing to the assessment. 
The differences between provenances were highly 
significant (Table 9), but again the differences 
between Brazil2 and Senegal37 were too small 
to become significant. Plotx was significant. The 
predicted gains varied from –80 % for Mexico06 
to +50 % for Brazil2 (Fig. 16).

Table 9. Results from analysis of variance of provenance differences of total dry weight in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 2  30.8  32.0 0.0003 ***
Block 4  4.2  4.4 0.04
Plotx 1  6.1  6.3 0.04
Error 7  1.0

Figure 15. Total dry weight in the P. 
juliflora provenance trial at Petrolina 
- PE, Brazil (Trial no. 4 in the arid 
zone series). Values presented are least 
square means with 95 % confidence 
limits. 

Figure 16. Best linear unbiased predic-
tors (BLUPs) for total dry weight in 
the P. juliflora provenances in the trial 
at Petrolina - PE, Brazil (Trial no. 4 in 
the arid zone series). Values are pre-
sented as deviations in percent of the 
mean value.
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4.9 Damage score
The damage score of the surviving trees is impor-
tant in the sense that it gives an account of the 
present health status. In this particular case insects 
attacked the trees, and the susceptibility of the dif-
ferent provenances to the attack is analysed.

The damage score was scored on a scale from 
0 to 3, where 0 means that the tree is perfectly 
healthy; 1 - slight damage: 2 - moderate damage 
and 3 - severe damage. It should be noted that the 
analysis of variance is problematic in the sense 
that there is no guarantee that the scale is equi-
distant – the distance in terms of severity may be 
larger between the scores 2 and 3 than between the 
scores 0 and 1. However, this is not accounted for 
in the present analysis. 

Overall the health status was quite good, the 
mean of all provenances being 0.5 on the scale 
from 0 to three. Note that the scale is reversed in 
the sense that low values mean that the trees are 
healthy (Fig. 17). Nevertheless there were highly 
significant differences between the provenances 
(Table 10). Plotx was not significant. The prov-
enances Honduras3 and Mexico06 were hardly 
damaged at all, whereas the provenances Brazil2 
and Senegal37 on average were slightly damaged 
with damage scores of approximately 1.

An extra analysis was made on the proportion 
of damaged trees to the total number of surviv-
ing trees (not presented). Again there were highly 
significant differences between the provenances, 
and the provenances had almost the same rank-
ing. In Honduras3 and Mexico06 only 3 and 16 % 
of the trees were damaged, whereas 70 and 79 % of 
the trees were damaged in Brazil2 and Senegal37, 
respectively. This indicates that the damages in 
Brazil2 and Senegal37 were spread out on a large 
number of trees that were only slightly damaged, 
rather than being concentrated on few trees with 
severe damages. 

In accordance with the above results the pre-
dicted damage score values indicate that there 
are considerable gains by choosing between the 
provenances. The deviations from the mean 
ranged from –0.45 (Honduras3) to +0.45 (Brazil2) 
(Fig. 18). Note again that negative values denote a 
better than average health, and that the values are 
presented on the scale of the health score.

Table 10. Results from analysis of variance of provenance differences of damage score in trial 4.

Effect DF MS F-value P-value Bonferroni sequential 
table-wide correction

Provenance 3 1.15  17.7 <0.0001 ***
Block 4 0.17  2.6 0.09
Error 12 0.07
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Figure 17. Damage score in the P. 
juliflora provenance trial at Petrolina - 
PE, Brazil (Trial no. 4 in the arid zone 
series). Damage was scored on a scale 
from 0 to 3, where 0 means no dam-
age and 3 means severe damage. Val-
ues presented are least square means 
with 95 % confidence limits. 

Figure 18. Best linear unbiased predic-
tors (BLUPs) for damage score in the 
P. juliflora provenances in the trial at 
Petrolina - PE, Brazil (Trial no. 4 in the 
arid zone series). Note that the values 
are presented as deviations from the 
mean, and that the units are units on 
the damage score. Negative deviations 
denote a better-than-average health, 
and vice versa.
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4.10 Multivariate analysis
The multivariate analysis included the variables 
survival, height, crown area, number of stems and 
health, but since diameter was not measured on 
the provenance Honduras3, basal area and bio-
mass variables were not included. All the variables 
were used without transformations.

All three canonical variates were significant, 
meaning that the variation is best explained in 
three dimensions (Table 11). The three variates 
account for all the variation in the data, but the 
first was the most important since it explained 71 
% of the variation. The differences between prov-
enances were highly significant (P-value for Wilk’s 
lambda and Pillai’s trace both below 0.0001).

In order to present the data, the scores on the 

canonical variates were plotted. Since three vari-
ates were significant, the plots of can2 versus can1 
and can3 versus can1 present all information from 
the three dimensions (Fig. 19). Apart from the 
scores, the mean values for the provenances are 
given together with their approximate 95 % confi-
dence regions. 

In the diagrams, provenances that are far apart 
are interpreted as being very different, and if the 
confidence regions do not overlap, it is likely 
that the provenances have different properties. 
It appears that the provenances from Senegal and 
Brazil were quite close together. The provenances 
from Honduras and Mexico, on the other hand, 
were far apart, both from each other and from the 
provenances from Senegal and Brazil.

Table 11. Results from the canonical variate analyses for the three canonical variates in trial 4.

Canonical variate no. 1 2 3

Proportion of variation accounted for 0.71 0.26 0.03

Significance, P-value <0.0001 <0.0001 0.03

Raw canonical 
coefficients

Standardised canonical co-
efficients

Canonical 
directions

Canonical variate no. 1 2 3 1 2 3 1 2 3

Survival  -1.4  2.7  -1.2  -0.3  0.6  -0.3  -0.3  0.6  -0.6

Height  3.4  -2.0  0.35  3.7  -2.2  0.4  2.9  1.3  2.2

Crown area  -0.22  0.40  0.08  -1.8  3.1  0.7  11.4  29.0  32.5

Number of stems  -0.88  -1.7  2.2  -0.8  -1.7  2.1  -2.1  -1.6  2.9

Health  2.1  -1.2  1.7  1.1  -0.6  1.0  1.2  0.7  0.8
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Figure 19. Score plots of the first and the second 
canonical variates (upper figure) and the first and the 
third canonical variates from the canonical variate anal-
ysis for the provenances in the P. juliflora provenance 
trial at Petrolina - PE, Brazil (Trial no. 4 in the arid 
zone series). The variables survival, height, crown area, 
number of stems and health were included. Each prov-
enance is marked at the mean value and surrounded by 
a 95 % confidence region. 
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Productivity
The dry weight production of the best provenanc-
es in the trial (Senegal37 and Brazil2) was 1.0-1.1 
t ha-1 y-1. In the trials no. 1, 2 and 3 in this series 
, also located at Petrolina, the best provenances 
had higher production of biomass, up to 2.1 t ha-1 
y-1. However, it seems that this is an effect of the 
micro-site of this trial rather than an inherent low 
production of P. juliflora in comparison with other 
species. The provenance Brazil2 was also included 
in the trials no. 2 and 3 and had a production of 
1.7 t ha-1 y-1 in both trials.

Provenance differences
There were significant or highly significant dif-
ferences between the four provenances in all 
variables analysed. The provenances Honduras3 
and Senegal37 had the highest survival, but with 
respect to height, crown area, basal area and 
production of biomass the provenances Brazil2 
and Senegal37 were the leaders. In the number of 
stems Honduras3 and Mexico06 had the highest 
values. 

Bearing in mind that the trial was relatively 
young at the assessment, the conclusion from the 
trial was clearly that the best producers of biomass 
were Brazil2 and Senegal37. There were no major 
differences between these two provenances, and 
even in the multivariate analysis they were quite 
close to each other. Probably these provenances 
should be recommended for future plantings. 
However, the development in insect attacks 
should be followed closely as the two provenances 
were more prone to damage caused by insects than 
the provenances from Mexico and Honduras. It 
should also be noted that the Brazilian land race 
may be of narrow genetic origin (Lima 1998, see 
introduction).

5. Discussion and conclusions

P. juliflora is closely related to a number of 
other Prosopis species, and the taxonomy of the 
species is not completely clarified. The species is 
believed to have originated in Peru but having 
spread into Central America and the Southern 
North America (Pasiecznik et al. 2001). Pasiecznik 
et al. distinguishes three major races on the basis 
of geographical regions and leaf morphology: The 
Peruvian-Ecuadorian race, the Columbian-Carib-
bean race and the Central American race. 

From the data it seems that the provenances from 
Brazil and Senegal behave similarly. The prov-
enance from Brazil is believed to have Peruvian 
ancestors (Lima 1998), but according to Pasiecznik 
et al. (2001) the origin of the provenance from Sen-
egal is uncertain. If it is correct that the Brazilian 
provenance has a Peruvian origin, it would belong 
to the Peruvian-Ecuadorian race of Pasiecznik et 
al. One could then speculate on whether the two 
provenances belong to the same race, but this 
would need further verification.

The provenances from Honduras and Mexico 
were distinctly different from Brazil2 and Sen-
egal37. Honduras3 had a creeping growth habit, 
whereas Mexico06 was tree-like, but with a very 
slow growth. In the multivariate analysis the two 
provenances were clearly separated from each 
other as well as from Brazil2 and Senegal37. This 
could support the hypothesis of a Central Ameri-
can race (Pasiecznik et al. 2001), but also indicate 
that there is a wide variation within this race. An 
alternative interpretation is that the two prov-
enances represent another species, as discussed by 
Lima (1998). On the basis of phenological charac-
ters in the same trial, he raised the possibility that 
the provenances from Central America are of a 
different species than the Brazilian and Senegalese 
land races.



16 17

Afifi, A.A. and V. Clark. 1996. Computer-aided multivariate analysis. Chapman & Hall, London, 3rd ed., 
455 pp.

Chatfield, C. and A.J. Collins. 1980 Introduction to multivariate analysis. Chapman and Hall, London.
DFSC 1994. Preliminary assessment report – trial no. 4. Prosopis juliflora provenance trial, Bebedouro, 

Brazil. Joint assessment, October 1992 by EMBRAPA/CPATSA, FAO and DFSC. Unpublished work-
ing document, Danida Forest Seed Centre, Humlebæk, Denmark.

Draper, N. and H. Smith. 1981. Applied regression analysis, second edition. John Wiley & Sons, New 
York, 709 pp.

Graudal et al. 2003. Introduction to the international arid zone series of species and provenance trials. 
Danida Forest Seed Centre, Humlebaek, Denmark.

Graudal, L. et al. (in prep.). Biomass regressions for some species of Acacia and Prosopis.
Holm, S. 1979. A simple sequentially rejective multiple test procedure. Scandinavian Journal of Statistics 6: 

65-70.
Kjaer, E.D.  and H.R. Siegismund. 1996. Allozyme diversity in two tanzanian and two nicaraguan lan-

draces of teak (Tectona grandis L.). Forest Genetics 3: 45-52.
Lima, P.C.F. 1998. Genetic improvement program of Prosopis in Northeastern Brazil. In: Puri, S. (ed.): 

Tree Improvement: Applied Research and Technology Transfer. Science Publishers Inc., Enfield, New 
Hampshire, pp. 141-154.

Littell, R.C.,  G.A. Milliken, W.W. Stroup and R.D. Wolfinger. 1996. SAS System for mixed models. 
SAS Institute Inc., Cary, NC, 633 pp.

Pasiecznik, N.M., P. Felker, P.J.C. Harris, L.N. Harsh,  G. Cruz, , J.C. Tewari, K. Cadoret and L.J. Mal-
donado.  2001. The Prosopis juliflora – Prosopis pallida Complex: A Monograph. HDRA, Coventry, UK, 
162 pp.

Pires, I.E., G.C. Andrade and M.S. Araújo. 1988. Genetic variation for growth characteristics in P. juliflora 
progenies. In: Habit, M.A. & Saavedra, J.C. (eds.): The current state of knowledge on P. juliflora. Food 
and Agriculture Organisation of the United Nations, p. 251-257.

Pires, I.M. and P.Y. Kageyama.  1988. Characterization of the genetic base of a P. juliflora population at 
Soledade, Paraíba. In: Habit, M.A. & Saavedra, J.C. (eds.): The current state of knowledge on P. juliflora. 
Food and Agriculture Organisation of the United Nations, p. 177-185.

Ræbild, A., C.P. Hansen and E.D. Kjaer. 2002. Statistical analysis of data from provenance trials. DFSC 
Guidelines and technical notes 63. Danida Forest Seed Centre, Humlebaek, Denmark. 

SAS 1988a. SAS Procedures Guide, Release 6.03 Edition. SAS Institute Inc., Cary, NC, 441 pp.
SAS 1988b SAS/STAT Users Guide, Release 6.03 Edition. SAS Institute Inc., Cary, NC, 1028 pp.
SAS 1991 SAS System for Statistical Graphics, First Edition. SAS Institute Inc., Cary, NC, 697 pp.
Silva, M.A. 1988 Taxonomy and distribution of the genus Prosopis L. In: Habit, M.A. & Saavedra, J.C. 

(eds.): The current state of knowledge on P. juliflora. Food and Agriculture Organisation of the United 
Nations, p. 177-185.

Skovgaard, I.M. and P. Brockhoff. 1998. Multivariate analysis and variance components. Lecture notes, 
Dept. of Mathematics and Physics, The Royal Veterinary and Agricultural University, Copenhagen, 41 pp.

Snedecor, G.W. and W.G. Cochran. 1980. Statistical methods. Iowa State University Press, 7th ed., 507 pp.
White, T.L. and G.R. Hodge. 1989. Predicting breeding values with applications in forest tree improve-

ment. Kluwer Academic Publishers, Dordrecht, 367 pp.

6. References

REFERENCES



18 19

Name of site:  Bebedouro, Petrolina
   Latitude: 9°9’S
   Longitude: 40°22’W
   Altitude: 365.5 m

Meteorological stations:    Local (5 km (Establishment Report 1988))
   Petrolina (9°23’S, 40°29’W, 370 m (FAO 1985))

Rainfall: Annual mean (period): 553 
 (11 years - period not given (Establishment Report 1988))

Rainy season:  November-April (Establishment Report 1988)
 Type: Intermediate (FAO 1985)
   Length (days): 60 (FAO 1985)

Dry months/year: (Establishment Report 1988):
 No. of dry months (<50 mm): 7
   No. of dry periods: 1

Temperature: (°C (Establishment Report 1988)):
   Annual mean: 27
   Coldest month: 18 (minimum)
   Hottest month: 40 (maximum)

Wind:   Speed: 1.4 (FAO 1985)

Topography:  Flat/gentle

Soil: 
Type:  Latosols, low water holding capacity, low organic matter 

(Lima 1986) and stony
Depth:  Shallow (Lima 1986)

Climatic/agroecological zone:  Semi-arid

Dominant natural vegetation:  ‘Caatinga’, deciduous woodland

Koeppen classification:  BSh

Annex 1. Description of the trial site
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Species and provenances of Prosopis juliflora tested in trial no. 4 at Petrolina - PE, Brazil. The 
plot numbers refers to the seedlot in the map of the trial, see Annex 3.
Seedlot numbers Provenance information

Provenance DFSC Country  
of origin

Plot Origin Country of 
origin

Latitude Longitude Altitude 
(m)

Rainfall 
(mm)

No. of 
mother 
trees

Brazil1 4 Bebedouro Brazil 9°9’S 40°22’W 365.5 553 15

Honduras3 OFI 49/83 1 Comayagua Honduras 14°21’S 87°37’W 680 880 30

Mexico6 1214/83 3 Cananez Mexico 24 13 N 104 28 W 890

Senegal05 2 Thies Senegal

Annex 2. Seedlot information

ANNEXES



20 21

Layout of blocks and plots in the field. The numbers correspond to the seedlots given in Annex 2.

y

5 3 1 2 4 BLOCK 5

4 1 3 4 2 BLOCK 4

3 4 2 1 3 BLOCK 3

2 3 4 2 1 BLOCK 2

1 1 2 3 4 BLOCK 1

1 2 3 4 x

Individual tree positions in each plot  (each tree indicated by its local tree number):

y

4 1 2 3 4 5

3 10 9 8 7 6

2 11 12 13 14 15

1 20 19 18 17 16

1 2 3 4 5 x

Annex 3. Layout of the trial
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