








(A) One-third of trecs are 'edge’ trees

Figure 8.6. Comparison of two tree layouts on 1 hectare of land
(100 metres x 100 metres). The trees are planted on a grid of 5 metres »

(B) Two-thirds of trees are 'edge’ trees

5 metres. In each layout 3¢ of the land has trees. In (A) one-third of the

tre > are growing on edges; in (B) two-thirds of the trees are growing on

edges.

Sometimes making small changes to farming systems
can substantially improve the way those systems
operate. We believe that the introduction of salt-
tolerant trees and saltbushes to agriculture could have
such effects in Pakistan.

This section compares the present farming system
(which tends to degrade the land resource, has low
agricultural productivity and produces low farm
incomes) with a potential new system incorporating
trees and salt-tolerant forages (which would tend to
conserve the land resource, increase agricultural
productivity and produce higher farm incomes). We
have named these the ‘degrading’ and 'sustaining’
farming systems respectively. Let us examine their
characteristics in more detail.

11 W acknowledge the influence of Dr Greme Blair former
Coordinator of the Fora,  Program with the Australian Centre
tor International Agricultie | Research in developing the ideas

presented in this section.,

At present, farming systems in Pakistan make little or
no use of trees or perennial forages. Under these
conditions, we see:

e poor crop production — yields are adversely
affected by nutrient deficiencies, and by salinity and
waterlogging; as there is a shortage of fuelwood,
farmyard manure is burnt as fuel;

* poor animal production — productivity is affected
by low levels of fodder production and by poor
genetic potential; and??

s deteriorating land resource — in many instances
watertables are still rising; the problems of poor crop
production and fodder deficiency therefore increase
in magnitude.

This picture could be changed by the introduction of
salt-tolerant trees and shrubs into the ‘sustaining’
farming system.

12 C omparisons of animal population and todder production data
have led Hanjra and Rasool (1993 to estimate that there is a
30-40% todder deficiency in Pakiswan. Deliciencies are
particularly acute in summer (May=July i and winter

November—! ¢bruary .



In the ‘sustaining’ farming system, we have assumed
that salt-tolerant trees and shrubs would be planted on
land too waterlogged and saline for the growth of
crops. Under these conditions we expect no decrease in
the area of land sown to crops but a large increase in
the total productivity of the farming system. Let us
examine some of the benefits of these changes for crop
and animal production.

Increased crop production

We expect increases in crop production in the
‘sustaining’ farming system for three reasons.

The trees and saltbushes (growing on the waterlogged
saline land) will also lower watertables beneath
marginally salt-affected land that is still cropped. The
marginal land therefore becomes less affected by
waterlogging and salinity, and produces crops with
higher yields.

Farmyard manure will be returned to the fields as
fertiliser. In the 'degrading’ farming system, farmyard
manure is burnt as a fuel. However, in the 'sustaining’
farming system, there is ample production of fuelwood
by the trees and saltbushes. Farmyard manure can
therefore be added to the fields as fertiliser, thus
increasing crop yields.

There will be less need for the production of forages
like lucerne and berseem, which will increase the areas
of land available for grain production. Crop residues are
the major source of fodder for stall-fed animals (Photo
8.3). However, they are generally unpalatable and need
to be made more acceptable by the addition of
supplements of berseem or lucerne. These supplements
are grown on good-quality cropping land. As we have
seen in Chapter 7, saltbush leaf can partly substitute
for berseem and lucerne and increase the intake of
cereal straw. In the ‘sustaining’ system we may
therefore see increases in the area of land sown to
crops because there will be a smaller requirement for
berseem and lucerne.

Photo 8.3. Cereal straw stored as a fodder.
[PHOTOGRAPH: C. MALCOLM]

Increased animal production

We expect increases in animal production in the
‘sustaining’ farming system because this system
produces more forage than the 'degrading’ farming
system. The major source of this forage will be from
increased production of crop residues. These residues
will be fed to stall-fed animals using saltbush leaf,
berseem and lucerne as supplements.

Protected land resource

In areas with shallow watertables, the transpiration of
trees and shrubs would help to contain seepage, and
might ensure that watertables were actually lowered.
Under these conditions, we would expect no further
increases, but rather possible decreases, in areas of salt-
affected land.



There is no doubt that salinity and waterlogging will
continue to be major constraints to agriculture in
Pakistan for the foreseeable future. There will therefore
be a continued need for the development of
agricultural systems that can produce food, fibre and
timber in salt-affected land.

Often the hardest thing to do when contemplating
‘saline agriculture’ is starting. The new systems often
appear to differ from traditional farming practice.
However, we are aware of a number of examples
where salt-affected land that has lain waste for many
years has become productive after the introduction of
saline agricultural systems. These types of examples
have been inspiring for farmers, extension officers and
scientists like us.

We therefore encourage all farmers to begin adopting
the ideas presented in this book. Of course, there is a
need to be cautious and take appropriate advice from
technical experts. But, above all, do start!

One final thing: please tell us how you get on. We
hope that this book will be revised many times in the
future. We also believe that nearly all technical
innovations are observed first by farmers. We would
like to celebrate your success in future editions.



Aerenchyma Tissue within roots with large intercellular
spaces through which and within which gases may
diffuse and be stored. Aerenchyma formation is a
frequent adaptation to waterlogging.

Allelopathy Mechanism whereby one organism inhibits
the growth of another using chemical inhibitors (e.g.
tree roots may release toxins into the soil that inhibit
the growth of other plants).

Alley farming A farming system in which belts of trees
are interspersed with alleys of cropland.

Amendment (of soil) Addition of chemicals (like
gypsum or fertilisers) to the soil to change its
structure or fertility. (See Gypsum)

Amphiploid New species produced in the laboratory by
combining all the chromosomes from two different
‘parent’ species.

Belt (of trees) Stand of trees comprising one or
(usually) more rows.

Canal seepage Water seeps out of irrigation canals at a
rate of about 0.21 cubic metres of water per day per
square metre of wetted soil area, causing
waterlogging. Seepage may be reduced by lining
canals with tiles or cement.

Cation An atom or group of atoms that has lost an
electron to become positively charged. Examples
include: Ca2* (calcium), Na* (sodium),

K* (potassium), NH;* (ammonium).

Chenopod Plant from the botanical family
Chenopodiaceae.

Clay (particles) Soil particles less than 0.002 millimetres
in diameter. They are commonly plate-shaped with
negative electrical charges over most of their
surfaces.

Composite sampling A method of sampling soils (e.g.
for assessment of salinity and sodicity) in which a
number of individual samples are bulked together.

Cultivar Variety or strain of a crop species produced for
cultivation by breeding techniques.

Cuticle Waxy layer on the outside of leaves. Its main
function is to prevent excessive water loss.

Diffuse double layer (of clays) The region
encompassing a negatively charged clay particle and
its surrounding cations. Within the diffuse double
layer the cations are at highest concentrations close
to the surface of the clay and decrease in
concentration with distance.

Dioecious Male and female flowers occur on separate
plants.

Dispersive forces (in clays) Forces that cause particles
to move apart. In clays this is primarily due to the
distortion of the diffuse double layers of adjacent
clay particles, which leads to electrostatic repulsion.
It is also affected by the size of the hydrated ions in
the diffuse double layer. (See also Diffuse double
layer).

Dry weight Weight of a tissue after removal of all
water.

Electrical conductivity A measure of the conductance
of a substance to electrical current. In the case of
soil solutions and soil-water extracts, it is directly
related to the salt concentration, or salinity. (See
also Salinity)

Electrostatic repulsion Occurs when an electrically
charged particle repels another of like charge.
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Engineering approach (to salinity control) Refers to the
construction of networks of tubewells, surface drains
and subsurface tile drains to drain groundwater,
which is then made available for irrigation or
returned to rivers.

Epan Rate of evaporation of water from a US Class A
pan evaporimeter.

Flooding A condition in which free-standing water
occurs above the soil surface. Waterlogging usually
coincides with flooding, but many waterlogged soils
are not flooded.

Genotype The genetic make-up of an organism. Plants
with the same genotype have the same genetic
constitution.

Gleying (of soil) Waterlogging of soil causes it to
become blue—grey (due to the reduction and
leaching of iron and manganese oxides).

Groundwater Water found in pores, crevices and
cavities in soils and rocks.

Gypsiferous soils Soils that contain gypsum in their
natural state.

Gypsum Hydrated calcium sulfate (CaSO,4.2H,0). Used
on saline-sodic and sodic soils to improve soil
structure, and increase the rate of water infiltration
and leaching of salt into the subsoil.

Halophyte Plant capable of growth at high salt
concentrations. Many of these have increased
growth as salinity (EC, value) increases from zero to
5-10 decisiemens per metre.

Hardpan Compacted layer (frequéntly cemented) in the
soil that inhibits root growth and decreases the
infiltration of water.

Hydrated ions Positively charged atoms or groups of
atoms (ions) that bind water molecules.

Hydraulic conductivity (K) Measure of the ability of soil
to conduct water; primarily affected by the pore size
distribution of the soil and the presence of
macropores (cracks and fissures).

Leaf area index Ratio of leaf area of a plant to soil area.

Monoecious Separate male and female flowers occur
on the same plant.

Mottling Occurs when soil contains oxides of iron or
manganese. It usually occurs in soils subject to
periods of waterlogging.

Osmotic adjustment Occurs when a plant growing in
saline soils increases the concentration of salts or
other solutes in its tissues to prevent desiccation.
This ensures that water continues to move by
osmosis across plant membranes from the soil into
the roots and shoots.

Panicle An inflorescence with a main axis and
subdivided branches.

Ped Soil aggregate.

Pressmud Organic residue left after the processing of
sugar cane.

Provenance Geographic origin or source of seed of a
botanical species.

Raceme Part of an inflorescence; the primary
(unbranched) axis onto which spikelets are directly
attached by short stalks.

Reclamation approach (to salinity control) Refers to
the use of simple methods for leaching salt out of
the surface soil and reducing soil salinity. Methods
include: (a) the use of extra irrigation water, (b)
treating the soil with amendments like gypsum, or
sulfuric or hydrochloric acid, (c) incorporating
agricultural or industrial wastes, and (d) scraping
away the salinised topsoil.

Root-zone Volume of soil occupied by plant roots.

Residual sodium carbonate Calculation used to
determine whether there is a risk of irrigation water
causing a problem of soil sodicity. The calculation
determines whether the water has an excess of
calcium and magnesium, or of carbonate and
bicarbonate.

Saline agriculture Form of agriculture in which
production is achieved from salt-affected wasteland
through the use of salt-tolerant plants of economic
value.

Saline-sodic soils Soils with the characteristics of both
saline and sodic soils. Initially, they have good
permeability but their structure deteriorates and
their hydraulic conductivity is reduced if they are
leached without amendments such as gypsum.



Salinity A measure of the concentration of salt in a soil
or solution. Salinities are measured as the electrical
conductivity of the saturated soil paste (EC), soil
saturation extract (EC.), or water (EC,,). The unit of
electrical conductivity is decisiemens per metre
(dS/m). (See also Electrical conductivity; Saturated
soil paste; Soil saturation extract)

Salt crust A layer of salt and soil particles frequently
found at the surface of dry saline soil.

Saltbush Common name for species from the genus
Atriplex.

Sand (particles) Soil particles between 0.02 and
2 millimetres in diameter.

Sapwood The part of the tree trunk that conducts
water. It is found between the bark (outside of
trunk) and the heartwood (inside of trunk).

Saturated soil paste Soil slurry used in the analysis of
soil for salinity. Made by adding pure water to a
ground sample of soil while stirring with a spatula.
(See also Salinity)

Silt (particles) Soil particles between 0.002 and
0.02 millimetres in diameter.

Sodic soils Soils that have a deteriorated structure due
to the absorption of sodium ions (and to some
extent magnesium ions) rather than calcium ions on
the exchange surfaces of the clay particles. Hence
sodicity (adjective) describes the degree of this
condition.

Sodium adsorption ratio Calculation used to determine
whether soil is sodic. Determined through laboratory
analyses of the concentrations of sodium, calcium
and magnesium in the soil saturation extract.

Sodium hazard Indicator of the quality of irrigation
water based on measurements of its sodium
adsorption ratio and residual sodium carbonate.

Soil pit Human-sized hole used for observing soil
physical characteristics such as changes in soil
texture and structure, root proliferation, the
presence of hardpans, the presence of nodules of
lime, mottling, etc.

Soil saturation extract Water extract from soil prepared
by sucking water (containing dissolved salts) out of
the saturated soil paste. Soil saturation extracts are
widely used to determine soil salinity and sodicity.
(See also Salinity, Sodic soils)

Soil texture Refers to the size distribution of the
particles that make up a soil.

Spathe Leaf enclosing (at least in the bud stage) a spike
of developing flowers.

Spikelet Unit of inflorescence in grasses, normally
consisting of two glumes and one or more florets.

Stomate A pore at the surface of the leaf through
which gases and transpired water pass.

Tubewell Lined borehole that is pumped to provide
groundwater for irrigation and/or to lower local
watertables.

Van der Waal’s forces Very weak chemical forces that
draw clay particles together. They operate only over
very short distances (of the order of 1071° metres)
and are not effective when particles are strongly
repelling each other.

Volunteer (plants) Self-sown seedling.

Waterlogging Condition in which soil pores are filled
with water. This inhibits the exchange of soil gases
with the atmosphere and ensures that roots become
oxygen deficient. Waterlogging occurs when
watertables are at or close to the soil surface.

Watertable The surface below which the soil is
saturated with water. If the watertable rises above
the ground level, a lake or spring is formed.
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desertification 11

dhancha. See Sesbania bispinosa

Diplachne fusca. See Leptochloa fusca

Dupuit-Forchheimer equation 119

Elytrigia elongata 41, 48, 51, 56, 59, 60

Elytrigia pontica. See Elytrigia elongata

engineering approach 20
canal seepage 20
SCARP program 20
surface drainage 20
WAPDA 20

41,44, 47, 63, 64,
67, 68, 75-79, 116-118

Eucalyptus camaldulensis

Eucalyptus comitae-vallis 44, 47
Eucalyptus globulus 44, 45
Eucalyptus kondininensis 44, 47
Eucalyptus lesouefii 44, 47
Eucalyptus microtheca 47, 64
Eucalyptus occidentalis 47
Eucalyptus platycorys 44, 47
Eucalyptus robusta 44, 45
Eucalyptus rudis 64
Eucalyptus sargentii 47
Eucalyptus spathulata 44,47
Eucalyptus tereticornis 44, 64

Eucalyptus rostrata. See Eucalyptus camaldulensis

falsa (phalsa). See Grewia asiatica

farming systems 123
fertilising salt-tolerant plants 54,56, 57
flat-topped yate. See Eucalyptus occidentalis

flood irrigation. See also surface sealing of clay soils 35
forest red gum. See Eucalyptus tereticornis

frash. See Tamarix aphylla

goldfields blackbutt. See Eucalyptus lesouefii

Gossipium hirsutum 37,38, 41
Grewia asiatica 63, 64, 87-88
growth of crops and grasses 52
gum arabica. See Acacia nilotica

gypsum 22, 24, 30, 52, 67
halophytes 37
heat pulse method 116
Helianthus annuus 43,45

Hordeum vulgare 41,43
horsetail sheoak. See Casuarina equisetifolia

hydraulic conductivity 119
impact of salinity on the community 15-17
health care 17
literacy 16
ownership of goods by households 17

Indian jujube. See Ziziphus mauritiana
iple iple. See Leucana leucocephala

irrigation 8
canal system
groundwater 1

jamon (jaman). See Syzygium cuminii

jand. See Prosopis cineraria

jangli kikar. See Prosopis juliflora, P. chilensis and P. alba
jangli saru. See Casuarina equisetifolia

jantar. See Sesbania sesban

java plum. See Syzygium cuminii

Jerusalem thorn. See Parkinsonia aculata

jila jila bush. See Acacia ampliceps

jujube. See Ziziphus mauritiana

kallar ghas. See Leptochloa fusca

kallar grass. See Leptochloa fusca

kallar mar ghas. See Leptochloa fusca

khajji. See Phoenix dactylifera

khajoor. See Phoenix dactylifera

kikar. See Acacia nilotica and A. tortitus
Kondinin blackbutt. See Eucalyptus kondininensis

laboratories that will analyse soil and water 28
left bank outfall drain 20
Leptochloa fusca 20, 23, 41, 48, 51, 52, 60- 62
Leucana leucocephala 63,77-79
attack by Heteropsylla cubana (psyllid) 77
Rhizobium inoculation 78

leucana. See Leucana leucocephala
laijhau. See Tamarix aphylla

local languages/terms for salinity and waterlogging 30
Lycopersicon esculentum 43
Maas and Hoffman categories 38-42, 89
malaria 20
mallah. See Ziziphus mauritiana

Manikara zapota 63, 88, 89
measuring soil alkalinity 31
measuring soil salinity 28
measuring soil sodicity 31
measuring water use 114
Melaleuca lateriflora 47



Melaleuca thyoides 47
mesquite. See Prosopis juliflora

Mimosa arabica. See Acacia nilotica

Mimosa juliflora. See Prosopsis juliflora

Mimosa lebbek. See Albizzia lebbek

Mimosa sirissa. See Albizzia lebbek

Murray red gum. See Eucalyptus camaldulensis

Nicotiana tabaccum 43
nitrogen fixation 74,78
non-halophytes 37
nursery techniques 64-66

nyalka. See Acacia ampliceps

oats 41
oblong-leaf honey myrtle. See Melaleuca lateriflora
Oryza sativa 43, 45

Pahari kikar. See Prosopsis juliflora

Pakistan 6
area 6
climate 7
economy 6
landscape units 6
population 6
rainfall 7

Parkinsonia aculata 52, 63, 79-80

phalsa (falsa). See Grewia asiatica

pharwan. See Tamarix aphylla 85

Phaseolus vulgaris 37,43

Phoenix dactylifera 37,41, 63, 89-90

plant response to salt 37

planting techniques for salt-tolerant plants 54-56

poplar. See Populus deltoides
Populus deltoides 64
prickly broom. See Parkinsonia aculata

proportion of the landscape planted to trees 119
Prosopis alba 64, 81
Prosopis chilensis 64
Prosopis cineraria 63, 64, 80
Prosopis juliflora 53, 63, 64, 81-82, 117
pruning shallow roots 117
Psidium guajava 63, 64, 90-91
psyllid. See Leucana leucocephala; attack by

Heteropsylla cubana

Punjabi terms for salinity and waterlogging 30
quailbrush. See Atriplex lentiformis 37
quality of irrigation water.

See also chemistry of irrigation water 33

raising and planting trees. See salt-tolerant trees

rape 41
rates of tree water use 116
Ratta suphaida. See Eucalyptus camaldulensis

reclamation approach 22
biological methods 23
gypsum 22,24
leaching 22
physical methods 23
use of wastes 23

red gum. See Eucalyptus camaldulensis

residual sodium carbonate (RSC) 35
Revelle report 20
Rhizobium 78
Rhodes grass. See Chloris gayana

rice 37,42,43,45

river gum. See Eucalyptus camaldulensis

river red gum. See Eucalyptus camaldulensis

river saltbush. See Atriplex amnicola

rose apple. See Syzygium cuminii

RSC. See residual sodium carbonate

rye 41

saghazz (Balochi). See Tamarix aphylla
sakarghaz. See Tamarix aphylla

Salicornia bigelovii 37
saline agricultural approach 24
saline soils 25, 26, 28
saline-sodic soils 26
salinisation 11
cause of primary salinity 12
causes of secondary salinity 12
classification of salt-affected soils 14
engineering approach 20
impact on community 15-17
salinity control and reclamation project 20
salt accumulation in the root-zone 121

salt cedar. See Tamarix aphylla

salt river gum. See Eucalyptus sargentii

salt tolerance in crops 38
salt wattle. See Acacia ampliceps

salt-affected soils 25-33
classification

analysis and description. See analysis and description of
salt-affected soils

sampling. See sampling of salt-affected soils

seeding rates 53
salt-affected soils, classification 14,15
salt-tolerant fruit trees 63, 87-93
salt-tolerant grasses 58-62

Chloris gayana 58, 59
Elytrigia elongata 59, 56
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Leptochloa fusca 60-62
other grasses 62
salt-tolerant crops
barley 57,58
cotton
fertilising 57
planting and crop management 56
varieties 56
oilseeds 58
relative tolerance of plant species 53
rice 5,2,53
fertilising 54
planting techniques 54
varieties 54
sugarcane 58
wheat
fertilising 56
planting techniques 55
varieties 55
salt-tolerant trees. See also individual tree names 63-93
for fuel and forage production 63
land preparation and planning 66-68
nursery techniques 64-66
seed sources 64
saltbushes. See Atriplex species
saltgrass, desert 41
sampling of salt-affected soils 26
composite sampling 26
soil pit 27
saphaida. See Eucalyptus camaldulensis, E. rudis,
E. microtheca and E. tereticornis
sapodilla. See Manikara zapota
sapota. See Manikara zapota
SAR. See sodium adsorption ration
scale-leaf honey myrtle. See Melaleuca thyoides
scarification of seeds 71
seeding rates for salt-affected soil 53
Sesbania aculeata. See Sesbania bispinosa
Sesbania aegyptica. See Sesbania sesban
Sesbania bispinosa ' 23,63, 82-84
Sesbania sesban 63, 84, 85
sheesham. See Dalbergia sissoo
shirin. See Albizzia lebbek
siris. See Albizzia lebbek
sodic soils 25-31
aggregative forces 29
alkalinity 30
causes 29
dispersive forces 29
use of gypsum 30
sodium adsorption ratio (SAR) 30
sorghum a1
Sorghum bicolor 41
Sorghum sudanense 41
soybean 41
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spacing belts of trees 119
Suaeda fruticosa 37
subabul. See Leucana leucocephala

sudangrass 41
sugarbeet 37,41
sunflower. See Helianthus annuus

suphaida. See Eucalyptus camaldulenis

surface sealing of clay soils 35
‘sustaining’ versus ‘degrading’ farming system 123
swamp mahogany. See Eucalyptus robusta

swamp mallet. See Eucalyptus spathulata

swamp oak. See Casuarina glauca

swamp sheoak. See Casuarina obesa

Syzygium cuminii 63, 64, 91-92

tall wheatgrass. See Leptochloa fusca

Tamarix aphylla 52, 63, 85-87

Tamarix articulata. See Tamarix aphylla

Tamarix orientalis. See Tamarix aphylla

tamarix. See Tamarix aphylla

Tasmanian blue gum. See Eucalyptus globulus

Thinopyrum elongatum. See Elytrigia elongata

thur bara. See saline—sodic soils

thur. See saline soils

tobacco. See Nicotiana tabaccum

tomato. See Lycopersicon esculentum

trees and alley farming 115

trees as ‘biological pumps’ 114

Triticum aestivum 41,43, 45

types of aggregates or peds 34

units 3

Urdu terms for salinity and waterlogging 30

US Salinity Laboratory 38

vilaiti kikar. See Parkinsonia aculata

Water and Power Development Authority (WAPDA) 20

waterlogging. See also salinisation 11,30
depth of watertables 14
in saline environments—effects on plant growth 40

wheat. See also Triticum aestivum 43, 45
forage 41
semidwarf 41

whistling pine. See Casuarina equisetifolia 73

zapota. See Manikara zapota 88

Zea mays 41

Ziziphus jujuba. See Ziziphus mauritiana

Ziziphus mauritiana 63, 64,92-93
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