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Abstract Subsurface drainage has been used for more
than a century to keep water table at a desired level of
salinity and waterlogging control. This paper has been
focused on the impact assessment of pilot studies in India
and some other countries from 1969 to 2014. This review
article may prove quite useful in deciding the installation
of subsurface drainage project depending on main design
parameters, such as drain depth and drain spacing, instal-
lation area and type of used outlet. A number of pilot
studies have been taken up in past to solve the problems of
soil salinity and waterlogging in India. The general
guidelines that arise on the behalf of this review paper are
to adapt drain depth >1.2 m and spacing depending on soil
texture classification, i.e., 100150 m for light-textured
soils, 50-100 m for medium-textured soils and 30-50 m
heavy-textured soils, for better result obtained from the
problem areas in Indian soil and climatic conditions. An
attempt has been made in the manner of literature survey to
highlight the salient features of these studies, and it is
hopeful to go a long way in selecting design parameters for
subsurface drainage problems in the future with similar
soil, water table and climatic conditions.
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Introduction

Land and water are two basic natural resources. Due to
rapid population growth and fast industrialization, these
resources are facing immense pressure and are depleting
day by day. According to the FAO land and plant nutrition
management service (1994), over 6 % of the world’s land
is affected by either salinity or sodicity. Much of the
world’s land is not cultivated; however, a significant pro-
portion of cultivated land is salt-affected, and of the current
230 million ha of irrigated land, 45 million ha is salt-af-
fected (19.5 %), and of the 1500 million ha under dry land
agriculture, 32 million ha is salt-affected to varying
degrees, i.e., 2.1 % (Hefny et al. 2013). World’s large
irrigated regions with serious salinity problems are Yellow
River Plain in China, San Joaquin Valley in California,
KaraKum Canal project in Turkmenistan, Indus Plain in
Pakistan, Tigris—Euphrates Plain in Iraq, Murray—-Mur-
rumbidgee Area in Australia and lower Nile Valley in
Egypt, which need a serious attention of researchers
(Ghassemi et al. 1995).

Subsurface drainage is considered as a most suitable
approach for groundwater balance and land and water
management practices containing the groundwater table at
a suitable level (Luthin 1978; Gates and Grismer 1989).
Agricultural subsurface drainage is a process of removal of
excess groundwater from the crop root zone system which
promotes safe environment for efficient crop growth and
for better health in rural and urban areas. Subsurface
drainage lowers the high water tables, and the main causes
of the rise in water table are precipitation, excess irrigation,
leaching water, seeps from higher land or irrigation canal
and ditches and groundwater under artesian pressure.
This technique has gained international acceptance. Sub-
surface agricultural drainage provides agronomical and
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environmental benefits in terms of improved crop yield,
improved soil trafficability, field operations and reduction
in sediment and phosphorus losses from agricultural fields
(Kornecki et al. 2001).

Subsurface drainage has been found to be the only
solution for providing land reclamation on a long-term
basis when salts are present in the soil and groundwater.
Subsurface drainage has been provided in 75-80 % of
irrigated area in Egypt and 25-30 % irrigated area in
western USA Goel and Tiwari (2013). Comprehensive
reclamation programs involving provision of subsurface
drainage in irrigated areas have been embarked in a big
way in Pakistan over the past 50 years, while these started
much earlier in India during late 1920s (Thatte and
Kulkarni 2000), and FAO (1999) reported that India has
2.5 million ha waterlogged land and 3.1 million ha salin-
ity-affected area, while this hazard on the state level in
India is extended, i.e., Uttar Pradesh has salinity-affected
area over 1 million hectares, 1 million hectares in Gujarat,
0.5 million ha in Punjab, 0.2 million ha in Haryana and a
smaller area in Rajasthan, and significant less proportionate
area in Tamil Nadu in the south is also affected. At the time
of nineties, subsurface drainage installed <10 % of the
total irrigated area Zimmer et al. (2002). But currently
<0.02 % irrigated area in India is provided with subsurface
drainage Tiwari (2011), and Maharashtra state has mini-
mum salt-affected area to the extent of 0.6 M ha (Sethi
et al. 2010).Still India is facing varying degree of salinity
problems such as saline soil, costal saline and alkalinity
(Patel et al. 2002; Mandal and Sharma 2011).

Some past review papers and past remarkable studies on
subsurface drainage and salinity management were dis-
cussed in this session. The purpose of this literature survey is
that the findings and recommendations of these studies
would be useful to take as guidelines to plan a new subsur-
face drainage system in an efficient, effective, economic and
ecofriendly manner for future in India and other countries.

Gupta (2002, 2003) has summarized past 100-year
Indian efforts to control salinity and waterlogging prob-
lems, which were conducted under the supervision of
Central Soil Salinity Research Institute (CSSRI) from 1972
to 2002. He has covered several pre- and post-indepen-
dence pilot studies and their salient findings from 1873 to
1975. He has provided general drainage design guidelines
and operationalizes the subsurface drainage system for
Indian conditions.

Kaledhonkar et al. (2009) have summarized preliminary
studies conducted in India from 1980 to 2008. He has been
enlightening on the 18 Haryana, 3 Gujarat, 2 Maharashtra,
2 Andhra Pradesh, 1 Karnataka and 1 Rajasthan pilot
studies of their saline areas in the listed states, and he made
efforts to focus the subsurface drainage operational and
subsurface drainage effluent management problems. They
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discussed the drainage design parameters, crop production,
cropping intensity and cost investment for the subsurface
drainage installations but did not considered the mainte-
nance of SSD.

Several researchers have suggested different strategies
for salinity management in developing countries from 1969
to 2014. Special issues in SSD are discussed/highlighted,
and specific methodologies for design of SSD are sum-
marized in this paper. In the end, some of the general
guidelines have been proposed which can be kept in mind
while designing any SSD project in future.

Subsurface drainage pilot or project studies
India

The requirement of salinity management was firstly
reported by Punjab Govt. in 1865 to Governor General. Mr.
Robertson and started India’s first drainage project in 1873
to reclaim the land from waterlogging, and people cure
from malaria disease. History of northwest India’s salinity
has to reclaim through subsurface drainage installation and
keep functioning it till achieving the aim of installation
(Hanumanthaiah and Satyanarayana 2003). But they
always worried about drain discharge disposal. Till few
years ago, the drain discharge was disposed in canals. And
also they tried to reuse the saline drain water in crop pro-
duction, but the problem in those days was the pumping out
of large quantity of drain discharge. So nowadays, the
drainage installation is costly and seen more problematic in
disposal point of view. A number of pilot scales subsurface
drainage projects undertaken by CSSRI Karnal (Haryana),
India, during 1980s have slowly paved the way for com-
munication of large-scale mechanically installed drainage
projects in Haryana, Rajasthan, Gujarat, Punjab, Andhra
Pradesh, Maharashtra and Karnataka. India is divided into
ten climatic zones which played very important role in SSD
installation because any region is more affected by their
weather conditions. On the basis of the climatic zones,
experimental sites are through the India map (Fig. 1).
About 35,000 ha waterlogged saline soils have been
reclaimed in these states with significant improvement in
crop intensity, yield, land value and farmers income.
India’s major pilot studies literature survey has been dis-
cussed in Table 1. Here we are discussing the important
factor of the drainage design criteria with their major
outcomes. The following table (Table 1) have described
about India’s 56 successful pilot studies with their study
area, installation year, operational duration, necessary
drainage design parameters and their major conclusions.
On the basis of the Table 1, the pilot studies following
guidelines are framed which would be helpful in drainage
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Fig. 1 Climatic zone wise

~
o .. s -
distribution of SSD studies in - ~
. R} et J"“"
India 2 3
| K4
4
Y l’ \
. Io .
el
é N \
_l. ] \_ }-:l h'\
I “AL" , ~
. A
,./ . ",‘ 2 : YAk d 3 .
RATUEE: B N "\ s '
f 7 v: - -~ ~’ N\
-~ / , ! & e f3 ~ Y
< / ¥ OSS N i'\"* B
s 7 PR 2 | R ~cm AN 1‘ ‘
} ’/ I s p : ‘(?‘---q(, ‘\‘,v‘»._‘ ‘:'j
o~ :;{;--.‘ .)_,‘ ~\'4\\ f‘_\'\‘ 7 .Izﬂ s.,..-z '. ?
MR NP DT SRRy ) "¢
/

design subsurface drainage system in India. It is expected
that these salient points would be useful in new wherein
similar soil, water table and climatic conditions existing in
India.

Basic guidelines for Indian subsurface drainage design

Although Drainage manual (1978) and Drainage design
factors (1986) have recommended general guidelines for
installation procedure and drainage design parameters for
more effective performance yet on the basis of pilot studies
undertaken in the past 50 years in India, few more guide-
lines have emerged which are mentioned below.

1. Before subjecting any drainage project into a prob-
lematic area, the primary data (technical, socioeco-
nomic, geo-hydrological climate) and secondary
(water quality) have to be collected, which are relevant
to the particular area.

2. In past, cement concrete pipes were very popular in
alkaline and saline areas because these pipes have not
given any complaints up to 20 years in alkaline areas

@ Site for Drainage Experiment (Gupta, 2000)

A Site for Drainage Experiment (Authors)
1. Pre-humid North-East

Humid Sohyodri and West Coast

Humid South- East

Sub-humid Transition

Sub-humid Litterals

Sub-humid Continental

Semi-arid Sub-tropical

Semi-arid Tropical

Arid

West Himalaya

©ooNOUhAEWN

=
©

and 8 years in saline zones after installation. But
nowadays PVC pipes are more popular than others due
to its portability and light in weight.

3. Drainage depth is an issue of increase or decrease in
cost of installation and also availability of machineries
and labor. But it is depending on position of ground-
water table, soil type and hydraulic characteristics. For
agricultural drainage, recommended depth of the
lateral is >1.2 m because agricultural activities may
damage the laterals.

4. Drain spacing is classified on the basis of the texture of
the soil. The lateral spacing, size and grade (in %) for
light-textured soils are ranging between 100 and
150 m, 100 mm and 0.10 %, respectively, 50 and
100 m, 125 mm and 0.075 % for medium-textured soil
and 30 and 50 m, 150 mm and 0.05 % for heavy-
textured soils.

5. On the basis of climatic conditions, drainage coeffi-
cient has an optimum value which lies between 1 and
3 mm/day (i.e., arid region is a 1 mm/day, semiarid
region is a 2 mm/day, and subhumid region is
3 mm/day).
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Table 3 Pilot studies on desalinization and waterlogging

S. no. References Location states and

Spacing(m) and

Type of drains and Major conclusions

countries depth (m) type of outlet
1 Kale 2011 Konya—C, umra Plain, - - - Pumped Water table, soil salinity have been controlled,
Turkey and wheat crop yield also increased
2. Ozturk (2004) Anatolia, Turkey 213 1.8-2.0 Tile Gravity Crop yield increased, and water table has been
drains controlled
3. El-Mowelhi et al. ~ Nile Delta Egypt 20,75 1.5 Tile Gravity Crop yield increased
(1988) drains

6. Continuous movement of water in the pipe and aquifer
system collects sediment in the pipes which may affect
the performance of the drainage system. For resolving
the problem, the provision of filters and envelopes on
the drain pipes has to be adopted. Filter/envelope
material is used to filter that surrounds drain pipe, and
these are commonly used along with drain pipes (geo-
textile, polypropylene, coconut fiber, polystyrene and
foam plastic). The traditional filter material is a
combination of gravel and coarse sand.

7. Normally the drain effluent is disposed in the canal,
salt-making ponds, fishpond, or it can be reused in crop
production. The several methods have been suggested
by researchers for effluent reuse in irrigation such as
blending and mixing.

Subsurface drainage pilot studies in Pakistan

As a consequence, waterlogging and salinity now are
serious threats to irrigated agriculture of the 16.7 million
hectare in the Indus Basin; about 2 million hectare is
waterlogged, and 6 million hectare is salt-affected (Nijland
et al. 2005).

Pakistan made an effort for salinity control by starting a
series of salinity control and reclamation projects in 1959,
and results show a very good agreement to reduce salinity
level in the surface and soil profile salinity. The salinity in
percentage has been compared for 17-year variation (be-
tween the initial salinity year 1960 and 1977-1979) after
installation of drainage, and this is also indicated that the
salt-free areas increased up to 20 % in surface and profile
salinity from past decades (Bhutta 2007).

The subsurface drainage installations in Pakistan are still
<1 % of the total cultivable commanded areas so it needs
to be increased (Ghumman et al. 2012; Azhar et al. 2004).
Bhutta (2007) has discussed salient findings of drainage
research and its benefits in Pakistan. Pakistan has world’s
largest irrigation system, namely the Indus Basin Irrigation
System that commands about 14.2 M ha canal irrigated
area (Niazi 2008). Due to poor maintenance and neglecting
behavior of academician of Pakistan, most of the parts of

canal are still unlined and result in the basic cause of
waterlogging problem, which directly covered major part
of agricultural lands of Pakistan. Niazi (2008) and Ghum-
man et al. (2010) reported that Government of Pakistan has
made effort to save major fertile land of agriculture by the
installation of major subsurface drainage projects from past
few decades. Various methodologies have been used to
protect agricultural lands of Pakistan from the salinity, but
most of the subsurface drainage project had not proved
informative and beneficial to solve the problem (Smedema
1990; Sarwar 2000; Kahlown and Khan 2004). So many
approaches like surface drainage, subsurface pipe drainage
and tube wells had been installed for reclamations of fertile
lands of Pakistan, but subsurface pipe drainage was proved
more beneficial than other two methods (Azhar et al. 2010).
Four decades ago, Pakistan government was more con-
cerned about the protection of the productive agricultural
lands, and they passed eight subsurface pipe drain projects,
but Sarwar and Feddes (2000) and Azhar et al. (2004) have
reported that the installed drainage projects had not proved
beneficial as per the expectation because these projects
have not been technically sound and designed in that par-
ticular decade. After that Pakistan’s irrigation and drainage
engineers and scientists continuously worked on the drai-
nage design parameters such as drainage coefficient, drain
spacing Naz et al.2009) and drain depth. Kahlown et al.
(2007) and Azhar and Latif (2011)have been worked on
three experimental sites NIA, Bughio and Nawazabad
farms in Pakistan in order to find the drainage coefficient
for the efficient performance of futuristic projects and
problems. History of Pakistan’s irrigation and drainage
researches are mainly explained by existence of nine dif-
ferent subsurface drainage projects (Azhar et al. 2005) as
presented in Table 2.

Pakistan drainage design guideline

In Pakistan, in drained areas where a deep water table is
maintained, farmers sometimes complain about the
increased need of irrigation water (Qureshi et al. 1997). A
shallow water table, especially in the fine soils of the Indus
plains, is capable of water delivery to the crops through
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capillary rise. In areas with an ‘acceptable’ groundwater
quality, there is no need to maintain a deep water table. The
following guideline arises from the studies of the different
research works. On the bases of the pilot studies, following
steps are recommended.

1. In Pakistan, drainage design depth of the subsurface
drainage systems should be in between 1.8 and 2.4 m
while collector depth >3 m.

2. SSD drain discharge has
0.95-3.5 mm/day.

3. PVC pipes are generally popular in field drains with
fixed dimensions, i.e., diameters 100—200 mm and
length up to 800 m.

4. In collector drains, PVC and PE pipes are used with
fixed dimensions of 200-380 mm in diameter and
length >4 km.

5. Gravel filters are more popular in Pakistan subsurface
drainage installation.

to be designed as

© Iraq and Egypt

In Iraq, for example, more than 50 % of the lower
Rafidain Plains faces a stern salinity and waterlogging
problems (El-Hinnawi 1993). Similarly, salinity and
waterlogging have been an inevitable problem in Egypt.
These problems have existed during the pre- and post-
Aswan High Dam periods (Ritzema 2009; IPTRID Sec-
retariat 2007). To overcome this twin problem, subsurface
drainage projects were commissioned in 1942. About
55 % of agricultural land was reported as saline in Iran
(FAO 1994). Waterlogging and drainage problems occur
in the central and southern parts of the Saudi Arabia. In
some projects, like Al-Hassa irrigation project, the agri-
cultural drainage water is mixed with fresh groundwater
and reused for irrigation. So, due to the poor quality of
irrigation water, soil salinity problem is increasing
(AQUASTAT 2008). Multi-level subsurface drainage has
also proved beneficial (Hornbuckle et al. 2012). Hirekhan
et al. (2007) have suggested that field observation must be
taken before and after the installations of SSD in a
semiarid climate area and have stressed on rigorous
analysis before adopting a subsurface drainage technique.
Chahar and Vadodaria (2010) and Chahar and Vadodaria
(2012) investigated the optimal spacing in an array of
fully penetrating ditches for subsurface drainage. They
developed an explicit equation for computing the optimal
spacing between the ditches. Eldeiry and Garcia (2010)
have compared ordinary kriging, regression kriging and
co-kriging techniques to estimate the soil salinity using
various images. The best combinations have evaluated to
estimate soil salinity with different crop types. Gammal
El and Ali (2010) reported that subsurface drainage water
has proved very beneficial for crop production in Egypt.
Salinity and waterlogging problems affected countries are
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trying to reclaim their waste land, which are severely
affected from these hazardous reasons presented in
Table 3.

Conclusions

This paper briefly discussed the old to current state of art in
subsurface drainage system, positive effects of drainage on
crop production and also what the future hold for this
technical approach. Pilot studies reviewed subsurface
drainage investigations from 1969 to 2014 (India and
abroad) with their outcomes. This study is to suggest the
numeric value of drain depth which is kept greater than
1.2 m, i.e., >1.2-1.8 m and drain spacing depending on the
soil texture classification, i.e., 100—150 m for light-textured
soils, 50-100 m for medium-textured soils and 30-50 m
for heavy-textured soils for Indian subsurface drainage
installation in the problem area, and Pakistan subsurface
drainage project studies show drain depth kept more than
1.8 m. With the help of this paper, researchers will be able
to decide the drain depth, spacing, types of subsurface
drainage and type of outlets.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
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