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Forestry use in Prosopis flexuosa woodlands in the Central Monte is limited by low wood productivity and
by most of the trees being multi-stemmed. Desert inhabitants have turned pruning into a common prac-
tice to get some forest products, increase wood production and improve tree shape. In this study we
tested pruning practices used by locals on trees of different diameter classes and different pruning inten-
sities in the aeolian plains of the Central Monte Desert. Two trials were conducted: (a) we tested the
effects of pruning on three types of trees: adult multi-stemmed trees (7.5-15 cm basal diameter;
n =12 for pruned trees and 10 for control), young trees (3-7.5 cm basal diameter; n = 20 for pruned trees
and 18 for control), and saplings (<3 cm basal diameter; n =15 for pruned trees and 18 for control); (b)
we compared the effects of different pruning intensities: heavy pruning (50% of crown removed and
n =10), intermediate pruning (25% of crown removed; n = 10), and unpruned individuals (n = 10). Basal
diameters of all stems, total tree height, largest and smallest crown diameters were measured yearly.
We estimated the equivalent basal diameter (EBD) and crown volume. Linear mixed models (LMM), in
continuous variables, and general linear mixed models (GLMM), in discrete variables, were used for eval-
uating the effects of the treatments on the different variables. The response observed in pruned trees was
an increased length of branches, which in both trials translated into increased crown diameter and vol-
ume. No initial response was recorded in basal diameter growth of the remaining stem. In adult trees, an
increase in basal diameter was detected five years after pruning. A greater response of crown growth was
found in individuals subjected to heavy pruning vs. individuals under intermediate pruning. Results sug-
gested that pruning could improve the shape of Prosopis in the short run, and increase stem diameter
growth in the long run, as observed for other tree species of Prosopis that received pruning throughout
the world. This suggests that this practice could be potentially used to obtain poles and firewood without
a decrease in wood productivity but with an increase in branch growth, and, in consequence, it could be
included in silvicultural management of woodlands dominated by multi-stemmed trees and in models of
sustainable management at local scale.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

to drought and saline soils) have allowed these legumes to domi-
nate the woody vegetation in arid regions (Fagg and Stewart,

The man of the desert has, since ancient times, resorted to prun-
ing as a management tool to get diverse profits from dryland trees.
The genus Prosopis consists of more than 40 species of trees and
shrubs widely distributed across arid and semiarid regions of the
Americas, east of Asia and north of Africa (D’Antoni and Solbrig,
1977). Numerous adaptations (response to herbivory, tolerance
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1994). Since antiquity, there is a close relationship between trees
of this genus and different human groups (D’Antoni and Solbrig,
1977; Roig, 1993). The great variety of products and ecosystem
services that these trees provide determines that they be consid-
ered multiple-use species (F.A.O., 1994; Cony, 1995; Tewari and
Harsh, 1998). In different regions, the wood’s good quality, color
and mechanical features have given rise to markets for forest
products derived from extraction of plant parts (pruning) and, in
some cases, from thinning or selective logging of Prosopis trees
(Patch and Felker, 1997a, 1997b; Felker and Guevara, 2003;
Villagra et al., 2005).
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Pruning, as an improver of wood quality, is amongst the most
commonly used silvicultural practices in the management of Pros-
opis woodlands (Patch et al., 1998). Removal of secondary stems
and small branches seeks to improve growth habit and increase
the quantity and quality of wood produced (Patch and Felker,
1997b; Elfadl and Luukkanen, 2003). In Arizona, USA, such pruning
combined with inhibition of resprouting buds has been applied to
young trees of Prosopis glandulosa. Pruning is also associated with
significantly increased photosynthetic rate in P. juliflora (Elfadl
and Luukkanen, 2003), a response which can also be used to opti-
mize wood and fruit production of Prosopis species (Diaz Celis,
1995; Pasiecznik et al., 2001). The effect of pruning and thinning
has generally been studied in plantations but not in native wood-
land (Elfadl, 1997; Patch and Felker, 1997a, 1997b).

In defining management practices, the shape of the tree deter-
mines the quality of forest products to be obtained. According to
Meyer et al. (1971), those Prosopis species belonging to the Algaro-
bia section show a high tendency to have apical dominance and,
consequently, good crown development. Prosopis flexuosa is a tree
with deciduous leaves that occurs in arid regions of Argentina and
the central north of Chile, occupying vast sectors of the South
American arid diagonal (Alvarez and Villagra, 2009). Open wood-
lands of this species grow on sandy plains with water available
from water tables lying close to the ground surface (between 6
and 12 m) where it behaves as a phreatophyte (Rundel et al.,
2007; Aranibar et al., 2011). In north-western Argentina, single-
stemmed trees represent 83% of the P. flexuosa population (Mooney
et al., 1977; Cony et al., 2004); therefore, these woodlands show
the possibility of controlled management with extraction of forest
products of high economic value (wood for furniture or floor-
boards). In contrast, in Southern Prosopis woodlands in the Central
Monte desert, more than half of the trees are multi-stemmed or
have their main stem highly branched with secondary branches
showing nearly horizontal growth (semi-erect), or with pendulous
lateral branches that reach the ground (decumbent) (Alvarez et al.,
2006; Villagra et al., 2005). These characteristics and the low pro-
ductivity (140-170kg ha~! year™!) restrict forestry use of the
woodlands of Mendoza. Moreover, the growth rate of multi-
stemmed individuals decreases rapidly since 60 years of age
whereas single-stemmed trees do not show such decrease, sug-
gesting the existence of competition between stems in adult indi-
viduals (Alvarez et al., 2011a). Thus pruning could eliminate such
competition, preventing the observed reduction in growth rate.
However, the consequences of pruning would depend on the bal-
ance between the positive and negative effects produced by this
treatment. Among the positive effects are decreased competition
between stems and reallocation of assimilates or photosynthetic
compensatory effects (increase in the photosynthetic capacity of
remaining foliage) (Helms, 1965; Heinchel and Turner, 1983).
Among the negative ones, in addition to the obvious reduction of
the photosynthetic area of the plant, are root mortality and loss
of reserves (Allen, 1986; Peter and Lehmann, 2000; Bayala et al.,
2004).

We hypothesize that pruning eliminates competition between
stems, so we expect a higher annual growth of the remaining stem
in pruned trees than in control trees. Furthermore, as this compe-
tition among stems increases with the age of the tree (Alvarez
et al.,, 2011a), we expect a higher response to pruning in adult than
young and sapling Prosopis trees. Finally, we hypothesize that
growth response to pruning will be lower in heavily pruned trees
than in trees subjected to intermediate pruning due to the higher
proportion of crown biomass loss. Our objectives were: (a) to ana-
lyze whether pruning increases diameter or crown growth in P.
flexuosa individuals of different diameter classes from the Central
Monte desert and (b) to investigate the effects of pruning intensity

on both stem diameter and crown growth in young P. flexuosa
trees.

2. Materials and methods
2.1. Study area

The study area is located in the central plains of north-eastern
Mendoza, Argentina (32-33 S, 67-68 W; 500-550 m elevation).
This area, including Telteca Reserve (38.507 ha) and surrounding
lands, is representative of the central zone of the Monte Biogeo-
graphic Province (Gonzalez Loyarte et al., 1990). It is located in a
sedimentary basin between two geological structures with positive
relief, the Cordillera de Uspallata in the west and the San Luis Sier-
ras to the east. The aeolian reworking of Holocene sediments orig-
inated a system of transverse sand dunes up to 20 m height
separated by 100-200 m wide troughs (Gonzalez Loyarte et al.,
1990). The climate is arid with total annual precipitation around
156 mm (1972-2007 average), and large daily and annual temper-
ature ranges. Mean temperature is 18.5 °C, with absolute maxi-
mum and minimum being respectively 48 °C and —10 °C (Estrella
et al,, 1979).

This study was conducted in open woodland of P. flexuosa (25%
of tree cover), accompanied by Trichomaria usillo and Suaeda divari-
cata as main shrubs (tree density: 155 trees per ha~!, between 103
and 186 trees). Diameter structure indicates low number of trees of
intermediate classes, between 20 and 35 cm in equivalent basal
diameter (the diameter corresponding to a one-stemmed individ-
ual with an equivalent basal area), and absence of individuals with
large diameter stems. This woodland has the highest concentration
of individuals with diameter between 2.5 and 17.5 cm (Alvarez
et al.,, 2006). In all, 61% of adult trees have more than one stem
(trees were considered adults with diameter >7.5 cm).

2.2. Experimental design

2.2.1. Trial I. Pruning in Prosopis individuals of different diameter
classes

Three types of multi-stemmed P. flexuosa trees were selected
according to basal diameter of the main stem (SBD). Individuals
with SDB between 7.5 and 15 cm were considered adults, those
with SBD between 3 and 7.5 cm were considered young, and sap-
lings were those individuals with SBD < 3 cm. For each diameter
class, we selected individuals with similar growth habit on similar
site quality: 24 adult trees, 40 young trees and 36 saplings. Half the
trees in each class were pruned and the other half was left un-
pruned. As some mortality was observed after the first year of
the assay (two control adults and two control young trees and
three pruned saplings), the final N for each diameter class was:
pruned adult trees =12; control adult trees=10; pruned young
trees = 20; control young trees=18; pruned saplings=15; and
control saplings = 18.

Prior to pruning (July 2003), for all trees we recorded: basal
diameter of all stems (using diameter tape or digital calliper), total
tree height and lowest crown height (with digital hypsometer, res-
olution: 0.1 m) and largest and smallest crown diameters (with
diameter tape, distance: 0.01 m). Equivalent basal diameter (EBD)
was estimated for each tree using the formula:

EBD = 21/(SBD; /2)? + (SBD/2)? + -+« + (SBD, /2)°

where SBD; SBD, and SBD,, are the diameters at the base of the n
tree stems (Alvarez et al., 2011a).

For each individual we estimated crown volume (V) following
the formula proposed by Sharifi et al. (1982):
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V =2/37Rh

with R. being the average of largest and smallest crown radius and h
the difference between total tree height and lowest crown height. In
pruned trees, we left only one stem which was that with an erect
shape and with the best health status (Patch and Felker, 1997b).
Secondary branches on the remaining stem were eliminated from
the base up to a height of 2 m in adults, up to 1.3 m in young trees
and up to 0.9 m in saplings (Pasiecznik et al., 2001). Pruning was
carried out using cutting tools (chainsaw or handsaw) at the time
of dormancy (Elfadl and Luukkanen, 2003). Oblique cuts were made
on the vertical axis of removed branches to prevent the likelihood of
rot from water accumulation (Allen, 1986). The remaining individ-
uals were left unpruned as controls. The above-described allometric
measurements were replicated in pruned and control trees immedi-
ately after pruning and then on a yearly basis during the winters of
2004 through 2009.

Considering that Prosopis species easily produce shoots in areas
near the cuts when apical dominance is broken (Meyer et al., 1971;
Fisher, 1977), we counted the number of resprouts, measuring
their diameter with calliper diameter (0.01 cm) and length with
tape-measure (0.01 m). After each annual measurement, those res-
prouts (base of tree and main stem) produced in the previous
growing season were cut off.

To compare each variable’s response to pruning (%R) among
diameter classes, we calculated the ratio (%) between pruned and
control trees for each year, considering the average value of the
variable in control trees as 100%. The slope of the curve for each
diameter class represented the rate of the response of the variable
in relation to control trees. We calculated:

%R =P;-C;'-100

where P; represents the average value for the considered variable of
the pruned trees in year “i” and C; the average value of the control

“w

trees in year “i".

2.2.2. Trial Il Effects of pruning intensity on young Prosopis trees

We selected 30 multi-stemmed trees of 3-7.5 cm diameter
class. Before pruning (July 2004), we measured SBD of each stem,
total tree height and largest and smallest crown diameter, and cal-
culated EBD. During the winter of 2004, by using three treatments,
10 of the trees were pruned, leaving the main stem and lateral
branches, thus removing approximately 50% of the crown (heavy
pruning); from another 10 trees we removed the lateral branches,
representing 25% of the crown (Intermediate pruning) (Elfadl and
Luukkanen, 2003); and 10 Prosopis trees were left unpruned to
serve as control. Pruning was made with a handsaw during dor-
mancy (Elfadl and Luukkanen, 2003). The allometric measure-
ments were replicated in pruned and control trees immediately
after pruning and, subsequently, on a yearly basis during the win-
ters of 2005 through 2009. We counted the number of resprouts on
the stem, measuring their diameter and length. After each annual
measurement, those resprouts (base of tree and main stem) pro-
duced in the previous growing season were cut off.

2.3. Data analysis

Although the use of repeated measures ANOVA for testing
experimental trials in silviculture is widely known, this analysis
does not contemplate the random effects provided by experimen-
tal units (Crawley, 2007; Baker et al., 2008). For this reason, we
used linear mixed models (LMM) to analyze continuous variables
such as total crown height, crown diameter and crown volume,
EBD, resprout diameter, resprout length, and annual branch in-
crease. For analyzing number of resprouts (discrete variable), we
used generalized linear mixed models (GLMM).

Model selection was as follows: first, we selected models with
the most informative random effect combination using likelihood
ratio test (LRT). Then, we selected the best models from all possible
fixed effects combinations using Akaike weights (Burnham and
Anderson, 2002), which are based on the AIC scores for all models
in the candidate set. Akaike weight is an absolute measure of sup-
port that sums to 1 across all candidate models, here we report re-
sults from all models with weights >0.005. Model selection was
corroborated using “MuMIn”, the multi-model inference package,
which ranks the models according to AIC weights (Barton, 2013).
When models for the same response variable differed in their
SAIC < 4 (i.e., when there was low level of empirical support in con-
sidering candidate models), we estimated the mean parameters
using weighted model-averaging (Burnham and Anderson, 2002),
implemented in “MuMIn”. Parameters were estimated by re-
stricted maximum likelihood (REML) using the Ime4 package
(Bates et al., 2013) version 0.999999-2 in R 3.0.1 (R Development
Core Team 2008).

For Trial [, the maximum model included three main fixed ef-
fects: pruning (P), diameter class (D) and year (Y), and their inter-
actions. Similarly, in Trial II, the maximum model included two
main fixed effects: intensity (I) and year (Y), and their interactions.
In both experiments the factor “tree” identifying each of the indi-
viduals studied was considered a random effect, allowing the mod-
el to vary in both, intercept (trees) and slope (years) (Crawley,
2007; Bates et al., 2013).

3. Results

In both trials, pruned trees showed a fast response, increasing
crown growth, while EBD growth was less evident and height
growth was insignificant. Pruning also induced resprout develop-
ment. These responses differed between both diameter classes
and pruning intensities. In Appendixes A and B, the parameter esti-
mates for each variable are shown for Trial I and Trial II,
respectively.

3.1. Response to pruning by individuals of different diameter classes

3.1.1. Crown response

Crown variables showed, along with EBD, the most complex re-
sponses. The best-fitting model for crown volume was the maxi-
mum model, which included the three main explaining variables
and all of their interactions (Table 1). Crown diameter, in turn,
showed that the best model included the three main explaining
variables and the Pruning-Year and Pruning-Diameter class inter-
actions (Table 1). No growth was detected in the crown diameter
or volume of adult and young control trees, and only a small
growth was detected in control sapling trees. In contrast, the trend
of pruned trees was positive, with an increment in crown diameter
and volume in all three diameter classes, resulting in a decreasing
difference between treatments over the years (Fig. 1a and b). The
interaction between Pruning and Diameter class indicated that
crown recovery was more pronounced in pruned saplings than in
the other diameter classes (Fig. 2). Another variable related to
crown of trees is annual branch length growth. This variable did
not vary among diameter classes, since the best-fitting model in-
cluded only the main effects Year and Pruning (Table 1). Branch
growth was higher in pruned than in control trees and this differ-
ence was higher during the second and third year after pruning,
being equal by the sixth year (Fig. 3a).

3.1.2. Stem diameter response
The best-fitting model for EBD included the three main explain-
ing variables and the Pruning-Diameter class and Pruning-Year
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Model selection for variables measured in the evaluation of the pruning effect on different diametric classes trees, ranked using Akaike weights (WAIC). Effects tested in models: Y,
year; D, diameter class; and P, pruning treatment, and their interactions. 3AIC is the difference in AIC among candidate models. EBD, equivalent basal diameter.

Variable Rank Y D P YxD YxP DxP YxXDxP df AlCc SAIC WAIC
Crown diameter 1 X X X X X 12 676.4 0.00 0.664
2 X x X X 10 677.8 1.37 0.334
Crown volume X X X X X X X 16 3454.7 - 0.997
EBD X x X X X 16 2175.9 - 0.995
Total tree height 1 X 7 361.7 0.00 0.571
2 X X 8 362.5 0.85 0.373
3 X X X 10 368.1 6.44 0.023
4 X X 8 368.6 6.94 0.018
5 X X X 9 369.4 7.69 0.012
Annual branch length 1 X X 7 —1230.3 0.00 0.991
2 X X X 8 —~1220.9 9.41 0.009
Resprout diameter 1 X X X 8 -373.3 0.00 0.790
2 X 6 —-3705 2.80 0.194
3 X X 7 —365.0 8.28 0.013
Resprout length 1 X X 6 -34.6 0.00 0.894
2 X X 8 -30.1 4.46 0.096
3 X X 7 -25.2 9.37 0.008
Resprout number 1 X X X 7 2619.0 0.00 0.4460
2 X X X X 9 2619.7 0.68 3180.1
3 X X X X X 11 26214 2.46 310.06
4 X x X X X 11 2622.7 3.73 90.031
5 X X X X X X 13 2624.3 5.36
interactions (Table 1). The significant Pruning-Diameter class inter-
action indicated that not all types of trees had the same response. In
Adilts Yoliiig tFees Saplings this case, adult tree; showed a higher response to pruning thap
5 young trees and saplings (Figs. 1c and 2). The EBD response was evi-
= FIEE) R $ 5§ dent in the different slope observed in adult trees, with the differ-
%’ 4 ;!’ 1 ence with the EBD of control trees declining in the last years of
‘aE‘: 3- et i 180 50592° a the trial. In young and sapling trees, the slope was similar between
g , : | E) 508 control and pruned trees, showing an EBD increment in control
. 7 . o . . .
g (X 262°% s individuals that was not observed in adult trees (Fig. 1c).
o 1 B s® i s
O . .
0 3.1.3. Height response
l j) [ 40 o) Total tree height did not show a clear response to pruning. The
$ 1 C L e Pruned | .0 2 best-fitting model included only the diameter class factor, showing
% T + o o Control S . . | .
b o § s the obvious differences in height among age classes (Table 1). The
% - [ 20 5 second model, with a SAIC < 4, also included the effect of pruning,
o XX IE 0o L 10 ig'i making evident the slight increment in total height observed in
L] 5 .
s0? I .fff.“ 73 2333988 | o ) pruned trees (Figs. 1d and 2).
T T 1 1T 1T T T T T3 & 3  § L N N N B B A |
20 1 2 ©3559¢ | 3.1.4. Resprout response
3 u Pruned individuals presented a higher number, diameter and
S 151 sse®% "] c length of resprouts than control individuals in all diameter classes
% 10 - 18 s3%%350 o (Fig. 3). For the number and diameter of resprouts, there was a sig-
. Luvevs® . nificant Pruning-Year interaction (Table 1), showing a decrease in
Olooizges these variables in pruned trees along the trial duration (Table 1 and
0T ; T Fig. 3). In all three variables, the best models did not include inter-
$$$X%I¥ 4 g actions with “Diameter class”, indicating that a similar response
$ LFL f‘ii -y was observed among diameter classes.
d 3
[ rY [ 3 2z . . . . .
X % ® % g (X fé 3.2. Effects of pruning intensity in young Prosopis trees
Q0200 -
L - __ete 2 3
g 8888.0°¢ 2 3.2.1. Crown response
Both crown diameter and volume included pruning intensity in

2003a -|
Pruned
2003b
2004 -
2005 -
2006 -
2007 -
2008 -
2009 -
2003a |
Pruned
2003b -
2004 -
2005
2006 -
2007
2008 -
2009
2003a
Pruned
2003b -
2004 -
2005
2006 -
2007
2008
2009 -

Year

Fig. 1. Pruning effects on individuals of different diameter classes. Variables
recorded before pruning and then annually measured: (a) crown diameter (m), (b)
crown volume (m?), (c) equivalent basal diameter (cm) and (d) total tree height (m).
Dots represent the mean values and lines the standard error. The gray area
represents the values of variables before pruning (2003a) and white area the annual
mean after pruning.

the best models, but only crown volume included the interaction
with year (Table 2). Crown volume growth increased as pruning
intensity increased (Fig. 4b). As a consequence, the slope of both
pruning intensities was higher than that of controls, and there
were no differences among pruning intensities after four years
since trial began (Fig. 4b). Crown diameter was similar during
the last year of the trial, but the Year-Pruning intensity interaction
was not significant (Fig. 4a).
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Fig. 2. Response to pruning of the selected variables for different diameter classes: crown diameter, crown volume, EBD and total tree height. The response to pruning was
expressed as percentages representing the relation between mean values of the pruned treatment and control trees for each year. Long-dashed line represents the mean value

of the control trees (100%), for each diameter class.
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Fig. 3. Pruning effects on individuals of different diameter classes on annual branch
growth and resprout generation. (a) Annual branch length growth (m), (b) resprout
diameter (cm), (c) resprout length (m), and (d) resprout number. Dots represent the
mean value and lines the standard error.

Only the effect of Year was included in the best-fitting model for
the Annual branch length growth, indicating no clear response of
this variable to pruning intensity (Table 2 and Fig. 4e).

3.2.2. Stem diameter response

The best-fitting model for EBD included the two main factors
but not their interaction, indicating that all three treatments
showed a proportional increase in EBD across years (Fig. 4c).

3.2.3. Height response

None of the factors tested was important to explain the re-
sponse of Total tree height, the null model was better than models
that included explaining factors (Table 2), indicating no response of
this variable to treatments (Fig. 4d).

3.2.4. Resprout responses

The number, diameter and length of resprouts increased as
pruning intensity increased (Fig. 4). The best-fitting models for
the three variables included Pruning intensity as explaining vari-
ables, and only resprout number included the Year-Pruning inten-
sity interaction (Table 2), indicating a decrease in the number of
resprouts of pruned individuals over the five years of measure-
ments (Fig. 4f).

4. Discussion

The first response found for the different diameter classes of
pruned Prosopis trees and the different pruning intensities applied
was an increase in crown recovery and branch growth. In contrast,
there was no initial response in the growth of EBD, since the in-
crease in EBD was evident only in the last years of the trials. This
suggests that initially the reduction of photosynthetic area is more
important than the benefits obtained from reduced stem competi-
tion, which is not consistent with our first hypothesis. This first re-
sponse implies assimilate partitioning that tends to recovery of the
leaf area, which could be due to an improved water status of the
plant from leaf area reduction, or to a compensatory growth
with the consequent increase in photosynthetic rate (Elfadl and
Luukkanen, 2003). Only when photosynthetic area is recovered
does the reduction of competition among stems appear to be effec-
tive in increasing diameter growth of the remaining area.

The first scientific silvicultural studies relative to pruning (in
live crown of young Douglas-Fir) would suggest that this treatment
increased the diameter of the remaining stem when the percentage
of crown removal did not exceed 25% (Stein, 1955). Notwithstand-
ing, recent studies suggest that with higher pruning intensities,
diameter growth does not increase (Chandrashekara, 2007;
Pinkard et al., 2004), or even decreases in the cases where over
75% of the crown is removed (Chandrashekara, 2007). However,
the recovery of photosynthetic capacity observed for all pruning
intensities in our work would allow thinking of a later increase
in EBD as is observed after five years, albeit further monitoring will
be required to test the final effect on diameter growth. In
P. glandulosa, an increase in EBD was recorded after three years
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Table 2

Model selection for variables measured to evaluate the effects of different pruning intensities, ranked using Akaike weights (WAIC). Effects tested in models: Y, year; I, pruning
intensity; and their interaction. 3AIC is the difference in AIC among candidate models. EBD, equivalent basal diameter.

Variable Rank Y 1
Crown diameter 1 X
2 X X
3
Crown volume 1 X X
2 X X
3 X
EBD 1 X X
2 X X
3 X
Total tree height 1
2 X
3 X
Annual branch length 1 X
2
Resprout diameter 1 X
2 X X
Resprout length 1 X
2 X X
Resprout number 1 X X

w N
ke
>

YxI df AlCc SAIC WAIC
7 204.4 0.00 0.873
8 208.8 4.41 0.096
5 211.7 7.31 0.023
X 10 1010.0 0.00 0.584
8 1010.6 0.66 0.394
7 1014.6 4.57 0.056
8 567.0 0.00 0.882
X 10 571.1 4.12 0.112
7 577.1 10.1 0.006
5 168.5 0.00 0.872
6 173.7 5.15 0.066
7 174.0 5.43 0.058
6 —290.1 0.00 0.969
5 -283.0 7.09 0.028
7 218 0.00 0.943
8 274 5.61 0.057
7 34.2 0.00 0.935
8 39.5 5.34 0.065
X 9 536.7 0.00 0.518
6 536.9 0.18 0.474
7 545.2 8.45 0.008

from pruning, coupled with clearing and ploughing of plots and re-
moval of herbaceous biomass from beneath P. glandulosa individu-
als (Cornejo-Oviedo et al., 1991). Responses of adult and young
Prosopis trees to pruning did partially match the proposed hypoth-
esis (higher response in adult vs. young Prosopis trees). A higher re-
sponse in adult plants was evident in EBD only after five years from
pruning. However, crown response was higher in younger plants.
This could be related to reduced competition among crowns of dif-
ferent stems in adult plants, and to the consequent increment in
the remaining stem. By contrast, in young trees, where there is
no high crown competition among stems, we observed no stem
diameter response, but noted a fast response in crown growth,
indicating that stem growth is still limited by photosynthetic area.

Regarding pruning intensity, our results were not consistent
with the hypothesis that individuals with intermediate pruning
elicit a major response in crown and stem growth variables than
those heavily pruned, basically because of lower crown volume
loss. In contrast, we found that crown diameter and volume re-
sponses increase as increased pruning intensity. These data are
consistent with observations by Elfadl and Luukkanen (2003) for
P. juliflora, where leaf biomass growth increases significantly with
increasing pruning intensity, which is related to higher moisture
content in leaves and wood, higher efficiency in water use, or the
action of photosynthetic compensatory effects (Heinchel and
Turner, 1983; Helms, 1964, 1965; Roth et al., 2007).

Depending on management objectives, pruning has been sug-
gested as an essential tool for increasing wood productivity (Nich-
olas and Brown 2002), and for improving the quality of forest
products (knot-clear wood), or fruit production (Meyer and Felker,
1990; Diaz Celis, 1995; Patch and Felker, 1997b). The fast crown
recovery and slow EBD growth response suggest that, in a first
stage, pruning could contribute to the goal of improving the shape
of the tree, though not to wood production (Beadle et al., 2007). In
addition, branch removal would contribute 21.3-54.3 kg of fire-
wood in adults (equivalent to 2-3 stems), 6-12 kg in young trees,
and less than 3 kg in saplings (Alvarez et al., unpublished).

One of the problems of using pruning as management tool is the
generation of resprouts from intervened plants (Patch et al., 1998).
In our work, we found presence of resprouts in all pruning treat-
ments, although their number and length decreased in all diameter

classes assessed over the 6 years recorded. In addition, resprout
generation increased with pruning intensity. This differential effect
produced on trees by pruning intensity can be a useful tool in plan-
ning silvicultural management. Resprout generation is explained
by the generation of immediate signals that stimulate activation
of new growing points on the remaining stem (Coder, 1998). In
our study, resprout control was done through annual cutting, as
performed in Sudan by Elfadl (1997), resulting in reduced respro-
uting at the end of the trial. Application of herbicides, plastic mesh,
and oil-derived compounds has been tested to inhibit resprout
appearance from the base of the stem of pruned Prosopis trees in
diverse parts of the world (Ueckert et al., 1979; Cornejo-Oviedo
et al, 1991; Patch and Felker, 1997a; Tewari et al., 2000). The
use of these types of treatments in the northeast of Mendoza
would depend on economic assessment and acceptance by wood-
land inhabitants. Including the number of stems as a variable of
forestry use is a recently developed practice (Beadle et al., 2007;
Hein et al., 2007). Previous studies on wood growth in P. flexuosa
indicate that an eventual management of adult multi-stemmed
Prosopis trees should combine use of the dead wood present in
the trees with removal of lateral branches (between 20 and
27 cm in EBD) at an age of around 80 years, as a tool to avoid com-
petition among stems (Alvarez et al., 2011a, 2011b; Vazquez et al.,
2011). The results obtained in the present study reinforce this idea,
suggesting the possibility of including multi-stemmed trees in a
model of use that considers applying pruning to improve tree
shape and increase production of firewood or poles. Thus, pruning
practices would promote the conversion of firewood-producing
woodlands to pole-producing woodlands (Allen, 1986; SAGPyA,
2003), while the product of extraction can be part of the domestic
use of the local people (firewood and poles).

We concluded that pruning induces fast recovery of photosyn-
thetic area but not an initial increase in diameter growth, suggest-
ing a control of growth imposed by photosynthetic area. The crown
response to pruning is more marked in young and sapling individ-
uals and at the highest pruning intensity. Therefore, pruning is sug-
gested as a tool to improve the shape of Prosopis in the short run,
and increase stem diameter growth in the long run. This practice
could be potentially used to obtain poles and firewood without a
decrease in wood productivity but with an increase in branch
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Fig. 4. Effects of different pruning intensities on the growth of young trees. On the left: variables recorded before pruning (grey area: 2004) and then annually measured:
crown diameter (m), crown volume (m?), EBD (cm) and total tree height (m). On the right: variables recorded after the first year of pruning and annual measures: Annual
branch length growth (m), resprout length (m), resprout number and resprout diameter (cm). Dots represent the mean area and lines the standard error.

growth. In consequence, pruning could be included in forest man-
agement of woodlands dominated by multi-stemmed trees, and in
models of sustainable management at local scale.
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