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Summary 
A description of the wood structure of Pro

sop is flexuosa DC. (Legum.) is given. It is semi
ring-porous, shows pores solitary, in multiples 
and in clusters; small to large-sized vessels with 
simple perforation plates, and thick vessel walls. 
Rays multiseriate and homogeneous. Paratra
cheal axial parenchyma and libriform fibres. 
The hydraulic tissue seems well adapted to very 
low rainfall and prolonged dry periods. 

Seasonal variations in cambial activity have 
been investigated from July 1982 to June 1984. 
Prosopis flexuosa has an annual rhythm of 
wood production which coincides with the cli
matic rhythm. Cambial activity is initiated in 
the last week of October, reaches a peak in 
November/December and ceases in April. The 
initiation time in the activity of vascular cam
bium seems to be endogenous. A dormant per
iod was noted when defoliation takes place 
during the dry months. Relationships between 
xylem production, phenology and climatic fac
tors are discussed. Although the growth rings 
are not always clearly demarcated, one growth 
ring is generally formed each year. 
Key words: Prosopis, wood anatomy, growth 

rings, cambial activity, vessel development, 
phenology, climatic factors, Argentina. 

Introduction 
The arid and semi-arid regions in Argentina 

have an interesting woody vegetation for carry
ing out dendrochronological studies. Notwith
standing, there are many difficulties in dating 
the woods from these regions. The purpose of 
employing Prosopis flexuosa in dendrochrono
logical and ecological studies, requiring the 
exact determination of the tree age, led to the 
present study. 

As a first step, it was considered necessary 
to have an anatomical description of the ele
ments that make up the wood, and of their 
distribution and the variation in time. To date 
the material correctly it is necessary to estab
lish whether growth bands are present in the 
wood, and if so, whether they are annual. This 
fact, in turn, necessitates the study of cambial 
activity throughout one or more yearly cycles 
of growth. Finally the characteristics of the 
rings have to be related to meteorological para-

meters (rainfall, temperature) to obtain a re
sponse function of tree growth according to 
climatic factors. This is necessary to carry out 
dendrochronological reconstructions. Accord
ingly, the present work comprises: (1) An ana
tomical description of Prosopis flexuosa wood; 
(2) A study of the cambial activity and its rela
tion with tree phenology and annual climatic 
variations; (3) Research of the dendrochronolog
ical characteristics of Prosopis flexuosa wood. 

In this paper, only the first two parts have 
been included; the third part is still under 
study. 

Wood structure of Prosopis flexuosa 
The genus Prosopis consists of 44 species 

and includes both trees and shrubs (Burkart & 
Simpson, 1977). The genus is distributed in 
arid and semi-arid areas of North and South 
America, northern Africa and eastern Asia. 
Thirty-one species are indigenous to South 
America. The great morphological diversity of 
the South American species and the pattern of 
flavonoid chemistry suggest a South American 
origin for the genus (Burkart & Simpson, 1977). 

Burkart (1976) recognised five distinctive 
groups of species. Prosopis flexuosa is one of 
the thirty speeies of section Algarobia. The 
present distribution of this species is in the 
north of Chile (Atacama, Coquimbo) and in 
the arid regions of western Argentina in the 
Province of the Monte (Tucuman, Catamarca, 
La Rioja, western Cordoba, San Juan, Mendoza, 
San Luis, La Pampa, western Buenos Aires, Rio 
Negro and Neuquen). Prosopis flexuosa is some
times found at elevations of 2200 m in the 
Andean valleys. 

The wood of the other species of the same 
genus growing in Argentina has been described 
by Tortorelli (1956). Other very brief wood 
anatomical descriptions of some Prosopis spe
cies are given by Cozza (1951). 

Prosopis flexuosa is an important vegetation 
element in arid regions of western Argentina, 
where it offers shade, fuel, timber and food for 
man. The foliage and fruits of this species are 
palatable for wild life and domestic herbivores. 
The vernacular names are 'algarrobo' and 'algar
robo dulce'. 
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Material and Methods 
The samples used for the anatomical descrip

tions were collected from trees growing in the 
xerophytic open forest located in the Ecologi
cal Reserve of Nacufian. The Reserve is located 
in the Mendoza flatland, western Argentina. 
The mean temperature for this site is 15.8°C 
and the mean annual rainfall is 327.7 mm. 

Trees are rarely higher than 8 metres; they 
have a low stem, with open branches, and 
shoots with sympodial growth. The foliage is 
not dense and is shed in winter. The lower 
branches decay, which results in natural pruning 
(Roig, 1980). 

Transverse, radial and tangential sections of 
wood samples were stained with safranin. Mac
erations were prepared using Jeffrey's method. 
Means and ranges of the different elements of 
wood are based on at least one hundred mea
surements. Quantitative terms used throughout 
the paper follow the classification established 
by Chattaway (1932). The general terminology 
used for wood description is based on the Multi
lingual Glossary of Terms used in wood anatomy 
(IAWA,1964). 

General characteristics 
Wood of Prosopis flexuosa is heavy, hard 

and difficult to cut. The heartwood is well de
fined and sharply differentiated from sapwood. 
Heartwood is brownish turning a bit darker 
with the passing of time. Sapwood is yellowish 
and thin. The wood does not have any special 
smell. 

In transverse section the pores are visible to 
the unaided eye. Their diameters are bigger in 
the earlywood. The parenchyma forms light 
concentric bands joining the pores. Fibres are 
grouped in small and dark clusters; like the pa
renchyma, these clusters are arranged in con
cen tric bands and traversed by wood rays. In 
the tangential section it is possible to follow 
the course of the vessels because of their great 
width and dark colour. In the radial section the 
rays give the wood a soft mottle figure. 

Anatomical structure (Figs. 1-3) 
The wood is diffuse- to semi-ring-porous. In 

the earlywood, pores are generally solitary, 
sometimes they are found in groups of two and 
exceptionally of three. All these pores are large. 
In a few sections of earlywood the pores ap
pear in multiples or in groups and are narrow, 
but the latter are characteristic of the latewood. 
The multiples and groups of narrow pores are 
more frequent near the growth ring boundary. 
Due to these groups and to a slightly irregular 
distribution the number per sq.mm is variable. 
Pores are mostly circular, sometimes elliptical. 
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numerous (30/mm 2). In the earlywood the 
average pore diameter is 130 jJ.m and in the 
latewood 40 jJ.m. The whole-ring-average is 80 
jJ.m. Pore cell walls are thick (8 jJ.ill). Vessel ele
ments are 100-170 jJ.m long, on average 140 
jJ.m (very short). Perforation plates simple. Ves
sel pits vestured. Intervascular pitting alternate, 
with horizontal linear apertures, diameter 5-7 
jJ.m. Vessel-ray pitting the same as intervascular 
pitting. Yellowish to brown resinous deposits 
frequently present. 

Rays are moderately numerous (5/ mm), 
multiseriate (of 3 to 6 cells width), rarely uni
seriate, and homogeneous, composed of pro
cumbent cells which are 12-16 jJ.ill high and 
radially about 110 jJ.m long. Ray width moder
ately broad, 30-70 jJ.m; height from 12 to 38 
cells, usually 150-450 jJ.ill (extremely low). All 
ray cells abundantly pitted. 

Axial parenchyma very abundant, nearly ex
clusively paratracheal, and occupying more 
space than the fibres. The first-formed paren
chyma in a growth ring is confluent-banded, 
forming a rather continuous band, the later
formed is confluent-banded into shorter bands, 
with considerable variation within these limits 
in different samples. Bands of parenchyma most
ly 3 or more cells wide. Parenchyma strands of 
usually 2 cells, but of up to over 8 cells occa
sionally present. All specimens with abundant 
chambered crystalliferous cells forming inte
grated parts of parenchyma strands, and each 
containing from 4 to 14 large rhombohedric 
crystals (Ca-oxalate); at the end of growth rings 
crystalliferous strands of up to 50 chambers 
common. All parenchyma cells pitted almost 
exclusively in radial walls. 

Fibres are of the libriform type, generally 
thick-walled and non-septate, with a gelatinous 
inner layer. They are arranged in more or less 
concen tric groups or bands. Fibres are very 
short, length on average 920 (720-1060) jJ.m; 
diameter 6-14 jJ.m; lumen 1-2 jJ.m. Pits small, 
mainly restricted to the radial walls. 

Parenchyma (axial and radial) represents 
55% of the wood, vessels 24% and fibres 21 %. 
Storied structure not observed. 

Growth rings are visible due to the differ
ence between the general arrangement of the 
earlywood, with large vessels embedded in a 
mass of parenchyma, and the latewood, with 
small vessels and a large proportion of fibres. 
The small band of terminal parenchyma (1-3 
cells wide) is composed of tangentially flatten
ed cells containing rhombic crystals. Some
times, this difference is not conspicuous and 
often the boundary of early wood and latewood 
is not well-defined, and the transition from 
early wood to latewood is usually gradual. 
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Fig. 1-3. Prosopis flexuosa DC. - 1: Cross
section: wood diffuse- to semi-ring-porous; 
vessels solitary, in multiples and in clusters; 
parenchyma paratracheal. - 2: Tangential 
section: vessels with numerous pits; rays mul
tiseriate, homogeneous; parenchyma with 
chambered crystalliferous cells. - 3: Radial 
section: homo cellular ray; vertical strings of 
parenchyma cells each containing one rhom
bohedric crystal (Ca-oxalate). 
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Table I. Comparison of the wood anatomical characters of Prosopis flexuosa DC., P. caldenia Burk., 
P. alba Gris., and P. nigra (Gris.) Hieron. 

Prosopis jlexuosa Prosopia caldenio'" Prosopis alba'" Prosopis nigra* 

vessels 

arrangement solitary 
multiples 
clusters 

solitary 
multiples 
clusters 

solitary 
multiples 
clusters 

solitary 
multiples 
clusters 

porosity 

perforations 

intervascular pits 

semi·ring-porous 

simple 

semi·ring·porous 

simple 

semi·ring-porous 

simple 

semi·ring·porous 

simple 

contents 

pores per sq .mm 

diameter 

member length 

axial parenchyma 

vestured 
alternate 

resinous 

30 (13-47) 

80 (20-140) 

140 (100-170) 

arrangement confluent 

ratio parenchyma/fibre > I 
tissue 

Ca·oxalate present 

wood rays 

vestured 
alternate 

resinous 

9-50 

confluent 

>1 

present 

vestured 
alternate 

gum· like 

7-25 

120 (64-215) 

150 (80-250) 

confluent· 
vasicentric 

-I 

present 

vestured 
alternate 

gum· like 

8-37 

108 (27-230) 

175 (90-325) 

confluent· 
vasicentric 

<I 

present 

composition homocellular homocellular homocellular homocellular 
5-7/mm 5/mm 5-7/mm 5-7/mm 

height 300 (150-450) J.Ull 300 (25-1000) J.Ull 800 J.Ull 900J.Ull 

fibres 

length 

growth rings 

920J.Ull 

present 

* Data from Tortorelli (1956). 

Discussion 

950 J.Ull 

present 

Prosopis flexuosa wood presents variation in 
the arrangement of vessels from diffuse in some 
rings to semi-ring-porosity in others. In Populus 
euphratica, Liphschitz and Waisel (1970) found 
that diffuse-porous wood produced under mesic 
conditions was replaced by ring-porous wood 
under dry conditions. In Prosopis flexuosa, the 
diffuse arrangement is rather characteristic of 
wide growth rings, which would be formed in 
the wet periods. The change from wet to dry 
conditions would be related to the variation in 
the arrangement of vessels through time. Be
sides, the diffuse pattern is more usual in 
phreatophytic trees. 

On the basis of the present results and those 
from Tortorelli (1956) the wood anatomical 
characteristics of Prosopis flexuosa are tabulated 
(Table I) with those of Prosopis caldenia, P. alba 

800J.Ull 900 J.Ull 

present present 

and P. nigra. The wood of the four species is 
quite uniform. Prosopis caldenia shows stronger 
wood anatomical similarities to P. flexuosa than 
P. alba and P. nigra. The axial parenchyma ar
rangement, the ratio of parenchyma to fibre 
tissue and the ray height are the wood anatomi
cal features used to establish these similarities. 
Chemical data and flavonoid content indicate a 
close similarity of P. flexuosa with P. caldenia 
(Burkart, 1976). 

The water conducting tissue seems well 
adapted to very low rainfall and prolonged dry 
periods. Prosopis flexuosa possesses short (140 
jJ.m) and small to rather large-sized (maximum 
diameter 280 jJ.m) vessel elements with exclu
sively simple perforation plates. The vessel walls 
are thick. These characteristics provide vessels 
of P. flexuosa with a strong structure to with
stand negative water pressures. Exclusively sim-
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pie perforations are in full agreement with the 
arid flora and the general restriction of scalari
form perforation plates to mesic floras (Baas 
et al., 1983). Solitary vessels reach large di
mensions than multiples and clustered vessels, 
but the first ones represent only 20% of them. 
According to Baas et al. (l.c.) species with over 
80% of non-solitary vessels are most common 
among arid plants. In these plants the efficient 
water transport depends on the high values of 
maximum vessel diameter, and the safety is 
provided by numerous, small, narrow vessels. 
Wide vessels are effective conductors but vul
nerable to local embolisms. The concomitant 
presence of wide solitary and small multiple
cluster vessels appears to be a general charac
teristic of the arid trees and shrubs. Baas et al. 
(1983) recorded it as 'vessels of two size classes'. 

The first interpretation of the different 
types of growth rings as adaptive devices, from 
an ecological point of view, has been presented 
by Carlquist (1980). Prosopis flexuosa belongs 
to Type IV of the classification established by 
this author. The large earlywood vessels suggest 
an adjustment to greater water xylem transport 
at the initiation of the growth period. The nar
row late wood vessels do not imply a reduction 
in the capacity of transport in relation to the 
earlywood vessels. The presence of numerous 
small vessels in latewood is associated to a 
greater safety of the sap flow. These adaptive 
characters in P. flexuosa allow it a high meta
bolic activity during the short and infrequent 
rainy periods in its arid habitat. 

Cambial activity in Prosopis flexuosa 
Knowledge of tree growth and wood struc

ture is necessary for constructing a realistic 
model relating environmental factors to ring 
widths or other anatomical features (Fritts, 
1976). An understanding of the manner in 
which seasonal growth begins and ends is also 
essential to explain how two rings can be form
ed in one growing season or how a ring can be 
absent in certain parts of the stem. The annual 
rhythm of cambial activity in the woody vege
tation of arid regions shows great variations ac
cording to the different genetic constitution of 
plants and differences in the external environ
mental conditions. Such differences in the cam
bial activity are of interest since they can re
flect various plant strategies in adapting to arid 
conditions. Fahn et al. studied the seasonal 
cambial activity in trees and shrubs in Mediter
ranean arid regions (Fahn, 1958, 1959a, 1959b; 
Fahn & Sam at, 1963; Fahn et aI., 1968; Waisel 
et aI., 1970). The main objective of this work is 
to elaborate the relationship among several fac
tors and cambial activity in Prosopis flexuosa 
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and to contribute to the knowledge of the an
nual rhythm of development in South American 
xerophytic trees. 

Materials and Methods 
Two groups of three adult Prosopis flexuosa 

trees growing in the Ecological Reserve of Na
cunan were chosen for the investigation of the 
annual cycle of cambial activity. Cambial tissue 
together with the outer wood and inner bark 
were collected from the main trunk of trees. 
Monthly samples were taken from July 1982 to 
july 1984. Each sample consisting of a small 
prism of wood approximately 3 sq.cm and 2 cm 
deep, removed with a carpenter's chisel and 
mallet and causing as little damage to the tree 
as possible. The samples were immediately fixed 
in FAA. 

Transverse, radial and tangen tial sections were 
cut at 15-25 jJ.m thickness, taking care to in
clude the last formed woody tissue. The sec
tions were stained either with safranin or safra
nin and fast green. 

The study was restricted to histological ob
servations. Cambial activity was determined by 
counting the number of undifferentiated cells 
in each radial file. The main criterion used to 
differentiate the cells of the cambial zone from 
their derivatives was the radial enlargement and 
the appearance of the cells. The differentiation 
condition was established in relation to amount 
of secondary cell-wall deposition. 

The monthly mean temperature and rainfall 
from July 1982 to July 1984 and the average 
for the years 1972-1981 measured at Nacunan 
Meteorological Station appear in Table 2. 

Histological description of cambium (Fig. 4) 
The vascular cambium of Prosopis flexuosa is 

nonstoried. It is composed of elongated, spindle
shaped fusiform initials and short ray initials. 
In this paper the entire zone of cell division in
cluding the xylem and phloem initials will be 
called the cambial zone or cambium. Fusiform 
initials constitute 83 % of the cambial zone. 
Their length varies from 155 to 195 jJ.m. Cam
bial rays are multiseriate (3 to 5 cells wide); the 
height of ray initials varies from 130 to 340 jJ.m, 
the width from 28 to 46 J.lffi. 

Annual rhythm of cambial activity (Figs. 5-10) 
Observations were carried out from July 1982 

to July 1984, that is to say, throughout two 
annual growth cycles. In July the cambium was 
only 3-4 cells thick, each cell averaging 3.5 jJ.m 
in radial diameter. By comparison with the ob
servations made in the subsequent months, it 
was concluded that in July the cambium was 
inactive. In the following months the flattening 
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Table 2. The monthly mean temperature and rainfall in 1982-1983 and 1983-1984 and the 
averages for the years from 1972-1981 measured at Nacufian Meteorologic Station 

(34°04'S, 67°58'W, elevation 572 m). 

mean temperature °C rainfall in mm 
Month 

1972 1982 
1981 1983 

July 7.0 6.2 

August 8.8 9.4 

September 12.2 13.3 

October 16.9 16.7 

November 19.8 19.3 

December 22.6 24.7 

January 24.6 23.2 

February 22.9 21.7 

March 19.8 20.6 

April 15.5 17.2 

May 11.4 12.0 

June 7.5 6.3 

Annual average 15.8 15.9 

of the cambial cells remained constant, and 
there were no signs of activity. The first change 
of cambium began in the third week of Octo
ber. The cell walls became semi-transparent and 
appeared thinner than in the inactive period. 
Cambial activity was initiated in the last week 
of October (Fig. 10). The average radial dia
meter of the fusiform initials reached 5.5 J.lffi in 
November, representing an increase of 60% 
compared with their diameter in JUly. The cam
bial zone was 9-16 cells wide. It is important 
to note that when activity began, new cell for
mation occurred in patches in the circumference 
of the trunk. The vessel elements were formed 
rapidly; the first early wood vessels were fully 
mature about 2 weeks after initiation. The 
great diameter reached by some vessels dis
placed the cambium towards the periphery so 
that it developed a sinuous outline. Vessel ele
ment differentiation always preceded fibre dif
ferentiation. In November, December and Jan
uary cambial activity reached maximum values. 
At the end of January 70% of the ring width 
had developed. In February and March, the 
rates of cambial activity dropped and towards 
April a minimum rate was observed. In May the 
cam bial cells had the structural characteristics 
of dorman t cells and the small band of terminal 
parenchyma containing rhom bohedric crystals 

1983 1972 1982 1983 
1984 1981 1983 1984 

7.0 6.1 11.0 0.8 

8.6 13.9 0.2 49.6 

11.5 31.3 23.9 24.6 

17.0 13.2 0.0 14.6 

20.9 35.1 6.2 29.8 

24.7 45.8 12.0 40.2 

24.7 53.5 116.8 48.4 

22.8 57.0 4.2 81.0 

18.9 40.2 63.6 87.2 

13.3 18.1 5.0 60.4 

10.1 4.6 4.8 2.4 

5.9 8.9 17.2 6.6 

15.5 327.7 264.9 445.6 

had been formed. Although the rhythm of 
cambial activity was quite similar in different 
trees, slight variations between and within trees 
were observed. 

Development o/vessel elements (Figs. 6 & 7) 
In Prosopis flexuosa vessel elements enlarged 

in tangen tial and radial direction in the same 
proportion a few days after having begun their 
differentiation. First vessel elements were ini
tiated in the first or second cambial derivative 
starting from the previous year's latewood. 

Expanding vessel elements were first observ
ed in some trees in the first week of November 
1982 and November 1983, but differentiation 
had begun several days earlier. Vessels appeared 
to be in various stages of enlargement at differ
ent positions in the circumference of the same 
tree. While in some sections the vessel elements 
were fully enlarged and beginning to lignify, in 
others they had not begun to develop. 

Within a few days after initiation, vessel ele
ments had enlarged from cambial derivatives 
12 J..lm in the tangential diameter to over 120 
J..lm. Lignification first occurs in the vessel ele
ments. Although fully differentiated in other 
respects, the parenchyma derivatives between 

(text continued on page 128) 
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Fig. 4. Tangential section: cambium of Prosopis /lexuosa DC., showing the arrangement of fusiform 
and ray initials. Note beaded walls (at arrows). FI: fusiform initials; RI: ray initials. - Fig. 5. Cross
section: dormant cambium in july of 4-5 cells width. Note rhombic crystals in axial parenchyma 
cells (at arrows). PH: phloem; CZ: cambial zone , XY: xylem. 
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Fig. 6-7. Cross-section: cambium of Prosopis f/exuosa DC. - 6: Expanding vessel elements, differ
entiating in the second cell removed from the previous year's latewood. - 7: Earlywood in the first 
week of November. Note fully developed vessels. CZ: cambial zone ; DX: differentiating xylem ele
ments ; PH: phloem: VE: vessel elements , XY: xylem. 
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Fig. 8-9. Cross-section : cambium of Prosopis flexuosa DC. - 8: Active cambium in January show
ing differentiating xylem elements. - 9: Cambial zone in March. Low cambial activity. CZ : cambial 
zone , DX: differentiating xylem elements; PH: phloem; XY: xylem. 
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adjacent vessels had not begun to lignify yet, 
except for those adjacent to lignifying vessels. 
As a result of the growth of the vessel elemen ts 
the xylem rays underwent tangential displace
ment of over 40 jJ.m . Yet they emerged as in
tact functional tissue. 

Cambial activity in relation to phenology and 
climatic factors (Fig. 10) 

Prosopis flexuosa is a deciduous tree, starts 
to produce leaves at the beginning of spring 
(September) and leaf-fall happens in April 
(Braun et aI., 1979). Flowering occurs shortly 
after unfolding of the leaves. Prosopis flexuosa 
blooms in Nacufian in the spring about the 
middle of October. A prolonged period of fruit 
ripening is observed, the fruits mature in Feb
ruary. Leaf initiation appears to be rather inde
pendent of rainfall in all species of section Al
garobia (Mooney et aI., 1977). Flowering time 
in these species is relatively constant from year 
to year. OUf phenological observations indicate 
that the leafing and the flowering in 1982 and 
1983 lagged behind one month in respect to 
the above mentioned observations. 

Cambial activity is initiated about one month 
later than the young leaves had begun to de
velop. A close correlation between cambial in
ception and the flowering period was observed. 
In May, complete defoliation is associated with 
the end of wood formation. The cambial activi
ty and the growth ring production in the stem 
thus seem to be correlated with the phenologi
cal phases of the trees. 

Complete climatic records from Nacufian 
were available for the years under review. They 
are graphically present in Figure 10. An abstract 
of the data has been presented as monthly aver
ages in Table 2. 
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Dormancy corresponds to the winter months 
with low rainfall , and low temperature. Wood 
formation took place during the summer months 
with higher temperature and precipitation. 
Average temperatures above 10.4° C, with aver
age maxima and minima of 18.7° C and 2.43° C 
respectively, combined with low rainfall and 
high number of frost days lead to dormancy, 
whereas high temperatures with heavy rain 
favoured growth. 

Periclinal division in the cambial zone reach
ed a peak in November, December and January 
when the average monthly rainfall was the 
highest of the year. Cell division ceases at the 
end of the rainy season or shortly afterwards, 
that is to say in April. The cambial zone was 
inactive in the dry period. 

Discussion 
Cambial activity is regulated by an endo

genous rhythm and by a complex of environ
mental factors. Trees of a climax community , 
growing in a given region, may present an an
nual rhythm of cambial activity parallel to the 
climatic rhythm. This correlation serves as one 
of the best indicators of the origin of arbores
cent species (Waisel & Fahn, 1965). Cambium 
of Prosopis flexuosa, in Mendoza flatland, reac
tivates towards the end of October, reaches a 
peak of activity in November, December and 
finishes in April. Cambial activity coincides 
with the climatic rhythm (Fig. 10). Dormancy 
occurs in the dry months of the year as an 
adaptation to the environmental conditions. 
This rhythm of cambial activity well-adapted 
to the natural habitat of the desert has been 
established for several trees and shrubs in Israel 
(Fahn & Sarnat, 1963). In the' matorral' region 
of Chile, Prosopis cuneifolia shows a typical 

Fig. 10. Cambial activity in relation to phenology and climatic factors in Prosopis flexuosa DC. 

Downloaded from Brill.com05/19/2023 07:32:32PM
via free access



IAWA Bulletin n.s., Vol. 6 (2), 1985 

desert cambial activity being highly sensitive to 
rainfall (Alajaro et aI., 1972). Nevertheless, in 
P. flexuosa the initiation time of cambial activi
ty was synchronous in the two growing periods 
studied, but the distribution of the precipita
tion was very different (Fig. 10). 

In order to explain the coincidence in the 
initiation of secondary xylem production in 
1982 and 1983, some interpretations are pos
sible. The potential water reservoir available is 
larger for Prosopis than for the other desert 
trees and shrubs (Mooney et aI., 1977).Prosopis 
is a common phreatophytic species (Simpson & 
Solbrig, 1977), it has roots deep enough to tap 
ground water as well as an outstanding lateral 
root system. The capacity of Prosopis to use 
the ground water allows it to begin the cambial 
activity rather independently of rainfall. But in 
some cases, where local factors (elevation, ex
posure, soil depth) increase the amount of avail
able moisture, Prosopis does not behave like a 
phreatophyte. On the other hand, the cambial 
activity in other xerophytic trees seems to be 
greatly controlled by endogenous factors. In 
adult plants of Zygophyllum dumosum the 
wood production is mainly regulated by inter
nal factors. The synchronisation of growth-ring 
development of Eucalyptus trees growing in 
their natural habitat and in cultivation in the 
northern hemisphere also points to an endo
genous rhythm. Likewise, the annual rhythm 
of cambial activity in Cupressus sempervirens 
seems to be endogenous. A constant supply of 
water is not enough to avoid cambial dormancy 
(Liphschitz et a!., 1981). Finally, the amount 
and nature of cambial activity respond to day
length (Kozlowski, 1971). Wareing and Roberts 
(1956) showed that photoperiod had an impor
tant effect in controlling cambial growth in 
Robinia pseudacacia seedlings. In Pinus sylves
tris, cambial activity could be prolonged in 
autumn by supplementing the natural photo
period (Wareing, 1951). In Robinia pseudo
acacia, the daylength affects the type of wood 
produced (Waisel & Fahn, 1965), xylem ele
ments of the early wood and late wood type 
were formed under long and short day condi
tions, respectively. 

Taking these factors into consideration, it is 
difficult to deduce which will be the ones de
termining the reactivation of the cambium in 
Prosopis. In the Nacunan Reserve, a water table 
depth of over 70 m has been reported by Tan
quilevich (1971). The root system of Prosopis 
rarely reaches that depth, therefore its phreato
phytic character cannot exist in that site. The 
beginning of cambial activity controlled by 
endogenous factors of daylength would seem a 
more likely possibility. Besides, Mooney et al. 
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(1977) stated that in Prosopis species of section 
Algarobia the initiation of leafing is rather inde
pendent of precipitation. There is a close correla
tion in time between expanding buds and the ini
tiation of wood production (Wareing, 1951). 
However, the 'Algarrobal' soil has deep profiles 
without impermeable strata that would not al
low root exploration or water infiltration. This 
soil type facilitates the storage of water, which 
would be available for trees in the growth period. 

Although the initiation of cambial activity 
was synchronous in the two cycles studied, the 
amount of wood produced was different. While 
the 1982-83 growth rings were wider than the 
1983 -84 growth rings in one group (trees no 
I, 2, 3), they were narrower in the other group 
(trees no 4, 5, 6). A direct relationship cannot 
therefore be established between precipitation 
and ring-width despite the fact that precipi
tation differed strongly in the two years (cf. 
Table 2). 

In Prosopis flexuosa the number of cells in 
each radial file that form the cambial zone 
reaches a peak in November (16 cells) and then 
declines in the following months. In Pinus stro
bus, Wilson (1966) found that the number of 
cambial zone cells reflects a balance between 
the rate of cell production and the rate of cell 
differentiation. At the beginning of cambial 
activity, cell division rate was greater than cell 
differentiation rate; for this reason, the amount 
of cambial zone cells reached a maximum value. 
Later on, a balance was established between 
cell production and cell differentiation, thus 
the cambial zone became thinner (8-12 cells). 
Finally, at the end of the wood production 
period differentiation rate exceeded cell divi
sion. The cambial zone diminished in width 
and acquired the structural characteristics of 
the dormant period. 

The size and structure of the xylem cells, as 
well as the rate of cell division is controlled by 
growth regulators, which are produced by devel
oping buds and leaves. It is well known that the 
width and structure of annual rings in trees are 
related to the amount and duraction of shoot 
growth (Kozlowski, 1971). Vigorous growth was 
produced one month previous to the beginning 
of cambial activity. The initiation of wood pro
duction was associated with intensive flowering. 
This relation has been observed in other arid re
gion species. In Ziziphus spina-christi, Liphschitz 
and Waisel (1970) found that one and two 
periods of flowering were correlated with one 
and two periods of cambial activity. 

The growth increments in Prosopis flexuosa 
can be regarded as genuine annual rings. The 
differences in the early wood and late wood 
vessel arrangement and the band of terminal 
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parenchyma containing rhombic crystals de
marcate the growth rings. This set of structures 
is formed once a year in the period studied. 
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