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CAMBIAL ACTIVITY AND WOOD ANATOMY IN
PROSOPIS SPICIGERA (MIMOSACEAE)
AFFECTED BY COMBINED AIR POLLUTANTS
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SUMMARY

Seasonal cambial activity and xylem anatomy were studied in Prosopis
spicigera Linn. (Mimosaceae) growing under the influence of combined
air pollutants. Cambial cell division and differentiation of secondary xylem began in April, reached a peak in July–August and ceased in October
in trees (normal) growing in a relatively unpolluted locality. In contrast,
in trees (affected) growing near a fertilizer complex, the initiation of
cambial activity was delayed by one month and the cambium ceased to
divide in September. Considerable variations were noticed in the structure and arrangement of xylem derivatives between affected and normal
trees. The vessel lumen diameter was reduced and vessel frequency was
significantly higher in the affected trees. Axial parenchyma was aliform
to confluent in normal trees compared to mainly vasicentric parenchyma
with heavy accumulation of tannin contents in affected trees. Cambial
activity and xylem development did not show any correlation with the
phenology of affected trees.
Key words: Cambium, pollution, wood formation, Prosopis spicigera.
INTRODUCTION

It has been evident for many years that gaseous pollutants originating from industrial
areas have a profound influence on natural vegetation, particularly trees because of
their large size and canopy. The most important aspect of pollution injury in trees is
economic loss due to the diminished annual increase in wood biomass. Morphological,
biochemical and anatomical responses brought about by gaseous pollutants either under
natural or experimental conditions have been reported by several authors (e.g., Mudd &
Kozlowski 1975; Sax & Murali 1989; Rao & Dubey 1990; Schulz et al. 1990; Sanders
et al. 1992). Moreover, much work has been carried out to assess the role of air pollutants on forest decline, amount of wood production, structure, density, moisture content
of wood and width of growth rings of affected trees in temperate regions (Keller 1980;
Bauch 1986; Fengel & Schulz 1986; Fink 1986; Jacuks & Babos 1988; Shyamal et al.
1991). However, similar studies on tropical trees are very limited (Ghouse et al. 1984;
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Ahmad & Khan 1986, 1988; Kalimullah & Ahmad 1987). Apart from these studies,
no information is available on the influence of combined air pollutants on seasonal
behaviour of vascular cambium and formation of wood in tropical trees in India.
Baroda is one of the most polluted cities of western India because of the location
of major industries like the Gujarat State Fertilizer Corporation (GSFC), the Indian
Petrochemicals Ltd. (IPCL), the Gujarat State Industrial Development Corporation
(GIDC) and thousands of other chemical factories surrounding it.
Prosopis spicigera is a small to medium-sized tree reaching 15–30 feet in height
with prickly stems, flexuous glaucous grey branches, which furnishes the true Arabic
gum of commerce. Wood is generally used as firewood and for axe handles. In the
industrial area of Baroda and surroundings Prosopis spicigera is one of the dominant
species growing wild as well as cultivated around the factories as it needs less care and
survives in all soil types due to its xerophytic nature. Therefore, the present investigation
was undertaken to elucidate the effect of gaseous pollutants on the seasonal cambial
activity and development of wood biomass in Prosopis spicigera.
MATERIALS AND METHODS

Samples of cambial tissue along with the outer xylem and phloem were collected for
one year from July 2004 to June 2005. Samples measuring 60 × 20 mm in length and
width were excised from the main trunk at breast height of trees of Prosopis spicigera
Linn. (Mimosaceae) growing close to the Gujarat State Fertilizer Corporation (GSFC),
Baroda. These trees were considered as affected trees since they show symptoms of
air pollution injury (like necrosis, stunted growth, smaller leaf size, burning of shoot
tips, etc.) along with other vegetation. For comparison, samples were also collected
from the trees growing in the M.S. University Botanical Garden and Arboretum. These
were considered as normal trees as they grow in a relatively less polluted area, which is
about 15 km away from the GSFC. Each time five normal and five affected trees were
sampled to obtain four sample blocks per tree from the four cardinal directions. Both
experimental and normal trees were self-sown and growing naturally. Thus, their exact
age is not known and therefore trees with a stem diameter of 30–35 cm were selected
randomly. Samples were fixed in FAA (Berlyn & Miksche 1976). Transverse and longitudinal sections of 12–15 μm thick were cut on a sliding microtome and stained with a
tannic acid-ferric chloride-lacmoid combination (Cheadle et al. 1953). After dehydration in an ethanol-xylene series the sections were mounted in DPX.
Cambial activity was determined by counting the number of undifferentiated layers of cambial cells lying between xylem and phloem in transverse sections. A small
portion of xylem adjacent to the cambium was macerated with Jefferyʼs fluid (Berlyn
& Miksche 1976) at 60 °C for 24–36 hrs to measure the length and width of vessel elements and xylem fibres. Vessel lumen diameter was measured directly from the crosssectional area of the xylem and vessel frequency per 0.5 mm2 area was obtained with
a projection microscope. One hundred random measurements of cambial layers were
selected to obtain the mean and standard deviation.
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Seasonal phenological changes of the sampled trees as well as similar species growing
in and around the industrial area were recorded at the time of each sample collection.
Data on air temperature and rainfall were obtained from the meteorological section of
the Physics Department, M.S. University of Baroda. The composition of these pollutants as monitored by the Central Pollution Control Board is given in Table 1.
Table 1. Ambient air quality data monitored from the areas of GSFC and M.S. University
of Baroda.
Pollutants

Concentration of
pollutants from
GSFC (μg / m3 )

Concentration of
pollutants from
M.S. University campus
(μg/m3 )

1

Sulphur dioxide

41

10

2

Oxides of nitrogen

24

10

3

Ammonia

4

2

4

Suspended particulate
matter

346

194

RESULTS

Structure of cambium
The cambium in Prosopis is nonstoried with elongated fusiform initials and more or
less isodiametric ray initials. Cambial rays are uni- to multiseriate and heterocellular.
The cambial zone remained narrow with 4–7 layers of undifferentiated cells and wider
with 10–16 layers of cells in each radial file during the inactive and the period of main
activity, respectively (Table 2).
Cambial activity
Prior to the initiation of activity, in normal trees cambial cells underwent swelling
in March followed by periclinal divisions in April (Fig. 1A, B). Active cambial cell
division and differentiation increased in the succeeding months. The cell division activity reached a peak in July-August and ceased in October (Fig. 1C, D). The cambial
zone was bordered by mature xylem and phloem from November till March (Fig. 1A).
During these months cambium remained dormant with no cell division.
Cambial cell division in trees growing in the polluted region started in May (Fig.
1E, F), reached a peak in July with 11–18 layers of cells (Fig. 2A), and then declined
suddenly in August. The cambial zone was 5–7-layered surrounded with mature xylem
and phloem from September to April (Fig. 1E).
Phenology of the trees
In the normal trees leaf fall and sprouting of new leaves occurred simultaneously.
After maturation leaves turned yellow in December followed by defoliation and sprouting of new leaves in January. Floral buds began to develop in February followed by
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Figure 1. Transverse views of cambium, adjacent xylem and phloem in normal (A–D) and affected (E & F) trees of Prosopis spicigera. – A: Dormant cambium bordered by mature xylem
(bottom) and phloem (top) with phenolic accumulation in March. – B: Initiation of cambial cell
divisions in April. The narrow cells in the middle of the cambial zone (arrows) indicate recently
formed tangential walls and swelling of cambial cells (arrowhead) prior to cell division. – C: Peak
cambial activity in August. The wider cambial zone extends centripetally with differentiating
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Figure 2. Transverse view of cambium (cz), differentiating xylem (dx) and phloem, and mature
xylem in affected (A, C, D) and normal (B) trees of Prosopis spicigera. – A: Peak cambial
activity in July. The wider cambial zone is bordered by differentiating xylem and phloem. Note
the narrow cambial zone as compared to that of normal trees. – B: Xylem showing a distinct
pattern of aliform to confluent paratracheal parenchyma in normal trees. – C: Xylem of affected
tree showing a modified arrangement of axial parenchyma. – D: Cluster of vessels and darkly
stained contents in vasicentric parenchyma and ray parenchyma. — Scale bars for A–D & F =
75 μm, for E = 50 μm.

←

xylem. – D: Differentiating xylem elements during the peak activity of cambium. – E: Dormant
cambium with mature xylem and phloem in April. Note the heavy accumulation of phenolics
in cambial ray cells and phloem parenchyma. – F: Initiation of cambial cell divisions in May.
The narrow cells in the middle of the cambial zone (arrows) indicate recently formed tangential
walls. — cz = cambial zone, dx = differentiating xylem, ph = phloem, xy = xylem. — Scale bars
for A–D & F = 75 μm, for E = 50 μm.

Downloaded from Brill.com01/09/2023 09:15:37PM
via free access

Phenology of the trees
(Normal)

Leaf yellowing, defoliation and
sprouting of new leaves

Defoliation, development of
new leaves and floral buds

New leaves, flowering and fruit
setting

New leaves, flowering, fruit setting
and maturation

Full foliage, flowering, fruit setting
and maturation

Full foliage, fruit setting, maturation
and dispersal

Full foliage, flowering, fruit setting
and maturation

Full foliage, flowering, fruit setting
and maturation

Full foliage, flowering, fruit setting
and maturation

Full foliage, maturation of leaves,
terminal bud active

Full foliage, maturation of leaves,
terminal bud dormant

Yellowing of leaves

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

5
± 0.93

5
± 0.85

8
± 0.65

13
± 0.86

13
± 0.91

13
± 1.21

12
± 1.11

10
± 1.04

6
± 0.72

6
± 0.88

5
± 1.02

5
± 0.70

Cambial
layers

–

–

8
± 0.99

19
± 1.36

27
± 3.08

32
± 4.12

22
± 3.52

14
± 2.43

–

–

–

–

Differentiating
xylem

Yellowing of leaves

Full foliage, maturation of leaves,
terminal bud dormant

Maturation of leaves, terminal bud
dormant

Full foliage, flowering, fruit setting
and maturation

Full foliage, flowering, fruit setting
and maturation

Full foliage, flowering fruit setting
and maturation

Full foliage, fruit setting, maturation
and dispersal

Full foliage, flowering, fruit setting
and maturation

New leaves, flowering, fruit setting
and maturation

New leaves, flowering, fruit setting
and defoliation

Defoliation, development of
new leaves and floral buds

Leaf yellowing, defoliation and
sprouting of new leaves

Phenology of the trees
(Affected)

5
± 0.88

5
± 1.11

5
± 0.53

4
± 0.43

6
± 1.06

13
± 1.51

9
± 1.14

10
± 1.28

5
± 0.89

6
± 0.97

6
± 0.95

5
± 0.86

Cambial
layers

–

–

–

–

6
± 1.08

24
± 2.72

14
± 1.98

8
± 1.72

–

–

–

–

Differentiating
xylem

Table 2. Periodic changes in the number of cambial layers and differentiating xylem elements (± standard deviation) in relation to phenology
in Prosopis spicigera growing in relatively unpolluted (Normal) and polluted (Affected) regions.
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flowering and fruit setting in March. Fruit maturation and dispersal started in May and
June, respectively. Cambial activity was initiated in April when the tree bore young
leaves and reached its peak in July-August. The activity declined in November with
the maturation of leaves and cessation of extension growth.
Although no significant variation was observed in the phenology, the normal and
affected trees differed considerably in the periodicity of cambium. In affected trees
sprouting of new leaves started in January followed by flowering and fruit setting in
February and March, respectively. Cambial cell division and differentiation of derivatives commenced in May when the trees bore full foliage with young leaves. However,
cambial cells ceased to divide in September even though extension growth continued
and trees possessed full foliage with young leaves (Table 2).
Climatic conditions
In normal trees initiation of cambial activity and development of xylem started in
April-May when the temperature reached its summer peak. Divisions in the cambial
zone and differentiation of its derivatives culminated in July-August when the rains
were heavy. Cell division activity ceased at the end of the rainy season and cambium
remained dormant during the dryer part of the year.
In affected trees cambial cell division and development of secondary xylem commenced in May when the air temperature reported was the maximum for the year.
Activity then reached its peak in July and ceased suddenly in August though the rains
were heavy. No cell division activity was observed in the cambium from September
to April.
Development of vascular elements
Differentiation of xylem preceded that of phloem and phloem development ceased
earlier than that of xylem in both normal and affected trees. With the initiation of radial
growth in normal trees, xylem development started rapidly in April and culminated in
July with 30–35 differentiating elements (Fig. 1D). Xylem development then declined
in the succeeding months and ceased in November. The cambial zone was bordered
with mature xylem and phloem elements from November to April. The development
of vessels varied in the early and later part of the cambial growth in normal trees. The
vessels formed in the beginning of the growth were predominantly solitary while those
produced during the later part of the cambial activity were either in radial multiples of
2–5 or in clusters of 4–12.
In affected trees development of xylem began with the initiation of cambial cell
divisions in May and reached a peak with 22–27 differentiating cells in July. Suddenly
cambial cell division and xylem differentiation ceased in August while the maturation
of xylem continued. However, xylem development was suspended from September to
April in the trees growing under pollution stress (Table 2).
Xylem structure
In both normal and affected trees of Prosopis, xylem is diffuse-porous with indistinct
growth rings. However, the annual radial extent of xylem formed can be identified by
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xylem ray noding and radially flattened parenchyma cells produced at the end of each
cambial growth. In addition to these features, xylem of the affected trees was characterized by the presence of crystalliferous fibres developed in the latewood. Formation
of such fibres was not found in the normal trees.
The xylem is composed of vessel elements, fibres, rays and axial parenchyma cells.
Axial parenchyma is mainly pareatracheal and aliform to confluent (Fig. 2B). Vessel
lumen diameter reaches a maximum (198 μm) in August, consequently resulting into
a lower vessel frequency. However, vessel frequency was higher (10 per 0.5 mm2) and
lumen diameter was lower (112 μm) in December. The average annual radial xylem
increment for two successive years was 5.8 mm and 6.2 mm, respectively.
Considerable structural variations occurred in the xylem of affected trees. Unlike
normal trees, vessels were mostly in groups of 4–8 or in radial multiples of 2–6. Axial
parenchyma was vasicentric and lost its aliform to confluent arrangement and diffuse
parenchyma became more abundant (Fig. 2C, D). Compared to normal trees, vessel
lumen diameter was lower (175 μm) but vessel frequency was higher (25 vessels per
0.5 mm2) in August. The average annual xylem increment for two successive years
was 3.4 mm and 4.6 mm, respectively.
DISCUSSION

The cambium of trees growing in tropical climates remains active either throughout
the entire (Dave & Rao 1982a; Rajput & Rao 2000, 2002) or the major part of the year
(Fahn & Sarnet 1963; Dave & Rao 1982b). It has become evident that pollution stress
influences the normal radial growth pattern in trees (Ahmad & Khan 1986, 1988; Srinivas 1996; Rajput 1998; Rao et al. 2004; Rajput & Rao 2005). The present anatomical
investigation reveals that air pollutants affect the pattern of radial growth in Prosopis
spicigera, a tropical species growing near a giant fertilizer complex. Similar to other
evergreen species (Fahn et al. 1968; Waisel et al. 1970; Dave & Rao 1982a; Rajput &
Rao 2000) the correlation between extension growth and radial growth is not clear in
Prosopis. It seems that the effect of buds or new leaves on cambium is not conspicuous in evergreen trees. This may be explained by the fact that radial growth in affected
trees is suspended from March to May, although sprouting of new leaves and flowering occurred, while there is a positive correlation between radial growth and extension
growth in normal trees. Declined cambial activity in August and cambial dormancy
from September to April in affected trees might be associated with the stunted growth
and bunchy appearance of the branches. Similar observations were made in temperate
(Bauch 1986; Shortle & Bauch 1986) and tropical (Rajput 1998; Srinivas et al. 1998)
species.
Cambial periodicity and xylem production are controlled by various environmental
and physiological factors. Among them, the effect of temperature is considered to be a
factor of primary importance for reactivation of cambium following its effect on bud
break and subsequent shoot growth (Kramer & Kozlowski 1979). Peak cambial activity and xylem development in normal trees is positively correlated with the maximum
temperature in April-May. However, in affected trees, cambial activity declines in

Downloaded from Brill.com01/09/2023 09:15:37PM
via free access

Rajput, Rao & Kim — Effect of air pollution on Prosopis

217

January and subsequently radial growth is suspended from March to May when the
average air temperature recorded was highest.
Besides temperature, rainfall has a direct bearing on the enhancement of cambial
activity and xylem production (Kramer & Kozlowski 1979; Paliwal & Paliwal 1990;
Rajput & Rao 2000). On the other hand, water stress may either directly or indirectly
inhibit cambial activity (Little 1975). However, in the present investigation it was found
that cambium attains its second peak in December and suddenly declines in January
and ceases in March. Such a drastic change cannot be expected due to changes in
ground water availability and it seems that there may be unknown internal factors
controlling the cambial growth. According to Liphschitz and Lev-Yadun (1985), the
periodicity of cambium is endogenously controlled, external factors like temperature
and water supply may advance and/or prolong the growing phase but do not prevent
alterations between growing and resting phases. In the present study, Prosopis shows
variation in the initiation, peak and cessation of cambial growth, apparently due to air
pollution stress. From these observations it appears that external factors play a key
role in bringing about physiological changes in trees, thereby affecting the activity of
cambium (Rajput & Rao 2000).
The duration of cambial activity varies greatly between normal and affected trees
although they were exposed to similar climatic conditions. In affected trees, the activity
lasted for four months, resulting in less xylem production compared to seven months
activity in normal trees. Similar observations have been made in our earlier study on
Syzygium, a tropical fruit tree species (Srinivas et al. 1998). The shorter duration of
cambial activity in affected trees of Prosopis may be due to the influence of combined
air pollutants containing sulphur oxides, nitrogen oxides, and ammonia etc. These pollutants may disturb the photosynthetic activity of foliage (Vijayan 1987), thus reducing
the supply of necessary metabolites and growth hormones for cambial growth and
differentiation.
The vessel frequency differs in normal and affected trees. It is often considered
that plants grown in extreme habitats usually have a high density of narrow vessels in
contrast to a low density of wider vessels in mesic environments (Aloni 1987; Rajput
& Rao 2000). Xylem shows considerable variations in vessel lumen diameter and
vessel frequency in affected trees of Prosopis. Compared with normal trees, vessel
frequency is higher and lumen diameter is lower. Air pollutants are known to reduce
the cross-sectional area of tracheids in temperate conifer species (Bauch 1986; Shortle
& Bauch 1986) and vessel lumen diameter in tropical species (Rajput 1998). Similarly,
an increase in number of tracheids (Bauch et al. 1979) and vessels (Srinivas 1996) have
been reported in pollution-affected trees. The increase in number of vessels in affected
trees may represent the plantʼs response to mitigate high negative tension in xylem
sap columns caused by combined air pollutants.
In conclusion, the present study demonstrates that the air pollutants reduce the wood
production by influencing the duration of cambial activity. On the other hand, the pollutants can also bring structural changes in wood by disrupting the normal process of
xylogenesis.
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