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Abstract 

 
This paper reveals the consequences of water extraction by Eucalyptus camaldulensis as 

compared to native Acacia nilotica Del., Albizia procera [Roxb.] Benth and Azadirachta indica 
grown on cultivated lands. Eucalyptus, due to its fast growth rate and wide adaptability to 
prevailing environmental conditions, was planted ruthlessly without any concern for its impact on 
soil deterioration and harm to ground water. The aim of this study was to investigate whether 
Eucalyptus is of any importance in conserving water and consequently its impact on the depletion 
of ground water resources. The four species were grown in pots in a green house. Water 
consumption by one year old Eucalyptus [149.27 L] was almost twice that of by Albizia [82.84 L] 
and more than three times that of by Acacia [58.30 L], and Azadirachta [51.57 L].  

Significant variation between the species was observed for biomass produced. When this was 
translated into water use efficiency [WUE], it was found as 0.32 g L-1, 0.48 g L-1, 0.16 g L-1 and 
0.77 g L-1 while transpiration coefficient [TC] was 1042 L kg-1, 872 L kg-1, 1951 L kg-1 and 739 L 
kg-1 for Acacia, Albizzia, Azadirachta and Eucalyptus respectively. It is important to control 
evaporation losses [44-69% of total irrigation] which may be much higher than transpiration. 
Increased water use uptake by Eucalyptus may lead to reduction and scarcity of aquifer resources 
for irrigated agriculture in arid and semiarid climates. Although water use efficiency of any species 
is also important, but environmental concerns about the amount of water consumed by these 
species are also considered most important.  
 
Introduction 
 

Affordable afforestation programs in arid areas suffer mainly from low rainfall, high 
evapotranspiration [ET] demands and high salt contents (Minhas et al., 1997). Ground 
water tables are being dried up by induced discharge from well pumping and 
evapotranspiration by plants. The precipitation seepage into the ground may vary from 5-
50% depending upon soil permeability; the rest becomes runoff or evaporates (Qadir et 
al., 2003). The water table can rise or fall according to the season of the year and the 
amount of precipitation that occurs (Tomar et al., 1997). Transpiration in plants is 
regulated by temperature, relative humidity and air saturation deficit (Whitehead & 
Beadle, 2004) by plant control (Gazal et al., 2006) while the quantity of water required 
for the photosynthesis process amounts to only about 0.01% of the total quantity of water 
used by the plant (Mengel & Kirkby, 1987). 

The climate of irrigated areas in Pakistan is mostly hot and summer temperature 
reaches a peak of 52oC in the plains. Average annual rainfall ranges between 250–300 
mm and are distributed mostly in the Monsoon [July/August receive 80% of total rainfall] 
(Qadir et al., 2003). Evaporation losses around the year are estimated at 75% of the 
precipitation, while the amount of rainfall used as transpiration is estimated to be as low 
as 5% (Nimbkar et al., 1986; Johnson et al., 2005). Due to high temperature, plant 
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growth occurs usually under lower rate of photosynthesis than normal values in summer 
even when water is well supplied (Sheik, 1989) and this results in reduced biomass. 
Sustainable wood production in drylands and irrigated pockets requires species which use 
water efficiently and are well adapted to the local agro-climate.  

Four tree species were chosen for the current study based on their drought tolerance, 
adaptability to local conditions, commercial potential and aesthetic values.  Acacia 
nilotica Del., is grown in low rainfall tracts of the world and growth is relatively fast 
(Nimbkar et al., 1986; Johansson et al., 1993). Sheik (1989) and Parrotta (2006) reported 
that in the riverside-forests, a maximum mean annual increment of 13-10.5 cubic metres 
per hectare was decreasing with age. It has long been one of most popular farm trees 
throughout the Indian subcontinent and other parts of the world due to easy propagation 
and multiple uses such as timber, fuelwood, fodder, tannins and gum (Gill et al., 1987; 
Devi & Prasad, 1991; Bhatnagar et al., 1993; Alam et al., 2005; Smith et al., 2005). 
Acacias form a deep and extensive root system on dry sites where the tap root develops 
first and then followed by the laterals roots, which become compact and massive in future 
(Ingleby et al., 1997).  

Albizia procera (Roxb.) Benth., belongs to the family Leguminosae-Mimosoideae 
(Fabaceae). It is a fast-growing deciduous tree. Depending on site conditions, annual 
height growth ranges from 1 to 2 m and annual diameter increment varies from 1.5 to 2 
cm during the first 15 years (Parrotta, 2006) and attains a maximum height of 20 m and 
60 cm d.b.h. It is grown for forage and wood biomass in tropical and semi-arid irrigated 
areas (Lugo et al., 1990).  

Azadirachta indica A. Juss. thrives well in dry areas throughout the tropics and sub-
tropics with rainfall as low as 150-250 mm per annum. It is very resistant to weed 
competition. The Azadirachta tree is gaining importance throughout the world because it 
provides solutions to rehabilitation to degraded ecosystem (Peer et al., 2008) for its 
medicinal value  (Palsson & Jaenson, 1999; Gajalakshmi & Abbasi, 2004; Kumar et al., 
2006; Xuan et al., 2004; Rugutt et al., 2006; Senthil et al., 2007), source of pesticide for 
crops (Deans et al., 2003; Arya, 2006; Jabbar et al., 2006; Prakash & Srivastava, 2006; 
Bakshi & Wadhwa, 2007)  and generation of income for small farmers (Zahid & Ahmad, 
2002).   

Eucalyptus species were introduced in Pakistan in the early 20th century and millions 
of hectares were planted in all parts of the country (Zahid & Ahmad, 2002). Considerable 
research has been done to characterize Mahmood et al., (2009) and evaluate different 
traits affecting biomass production and yield of Eucalyptus in drought-prone 
environments (Ehdaie & Waines, 1993) but the ecophysiology of the water resource 
limitation on growth remained poorly quantified. As an evergreen species, it has greater 
access to water at greater depth than other deciduous species (Baker et al., 2002; Deans 
& Munro, 2004; Whitehead & Beadle, 2004). Short rotations (7-10 years) of Eucalyptus 
are preferred that led to potential risk of water and nutrient deficiencies and non-
sustainable production. It is well documented that Eucalyptus is the species that pumps a 
huge amount of water from underground watertables (Cohen et al., 1997; Kallarackal & 
Somen, 1997; Whitehead & Beadle, 2004; Zahid & Nawaz, 2007). On the other hand, the 
comparative growth of Acacia, Albizia and Azadirachta species in relation to water 
consumption has been less studied. Recently due to acute water shortage for agriculture 
and other increasing demands for water in the country, it is believed that Eucalyptus 
species are extracting more water than recharge, depleting groundwater in cultivated 
fields and disturbing the water balance of aquifers.  

A comparative production ecology and water use of indigenous Acacia, Albizzia, 
Azadirachta and the exotic Eucalypus camaldulensis was, therefore, investigated. Wood 
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production was measured and water use to quantify its potential impacts on socio 
economic and environmental concerns of the aquifer of the agricultural lands was 
estimated. No comparative studies have been made so far to assess the water uptake, 
transpiration demands and water use efficiency of Acacia, Albizzia, Azadirachta and 
Eucalyptus species in arid regions such as in Multan, Pakistan where evaporation rate is 
high. With an understanding of physiological responses relative to water uptake and the 
traits associated with it, is possible to develop reliable forecasting systems for selection of 
tree species to grow on cultivated farmlands, particularly in water-starved and canal-
irrigated areas.  

Water demands exceed supply due to increased municipal-industrial-agricultural 
competition. These factors attract much attention to the possible conservative 
management of available meagre water resources. Therefore, the main objective of the 
present study was to quantify the relationship of dry matter and water uptake of exotic 
and indigenous species under irrigated conditions. After determining the physiological 
responses of the trees, including yield comparing WUE and TC of the indigenous and 
exotic tree species, management guidelines may be developed to utilize efficiently the 
irrigation water by these species in arid cultivated lands. 
 
Material and Methods 
 

This study was conducted at University College of Agriculture, funded by 
Bahauddin Zakariya University, Multan, Pakistan. The study site lies between 30° N 
latitudes and 71° E longitudes, with an elevation of 166 m above sea level. Homogeneous 
fertile soil medium collected from the de-silting of river-fed canal banks was used. Its 
textural composition was clay:sand:silt corresponding to 9% :15% :76% respectively. 
Five hundred clay pots [100 per treatment] were used. The size of each pot was 30 cm 
diameter x 30 cm height and containing 7 kg of soil. The seedlings of almost uniform size 
18-20 cm height were transplanted in February 2004. The seedlings were procured from 
different nurseries, therefore exact dates of seed sowing were not known.  

Seedlings of indigenous Acacia, Albizzia, Azadirachta and exotic Eucalyptus 
camaldulensis were grown and kept under green net-shade conditions to test for potential 
interspecific differences in growth performance. The irrigation treatment and data 
recording started one month after transplanting the seedlings so that root system was 
established in pots for a total period of one year for each treatment. All pots were 
manually irrigated with measured quantity when water potential reached 35–80 centibars 
(occasional stress), because farmers usually irrigate their fields with tubewells or canal 
irrigation at this level. To measure evaporation losses 100 pots of the Control treatment 
(without plants) were placed alternately between the planted pots to account for the 
shading factor that might reduce evaporation losses from the planted pots. A similar 
methodology was also used by Yin et al., 2005. 

Total dry biomass and shoot biomass (important traits for water use efficiency), root 
biomass (Important for increasing soil organic matter and C sequestration), height 
(Important for shade effect on associated crops), root: shoot ratio (higher ratio more water 
uptake and greater ability to withstand stress) were measured. Evaporation [from open 
pots] transpiration [irrigation applied minus evaporation] (Ehdaie & Waines, 1993), 
intrinsic transpiration coefficient [TC], and WUE were also estimated. Water use 
efficiency [WUE] may be defined as the amount of biomass produced as per litre of 
irrigation applied and TC is described as the amount of water transpired as per kg of 
biomass produced. In many studies modern instruments are being used to measure water 
uptake, for example through sapflow using thermal probes, dynagauages (Deans & 
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Munro, 2004), and infrared gas analysers (Zahid et al., unpublished). Some studies have 
shown that these instruments have many limitations and readings may be quiet 
misleading with error more than 100% (Do & Rocheteau, 2002a, b), depending on the 
type of instrument, methods, tree girth, size and number of trees used for estimation 
(Whitehead & Beadle, 2004), and depth between the pith and the bark (Cohen et al., 
1997).  

The present study was based on a destructive method to precisely quantify biomass 
and water use on unit seedling basis and excluding the chances of interaction of different 
roots for extraction of water from soil. While other studies (Deans & Munro, 2004) were 
based on non-destructive estimations of biomass and water use having different sources 
of variation such as tree age, size, canopy area and season. A similar approach was used 
by Wildy et al., (2004) to express water budget on unit tree basis for tree belts. Soil 
conditions, tree densities, age and growth rate may vary from place to place. These 
sources of variation affect data analysis and conclusions may not be reliable. 
Performance on an individual tree basis is more realistic and rational for experimental 
purposes. For destructive measurement of biomass, plants were harvested green, air dried 
for 60 days at room temperature and weighed. Shoots were removed from roots at root 
collar near the soil surface. Soil was removed and washed carefully from the roots. 
Plastic sheets were spread beneath the potted plants to collect litter.  

Analyses of variance were performed by using MS Excel data analysis tool 
(ANOVA-Single Factor) and GenStat (version 8) to determine the interspecific 
differences (main effects) in responses considering water as the main focus. All analyses 
were performed at a significance level of 0.05.  
 
Results  
 

The growth performance of tree species and other derived values such as WUE and 
TC comparisons are given in Table 1. Survival rate of Acacia, Albizzia, Azadirachta and 
Eucalyptus was 84%, 82%, 81% and 100% respectively. The data analysis for various 
parameters (dry weight of shoot and root, height, girth, and total biomass) indicated 
highly significant differences (Fcal>Fcrit) of the response by these species.  

Average air dried total biomass per plant produced from one year old plants of Acacia, 
Albizzia, Azadirachta and Eucalyptus was 56 g, 95 kg, 24 g and 203 g; average dry shoot 
biomass per plant was 36.55 g, 42.07 g, 6.79 g and 102 g; and average root biomass (dry) 
per plant was 19.52 g, 52.93 g, 19.26 g and 100 g respectively. The low shoot biomass yield 
of Azadirachta was partially compensated by its greater root biomass (Table 1).  

The data on growth parameters including height as growth parameter were the 
average of survived tree saplings only. Average height of one-year-old Acacia, Albizzia, 
Azadirachta and Eucalyptus was 115 cm, 107 cm, 55 cm and 200 cm against the average 
girth of plant at root collar, which was 34 mm 54 mm, 19 mm and 62 mm respectively.  
Shirazi et al., (2006) reported the height of 9 month old Acacia and Eucalyptus about 200 
cm and 190 cm respectively.  Silviculturally, species with height gain of >1 m yr-1 and 
diameter increment >1 cm yr-1 are considered fast growing (Marcar et al., 1995). The 
proportionate stem girth of the individual species measured in terms of gains was similar 
[3%] to gains in their heights except that of Albizia [5%]. The Azadirachta showed little 
increase in girth or height; it showed little growth during establishment but may 
subsequently show exponential increase in size (Do & Rocheteau, 2002a). The reported 
height of Eucalyptus and Azadirachta grown in container under salt-stress condition is 
43.1-168.4 cm and 13.5-52.5 cm respectively (Suriyan & Kirdmanee, 2008) 
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The authors assessed the ability of the species to alter the water table depth of aquifer 
by  measuring total evapotranspiration [total irrigation applied] for each species and 
water uptake on a per plant basis because in agroforestry system where trees are usually 
in single lines on the boundary. The total amount of evapotranspiration was 172.96 L, 
197.51 L, 165.49 L, and 263.94 L out of which transpiration per plant were 58.30 L, 
82.84 L, 51.57 L and 149.27 L for Acacia, Albizzia, Azadirachta and Eucalyptus 
respectively. The percentage of water evaporated from pots containing one year old 
seedling of Acacia, Albizzia, Azadirachta and Eucalyptus was 66%, 58%, 69% and 44% 
respectively. Average TC was 1042 L kg-1, 872 L kg-1, 1951 L kg-1 and 739 L kg-1 for 
Acacia, Albizzia, Azadirachta and Eucalyptus respectively.  

The Eucalyptus produced highest average biomass per litre of water [WUE of 0.77 g 
L-1], about two times more than that by Acacia and Albizia [0.32 g L-1, 0.48 g L-1] and 
five times more than that of Azadirachta [0.16 g L-1]. Transpiration efficiency taken as 
aboveground net primary productivity [ANPP] by Mengel & Kirkby (1987) was 
calculated as 0.63 g L-1, 0.51 g L-1, 0.13 g L-1 and 0.68 g L-1 for Acacia, Albizzia, 
Azadirachta and Eucalyptus respectively. WUE varied from 2 to 5 times between species 
and was highest for Eucalyptus.  
 

Discussion  
 

This study is the part of strategy to improve current water use and its conservation to 
decrease the intensity of water shortage. Precipitation contribution to ground water is 2% 
or less in hot and dry climates. This estimate depicts the approximate amount of water 
that might be pumped from the aquifer without depleting the ground water resources. 
About 30% of water used as irrigation is lost in storage and conveyance and 63% of the 
remaining is lost as runoff and drainage (Qadir et al., 2003). The farming communities in 
Pakistan, like many others over the world, have an adverse opinion for growing 
Eucalyptus on farmland due to consumption of huge volumes of irrigation as well as 
ground water. This was confirmed in the present study when comparing water use of 
Eucalyptus with indigenous Acacia, Albizzia and Azadirachta tree species. 

The increased availability of fuel and fodder and other benefits depend on the 
quantity of biomass a tree species can produce (James et al., 2008). In fact, when wood 
production is the major objective of the landowner, fast-growing tree species must use 
less water per m3 of wood produced. However the cost to pay for wood production on 
cultivated lands is the precious canal water for crops and the amount of ground water 
extraction, which is higher as regards seasonal time period or rotation age of plantation. 

Overall biomass produced by the Eucalyptus was 2-8 fold higher than native species 
while water use [transpiration] was 2-3 fold. Translating this into TC and WUE, 
Eucalyptus growth performance was better than native species. Data showed that 
Eucalyptus was very efficient water users with TC of 739 L kg-1 as compared to Acacia, 
Albizzia, and Azadirachta which used 1042 L, 872 L and 1951 L of water to produce one 
kg of biomass. It was reported by Kallarackal & Somen, (1997) that under low relative 
humidity and without supply of nutrients the TC becomes higher. However, our major 
concern was total water extraction by individual species over time span compared to 
water availability. Tree species such as Eucalyptus showed higher water extraction per 
plant [149.27 L] compared to Acacia, Albizzia and Azadirachta which extracted 58.30 L, 
82.84 L, and 51.57 L respectively during the year. Water use efficiency for Eucalyptus as 
reported by Cohen et al., (1997) and Whitehead & Beadle (2004) was 1-5 g dry matter 
per kg of water. Considerable uptake of water by Eucalyptus as compared to indigenous 
Acacia, Albizia and Azadirachta clearly restricts its cultivation in water starved areas.  

Morris et al., (2006) reported about 3 times more water use by Eucalyptus camaldulensis in 
Pakistan environments as compared to that in Australia due to increased vapour pressure deficit.  
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Table 2.   Monthly irrigation (flood) requirements (mm m-2) of different tree species during 
early establishment (at soil depth 30 cm) in hot dry climate. 

Month Eucalyptus Acacia Albizzia Azadirachta Control  
(evaporation loss) 

January  93.16 68.50 66.85 63.29 59.18 
February  147.54 82.20 102.41 85.21 73.76 
March  201.38 123.30 183.66 150.01 121.93 
April  279.74 191.79 308.60 198.98 171.24 
May  464.41 273.99 395.78 309.88 255.58 
June  370.16 197.00 321.94 300.98 194.53 
July  438.93 327.56 379.07 318.10 213.88 
August  403.45 270.15 285.09 259.74 143.84 
September  451.81 356.19 301.25 264.40 135.63 
October  327.97 259.74 177.00 147.68 86.31 
November  246.04 123.30 69.05 63.29 57.54 
December  191.25 95.90 115.08 105.49 57.54 
Total  3615.84 2369.62 2705.78 2267.05 1570.96 
Source: data summed and calculated from amount of water applied during experiment. 

 
Measurements for water applied showed that a major portion of irrigation plus 

rainwater was being evaporated (1570 mm m-2 yr-1). It is obvious from the data that about 
44–69% of the total amount of irrigation applied was evaporated which is a big water loss 
due to hot dry climate. The maximum evaporation losses (0.62 mm day-1) were reported 
by Cohen et al., (1997); Kallarackal & Somen, (1997) and Wildy et al., (2004) at 
maximum temperature (33oC) and rainfall (114 mm). In our study it accounted for 4.3 
mm day-1. Although with canopy closure evaporation losses from soil decrease, this is 
more than compensated by tree extraction from groundwater to satisfy transpiration.  

When transpiration was compared with evaporation (Fig. 1), it showed that Albizia 
and Eucalyptus had higher transpiration as compared to evaporation. Acacia and 
Azadirachta had lower transpiration with higher evaporation losses; physiologically such 
plants may go under stress and produce less biomass (Whitehead & Beadle, 2004). The 
transpiration to evaporation T: E index changes during the season and increases with the 
increasing age of species, but at early plantation stage it gives better indication (Fig. 2) 
for selection of species and amount of irrigation required for successful establishment 
(Table 2). The present rate of transpiration was 0.058 m3, 0.083 m3, 0.052 m3 and 0.15 m3 
per plant from one year old seedling of Acacia, Albizzia, Azadirachta and Eucalyptus 
respectively. Although it cannot be extrapolated precisely over time, however, the 2-3 
times higher rate of transpiration by Eucalyptus indicated that it was not such a 
favourable species to be grown in water-starved conditions.  

Transpiration efficiency (g/L) alternatively called Aboveground Net Primary 
Productivity ANPP [kg m-3] of Acacia, Albizzia, Azadirachta and Eucalyptus was 0.63, 
0.51, 0.13 and 0.68 respectively (Table 1). Stoneman et al., (1996) reported a quite high 
ANPP [3.21 kg m-3] of Eucalyptus tereticornis plantation with added nitrogen fertilizer in 
tropical soils having high fertility and high rainfall. They concluded that by increasing 
availability of water, increased use of light and nitrogen by Eucalyptus, was another 
competitive threat to crops in Eucalyptus-based agroforestry system where more fertilizer 
and water are applied to crops.  
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Fig. 1. Comparative transpiration and related evaporation in tree species. 

 

 
Fig. 2. Transpiration: Evaporation (T:E) Index of different tree species. 
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The root to above ground biomass ratio varied significantly, 2-6 times among species. 
The lowest was for Acacia [0.53] and highest for Azadirachta [2.84], while Albizia [1.26] 
and Eucalyptus [1.0] had the similar ratio. This is important for resource partitioning 
relevant to C sequestration into the below-ground parts. Seedlings of Azadirachta grow at 
a moderate rate by attaining height of 20-30 cm by the end of first season and 2-3 cm 
mean annual girth increment on good soils (Tewari & Kishan, 2002; Bhattacharyya & 
Sharma, 2004). The high root:shoot biomass ratio of Azadirachta was due to 
unfavourable cold temperature during early growth. Therefore maximum assimilated 
resources were allocated in roots, which can be attributed to early success of Azadirachta 
tree in any stress condition.  

Water use efficiency is considered as the most important component of adaptation to 
drought conditions. It is suggested that further research be undertaken to investigate site 
specific crop coefficients for Eucalyptus, Acacia, Albizia and Azadirachta and other 
native tree species that would result in optimum irrigation to save precious water 
resources in arid climates of Pakistan and other similar parts of the world. Now the 
question is whether we are focused on more C assimilation or more water conservation? 
Which priority is more challenging? There is need to explore these venues, and there is 
also a need to focus more on minimizing C release as well, by using alternate energy 
resources rather than merely emphasizing vegetation as a C sinks at the cost of higher 
water use.  
 
Acknowledgement  
 

The authors acknowledge the financial support of the project by Bahauddin Zakariya 
University, Multan through its Research Committee under the Chairmanship of Prof. Dr. 
Mushtaq A. Saleem. The authors are also highly grateful to Prof. David J. Midmore of 
Central Queensland University, Rockhampton, Australia for his scholarly review, 
language help and revision of the article. 
 
References 
 
Alam, M.R., A.K.M.A. Kabir, M.R. Amin and D.M. McNeill. 2005. The effect of calcium 

hydroxide treatment on the nutritive and feeding value of Albizia procera for growing goats. 
Animal Feed Science and Technology, 122: 135-148. 

Arya, R. 2006. A silvipastoral study combining Cenchrus ciliaris and three species of tree in arid 
India. Journal of Arid Environments, 65: 179-191. 

Baker, T.R., K. Affum-Baffoe, D.F.R.P. Burslem and M.D. Swaine. 2002. Phenological differences 
in tree water use and the timing of tropical forest inventories: conclusions from patterns of dry 
season diameter change. Forest Ecology and Management, 171: 261-274. 

Bakshi, M.P.S. and M. Wadhwa. 2007. Tree leaves as complete feed for goat bucks. Small 
Ruminant Research, 69: 74-78. 

Bhatnagar, N., D.C. Bhandari and P. Kapoor. 1993. Competition in the early establishment phases 
of an even aged mixed plantation of Leucaena leucocephala and Acacia nilotica. Forest 
Ecology and Management, 57: 213-231. 

Bhattacharyya, K.G. and A. Sharma. 2004. Azadirachta indica leaf powder as an effective 
biosorbent for dyes: a case study with aqueous Congo Red solutions. Journal of 
Environmental Management, 71: 217-229. 

Cohen, Y., E. Adar, A. Dody and G. Schiller. 1997. Underground water use by Eucalyptus trees in 
an arid climate. In: Trees: Structure and Function, p. 356. (Ed.): Y. Cohen. 



DIN MUHAMMAD ZAHID ET AL., 

 

1742 

Deans, J.D. and R.C. Munro. 2004. Comparative water use by dryland trees in Parklands in Senegal. 
Agroforestry Systems, 60: 27-38. 

Deans, J.D., O. Diagne, J. Nizinski, D.K. Lindley, M. Seck, K. Ingleby and R.C. Munro. 2003. 
Comparative growth, biomass production, nutrient use and soil amelioration by nitrogen-
fixing tree species in semi-arid Senegal. Forest Ecology and Management, 176: 253-264. 

Devi, S.R. and M.N.V. Prasad. 1991. Tannins and related polyphenols from ten common Acacia 
species of India. Bioresource Technology, 36: 189-192. 

Do, F. and A. Rocheteau. 2002a. Influence of natural temperature gradients on measurements of 
xylem sap flow with thermal dissipation probes. 1. Field observations and possible remedies. 
Tree Physiology, 22: 641-648. 

Do, F. and A. Rocheteau. 2002b. Influence of natural temperature gradients on measurements of 
xylem sap flow with thermal dissipation probes. 2. Advantages and calibration of a 
noncontinuous heating system. Tree Physiology, 22: 649-654. 

Ehdaie, B. and J.G. Waines. 1993. Variation in Water use efficiency and its components in Wheat: 
I. Well-Watered Pot Experiment. Crop Science, 33: 294-299. 

Gajalakshmi, S. and S.A. Abbasi. 2004. Neem leaves as a source of fertilizer-cum-pesticide 
vermicompost. Bioresource Technology, 92: 291-296. 

Gazal, R.M., R.L. Scott, D.C. Goodrich and D.G. Williams. 2006. Controls on transpiration in a 
semiarid riparian cottonwood forest. Agricultural and Forest Meteorology, 137: 56-67. 

Gill, H.S., I.P. Abrol and J.S. Samra. 1987. Nutrient recycling through litter production in young 
plantations of acacia nilotica and eucalyptus tereticornis in a highly alkaline soil. Forest 
Ecology and Management, 22: 57-69. 

Ingleby, K., O. Diagne, J.D. Deans, D.K. Lindley, M. Neyra and M. Ducousso. 1997. Distribution 
of roots, arbuscular mycorrhizal colonisation and spores around fast-growing tree species in 
Senegal. Forest Ecology and Management, 90: 19-27. 

Jabbar, A., M.A. Raza, Z. Iqbal and M.N. Khan. 2006. An inventory of the ethnobotanicals used as 
anthelmintics in the southern Punjab (Pakistan). Journal of Ethnopharmacology, 108: 152-154. 

James, B.K., R.D. Lasco, L.U.D. Cruz, R.E.D. Cruz and T. Hussain. 2008. Effect of vascular 
arbuscular mycorrhiza (VAM) fungi  inoculation on coppicing ability and drought resistance 
Senna spectabillis. Pak. J. Bot., 40(5): 2217-2224.  

Johansson, S.G., V.J. Kaarakka and I. Special. 1993. Growth and yield of six-year-old fuelwood 
species under irrigation in eastern Kenya. In: East African Agricultural and Forestry Journal. 
(Ed.): S.G. Johansson. p. 23. 

Johnson, R.S., L.E. Williams, J.E. Ayars and T.J. Trout. 2005. Weighing lysimeters aid study of 
water relations in tree and vine crops. In: California Agriculture. (Ed.): R.S Johnson. p. 133. 

Kallarackal, J. and C.K. Somen. 1997. Water use by Eucalyptus tereticornis stands of differing 
density in southern India. In: Tree Physiology. (Ed.): J. Kallarackal. p. 195. 

Kumar, S., P.K. Suresh, M.R. Vijayababu, A. Arunkumar and J. Arunakaran. 2006. Anticancer 
effects of ethanolic neem leaf extract on prostate cancer cell line (PC-3). Journal of 
Ethnopharmacology, 105: 246-250. 

Lugo, A.E., D. Wang and B.F. Herbert. 1990. A comparative analysis of biomass production in five 
tropical tree species. Forest Ecology and Management, 31: 153-166. 

Marcar, N., D. Crawford, P. Leppert, T. Jovanovic, P. Floyd and R. Farrow. 1995. Trees for 
Saltland: A Guide to Selecting Native Species for Australia. Division of Forestry, CSIRO, 
Canberra, Australia. 

Mengel, D.K. and E.A. Kirkby. (Eds). 1987. Plant Water relationships. In: Principles of Plant 
Nutrition. International Potash Institute, Switzerland, pp. 193-245. 

Minhas, P.S., Y.P. Singh, O.S. Tomar and R.K. Gupta. 1997. Effect of saline irrigation and its 
schedules on growth, biomass production and water use by Acacia nilotica and Dalbergia 
sissoo in a highly calcareous soil. Journal of Arid Environments, 36: 181-192. 

Nimbkar, B.V., N. Nimbkar and N. Zende. 1986. Desertification of Western Maharashtra: Causes 
and possible solutions. I. Comparative growth of eight tree species. Forest Ecology and 
Management, 16: 243-251. 



PLANTING EUCALYPTUS IN ARID ENVIRONMENT  

 

1743 

Palsson, K. and T.G.T. Jaenson. 1999. Plant products used as mosquito repellents in Guinea Bissau, 
West Africa. Acta Tropica, 72: 39-52. 

Parrotta, J.A. 2006. Fabaceae (Bean Family -Albizia procera (Roxb.) Benth. Part II—Species 
Descriptions. International Institute of Tropical Forestry, USDA Forest Service: 282-284: 
http://www.rngr.net/Publications/ttsm/Folder.2003-07-1.4726/Albizia%20procera.pdf/file 
(Accessed; November 2006). 

Peer, P.A., P.C. Trivedi, P.B. Nigade, M.M. Ghaisas and A.D. Deshpande. 2008. Cardioprotective 
effect of Azadirachta indica A. Juss. on isoprenaline induced myocardial infarction in rats. 
International Journal of Cardiology, 126(1): 123-126. 

Prakash, G. and A.K. Srivastava. 2006. Modeling of azadirachtin production by Azadirachta indica 
and its use for feed forward optimization studies. Biochemical Engineering Journal, 29: 62-68. 

Qadir, M., T.M. Boers, S. Schubert, A. Ghafoor and G. Murtaza. 2003. Agricultural water 
management in water-starved countries: challenges and opportunities. Agricultural Water 
Management, 62: 165-254. 

Rugutt, J.K., A.N. Ngigi, K.J. Rugutt and P.K. Ndalut. 2006. Native Kenyan plants as possible 
alternatives to methyl bromide in soil fumigation. Phytomedicine, 13: 576-583. 

Sahirazi, M.U., M.A. Khan, M. Ali, S.M. Mujtaba, S. Mumtaz, M. Ali, B. Khanzada, M.A. Halo, 
M. Rafique, J.A. Shah, K.A. Jafri and N. Depar. 2006. Growth performance and nutrient 
contents of some multipurpose tree specie growing under saline environment. Pak. J. Bot., 
38(5): 1381-1388.  

Senthil, N.S., M.Y. Choi, C.H. Paik, H.Y. Seo, J.D. Kim and S.M. Kang. 2007. The toxic effects of 
neem extract and azadirachtin on the brown planthopper, Nilaparvata lugens (Stal) (BPH) 
(Homoptera: Delphacidae). Chemosphere, 67: 80-88. 

Sheik, M.I. 1989. Acacia nilotica (L) Willd. ex Del.: its production, management and utilization in 
Pakistan. Field Document No. 20, 45. FAO Regional Office for Asia and the Pacific, p. 50. 

Smith, T., V. Mlambo, J.L.N. Sikosana, V. Maphosa, I. Mueller-Harvey and E. Owen. 2005. 
Dichrostachys cinerea and Acacia nilotica fruits as dry season feed supplements for goats in a 
semi-arid environment: Summary of a DFID funded project in Zimbabwe. Animal Feed 
Science and Technology, 122: 149-157. 

Stoneman, G.L., D.S. Crombie, K. Whiteford, F.J. Hingston, R. Giles, C.C. Portlock, J.H. Galbraith 
and G.M. Dimmock. 1996. Growth and water relations of Eucalyptus marginata (jarrah) 
stands in response to thinning and fertilization. Tree Physiology, 16: 267-274. 

Suriyan, C. and C. Kirdmanee. 2008. Assessment of salt tolerance in eucalyptus, rain tree and thai 
neem under laboratory and field conditions. Pak. J. Bot., 40(5): 2041-2051.  

Tewari, V.P. and K.V.S. Kishan. 2002. Development of top height model and site index curves for 
Azadirachta indica A. juss. Forest Ecology and Management, 165: 67-73. 

Tomar, O.S., R.M. Kumar, R.K. Gupta and P.S. Minhas. 1997. Raising nursery of Acacia nilotica 
var. cupressiformis with saline water. Indian Forester, 123: 148-152. 

Whitehead, D. and C.L. Beadle. 2004. Physiological regulation of productivity and water use in 
Eucalyptus: a review. In: Forest Ecology and Management. (Ed.): D. Whitehead. p. 113. 

Wildy, D.T., J.S. Pate and J.R. Bartle. 2004. Budgets of water use by Eucalyptus kochii tree belts in 
the semi-arid wheatbelt of Western Australia. In: Plant & Soil, (Ed.): D.T. Wildy, p. 129. 

Xuan, T.D., E. Tsuzuki, T. Hiroyuki, M. Mitsuhiro, T.D. Khanh and I.M. Chung. 2004. Evaluation 
on phytotoxicity of neem (Azadirachta indica. A. Juss) to crops and weeds. Crop Protection, 
23: 335-345. 

Yin, C., X. Wang, B. Duan and J.C.L. Luo. 2005. Early growth, dry matter allocation and water use 
efficiency of two sympatric Populus species as affected by water stress. Environmental and 
Experimental Botany, 53: 315-322. 

Zahid, D.M. and A. Nawaz. 2007. Comparative water use efficiency of Eucalyptus camaldulensis 
versus Dalbergia sissoo in Pakistan. International Journal of Agriculture and Biology, 9: 540-
544. 



DIN MUHAMMAD ZAHID ET AL., 

 

1744 

Zahid, D.M. and R. Ahmad. 2002. Effect of age of Farm-grown Eucalyptus on seasoning quality of 
wood and its utilization in Pakistan. International Journal of Agriculture and Biology, 4: 315-
317. 

Zahid D.M., K. Venkatraman, A. Nanjappa and D.J. Midmore. (personal communications). 
Relating Leaf Transpiration Rate with Canopy Transpiration [Stemflow velocity] in Tree 
species measured with different techniques.   

Morris, J., J. Collopy and K. Mahmood. 2006. Canopy conductance and water used Eucalptus 
plantations . Pak. J. Bot., 38(5): 1485-1490. 

Mahmood, K.H., Naqvi and N.E. Marcar. 2009. Genetic variation in Eucalyptus camaldulensis 
Dehnh., in a provenance-family trial on saline soil. Pak. J. Bot., 41(5): 2281-2287. 

 
(Received for publication 3 March 2009) 


