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Abstract

Pakistan; a predominantly arid land region; has a large, growing, urbanizing and increasingly affluent
population. Soil and water resources are finite, with per capita arable land area of 0.10 ha by 2050, and prone to
degradation by inappropriate management, harsh environments and changing climate. Nonetheless, agriculture
productivity increased strongly between 1960 and 2016. Whereas, the population of Pakistan increased by a factor of
4.5 between 1960 and 2018 (from 45 to 201 million), total cereal grain production increased by a factor of 6.5 (from
6.6 to 43.0 million ton). Despite the impressive gains in agricultural production since the Green Revolution era, there
is no cause for complacency because even greater challenges lie ahead. Total food production may have to be
doubled between 2015 and 2050 because of the growth in population along with rapidly urbanizing and increasingly
affluent lifestyle. The national agronomic crop yield (2.8 Mg/ha for wheat, 3.8 Mg/ha for rice, and 4.6 Mg/ha for
maize) may have to be increased drastically, and that too in a changing and uncertain climate. Important among the
challenges are the growing incidence of drought stress and heatwave, and increasing risks of soil degradation and
desertification. Further, soil resources must also be managed to advance the Sustainable Development Goals (SDGS)
of the UN; achieve Land Degradation Neutrality proposed by the UNCCD; implement the “4 per Thousand”
program of soil carbon sequestration initiated at COP21 in Paris in 2015; and fulfil the aspirations of better lifestyle
for the people of Pakistan. The strategy is to restore degraded soils and desertified ecosystems through sustainable
intensification. The goal is to produce more from less by reducing losses (i.e., water, nutrients, soil) and enhancing
eco-efficiency of inputs (i.e., fertilizer, irrigation water, energy). Vertical increase in agronomic yield, by restoring
soil health and adopting best management practices (BMPs), is the only viable option because there is no scope for
any horizontal expansion. Site/regional specific BMPs may include conservation agriculture along with retention of
crop residue mulch and without any in-field burning of biomass; incorporation of a cover crop (forages) in the
rotation cycle; and use of integrated nutrient management (INM) involving a judicious combination of organic
(compost, manure, biofertilizers) and inorganic sources of nutrients, and integration of crops with livestock and
trees. Further, the flood irrigation must be replaced by drip sub-irrigation system. Chosen BMPs must create a
positive  soil ecosystem C budget, and restore  the  soil organic  carbon  stock.

Introduction

Pakistan is a predominantly dryland country: 80% of
its land area is arid and semi-arid, 12% sub-humid, and 8%
under humid climate (Khan et al., 2012). Thus, soils of arid
and semi-arid regions are vulnerable to a wide range of
degradation processes. As is the case in arid and semi-arid
climates elsewhere in south-central/southern Asia and Sub-
Saharan Africa; drought stress, salinization, accelerated soil
erosion, and depletion of soil fertility and soil organic
matter (SOM) content are among the major causes of soil
degradation and desertification, and of moderate agronomic
productivity and low use efficiency of inputs. Thus,
understanding the climate-soil-productivity nexus is
pertinent to meeting the food and nutritional demands of the
growing population.

The population of Pakistan increased from about 30
million in 1947 to 201 million in 2018, and is projected to

be 244 million in 2030, 307 million in 2050 and 352 million
in 2100 (Table 1). Fortunately, the present rate of growth of
about 2.0%/yr is on a declining trend and is projected to
reach 0.3%/yr by 2100 (Table 2). Growth in human
population, reflected by a rapid increase in population of
some cities (Table 3), is an indication of the strong
urbanization trend in Pakistan. Between 1950 and 2030, the
urban population will increase by a factor of 23.4 in
Karachi, 15.5 in Lahore, 16.6 in Rawalpindi, 15.1 in
Multan, 31.9 in Faisalabad, and 31.8 in Gujranwala (Table
3). The proportion of urban population has increased
steadily from 22.4% in 1960 to 39.7% in 2018 (Table 1)
and is projected to exceed 50% by 2050 (Table 2). In
accord with the growth in human population, the population
of livestock has also increased from a total of 40.5 million
in 1961 to 180.5 million in 2016, by a factor of 4.5 (Table
4). Relatively large increase in population of buffalo, cattle,
goats, and sheep may have notable impacts on land use and
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Table 1: Population dynamics in Pakistan (adapted from UN, 2017; World Bank, 2018)

Parameter Units 1950 1960 1983 1990 2000 2008 2010 2015 2018
Total population 108 38 45 86 108 139 164 171 189 201
Population Person/km? 49 58 112 140 180 212 221 246 261
Population growth %lyr 1.15 2.32 3.42 2.95 2.3 2.06 2.1 2.07 2.0
Urban population % of total - 22.4 29.6 31.5 34.4 36.6 37.2 38.5 39.1
Table 2: Projected population of Pakistan (recalculated from UN, 2017)

Parameter Units 2017 2020 2030 2050 2100
Population 10°© 197 208 244 307 352
Density Persons/km? 259 270 317 398 457
Rate of growth %lyr 2.0 1.93 1.50 0.93 0.30
Median age yr - 235 25.6 30.9 -
Urban % 39.0 40.2 44.2 50.7 -

Table 3: Growth of some urban cities in Pakistan (UN, 2014)

Population (Million)

City 1950 2000 2010 2025 2030 Factor
Karachi 1.06 10.03 14.1 22.0 24.8 23.4
Lahore 0.84 5.45 7.5 11.50 13.0 15.5
Rawalpindi 0.23 1.52 21 3.34 3.81 16.6
Multan 0.19 1.26 17 251 2.87 15.1
Faisalabad 0.17 2.14 3.0 4.78 5.42 31.9
Gujranwala 0.12 1.23 2.87 3.81 31.8
Table 4: Cattle population in Pakistan (FAO, 2018)
Million
Year Buffalo Camel Cattle Goats Sheep Total
1961 6.7 0.6 14.2 8.8 10.2 40.5
1970 9.3 0.7 14.6 13.2 13.1 50.9
1980 115 0.8 14.8 25.0 214 735
1990 17.4 1.0 17.7 354 25.7 97.2
2000 22.7 0.8 22.0 47.4 24.1 117.0
2010 29.4 1.0 34.3 59.9 27.8 152.4
2016 36.6 1.0 42.8 70.3 29.8 180.5
Factor of increase 5.5 1.7 3.0 8.0 2.9 4.5
Table 5: Per capita energy use in Pakistan (recalculated from World Bank, 2018)
Parameter Units 1990 2000 2008 2010
Energy use Kg (oe) 398.4 462.5 504.6 498.5
CO, emissions Mg 0.64 0.77 0.97 0.95
Table 6: Total and per capita food grain production in Pakistan (recalculated from FAO, 2018; UN, 2017)
Total Production Population Production
Year (10° Mg) (109 (kg/person)
1961 6.6 46.0 143
1970 12.0 58.1 207
1980 17.0 78.1 218
1990 20.8 104.6 199
2000 30.3 138.5 219
2010 34.7 170.6 203
2015 41.0 189.4 216
2016 43.0 193.2 223
Increase since 1961 6.52 4.20 1.52
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soil quality. Whereas the per capita energy use remains to
be low, there is a distinct trend of increase in energy
demand (Table 5), with consequences to emission of
greenhouse gases.

Whereas the population of Pakistan increased by a
factor of 4.5 between 1960 and 2018 (from 45 to 201
million), total cereal grain production (rice, wheat,
sorghum, millet, maize) increased by a factor of 6.5 from
6.6 to 43.0 million metric ton (Table 6). Thus, the per capita
cereal grain production increased strongly between 1961
and 1980, but has stayed constant between 1980 and 2016
at about 220 kg/person (Table 6). Despite the impressive
gains, there is no cause for complacency because even
bigger challenges lie ahead. Not only is the population
projected to ~double (increase by a factor of 1.8) between
now and the year 2100 (from 200 to 352 million), dietary
preferences may also shift towards more animal-based
products because of the increasing affluence and the overall
economic prosperity. The challenge of advancing food and
nutritional security is also aggravated by the ever-
increasing risks of soil degradation, growing urbanization,
the changing climate, and dwindling aquifers.

Therefore, the objective of this article is to discuss the
challenges and opportunities of sustainably managing soil
resources in a changing and uncertain climate, and
deliberating the concept of sustainable intensification of
agroecosystems.

However, the land area equipped for irrigation has followed
an increasing trend from 10.8 Mha in 1961 to 15.7 Mha in
1990, and 20.2 Mha in 2015. Any future increase in
irrigation may be a challenging task because of the limited
water resources. Whereas the land area under permanent
crops has followed a trend of modest increase between
1990 and 2010 (from 0.46 to 0.81 Mha), there has been a
steady decline in the area under forest, which decreased
from 2.53 Mha in 1990 to 1.47 Mha in 2015, at an average
annual rate of 2.8%/yr (Table 7).

The impact of increase in human population is vividly
indicated by decrease in the per capita land resources in
Pakistan (Table 8). The total per capita land area
(ha/person) for 1950, 2015, 2030, 2050, and 2100,
respectively, is estimated at 0.95, 0.18, 0.15, 0.12, and 0.10
for agricultural land; 0.82, 0.15, 0.12, 0.10, and 0.09 for
arable land; 0.29, 0.10, 0.08, 0.067, and 0.057 for irrigated
land; and 0.13, 0.025, 0.02, 0.015, and 0.014 for pasture
land. By 2050, the basic necessities of life must be met and
wellbeing of people realized from a meagre per capita land
area of 0.10 ha of cropland, 0.07 ha of irrigated land and
0.015 of pasture land. This is the challenge for researchers,
farmers, land managers, policymakers, and the general
public.

Not only is the per capita land area low, its productivity
is also wvulnerable to a severe decline because of
degradation of soil (i.e., decline in soil structure, erosion,

Table 7: Land use in Pakistan (FAO, 2018; World Bank, 2018)

Mha
Land use 1961 1970 1980 1990 2000 2010 2015 % Change
Agricultural land 35.7 35.9 37.4 35.2 36.7 35.2 36.3 1.02
Arable land 30.6 30.7 321 29.8 31.0 294 30.4 -0.01
Permanent crops 0.15 0.17 0.31 0.46 0.66 0.85 0.81 440
Irrigated land 10.8 13.0 14.7 15.7 18.1 20.2 20.2 187
Pastures 5.0 5.0 5.0 5.0 5.0 5.0 5.0 0
Forest - - - 2.5 2.1 1.7 15 -40
Table 8: Per capita land resources in Pakistan

Mha

Land use 1950 2015 2030 2050 2100
Agricultural land 0.95 0.18 0.15 0.12 0.10
Arable land 0.82 0.15 0.12 0.10 0.09
Irrigated land 0.29 0.10 0.08 0.067 0.057
Pasture land 0.13 0.025 0.02 0.015 0.014

salinization, depletion of soil organic matter/ SOM and
nutrient contents) and the projected climate change
especially by the drought stress. Furthermore, conversion of

Land Use and Agronomic Yields in Pakistan

Because of the predominately arid and semi-arid
climate, agricultural land resources of Pakistan are finite.

Theref h icultural land has b . agriculture to other land uses (i.e., urbanization,
erefore, the agricultural land area has been constant since infrastructure development, recreation) must also be
1990 at about 30 million hectare (Mha) for arable land and considered

5 Mha for permanent pastures and meadows (Tables 7).
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Soil Degradation in Pakistan

Soil degradation and desertification, serious problems
because of the harsh climate and fragile soils managed by
resource-poor and small land holders, may be aggravated
by the growing pressure of the human population and by the
changing and uncertain climate characterized by increase in
frequency of extreme events (i.e., the drought-flood
syndrome, heatwave). Yet, the problems of aridization and
desertification have plagued the region ever since the
collapse of the Mohenjo-Daro/Harappan civilization. The
first urban civilization of the world, of about 5 million
people, was a Bronze Age Civilization (3300-1300 BCE)
and had the mature period of 2600-1900 BCE. The
civilization extended from the present day northeast
Afghanistan to  Pakistan and northwest India.
Agricultural/farming settlements began around 4000 BCE
(Conningham and Young, 2015; Kenoyer, 1991). This
flourishing civilization collapsed presumably because of the
climate change about 2000 BCE. This era was characterized
by an abrupt decline in the rainfall, change in the course of

Table 9: Estimates of soil degradation in Pakistan

Mha affected by salinization, 2.0 Mha are in the canal
command area (Corbishley and Pearce, 2007). Risks of
salinization are aggravated by flood-based excessive
irrigation with a poor quality and brackish water (Condom
et al., 1999; Shafgat et al., 2016; Qureshi et al., 2004).
Estimates of the area affected by salinization may be more
reliable because these can be assessed by the use of remote
sensing techniques (Khan et al., 2005; Abbas and Khan,
2007; Igbal, 2011). However, reclamation of saline/sodic
soils necessitate leaching with a good quality irrigation
water in conjunction with the use of gypsum-based
amendments (Ahmad et al., 2015). However, estimates of
the soil degradation using geo-information technology can
be more reliable (Ahmad, 2013). Deforestation is and has
been an important cause of soil erosion, especially in the
hilly region.

The issue of the severity of desertification in Pakistan
cannot be over-emphasized (Mian and Javed, 1989; Anjum
et al., 2010; Khan et al., 2015), especially that of the
rangelands in arid and semi-arid regions (Ahmad et al.,

FAO Van Lynden and Tariqg et al. Shah and Arshad Khan et al.
(1994) Oldeman (1997) (2004) (2006) (2012)
% of total % of total % of % of total % of total
Type of Mha landarea Mha landarea Mha totalland Mha Ilandarea Mha land area
Degradation area
Water erosion 7.2 9.0 21.2 26.6 11.0 13.8 13.1 16.5 11.0 13.8
Wind erosion  10.7 13.4 14.4 18.0 35 44 6.2 7.8 3.5 4.4
Water logging 1.0 1.3 14.3 17.9 - - 1.6 2.0 11.0 13.8
Salinization 4.2 5.3 - - 5.7 7.2 6.3 7.9 53 6.7
Deforestation  0.08 0.05 - - - - - - 0.05 3.1
Soil fertility 52 6.5 21.7 34.7 - - 30.0 37.6 - -
decline

Ghaggar-Harka river, and an overall desertification of the
ecosystems. The land area of the city of Mohenjo-Daro
declined from 85 ha to 3 ha between 1800 and 1700 BCE.
However, the problem of soil and environmental
degradation has persisted even during the 20" and the 21
century, and is regrettable being exacerbated.

Severity of soil erosion in the Punjab province was
reported by Harold Glover (1941), and the problem has
since been aggravated (Khan et al., 2012). Regardless of the
severity of the problem, estimates of land area (Mha)
affected by different processes of soil degradation in
Pakistan are highly variable (Table 9), and range from 7.2
to 21.2 for water erosion, 3.5 to 14.4 for wind erosion, 1.0
to 14.3 for waterlogging, and 4.2 to 6.3 for salinization. It is
widely argued that 16 Mha of land area in Pakistan is
affected by soil erosion, of which 11.2 Mha is vulnerable to
water erosion (Daily Times, 19 November 2016). Of the 5.8
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2012). Uncontrolled grazing at an excessive rate aggravates
degradation of rangelands (Qasim et al., 2017; Gul et al.,
2016). In general, soil degradation is caused and
perpetuated by an unsustainable land use (Ali et al., 2017;
Zokaib and Naser, 2011).

Adverse Impacts of Soil Degradation

Soil degradation has strong adverse effects on the
humanity and the environment. “Health of soil, plants,
animals, people and ecosystems is one and indivisible” —
so said Sir Albert Howard in his presidential address to the
Indian Science Congress in 1926 (Howard, 1925; Howard
and Howard, 1929). Indeed, degradation of soil leads to
decline in food and nutritional security, reduction in
renewability and quality of water resources, decrease in
quality and composition of air, and reduction in activity and
species diversity of soil biota — macro, meso, and micro
(Fig.1). There is a strong soil-environment-human nexus.
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Thus, restoration of degraded soils and desertified
ecosystems is critical to human wellbeing and nature
conservancy, especially in densely populated Pakistan with
finite arable land, limited water resources, and harsh
arid/semi-arid climate. Yes, restoring degraded soil must be
the highest priority and of an utmost importance and
urgency.

one hand, and policymakers, farming community and the
general public on the other.

There is a strong poverty-soil degradation nexus (Qiu
et al., 2017). Therefore, poverty alleviation of rural
communities necessitates adoption of site-specific BMPs
for improving production. In addition to understanding the
biophysical process of soil degradation, it is also pertinent

+ Shelf life

Soil Biodiversity
Activity and species

climate change

chemical)

Soil Restoration

Restoring degraded soil must be the engine of
economic development and rural prosperity in Pakistan and
elsewhere in South Asia. Restoration of degraded soils and
desertified ecosystems is also of interest to several
international organizations. For example, the UN
Convention to Combat Desertification (UNCCD) has
adopted a program on Land Degradation Neutrality (LDN)
with the objective to maintain or enhance the natural capital
and the related ecosystem services (Cowie et al., 2018). The
“4 per Thousand” program adopted at COP21 in Paris in
2015 is aimed at sequestration of soil organic carbon (SOC)
at the rate of 0.4% per year to 40-cm depth to mitigate
climate and advance food security (Chambers et al., 2016;
Lal, 2016; Minasny et al., 2017). Similarly Adapting
African Agriculture (AAA) was initiated in Marrakech at
COP22 in 2016 (Lal, 2018). Towards the need to translate
science into action, there must be a mechanism for a
continuous dialogue between scientific community on the

Food and
Nutritional Security

= Amount and type of food
= Nutrient quality

diversity of soil biota Soil * Renewability of
- Biogeochemical and Degradation fresh_water
biogeophysical cycling 9 + Quality of surface and
= Gaseous emissions and groundwaters

Air Quality

= Atmospheric chemistry
- Pollutants in air (soot,
particulate matter,

Water Security

to understand the farmers’ perception of soil degradation
and to evaluate the socioeconomic determinants (Qasim et
al., 2011). Involvement of farmers and land managers in the
process of improving multi-dimensional sustainability and
for identifying site-specific conditions for sustainable
agricultural development (Zulfigar et al., 2017).

In addition to mapping degraded soils at a scale of
1:10,000, it is also important to identify critical soil
properties and establish their threshold value. There is a
need to develop and use appropriate soil quality indices
(SQI) in relation to agronomic productivity and other
ecosystem services. For example, critical level of SOC
content in the root zone is considered to be ~2% (Loveland
and Webb, 2003). Similarly, identification of critical level
is also essential for key parameters including soil bulk
density, topsoil depth, available water holding capacity,
penetrometer resistance, aggregation, p", electrical
conductivity, cation exchange capacity, nutrient reserves
etc. Improving and sustaining soil health is a key

Soil Environ. 37(1): 1-10, 2018
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determinant of agronomic productivity and nature
conservancy. For the rice-wheat system in Punjab, Pakistan,
Igbal et al. (2014) observed that a pertinent SQI is based on
soil bulk density, plant available water capacity, aggregate
stability, SOC content, microbial biomass-C, mineralizable
N, p" and CEC.

Soil Management for
Intensification

Sustainable

The SOC concentration in most soils of the Indus
Plains and elsewhere in Pakistan is low at about 0.5% and
often as low as 0.1% in the root zone. The low SOC
concentration affects agronomic productivity and use
efficiency of input (Lal, 2014), especially for the rice-wheat
and other farming systems in Pakistan. However, the SOC
concentration can be restored by adoption of the best
management practices (BMPs). The strategy is to create a
positive soil/ecosystem C budget by increasing the input of
biomass-C to more than the losses by decomposition and
erosion. Therefore, site-specific BMPs include conservation
agriculture (CA), residue retention as mulch, use of
integrated nutrient-management (INM) involving input of
manure/compost use of biochar (Rasul et al., 2017) and
integration of crops with livestock and trees. The
experimental data from several studies indicate the
beneficial impact of CA on SOC sequestration. Based on

field experiments conducted in Faisalabad, Ali et al. (2013)
evaluated the potential of SOC sequestration from 600 to
945 kg C/ha.yr.

Some examples of adoption of soil restoration projects
in different regions of Pakistan comprise the Farm Forestry
Support Project (FFSP) (Khan et al., 2009), the modified
hydrological approach in conjunction with chemical and
biological measures to reclaim salt-affected soils (Irshad et
al., 2007); and the People and Resource Dynamic Project
(PARDYP) in the Hindu Kush region (Allen, 2001).

Advancing Food and Nutritional
While Restoring the Environment

Security

An impressive increase in total food crop production in
Pakistan by a factor of 6.5 between 1961 and 2016 (Table
6) is attributed to adoption of improved varieties, increase
in land area under irrigation, and input of chemical
fertilizers. Similar to the increase in land area equipped for
irrigation from 10.8 Mha in 1961 to 20.2 Mha in 2015 by
187% (Table 7), there was also a drastic increase in the use
of chemical fertilizers (Table 10). For example, fertilizer
consumption between 1961 and 2002 increased from 41.7
thousand ton to 2.34 million ton for nitrogenous and 42.1
thousand ton to 2.96 million ton for total use of chemical
fertilizers (Table 10; FAO, 2018). The data show a

preferential application of N compared with that of P and K

Table 10: Fertilizer use in Pakistan (adapted from FAO, 2018)
Fertilizer use (10° metric ton)

Year Nitrogenous Phosphate Potash Total
1961 41.6 0.5 0.0 42.1
1965 69.2 1.2 0.0 70.4
1970 251.5 30.5 1.2 283.2
1975 4435 108.5 1.9 553.9
1980 843.6 226.5 9.6 1079.7
1985 1128.1 349.8 33.2 1511.1
1990 1471.6 388.5 328 1892.9
1995 1991.0 494.5 29.7 2515.2
2000 2264.6 675.1 22.8 2962.5
2002 2335.9 618.0 8.8 2962.7
Table 11: Yield of major crops in Pakistan (adapted from FAO, 2018)
Grain Yield (Mg/ha)
Year Wheat Rice Paddy Maize Sorghum Millet
1961 0.82 1.39 1.03 0.48 0.44
1970 1.17 2.19 1.12 0.59 0.47
1980 1.57 2.42 1.26 0.58 0.53
1990 1.82 2.31 1.40 0.57 0.40
2000 2.49 3.03 1.71 0.62 0.51
2010 2.55 3.06 3.81 0.62 0.63
2016 2.84 3.76 4.59 0.58 0.65
Relative increase since 1961 3.46 2.71 4.45 1.21 1.48
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(and other micronutrients) which can lead to elemental
imbalance. The data in Figure 2 show a linear increase in
the rate of fertilizer use in cropland (2.6 kg/ha.yr) between
2002 and 2015. Consequently, there has been a strong
increase in grain yield of major cereals including rice,
wheat, and maize. However, there was a little if any
increase in the yield of sorghum and millet, probably
because these crops are grown under rainfed conditions.

Alas, increase in food grain production has been
achieved with a large environmental footprint leading to
degradation of soil, water, air, and biodiversity. The
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agronomic productivity so that some of the marginal
lands can be set aside for nature conservancy through
“Sustainable Intensification” (Lal, 2016).

Yet, there should be no additional allocation of land,
water, and other resources. The objective is to produce
more from less through adoption of site-specific BMPs
which increase agronomic production but without adverse
environmental impact and without increasing the land area,
water withdrawal or input of fertilizers and pesticides. The
approach is focused on the ends rather than the means, and
does not pre-determine the technical package.
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Figure 2: Fertilizer use in Pakistan (kg/ha) between 2002 and 2015 (redrawn from World Bank, 2018)

indiscriminate use of fertilizers, excessive withdrawal of
water for flood irrigation, and burning of crop residues (rice
straw to facilitate sowing of wheat) have adversely affected
the quality of natural resources along with that on human
health. There are strong positive effects of irrigation water
conservation on crop production and environments,
especially in the semi-arid regions (Sarwar and
Bastiaanssen, 2001). The challenge lies in reconciling the
need for increasing food production with that of restoring
the environment quality. It is this challenge that must be the
highest priority of scientific community.

Food security in Pakistan, and elsewhere in the
developing countries, can be met as follows: (i) reduce
food waste, which is now 30 to 50%, by decreasing the
post-harvest losses, (ii) increase access to food by
reducing poverty, and increasing distribution, (iii)
increase in the use of plant-based diet especially of the
pulses, (iv) restore soil health by adopting the concept of
soil degradation neutrality and the “4 per Thousand” for
sequestration of SOC content, and (v) increase

The concept of “Sustainable Intensification” would
involve support of the rural communities, civic societies
and of the policymakers. It would also involve some
sacrifices as follows: (i) eliminate the in-field biomass
burning of crop residues, which must be recycled in the
field as mulch, (ii) include forages/cover crops in the
rotation cycles, (iii) promote the use of a clean cooking
fuel so that cattle dung can be used as manure, (iv)
replace flooding with micro-irrigation based on a drip
sub-irrigation and fertigation system, (v) discourage use
of topsoil for brick making and identify specific
locations where clay can be mined to deeper depths, and
use other materials (e.g., fly ash, rice husk), and (vi)
enhance eco-efficiency of fertilizer (25% now to 75%)
and of water (30% now to 90%)

Sustainable management of soil must consider the
following principles: (i) replace nutrients and SOM
removed, (ii) respond wisely to whatever is changed, and
(iii) anticipate what may happen because of
anthropogenic and natural perturbations.

Soil Environ. 37(1): 1-10, 2018
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Conclusions

e Tremendous progress has been made in Pakistan
towards improving agricultural production. The rate of
increase in food production has been more than that of
increase in population,

e Increase in food production has been achieved with the
use of improved varieties, expansion in land area
equipped for irrigation, and increase in the rate of
fertilizer use,

e There has been severe problems of soil degradation
(erosion, salinization, depletion of SOC and nutrients,
decline in soil structure), depletion of groundwater, and
pollution of air because of the in-field burning of crop
residues,

e The food availability may have to be doubled between
2015 and 2050 to meet the demands of growing and
increasingly affluent population,

e The challenge lies in reconciling the need to enhance
agricultural production while restoring soil, recharging
aquifers, improving the quality of air, and enhancing
biodiversity,

o ldentification and adoption of BMPs of sustainable
intensification (i.e., conservation agriculture, mulch
farming, drip sub-irrigation, cover cropping, no in-field
burning, and integrated nutrient management),

e Involving communities, civic  societies  and
policymakers in promoting BMPs,

e Revising curricula from primary/secondary school
onward regarding the stewardship of soil and other
natural resources, and

e Enhancing the awareness about the need for protection
of soil, water and the environment though involvement
of the media (newspapers, radio programs, television
show, dramas, etc.)
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