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Abstract

s paper reveals the consequences of water extraction by

(o native Acacia r'zl{olzc'a Del., Albizia procerq [Roxb.] Benth and -
cultivated lands. I;.zl.calyptus. due to its fast growth rate and ? zadirachta indicq
onmental conditions, was planted ruthlessly wi Wldc, Adaptability to

Lucalyptys camaldulensis s

' l
ol £ 11 by one year old Eu‘calypms 1149.27 L] was almost tw}‘ce that of by A/bizi ~[8.2 84 L}
. . , <ld .OF

(a51.571)

. ant variation between the species was observed for b
Sjonifica ved for biomass produced. When this was

SN > efficiency [WUE], it was found as 0 |
- ated into water use ¢ y |WUE], ound as 0.32 g L7, 0.48 ¢ ! (.16 o [ -

I While transpiration coe‘fﬁment [TC] was 1042 L ke' 872 L ke l9gS%L, l(().'l'()a%dLH?)nS
"\ % Acacia, Albizzia, Azadirachta and Eucalyptus respectively. It s impona%t to control

o for Py
t:aporation 10SSES [44-6?% of total irrigation] which may be much higher than transpiration.
" reased waler Use uptake by Eucalyp.tus. may lead to reduction and scarcity of aquifer resources
o | mgated agriculture In a‘rld and semiarid climates. Although water use etficiency of any species
< glso important, but enwronmpntal concerns about the amount of water consumed by these
gpecies are also considered most important.

[ntroduction

Affordable afforestation programs in arid areas suffer mainly from low rainfall, high
evapotranspiration [ET] demands and high salt contents (Minhas ef 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 eévaporates (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 er 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 52°C in the plains. Average annual rainfall ranges between 250300
mm and are distributed mostly in the Monsoon [July/August receive 80% of total rqih?fall]

(Qadir er al., 2003). Evaporation losses around the year are estimated at 75% of the

precipitation, while the amount of rainfall used as transpiration 1S estimated to be as low

as 5% (Nimbkar er al., 1986: Johnson et al., 2005). Due to high temperature, plant




= ally under lower are O.rph()toos).nthjs["s]'.tsh?.gsll](,;rm-u, Valueg n g,
orowth occurs “‘\“‘?\'\\-ell SuPP“Cd (Shetk, '-98° | i”; kets ‘- ,' : .ln Cduce, B ”n'”cr
even when waler l? quction in dr}'lallds and ll°r|gatt.( pQC LS requires SPecie \ h“””a\s
Qustainable wood pro well adapted to the local agro-climate. o Ich I
water efficiently and e o chosen for the current study based on their drougp, o

Four tree SpecIes “g,l,ditions. commercidl potentlal and aesthetic Values wmnce
adaptability 10 |:r°‘§\'“f - Jow rainfall tracts of the world and growth js re'alivc‘,%’(;

ﬁ 1S

i:986' Johansson ¢f al.. 1993). Sheik (1989) and Parrotty (2006) re-\ fagt

| . arcide-forests, maximum mean annual increment of 13- s cubj Portg
that in the rwusldt ~easing with age. It has long been one of most popy],, i Netroq
per hectare Was de';n ‘Subci)ntinent and other parts of the world due to €asy pre
throughout the In I.ch 25 timber, fuelwood, fodder, tannins and gum (Gjj] el af
by aliisesl ‘;‘l)l Bhatnagar ef al., 1993: Alam et al., 2005; Smith el a/,"’ 87

e e a deep and extensive root system on dry sites where the lap roof de

cacias form ‘ | . e
g‘m - d then followed by the laterals roots, which become compact and massjye ;.

ot al. 1997). ' '
(Ingleby et al., 1997) Benth.. belongs to the family Legummosae-MimOSmdea
@

Albizia procerd (Roxb.) . - : o
' . ~ on sit
(Fabaceae). It s a fast-growing deciduous tree. Depending e condmons, NNy

heiht erowth ranges from 1 to 2 m and annual diameter increment varies from | s o
cmcduffno the first 15 years (Parrotta, 2006) anq attains a maximum he:ght of 20 1 an&
60 cm d l;h. It is grown for forage and wood biomass in tropical and semi-arid i”igate ;

(Nimbkar e/ al.,

Velops
f“IUre

eas (Lugo et al., 1990). | | |
m .4(:adirac/ua indica A. Juss. thrives well in dry areas throughout the lropics an( Sub.

tropics with rainfall as low as 15.0-25.0.mn7 per annum. It Is very resistant ¢, Weeg
competition. The Azadirachta tree is gamning importance throughout the world becayse i
provides solutions to rehabilitation to degraded ecosystem (Peer er al., 2008) f,, it
medicinal value (Palsson & Jaenson, 1999; GaJalqkshlnl & Abbasi, 2004; Kumar ¢ al.
2006: Xuan et al., 2004; Rugutt ef al., 2006; Senthil et al., 2007), source of pesticide f,;
crops (Deans et al., 2003; Arya, 2006; Jabbar er al., 2006; Prakash & Snvgstava, 2006:
Bakshi & Wadhwa, 2007) and generation of income for small farmers (Zahid & Ahmaq
2002).

g‘z,calyptus species were introduced in Pakistan in t.he early 20" century and milljong
of hectares were planted in all parts of the country (Zahid & Ahmad, 2002). Considerab]e
research has been done to characterize Mahmood er al., (2009) and evaluate differep;
traits affecting biomass production and yield of Eucalyptus in drought-prope
environments (Ehdaie & Waines, 1993) but the ecophysiology of the water resource
limitation on growth remained poorly quantified. As an evergreen species, it has areater
access to water at greater depth than other deciduous species (Baker ef al. . 2002: Deans
& Munro, 2004; Whitehead & Beadle, 2004). Short rotations (7-10 years) of Eucalyprus
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 er 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, 1t 1s believed that Eucalyprus
species are extracting more water than recharge, depleting groundwater in cultivaied

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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.ﬂ.\gnq : dcmundb L\ ‘ -U g .;) Increased Municipal-industrial-aoric
M= wateh = rese factors auraCt much attention 1o the pOSSible( garicultural
conservatjye

- available meagre water resources. Therefore. (e main object;
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. antify the relationship of dr
AaAET dy was to.q‘h 1 y A t(-*d \ Ip .ot dry matter and water uptake of exof
st > ous gpecies under migate conditions. After determinine the phye lexgmc
oy indis 1 the trees. including yield comparing WUE and T 4 Fthe inll':;\fm ogical
S ecies. management guidelines may be developed to utiliz digenous and
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er by these species in arid cultivated lands,
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. \\'Ponb
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O W a

ady was condugted at University College of Agriculture, funded b
o Kariya Universny,.Multan, Pakistan. The study site lies bP,chen 200 131,
171° E longitudes, with an elevation of 166 m above sea leve| iiomooencou
i1 medium collected from thc.: de-silting of river-fed canal banks was Jsed ltz
1 composition was clay:sand:silt corresponding to 9% :15% :76% respectiv.el
w’.\'““ﬂ‘ od clay pots (100 per treatment] were used. The size of each pot was 30 Cl);l.

| 10 ¢m height and containing 7 kg of soil. The seedlings of almost uniform size

height were transplanted in February 2004. The seedlings were procured from

t—{ e urseries, therefore exact dates of seed sowing were not known
4 e ' . . . " ’7. : .
d ceedlings of indigenous Acacia, Albizzia, Azadirachta and exotic Eucalyptus

ldulensis Were oWl and kept under green net-shade conditions to test for potential
camt™ e differences in growth performance. The irrigation treatment and data
| tarted one month after t.ransplanting the seedlings so that root system was
iablished in pots for a total period of one year for each treatment. All pots were
- irigated with measured quantity when water potential reached 35-80 centibars
(occasional stress), because farmers usually irigate their fields with tubewells or canal
rioation al this level. To measure evaporation losses 100 pots of the Control treatment
(wizhout plants) were.placed alternately between the planted pots to account for the
or that might reduce evaporation losses from the planted pots. A similar

ding fact .
;‘::thodology was also used by Yin et al., 2005.

Total dry biomass and shoot biomass (Important traits for water use efficiency), roo!
hiomass (Important for increasing soil organic matter and. C §equestration), height
(Important for shade eff?ct on agsocnated crops), root: shoot ratio (higher rgtio more watcr
uptake and greater ability 10 wnhst.and stress) were measured. Evaporation [from open
pots] transpiration (irrigation applied minus evaporation] (Ehdaie & Waines, 1995)
ntrinsic transpiration coefficient [TC], and WUE were also estimated. Water usc
efficiency [WUE] may be defined as the amount of biomass produced as per litre ol
rrigation applied and TC 1s described as the amount of water transpired as per kg ol
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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f water from soil.
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|

of variation such as tre¢ age, size, C | .

hy Wildy er al., (2004) to express water budget on unit trec basis for (ree be Ise,

e . ' ” r . " 5 .

conditions, tree densities, age and growth. rate may vary.flom place to Place T
sources of variation affect data analysis and anquSIons may not pe r.|'

i more realistic and rational for C\’per'e lable

' ”T]Qrt

al

| an individual tree basis
measurement of biomass, plants were harvested greep
= I

purposes. For destructive
for 60 days at room temperasure and weighed. Shoots were removed from rogpg
collar near the soil surface. Soil was removed and washed carefully from g, Al 1o
Plastic sheets were spread beneath the potted plants to collect litter. © Tootg
Analyses of variance Were performed by using MS Excel data analys;
t (version<8) to determine the i”ters';ect-oro,
]

(ANOVA-Single Factor) and Gendta
differences (main effects) in responses considering water as the main focus, A anal
ySes

were performed at a significance level of 0.05.

Performance Ol

Results

The growth performance of tree species and other derived values such as WUE

TC comparisons are given in Table 1. Survival rate of Acacia, Albizzia, Azadirac), o
Eucalyptus was 84%, 82%, 81% and 100% respectively. The data analysis for U
parameters (dry weight of shoot and root, height, girth, and total biomass) ins?(:;(t)u;
e

highly signiﬁcgnt Qifferences (F..>F.) of the response by these species.
Average air dried total biomass per plant produced from one year old plants of 4¢cqc;
ia

Albizzia Azadirachta and Eucalyptus was 56 g, 95 kg, 24 g and 203 g;
biomass per plant was 36.55 g, 42.07 g, 6.79 g and 102 g; g d iy i o
g, and average root biomass (d
per plan.t was 19.52 g, 52.93 o 19.26 g and 100 g respectively. The low shoot biomas .ry)
of Azadirachta was partially compensated by its greater root biomass (Table 1) -
The data on growth parameters including height as growth paramet.er W
average of survived tree saplings only. Average height of one-year-old Acaci 1 the
;adzrachta and Eucalyptus was 115 ¢cm, 107 cm, 55 cm and 200 ¢cm a o, g
g;rth o.f plant at root collar, which was 34 mm 54 mm, 19 mm and 62g1$11:18:~eﬂs] eea:/.era]g e
Cnlllr;ﬁé eltgaol., (2006) repor‘fled the height of 9 month old Acacia and Eucalyptus zll)b(():ultv goy(j
. cm respectively.  Silviculturally, species with height gai /

. _ ally, ght gain of > A
dll.imetfr increment >1 cm yr '. are considered fast growing (I:/Ia‘rfar netofz/ ]lg]9§r ’?’Ed
FB%p]o[nOu()IngIe stem girth of the individual species measured in terms of gain.s, was s)'. 1 ?
el o bianmi .n;] their hel.ghts except that of Albizia [5%)]. The Azadirachta showed] T’it?l
eigh of e increase in size (Do & Rocheteau, 2002a).
43.7-16%,453204),1/()111{; g?gzéZZd/I'at filu Zrown in §0ntainer under salt-str?ssrrcl:lacrﬁgg;t e1(5j

2722 cmrespectively (Suriyan & Kirdmanee, 2008)
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seedling b erage TC Was 1042 L X8 » © tively 39, ol
respectively. AVEIES® -, and Eucalyptus TeSPEt"= > . S for
4cacia, Albizz1a. Azadiracn (d highest average biomass per litre of water [w;;.
| us produced NETE cia and Albizia [0.32 g L' () 4¢ ;ut 0.75
' ) 0
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at by Acd 4 ot Nl ‘ 0
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ively: WUE varied from 2 to 5 times thWCcn

ore than th

-1 wo times 1l |
L], about 1 l ofA.'.'(l(I’”"I

ffve times more than tha .
~t primary
aboveground mtﬂ me" A e
calculated as 063 g2 L . ..‘es ;C
A-adirachta and Eucalyptus | [

and was highest for Eucalyplus.

,, ‘:I‘u'

[scussion . £
Discu ategy 10 improve current water use and its conser, .

| v is the part of sti daroiol® e
This stud ot z%fwater <hortage. Precipitation contribution to ground vy
decrease the intensit) < This estimate depicts the approximate amoun; o '

less in hot and dry climate , . - |
h |¢S .oht be pumped from the aquifer without depleting the ground wate r€Sourge
that migh P ost in storage and conveyance and 3o, .

30% of wat .d as irrigation is | | % of
About 30% of water used as 1T18a . | of iy
remaining 1s lost as -unoff and dramnage (Qadir ef al., 2003). The farming communii,

. ers
Pakistan, like many others over the world, have an adverse opinion for oro

. o ' Win)
Eucalyptus on farmland due to consumption of huge volull]nes of irrigation as g, a%
al i the present study when comparing water ;g of

ater. This was confirmed . |
v g cia Albizzia and Azadirachta tree species.

Eucalyptus with indigenous Aca d fodder and other benefits depend o the

The increased availability of fuel an
quantity of biomass a lree species can produce (James et al., 2008). In fact, when Wood

production is the major objective of the landowner, fast-growing tree species must |,
less water per m® of wood produced. However the cost to pay for wood productio
cultivated lands is the precious canal water fo.r crops.and the arpount of ground Water
extraction,; which is higher as regards seasonal time period or rotqtlon age of plantatiop.

, he Eucalyptus was 2-8 fold higher than native Species

all biomass produced by t - Y
Overall biomass p 7.3 fold. Translating this into TC and Wyg

while water use [transpiration] was | .
Eucalyptus growth performance Wds better than native species. Data showed thy

Eucalyptus was very efficient water uscrs with TC of 739 L kg™ as compared to Acacig,
Albiz=ia 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, (19?7) that under low relatjve
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 [-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 er 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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Me as being evaporated (1570 mm m™ yr™). 1t is obvious from the duta plus

" Irrigat| | a tha
AW do " of the rotal amount of 1rrigation applied was €vaporated which is a b t about
0

£ Rt The maximum evaporation | > 4 D18 water loss
14-0  dry climate. poration losses (0.62 mm day™'y \

. CO“C‘: ;elnpﬂ'awre (33°C) and rainfall (114 mm). In our

study it accounted for
max!l 1 Although with canopy closure evaporation losses $3

from soil decre S |
‘ S ase, this i1s
’  compensated by tree extraction from groundwater to satisfy transpiration

ranspiration was compar§3d With evaporation (Fig. 1), it showed that 4 Ihizia
{ Eucalyptts had higher transpiration as compareq 0 evaporation. Acacia and

Jirachtd had lower transpiration with hlghe;r cvaporation losses; physiologically such
« may g0 under SITess and p.roduce less bnolna§s (Whitehead & Beadle, 2004). The
_ation to evaporation T: E index changes during the season and increases with the

creasing age of spe.cies, lzjut at eartly ?lo‘c'ih‘.tatlc.)n stage 1t gives better indication (Fig. 2)
. selection of species an R I required for successful establishment
rable 2). The present rate of transpiration was 9.058 m ,.0.083 m. 0.052 m and 0.15 m’
¢ from one year old seedling of Acacia, Albizzia, Azadirachta and Eucalyptus
vely. Although 1t cannot be extrapolated pregisely over time, however, the 2-3
imes higher rate of tn'ans;)ll‘qtloll by Lucalyptus .lpdicated that it was not such a
avourable species 1o be grown In water-starve.d conditions.

Transpiration efficiency (¢/L) alternatively called Aboveground Net Primary
productivity ANPP (kg m™] of Acacia, Albizzia, Azadirachta and Eucalyptus was 0.63,
151.0.13 and 0.68 respectively (Table 1). Stoneman et al., (1996) reported a quite high
ANPP [3.21 kg m"” | of Eucalyptus tereticornis plantation with added nitrogen fertilizer n
wopical soils having high fertility and high rainfall. They concluded that by increasing
wailability 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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