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iPREFACE

This report belongs to a series of analysis reports 
originally published by the Danida Forest Seed 
Centre. The series has served as a place for publi-
cation of trial results for the Centre itself as well 
as for our collaborators. With the integration of 
DFSC into the Danish Centre for Forest, Land-
scape and Planning, the series will be taken over by 
Forest & Landscape publication series.

The reports are available from the Forest & 
Landscape publication service and online from the 
web-site www.dfsc.dk. The scope of the series is in 
particular the large number of trials from which 
results have not been made available to the public, 
and which are not appropriate for publication in 
scientific 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 reports will allow a 
more detailed documentation than is possible in 
scientific journals.

This report represents results within the frame-
work of the ‘International Series of Trials of Arid 
and Semi-Arid Zone Arboreal Species’, initiated by 
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the FAO. Following collection and distribution of 
seed between 1983-87, a 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 was responsible 
for the reporting of this assessment. 

This trial was established and maintained by the 
Central Arid Zone Research Institute (CAZRI), Jodh-
pur, Rajasthan in collaboration with Forest Research 
Institute & Colleges (FRI), Dehra Dun, U.P. and 
the Arid Forest Research Institute (AFRI) under the 
auspices of Indian Council of Forestry Research and 
Education (ICFRE). The assessment team consisted 
of L.N. Harsh and G.L. Meena (CAZRI), N.K. Vasu 
(AFRI), and Hans Roulund (DFSC).

The authors wish to acknowledge the help of the 
personnel at CAZRI/FRI/AFRI with the establish-
ment, maintenance and assessment of the trials, 
and thank the personnel of DFSC for their help 
with the data management and preliminary analy-
ses. Drafts of the manuscript were commented on 
by Marcus Robbins, consultant to FAO.
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This report describes results from a trial with 32 
provenances of the species Acacia albida, A. niloti-
caa, A. senegal, Prosopis chilensis, P. cineraria and P. 
pallida. The provenances represented a mixture of 
exotic and autochthonous origins, being from In-
dia, Pakistan, Chile and Peru. The trial was estab-
lished with a spacing of 3 x 3 metres at Jodhpur, 
India, in 1985 and assessed after 6 years in 1991. 
Different growth parameters were measured and 
subjected to analyses of variance and multivariate 
analyses. 

Survival of most provenances was poor, espe-
cially for A. albida and P. cineraria, where only 
one tree survived despite the fact that P. cineraria 
is native to the area. P. pallida had the highest 
survival with values varying between 30 and 90 
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%. This was also reflected in the dry weight pro-
duction, where P. pallida took the lead. The best 
provenance of this species had produced 10 t ha-1 
at the assessment, corresponding to 1.7 t ha-1 y-1. 
Overall the results indicate that the most promis-
ing species is P. pallida, with some provenances of 
A. niloticaa and A. senegal having a slower but still 
satisfactory growth. 

Within the species there were few significant dif-
ferences. However, for A. niloticaa and A. senegal 
results indicated that the most productive prov-
enances in terms of biomass were the local prov-
enances. For P. pallida, two groups of provenances 
were included, one from northern and one from 
southern Peru. There was more variation in the 
northern than in the southern group.
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iv 1INTRODUCTION

This report describes the results from trial no. 17 
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 detailed introduction to the series 
is given by DFSC (Graudal et al. 2003.).

Acacia albida is often considered belonging 
to a separate genus, thus being called Faidherbia 
albida by some authors  (von Maydell 1986, Fagg  
& Barnes 1990). The growth cycle is reversed in 
comparison to other species in that it drops the 
leaves during the rainy season and flush in the 
dry period. The species is widespread in Africa 
and is an important component of the Faidherbia 
parklands (Boffa 1999). Its importance to agrofor-
estry systems is probably due to its nutrient- and 
nitrogen-fixing properties, shading for the crops 
and protection of soils. Furthermore the pods and 
branches provide an important fodder for the ani-
mals (von Maydell 1986). The provenances in this 
trial are all from Senegal.

Acacia nilotica is a very variable species with a 
natural distribution covering large tracts of the dry 
tropical and subtropical Africa and Asia, and 9 sub-
species or varieties are recognised (Brenan 1983, 
Dwivedi 1993, Ross 1979). Among the main prod-
ucts of the tree are firewood, fodder and tannins. 
In this trial most of the provenances are exotic, 
being either from Pakistan or from Senegal except 
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one provenance which is local. Unfortunately it is 
not clear which varieties are represented. 

Acacia senegal is found in most of the Sahel, in 
Eastern and Southern Africa, and in Pakistan and 
India (Brenan 1983). The species produces excel-
lent firewood and a gum traded as gum arabic. 
The species is considered quite variable, and some 
authors distinguish four varieties, although this is 
subject to debate (Ross 1979, Fagg & Barnes 1990). 
In this trial, one of the provenances is local and 
four are from Pakistan, presumably all of the vari-
ety senegal. 

Many species of the genus Prosopis occur 
naturally in extremely hot and highly arid envi-
ronments. Only four Prosopis species are native 
to the Old World, and the largest diversity of spe-
cies is found in South and Central America. The 
taxonomy of Prosopis is difficult and still debated 
(Ffolliott & Thames 1983). Early introductions of 
material from the Americas to India and Pakistan 
are believed to be of narrow genetic origin, and 
there is a need to examine the potential of this 
genus in more detail (Pasiecnik et al. 2001). The 
current trial includes one provenance of P. chilensis 
from Chile and a range of provenances of P. pallida 
from Peru. 

The last species included is P. cineraria, which 
is native to the arid zones of the Arabian Gulf, 
Pakistan and parts of India (Pedersen 1980, Brown 
no date). Despite its many potentials as producer 
of wood and fodder and use in soil amelioration 
and cultivation of saline soils, little is known on 
the genetic variation within the species (Leakey & 
Last 1978).
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2.1 Site and establishment of the trial
The trial is located at Jodhpur (26°18´N, 73°40´E) 
in Karnataka, India at an altitude of 224 m. The 
mean annual temperature is 27.4ºC, and the mean 
annual rainfall is 373 mm (DFSC 1994). The dry 
period is approximately 9 months. The site is flat 
with a gentle slope, and the soil is a sandy loam. 
Further information is given in the assessment re-
port (DFSC 1994) and summarised in annex 1. 

The date of sowing is not known, but the trial 
was established in August 1985. For calculation of 
annual increments it is assumed that the seed were 
sown in March 1985.

2.2 Species and provenances
The trial includes 32 provenances of the species 
mentioned in the introduction (Table 1). The 
provenances have been given identification num-
bers relating to their geographical origin (name of 
province or country followed by a number). The 
original seedlot numbers are provided in annex 2. 
One provenance from Pakistan turned out to be a 
mixture of two species, and is included in neither 
table 1 nor the analyses. No further reference is 
made to this seedlot. 

2. Materials and Methods

2.3 The experimental design
The experimental design is a randomised com-
plete block design with three blocks. Within each 
replicate, the provenance is represented by 36 
trees in a plot, planted in a square of 6×6 trees. 
The trees are placed with a spacing of 3×3 m. 
Only the 16 central trees were assessed. The lay-
out of the trial is shown in annex 3, and further 
details are given in DFSC (1994).

2.4 Assessment of the trial
In March 1991 CAZRI, AFRI, FRI and DFSC 
undertook a joint assessment. The assessment 
included the following characters:

• Survival
• Health status
• Vertical height
• Diameter of the three largest stems 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), and raw data 
from the assessment are documented in DFSC 
(1994). The plot data set on which the statistical 
analyses in this report are performed is shown in 
annex 4. This data set includes directly observed 
values as well as derived values. 
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Table 1. Species and provenances of Acacia and Prosopis tested in trial no. 17 at Jodhpur, India. 

Provenance Species Seed collection site Country 
of origin

Latitude Longitude Altitude 
(m)

Annual
Rainfall 
(mm)

No. of 
mother 
trees

Senegal06 Acacia albida Kirdiom Senegal 15° 38’ N 16° 12’ W 40 450

Senegal07 Acacia albida Region De Long Nayobe Senegal 15° 38’ N 16° 13’ W 50 450

Senegal11 Acacia albida Bignona Senegal 12° 45’ N 16° 25’ W 10 1170 34

Punjab2 Acacia nilotica Patoki, Lahore Punjab Pakistan 31° 05’ N 73° 30’ E 200 350 25

Punjab3 Acacia nilotica Fazal Abad Rice Mill, 
D.I.Khan

Pakistan 31° 15’ N 70° 45’ E 330 300 25

Punjab4 Acacia nilotica Dargai-Jehangira, Peshawar Pakistan 33° 50’ N 72° 20’ E 500 750 25

Punjab5 Acacia nilotica Muzaffar Garh, Punjab Pakistan 30° 05’ N 71° 10’ E 170 200 25

Punjab6 Acacia nilotica Nullah, Gujrat Pakistan 32° 49’ N 73° 53’ E 220 500 25

Rajasthan11 Acacia nilotica 
subsp. indica var. 
cupressiformis

Pali India 24°  N 73° 35’ E 382 400

Senegal17 Acacia nilotica Podor Senegal 16° 38’ N 14° 57’ W 50 200

Senegal20 Acacia nilotica Dinaga, Podor Senegal 16° 30’ N 14° 55’ W 50 200

Sind01 Acacia nilotica Ziala Forest, Thatta, Sind Pakistan 24° 41’ N 67° 57’ E 14 204 25

Sind02 Acacia nilotica Sukhur, Sind Pakistan 27° 42’ N 67° 54’ E 50 100 25

Rajasthan5 Acacia senegal Jodhpur India 26°18’N 73°40’E 224 317

Sind03 Acacia senegal Bourberband, Dadu Pakistan 25°    N 67°    E 100 200 25

Sind04 Acacia senegal Dhabiji (Thatta) Pakistan 24° 49’ N 67° 32’ E 14 204 25

Sind05 Acacia senegal Loonio, Tharparkar, Sind Pakistan 24° 38’ N 70° 31’ E 150 350 25

Sind06 Acacia senegal Nagar-Parkar, Tharparkar, 
Sind

Pakistan 24° 21’ N 70° 47’ E 200 350

Chile5 Prosopis chilensis Lampa Chile 33° 17’ S 70° 53’ W 500 306 5

NW Fron-
tier1

Prosopis cineraria Darya Khan, Bhakkar Pakistan 31° 47’ N 71° 10’ N 200 200 30

NW Fron-
tier2

Prosopis cineraria Goharwala, Bhakkar Pakistan 31° 42’ N 71° 34’ E 200 200 28

Rajasthan10 Prosopis cineraria Jodhpur India 26°18’N 73°40’E 224 317

Sind09 Prosopis cineraria Islam-Kot, Tharparkar, 
Registan (Loonio)

Pakistan 24° 40’ N 70° 12’ E 50 150 25

Sind10 Prosopis cineraria Saeed-Abad, Hyderabad Pakistan 25° 25’ N 68° 24’ E 30 157 25

Peru06 Prosopis pallida Puerte Del Vice, Piura Peru 05° 25’ S 80° 47’ W 13 70 18

Peru07 Prosopis pallida Huacachina, Ica Peru 14° 07’ S 76° 45’ W 100 1 60

Peru08 Prosopis pallida Rinconada (Piura) Peru 05° 30’ S 80° 35’ W 30 60 18

Peru09 Prosopis pallida Cachiche, Ica Peru 13° 45’ S 75° 50’ W 0 2 22

Peru10 Prosopis pallida Pueblo De Santa Clara, 
Piura

Peru 05° 29’ S 80° 45’ W 7 8.3 10

Peru12 Prosopis pallida Sechura (Piura) Peru 05° 33’ S 80° 48’ W 4 25 5

Peru13 Prosopis pallida Ocucaje (Ica), Zona: Tres 
Esquinas

Peru 14° 20’ S 75° 40’ W 420 35

MATERIALS AND METHODS
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3.1 Variables
In this report the following nine (eight) variables 
are analysed: 

• Survival
• Vertical 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
• Dry weight of the mean tree
• Total dry weight

The values were analysed on a plot basis, i.e. ratio, 
mean or sum as appropriate. Survival was analysed 
as the rate of surviving trees to the total number 
of trees per plot. Height, crown area and number 
of stems were analysed as the mean of surviving 
trees on a plot, as were the basal area and the dry 
weight of the mean tree. The total basal area and 
the total dry weight represent the sum of all trees 
in a plot, expressed on a unit area basis. Note that 
the calculations of basal area are based on meas-
urements of the three largest stems per tree. 

The health characters were not analysed statisti-
cally, as there was almost no damage to the trees. 
Instead a graphical presentation is given in annex 5.

A problem with the assessment data is that for 
some small trees, no assessment of diameter and 
number of stems was made. This was the case for 
3 trees in the provenance Sind04 and 5 trees in 
Sind05. All missing observations were in block 1. 
Omission of these data will produce biased results 
and lead to an over-estimation of the provenances 
in question, and ideally a correction should be 
made. However, since the provenances Sind04 
and Sind05 both were slow-growing provenances 
the impact of a correction would be limited and 
was omitted. 

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.). The regression was of the type

 

where TreeDW expresses the dry weight of the tree 
in kg tree-1, and basalarea expresses the basal area 
of the tree in cm2. a and b are species specific coef-
ficients given in table 2. No such regression was 
available for P. chilensis, which was therefore omit-
ted in the analyses of the dry weight variables.

3. Statistical analyses

Table 2. Coefficients for the dry weight regres-
sions used for calculation of dry weight. Coeffi-
cients for P. chilensis were not available.

Species a b
Acacia albida 2.055 1.976
Acacia nilotica 2.582 2.518
Acacia senegal 2.474 2.233
Prosopis cineraria 2.395 2.434
Prosopis  pallida 2.814 2.765

3.2 Statistical model and estimates
The statistical analysis of the trial was based on a 
two-step approach. The first step involved a test 
of species differences, whereas the second step 
was performed separately for each species and 
tested whether there were significant differences 
between the provenances within the species in 
question.

The test of species differences was based on the 
model:

 

where Xijk is the value of the trait (e.g. height) in 
plot ijk, µ is the grand mean, speciesi is the fixed 
effect of species number i, provenance(species)ij is 
the effect of provenance number j nested within 
species i, assumed to be a random effect with an 
expected value of zero and variance σpr

2, blockj is 
the effect of block  (replication) k in the trial, as-
sumed to be a random effect (or, in the case of 
calculating least square means, a fixed effect), and 
εijk is the residual of plot ijk, and is assumed to fol-
low the normal distribution N(0, σe

2). In the test 
of species differences, Satterthwaite’s approxima-
tion was used for calculating degrees of freedom 
(SAS 1988b).

The test of significant differences between prov-
enances was performed separately for each species. 
These analyses were based on the model:

 
where Xjk is the value of the trait in plot jk, µ is 
the grand mean, provenancej is the fixed effect of 
provenance number j, block k is the fixed effect of 
block  k, and εjk is the residual of plot jk and is as-
sumed to follow a normal distribution N(0, σe

2).
To complement blocks in adjusting for uneven 

environments, co-variates related to the plot posi-
tion were included. In the initial models, the co-

))ln((������� −×=

������������������������������ εµ ++++= )(

���������������� εµ +++=
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variates were distances along the two axes of the 
trial, plotx and ploty, and squared values of these, 
plotx2 and ploty2. The variable level was also 
included as a co-variate. This variable describes 
the vertical position (height) of the surface of 
each plot related to a reference plot/level. The co-
variates were excluded successively if they were not 
significant at the 10% level. 

In general, the poor survival of most of the 
species made analyses difficult because of a large 
number of missing observations. Standard graphi-
cal methods and calculated standard statistics 
were applied to test model assumptions of inde-
pendence, normality and variance homogeneity 
(Snedecor & Cochran 1980, Draper & Smith 1981, 
Ræbild et al. 2002). Where appropriate, transforma-
tion or weighting of data and omission of outliers 
were performed to fulfil basic model assumptions 
(ibid., Afifi & Clark 1996). Weighting of data with 
the inverse of the variance for the seedlots was 
used to obtain normality of the residuals where 
the seedlots appeared to have different variances. 
Where variances tended to vary with the size of the 
variable, an arc sine transformation (survival) or a 
square root transformation (crown area) was used 
to stabilise variance. 

The P-values from the tests of provenance dif-
ferences were corrected for the effect of multiple 
comparisons by the sequential table-wide 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 eight, thus equalling the number of variables 
analysed. The significance levels are indicated by 
(*) (10%), * (5%), ** (1%), *** (1 ‰) and n.s. (not 
significant).

Finally the model was used to provide estimates 
for the provenance values. Two sets of estimates 
are presented: The least square means (LS-means) 
and the Best Linear Unbiased 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 vari-
ation within the species. 

As it is assumed in the calculation of BLUPs that 
the provenances represent a random selection, they 
are usually presented for the species separately. In 
this case we present BLUP estimates for A. niloti-
caa, A. senegal and P. pallida since they are the only 
species with larger numbers of provenances. 

A multivariate analysis providing canonical vari-
ates, and Wilk’s lambda and Pillai’s trace statistics, 
complemented the univariate analyses (Chatfield 
& Collins 1980, Afifi & Clark 1996, Skovgaard & 
Brockhoff 1998).

A short description of the analysis of each 
variable is given in the result section, and a more 
detailed description of the statistical methods used 
is given by Ræbild et al. (2002). The statistical soft-
ware package used was Statistical Analysis System 
(SAS 1988a, 1988b, 1991, Littell et al. 1996).

STATISTICAL ANALYSES
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4.1 Survival
Survival is regarded as one of the key variables 
when analysing tree provenance trials, since it in-
dicates the adaptability of the provenance to the 
environment at the trial site.

Statistical analysis
It was difficult to obtain a model with a satisfac-
tory distribution of the residuals. Analysis on the 
untransformed data showed signs of variance het-
erogeneity, and an arc sine function was used to 
transform the data. Even after this there were signs 
of variance heterogeneity, but as a visual inspection 
of the data support the conclusion from the arc sine 
model, this model is used for providing estimates 
and tests. The co-variate ploty was significant in the 
analysis of species differences, and in the analysis of 
provenance differences within A. senegal.

Results
Overall the survival of the trees was poor (Fig.1). 
Only P. pallida had a survival that can be consid-
ered acceptable. Senegal11 of A. albida had only 
one surviving tree, the other provenances of this 
species none, and despite several provenances be-
ing represented, none of the trees of P. cineraria 
survived. Therefore the results for P. cineraria are 
not presented in Fig. 1. 

4. Results

The differences between species were highly sig-
nificant (Table 3). An extra test was made to com-
pare the species without P. cineraria, and the species 
effect was still highly significant (not shown). 

Within species, the differences between prov-
enances were significant in A. senegal. In A. 
niloticaa, the differences between provenances 
were balancing on the edge of significance, but 
significance disappeared when the correction for 
multiple comparisons was made. In P. pallida, the 
differences were not significant at all.

The best provenance of P. pallida was Peru10 
with a survival of almost 90 %, and for the other 
provenances of this species survival varied between 
30 and 70 %. In A. senegal, Rajasthan5 and Sind05 
had the best survivals with approximately 45 %, 
and in A. niloticaa, Rajasthan11 had a survival of 
55 %. For all other provenances the survival was 
below 20 %. 

The corresponding BLUP values appear from 
the figures 2-4. Rajasthan 11 (A. niloticaa) was 
more than 25 % better than the average, but note 
again that this was not sufficient to give significant 
differences. For A. senegal and P. pallida the gains 
by provenance selection were up to 15 % of the 
average values.

Table 3. Results from analysis of variance of species and provenance differences of survival in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 5; 25.1  1.75  15.9 <0.0001 ***

Provenance(species) 25; 59  0.11  2.5 0.0024

Block 2; 59  0.005  0.1 0.89

Ploty
Error

1; 59
59

 0.16
 0.04

 3.5 0.07

A. niloticaa

Provenance 9; 18  0.189  2.6 0.04 n.s.

Block 2, 18  0.016  0.2 0.81

Error 18  0.073

A. senegal

Provenance 4; 7  0.115  11.2 0.004 *

Block 2; 7  0.028  2.8 0.13

Ploty
Error

1; 7
7

 0.210
 0.010

 20.5 0.003

P. pallida

Provenance 6; 12  0.127  1.9 0.16 n.s.

Block 2, 12  0.150  2.3 0.15

Error 12  0.066
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Figure 1. Survival in the Acacia and Prosopis species 
and provenance trial at Jodhpur, India (Trial no. 17 in 
the arid zone series). Values presented are least square 
means with 95 % confidence limits.
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Figure 2. Best linear unbiased predictors (BLUP’s) for 
survival in the A. niloticaa provenances in the trial at 
Jodhpur, India (Trial no. 17 in the arid zone series). 
Values presented are deviations from the mean value in 
percentage point.

Figure 3. Best linear unbiased predictors (BLUP’s) for 
survival in the A. senegal provenances in the trial at 
Jodhpur, India (Trial no. 17 in the arid zone series). 
Values presented are deviations from the mean value in 
percentage point.

Figure 4. Best linear unbiased predictors (BLUP’s) for 
survival in the P. pallida provenances in the trial at 
Jodhpur, India (Trial no. 17 in the arid zone series). 
Values presented are deviations from the mean value in 
percentage point.
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4.2 Height
Height is usually considered an important vari-
able in the evaluation of species and provenances. 
However, this of course depends on the main 
uses of the trees. Apart from indicating produc-
tivity, 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 
the tallest provenances are suddenly affected by 
stress and die-off.

Statistical analysis
Residuals from the initial analysis suggested that 
there was variance heterogeneity in the data, and a 
weight statement was applied to fulfil the assump-
tions of the model. This was not necessary in the 
analyses of provenance differences within species. 
The co-variate plotx2 was significant in the analy-
sis of species differences and in the analysis of 
provenance differences within P. pallida.

Results
The height was varying between 1 m and almost 5 
m (Fig. 5). The provenances of A. niloticaa and P. 
pallida had the fastest height growth, whereas A. 
senegal and P. chilensis had a more modest incre-
ment. The tallest provenances were Peru06 of P. 
pallida and Sind01 and Punjab5 of A. niloticaa, 
whereas Sind04 of A. senegal was the shortest of 
them all. As there was only one tree left of A. 
albida it is difficult to say something reasonable 
about the growth of this species. 

Looking at Fig. 5 it appears immediately that 
there are differences between the species, and this 
is confirmed by the statistical tests of the species 
effect, being highly significant (Table 4). Within 
the species, there were signs of significant differ-
ences in A. senegal and P. pallida, but not in A. 
niloticaa. 

The BLUP values (Fig. 6 to 8) showed that the 
gains by provenance selection varied between 10% 
for A. niloticaa and almost 20 % for the best prov-
enances of A. senegal and P. pallida. 

Table 4. Results from analysis of variance of species and provenance differences of vertical height in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 3; 12.2     290  24.3 <0.0001 ***

Provenance(species) 12; 25  13.1  14.7 <0.0001

Block 2; 25  6.1  6.8 0.004

Plotx2
Error

1; 25
525

 36.4
 0.9

 40.7 <0.0001

A. niloticaa

Provenance 6; 2  0.466  1.0 0.59 n.s.

Block 2; 2  0.525  1.1 0.48

Error 2  0.478

A. senegal

Provenance 4; 8  0.256  6.2 0.01 (*)

Block 2; 8  0.042  1.0 0.40

Error 8  0.041

P. pallida

Provenance 6; 10  0.731  7.5 0.003 *

Block 2, 10  0.106  1.1 0.37

Plotx2
Error

1; 10
10

 0.436
 0.098

 4.4 0.06
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Figure 5. Vertical height in the Acacia and Prosopis spe-
cies and provenance trial at Jodphur, India (Trial no. 17 
in the arid zone series). Values presented are least square 
means with 95 % confidence limits. There are no confi-
dence limits for Senegal11 (A. albida) as surviving trees 
were present only on one plot.

Figure 6. Best linear unbiased predictors (BLUP’s) for 
vertical height in the A. niloticaa provenances in the 
trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value. 

Figure 7. Best linear unbiased predictors (BLUP’s) for 
vertical height in the A. senegal provenances in the trial 
at Jodhpur, India (Trial no. 17 in the arid zone series). 
Values are presented as deviations in percent of the 
mean value. 

Figure 8. Best linear unbiased predictors (BLUP’s) for 
vertical height in the P. pallida provenances in the trial 
at Jodhpur, India (Trial no. 17 in the arid zone series). 
Values are presented as deviations in percent of the 
mean value. 
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4.3 Crown area
The crown area variable indicates the ability of 
the trees to cover the ground. Crown area is im-
portant in shading for agricultural crops, in evalu-
ating the production of fodder and in protection 
of the soil against erosion. 

Statistical analysis
As the variance was larger for provenances with 
big crowns, the data were transformed with the 
square root before analysis. The co-variates ploty 
and ploty2 were significant in the analysis of 
species differences, but not in any of the other 
analyses.

Because of the square root transformation the 
presented least square means are slightly smaller 
than mean values calculated on the untransformed 
data. For the largest provenance, Senegal20, the 
least square mean calculated on data without 
transformation was 16.8 m2 tree-1, but only 16.6 m2 
tree-1 when calculated from square root transformed 
data. The back-transformed least square means are 
presented because they give the best illustration of 
differences between the provenances.

Results
There was a big variation between the crown area 
of the smallest and the biggest provenances, rang-
ing from 2 to 17 m2 tree-1 (Fig. 9). As for height 
growth there were highly significant differences 
between the species (Table 5), the smallest being 
A. senegal and P. chilensis, whereas the provenances 
of P. pallida were the largest. A. niloticaa was very 
variable, the best provenances equalling P. pallida 
and the poorest equalling A. senegal. 

It should be noted that the large error bars for 
the provenances of A. niloticaa are partly due to 
the fact that there are many missing observations 
(plots with no surviving trees) for this species. This 
also explains why such large differences within the 
species are not significantly different. 

Only in A. senegal were there weak signs of 
significant differences between the provenances, 
but when the correction for multiple comparisons 
were made, even these signs disappeared. Within 
the two other species, there were no signs what-
soever of significant differences. However, for A. 
niloticaa, the BLUP values indicated gains of up to 
60 % (for Senegal20), and for A. senegal above 25 
% (Rajasthan05) (Fig. 10 and 11). For P. pallida the 
calculated BLUP deviations from the mean value 
were all zero, and it has therefore no meaning to 
make a BLUP graph for this species. 

Table 5. Results from analysis of variance of species and provenance differences of crown area in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 4; 18.0 6.07 19.6 <0.0001 ***

Provenance(species) 16; 24 0.361 3.8 0.002

Block
Ploty

2; 24
1; 24

0.687
0.471

7.3
5.0

0.003
0.04

Ploty2
Error

1; 24
24

0.830
0.0942

8.8 0.007

A. niloticaa

Provenance 6; 2 0.63 1.9 0.39 n.s.

Block 2; 2 0.16 0.5 0.67

Error 2

A. senegal

Provenance 4; 8 0.30 3.4 0.07 n.s.

Block 2; 8 0.36 4.0 0.06

Error 8 0.09

P. pallida

Provenance 6; 11 0.0699 0.6 0.73 n.s.

Block 2, 11 0.151 1.3 0.32

Error 11 0.119
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Figure 9. Crown area in the Acacia and Prosopis species 
and provenance trial at Jodhpur, India (Trial no. 17 in 
the arid zone series). Values presented are least square 
means with 95 % confidence limits. The upper confi-
dence limit for some provenances of A. niloticaa were 
larger than illustrated, but was truncated at 25 m in the 
figure. There are no confidence limits for Senegal11 (A. 
albida) as there was only one surviving tree.

Figure 10. Best linear unbiased predictors (BLUP’s) for 
crown area in the A. niloticaa provenances in the trial 
at Jodhpur, India (Trial no. 17 in the arid zone series). 
Values are presented as deviations in percent of the 
mean value.

Figure 11. Best linear unbiased predictors (BLUP’s) for 
crown area in the A. senegal provenances in the trial at 
Jodhpur, India (Trial no. 17 in the arid zone series). Val-
ues are presented as deviations in percent of the mean 
value.
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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 a large 
number of stems are considered bushy, whereas 
trees with only one stem have a more tree-like 
growth.

Statistical analysis
In block 2 the provenance Sind05 was represented 
by only one tree, which had 4 branches. In the 
analysis this observation turned out as an outlier, 
and since it seems well justified to discard this 
observation (solitary trees often develop large 
crowns), it was excluded. Apart from this the anal-
yses were without problems. The co-variates ploty 
and level were significant in the analysis of species 
differences, and level was almost significant in the 
analysis of provenance differences in A. niloticaa.

The imbalance in this variable (many missing 
observations) gave strange results, as the number 
of stem for provenance Sind05 was below 1. Of 
course it is not possible for (live) trees to have stem 
numbers below 1, but this reflects the correction 

that the block effect has on the estimates. For illus-
tration of differences between the provenances the 
estimates are still the best, but for describing the 
trees on the site the estimates may be of limited 
value.

Results
The average number of stems varied from 1 in 
Sind05 (A. senegal) to almost 4 in the provenance 
of P. chilensis. Tests demonstrated that the species 
differences were highly significant with P. pallida 
and P. chilensis having the largest numbers and A. 
niloticaa and A. senegal the smallest (Table 6, Fig. 
12). Within A. niloticaa and A. senegal, the differ-
ences between provenances were not significant, 
but in P. pallida the differences were significant. 
Peru12 had the smallest number of stems in P. pal-
lida, and Peru10 had the largest.

The BLUP values ranged from only ±1 % in A. 
senegal over –15 to +20 % in A. niloticaa to around 
±25 % for the extreme provenances of P. pallida 
(Fig. 13 to 15). 

Table 6. Results from analysis of variance of species and provenance differences of number of stems in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 4; 21.6 3.58  10.3 <0.0001 ***

Provenance(species) 16; 21 0.410  2.2 0.05

Block
Ploty

2; 21
1; 21

0.287
0.641

 1.5
 3.4

0.24
0.08

Level
Error

1; 21
21

0.587
0.188

 3.1 0.09

A. niloticaa

Provenance 6; 2 0.106  3.0 0.27 n.s.

Block 2; 2 0.072  2.0 0.33

Error 2 0.035

A. senegal

Provenance 4; 5 0.353  1.4 0.35 n.s.

Block 2; 5 0.723  2.9 0.14

Error 5 0.247

P. pallida

Provenance 6; 11 0.713  4.9 0.01 (*)

Block 2, 11 0.230  1.6 0.25

Error 11 0.144
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Figure 12. Number of stems in the Acacia and Prosopis 
species and provenance trial at Jodhpur, India (Trial no. 
17 in the arid zone series). Values presented are least 
square means with 95 % confidence limits. The upper 
confidence limit for Chile05 of P. chilensis was 14 m, 
but was truncated at 6 m in the figure.

Figure 13. Best linear unbiased predictors (BLUP’s) 
for number of stems in the A. niloticaa provenances in 
the trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

Figure 14. Best linear unbiased predictors (BLUP’s) 
for number of stems in the A. senegal provenances in 
the trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

Figure 15. Best linear unbiased predictors (BLUP’s) for 
number of stems in the P. pallida provenances in the 
trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.
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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 with 
the production of wood. The basal area of the 
mean tree is calculated on the live trees only and 
can be interpreted as the potential basal area, pro-
vided that all trees survive. 

Statistical analysis
The assumptions of the statistical models seemed 
to be fulfilled without transformations or weight 
statements. The co-variates ploty2 and level were 
significant in the model for analysis of species 
effects. In the tests within species, ploty2 was sig-
nificant in the analysis of A. senegal. 

Results
The tests demonstrated that there were significant 
differences between the species (Table 7). The 
largest trees were found in the provenances of A. 
niloticaa and P. pallida with values up to 80 cm2 
tree-1 (Sind01), whereas A. senegal and P. cineraria 
had the smallest values, all below 15 cm2 tree-1 
(Fig. 16). 

Within-species-differences were not significant 
in any of the species. The differences within A. 
senegal were almost significant with a P-value of 
0.06, but this disappeared after the correction for 
multiple comparisons. Nevertheless the BLUP-
values indicated substantial gains by selection of 
the best provenances, especially for A. niloticaa. 
For this species, Sind01 was 120 % better than the 
average provenance (Fig. 17). For A. senegal the 
best provenance was Sind03 with a performance 
20 % better than the average (Fig. 18). For P. pal-
lida Peru06 was the fastest growing with 12 % more 
than the average (Fig. 19). 

Table 7. Results from analysis of species and provenance differences of basal area of the mean tree in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 4; 17.2 1500 5.6 0.005 **

Provenance(species) 16, 22 327 7.2 <0.0001

Block
Ploty2

2; 22
1; 22

186
303

4.1
6.7

0.03
0.02

Level
Error

1; 22
22

423
45.4

9.3 0.006

A. niloticaa

Provenance 6; 2 602 6.9 0.13 n.s.

Block 2; 2 133 1.5 0.40

Error 2 87

A. senegal

Provenance 4; 5 13.0 4.5 0.06 n.s.

Block 2; 5 15.9 5.6 0.05

Ploty2
Error

1; 5
5

15.5
2.87

5.4 0.07

P. pallida

Provenance 6; 11 102 1.9 0.17 n.s.

Block 2; 11 190 3.5 0.07

Error 11 54
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Figure 16. The basal area of the mean tree in the Acacia 
and Prosopis species and provenance trial at Jodhpur, In-
dia (Trial no. 17 in the arid zone series). Values present-
ed are least square means with 95 % confidence limits.

Figure 17. Best linear unbiased predictors (BLUP’s) 
for basal area of the mean tree in the A. niloticaa prov-
enances in the trial at Jodhpur, India (Trial no. 17 in the 
arid zone series). Values are presented as deviations in 
percent of the mean value.

Figure 18. Best linear unbiased predictors (BLUP’s) 
for basal area of the mean tree in the A. senegal prov-
enances in the trial at Jodhpur, India (Trial no. 17 in the 
arid zone series). Values are presented as deviations in 
percent of the mean value.

Figure 19. Best linear unbiased predictors (BLUP’s) for 
basal area of the mean tree in the P. pallida provenances 
in the trial at Jodhpur, India (Trial no. 17 in the arid 
zone series). Values are presented as deviations in per-
cent of the mean value.
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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 on a per-ha basis 
and is thus a better measure of the actual produc-
tion on the site. 

Statistical analysis
There were clear signs of variance heterogeneity in 
the data, and a weighted analysis was performed 
in the test species differences and in the test of 
provenance differences within A. niloticaa. No co-
variates were significant. 

Results
There was a large variation in total basal area 
between the provenances, the range going from 
below 0.1 kg ha-1 to almost 3 m2 ha-1 for Peru06 
and Peru10. For the best provenances, this cor-
responds to an annual increment of 0.5 m2 ha-1. 

Again the species differences were highly sig-
nificant, P. pallida being superior to the rest of the 
species. Only the provenance Rajasthan11 of A. 
niloticaa was comparable to the provenances of P. 
pallida (Table 8, Fig. 20). 

The fact that Rajasthan11 was so different from 
the other provenances of A. niloticaa was not suffi-
cient for the provenance effect to become significant 
(Table 8). It should be mentioned, however, that 
when the provenances in which there were no surviv-
ing trees (basal area equalling zero) were included, 
the differences within A. niloticaa were significant 
(P=0.004, not presented). The estimated BLUP value 
for Rajasthan11 was enormous, being 150 % better 
than the average provenance (Fig. 21). 

Also for A. senegal and P. pallida the differences 
were not significant, but the best provenances had 
BLUP values of 60 % and 20 % better than the 
average (Fig. 22 and 23).

Table 8. Results from analysis of variance of species and provenance differences of total basal area in trial 17. 

Effect DF
(nominator, denominator)

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

Test of species differences

Species 5; 25.3  37.5 7.6 0.0002 ***

Provenance(species) 24; 58  5.8 7.5 <0.0001

Block
Error

2; 58
58

 2.0
 0.7

2.6 0.08

A. niloticaa

Provenance 6; 12  3.10 2.7 0.07 n.s.

Block 2; 12  1.08 0.9 0.42

Error 12  1.14

A. senegal
Provenance
Block
Error

4; 8
2, 8
8

 0.094
 0.107
 0.047

2.0
2.3

0.18
0.16

n.s.

P. pallida

Provenance 6; 12  1.76 2.7 0.07 n.s.

Block 2; 12  0.66 1.0 0.39

Error 12  0.65
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Figure 20. Total basal area in the Acacia and Prosopis 
species and provenances trial at Jodhpur, India (Trial 
no. 17 in the arid zone series). Values presented are least 
square means with 95 % confidence limits.

Figure 21. Best linear unbiased predictors (BLUP’s) 
for total basal area in the A. niloticaa provenances in 
the trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

Figure 22. Best linear unbiased predictors (BLUP’s) for 
total basal area in the A. senegal provenances in the trial 
at Jodhpur, India (Trial no. 17 in the arid zone series). 
Values are presented as deviations in percent of the 
mean value.

Figure 23. Best linear unbiased predictors (BLUP’s) for 
total basal area in the P. pallida provenances in the trial 
at Jodhpur, India (Trial no. 17 in the arid zone series). 
Values are presented as deviations in percent of the 
mean value.
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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 can be in-
terpreted as a measure of the potential production 
at the site, provided that all trees survive. Further-
more, 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 heav-
ily in this variable. The dry weight is thus the best 
estimate for the production of biomass at the site.

Statistical analysis
As the variance seemed to be different for the dif-
ferent provenances, the data were weighted to en-
sure fulfilment of the assumptions of the model 
of species differences. In this model, the co-vari-
ates ploty2 and level were significant. In the test 
of differences between the provenances of P. 
pallida, ploty2 and level were also significant, but 
in tests of A. senegal only ploty2 was significant, 
and in A. niloticaa no co-variates were significant. 
Note that there are no estimates for P. chilensis as 
the dry weight regression was not available for 
this species (see 3.1).

Results
This variable followed the pattern observed in 
the basal area of the mean tree. There were highly 
significant differences between the species, and 
within the species, the provenance differences 
were almost significant for all species. However, 
the close-to-significance disappeared after the cor-
rection for multiple comparisons (Table 9). 

For A. senegal and the single tree of A. albida, 
which had the slowest growth, the dry weight of 
the mean tree was always below 3 kg tree-1 (Fig. 
24). In P. pallida, most of the provenances had dry 
weights of approximately 10 kg tree-1 except for 
the provenance Peru12 with only 5 kg tree-1. A. 
niloticaa was again very variable, ranging from 3 
to 23 kg tree-1, the best provenance being Sind01. 
This was also reflected in the BLUP values, where 
Sind01 had a performance of 150 % better than 
the average (Fig. 25). For A. senegal and P. pallida 
the gains were more modest, reaching 23 and 13 
% of the average values, respectively (Fig. 26 and 
27).

Table 9. Results from analysis of species and provenance differences in dry weight of the mean tree in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 2; 27.3  49.4  27.1 <0.0001 ***

Provenance(species) 12; 21  5.1  5.4 0.0004

Block 2; 21  7.6  7.9 0.003

Ploty2 1; 21  18.2  18.9 0.0003

Level 1; 21  10.8  11.3 0.003

Error 23  1.0

A. niloticaa

Provenance 6; 2  61.4  10.7 0.09 n.s.

Block 2; 2  10.5  1.8 0.35

Error 2  5.74

A. senegal

Provenance 4; 5  0.649  4.8 0.06 n.s.

Block 2; 5  0.754  5.6 0.05

Ploty
Error

1; 5
5

 0.716
 0.135

 5.3 0.07

P. pallida

Provenance 6; 9  17.9  3.5 0.05 n.s.

Block 2; 9  8.1  1.6 0.26

Ploty2 1; 9  60.2  11.7 0.008

Level 1; 9  55.1  10.7 0.01

Error 9  9.89
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Figure 24. Dry weight of the mean tree in the Acacia 
and Prosopis species and provenance trial at Jodhpur, 
India (Trial no. 17 in the arid zone series). Values pre-
sented are least square means with 95 % confidence 
limits.

Figure 25. Best linear unbiased predictors (BLUP’s) for 
dry weight of the mean tree in the A. niloticaa prov-
enances in the trial at Jodhpur, India (Trial no. 17 in the 
arid zone series). Values are presented as deviations in 
percent of the mean value.

Figure 26. Best linear unbiased predictors (BLUP’s) 
for dry weight of the mean tree in the A. senegal prov-
enances in the trial at Jodhpur, India (Trial no. 17 in the 
arid zone series). Values are presented as deviations in 
percent of the mean value.

Figure 27. Best linear unbiased predictors (BLUP’s) 
for dry weight of the mean tree in the P. pallida prov-
enances in the trial at Jodhpur, India (Trial no. 17 in the 
arid zone series). Values are presented as deviations in 
percent of the mean value.

Prosopis pallida

Acacia senegal

Acacia nilotica

Acacia albida Senegal11

Sind01
Senegal20
Rajasthan11
Punjab6
Punjab5
Punjab4
Punjab2

Sind06
Sind05
Sind04
Sind03
Rajasthan05

Peru13
Peru12
Peru10
Peru09
Peru08
Peru07
Peru06

0 5 10 15 20 25 30 35 40

Sind01

Senegal20

Rajasthan11

Punjab6

Punjab5

Punjab4

Punjab2

-100 -50 0 50 100 150 200

Sind06

Sind05

Sind04

Sind03

Rajasthan05

-20 -10 0 10 20 30

Peru13

Peru12

Peru10

Peru09

Peru08

Peru07

Peru06

-40 -30 -20 -10 0 10 20

RESULTS

kg/tree



20 21

4.8 Total dry weight
As with the total basal area, the total dry weight is 
expressed per area and gives the best measure of 
the actual production on the site.

Statistical analysis
There was variance heterogeneity between prov-
enances, and a weight statement was applied in 
the test of differences between species and in the 
test of provenance differences within A. niloticaa. 
Plotx2 was significant in the test of species differ-
ences and in the test of the P. pallida provenances.

Results
The variation in total dry weight was large, rang-
ing from a few hundred kg ha-1 to 10 t ha-1 (Fig. 
28). The largest provenances were again found in 
P. pallida, and the difference between species was 
as usual highly significant (Table 10). In A. senegal 
the production was very low, but in A. niloticaa it 
was a bit more variable. 

Peru06 of P. pallida took the lead, whereas Rajas-
than11 of A. niloticaa had a faster growth than the 
rest of the provenances of this species. The annual 
production of Peru06 corresponded to approxi-
mately 1.7 t ha-1. Both within P. pallida and A. 
niloticaa the effect of provenances was significant 
but disappeared after the correction for multiple 
comparisons (Table 10). In A. senegal, there were 
no signs of significant provenance differences.

According to the BLUP values, Rajasthan11 
was again outstanding with a total dry weight 150 
% better than the rest of the provenances of A. 
niloticaa (Fig. 29). For A. senegal, the BLUP values 
ranged between –40 and +70 %, also indicating a 
substantial gain (Fig. 30). The best provenance was 
Rajasthan05. However, it should be remembered 
that the average for this species is very low, and 
that the differences within the species were not 
significant. For P. pallida, the gains varied between 
–40 to 50 % (Fig. 31).

Table 10. Results from analysis of variance of species and provenance differences of total dry weight in trial 17.

Effect DF
(nominator, denominator)

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

Test of species differences

Species 3; 22.0 58.8 9.3 0.0004 ***

Provenance(species) 18; 41 14.5 14.3 <0.0001

Block
Plotx2

2; 41
1; 41

45.7
24.0

45.0
23.6

<0.0001
<0.0001

Error 41 1.02

A. niloticaa

Provenance 6; 12 3.76 3.3 0.04 n.s.

Block 2; 12 1.07 0.94 0.42

Error 12 1.14

A. senegal

Provenance 4; 8 0.374 2.1 0.17 n.s.

Block 2; 8 0.413 2.4 0.16

Error 8 0.175

P. pallida

Provenance 6; 11 18.0 3.6 0.03 n.s.

Block 2, 11 4.02 0.8 0.47

Plotx2
Error

1; 11
11

17.8
4.94

3.6 0.08
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Fig.ure 28. Total dry weight in the Acacia and Prosopis 
species and provenance trial at Jodhpur, India (Trial no. 
17 in the arid zone series). Values presented are least 
square means with 95 % confidence limits.
 

Figure 29. Best linear unbiased predictors (BLUP’s) 
for total dry weight in the A. niloticaa provenances in 
the trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

Figure 30. Best linear unbiased predictors (BLUP’s) for 
total dry weight in the A. senegal provenances in the 
trial at Jodhpur, India (Trial no. 17 in the arid zone 
series). Values are presented as deviations in percent of 
the mean value.

Figure 31. Best linear unbiased predictors (BLUP’s) for 
total dry weight in the P. pallida provenances in the trial 
at Jodhpur, India (Trial no. 17 in the arid zone series). 
Values are presented as deviations in percent of the 
mean value.
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4.9 Multivariate analysis
Multivariate analyses were attempted for the spe-
cies A. niloticaa, A. senegal and P. pallida. How-
ever, in A. niloticaa and A. senegal too many ob-
servations were missing, and the error degrees of 
freedom were not sufficient to allow for analyses. 
Only one observation was missing in P. pallida, 
which meant that the analysis was possible. The 
multivariate analysis included the eight variables 
analysed in the univariate analyses, using the 
same transformations. Therefore survival was 
transformed with the arc sine function, and crown 
area was transformed with the square root.

In the analysis only the first canonical variate was 
significant, accounting for 78 % of the variation 
(Table 11). The differences between provenances 
were significant or at the border of significance 
(P-value for Wilk’s lambda=0.02, P-value for Pil-

lai’s trace=0.07). In order to illustrate differences 
between the provenances, the plot of scores for the 
two first canonical variates is given in Fig. 32. Apart 
from the scores, the mean values for the prove-
nances are given together with their approximate 95 
% confidence regions. In the diagram, provenances 
that are far apart are interpreted as being different, 
and if the confidence regions do not overlap, it 
is likely that the two provenances have different 
properties. However, as the variation on the second 
canonical variate was not significant, differences 
along the second axis should not be considered.

It appears from the diagram that there is one 
large group of provenances containing all prov-
enances but Peru10; this provenance is located at 
a distance from the other provenances and seems 
to constitute a genetic unit of its own.

Table 11. Results from the canonical variate analyses of P. pallida for the first two canonical variates in trial 17.

Canonical variate no. 1 2

Proportion of variation accounted for 0.78 0.12

Significance, P-value 0.02 0.21

Raw canonical 
coefficients

Standardised canonical 
coefficients

Canonical 
directions

Canonical variate no.      1       2      1      2       1      2

Survival  99.1  -62.2  23.8  -14.9  0.3  0.4

Height  -9.0  10.4  -5.0  5.8  -0.1  0.6

Crown area  -8.5  5.8  -2.8  1.9  0.1  0.5

Number of stems  -7.5  -0.3  -4.3  -0.2  -0.9  -0.8

Average basal area  -3.0  2.6  -27.0  23.6  2.9  2.0

Total basal area  98.9  -64.3  86.6  -56.3  -0.7  -1.1

Average dry weight  9.2  -7.2  34.0  -26.8  1.2  0.7

Total dry weight  -25.1  15.3  -65.4  39.8  -1.8  -2.9
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Figure 32. Score plot of the first and the second canoni-
cal variate from the canonical variate analysis for the 7 
provenances of P. pallida in the trial at Jodhpur (Trial 
no. 17 in the arid zone series). All variables analysed 
in the univariate analyses were included. The second 
canonical variate was not significant. Each provenance 
is marked at the mean value and surrounded by a 95 % 
confidence region. 

RESULTS
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Productivity
Prosopis pallida had the overall fastest growth in this 
trial with an average production for the best prov-
enance of 10 t dry weight ha-1, corresponding to 1.7 
t ha-1 y-1. The production for the other species was 
much more modest, being approximately 1 and 4 t 
ha-1 (or 0.2 and 0.6 t ha-1 y-1) for the best provenances 
of A. senegal and A. niloticaa respectively. 

One year before a similar trial was established 
at the same location (Trial no. 16 in the arid zone 
series). Here the fastest growing provenances were of 
A. tortilis with an average production of 1 t dry weight 
ha-1 y-1. A. senegal and A. niloticaa were also included, 
and for these species the fastest growing provenances 
had average productions of 0.25 and 0.2 t dry weight 
ha-1 y-1, respectively. The lower production in A. 
niloticaa could be due to a different representation of 
provenances in the two trials (see below).

Species differences
There were significant species differences for all the 
analysed variables. P. pallida had the best survival, 
even though survival for some provenances of A. 
niloticaa and A. senegal was also acceptable. The 
high survival of P. pallida was reflected in the basal 
area and dry weight, where the species had the larg-
est values expressed per ha. Results from this trial 
thus indicate that P. pallida is a promising species 
for similar areas in Rajasthan. It is recommended 
that a new assessment is made of the trial to con-
firm the potential of the species, and if this new as-
sessment does not reveal any unforeseen problems, 
to initiate testing of the species on a larger scale.

Even though A. niloticaa had a poor survival for 
most provenances, the height growth was compa-
rable to that of P. pallida, and some provenances 
had even larger basal areas and dry weights when 
expressed as the mean of surviving trees. This 
means that if the problems with low survival were 
solved, production of this species would increase 
considerable. It would be worthwhile to see if a 
different establishment technique could increase 
survival, or if plus tree selection of the best trees 
and with subsequent production of improved 
material could give better results.

The survival for A. albida was extremely poor, 
as only one tree from the three provenances sur-
vived. The trial thus could lead to the conclusion 
that this species has a limited potential at the site. 
The same applies to the trees of P. chilensis, which 
had a poor survival and a slow growth for the 
surviving trees. However, since no plants of the 
local species P. cineraria had survived, interpreta-
tion should be cautious: The reasons for the low 
survival could be extreme weather conditions 

5. Discussion and conclusions

during establishment, or the establishment tech-
nique could be inappropriate. A. senegal had a slow 
growth but survival was acceptable for some of the 
provenances (see below). 

Provenance differences
Within the species, the differences were not as 
clear as between species. This is probably partly 
due to the low survival, causing high variation 
both within and between plots of the same prov-
enance. Obviously no provenance recommenda-
tions can be given for A. albida and P. cineraria, 
where survival was (almost) zero.

Drawing conclusions for A. niloticaa is difficult, 
because only survival and total dry weight were sig-
nificant in the univariate tests, and because the cor-
rection for multiple comparisons made significance 
disappear. Nevertheless it is important to notice 
that the provenance with the best survival and 
the highest production of dry weight was the local 
provenance, Rajasthan11. In the other trial at Jodh-
pur (trial no. 16), a range of Indian provenances of 
A. niloticaa outside of Rajasthan were included, but 
none with a growth as fast as Rajasthan11. Even 
though it did not have a fast height growth it seems 
to be the safe choice for this species.

The same applies to the provenances of A. sen-
egal. There were significant differences in survival 
and height, even after correction for multiple 
comparisons, and again the local provenance was 
the best. This was also reflected in the dry weight 
per ha, which was much higher in Rajasthan5 than 
in the other provenances (though not significantly 
so). However, comparing with trial no. 16 it appears 
that provenances from Senegal may have a similar 
or perhaps slightly better growth. This would need 
verification in a trial designed to compare local 
provenances with provenances from Senegal.

The provenances of P. pallida are from two 
relatively small areas in Peru. The northern group is 
composed of Peru06, Peru08, Peru10, Peru12, and 
the southern includes Peru07, Peru09 and Peru13. 
In both the univariate and the multivariate analyses 
the two groups are more or less mixed in-between 
each other. However, whereas the southern prov-
enances seem to behave rather homogeneously, the 
northern provenances have different behaviours 
and seem to have a larger diversity. When corrected 
for multiple comparisons, only height and number 
of stems were significantly different, but there were 
signs of differences in the basal area and dry weight 
variables as well. Overall, the fastest growing prove-
nances seem to be Peru06 and Peru10. Interestingly, 
these provenances appear to differ in the number of 
stems, Peru10 having more stems than Peru06.
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Name of site:  Jodhpur
   Latitude: 26°18’N
  Longitude: 73°40’E
   Altitude: 224 m

Meteorological stations: Jodhpur (26°18’N, 73°01’E, 224 m (FAO 1987))

Rainfall: Annual mean (period): 373 mm/year (FAO 1987)
       317 mm/year
         Yearly registrations:
 1984: app. 240 1985: app. 210 1986: app. 250
 1988: app. 240 
 Month of establishment (August 1984): app. 100 mm

Rainy season:  7-9 (July-September)
   Type: Intermediate (FAO 1987)
   Length (days): 60 (FAO 1987)

Dry months/year:   No. of dry months (< 50 mm): 9
   No. of dry periods: 1

Temperature:   Annual mean: 27.4
   Coldest month: 9.5
   Hottest month: 41.6
 
Wind: Speed: 2.1 m/s (FAO 1987)

Topography:  Flat, gentle.

Soil: Type: Sandy loam
   Depth: 1 m

Climatic/agroecological zone:  Semi-arid (Thar desert)

Koeppen classification:  BSh

Dominant natural vegetation:  Capparis decidua, Prosopis cineraria, Zizyphus nummularia (?), Calotropis 
procera, Salvadora oleoides, Balanites aegyptiaca.

Annex 1. Description of the trial site
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Layout of blocks and plots in the field. The numbers correspond to the seedlots given in annex 2:   
  

y BLOCK 1 BLOCK 3

16 13 23 24 32 30 19 23 3 18

15 7 8 11 12 11 15 28 10 25

14 27 25 2 4 6 5 32 14 12

13 15 9 16 22 16 17 22 9 8

12 30 6 28 17 13 7 2 20 21

11 19 29 3 31 1 31 26 29 27

10 10 26 5 14 4 24

9 18 21 20 1

8 22 11 14 6

7 7 8 1 9

6 16 23 3 19

5 4 17 21 31 BLOCK 2

4 29 26 25 24

3 18 15 27 32

2 30 2 10 28

1 20 5 13 12

1 2 3 4 5 6 7 8 9 x

Individual tree positions in each plot:
y

6 * * * * * *  *: plot border

5 * + + + + *

4 * + + + + *  +: plot core trees

3 * + + + + *

2 * + + + + *

1 * * * * * *

1 2 3 4 5 6   x

Annex 3. Layout of the trial
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The health status of the trees were evaluated on 
a scale from 0 to 3, where 0 indicates no damage, 
and 1, 2 and 3 indicates light, moderate and se-
vere damage, respectively. The health status code 
is named SCSEV in the diagrams on the follow-
ing pages. 

The diagrams present the mean survival ratios, 
the damage ratios of the surviving trees and the 

Annex 5. 
Graphical presentation of the health data

average damage scores for the damaged trees. They 
also indicate the distribution of the damage on the 
trees and the cause of the damage. The damage 
scores are presented according to plots, blocks and 
seedlots. 

Please note that the seedlot codes correspond to 
the numbers given in annex 2.



34 35ANNEXES


	Preface
	Abstract
	1. Introduction
	2. Materials and Methods
	2.1 Site and establishment of the trial
	2.2 Species and provenances
	2.3 The experimental design
	2.4 Assessment of the trial

	3. Statistical analyses
	3.1 Variables
	3.2 Statistical model and estimates

	4. Results
	4.1 Survival
	4.2 Height
	4.3 Crown area
	4.4 Number of stems
	4.5 Basal area of the mean tree
	4.6 Total basal area
	4.7 Dry weight of the mean tree
	4.8 Total dry weight
	4.9 Multivariate analysis

	5. Discussion and conclusions
	References
	Annex1. Description of the trial site
	Annex 2. Seedlot numbers
	Annex 3. Layout of the trial
	Annex 4. Plot data set
	Annex 5. 
	Graphical presentation of the health data

