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AIIometry of Urtica urens in Polluted and Unpolluted Habitats 
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The allometry of Urtica urens (small nettle), an important medicinal plant in many countries, growing in an area near 
pollution sources and an area away from pollution sources was determined. The allometric coefficients were deter- 
mined for nonlinear relationships between plant height, stem width, root length, petiole length, leaf dry weight, peti- 
ole dry weight, leaf length, leaf width, leaf area and specific leaf area. The slopes of the linear equations were 
determined for the above parameters. The results showed that there is a difference in the allometry of different parts 
of U. urens growing in these two areas. Air pollutants reduced the plant height, stem width, root length and petiole 
length and increased leaf parameters. The same pattern of growth was reflected by comparing the slopes of the 
straight lines of the parts of the plants growing in the two areas. 
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Urtica urens (small nettle) is one of the important 
medicinal plants in Jordan and many other coun- 
tries. It has been found growing throughout the tem- 
perate zones of both hemispheres worldwide 
(Europe, Africa, Asia and both Americas). It has been 
used as antiasthmatic, depurative, diuretic, haemo- 
static, hypoglycaemic, adrenal tonic, astringent, 
cholagogue, circulatory stimulant, expectorant, kid- 
ney tonic, mucolytic, nutritive, parturient, styptic 
and thyroid tonic (Saad et al., 1988). Its above 
ground part, roots and seeds are used for medicinal 
purposes. In Jordan, the habitat of this plant has been 
insulted by a number of air pollutants originating 
mainly from power plants and oil refineries. However, 
only a few studies have been carried out to evaluate 
the linkage between air pollution and plant allome- 
try. Grantz and Yang (2000) studied the ozone 
impacts on allometry and root hydraulic conduc- 
tance and reported that ozone induces an allometric 
shift in carbohydrate allocation. This shift is mediated 
by direct effects on phloem loading with consequent 
inhibition of translocation to roots and root system 
development. Kruse et al. (2003) studied the effects 
of elevated carbon dioxide partial pressure on 
growth, allometry, and nitrogen metabolism of poplar 
plants. The results indicated that elevated partial pres- 
sure of carbon dioxide increased total biomass and 
the root : shoot ratio in the nitrogen-deficient plants. 
In this context, Muzika et al. (2004) reported that 03, 
NO2 and SO2 adversely influence the growth of Picea 
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abies and Fugus sylvatica. Their results indicated that 
there is a negative correlation between these pollut- 
ants and the overall growth of these plants. Exposure 
to SO2 elicits multiple events linked to metabolism, 
grain yield and defense and stress responses in plants 
(Farooq and Hans 1999; Deepak and Agrawal, 2001 ; 
Rakwal et al., 2003; Xiong eta[., 2003; Prietzel et at., 
2OO4). 

Elevated C Q  levels were reported to increase mid- 
day photosynthetic CO2 exchange rate and water use 
efficiency and lower transpiration and stomatal con- 
ductance (Vu, 2005), increase fine root production 
and mortality and turnover (Di[ustro et al., 2002), 
decrease the activity of ribulose bisphosphate carbox- 
ylase (Rubisco) (Perez et al., 2005), and resulted in 
larger leaves on short shoots and more leaves per 
shoot length on long shoots (Hamerlynck et al., 
2002). 

Considerable work has been carried out on the 
effects of 03 on growth of annual plants and trees 
(Gimeno et al., 2004; Manning eta[., 2004), leaf 
senescence-related processes and morphological 
changes in seedlings of Mediterranean trees (Ribas et 
al., 2005), leaf conductance of plant species grown in 
semi-natural grassland (Ja&gi et al., 2005), stomatal 
response to light and leaf wounding (Paoletti, 2005), 
and pollen development in Lolium perenne L. 
(Schoene et al., 2004). Grantz et al. (2003) reported 
that 03 resulted in reduced biomass production, leaf 
area development and biomass allocation to roots. 

The aim of this study was to investigate the differ- 
ences in the allometry of U. urens by comparing non- 
linear and linear relationships of this species growing 
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in polluted and unpolluted areas. 

MATERIALS AND METHODS 

Study Sites and Species 

The study was conducted at two different sites in 
Jordan. The first was Zarqa which is in the vicinity of 
pollution sources, a petroleum refinery, a wastewater 
treatment plant and a thermal power plant. The col- 
lection site was about 100 m from the thermal power 
plant. AI-Hassan (1995) and Aqeel et al. (1990) 
reported that three types of air pollutants are found at 
this and nearby sites, namely: 1) high levels of SO2 
with an hourly averages ranging from 0.041 to 0.102 
ppm, 2) H2S with a daily averages ranging from 
0.0086 to 0.0195 ppm, and 3) CO that reached a 
maximum of 11.06 ppm. All pollutant levels exceeded 
daily and hourly limits according to the Jordanian 
ambient air quality standard (JSl140/99). The efflu- 
ent of the wastewater treatment plant is not used to 
irrigate this area. It is transferred to King Talal Dam 
about 25 km to the west of the treatment plant. The 
second site was Sukhneh, which is located 20 km 
away from the nearest pollution source. The two 
studied sites located at the same bioclimatic region, 
the Arid Mediterranean bioc[imatic region, that is 
characterized by annual rainfall that ranges from 150- 
300 mm and mean maximum temperature of 28- 
39~ in the hottest month (August) and mean mini- 
mum temperature of 1-11~ in January, the coldest 
month. The prevailing wind direction in both sites is 
westerly to northwest in most times of the year (A[- 
Esawi, 1996). 

The Middle East is divided into four vegetative 
regions, the Mediterranean, the Irano-Turanian, the 
Sudanian, and the Saharo-Arabian (Zohary, 1973). 
The two sites are located in the Irano-Turanian vege- 
tative regions with the same soil type (the xerochryp- 
tic soil type) (Zohary, 1973) that is characterized with 
poor and eroded calcareous (loess) soil type. The veg- 
etation is timberless with mostly shrubs and bushes. 
Soil pH is 7.8, concentration of soil Na is 1.5 meq/ 
100 g, the exchangeable sodium percentage (ESP) is 
6.2%, the cation exchange capacity (CEC) is 18.3 
meq/100 g, electrical conductivity (EC) is 2.5 ms/cm, 
the percentage of calcium sulfate is 4.4%, and the 
percentage of calcium carbonate is 25% (Commission 
of European Communities, 1994). 

Small nettle is a medicinal plant that is annual, 
monoecious with erect stem that is branching below. 

The leaves are broadly lanceolate or ovate, subcor- 
date or tapering at base, and are acutely dentate-ser- 
rate. Their petioles are short. The plant is stipulate 
with spike like inflorescence and achene fruits 
(Zohary, 1972). This plant is abundant in both sites, 
the polluted and unpolluted areas. 

Sampling and Measurements 

A random sample of 563 healthy U. urens individ- 
uals were collected from an area of 0.5 km 2 during 
the growing season from January to May from both 
sites. Collected samples were placed in plastic bags, 
sprinkled with water and returned to laboratory 
within a few hours where they were submerged in 
water for 16 to 20 h. From each of the chosen plants 
one leaf was harvested by cutting the petiole at a 
point where it is completely separated from the main 
axis. Petioles were excised from leaf blade and their 
lengths were measured. Length, width and photosyn- 
thetic surface area of each blade were measured 
using a leaf area meter (AM 200, ADC Bioscientific, 
UK). These blades and their petioles were dried at 
70~ to a constant weight and then dry weight was 
measured. Plant height for each sample was mea- 
sured, and the specific leaf area (SLA, cm 2 gl)  was 
calculated (Nagashima and Terashima, 1995; Chang 
et al., 2004). 

Statistical Analyses 

AIIometric analysis was carried out using nonlinear 
and linear regression analysis. The variables of plant 
height (PH), leaf area (LA), leaf length (LL), leaf width 
(LW), leaf dry weight (LDW), petiole length (PL), peti- 
ole dry weight (PDW), stem width (SW), root length 
(RL) and specific leaf area (SLA) were analyzed using 
the nonlinear equation y = ax k and the linear equa- 
tion y = a + bx. In the case of the nonlinear equa- 
tion, the relationship is aHometric if the allometric 
coefficient (k) ~ 1 and (a) represents the mean value 
of the ratio of y/x. In the linear equation (a) represents 
the y-intercept and (b) is the slope of the straight line. 
Correlation coefficients were calculated for each rela- 
tionship. The calculations were carried out using STA- 
TISTICA software for windows (StatSoft, USA). 

RESULTS AND DISCUSSION 

The maximum and minimum plant heights in the 
unpolluted site (Sukhneh) were 25 to 765 mm with a 
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Figure 1. Differences of petiole length and stem width 
related to the root length between the polluted site and the 
unpolluted site. 

mean _+ standard error of 232.9 _+ 7.32 mm while 
those in the polluted site (Zarqa) were 14 to 910 mm 
with a mean _+ standard error of 216.3 _+ 9.19 mm 
(Fig. 1, 2, 3, 4). The values for root length were 15 to 
910 mm (103.4 _+ 4.65 mm) in the unpolluted site and 
17 to 230 mm (103.6 _+ 2.56 mm). Furthermore, the 
maximum and minimum stem widths were 1.1 to 12 
mm (3.7 _+ 0.1 mm) in the unpolluted site and 1.5 to 
13.1 (4.9 _+ 0.14 mm) in the polluted site. The values 
for leaf length were 5.3 to 93.7 mm (33.8 + 0.96 
mm) in the unpolluted site and 9.1 to 64.3 (21.1 _+ 
0.51 mm) in the polluted site. The values for leaf 
width were 3.3 to 49.5 mm (22.2 _+ 0.56 mm) in 
the unpolluted site and 6.9 to 32.5 (14.2 _+ 0.26 
mm) in the polluted site, and the values for leaf dry 
weight were 0.1 to 57.2 mg (12.0 _+ 0.63 mg)in the 
unpolluted site and 0.9 to 39.7 mg (7.2 _+ 0.28 mg) 
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Figure 2. Differences of stem width and petiole dry weight 
related to the leaf dry weight between the polluted site and 
the unpolluted site. 

in the polluted site. Overall the results showed that 
allometric coefficient (k) is higher in the unpolluted 
site than in the polluted site. For example: 

RL = 49.67 * SW ~176 (Sukhneh) 
RL -- 61.09 * SW ~ (Zarqa) 

The results indicate that root length will increase in 
the unpolluted site with each increment of stem 
width more than in the polluted site. The same pat- 
tern of growth was also found in leaf dry weight, peti- 
ole dry weight, plant height and stem width increase. 
For example: 

PH = 9.98 * RL ~ (Sukhneh) 
PH = 15.32RL ~ (Zarqa) 
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Figure 3. Differences of leaf area and leaf width related to 
the plant height between the polluted site and the unpolluted 
site. 

However, plant height increase with each incre- 
ment of leaf area in the unpolluted site was lower 
than the increase in the plant weight with each incre- 
ment of leaf area in the polluted site. 

The linear relationships shown in the tables reflect 
the same growth patterns apparent in the nonlinear 
equations. The slope of the straight line shows the 
relationships that the allometric coefficient illustrated 
and thus confirms the nonlinear results. 

The results showed that there are differences in the 
values of plant parameters such as plant height, root 
length, stem width, leaf length and width and leaf dry 
weight and in the allometry between the plants grow- 
ing in Zarqa near pollution sources and those growing 
in Sukhneh away from pollution sources. The allome- 
try of plant parts, namely plant height, stem width, 
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Figure 4. Differences of leaf area and specific leaf area related 
to the stem width between the polluted site and the 
unpolluted site. 

root length, petiole length and dry weight indicated 
that in the unpolluted site these plant parts grow 
more than their growth in the polluted site. On the 
other hand, the allometry of plant parts with leaf 
parameters, namely the area, length, width, and spe- 
cific leaf area showed that these plant parts grow 
more in the polluted area than in the unpolluted 
area. These relationships indicate that air pollution 
might have influenced the growth of plant parts in 
two different ways: 1) an increase in the area of the 
leaf and thus the leaf length and width, and 2) a 
decrease in plant height, stem width and root length. 

There have been reports on the change of allometry 
of plant parts by environmental influences (Huber et 
al., 1999). The results of Muzika et al. (2004) are also 
in agreement with our results. They indicated that NO2 
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Table 1. Parameters of nonlinear relationships for plants from Zarqa and Sukhneh sites. 
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Relationship Zarqa Sukhneh 

a k R a k R 

RL-SW 61.09 0.371 0.392 49.67 0.530 0.575 
LDW-PDW 8.49 0.319 0.221 9.87 0.863 0.812 
PH-RL 15.32 0.584 0.401 9.98 0.716 0.485 
SW-LDW 3.26 0.166 0.233 1.54 0.364 0.524 
PH-LA 23.05 0.435 0.421 21.95 0.398 0.508 
SW-SLA 3.55 0.064 0.051 t 8.95 -0.434 0.440 
PH-LL 41.75 0.562 0.379 39.78 0.536 0.441 
PH-LW 34.28 0.716 0.353 30.44 0.689 0.469 
SW-LA 1.47 0.209 0.279 1.608 0.t 37 0.231 

Table 2. Parameters of linear relationships for plants from Zarqa and Sukhneh sites. 

Relationship Zarqa Sukhneh 

a b r a b R 

RL-SW 67.35 8.238 0.378 51.23 12.360 0.567 
LDW-PDW 4.91 3.031 0.808 2.91 7.396 0.824 
PH-RL 93.40 1.279 0.411 83.96 1.823 0.489 
SW-LDW 3.84 0.079 0.190 2.27 0.108 0.620 
PH-LA 136.09 0.434 0.434 142.21 0.201 0.549 
SW-SLA 0 0.115 0.820 0 0.049 0.688 
PH-LL 107.97 5.6618 0.360 118.39 4.046 0.432 
PH-LW 69.06 11.150 0.357 80.35 7.824 0.483 
SW-LA 3.66 0.004 0.245 2.92 0.001 0.292 

and SO2 had a negative effect on plant growth~ 
Deepak and Agrawal (2001) also reported that SO2 
exposure resulted in reductions in plant growth, biom- 
ass and yield. Olszyk (1989) reported that SO2 reduced 
number and size of fruits and growth of individual 
leaves. Above studies indicate that the negative effects 
of pollutants are mainly on shoots and roots which are 
in agreement with our results. 

Tausz et al. (2003) reported that pedospheric sulfur 
could integrate into the atmospheric sulfur as a sulfur 
source for plant growth that was shown in needles and 
roots of spruce seedlings. Stuiver and De Kok (2001) 
reported that atmospheric H2S acts as a sulfur source 
for Brassica oleracea. Moreover, Collins and Cunning- 
ham (2005) stated that sulfur as an air pollutant can be 
readily assimilated into crops during vegetation. These 
reports indicate that plants when subjected to a high 
concentration of atmospheric sulfur will tend to use it 
as a source of sulfur instead of soil sulfur. This uptake 
can be the physiological bases for the effects of air pol- 
lutants on the allometry of plants. 

The results indicate that there is a difference in the 
allometry and thus growth of different parts of U. 
urens between an area subjected to air pollutants and 
an area away from pollution sources. Air pollutants 
have adverse effects on the shoot and root systems 
but positive effects on the leaves. Thus, air pollutants 
reduced the plant height, stem width, root length and 
petiole length. But, air pollutants increased leaf 
parameters. The results suggest that use of these plant 
parts for medicinal purposes can be affected by the 
air pollution. Further studies are needed to examine 
the biochemical and physiological changes in this 
plant due to the effects of air pollution. 

ACKNOWLEDGEMENTS 

This research was funded by a grant from the Dean- 
ship of Scientific Research and Graduate Studies at 
the Hashemite University, Jordan. The authors wish to 
thank Miss Maysoon Herzallah for her assistance in 



14 EIkarmi and Eideh J. Plant Biol. Vol. 49, No. 1, 2006 

measurements and collection of samples. 

Received September 21,2005; accepted October 21, 2005. 

LITERATURE CITED 

AI-Esawi D (1996) Vegetation of Jordan: Fifty years. 
Unesco: Regional Office for Science and Technology 
for the Arab States, Cairo 

AI-Hassan A (1995) Assessment of Air Quality in AI-Hash- 
imiyeh Town / Zarqa. Royal Scientific Society, Amman 

Aqeel N, Elkarmi A, Assi R (1990) Monitoring Air Quality in 
the Areas near the Landfill Sites at Russaifeh. Royal Sci- 
entific Society, Amman 

Chang J, Guan B, Ge Y, Chan Y (2004) Comparative studies 
on phynotypic plasticity of two herbs, Changium 
smymiodes and Anthriscus sylvestris. ] Zhejiang Univ Sci 
5:656-662 

Collins C, Cunningham N (2005) Modelling the fate of sul- 
phur-35 in crops. 1. Calibration data. Environ Poilu 
133:431-437 

Commission of European Communities (1994) National 
soil map and land use project "The soils of Jordan". Vol 
1 : Main Report. Hunting Technical Series LTD in Asso- 
ciation with Soil Survey and Land Research Center, 
Ministry of Agriculture, Jordan 

Deepak S, Agrawal M (2001) Infuence of elevated CO2 on 
the sensitivity of two soybean cultivars to sulphur diox- 
ide. Environ Exp Bot 46:81-91 

Dilustro JJ, Day FP, Drake BG, Hinkle CR (2002) Abun- 
dance, production and mortality of fine roots under 
elevated atmospheric CO~ in oak-scrub ecosystem. 
Environ Exp Bot 48:149-159 

Farooq M, Hans RK (1999) Metabolic effects of sulfur 
dioxide fumigation on Mangifera indica Plants. Bull 
Environ Contamin Tox 63:774-781 

Gimeno BS, Bermejo V, Sanz J, Torre D, Elvira S (2004) 
Growth response to ozone of annual species from 
Mediterranean pastures. Environ Poilu 132:297-306 

Grantz D, Silva V, Toyota M, Ott N (2003) Ozone increases 
leaf CO2 assimilation in cotton and melon. J Exp 8ot 
54:2375-2384 

Grantz D, Yang S (2000) Ozone impacts on allometry and 
root hydraulic conductance is not mediated by source 
limitation nor developmental age. J Exp Bot 51: 919- 
927 

Hamerlynck EP, Huxman TE, Charier TN, Smith SD (2002) 
Effects of elevated CO2 (FACE) on the functional ecol- 
ogy of the drought-deciduous Mojave Desert shrub, 
Lycium andersonii. Environ Exp Bot 48:93-106 

Huber H, Lukacs S, Watson MA (1999) Spatial structure of 
stoloniferous herbs: An interplay between structural 
blue-print, ontogeny and phenotypic plasticity. Plant 
Eco1141 : 107-115 

]aggi M, Saurer M, Volk M, Fuhrer J (2005) Effects of ele- 
vated ozone on leaf d]3-C and leaf conductance of 

plants grown in semi-natural grassland with or without 
irrigation. Environ Polh 134:209-216 

Kruse J, Hetzger I, Mai C, Polle A, Rennenberg H (2003) 
Elevated pCO2 affects N metabolism of young polar 
plants (Populus tremula x R alba) differently at deficient 
and sufficient N-supply. New Phytol 157:65-81 

Manning WJ, Cooley DR, Tuttle AF, Frenkel MA, Berg- 
weiler CJ (2004) Assessing plant response to ambient 
ozone: Growth of young apple trees in open-top cham- 
bers and corresponding ambient air plots. Environ Poilu 
132:503-508 

Muzika RM, Guyette RP, Zielonka T, Liebhold AM (2004) 
Th~ influence of 03, NO2 and SO2 on growth of Picea 
abies and Fagus sylvatica in the Carpathian Mountains. 
Environ Poilu 130: 65-7t 

Nagashima H, Terashima I (1995) Relationships between 
height, diameter and weight distributions of Chenopo- 
dium album plants in stands: Effects of dimension and 
allometry. Annals Bot 75: 181-t 88 

Olszyk DM (1989) The Growth and Yield of Ambient Air 
Pollution on Valencia Orange Trees. Final Report to the 
California Air Resources Board Contract No. A733-087, 
Statewide Air Pollutant Research Center, University of 
California, Riverside 

Paoletti E (2005) Ozone slows stomatal response to light 
and leaf wounding in a Mediterranean evergreen broa- 
dleaf, Arbutus unedo. Environ Poilu 134:439-445 

Perez P, Morcuende R, Molino IMD, Martinez-Carrasco R 
(2005) Diurnal changes of Rubisco in response to ele- 
vated CO2, temperature and nitrogen in wheat grown 
under temperature gradient tunnels. Environ Exp Bot 
53:13-27 

Prietzel J, Mayer B, Legge AH (2004) Cumulative impact of 
40 years of industrial sulfur emissions on a forest soil in 
west-central Alberta (Canada). Environ Pollu 132: 129- 
144 

Rakwal R, Agrawal G, Kubo A, u M, Tamogami S, 
Saji H, lwahashi H (2003) Defense/stress responses 
elicited in rice seedlings exposed to the gaseous air pol- 
lutant sulfur dioxide, Environ Exp Bot 49:223-235 

Ribas A, Penuelas ], Elvira S, Gimeno B (2005) Ozone 
exposure induces the activation of leaf senescence- 
related processes and morphological and growth 
changes in seedlings of Mediterranean tree species. 
Environ Pollu 134:291-300 

Saad S, AI-Qadi A, Saleh A (I 988) Medicinal, Aromatic and 
Toxic plants in Arab Countries. (in Arabic). Arabic Orga- 
nization of Agricultural Development, Khartoum 

Schoene K, Franz J-Th, Masuch G (2004) The effect of 
ozone on pollen development in Lolium perenne L. 
Environ Pollu 131 : 347-354 

Stuiver C, De Kok L (2001) Atmospheric H2S as sulfur 
source for Brassica oteracea: Kinetics of H2S uptake and 
activity of O-acetylserine (thiol)lyase as affected by sul- 
fur nutrition. Environ Exp Bot 46:29-36 

Tausz M, Weidner W, Wonisch A, De Kok L, Grill D (2003) 
Uptake and distribution of :~S-sulfate in needles and 
roots of spruce seedlings as affected by exposure to SO2 



AIIometry of Urtica urens 15 

and H2S. Environ Exp Bot 50:211-220 
Vu CV (2005) Acclimation of peanut (Arachis hypogaea L.) 

leaf photosynthesis to elevated growth CO2 and tem- 
perature. Environ Exp Bot 53:85-95 

Xiong X, Allinson G, Stagnitti F, Murray F, Wang X, Liang R, 
Peterson J (2003) Effects of simultaneous exposure to 
atmospheric sulfur dioxide and heavy metals on the 

yield and metal content of soybean grain (Clycine max 
L. Merr.). Bullet Environ Contamin Tox 71 : 1005-1010 

Zohary M (1972) Flora Palaestina. Vol 2. The Israel Acad- 
emy of Sciences and Humanities, Jerusalem 

Zohary M (1973) Geobotanical Foundation of the Middle 
East. Swets and Zeitlinger, Amsterdam 


