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Chapter 7 

Tree Plantation in Problem Soils 

A.R. Awan and K. Mahmood* 

Abstract 

Being a non-renewable resource, soil holds vital position to all primary production 
systems. Various factors such as fast rate of population growth, modern trade and 
industry development, changes in land use trends, environmental pollution and 
climate change have led to different types of soil degradation. Land based resources 
like cultivable land, range and forest lands have experienced excessive pressure due 
to unprecedented population growth in developing countries. Challenge of the 
present era is to utilize degraded soils in such scientific way as to not only halt 
further land degradation but also to improve their productivity. This chapter focuses 
on extent and forms of land degradation in problem soils, the phenomenon involved 
in their formation and remedial measures to mitigate the ill effects to improve 
socio-economic conditions of rural communities in degraded poor soils through 
successful tree plantation.  

Keywords: Soils; Degradation; Fertility; Afforestation; Forestry. 

7.1. Introduction 

Over the long time, soil has been considered as an interminable resource for 
recurrent agricultural production. However, contradictory to this concept, soil needs 
to be regarded as preious source and must be conserved, utilized and managed with 
due consideration since exceptionally slow formation rate i.e., it takes about 100-
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400 years cm-1 of top soil development. In developed countries, most of the 
agricultural practices are implemented on the soils suitable for specific intensive 
farming purpose in present era. Due to this trend and because of steadily rising 
productivity of soils, most of European Union Commission (EUC) countries and 
USA have even been able to reduce their cultivated area. However, the state of 
affairs in the developing countries is in marked contrast to aforementioned 
situation. In these countries, good soils are scarce and consequently agricultural 
productivity is low. Recent advancement in agricultural technologies may lead to 
further enhance the productivity of these ‘better soils’ to a considerable extent. In 
these areas, the farmers depending on limited land resources with low productivity 
face various socio-economic problems. 

Population pressure in developing countries has forced the communities to bring 
‘problem soils’ under cultivation. It has been estimated that worldwide food 
production will requisite to be boosted by about 38% by 2025 and 57% by 2050 
(Wild 2003; Aslam 2002) if food supply to human beings is maintained at current 
consumption levels. On grounds, cultivable lands are already under plough and 
further addition of new land tracts in food production systems on mass scale seems 
infrequently possible. Hence, the trend of bringing the problem soils under plough 
is ascending progressively. Presently, much of the agriculture in these countries is 
practiced on the soils that are unsuitable or only marginally suitable. In such soils, 
different constraints to plant growth and development reduce farm production to 
considerable extent. Prominent constraints include aridity, waterlogging, acidity, 
alkalinity, salinity, presence of disproportionate extents of clay, sand and gravel in 
the soil.  

Contemporary needs and future predictions strongly advocate that the want to 
produce extra food, fiber and woody stuff for ever-increasing world population will 
make compulsory use of brackish and marginal quality water as well as poor land 
resources (Bouwer 2000; Gupta and Abrol 2000). This is particularly more 
pertinent to the under developed countries located in arid and semi-arid regions of 
the world where soil degradation is common phenomenon (Qadir and Oster 2004). 

Need of the time is to develop locally adapted farming systems or appropriate 
management techniques for problem soils for achieving better farm productivity. 
The objective, therefore, must be spiraling in crop yield per unit area of land rather 
than extension of cultivated area. Deliberate exertions are obligatory to improve 
productivity of existing lands. While reviewing various techniques available for 
utilization of problem soils, we hope to contribute to a well-thought understanding 
about the complications encountered, the risks and threats involved and future 
prospects when such poor soils are used for tree plantation.  

7.1.1. How do Problem Soils Develop? 

Soil is the upper portion of the earth's shell where lithosphere (rocks), hydrosphere 
(water), atmosphere (air) and biosphere (micro-organisms) interpenetrate to form 
pedosphere. In fact, it is a more complex medium than air and water.  
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Soils being natural entities exist in a wide range of diverse forms and are, 
undeniably, the multifarious systems till documented to science. In broader sense, 
soils, being composed of organic and inorganic components enriched with micro-
organisms, act as medium which supports life. 

A ‘normal soil’ or farm area develops into a ‘problem soil’ or area when shortage 
or excess of any or some environmental factors prohibit plant establishment and 
severely retard their growth. Such factors vary from one locality to another and can 
be any one of the numerous environmental (climatic, edaphic or biotic) factors. 
Different malpractices such as overgrazing, deforestation, faulty agricultural 
cultivation schemes and elimination of vegetative cover or hedgerows can intensify 
the formation of problem soils.  

7.1.2. Extent of Problem Soils 

Many kinds of problem soils exist in the world, each of them hindering agricultural 
activities in one way or another. According to one estimate, 4900 M ha in the tropic 
regions, two-third of the total land area, is categorized as ‘wasteland’ (King and 
Chandler 1997). 

Another estimation shows that about 15% of total land area of the world is 
subjected to different forms of land degradation like soil erosion and salinization 
(Wild 2003). Examples of such soils include the acid savannas of South America 
which were formed by transfiguring tropical rainforests into animal and crop 
husbandry production systems, uninhibited shifting cultivation tracts (with severe 
erosion) in southeastern Asia and Africa, and widespread stretches of salt-affected 
soils in Indo-Gangetic grasslands of the Indian subcontinent. Similarly, flawed 
agricultural and land management practices result in formation of problem soils on 
gigantic scale every year. 

7.2. Types of Problem Soils 

 Different types of problem soils are discussed below. 

7.2.1. Salt-Affected Soils 

Salt-affected soils are those in which either the salt contents of lower horizons 
concentrate in or on the soil surface or normal proportion of various cations and 
anions present in the soil is disturbed in a big way by excess or shortage of certain 
ions. Such soils are found in arid and semi-arid regions of the world where 
precipitation is relatively deficient to meet evaporative requirements of the plants 
growing there. Consequently, inorganic salts are not leached from the soil, but are 
amassed in soil profile. This re-distribution of salts in soil profile is generally 
caused by rise of water table accompanied by intensive evaporation from the 
surface.  
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Table 7.1 Different characteristics of salt-affected soils 

Characteristics Saline soils Sodic soils Saline-sodic soils 
Electrical conductivity 
(dS m-1) at 25oC 

≥ 4 ≤ 4 ≥ 4 

Soil pH ≤ 8.5 8.5-10.5 8.5-8.10 
Sodium adsorption 
ratio (SAR) 

≤15 ≤15 ≤15 

Exchangeable sodium 
percentage (ESP) 

≤15 ≤15 ≤15 

Cations Na+ Predominantly 
Na+ 

Na+ 

Anions Cl-, SO4
-2 CO3

-2, HCO3
-2 - 

Soil structure Flocculated Dispersed Dispersed  
Water permeability Equal to normal 

soil 
Low 
permeability 

Permeability not 
a problem 

The saline water moves up through capillaries and evaporates into the atmosphere 
while leaving the salts on soil surface. These salts are frequently seen in the form of 
thin white crust in the saline areas. The crust is quite conspicuous during winter. In 
some cases, the percentage of exchangeable sodium (ESP) exceeds 15 which results 
in the destruction of soil structure (deflocculation). Salient features of different 
categories of salt-affected soils are given in Table 7.1. 

Salt-affected soils are widespread all over the earth planet. Due to uninterrupted 
accumulation of salts in soil, millions of hectares of arable land have become unfit 
for cultivation round the globe (Flagella et al. 2002). According to another 
estimate, 932 M ha or almost 10% of land surface of the globe is subjected to salt-
induced soil degradation i.e. salinity and sodicity (Szabolcs 1989) and damage to 
agricultural productivity is about 25-60% of world’s irrigated land (Suarez and 
Rhoades 1991) as shown in Table 7.2. According to FAO (2008), about 800M ha of 
land all over the world is salt-affected (both saline and sodic soils) equal to 6% of 
the world’s land area.  

Table 7.2 Overall distribution of saline and sodic soils in the world 

Continent Area (M ha) 
Saline Sodic Total 

North America 6.2 9.6 15.8 
Central America 2.0 - 2.0 
South America 69.4 59.6 129.0 
Africa 53.5 27.0 80.5 
South Asia 83.3 1.8 85.1 
North and Central Asia 91.6 120.1 211.7 
Southeast Asia 20.0 - 20.0 
Europe 7.8 22.9 30.7 
Australia 17.4 340.0 357.4 
Total 351.5 581.0 932.2 
Source: Szabolcs (1989) 
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In Pakistan, it has been estimated that about 6.8 million hectares land is affected 
with varying degrees of salinity (Khan 1998). The crux of the problem is salt-
affected and/or waterlogged farmland resulting from faulty irrigation 
system/practices. Salt-affected soils are further subdivided in three categories 
namely saline, sodic and saline-sodic soils. These subtypes are discussed in detail 
in following sections. 

7.2.1.1. Saline soil 

These soils are defined as soils which have electrical conductivity of the saturation 
extract (ECe) of 4 or greater than 4 dS m-1 and an ESP of lower than 15. The pH of 
saturated paste (pHs) is less than 8.5. These soils are comprised of abundant 
amounts of soluble salts which inhibit germination and growth of the plants. 
Sodium (Na+) is not the dominant soluble cation in these soils and seldom 
comprises 50% of the soluble cations. Chloride and sulphate are the principal 
anions. Such soils may contain slightly soluble salts such as gypsum and lime. 
These soils are flocculated and their permeability is either greater than or equal to 
that of similar normal soils. Calcium chloride and magnesium chloride, being 
highly hygroscopic absorb atmospheric moisture keeping the soil surface moist and 
making it look dark in color. In order to reclaim these soils, no amendment is 
obligatory. 

7.2.1.2. Sodic Soils 

Soils containing sufficient exchangeable sodium which damagingly disrupts their 
properties as well as plant growth are called sodic soils. Their ESP is ≥15 but ECe 
is less than 4 dS m-1. Generally, pH ranges between 8.5 and 10.5. Since these soils 
are generally dispersed, soil drainage and aeration are poor. Because of their 
dispersed condition, it becomes difficult to maintain a soil tilth favorable for seed 
germination, seedling emergence and plant growth. It also becomes difficult to 
replenish the water supply in the root zone by irrigation. Organic matter present in 
soil solution in dispersed and dissolved form may be deposited on the soil surface 
after the evaporation of soil solution. This phenomenon grounds darkening of the 
soil surface as generally observed. For this reason, these soils are also termed as 
‘black alkali soils’. Application of amendments to such soils is essential to replace 
the excessive exchangeable sodium during reclamation. 

7.2.1.3. Saline-Sodic Soils 

These soils containing both extraordinary levels of soluble salts as well as 
exchangeable sodium in ample quantity to hamper the germination and growth of 
most crop plants are called saline-sodic soils. Such soils are the result of both 
progressions of salination and sodication. Soluble salts present in saline-sodic soils 
affect plant growth directly, while exchanageable sodium affects it both indirectly 
by degrading soil properties and directly though adverse effects of Na+ on plants. 
Soluble salts tend to flocculate the soil particles, while exchangeable sodium tends 
to disperse the soil and thus decrease its permeability to water and air. Saline-sodic 
soils have an ESP of 15 or more and an ECe of ≥ 4 dS m-1. The pH depends on the 
dominance of either soluble salts or exchangeable sodium. If soil properties are 
dominantly affected by exchangeable sodium, the pHs of saline-sodic soils will be 
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greater than 8.5 and the soils have low permeability. On the other hand, if soil 
properties are dominantly affected by soluble salts, the pHs will be less than 8.5 and 
the soils will be permeable. Therefore, pH is not a good criterion for the cataloging 
of salt-affected soils, especially those of saline-sodic soils. 

If such soils are leached in the absence of gypsum (CaSO4.2H2O), soil properties 
may alter distinctly and become alike to those of sodic soils. Generally, the soil pH 
also goes up. Therefore, the application of amendments like gypsum is essential for 
the effective reclamation of such soils.  

7.2.2. Waterlogged Soils 

Waterloggingis said to a condition that all small and large soil pores are filled with 
water and create anaerobic condition in the soil. In fact, water is limiting gas 
diffusion in the soil under waterlogged conditions. It is the inundation of the soil by 
groundwater ample to inhibit or impede plant growth.  

It is a soil disorder when functions of roots of the plants are impaired due to 
absence of oxygen which ultimately results in ceiling in plant’s capability to take 
up nutrients and conduct the course of photosynthesis properly. As water amasses 
in the soil persistently without reasonable infiltration, it results to increase the water 
table level of the soil, and eventually leads to the waterlogging. Similarly, if water 
accrues in a particular region, salts and minerals present in soil also get liquefied in 
water and move to upper soil horizons which forms white salty deposits on soil 
surface and leads to salinity hazard. Due to lack or reduced availability of oxygen 
and buildup of toxins, antagonistic effects of waterlogging on plant growth and 
development are observed. Oxygen inadequacy prevents aerobic respiration of 
plants which fallouts in grave energy shortage and eventually death of plants. 
Waterlogging can also lessen the accessibility of some vital nutrients, e.g. nitrogen, 
and increase the availability of certain nutrients to toxic level. 

Waterlogging has been affecting about millions of people around the world leading 
to a large scale damages of crops, employment, livelihoods and economy. The 
intensity of waterlogging is variable and depends on season, general slope and soil 
porosity, etc. Productivity of most crops is adversely affected up to fifty per cent in 
waterlogged land as compared to normal land, e.g. South Asia, Sub-continent 
(Singh et al. 2011). 

7.2.3. Clayey Soils 

Soils that contain a high percentage of fine particles like silicates of aluminum, 
iron, magnesium and colloidal substance (over 35% of the total weight) with large 
surface are categorized as clayey soils. These soils are dark brown with a red to 
orange coloration (Figure 7.1). These soils develop in situ by weathering of parent 
rocks. They have high field capacity, tend to become sticky and plastic when wet 
and harden to something resembling concrete in dry condition. Wet clayey soils are 
also heavy and tend to swell from the added moisture but when dry, they shrink and 
settle. These soils impede the flow of water, meaning it absorbs water slowly and 



A.R. Awan and K. Mehmood                                                                                             145 

 

then retains it for a long time. Generally, the top layer can bake into a hard, 
concrete-like crust which cracks. These soils are generally poorly aerated.  

Soils having clayey texture within soil profile occur widely throughout the world. 
The main areas of their occurrence are Australia (70 M ha), India (60-80 M ha), 
Sudan (50 M ha) but areas of considerable extent (≥ 10 M ha) include China, USA, 
Ethiopia and Chad. 

Fig.7.1 A view of 
clayey soil 

 

 

Plants growing in clayey soils have to face difficulty because their plantlets or roots 
are incapable to infiltrate through hard, dry soil. Due to high adsorptive capacity of 
clay, irrigation water having even a trivial but recurrent addition of Na+ is plentiful 
to cause deflocculation of soil particles which is a very detrimental phenomenon for 
annihilation of soil structure and leading to reduced plant productivity. 

Addition of organic matter to clayey soils is an operative technique of improving 
growth conditions. Establishment of vegetative cover and presence of litter/organic 
matter will prevent evaporation from soil surface and will, therefore, minimize the 
development of crevices and fissures. The addition of humus and the activity of 
subterranean fauna will improve the soil structure that will result into easier root 
penetration, better aeration and better drainage. Such a soil will eventually become 
highly productive because of permanent woody vegetation. 

7.2.4. Water-Eroded Soils 

Water erosion is form of erosion where detachment and removal of soil material 
materializes with water. Every single specific soil owns natural erosion rate.  

Generally, a soil with sandy or clayey texture is less susceptible to erosion as 
compared to loam or silt loam. It has also been observed that sandy soils which are 
formed with material weathered from decomposed granitic rock are exceedingly 
erodible. Soils originated from rock leftovers or having biological scabs on their 
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surface are protected from the impact of raindrops. Generally, naked soil between 
the plants is most liable to erosion. The ocular signs used to recognize past erosion 
include: naked soil and roots, modifications in thickness of topsoil, disclosure of 
subsoil at land surface, rills, head cuttings, cutting in gullies, sediment in streams, 
curtailed plant growth, abridged soil aggregates and soil surface solidity and 
reduced water infiltration.  

The plants that grow in water-eroded sites should face any one or some of the 
following problems. 

1) The soil is unstable and the plants are continuously subjected to either 
exposure of their root system as a result of erosion or burial of their shoots 
due to sediment deposition. 

2) Shoots and leaves are subjected to mechanical damage by high velocity 
water currents. 

3) Newly exposed sub-soil horizons are not as suitable as top soil with 
respect to many factors such as nutrient and water holding capacity, soil 
structure and porosity etc. 

Addition of organic matter binds stable soil aggregates and helps to check erosion, 
enhances infiltration, and lowers runoff rate.  

7.2.5. Wind-Eroded Soils 

Soils are composed of sand, silt and clay particles. Individual soil particles usually 
need to be less than one mm to be relocated by wind. Individual clay particles have 
an average diameter of 0.001 mm but they commonly bunch together in aggregate 
forms which are too weighty to be relocated by wind. Individual particles of sand, 
silt, clay and organic matter are most defenseless to exclusion by wind erosion. 
Hence, in deserts and coastal areas, strong winds blow recurrently to cause soil 
erosion. 

The plants that grow in such situation have to face some or all of the following 
problems.  

1) The plants are continuously faced with either exposure of their root system 
due to blowing away of sand or burial of their shoots due to deposition of 
new sand. 

2) Moving sand particles cause mechanical damage to tender shoots and 
foliage. 

3) The transpiratory load is extremely high. 

4) Light intensity tends to be very high due to its reflection from shining sand 
surface. 

5) Water holding capacity of sandy soil is very low which leads to water 
deficiency for most of the time. 

In arid and semi-arid regions of the world, wind erosion is a prevalent phenomenon 
and light textured soils with a limited vegetative cover are subjected to severe 



A.R. Awan and K. Mehmood                                                                                             147 

 

destruction. Continental distribution of soils affected by wind erosion has been 
presented in Table 7.3.  

Wind erosion is primarily caused by overgrazing (60%), followed by 
mismanagement in agricultural practices (16%) and over exploitation of vegetative 
cover for domestic usage (16%). Deforestation (8%) is considered as fourth causal 
element foremost to wind erosion. 

Wind erosion depreciates soil quality by amending soil properties important for 
optimal plant growth and output. Wind erosion is a common cause of land 
degradation in the arid and semi-arid grazing lands which eventually leads to 
desertification. Substantial wind erosion happens when strong winds blow over 
light-textured soils which have been ruthlessly grazed and browsed during drought 
periods. As a result of wind erosion, dunes are persistently moving; hence roads 
and tracks are covered by itinerant sands in moments. Soil fertility is reduced as a 
result of loss of plant nutrients which are concerted on fine soil particles and 
organic matter contents in the topsoil. This reduces the soil’s capability to support 
prolific pastures and endure rich biodiversity. 

Hence, we may establish that soil erosion is the most widespread form of soil 
degradation. As per estimate, total land area a5ffected by erosion is 1047 M ha; out 
of which 751 M ha by water erosion and 296 M ha is rigorously affected by wind 
erosion (Oldeman 1994; Scherr 1999) as shown in Table 7.3. 

Table 7.3 Global extent of water and wind erosion  

Continent/region Land area affected by severe erosion 
(M ha) 

Total as 
percent of 

total land use Water erosion Wind erosion Total 
Africa 169 98 267 16 
Asia 317 90 407 15 
South America 77 16 93 6 
Central America 45 5 50 25 
North America 46 32 78 7 
Europe 93 39 132 17 
Oceania 4 16 20 3 
World 751 296 1047 12 

Source: Oldeman (1994) 

7.3. Tree Species Suitable for Plantation in Problem 
Soils 

A plantation is defined as an extended, artificially-established forest, farm or estate 
where tree crops are grown. Tree planting is carried out in different parts of the 
world; however, planting strategies may be unlike widely across nations, regions 
and among individual afforestation enterprises. Intentions of tree plantation may 
include production of lumber, fuel wood and forage; erosion control, watershed 
protection, wildlife habitat improvement, riparian shield creation, improvement of 
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stocking or composition in open woodlands, Christmas tree production, shelterbelt 
establishment, energy conservation and land scape remodeling. Therefore, efforts 
must be made to make plantation at the right time of the year and choose a suitable 
tree for the region, climate, and space keeping in view the objectives of the 
plantation being raised. 

Selection of trees and shrubs for establishment of any plantation should be site 
specific i.e., it must be based on capability of the plant to withstand biotic and 
abiotic stresses and be suitable as per climatic conditions of site, region or locality. 
It is better to use native species if these are capable to serve the same objectives 
like exotic species. It is because acceptability of local plant species is normally 
better among communities. Depending upon the severity of the problem in soils, 
there are several options for establishing vegetation or changing the type of 
vegetation. Use of perennial woody plants has the advantage of reducing annual 
maintenance costs and their deeper-rooted habit will assist with water management 
which is the key to restore land productivity. Information regarding the ability of 
various trees, shrubs and bushes to withstand ecological conditions are given in the 
following guidelines. 

7.3.1. Tree Species for Salt-Affected and Waterlogged Soils 

Tree species most suitable for salt-affected areas lying in subtropical climate 
include Eucalyptus camaldulensis, E. tereticornis, Acacia nilotica and Prosopis 

juliflora. Certain tree species have adjusted to waterlogging environments by 
emerging root air channels called as aerenchyma and adventitious (nodal) roots. 
Examples of such plants are Casuarina obesa and Eucalyptus camaldulensis. Some 
temperate tree species like poplar and willow can also withstand waterlogging. 
Other species include Azadirachta indica, Albizia lebbeck, Casuarina equisetifolia, 

Leucaena leucocephala, Phoenix dactylifera, Salvadora oleoides, Syzigium 

cumunii, Zizyphus spp., Sesbania aculeata, Acacia ampliceps, Prosopis chilensis, 

Eucalyptus striaticalyx, Prosopis cineraria, Casuarina glauca, Prosopis tamarogo 

etc. 

7.3.2. Tree Species for Waterlogged Soils 

Plants suitable for waterlogged soils include Acacia nilotica, Albizia lebbeck, 

Azadirachta indica, Casuarina equisetifolia, Broussonettia papyrifera, Eucalyptus 

camaldulensis, Leucaena leucocephala, Phoenix dactylifera, Prosopis juliflora, 

Salvadora oleoides, Syzigium cumunii, Tamarix aphylla, Zizyphus spp., Ficus 

religiosa, Populus euramericana, Terminalia arjuna, Sesbania aegyptica, Tamarix 

dioica. A brief chart of woody plants is given in Table 7.4 showing their site 
specificity.  

7.3.3. Tree Species for Clayey Soils  

Acacia nilotica, Acacia modesta, Tamarix aphylla, Tecoma undulata, Pongamia 

pinnata, Zizyphus mauratiana, etc. 
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7.3.4. Tree Species for Wind-Eroded Soils 

Acacia jacqumontii, Calligonum polygonoidies, Prosopis spicegera, Salvadora 

oleoides, Tamarix aphylla, Tecoma undulata, Broussonettia papyrifera, Albizia 

lebbek, Azadirachta indica, Casuarina equisetifolia, Eucalyptus camaldulensis, 

Leucaena leucocephala, Phoenix dactylifera, Prosopis juliflora, Salvadora 

oleoides, Syzigium cumunii, Zizyphus spp., Ficus religiosa, Populus euramericana, 

Terminalia arjuna, Sesbania aegyptica, Tamarix dioica. 

7.3.5. Tree Species for Water-Eroded Soils 

Cordia myxa, Dalbergia sissoo, Ficus bengalensis, Morus alba, Prosopis spicegera, 
Robinia pseudoacacia, Salix tetrasperma, Bombax ceiba, Tamarix aphylla, Vitex 
negundu, Zizyphus mauratiana.  

Table 7.4 Rating of specific trees and shrub species to root-zone salinity, sodicity 
and waterlogging  

Species Salinity Sodicity Waterlogging 
Acacia ampliceps Severe Severe No 
A. nilotica Moderate High - 
A. saligna Moderate Moderate - 
A. stenophylla Severe Severe Yes 
A. tortilis Moderate - - 
Ailanthus excelsa High Moderate - 
Albizia lebbeck Moderate Moderate - 
A. procera - Moderate Yes 
Azadirachta indica Moderate - - 
Butea monosperma Moderate High - 
Casuarina equisetifolia Moderate High Yes 
C.glauca High  Moderate/High Yes 
C. obese High/Severe High - 
Conocarpous lancifloius Moderate - - 
Dalbergia sissoo Moderate Moderate/High - 
Eucalyptus camaldulensis Moderate/High High Yes 
E. citriodora Moderate - - 
E. tereticornis Moderate/High Moderate/High  
Leucaena leucocephala Low/Moderate High  
Parkinsonia aculeata Moderate - Yes 
Pongamia pinnata Moderate - - 
Prosopis juliflora Severe High Yes 
Tamarix aphylla Severe - Yes 
Tamarix aculeate Severe - Yes 
Terminalia arjuna High Moderate/High - 
Zizyphus jujuba High - Yes 

Source: Extended from Marcar and Khanna (1997) 
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7.4. Methods/Techniques for Tree Plantation on 
Problem Soils 

Planting of a tree is not as simple as just digging a hole and throwing the tree in it. 
In order to make successful plantation, one must take special care for better 
survival of the trees planted. A suitably planted tree or shrub can withstand more 
stressed conditions and need much less managing care than one planted incorrectly. 
Therefore, successful tree establishing includes a chain of steps, each one reliant 
upon the others. These strides comprise: scheduling, site preparation, choosing and 
gathering planting stock, caring for the nursery stock, planting techniques and 
plantation upkeep. Thus, adoption of proper planting techniques for making 
plantation in problem soils cannot be overemphasized.  

7.4.1. Planting Methods in Problem Soils  

There are two basic tree planting methods which may be adopted for plantation in 
problem soils depending on prevalent conditions.  

1) Hand planting: It is apposite method when plantation is to be carried out 
with a minor number of seedlings or if the situate is not helpful to 
equipment maneuver. Hand tools used for tree planting include auger, 
planting bars, spades, shovels and other apparatuses which help for 
digging holes for the planting stock.  

2) Machine Planting: It can facilitate the task of planting trees on large scale. 
Specially designed tree planters are available in advanced countries for 
planting on tougher sites. Such planters can plant 500 to 1,000 or more 
trees per hour. 

Adoption of site-specific planting techniques for problem soils ensures successful 
afforestation. Therefore, while decisive about planting techniques, one should think 
through about the on-site condition, nursery raising, the plant's drainage provisions 
and the convenience of irrigation water facility. The plant should be precisely 
apposite to the locality, or the site should be modified to explicitly fit the plant. 
Appropriate planting technique also minimizes water, fertilizer and pesticide use. 
Various techniques which may be valuable for successful plantations in problem 
soils are discussed here-under. 

7.4.2. Tree Planting Techniques for Salt-Affected Soils  

Regarding modification of planting techniques, the following points should be kept 
in view. 

1) Use of large vigorous plants: Entire plant with a ball of earth or potted 
plants be selected. Shoot or root cutting, etc. must be avoided. 

2) Pit planting having following modifications should be adopted.  

a. Top 8-10 cm of saline surface soil be removed from planting site 
and should not be used for filling the pit. 
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b. Relatively large pits, i.e. 1 meter diameter x 1.25 m depth should 
be dug. 

c. If possible, powdered gypsum, farm yard manure and/or coarse 
sand should be mixed with dug-out soil and this mixture be used 
for filling the pit. The surface of the filled pit should be 15 cm 
below the soil surface to avoid accumulation of salts.  

d. It is better to cover the pit surface with 5-8 cm layer of coarse 
sand or litter. The layer would cut off evaporation and prevent 
salt accumulation on pit surface.  

e. A ridge should be provided around every pit to prevent surface 
run-off saline water from bringing salts into the pit.  

3) Fresh water should be provided at short regular intervals during the initial 
stages. Later on, watering intervals may be increased along with an 
increase in its intensity. 

4) Plants should be rigorously protected from climatic and biotic stresses 
such as frost, hot dry winds, extreme solar radiation, extremely high 
temperature of soil surface, trampling and browsing etc. Most plants can 
overcome one problem (salinity, drought, waterlogging, etc.) at a time, 
however, fail to survive when these are faced with two or more problems 
simultaneously. One should, therefore, try to minimize the number and 
intensity of problems. Fluctuations of surface soil temperature should, for 
example, be moderated by providing a little mulch and keeping the soil 
moist. 

5) If there is heavy deposition of salts, it is better not to undertake any 
planting on large scale unless supported by research and experience. 

6) If salinity and alkalinity are found coupled with high water table, deep 
drains should be provided much before planting as a vital part of site 
preparation.  

7.4.3. Tree Planting Techniques for Waterlogged Soils 

Regarding planting techniques, the following points should be kept in view. 

1) Mounds or ridges of appropriate size (one meter high) should be made to 
increase the distance between plant roots and water table. The young 
plants can, therefore, grow unabated in their early life. During later growth 
stages, roots strike the water table, they are able to survive there as a result 
of acclimatization (adjustment). Although it sounds funny, water will have 
to be provided to the young plants growing at the top of mounds or ridges 
during the first few months.  

2) Relatively large and vigorous plants should be used. Entire plants with or 
without ball of earth should be preferred. 

3) Tree planting should proceed from least-affected to most-affected areas. In 
first phase, one should plant to encircle the most-affected area by planting 
trees on least affected peripheral area that surrounds it from all sides. With 
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passage of time, the most-affected area will become smaller and smaller in 
size because of water consumption by trees. In the second phase, the trees 
should be planted further towards the center on newly but partly reclaimed 
area. The tree planting thus continues to advance and the entire area gets 
reclaimed within a few years. 

7.4.4. Tree Planting Techniques for Clayey Soils 

The following points should be kept in view while undertaking any planting in such 
an area. 

1) Suitable hardy, drought resistant, fast growing species with deep root 
system should be preferred.  

2) Large sized plants with intact root system should be used. Potted plants or 
the ones with balls of earth may be preferred. 

3) Necessary pruning of branches should be done just prior to or after 
planting in order to improve root shoot ratio. 

4) A large pit of 1 m diameter and 1.25 m depth should be dug. One should 
make sure that hard pan is broken. This will increase the depth of available 
soil. 

5) The pit should be filled with a mixture of soil, coarse sand or gravel and 
organic manure. Sand is, however, most important component. This will 
improve the aeration and drainage and will minimize crevices and fissures. 

6) An 8 cm thick layer of pure sand or fine gravel should be provided at the 
surface of each pit. This will cut down evaporation loss of soil water and 
make available more water. 

7) In areas of low rainfall, interplant spacing should be increased and each 
plant should be provided with a little watershed of its own. If properly 
done, this practice alone can increase the available water supply equivalent 
to 3-4 times of natural precipitation.  

8) In order to increase the water supply, the watershed should be compacted 
and weeds should be removed. The size of watershed will depend on water 
requirement of plants, annual precipitation and rate of water infiltration. 

9) The plants should be particularly protected against hot dry winds, drought, 
trampling and browsing etc. 

7.4.5. Tree Planting Techniques for Water-Eroded Soils 

Biological solution to this problem has two components: a selection of suitable 
species and modification of planting method. 

Regarding the selection of suitable species, one should first of all know the desired 
qualities that make a species suitable for this purpose. The following characteristics 
are important. 

1) A very extensive and fibrous root system that firmly binds the soil or sand 
particles and thus prevents erosion. 
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2) Ability to produce profuse adventitious root system from nodes and buds 
that effectively utilizes newly deposited sediments. 

3) Elastic shoot and leathery leaves that bend easily and resist mechanical 
damaged due to water currents. 

4) Perennial, fast growing, drought resistant and spreading type plants should 
be preferred to give complete and permanent vegetative cover in the 
shortest possible time.  

It is easy to select suitable species for this purpose from our local flora. As far as 
modification of planting methods and strategy of planting are concerned, one 
should keep the following points in view. 

1) Planting should be done along contour at low spacing. 

2) Continuous, discontinuous trenches, ridges or trough pits may be used for 
planting. Their choice depends upon the amount, intensity of rainfall and 
water holding capacity of soil. 

3) All spots and stretches having more than 15% slope should always remain 
under woody or grass vegetation. The remaining area may be terraced and 
brought under cultivation for farm crops. 

4) Gullies be plugged at their heads to begin with and later along their course 
by driving posts of green branches which can sprout and developing new 
root system of their own and by filling space in between with brush wood 
and stones. Gully floor should be planted with grass or paved with stones. 

5) Stream banks can be consolidated by driving live posts which are capable 
of sprouting and developing roots. In between posts, fast growing shrubs 
(Vitex negundu), bushes (Impomoea carnia) and grasses (Saccharum 

spontaneum) may be planted. Brush wood may also be placed in between 
posts. All above mentioned operations reduce the water velocity and lead 
to accelerated sediment deposition and raising of stream bank. These 
operations may be carried out in such a way that water is directed to flow 
in a permanent predestined course. 

6) Once the stream bank or eroded soil has been consolidated, it should be 
brought to productive use by planting suitable fruit or timber trees. 

7.4.6. Tree Planting Techniques for Wind-Eroded Soils 

In order to grow tree plants successfully in wind-eroded sites, a plant should have 
qualities like drought resistant, fast growing and spreading type, extensive and deep 
root system that will hold together loose sand particles, capable of producing new 
adventitious root system from various nodes and buds in order to overcome the 
problem of sand deposition and elastic shoots and thick bark or epidermis in order 
to avoid mechanical damage of wind and wind borne particles. Fortunately, it is not 
difficult to select some species from our local flora, in Pakistan, that have most of 
the above mentioned qualities. 

1) Perennial herbs, grasses and bushes should be planted as a first step, which 
should be followed by planting of shrubs and trees. Large-sized entire 
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saplings with ball of earth or with biodegradable baskets made from Typha 

angustifolia, Phoenix dactylifera, Nannorrhops ritchienana or punched 
polythene bags should be used. 

2) Planting should be first concentrated on exposed windward sites. 

3) Loose soil should be stabilized on highly exposed spots by the use of 
organic mulches and spray of suitable adhesives. 

4) Planting should be done in the beginning of rainy season and at a time 
when strong winds have subsided. 

5) The interplant spacing should be kept to a minimum. 

6) Traditional cultural operations such as weeding, cleaning, thinning and 
pruning should be avoided. 

In case of avenue plants or otherwise where hand watering or trickle irrigation is to 
be done, small earthen jugs (with lids at the top and a minute pore at the base) may 
be buried close to the tree sapling. This ensures minimum loss of water through 
evaporation/percolation and leads to maximum uptake by the roots. 

7.5. Biomass Productivity, Economics and Socio-

Economic Impact of Plantations 

7.5.1. Biomass Productivity 

Small-scale timber plantations established on such problem soils provide an 
excellent opportunity to develop an enterprise that market wood as timber and 
fuelwood for enhanced wood, forage and other beneficial products. Figures (7.2a-
7.2d) show impressive growth of different tree plantation established on salt-
affected soils at Biosaline Research Station, Pakka Anna, NIAB, Faisalabad. 
Certain tree crops compatible to specific site conditions may be more productive in 
such environments like growing of Eucalyptus in waterlogged soils. The major 
benefit of growing trees is the production of wood of different categories and other 
by-products. 

Quantitative estimation of above ground biomass is important to measure 
productivity potential of different tree plantations for their economic viability. 
Growth and biomass productivity potential on of some trees grown in salt-affected 
soils is given in Table 7.5 which show that certain tree species like Prosopis 

juliflora, Acacia nilotica, Casuarina equisetifolia and Terminalia arjuna have good 
growth potential on problem soils as experienced in India and Pakistan. Fuel wood, 
charcoal and timber produced from such soils can be utilized for all types of 
applications just like wood formed from fertile soils without any alteration. 

Wood produced from poor soil soils can also be utilized for pulp and paper 
production without any disinclination. Table 7.6 presents the feasibility plan for 
founding of a small paper mill in regions appropriate for Eucalyptus plantation 
which will support its marketing, help ranchers to boost their income and lessening 
unemployment ratio as well as expenditure incurred on import of paper. 
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Fig. 7.2 View of tree plantations (a: Eucalyptus camaldulensis, b: Azadirachta 

indica, c: Prosopis juliflora, and d: Acacia ampliceps on salt-affected soil at 
Biosaline Research Station, Pakka Anna, NIAB, Faisalabad. 

7.5.2. Economic Perspective   

In addition to ecological conditions, various economic factors also strongly 
influence the community regarding tree plantation on problem soils. These factors 
include opportunity cost for various factors of production, access to the market for 
inputs and outputs, risk and access to credit and profitability etc. Financial analysis 
of several plantations has revealed that raising of Eucalyptus and Acacia 
plantations on mass scale are financially workable and striking to farming 
community in degraded soils. In certain cases, farming of Acacia is more striking 
as compared to Eucalyptus (if Eucalyptus is sold as fuel wood) as shown in Table 
7.7. This table shows that growing of Acacia niloticaand Eucalyptus camaldulensis 
is financially viable at low prices for farmers in problem soils. Various research 
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endeavors conducted on community benefits and costs of Eucalyptus plantations, 
likewise, aid to the hypothesis that tree crops grown-up for wood must be 
constrained to marginal lands. Major emphasis should be laid on production of 
these two species being producers of wood with multiple uses.  

Table 7.5 Biomass appraisal of trees afterwards 10 years of planting on saline soils 

Tree species Biomass  (kg tree-1) Total biomass (Mg ha-1) 

Terminalia arjuna 90.75 52.95 
Azadirachta indica 48.25 26.62 
Prosopis juliflora 140.03 70.27 
Pongamia pinnata 67.93 36.69 
Casuarina equisetifolia 104.48 53.11 
Prosopis alba 69.15 39.12 
Acacia nilotica 123.64 63.09 
Eucalyptus tereticornis 80.14 39.67 
Pithecellobium dulce 84.15 40.45 
Cassia siamea 58.10 24.36 
Source: Singh et al. (2011) 

Table 7.6 Growth rate of Eucalyptus camaldulensis at various spacing in Pakistan 

Age of tree 
(years) 

Spacing (m) Growth rate 
(m3 ha-1 yr-1) 

Land area (ha) required for 
annual supply of a pulp mill 

4 1.5 x 1.5 35.6 5541 
3.0 x 1.8 28.5 6918 
3.0 x 3.0 21.4 9240 

6 1.5 x 1.5 30.3 5622 
3.0 x 1.8 24.4 6984 
3.0 x 3.0 17.6 9660 

8 1.5 x 1.5 25.3 6249 
3.0 x 1.8 16.5 9567 
3.0 x 3.0 17.5 9015 

Source: Aslam et al. (2002). 

Similarly, Table 7.8 shows net economic returns obtained through raising tree 
plantations of different tree species on salt-affected soil which was previously 
unproductive. Eucalyptus camaldulensisand Acacia niloticafetched higher 
prices/financial benefits as compared to other tree species. In order to make such 
programs economically feasible, effort should be made to establish these tree 
plantations ‘site-specific’ on the basis of marketing of the produce. For example, an 
area planted with Eucalyptus away from pulp mill would fetch fewer prices for 
wood due to transportation cost. Both the species have the capability to grow in 
diverse agro-ecological zones and their wood is also of multiple usages. 
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Table 7.7 Sensitivity test of financial analysis of various tree plantations 

Wood commodities Benefit cost ratio 
@16% mark up 

Internal Rate of Return 
(IRR) 

Eucalyptus camaldulensis 1.02:1 6.7% 
Acacia nilotica 1.15:1 20.6% 
Albizia spp. 1.06:1 -1.2% 
Pongamia pinnata 0.98:1 15.4% 
Leucaena spp. 1.08:1 17.8% 
Terminalia arjuna 1.00:1 16.2% 
Prosopis cineraria 0.62:1 3.2% 
Tamarix aphylla 0.64:1 4.4% 
Source: Shahid et al. (2002) 

Table 7.8 Biomass productivity, growth and gross monetary return of different 
species on saline-sodic soils  

Species 
 

Timber production 
(11 years old plantation) 

Gross return 
PKR y-1 

Main stem weight 
(kg plant-1) 

Main stem length 
(m) 

Leucaena leucocephala 90 7.32 6,000 
Acacia nilotica 150 7.32 10,000 
Parkinsonia aculeata   38 2.44 1,400 
Albizia lebbeck 99 6.10 6,600 
Eucalyptus camaldulensis 203 7.92 16,107 
Tamarix aphylla*  35 4.57 3,182 
Prosopis cineraria 52 4.27 3,467 
*Growth after 5.5 years 

Source: Aslam et al. (2002) 

7.5.3. Socio-Economic Impact 

Perennial woody plantations established in problem soils can deliver manifold 
environmental, economic and social benefits to the community if such plantations 
are appropriately planned and included into multiple land use ventures. Generally, 
tree plantations always exist in our social and cultural set up depending upon the 
occupants of the region before the plantation was established, and the residents who 
arrived after the plantation was well established. In order to evade adverse effects 
of tree plantation on society and natural environment and make it cost-effective, 
each plantation needs to be designed for its peculiar social, cultural, and ecological 
background. As plantation field work and related activities depend on local labor, it 
should be preferred to uphold the structure of local community in a way that 
provision of steady supply of reliable workers is ensured. Hence, more the 
plantation is unified into day-to-day economic and societal life of the community is 
desirable to the joint benefit of both the community and the plantation; and the 
plantation is more likely to succeed in the long run. Adopting another technique, 
tree establishment can be further enhanced through interplanting of agricultural 
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crops during initial years of plantations. Thus, agroforestry practices also support 
the plantations as well as local community by contributing food and/or cash crops. 

Plantation of suitable tree species on problem soils can be assistance to the village 
people through providing firewood and small timber, thus reducing pressure on 
natural forests. These plantations may also act as a safeguard against fiscal crisis 
for countless poor farmers alive on the land unsuitable to practicable agriculture. 
These plantations may also assist to increase job opportunities in planting as well as 
in downstream industries. 

7.6. Conclusion 

The ever-increasing demand for food, feed, energy and raw materials warrants 
urgency for proper exploitation of the under-utilized ‘so-called degraded’ land 
resources. It is emphasized that existing reclamation practices / technologies may 
be adopted on a mass scale by the farmers to utilize poor/degraded soils for 
successful tree plantations. Despite disagreement over the exact extent and rate of 
land degradation, state-of-the-art scientific assessments demonstrate urgent 
attention for proper utilization of such soils for higher productivity. Option for 
establishment of tree plantations while utilizing diverse plant genetic resources may 
lead to proper utilization for poor degraded soils. Various stress tolerant tree plants 
are capable to generate better economic returns. 

So, it seems realistic that instead of capitalizing more and more on reclamation 
programs, poor ranchers can decide for low-cost practices of growing tree 
plantations on their infertile land means. Thus, judicious use of the poor soils 
through improved production systems with people’s participation is the way to turn 
‘problem soils’ into ‘productive soils’ with tangible economic and ecological 
benefits. To maintain long-standing community compulsions to afforestation 
schemes, it is imperious to have secured timber remunerations, improving civic 
business skills and safeguarding cost-effective investment plans. 
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