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Chapter 13 

Tree Soil Interactions 

M.F. Nawaz, M.A. Tanvir and G. Bourrié* 

Abstract 

Edaphic factors are very important environmental factors that determine the tree 
growth. However, once trees are established, being perennial in nature, they are 
more influential on soil, micro-climate and ecosystem as compared to other types 
of vegetation. Trees have the ability to alter the physical, biological and chemical 
properties of soils through the interaction of their above ground and below ground 
biomass referred as stem and root respectively. But the effects of trees on soil are 
species specific and site specific. Water stress and heavy metal’s presence in the 
soil can reduce the tree growth but some trees are efficient in tolerating the water 
stress and accumulating the toxic heavy metals in their functional body parts. In 
this chapter, authors have briefly described the physico-chemical properties of soils 
and nutrient cycling of primary nutrients in the tree grown soil. A critical review to 
examine the influence of trees on physico-chemical properties of soils has been 
presented. Soil microbial diversity and influence of trees on them has been 
discussed. At the end, the two major problems (water stress and heavy metal stress) 
in soils with relation to trees have been addressed.  
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13.1. Introduction 

Soil is generally defined as the loose surface of the upper earth crust having the 
properties of the rocks and minerals of origin from which it is derived through 
weathering processes and it is composed of solid phase (stones, pebbles, sand, silt, 
clay, life forms and organic matter), air (different gases in exchange with 
atmosphere) and water. To better understand the soil of a particular place at a given 
time it is important to have the knowledge about the soil geology (soil origin), soil 
chemistry (chemical composition of soil), soil physics (soil physical properties) and 
soil biology (soil interaction with every form of life) because these four aspects are 
bringing changes in soil continuously. Soils vary considerably in fertility, texture, 
colour, depth, water holding capacity etc. depending on the type of original rock, 
the climate, biotic factors, slope of land, age and other factors. Soil supports the 
different forms of life as well as the intermediate substances between living and 
non-living such as virus. Among living things there are prokaryotic (bacteria, 
cyanobacteria and actinomycetes) and eukaryotic (plants, animals and fungi). Trees 
are the main perennial living forms that influence the subsoil surface (below 15 cm 
depth) as well as soil surface (0-15 cm). In fact, soil is the dynamic natural body in 
which trees grow and interact through their roots and biomass fall below ground 
and above ground respectively. Soil provides mechanical support to the trees and 
different macro and micro nutrients required by them. However, any variation in 
soil properties can change the composition and productivity of forests.  

It is the fact that most of the researchers in forestry neglect the soil in their studies 
but in the forest ecosystem soil is very important as : (1) it provides the medium for 
tree growth: e.g. stability of trees in a forest against wind storms and drought is 
totally dependent on physico-chemical properties of soils such as soil depth, soil 
structure, soil moisture and soil nutrients etc. (2) soil acts as recycling system for 
nutrients: the quality of forests is the litterfall that is intense in deciduous forests 
and less in tropical forests. All the nutrients kept in the dead portions of trees are 
released again in the soil and availability of these nutrients to vegetation is 
dependent on soil properties; (3) soil acts as the modifier of the atmosphere: e.g. (i.) 
proportion of different gases released from the soil as the result of soil respiration 
and decomposition of organic matter can modify the atmospheric composition in 
the forests, (ii.) albedo level and moisture retaining properties of soil as well as soil 
fertility determine the evapo-transpiration rates and ultimately can alter the 
atmospheric temperatures at micro-scale; (4) soil is an habitat for organisms 
including the macro- and micro-organisms: it is estimated that one acre of topsoil 
can contain 900 pounds of earthworms, 2400 pounds of fungi and 1500 pounds of 
bacteria, 133 pounds of protozoans and 890 pounds of arthropods and algae 
(Takeda et al. 2007). Although every one gram of soil contains more than one 
million bacteria, microbial community in forest soil is dominated by Fungi, which 
are more efficient to decompose the organic matter than bacteria (Sylvia et al. 
2005). All the macro- and micro-organisms living in forest soils are adaptive to soil 
changes and performance of the decomposers is dependent on physico-chemical 
properties of soils (Hackl et al. 2004).  
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Although more than 90 elements can be absorbed by plants, there are only 20 
essential nutrients for the plants. The essential nutrients can be divided into macro-
nutrients and micro-nutrients (Fe, Mn, Cu, Zn, Mo, B, V, Cl, Co) according to the 
requirements. The former can be further categorised as primary nutrients (C, H, O, 
N, P, K) and secondary nutrients (Ca, Mg, S, Na, Si). The available form for each 
nutrient in soil solution is different: the nutrients like C, H, O, N, S are available in 
the form of CO2, H2O, O2, NO3

-, NH4
+, N2, SO4

2-, SO2; nutrients like P, B, Si are 
available in the form of phosphate, boric acid or borate and silicate; K, Na, Mg, Ca, 
Mn and Cl are available in the respective ion forms; Fe, Cu, Zn, Mo are either 
available in the form of ions or in chelates form. Each nutrient has a specific role in 
the structure and functioning of trees and deficiency of any nutrient can affect plant 
growth. However, the quantity required of a nutrient and severity of damage in case 
of its absence varies in different plant species. 

In a forest ecosystem, the most important and dominant factor is trees. They affect 
all other factors of forest ecosystem including soil. Soil is a basic component of 
forest ecosystem, so effect of trees on soil cannot be overlooked. Trees do not only 
influence soil fertility but they also play a major role in soil formation: tree roots 
play an important role in biological weathering of rocks. Roots of trees penetrate 
into the joints and crevices of rocks that can result in cracks and these cracks may 
be extended by the tremendous pressure exerted by roots during their development 
and growth. Roots also secrete exudates and acids that can dissolve directly some 
part of rocks in it. Release of CO2 by respiration contributes also to rocks 
weathering of rocks by supplying protons necessary to attack ionic bonds, releasing 
cations and silica in solution, with HCO3

- as a by-product of the hydrolytic reaction. 

Effect of trees on soil is two dimensional. They have direct as well as indirect 
effects on soil. In direct effects, there is root growth effect, which in turn brings 
about formation of soil aggregates and soil pores (Angers and Caron 1998). Litter 
production is also considered as direct effect which is the source of soil organic 
matter content, and affects soil chemistry and soil structure (Brady and Weil 2010). 
Regarding indirect effects, effects on soil biota are included. Some tree species 
encourage the activity of particular types of decomposers that are useful for soil 
(Wardle 2006). These decomposer communities provide benefit to plants either by 
production of litter or by mineralization of essential nutrients.  

Various evidences are found that soil properties are influenced by the type of 
vegetation and/or tree species. For different species growing on same site, a 
difference of 20% is observed with respect to forest floor mass, for litter fall and for 
nitrogen contents. It is necessary to know about the effect of trees on soil as it can 
help to understand local and global biogeochemical cycles. In addition, it can also 
tell us about water storage and water cycle as well as soil carbon storage and 
carbon cycling, which is important to reduce the effects of global climate change.  

By knowing the relationship between trees and soil, we can understand the effect of 
various tree species and different characters of different trees and the role of 
biodiversity for efficient working of forest ecosystem.  
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13.2. Nutrient Cycling in Forest Soils 

The main difference between cultivated soils and forest soils is the characteristic of 
nutrient recycling that makes the forest soils fertile and rich in organic matter. To 
understand the concept of nutrient cycling in forests, the cycles of four primary 
nutrients (C, N, P and K) are presented (Fig. 13.1 to Fig. 13.4) and discussed in this 
section.  

13.2.1. Carbon Cycle 

The two main reservoirs of carbon include oceanic and terrestrial ecosystems; 
however, carbon stocks in the lithosphere are much higher than oceans (Falkowski 
et al. 2000). Forests play a significant role in the carbon cycle as well as in 
regulating the global climate. They not only accumulate a major portion of 
atmospheric carbon but they are also able to sequester the carbon on long term 
basis. It is estimated that about 352 to 536 billion tons of carbon are stocked in the 
world’s forest ecosystems (Dixon et al. 1994).  

 

Fig. 13.1  Carbon cycle in forest soils 

During the photosynthesis, trees remove the atmospheric carbon to make the 
carbohydrates and to store the C in the form of tree structure: leaves, stem and 
roots. This stored carbon makes its way to soil through litter fall, deadwood and 
dead roots. These tree constituents are decomposed in the presence of decomposers 
and carbon is added into the soil, mainly as carbon dioxide in soil atmosphere that 
is in equilibrium with soil solution. Respiration of soil living things and 
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decomposition of tree constituents result in the CO2 release back to atmosphere. 
However, a small quantity of dissolved carbon dioxide can be leached down as 
HCO3

-, equilibrating electrically cations released by weathering, during 
groundwater C transport, while some organic carbon can remain stored in soil for 
long times depending upon several internal factors protecting it from micro-
organisms, such as interaction with soil clay minerals in aggregates, or external 
factors such as erosion, climate, anthropogenic activities, etc. Harvesting of trees 
and erosion of soil result in carbon removal from the system (Figure 13.1). The two 
major processes of C control in forest ecosystem (photosynthesis and respiration) 
are strongly affected by climatic conditions especially temperature and 
precipitation. 

13.2.2. Nitrogen Cycle 

Nitrogen is essentially required by trees to produce proteins and nucleic acids, 
therefore, productivity of forest ecosystems like many other ecosystems can be 
regulated by N availability (Galloway et al. 2004). About 78% of the atmosphere 
consists of diatomic nitrogen (N2) but this form of nitrogen is unavailable to most 
of the living organisms due to strong triple bond. There are several processes 
involved in nitrogen cycling such as biological nitrogen fixation (BNF), 
ammonification, mineralization, nitrification and denitrification. Major N inputs to 
soil include BNF, organic N, and N deposition in the form of anthropogenic 
addition as well as acid rains (HNO3). Atmospheric nitrogen is converted into 
ammonia (NH4

+) by nitrogen fixing bacteria and some actinomycetes and this 
ammonia is either directly absorbed by plants or converted to nitrates (NO3) by the 
nitrifying bacteria. Decomposers and other bacteria also play a major role in the 
decomposition and/or transformation of dead tree litter to organic N and then to 
ammonia through mineralization. Some amount of nitrogen can also be released 
back to atmosphere in the form of ammonium (NH3) during litter decomposition. 
Nitrate is the most available form of nitrogen for plants, so, nitrates are quickly 
absorbed by living fauna and trees. However, denitrifying bacteria convert some of 
the nitrates to diatomic N2, NO or N2O, which are released back to atmosphere. 
Similar to carbon cycle, soil erosion and leaching can result in the removal of site 
specific N and harvesting of trees can result in the removal of assimilated N from 
the system (Figure 13.2). 
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Fig. 13.2 Nitrogen cycle in forest soils 

13.2.3. Phosphorus Cycle 

The Phosphorus is essential part of plant DNA and RNA, component of molecules 
that store the energy (ATP and ADP), and are present in the fats (phospholipids) of 
cell membrane (Ruttenberg 2003). Under normal conditions of temperature and 
pressure, almost all of the phosphorus compounds are present in the solid form and 
in the atmosphere, it can only be found as small dust particles. Naturally, 
phosphorus is present in the rock sediments as the salts of phosphate that enters in 
the soil water due to weathering and erosion processes. Available forms of 
phosphorus (PO4

3- and HPO4
2-) are absorbed by plants rapidly. Very small 

quantities of plant available phosphorus are present in soil waters, so, often it is the 
limiting growth factor for plants. Cycling of phosphorus is very slow in sediments 
and rocks as compared to cycling in living organisms such as trees and animals. 
Input sources for phosphorus include precipitation, dissolution from 
minerals/sediments, fertilizer, litter from trees and dead organisms (Figure 13.3). 
Decomposers play a major role in the mineralization of organic-P and to make it 
available to plant. However, large concentrations of phosphate in water precipitate 
in a large diversity of forms, such as iron phosphate, calcium phosphate etc. that are 
insoluble and not available to plants. These phosphate minerals again become the 
part of sediments. If the phosphate is in shallow sediments, it may be readily 
recycled back into the water for further reuse. Leaching and run off also play a 
major role in washing out of phosphorus from the forest soils.  
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Fig. 13.3 Phosphorus cycle in forest soils. 

13.2.4. Potassium Cycle 

The main cations required by plants are calcium (Ca2+), magnesium (Mg2+) and 
potassium (K+). Ca and Mg are constituents of organic structures in plants: Ca is 
active in cell walls and plasma membrane while Mg is key element in chlorophyll 
and some enzymes (Campo et al. 2000). K+ is present in solution in the plant cell 
rather being a part of essential organic molecules and its main functions are as 
osmo-regulation and regulation of enzyme activities. Deficiency of potassium may 
result in disturbance of plant metabolic processes and low tolerance against disease 
and drought (Barre et al. 2007). Four sources of potassium are present in soils: 1) 
primary minerals (e.g. mica and feldspars) where K+ is very slowly available; 2) 
secondary minerals (e.g. vermiculite or colloidal size mica) where K+ is non-
exchangeable form termed as “fixed K” and is slowly available; 3) readily available 
potassium that is on the cation exchange sites of soil colloids; and 4) potassium 
present in soil water in dissolved form that is immediately taken up by plants 
(Figure 13.4). Mineral weathering of primary and secondary potassium minerals is 
the ultimate source of potassium in the soil waters. Major proportion of K+ (90 to 
98%) is present as structural K+ or in primary minerals while only less than 0.5% is 
present in soil solutions that is in equilibrium with exchangeable K+. Trees take up 
the potassium in K+ form and return it to soil in very small quantities in the form of 
litterfall. Mineralization of organic matter contributes very little in solution K+ as 
most of K+ is leached down or fixed on exchangeable sites of soil colloids. 
Leaching and run off result in the major loss of soil K+ as potassium is not lost from 
soils in gaseous form. 
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Fig. 13.4 Potassium cycle in forest soils. 

13.3. Effect of Trees on Physico-Chemical Properties of 
Soils 

Soil types are identified on the basis of their morphological, physical and chemical 
properties. Major morphological and physical properties of soils include soil 
porosity, soil colour, horizonation, soil texture, soil structure, soil consistency, soil 
bulk density, soil moisture, soil colloids and soil temperature. While, major 
chemical properties of soil include cation exchange capacity (CEC), organic matter, 
pH, electrical conductivity (EC), alkalinity, soil reaction and buffering, 
concentrations of primary, macro and micro nutrients, and other constituents of 
chemical origin in soil including heavy metals and plant derived beneficial/toxic 
compounds. There can be great variation in soil physico-chemical properties among 
distant soil profiles as well as within a profile depending upon several external 
abiotic/biotic factors and parent material. There are several factors that contribute 
in the soil formation and development of particular soil physico-chemical 
properties but trees due to perennial nature and deep root system affect the soil 
significantly as compared to other types of vegetation or by crops on agricultural 
soils, which are more under human influence. Furthermore, there could be great 
variation in soil physico-chemical properties of two ecologically different forest 
types: soil carbon pools (Gt) of Boreal forests are much higher (471) than Tropical 
forests (216) (Malhi et al. 1999). In this section, we will examine how forest soils 
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are different from agricultural soils in a general way. The question “What will 
happen if we clear a forest and cultivate the land? will be addressed and a particular 
influence of trees on soil is discussed. 

13.3.1. Difference between Forest and Agricultural Soils 

There is no particular soil classification for agricultural and forest soils. However, 
agricultural soils were generally classified as cultivated soils (Committee 1995) and 
forest soils were classified once by USDA in 1938 in Zonal soil Order as Pedalfers 
with the following suborders (Buol et al. 2003):  

c) Soils of forest grassland transition 

d) Light coloured podzolized soils of timberland regions 

e) Lateritic soils of forested warm temperature and tropical regions.  

Forest soils have been defined as the soils developed under forest cover or a forest 
canopy (Lal 2006). The major difference between forest soils and agricultural or 
cultivated soils is the level of human control. Forests render many services to 
human and to maximize these services, man interferes and even disturbs the forest 
ecosystems but generally forest soils are neither fertilized nor ploughed in contrast 
to agricultural soils. However, forest soils can be indirectly influenced by human 
activity in terms of acid rains and deposition of chemicals or pollutants. Some 
natural factors that can disturb the forest soils include forest fires, insect or disease 
attacks, and windstorms. The influence of human activity can be significant if 
forests are managed. During forest management; the use of heavy machinery for 
several planting and logging operations, use of fertilizer to enhance productivity, 
use of pesticides to protect against insect and disease attack, and controlled burning 
to avoid wild fires can change the soil physico-chemical properties (Nawaz et al. 
2013). In contrast to forest soils, agricultural soils are ploughed several times, 
fertilized and irrigated according to crop requirements that result in subsoil 
compaction and leaching of dissolved nutrients (Gregorich et al. 2011). 
Furthermore, even in the case of managed forest sites, frequency of human 
interference is much larger on agricultural soils as compared to forest soils because 
in forests the rotation age of trees is much larger as compared to rotation time of 
crops.  

History of agricultural practices also makes difference between forest and 
cultivated soils. In the past, most of fertile lands have been cultivated while the less 
fertile, less productive and less accessible were left for natural vegetation. In 
addition to fertility criteria, less rock contents were also important criteria to 
cultivate the soil due to hindrance in agricultural activities on rocky soils. 
Therefore, most of forest soils are shallower, sloppier and younger as compared to 
cultivated soils (Binkley and Fisher 2013).  

Forest soils can also be differentiated from agricultural soils in term of 
horizonation. In the forest soils, the top layer is of organic matter commonly called 
“Forest floor” and named as “O horizon”. Furthermore, in well established old 
forests, O horizon can be differentiated into Oi horizon (undecomposed plant 
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debris), Oe horizon (Semi-decomposed, fragmented organic matter and humus), 
and Oa horizon (amorphous organic matter without mineral material). Generally, 
under the organic surface horizons, there are A horizon (mineral surface horizon), E 
horizon (leached subsurface mineral horizon), B horizon (accumulation subsurface 
mineral zone), C horizon (roots penetrable mineral horizon), and R horizon (bed 
rock). Any of the E, B, C and R horizons may be absent or modified due to soil 
forming processes, among which depth of the groundwater table (hydromorphy, 
waterlogging) and presence of large concentrations of salt in water (salt-affected 
soils). Cultivated soils lack O horizon and other horizons such as E and B could be 
mixed with A horizon due to continuous ploughing and this practice can result in 
the formation of artificial horizon “Ap horizon” (plough layer). Deep cultivation 
could result in breaking of B and C horizon. 

Deep root system of trees creates other differences between cultivated and forest 
soils. Root system of a tree depends on kind of tree, its age, type and condition of 
soil and competing vegetation. Tree roots extend down into the soil very deeply – 
often 12 ft and sometimes 30 ft or more. Lateral roots may extend from the trunk 
for long distances – often 35 feet in each direction. Whereas, in cultivated soils the 
crops roots are generally restricted in only upper 20-30 cm soil layer.  

 

Fig. 13.5  A spruce stand under temperate climate in Tharandt, Germany 

13.3.2. Land use Change Effects on Soil 

Land use change (LUC) is a process by which human activities transform the 
landscape i.e. conversion of forests site to agriculture, conversion of pastures to 
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cultivated sites, conversion of cultivated sites to residential areas etc. Concerns 
about LUC were raised few decades ago when it was realized that land surface 
processes can affect the global processes like climate (Lambin et al. 2003). After 
1970, it was realized that LUC can modify the surface albedo (proportion of 
incident radiation reflected by a surface: darker forests reflect less light as 
compared to light-colored cultivated fields) thus influencing climate at regional 
level; afterwards, it was found that LUC results in the alteration of carbon sources 
and sinks at ecosystem level resulting in changes in carbon cycle and global climate 
as CO2 is a green house gas (Houghton et al. 1985). It was estimated that LUC at 
global level has resulted in an increase of 25% green house gases in the atmosphere 
and among them the major gas was CO2 (Houghton 1990). LUC affects the climate 
not only by the change in the emissions of green house gases but also by other 
processes like via water cycle due to change in evapotranspiration rates and change 
in biotic diversity of a site (Eltahir and Bras 1996). Historically, rate of land use 
change is often parallel to rate of population growth. Initial studies were focused to 
analyze the conversion of pristine forests to agriculture uses (deforestation) but 
recent studies have provided in depth knowledge of LUC and replaced the simple 
notion linked with deforestation to complex processes by developing the projection 
models. Hence, in this section, the effects of LUC on soil linked with deforestation 
are discussed.  

Clearing the forests for agriculture use remained very common practice in the past. 
According to a recent study, more than half of the ice free land surface of planet 
Earth has been modified by human activities in the previous 10,000 years (Lambin 
et al. 2003). The forest cover has reduced from 50% about 8000 years ago to 30% 
today and these forests are largely converted to agriculture land to meet the demand 
for food and fiber (Ball 2001). According to another study, cropland has increased 
from 300-400 million ha in 1700 to 1500-1800 million ha in 1990 and forest area 
has decreased from 5000-6200 million ha to 4300-5300 million ha during said time 
period (Goldewijk and Ramankutty 2004). The global net decrease in forest area 
was 9.4 million ha per year between 1990-2000 and this decrease was the largest in 
tropical regions (Mather 2005). About two third of Africa’s original forests have 
been lost and are largely converted to agriculture land use.  

Recent studies have shown that clearing of forests and their conversion result in 
numerous detrimental effects at various biological levels: 

Soil: Conversion of forest to cultivated site results in alteration of soil physical, 
chemical and biological properties. 

i. Soil structure is disturbed by soil compaction and loss of organic matter.  

ii. Decreased water holding capacity and increased erosion are some of the 
consequences that can alter water cycle, resulting in flooding and/or 
siltation of dams.  

iii. In some cases modified irrigation practices on converted lands can even 
lead to salinization and waterlogging.  

iv. Forest canopy acts as insulator and when removed, moderation of soil 
temperatures and soil moisture is decreased. 
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v. Most of the soil chemical processes linked with nutrient cycling, 
availability/depletion of nutrients and decomposition of organic matter are 
modified.  

vi. As agriculture is generally associated with cultivation of monoculture 
crops contrary to forests where diversity of plants and animals are present, 
the conversion results in quick decrease in diversity and quantity of soil 
microbes and soil fauna. 

Atmosphere: Land use change from forests to cultivated lands deteriorates the 
atmospheric quality in following ways:  

i. Conversion of forests to agriculture land is carried out generally by 
burning of trees and understory plants that result in the emission of 
undesirable/greenhouse gases such as carbon monoxide, methane, nitrous 
oxide and carbon dioxide.  

ii. Depending upon the land use, the emissions of these gases may be further 
increased such as emission of methane from paddy fields and cattle raring 
and emission of nitrous oxide due to excessive application of nitrogen 
fertilizer.  

iii. LUC alters the emissions of biogenic volatile organic compounds 
(BVOCs) that control the atmospheric loading of pollutants such as 
tropospheric ozone, methane and aerosols. Moreover, it is said that 
emissions of BVOCs are larger from forests as compared to cultivated 
lands (Unger 2014). 

iv. Albedo increases, with temperature increase and precipitations decrease.  

v. Change in the evapo-transpiration rates result in the modification of 
atmospheric temperatures and water cycle. 

Ecosystem: Removal of forest and cultivation of crops destroy the whole 
ecosystem.  

i. Forests provide the food, shelter and breeding place for wildlife. Clearing 
of forests result in decline of diversity of plants and animals. 

ii. There can be invasion of new pathogens and pests evolved from 
agriculture that could destroy the nearby forests also. 

iii. Introduction of exotic species on cultivated lands can result in the 
displacement/elimination of native species in nearby forests. 

iv. Forests sustain natural cycling of minerals (C, N, P, K), whereas, output 
and input, after certain time come in equilibrium and not much connected 
with external environment. Cultivation of land completely changes the 
cycles due to crops harvest and nutrients depletion that is compensated by 
fertilizer application. 

Changes in land use bring in many changes from local to regional level. In above 
mentioned scenario, the conversion of forests to cultivated lands has been 
discussed, however, positive effects on soil physico-chemical properties have also 
been reported in terms of increased organic carbon and nitrogen when cultivated 
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lands are afforested (Hernandez-Ramirez et al. 2011). From policy making 
perspectives, it should be remembered that afforestation of deforested sites may 
restore the tree biomass per unit area and plant cover but effects of previous 
agricultural land use on forest biodiversity would be irreversible (Dupouey et al. 
2002).  

13.3.3. Species Specific Changes in Soil Properties 

On the one hand, soils can favor the growth of a particular tree species and affect 
the composition and productivity of forests; while on the other hand, trees also 
modify soil properties. It is always difficult to conclude whether prior differences 
in soil properties influenced the species composition or species influenced soil 
properties. Overall, in a forest, the influence of trees on soil is at larger scale in 
terms of soil depth (upto 10 m) as compared to its understory comprising of shrubs 
(upto 5 m) and grasses (0.1-0.5 m), however, contribution of understory towards 
soil properties are often not ignorable. As morphology, physiology, litter quality 
and nutrient requirements of a tree species are characteristic, so, effects of trees on 
physico-chemical properties are specific in term of input, output and cycling. There 
are strong evidences that effects of a tree species on soils are very slow and very 
limited except by nitrogen fixing trees. Major processes through which trees can 
alter soils include atmospheric deposition, nitrogen fixation, mineral weathering 
(exudates), C addition, soil organisms, moderation to soil physical properties and 
soil formation. All these processes can alter the soil physico-chemical properties; 
however, major influential interactions can be classified as root-soil interactions 
and litterfall-soil interactions. It has been found that among species, forest floor 
mass can differ by about 20%, N contents can differ by 20-30%, N mineralization 
rate can vary upto 50%, pH difference can be from 0.2 to 0.9 unit and C pools can 
show a variation of 30% (Binkley and Giardina 1998).  

There are several generalizations and field observations that showed the effects of a 
tree species on soil properties keeping other factors such as climate, soil and water 
constant. Among conifers, it is reported that “norway spruce” acidifies the soils due 
to accumulation of strongly acidic organic matter and “white pine” increases the 
soil N availability (Binkley and Valentine 1991). The same study has reported that 
hardwoods promote more N availability than conifers (Binkley et al. 1992b). 
Among broad leaves, Eucalyptus camaldulensis is referred to as the cause of 
vertical water drainage from soils due to its high water use (Akilan et al. 1997); 
Acacia nilotica and Dalbergia sissoo are referred to increase soil N due to N 
fixation through symbiotic relation (Pandey et al. 2000). However, there are very 
few well replicated experiments, which showed any significant effects of trees on 
physico-chemical properties of soils (Binkley 1995).  

Different trees are capable of absorbing from soil and atmosphere different 
concentrations of various elements and nutrients. The major influence on soil starts 
by providing variable quantities of litter mass of varying chemical composition. 
The decomposition of above ground litter and below ground litter is dependent on 
soil macro- and micro-diversity and micro-environmental factors. The by-products 
released from litter may precipitate (Phosphorus), result in sorption (cations), or 
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humification. Decomposition, mineralization (oxidation or hydrolysis), exchange 
reactions and dissolution make the nutrients available to plants while leaching may 
eliminate the nutrients from soil. So, prior physico-chemical properties are 
important in determining the nutrient dynamics of forest soils.  

There are several trees species belonging to Fabaceae family which have been 
reported to develop symbiotic relationships with certain prokaryotes such as 
Rhizobium and actinomycetes. These bacteria live in root nodules and fix 
atmospheric nitrogen in soil by converting N2 to amino N, i.e. reduction from N(0) 
to N(-III). In reward, they receive protection and carbohydrates supply. These trees 
(such as Acacia, Albizzia, Leucaena etc.) are capable of fixing nitrogen at the rate 
of 100 kg ha-1 annually (Binkley 1995; Sprent and Raven 1985). Nitrogen fixation 
rates by trees without symbiotic relation are generally very low (<1 kg ha-1 yr-1). 
So, symbiotic trees can result in N increase in soils, which can indirectly affect the 
other physico-chemical and biological properties of soils.  

The quality, quantity and chemical composition of litterfall can affect soil 
properties depending upon its decomposition rates. The quantity of litter is much 
larger in deciduous forests as compared to evergreen and quality is concerned with 
plantation age. The lignin : N ratio in litter is very important to determine 
decomposition rates and N mineralization rates rather than only N or lignin (Stump 
and Binkley 1993). Furthermore, the aliphatic and polyphenolic compounds in litter 
are the cause of late decomposition in some trees such as Eucalyptus. It has been 
reported that in spite of high lignin (390 mg/g) in Albizia litter it has high 
decomposition rate as compared to Eucalyptus litter with low lignin contents (270 
mg/mg) due to high concentration of polyphenolic compounds in Eucalyptus (63 
mg/g) versus Albizia (12 mg/g) (Binkley et al. 1992a). Microbial communities play 
an important role in decomposition and in the presence of some phenolic 
compounds the activity of many fungi is reduced. The Eucalyptus soils have 
generally lower fungal propagules and less earthworm numbers as compared to 
some other species like Albizzia and Pinus (Theodorou 1984; Zou 1993). In an 
other experiment, 7 tree species named as common alder (Alnus glutinosa), 
european beech (Fagus sylvatica), pedunculae oak (Quercus robur), silver birch 
(Betula pendula), goat willow (Salix caprea), and rowan (Sorbus aucuparia) were 
planted on same poor acidic site. Measurements carried out after 11 years showed 
that litterfall biomass ranged from 615 kg ha-1 yr-1 under oak to 3122 kg ha-1 yr-1 
under rowan tree species. N concentrations were highest in alder and willow stands, 
while Ca, Mg, and K were the highest in rowan stands. Furthermore, pH of 0.4 unit 
increase was observed under birch and rowan stands (Carnol and Bazgir 2013).  

Trees have different tree morphology and leaf morphology depending upon tree 
species: major difference can be seen between conifers and broadleaves. 
Furthermore, trees have different nature: evergreen and deciduous. Forest canopy 
interacts with the environmental factors such as solar radiations, precipitation 
interception, wind speed etc. and control the soil temperatures, water flow and 
evapo-transipration rates from a forest site. In the summer season, the soils under 
evergreen stands will warm sooner than deciduous stands. High evapo-
transipiration rates in conifers as compared to hardwoods can result in drier soils in 
conifer stand. There was further variation in evapo-transpiration rates among 
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conifers and broadleaves i.e. in a finding, during summer season, Norway spruce 
were reported to have driest soils (40% moisture) as compared to Scots pines (50% 
moisture), sessile oak (55% moisture) and black alder (65% moisture) (Binkley 
1995; Chapman 1986).  

The above cited studies provide sufficient evidences that soil properties could be 
affected by tree species. These properties include soil temperature, soil structure, 
soil organic matter, soil water, soil microbial biomass, soil nutrient pools (macro-
micro nutrients), soil pH, soil EC nutrient uptake, and nutrient release. However, 
the effects of below ground mass on soil properties need further research.  

13.4. Trees Influence on Soil Microbial Community 

Soil provides favourable habitat for wide range of microorganisms including 
bacteria, fungi, algae, viruses and protozoa. The vast differences in the composition 
of soil and varied management practices result in huge variation in soil microbial 
population both in numbers and kinds. Also, molecular techniques have facilitated 
a lot in characterization of microbial communities but still many species have not 
been discovered. Generally, the population of bacteria is largely dominant over 
other types of microorganisms in such a way that one gram of soil can contain from 
1,00000 to several hundred million of bacteria as compared to 100 to 10,000 algae, 
few hundreds to several hundred thousands of protozoa and hundreds of viruses. 
The identified predominant forms of bacteria belong to three orders: 
Pseudomonadales, Eubacteriales and Actinomycetales of the class Schizomycetes. 
Based on physiological activity, bacteria can be divided into two groups: 
Autotrophs and Heterotrophs. Most of bacteria are heterotrophs (derive their energy 
from organic matter and litter). Autotrophs (can synthesize their food from 
inorganic nutrients) are further divided in photoautotrophs (use CO2 for C source 
and sunlight for energy) and chemoautotrophs (use CO2 for C source and obtain 
energy from oxidation of inorganic substances). Bacteria are also divided as aerobic 
(need oxygen) and anaerobic (can live without oxygen). Soil microbes are 
important for maintaining soil fertility and nutrient cycling. 

All the microbial organisms are important and have their particular function in 
maintaining soil balance. Bacteria are involved in ammonification, denitrification, 
nitrogen fixation, oxidation and reduction of elements, and decomposition. Fungi 
dominate the bacteria in acidic soils and their above ground part may be visible in 
the form of mushrooms. They are active in nutrient cycling, disease suppression, 
water dynamics, decomposition of major plant constituents (like cellulose, pectin 
and lignin), and symbiotic relations (like mycorrhizal fungi). However, there are 
also some pathogenic fungi that cause the diseases to plants. Algae play an 
important role in the deposition of organic matter, nitrogen fixation, soil particles 
binding, aeration of submerged soils, and rock weathering. They are also known for 
providing nutrient base for other bacterial species and increase in water holding 
capacity through a secretion substance called “mucilage”. Protozoa are important 
in maintaining bacterial population equilibrium (as they feed on bacteria) and they 
are potentially used now- a days as biological control against phytopathogens. 
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Viruses also have an influential role on ecology of soil bacteria and other macro-
organisms. These several types of microbes can associate/interact with each other 
in several ways: neutral associations (indifferent to each other), positive 
associations (mutualism, commensalisms, and proto-cooperation) and negative 
association (antagonism, competition, parasitism and predation).  

It has been found that soil vegetation has weaker influence on microbial community 
as compared to soil factors such as texture, moisture, and organic matter, soil pH, 
and C:N ratio (Rousk et al. 2010). But the influence of type of vegetation on the 
microbial diversiy can not be ignored (Hobbie et al. 2006). As soil microorganisms 
are the principal drivers of soil nutrient cycling, so, any shifts in dominant 
vegetation affect the number and diversity of microorganisms. According to 
Prescott and Grayston (2013) Trees alter the composition and functioning of 
microorganism through following ways: 

1) Modification in microclimate (light, temperature, and water availability) 

2) Litter quantity and composition (both above ground and belowground) 

3) Biotic interaction (with herbivores and other animals) 

4) Root exudates 

5) Symbiotic relations (as with mycorrhizal fungi) 

The effects of trees on microbial communities can be distinguished at 4 levels: 
litter, forest floor, soil and rhizosphere. The interests in exploring the effect of litter 
on microbial community developed after the discovery of “Home Field Advantage 
(HFA)”. According to HFA litter decompose 4-8% faster in its native environment 
and the reason behind is that the litter microbial community is well adapted to the 
nature of litter in a particular ecosystem (Prescott and Grayston 2013). In several 
field and common garden experiments, it has been found that litter type influences 
the relative abundance of microbial community whatever the site of placement and 
that microbial community differ significantly in different litters (Bray et al. 2010).  

The forest floor contains the litter in the decay process, so, as discussed in above 
section, the soil factors in forest floor are highly species dependent. The change in 
the physico-chemical properties in the upper soil can influence the microbial 
communities. For example, higher calcium contents and pH of cedar forest floors 
were related to more Gram positive bacteria and actinomycetes, lower fungal 
biomass and greater utilization of C substrate as compared to forest floor under 
other species (Hobbie et al. 2006). The major difference in microbial communities 
has been observed when comparison was carried out between conifers and 
broadleaves: generally conifers have lower abundance of Gram-negative bacteria 
and higher fungal:bacterial ratio (Weand et al. 2010). The highest tree species 
dependent differences in microbial diversity and abundance are observed in F layer 
of forest floor (this is the layer with highest decomposition and where abundance 
and fauna are the highest as compared to L and H layers) (Prescott and Grayston 
2013).  

The microbial community in soil portion, just beneath the forest floor, is also 
affected indirectly by leaching (of dissolved organic material and nutrients) and 
root interactions (soil structure by root penetration, water flow dynamics and input 
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of organic matter). Microbial community in forest soil is less influenced by tree 
species as compared to forest floor. In several studies, distinct bacterial and fungal 
communities were detected in the plots of different tree species at the soil depths 
from 0 to 20 cm and this difference was either linked with mycorrhizal associations 
of trees or/and due to alteration in soil properties by particular tree species (Jiang et 
al. 2012; Selvam et al. 2010). Tree root exudates comprised of carbohydrates, 
amino acids, low molecular weight aliphatic and aromatic acids, fatty acids, 
enzymes and hormones are also the major cause of changes in microbial diversity 
in the rhizosphere of trees (Prescott and Grayston 2013). 

13.5. Tree Growth and Water Stress 

It is a known fact that plants cannot survive without water and ordinary plants 
consists of 80-90% water. The natural source of water is precipitation, which can 
be in the form of rain, hail, snow, dew, frost and mist but rain is the major source of 
readily available water for plants. After the precipitation on soil, some of the water 
is absorbed by the soil and some of the water enters in deep layers of soil through 
percolation. When soil becomes saturated with water, remaining water drains away 
along slopes to join rivers, ponds and streams called “Runaway water”. Percolated 
water is also non available for plants and joins the ground water. The water table 
(upper level of ground water) is dependent on precipitation form, intensity and 
percolation rate. The total soil water (called Holard) can be divided into Echard 
(plant available water) and Hygroscopic water (non available water linked to soil). 
Of the Echard water, there is evaporation from the soil or transpiration from trees 
foliage into atmosphere. This arrival of water from atmosphere and then going back 
to atmosphere comprises the hydrological cycle. If plant available water from the 
soil is exhausted, this point is called Wilting point. Plants and trees can be 
classified in following groups depending upon their adaptation to grow at different 
water levels: 

1) Hydrophytes (Plants growing in water reservoirs like ponds, lakes, rivers 
etc) 

2) Amphibiophytes (Plants growing on very moist or swampy places) 

3) Mesophytes (Plants growing in neither wet nor dry places) 

4) Xerophytes (Plants growing in drought habitat) 

Excess or deficiency of water in soil causes the water stress for plants as shown in 
Figure 13.6. When soil is saturated with water, commonly called water-logged 
conditions, there is oxygen deficiency for roots respiration and when there is 
scarcity of water, commonly called drought conditions, functioning of trees is 
stopped. Drought conditions are also named as “high soil moisture tension 
conditions” and “low soil water potential conditions”. Under low moisture contents, 
the passage of water into the plants and through its transpiring surface into 
atmosphere stops and can cause the tree death. 

Both drought and water-logging are important abiotic water stress factors that 
reduce plant growth. Plants have wide ecological and geographical distribution and 
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experience different levels of water stress at different places in different climatic 
conditions. Woody plants greatly differ in their tolerance to water stress and 
response according to species, nature and severity of stress. These stress factors 
induce metabolic, morphological and physiological changes in plants. 
Waterlogging causes inadequate aeration in soil, leading to rapid depletion of 
oxygen which induces many physiological and morphological changes, and affects 
mineralization and solubility of mineral substances, and leads to the formation of 
phytotoxic compounds. In nature, plants may be exposed to transient or permanent 
waterlogging conditions that influence physico-chemical properties e.g. soil redox 
potential, pH and O2 level. As a result, conditions like hypoxia and anoxia are 
created. Plant adaptations in response to waterlogging are the formation of 
hypertrophied lenticels, adventitious roots, aerenchyma cells and increased 
activities of some enzymes. Some plants are able to shift from aerobic respiration to 
anaerobic fermentation. Drought is a condition in which water is absent from soil 
solution and thus remains unavailable to plant. So, high salt concentration increases 
in soil solution which causes cell dehydration, decreases osmotic potential of soil 
solution, interacts with mineral nutrients making them unavailable to plants. 
Decreasing water contents cause loss of turgor and wilting, cessation of cell 
enlargement, closure of stomata and interference with many other basic metabolic 
processes. Waterlogging and drought decrease growth and inhibition of 
photosynthesis due to reduction in leaf area ratio, specific leaf area and leaf-to-root 
area ratio. Root hydraulic conductance and leaf-specific hydraulic conductance 
decrease as water stress becomes more severe. 

An illustration of the combined effect of water stress, drought and atmospheric 
pollution was experienced in Europe and North America (USA and Canada) in 
1970-1990 and is known as forest decline crisis. It was assigned to "acid rains", 
mainly due to burning of lignite in central Europa, that released sulfuric acid, but it 
was a multifactorial phenomenon (Figure 13.6), that ultimately resulted too in 
modifications of hydrological cycle at a regional scale, with acidification of surface 
waters and fish mortality in lakes.  

Fig. 13.6 Water plant 
relationship 

 

 

The crisis was especially observed on poorly buffered soils with respect to 
acidification, such as sandy soils, poor in weatherable minerals, iron oxides and 
clay minerals. Atmospheric acid deposits combined with several years drought 
resulted in loss of needles in conifers, with reduction of evapotranspiration, 
reduction of root depth due to Al toxicity, as Al is more soluble at pH < 5. This in 
turn led to a deterioration of trees' health, modification of the composition of 
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volatile compounds emitted by trees, which was detected by insects (Scolytidae) to 
identify vulnerable trees. Ultimately, transpiration decreased with an increase of 
river flow, and an output of protons in water. In addition to acid rains and the poor 
pH buffering capacity of soils, an excessive plantation density, and monospecific 
plantations played a role too. This biological crisis raised a large social and political 
concern, especially in Germany (Forest decline = Waldsterben in german), where a 
total disparition of forests was predicted. Efforts were made against atmospheric 
pollution, among which interdiction of Pb in gasoline, which hovever though 
positive was not the main cause of the decline. Nonetheless, forests recovered 
progressively, and foresters discovered previous such biological crises on the basis 
of dendrochronology. Biological crises are part of life, but efforts must be made to 
ensure via adapted species and forestry techniques that the forest is able to survive. 
This capacity of the ecosystem to resist to a crisis and to recover, relaxing back to 
its initial steady state, is called resilience. As this example shows, all components 
of what we call now the "critical zone" contribute to the resilience: from the lower 
layer of the troposphere, to the canopy, to the soil, to the groundwater table and to 
the bedrock.  

 

Fig. 13.6 Illustration of interactions between atmosphere, trees, soil and water from 
the biological crisis of "acid rains".  Source: Caspary et al. (1990). 
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13.6. Phytoremediation 

Organic or inorganic pollutants of soil and / or surface waters are needed to be 
immobilized and physically removed. Traditional measures to remediate 
contaminated soils generally involve the removal of pollutants from the site to a 
suitable disposal area. Physically shifting of such contaminants is expensive and 
does not remediate the problem effectively. Rather, it would result in making more 
deteriorated environment by adding the left over contaminants to the site 
permanently (ISAAA 2006). Photosynthetic plants (producers) are specialized to 
shift the chemicals from soil/water medium to the plant body (root, shoot or foliar 
portion) by using solar energy and modify these chemicals to minimize their 
toxicity (ISAAA 2006). Plants, because of their peculiar metabolic features like 
absorption potential and a well equipped transport system are potentially able to 
take up nutrients as well as toxic contaminants from the growth medium (soil or 
water). Such plants may be a good choice to remediate this polluted soil and / or 
water medium. The bioremedial measures comprising the use of such potential 
plants are termed as “phyto-remediation” (Ghosh and Singh 2005). Phytoremedial 
role of metal accumulating plants and their scientific use for the elimination of 
organic/inorganic pollutants were studied in late 20th century. However, this idea 
has actually been applied for the last 300 years.  

13.6.1. Concept of Phytoremediation 

The term ‘Phytoremediation’ is derived from two words: the Greek word “phyto” 
means “plant” and the Latin word “remedium” means “to correct or remove an 
evil”. The word phyto is a generic term for various expertise in which plants are 
used for remediation of problem soils, sludge, sediments and water contaminated 
with organic and inorganic contaminants. Thus, phytoremediation means the 
treatment of environmental contaminants using plants that alleviate the 
environmental problems by the removal of pollutants from the site. It is an in situ 
remediation technology with the concept to "Use Nature to Clean the Nature". 
Therefore, all activities related to phytoremediation must be eco-friendly and solar-
energy driven. Scientistsuse thistechnology as a multi dimensional approach that 
may be applicable either on degraded (waterlogged or saline) soils as well as 
polluted with metals, pesticides, explosives, crude oil, poly-aromatic hydrocarbons, 
and landfill leachates etc. (Salt et al. 1998).  

Potential plants are grown in a contaminated matrix, for a suggested growth period 
to remove contaminants from the matrix, to facilitate immobilization 
(binding/containment) or degradation (detoxification) of the pollutants (of soil, 
water and/or air). Non woody phytoremedial plants can be subsequently harvested, 
processed and disposed however, role of phytoremedial tree species (would be 
discussed in later pages) is of peculiar importance in this regard. Effective river 
basin management by the hydraulic control of contaminants could also be achieved 
in this way (Salt et al. 1998).  
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13.6.2. Benefits of Phytoremediation 

The elimination or degradation of contaminants from polluted soils and surface 
water by using selected plant species is reported as an economical, sustainable, 
efficient and environment friendly substitute for traditional remediation measures. 
It is highly suitable approach for developing countries like Pakistan.Being a cost 
effective technique, the plants are used for degradation, removing / fixing, 
detoxifying and/or immobilizing various environmental contaminants present in the 
growth matrix (soil, water or sediments etc) particularly on the sites where levels of 
contamination are shallow or low.  

Worldwide industrial growth, wars and some natural changes have led to the 
discharge of huge quantities of toxic substances. It has been reported that one liter 
of wastewater can pollute at least eight liters of potable water. Consequently, we 
lose 12000 km3 of freshwater annually from the world’s freshwater reservoirs. 
Population growth up to 9 billion by 2050 will increase predicted losses to 1800 
km3 annually (UWPN 2007).  

Enhanced soil EC, RSC, SAR and TDS [mostly higher than the standard 
permissible limits as per National Environmental Quality Standards (NEQS 2005)] 
leading to degradation of soil structure and reduction of groundwater quality are the 
consequences of raw sewage water use for irrigation. Therefore, unwise use of 
wastewater for irrigation has always been a serious threat to the health of the 
society. Water analysis reports showed that the values of various parameters like 
total dissolved solids (TDS), sodium (Na), bicarbonates (HCO3) and/or chlorides 
(Cl) were in excess of the permissible limits and make the wastewater water unfit 
for irrigation (Kahlownet al.2006). According to World Health Organization 
(WHO) guidelines (1989) higher values of BOD (394 mgl-1) in raw wastewater 
originated from domestic sources has made the water unfit for irrigation. Higher 
nitrogen contents in wastewater are a limitation for its use in agriculture. Table 1 
also explains water quality status of heavy metals compared to the limit as per FAO 
/ WHO standards. 

Soil contamination is a major problem of environmental concern. Industrial and 
urban wastes that are generated by human activities are dispersed into the 
environment. Wastewater disposal, either controlled or uncontrolled and its 
addition to agricultural soils is the main reason for the shifting of pollutants to non-
contaminated places. Thus, the pollutants contribute towards contamination of our 
land ecosystem. The major contamination of urban wastewater is heavy metals. 
Many of these metals are essential for plant growth; however, they cause toxicity at 
higher level, as they exert an oxidative influence by creating free radicals (Alloway 
1990). In this way, metals make the land and water unfit for plant growth and can 
affect the biodiversity (Table 13.1). 

13.7. Types of Phytoremediation 

a. Phyto-extraction / phyto-accumulation It is the removal of heavy metal 
pollutants and other contaminates from the polluted soil or water by growing 
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potential tolerant plants on the site without degradation of existing soil 
arrangements or fertility (Shahet al. 2008)  

Rulkens (1998) reported ameliorating contaminated sites which were even lightly 
polluted and had relatively low and superficial concentration of pollutants. The 
plants generate their biomass by the absorption of toxic elements by concentrating 
and precipitating them on particular locations. According to Reeves (2003), hyper 
accumulator plant species potentially able to accumulate greater than 1000 mg kg-1 

of certain metals in their biomass (number mentioned in parenthesis) so for 
declared are: for Cd (1), Co (30), Cu (34), Mn (10*), Ni (320), Pb (14), Se (2) and 
for Zn (11*) [* The species are potentially able to accumulate Mn and/or Zn 
contents more than 10,000 mg kg-1]. It is interesting to note that normal 
concentration of Mn and Zn in plants is 20–500 mg kg-1. However, their hyper-
accumulation critical values are relatively very high (Reeves 2003).  

b. Phyto-stabilization It is theaccumulation of metals in the plant with minimum 
risk of their dispersal into the ecosystem. This technique is commonly applied to 
remediate contaminated soils, sedimentation and settled residues of effluents. 
Plants reduce the mobility and bioavailability of pollutants in the environment 
either by immobilization or by prevention of migration. It is greatly effective when 
fast immobilization is desired to conserve ground and surface water (Ghosh and 
Singh 2005). 

c. Acclimation is the ability of an individual plant to adapt itself under the stress of 
contaminants (Dickinson et al. 1992). It is the steady and reversible process by 
which a plant undergoes physiological and/or morphological adjustment against 
changes occurring in environmental conditions. 

d. Rhizofiltration: It is the utilization of a plant for the absorption of contaminants, 
in the form of concentrate and/or precipitate from contaminated surface water, 
having less concentration of contaminants in their roots. In Rhizofiltration, plant 
roots absorb and accumulate metals from waste streams and partially treats the 
effluents (Ghosh and Singh 2005). This technique is applied in sequestering metals 
like Cd, Cr, Cu, Ni, Pb, Zn, etc.  

e. Phyto-volatilization: It means volatilization of pollutants into the atmosphere 
through plants. Potential plants are raised on the contaminated sites to absorb 
pollutants from the effluents to convert them into a volatile state and finally, to 
transpire them into the atmosphere. Trees and other plants become able to get 
organic and/or inorganic pollutants even at low concentrations. Selected pollutants 
come to the leaves and get volatilized into the atmosphere. 

13.8. Mechanism of Phytoremediation 

Plants can break down, or degrade organic pollutants or stabilize metal 
contaminants by acting as filters or traps. The uptake of contaminants in plants 
takes place through plant root system. The extensive root system of phytoremedial 
plants with their massive surface area absorbs and accumulates water and nutrients 
essential for growth as well as other non-essential contaminants.  
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Table 13.1  Critical Level of Different Metals in Soils, Water and Plants (mg l-1)/ 
(mg kg-1) 

 Irrigation 
Water 

  Soil   Edible 
Plant 

Toxicity 

Forage 
Plants 
Level 

Common 
Plant 
Range 
Value 

Metal DTPA Ext Total 
Acid Ext 

Max 
Allowed 

Typical 
Value 

Range 
Value 

Cd 0.01 0.13 0.50 20 0.01-24 0.01-24 0.01 10  
Source WWF (2007) MacLean et 

al. (1987) 
Rowell 
(1994) 

FAO  
(1998) 

FAO  
(1998) 

FAO  
(1998) 

WHO 
(1996) 

FAO 
(1998) 

 

Co 0.05      0.02-0.5  0.02-0.5 
Source WWF (2007)     FAO  

(1998) 
Nelson et 
al. (1997) 

 Nelson et 
al. (1997) 

Cu 0.20 0.50 20.00 775 2-250 2.0-250 10.0 40 5.0 - 20.0 
Source WWF (2007) Soltanpour 

(1985) 
Rowell 
(1994) 

FAO  
(1998) 

FAO  
(1998) 

FAO  
(1998) 

WHO 
(1996) 

FAO 
(1998) 

Nelson et 
al. (1997) 

Cr 0.01  200.00    2.3   
Source WWF (2007)  Huamain 

(1999) 
  FAO  

(1998) 
Weigert 
(1991) 

  

Fe 5.0 5.00 - 1500 0.01-
21000 

1.0-18300 425.50 1000 50-250 

Source WWF (2007) Soltanpour 
(1985) 

 FAO  
(1998) 

FAO  
(1998) 

FAO  
(1998) 

Weigert 
(1991) 

FAO 
(1998) 

Nelson et 
al. (1997) 

Mn 0.20 1.00  600 1-18300 0.01-
21000 

500 1000 20-500 

Source WWF (2007) Soltanpour 
(1985) 

 FAO  
(1998) 

FAO  
(1998) 

FAO  
(1998) 

Weigert. 
(1991) 

FAO 
(1998) 

Reeves 
(2003) 

Ni 0.20 8.10 25.0    67.90  0.1-1.0 
Source WWF (2007) MacLean et 

al. (1987) 
Rowell 
(1994) 

  FAO 
(1998) 

Weigert 
(1991) 

 Nelson et 
al. (1997) 

Pb 0.10 13.00 50.0 20 2-300 2.0-300 2.0 40 5-10 
Source WWF (2007) MacLean et 

al. (1987) 
Rowell 
(1994) 

FAO 
(1998) 

 FAO 
(1998) 

Asaolu 
(1995) 

FAO 
(1998) 

Nelson et 
al. (1997) 

Zn 2.0 1.50 80.0 1500 10-300 10.0-300 5.0 1000 20-500 
Source WWF (2007) Soltanpour 

(1985) 
Rowell 
(1994) 

FAO  
(1998) 

FAO  
(1998) 

FAO  
(1998) 

WHO 
(1996) 

FAO 
(1998) 

Reeves 
(2003) 

Leaf Zn concentrations of 20–100 ppm are considered sufficient for normal plant growth. Source: Marschner 

(1995) 

Plant roots also cause changes at the soil-root interface as they release inorganic 
and organic compounds (root exudates) in the rhizosphere. These root exudates 
affect the number and activity of the microorganisms, the aggregation and stability 
of the soil particles around the root, and the availability of the contaminants. Root 
exudates, by themselves can increase (mobilize) or decrease (immobilize) directly 
or indirectly the availability of the contaminants in the root zone (rhizosphere) of 
the plant by changing the soil characteristics, release of organic substances, 
changing the chemical composition, and/or increasing the plant-assisted microbial 
activity. 

Sorption, precipitation, complexation, or metal valence reduction are the activities 
rendered in Phyto-stabilization. Decreases in the quantity of water percolating 
through the soil medium is desired, which otherwise, leads to the settlement of 
harmful leachates. Consequently, the risk of soil erosion and spreading of the 
contaminants/heavy metal pollutants to the surrounding areas is decreased (Ghosh 
and Singh 2005). Extensive root system of plants helps the soil matrix to get 
stabilized and thus controls the soil erosion and waterlogging (Table 13.2). 
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Table 13.2  Removal of various types of contaminants vs type of Phytoremediation 

Rhizofiltration Phytostabilisation Phytoextraction Phyto-
volatilization 

Phytotrans-
formation 

Rhizosphere 
accumulation 

Complexation of 
Inorganics 

Hyper-
accumulation 

Volatilization 
by leaves 

Degradation in 
plants 

Organics/Inorganics Inorganics Inorganics Organics/Inor
ganics 

Organics 

Source: Ghosh and Singh (2005). 

13.9. Heavy Metal Toxicity 

Lead (Pb) is considered to be harmful to living things because of its severe 
toxicity. It bio accumulates and passes through the food chain. Lead causes mental 
retardation and reduction in haemoglobin production that is indispensable for the 
transport of oxygen through the body. It affects the nervous system of the body and 
decreases I.Q. level of young girls and boys (Mohanty et al. 2005).  

Hexavalent chromium (Cr) is responsible for cancer in the digestive system and 
pulmonary tracts. In serious cases, the patient may suffer from diarrhea, nausea, 
severe vomiting, haemorrhaging and gastric pain (Mohanty et al. 2005).  

Effluent water contains toxic pollutants that enter the plant body. When these plants 
are consumed by human, the pollutants can accumulate in storage tissues. Most 
people permanently use groundwater for drinking without any hygienic 
management or protection measures. Recent studies suggest that groundwater used 
for irrigation should not be used for drinking water because of the contaminants. 

Nickel (Ni) is one of the heavy metals that is present everywhere and it could affect 
the human health, plant, micro-organisms as well.  

13.10. Phytoremediation of Wastewater 

13.10.1. Growing Vegetables 

Sewage water irrigation to agricultural land for growing vegetables and forage 
crops is a common practice in urban areas. This has become a permanent part of 
our system for growing vegetables because of rising demands of the urban 
population. Untreated sewage water is reused in urban areas to raise 
vegetables/crops or it is directed to surface drains that are finally diverted to rivers. 
Urban wastewater is not only available as a nutrient rich and alternate source of 
irrigation but also responsible for elevated concentrations of heavy metals like Cd, 
Co, Cu, Cr, Fe, Mn, Ni, Pb, and Zn, (Dwivedi 2000; Pendias and Pendias 1992). 
Their accumulation in the soil beyond permissible limits causes phyto-toxicity. 
These metals are highly toxic and can play a fatal role, even at very low 
concentrations (in ppm range). Moreover, disposal of such sewage effluent 
increases the contamination of heavy metals in the biosphere. These metals are 
located in the upper layers of the soil because of their binding nature with different 
organic or mineral particles present in the soil (European Commission 2002). 
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Consequently, vegetables grown on wastewater irrigation become contaminated by 
absorbing toxic heavy metals from the polluted soil, air and/or water, thus 
contaminates the food chain. Ultimately, the highly persistent toxic metals 
accumulate in the food chain through accumulative effects in the human body. The 
non-biodegradable heavy metals may accumulate in any vital human organ. This 
results in the development of various types of diseases. This problem continues to 
harm the society as the plants grown on contaminated soil. Plants return the same 
heavy metals to the soils when they die and decay, so the soils remain enriched 
with the pollutants. However, establishment of trees and shrubs as phytoremedial 
plant by urban wastewater irrigation has become a good choice to alleviate 
pollutants. It could be relatively a safe use of sewage and industrial effluents for 
massive biomass production by trees and shrubs rather than edible crops and 
vegetables that can affect the health of human and livestock directly or indirectly. 

13.10.2. Phytoremediation by Trees 

A plant which is typically considered good for phyto-remediation should be highly 
tolerant to the pollutants; able to accumulate high levels of pollutants in the 
biomass; have a scattered root system that is potentially able to take up excessive 
quantities of water from the root zone; and fast growing with high potential for 
biomass production (ISAAA 2006). It is interesting to note that many species are 
habitually tolerant and do well on polluted soils but physiologically, they are slow 
growing with low potential for biomass production, In fact, they become well 
adjusted to a particular extreme environment. Conversely, a high biomass 
producing tree species having widespread roots, demanding nominal inputs for its 
establishment, has poor tolerance to contaminants, and cannot concentrate the 
pollutants. Therefore, traditional plants are not always successful as 
phytoremediators (ISAAA 2006).  

Raising of trees with wastewater irrigation ameliorates the environmental risk while 
producing wood and wood products and fetches additional income from polluted 
lands. Marginal land-farming under wastewater irrigation, by planting heavy metals 
resistant tree species is well documented (Kalavrouziotis and Apostolopoulos 
2007). A promising example of wastewater consumption is the “Waga Saga tree 
plantation project in Australia” where almost all city effluent wastewater was used 
for tree plantation. 

Presence of heavy metals soil and water medium inhibits plant growth and affects 
soil fertility. Most of the conventional technologies for removal of heavy metals 
cause negative impacts on the ecosystem. Experiments revealed that edible plants 
(vegetables and/or forage species) absorb various heavy metal pollutants such as 
Cd, Pb, Cr, Cu, Ni and/or Zn resulting in serious health hazards to animals and 
human. These pollutants are serious threat to human health because of their 
presence as toxic material in our food chain system (Dwivedi 2000; McGee et al. 
2007).In such situations, raising of woody vegetation of commercial importance 
that also has environmental/aesthetic values by using city effluents has been 
reported by Karpiscak and Gottfried (2000). Trees are potentially able to 
immobilize metals in metabolically inactive compartment (Wood and bark) and act 



320 Tree Soil Interactions 

as sink for biologically available metals. Metal concentration is lower in wood than 
in roots and bark. Willow and poplar act as biological filters for wastewater and 
sludge disposal and can grow on nutrient-poor, industrially-contaminated soils. 
These unique featured trees can be used for Phytoremediation.  

13.10.3. Heavy Metal vs Trees 

Metal-accumulating plants generally grow slowly, remain smaller in size, and/or 
weedy in nature. Such plants potentially generate little biomass and their growth 
behaviour and requirements are indeterminate (Shahet al.2008). Heavy metal 
tolerance mechanism of trees must allow to withstand with high concentrations of 
heavy metals than agricultural crops, with less toxicity symptoms. The most 
common resistant trait is the restricted location of metals either in roots or low 
uptake into foliage part of the plant. The significant factor in tree survival in metal 
contaminated soils is the acclimation of trees to their soil environment. 
Bioavailability of metals to trees and metal accumulation in tree tissues varies with 
regard to source of contamination and site conditions. Analysis of heavy metal 
concentrations in various trees (maple, ash, pine, birch and cottonwood) grown on 
sludge amended mine soil showed variation in accumulation patterns such as high 
metal accumulation in first year and low in third year. 

In a study conducted by Baccio et al.(2005), Populus deltoides × P. nigra (P. × 
euramericana) showed reductions in shoot biomass when treated with various 
levels of Zn. They also noticed higher Zn contents in young leaves with gradual 
increase in Zn level. 

Woody vegetation responds well against heavy metal when they are grown on the 
sites polluted with city effluents. Various tree species show different behaviour for 
mineral uptake in response to irrigation by municipal wastewater (Hopmans et al. 
1990). Many tree species are specialized to tolerate high heavy metal contents 
(Baccio et al. 2005). Researchers have observed high growth rates and relatively 
high mineral contents in foliar parts of the plants (Brister and Schultz 1981). Tree 
species actively absorb water and metal contents, and become an efficient natural 
filter, inhibiting recharge of the contaminated water to the underground aquifer, 
thus playing a beneficial role by minimizing heavy metal deposition in the soil and 
underground aquifer.  

13.10.4. Tree vs Heavy Metal 

Tree species generally absorb more water and minerals than annual crops, acting as 
efficient biological sieves to prevent wastewater from recharging into underground 
water reservoirs. Therefore, trees minimize mineral accumulation into the soil and 
protect ground water from becoming polluted. Biochemical changes occurring in 
the soils of tree plantations favourably contribute to nutrients mobility making them 
available to the plant and enhancing uptake, causing no detrimental effects on the 
site and the surroundings. Moreover, they are good remediaters as they are able to 
remove the heavy metals from polluted sites; providing an eco-friendly substitute 
for traditional removal of heavy metals from the area. 
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Marginal land can be successfully restored by introducing plant species which are 
resistant to heavy metals and irrigating them with municipal wastewater 
(Kalavrouziotis and Apostolopoulos 2007). Tree plantation improved 
thecontaminated soils. Pioneer species planted could be able to exploit nutrients 
from the soil and modify the soil with good texture and substrate structure. Tree 
plantations established with effluent irrigation are considered as timber mines with 
additional benefits of rehabilitation of polluted-sites and amelioration of 
environmental constraints (Falkiner and Myers, 1999). Local tree plants also have 
fast growth rate and deep root system. Some tree species either with high or low 
heavy metal uptake are considered best suited for phytoextraction. Rosselli et al. 
(2003) have suggested five deciduous tree species having phytoremedial potential 
for Cu, Zn and Cd. They revealed that willow and birch (deciduous broad leaved 

and hard wood tree) both had the ability to clean and shift the polluted dirt from 
the site. 

13.10.5. Some Potential Phytoremedial Trees 

Proportionate levels of Cd, Co, Cr or Cu, Ni and Pb in dry matter of hyper-
accumulator plants is reported as ≥ 1000 mg g-1 or ≥ 0.1% of dry matter; and of 
Mn, Zn is ≥ 1% or ≥ 10,000 mg g-1 of dry matter. The level of Cd is reported as > 
0.01% on dry weight basis (Baker and Brooks 1989).  

Willows (Salix spp) can survive in contaminated soil with minimal uptake into 
aerial tissues (to avoid metal transfer into environment). Thetreeis able to remove 
12% Cd from the soil in which they are planted. It accumulates more Cd when 
planted in alkaline soils. Apart from Cd, it can also accumulate some other metals 
like Zn, Cu and Ni. Copper (Cu) and nickel (Ni) are stored in its above ground 
biomass. Greenhouse study of willow showed that willow plant removed 5% Zn 
and 20% Cd from the soils that comes in their leaves ninety four clones of Salix 

viminalis and Salix dasyclados showed variation in tolerance and metal uptake 
between clones of these two species. Zn, Cu, Ni and Cd concentration in stems of 
Salix viminalis gradually increases with plant height. This is because of increased 
stem bark which contains more plant nutrients than wood. They also noted that 
concentration of all heavy metals in bark portion was greater than wood (xylem 
part).  

Poplar (Cotton wood) Poplar tree (a good CO2 sink) has been proved to remediate 
heavy metal-affected soils in biological ways. Burken and Schnoor (1998) 
proposed to plant Poplar tree on water polluted soils. For instance, soils and/or 
water polluted with trichloroethylene, chloro-acetanilide herbicides, Cd (Robinson 
et al. 2000), Se- (Pilon-Smits et al. 1998), Zn-polluted are compatible candidate to 
be reclaimed by this tree.  

Poplar hybrid grown on contaminated ground water to remove the soil 
contaminants, the trees attained heights up to 4.5 meter in two growing seasons 
(almost three times the height of first growing season). Their tap roots penetrated 
into the soil up to a depth of 3 meter (Ecolotree, 2004).  
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Tanvir and Siddiqui (2010) reported maximum height (4.40 m) in P. deltoides 

under domestic wastewater (DW) irrigation that was 35% and 37% higher than the 
heights (2.85 m) gained under municipal wastewater (MW), and canal water (CW) 
(2.76 m), respectively. Similarly, average collar diameter in response to DW 
irrigation (7.41 cm) was also 22% and 34% higher than the diameters gained under 
MW irrigation (5.81 cm) and CW (4.92 cm). This growth response clearly 
suggested that impact of wastewater of either (MW or DW) source might be 
synergetic because of relatively higher level of nutrients and organic matter and 
moderate level of pollutants in DW than that of CW. The order of Cd metal uptake 
by the plant was (47.02 mg kg-1) under MW > (39.65 mg kg-1) under DW > (30.19 
mg Kg-1) under CW that is why P. deltoides had slower growth under MW than 
that of DW irrigated plants.  

Leucaena leucocephala (Iple iple) (declared as a sink for industrial pollutants) is a 
fast growing, multipurpose (medicinal, brows, ornamental etc.) tree species (Iqbalet 
al.2001). Many studies regarding heavy metal pollution have been conducted on 
Iple iple plant to know the effects of heavy metals on the growth of plants to access 
the toxic effects of cadmium (Cd), lead (Pb), chromium (Cr) and zinc (Zn), (Iqbalet 
al. 2001). They have shown that this tree can be efficiently used for phytoremedial 
purpose.  
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