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Module.2. Ecosystem Services from Agro Ecosystems: Scenarios, Trends

& Policy Response

An ecosystem is a dynamic complex of plants, animals, and micrganism communities and their nonliving
environment interacting as a functional unit. tTHumans are an integral part of ecosystems, which vary
enormously in size; a temporary pond in a tree hollow and an ocean basin can both be ecosystems. Ecosystem
services are the benefits that people obtain from ecosystems. These services can be segregated into provisioning
(fresh water, food, etc), regulating (climate regulation, water purification, carbon sequestration, etc), support
(nutrientcycling, soilformation, etc) and cultural (tourism, recreation, etc). The Millennium Ecosystem

Assessment analysed 24 ecosystem services, and found that 15 were being degraded or used unsustainably.

The benefits stemming from ecological systems are provided by interactions amidstignamic complex of plant,
animal, microorganism communities and their nonliving environmentsz on both a local and global scale.
Traditionally, agriculture is the dominant from of land management, accounting for 38 percent of total langses
across the gbbe2, and agriculture and ecosystem services are interrelated via: (a) beneficial ecosystem services
generated by agro ecosystems (e.g., soil retention, food production and aesthetics); (b) receipts of beneficial
ecosystem services from other ecosystems tagro ecosystems (e.g., pollination from ncagricultural
ecosystems); and (c) the impact that agricultural practices can have on ecosystem services from fion
agricultural systems (e.g., decline in biodiversity due to eutrophication in downstream water bods from

nutrient runoffs, etc.)3

Ecosystem services are a major contributor to agricultural productivity; leading to increases in agricultural crop
yield and thereby towards food security. At the same time, agriculture produces more than just crops.

Agricultural practices have environmental impacts that affect a wide range of ecosystem services, including

L http://www.cbd.int/convention/articles/default.shtml?a=cbd -02
2 Food and Agriculture Organization (FAO), 2004

3 Dale, V. H., Polasky, S., (2007), Measures of the effects of agricultural practices on ecosystem services, Ecological
Economics, doi: 10.1016/j.ecolecon.2007.05.009
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water quality, pollination, nutrient cycling, soil retention, carbon sequestration and biodiversity conservation.

Therefore, there is a strong interlinkage between ecosystem services, agriculture and food security.

This Module looks at the trends and policy responses to the following ecosystem services, their impacts on

agricultural practices, and vice versa, in Punjab and across the globe:

1 Water Quantity and Quality
1 Soil Structure and Fertility
1 Nutrient Cycling
1 Biological Pest Control
1 Pollination

4ibid
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1 Water Quantity and Quality

The well-being of both ecosystems and humans is strongly dependent on this vital ecosystem service, which
provides people with water for domestic use, irrigation, power generation, and transportation.In any given

landscape the characteristics of the landscape and its location determine water flow paths, quantities and
qualities, which in turn determine vegetation, fabitats and fauna . Seasonality in rainfall combined with

temperature and landscape characteristics (slope, soil, bedrock) affects water availability and the resulting
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Figure 1: Source:Boelee E (ed) 2011. Ecosysterfir water and food security. Nairobi: United Nations

Environment Programme; Colombo: International Water Management Institute.

Agriculture has modified the global hydrological cycle in terms of both water quality and water quantity

through changes in landuse, land cover and irrigation. Irrigation comprises 66 percent of all water
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withdrawals 5 and accounts for the largest share of consumptive water us&.his has caused substantial changes
to river flow patterns, downstream coastal ecosystems and wetlandsresulting in river depletion affecting
several large rivers around the world and a redistribution of the spatial patterns of evapotranspiration globally
Z decreasing it in areas of largescale deforestation and increasing it in many irrigated areds with impacts on
climate and ecosystems in some regiorisWater regulation and drainage in wetlands can be a main cause of
wetland habitat loss and degradation in groundwater and rainfatdependent wetlands!® Moreover, agriculture
has also intensified nutriert overload, via a doubling of nitrogen fixatioa! and a tripling of phosphorus usé? at

the global scale; causing widespread eutrophication and hypoxic zonss.

Water regulating ecosystem services can have important impacts on terrestrial systems via changethe water
table, vapour flow and higher rates of land cover change. For example, if the rate of recharge from rainfall or
irrigation exceeds the rate of discharge from the aquifer; it may lead to watdogging and salinizationz a
common feature of irigated agriculture. Saltaffected soils in irrigation schemes are often related to poor soil
and water management in addition to the unsuitability of many soils for irrigatiort Studies show that

increased evapotranspiration through irrigation can alter lacal and global climate®; highlighting the potential

5 Scanlon, B.R., Jolly, I., Sophocleous, M., Zhang, L., (2007). Global impacts ofrsiomgefrom natural to agricultural
ecosystems on water resources: Quantity versus quality. Water Resour. Res. 43.

6 Falkenmark, M., Lannerstad, M., (2005). Consumptive water use to feed humanitguring a blind spot. Hydrology and
Earth System Sciences 9(2), 15z28.

7&ET 1T AUOTT AT A $8#00U j¢mmuqn ! CGAOAU AT A '1 AAO jg¢mmuqQqn 671 OI

8 Gordon, L.J., et al., (2005). Human modification of global water vapor flows from the land surface. Proceedings of the
National Academy of Sciences 102 (21), 1@z7617.

9 Gordon, L.J., Peterson, G.D., Bennett, E., (2008). Agricultural modifications of hydrological flows create ecological
surprises. Trends in Ecology and Evolution 23 (4), 21%219.

102 AGAT CA AO Al 8 jc¢nmnmngn &ETTAUOIT AT A $6#00U jc¢nnuQ
11 Galloway, N., et al., (2004). Nitrogen cycles: past, present, and future. Biogeochemistry 70, 4536.

12 Bennett, E.M., et al., (2001). Human impact on erodable phosphorus and eutrophication: a global perspective. BioScience
51 (3), 227z234.

13 Diaz, R.J., 2001. Owdew of hypoxia around the world. Journal of Environmental Quality 30, 27%281.

14 1.J. Gordon et al., (2010). Managing water in agriculture for food production and other ecosystem services. Agricultural
Water Management 97 (2010) 512519

15 Pielke et al., {997); Chase et al., (1999); Boucher et al., (2004).
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consequences of land cover changes for agriculture affecting the African and Asian monsoons, where changes in

evapotranspiration constitute one of the driving forcess 17

1.1 Water scarcity

Water scarcity is increasingly affecting human welbeing and making us aware of the importance of healthy
terrestrial ecosystems as a major source of accessible, renewable freshwater (in itself a top priority service).The

following map shows the global physical and ecamic scarcity status.

[] Little or no water scarcity [] Approaching physical water scarcity [ ] Not estimated

[ Physical water scarcity B Economic water scarcity

Figure 2. CA (Comprehensive Assessment). 2007. Water for food, water for life: a comprehensive assessment of
water management in agriculture. London: Earthscan, Colombo: International Water Management Institute.

NOTE:Little or no water scarcity means that water resources are abundant relative to use, with less than 25% of
water from rivers withdrawn for human purposes. Physical water scarcity means that water resources

16 Fu, (2003); Zheng and Eltathir, (1998)

17 Rockstrom, J., Barron, J., 2007. Water productivity in rainfed systems: overview of challenges and analysis of opportunitiesater
scarcity-prone savannahslrrigation Science 25, 293311.
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development is approaching or has exceeded sustainable limitse than 75% of river flows are withdrawn.
Approaching physical water scarcity means that more than 60% of river flows are withdrawn and these basins will
experience physical water scarcity in the near future. Economic water scarcity means that wateuress are
abundant relative to water use, with less than 25% of river flows withdrawn, but lack of human, institutional, and
financial capital limits access to water and malnutrition exists.

Over 1.6 billion people live in areas of physical water scatgi and without changes in management this figure
could soon grow to 2 billion. With the same practices, increased urbanization and changed diets, the amount of
water required for agriculture to feed the world population would have to grow from 7,130 km to between
12,050 and 13,500 knd by 2050, representing an increase of 790 percents .

Water scarcity is as an important driver of India's socieeconomic future and by 2025 much of India is expected
to be part of the onethird of the world destined to faceabsolute water scarcity!® Such intensification of water
scarcity is expected to have multifaceted consequences, with major implications including a deepening of "water
poverty" z i.e., difficulty people face in securing adequate and reliable access to water productive and
consumptive use$0 z deterioration of water-based ecosystems via drying up of wetlands and deterioration in

water quality and desertification.

1.2 )T AEA8O 7AO0AO0 " OACAO

yT AEAGO O1T OAI OAET £ZA1 1 EO A O OhA86A cuBidkmsdonstiufes avapagalanniid A E A
potential flow in rivers, while 432 cubic kms is considered to be replenishable groundwatefrom the table

below it can be said that available water is just 60 percent of total rainfall implying that evapotrangption is 40

percent of total rainfall.

18 CA (Comprehensive Assessment). 2007. Water for food, water for life: a comprehensive assessment of water
management in agriculture. London: Earthscan, Colombo: International Water Management Institute.

19 Seckler, Barker ad Amarasinghe 1999; Cosgrove 2003; Cosgrove and Rijsberman 2000; Rosegrant Kai and Cline 2002

20 Tushaar Shah and Barbra van Koppen, (2006), Is India Ripe for Integrated Water Management? Fitting Water Policy to
National Development Context. Economic and Ritical Weekly, Vol. 41, No. 31 (Aug.-31, 2006), pp. 34133421
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Component Volume (kmd) Precipitation (%)
Precipitation 3838 100
Potential flow in 1869 48.7
rivers
Natural recharge 432 11.3
Available water 1869+432= 60
2301
Evapotranspiration 3838- 100-(48.7+11.3)=
2301=1537
Table 121

The annual potential natural groundwater recharge from rainfall in India is about 342.43 cubic kms which is
8.56 percent of toal annual rainfall of the country. The annual potential groundwater recharge augmentation
from canal irrigation system is about 89.46 cubic kms. Thus, the total replenishable groundwater resource of the
country is assessed as 431.89 cubic kms. After alloity 15 percent of this quantity for drinking, and 6 cubic kms
for industrial purposes, the remaining can be utilized for irrigation purposes. Thus, the available groundwater
resource for irrigation is 361 cubic kms of which utilizable quantity (90 percentis 325 cubic kms2?

1.3 Surface Water

Keeping in view the level of consumption, losses in storage and transport, seed requirements, and buffer stock,
the projected foodgrain and feed demand for the year 2025 would be 320 million tonnes (higdemand
scenario) and 308 million tonnes (low-demand scenario). The requirement of food grains for the year 2050
would be 494 million tonnes (high-demand scenario) and 420 million tonnes (low demand scenario). The
following table provides details of the population of Inda and per capita water availability as well as utilizable

surface water for years 1951 to 2050 (projected?t.

21 Gupta S K and Deshpande R D 2004 Water for India in 2050: first order assessment of available options; Curr. Sci. 86
1216z1224. Planning Commission 2007 Report of the Expert Group on GrowMater Management and Ownership,
Government of India, New Delhi, September 2007.

22 Rakesh Kumar, R. D. Singh and K. D. Sharma. Water resources of India National Institute of Hydrology, Roorkee 247667,
India
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Year Population Per capita Per-capita utilizable surface water
(millions) surface water
availability
1951 361 5410 1911
1955 395 4944 1746
1991 846 2309 816
2001 1027 1902 672
2025 1286 (low growth) | 1519 495
| (projected) | 1333 (high growth) | 1465
2050 1346 (low growth) | 1451 421
| (projected) | 1581 (high growth) | 1235
Table 221

From the table it can be noted that per capita availability of surface water is showing a declining trend. In 2050

(high growth case) it is being projected to be just 1235 cubic metres.

Total annual requirementof water for various sectors has been shown in the following table .

11



SRIST

advisory

Use Year Year Year Year 2050
1997-98 2010 2025
Surface Irrigation 318 335 346 419
water Irrigation Percentage of totall 80 74 66 60
Domestic 17 24 33 57
Evaporation losses 36 42 50 76
Others(industries,power,etc) 28 53 93 145
Total 399 453 521 697
Ground Irrigation 206 216 241 299
water Irrigation Percentage of total 90 86 82 78
Domestic 13 19 26 44
Evaporation losses 0 0 0 0
Others(industries,power,etc) 11 15 27 38
Total 230 250 293 380
Total Irrigation 524 550 586 718
water Irrigation Percentage of totall 83 78 72 66
Domestic 30 43 59 101
Evaporation losses 36 42 50 76
Others(industries,power,etc) 39 68 119 183
Total 629 702 814 1077
Table 321

From the table it can be estimated that total water requirement is expected to increase by 53 percent in 2050

from 2010. The corresponding increase in ground and surface water is 52 and 54 perceespectively.

1.4 Water Supply in Punjab

The major sources of water supply in the state comprise of rainfall, surface water from canals and ground water.

There is a interrelation among these sources; for example, rainfall contributes to ground water (through

12
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drainage) and surface water through run off. Similarly the seepage from canal net works and the return flow of

irrigation water contributes to replenishing ground water.

1.4.1 Rainfall

On an average, Punjab receives about 590 mm of annual rainfall. Accordiiogdata, the amount of annual
rainfall falling over the cropped area fluctuated between 1.41 to 4.7 M ha during 1969-2008. The following
graph shows the rainfall status from 1970 onwards.

' N

Rainfall in Punjab {(mm)
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Figure 3

The table below provides the district wise break up ofainfall.
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Gurdaspur 926.3 1155 | 1214.9| 1038.3| 662.6| 810.6| 830.1
Amritsar 5946| 869.8| 650.8| 813.2| 554.8| 327.1| 207.9
Kapurthala 554.9 683 780.5| 9735 492 | 464.5 542
Jalandhar 171.4| 873.9| 1195.7| 596.7| 469.6| 315.7| 364.2
Nawan o@ @@ @@ 1932.6| 936.7| 705.1| 699.4
Shehar

Hoshiarpur 999.3| 906.1| 1075.6| 916.3| 1004.6 641 658
Rupnagar 983.4 759 | 1092.4 967 641.8| 675.2| 793.4
Ludhiana 756.7 38 523.9| 607.8| 589.3| 504.4| 437.2
Firozpur 232.3| 956.2| 421.6| 405.3 127.9 95.6| 130.3
Faridkot @ 511.4| 567.8| 350.4 151 | 262.7| 256.5
Muktsar Q@ Q@ Q@ 883.1 520.1 508.5 358
Moga Q@ @@ @@ 551.6 259 | 2345 175
Bathinda 499.2 | 355.9| 3421 | 274.9 173.6 425| 136.1
Mansa * * * 146.3 132.9 72.2 77.1
Sangrur 521.9| 5214 527.2| 540.7| 377.2| 22838 202
Patiala 555.6| 835.7| 662.7| 819.8 779 | 470.1| 641.2
Fatehgarh | * ks ks 253.2| 2449 285 155
Sahib

Punjab 672.3| 739.1| 754.6 710 4775| 390.8| 391.9

Source: Director of Land Records, Punjab

@ Data included in Firozpur andathinda districts, @ @Districts Muktsar, Moga and Nawanshehar were created

in 1996, Data of Muktsar & Moga included in Faridkot anthat of Nawanshehar in districts Jalandhar,District

Mansa and Fatehgarh Sahib were created in April 1992, hence ddtthese districts is included | Bathindand

Patiala respectively.

1.4.2 Surface Water

The surface water in Punjab is a part of the Indus river system. The perennial rivers of the Indus system that

flow through Punjab are the Ravi, the Beas and the Sutl€hese rivers are tapped by various dams like Bhakra,

14
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Pong, Pandoh ,etc. Stored water is utilized for irrigation through a network of canals like Bhakra Canal, Sarhind

feeder, Bikaner canal, etc.The following table shows the capacity measured in cubic fe&t second.

Name of Head works Name of off taking channels Capacity
Ropar Headworks Sirhind Canal 12622 Cs.
Ropar
Bist Doab Canal 1408 Cs
Harike Headworks, Rajasthan Feeder 18500 Gs.
Harike
Ferozepur Feeder 11192 Cs.
Mukhu Canal 292 Cs
Hussainiwala Bikaner Canal 2740 Cs.
Headworks Ferozepur
Eastern Canal 3929 Cs
Madhopur Head Upper Bari Doab Canal 8200 Cs.
Works
Shah Nehar Mukerian Hydel Canal 11500 G
Headworks
Nangal Head works Bhakra Mainline Canal 12455 Cs.

Table 5 Source: Irrigation Department, Punjab.

The total culturable command area is 30.88 lac hectare. Sirhind Canal system contributes the most (44 percent).

Sirhind Canal System. | 13.59
Sirhind Feeder 3.6
System.

Eastern Canal System | 2.16
U.B.D.C. System. 5.73
Bhakra Canal System. | 3.81
Bist Doab System. 1.99
Total 30.88

15
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Table 6 Source: Irrigation & Drainage Departments, Punjab.
The surface water entering at river head works of Ropar, Harike, etc is presently 1.80 M-tmaof which around

80 percent is available at the canal outletz?

1.4.3 Ground Water

Annual replenishable ground water resources comprise of recharge from rainfall and o#h sources. In Punjab,

the total annual ground water is 23 billion cubic metre .

( Annual Replenishable Ground Water Resource

(23 bem)

B Recharge from rainfall
(Monsoon Season)

B Recharge from other
sources (Monsoon
Season)

Recharge from rainfall
Non monsoon Season)

H Recharge from other
sources ( Non monsoon
Season)

— /)
Figure 424

The annual ground water draft is 35 billion cubic metres.

23 Brar. G.S.1995. Development of canal irrigatian Punjab.In water managementNeed for public awareness.Punjab
Agricultural University, Ludhiana

24Ground Water Year Book 20112
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Annual Ground Water Draft (35 bcm)

M [rrigation

m Domestic& industrial uses

-
Figure 523

This implies that in the states the annual ground water consumption is more than annuaround water
recharge leading to 170 percent of ground water development in the state.

GROUND WATER RESOURCES AVAILABILITY, UTILIZATION {in bem) AND STAGE OF DEVELOPMENT

Annual Replenishable Ground Water Resource Natural | - Net | Annual Ground Water Draft | Projected Stage of
Monsoon Season Non-monsoan Seasan discharg | annual Domesti demand for |Ground water| ground
Recharge | Recharge eduring| ground ok domestick | availability | water

Recharge | Rechargefrom | from |from other non | water industria industrial uses | forfuture | develop

fromrainfall | other sources | rainfall | sources | Total |monsoon|availabilit|Irigation| |uses | Total | upto2025 |inigation use|ment (%]

Punjab 2.8 1057 L34 478 2256 22 2035 3357 064 3466 0.95 1457 1N

India U645 6738 4571 7148 43103 3503 396.06 221420 2189 24332 30.71 153.66 b1
Table 7 SOURCE: Ground Water Year Book 2021
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1.5 Water Demand
"AOGAA 11T OEA AOOEIT 006 AAI AOI AGET 1T Oh EOminAds0-68 avauieli AOA A
increase to 4.8 M han in 2010-11.The demand comprises of evapotranspiration from vegetated and forested

land and civic and industrial use. The following graph shows the trend.

4 N\

Water demand{M-ha-m)

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00 T T T 1 T 1

m Water demand

. _/
Figure 6 Source: Compiled by author based on data from ICRISAT, PAU.,i§taal Abstract Of punjab

From the table below it can be seen that the percentage contribution of rice and wheat has increased in 2410
from 1960-61. Rice contribution has increased to 38 percent from 5 percent in 19661. Wheat contribution has
also increased to 30 percent during the same interval. This increasing trend shows the impact of monoculture on

level of water requirement during 1960-61 to 2010-11.

18
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Crops 1960- | 2010-
61 2011(P)
Rice 5 38
Maize 6 1
Wheat 20 30
Gram 10 0
Pulses 1 0
Sunflower 0
Mustard 1 0
Cotton 10 6
Sugarcane | 7 2
Potatoes | 0O 0
Vegetables | 1 1
Fruits 1 1
Fodder 22 8
Forests 16 11
Water 2.7 4.8
Demand
(M- ha-m)
Table 8

1.6 Ground Water Crisis

The utilisation of water in the state agricultural sector has increased over the years with an increase in the area
under irrigation, shift in cropping patterns and decline in rainfall. From the table it can be seen that net area

irrigated has increased by 4 percent in 2010-11.

19
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Table.1.1.1. Net Irrigated Area by Different Sources in Punjab

Source Year

1970- | 1980- | 1990- | 2000- | 2010-
71 | 81 | 91 o1 |11 (P)

Canals | ! OAA EOOEGA|1292|1430| 1669 | 962 1116

Share of Area irrigated to| 44.7 | 42.3 | 42.7 23.8 27.4
Net Area irigated (%)

Tube | ! OAA EOOE CA| 1591|1939 | 2233 | 3074 | 2954
Wells & ['share of Areairrigated to| 55.1 | 57.3 | 57.1 | 76.1 | 72.6

Wells Net Area irrigated (%)

Other | ! OAA EOOECA| 5 13 7 2 -
Sources

Share of Areairrigatedto] 0.2 | 0.4 0.2 0 -
Net Area irrigated (%)

. A0 ) OOECAOAA 128883382 3909 | 4038 | 4070

Growth in New Irrigated Area (%) - 17.11( 15.58 | 3.30 | -0.02

Source: Compiled from various editions of Punjabt&istical Abstract,

Government of Punjab

Table 9

According to a study by Punjab Agricultural University net irrigated area has doubled from 2.02 M ha in 1960
61 to 4.08 M ha in 200708. This has been mainly possible through increased exploitation of grod water from
41 percent of irrigated area in 196061 to 72 percent in 20070825. Moreover the crops with high
evapotranspiration (ET) and irrigation requirement has substituted the low ET requirements. In addition,there
is an evident decline in annual ainfall since 1966. It is interesting to note that the contribution of tube wells in
irrigation has increased from 55 percent to 73 percent during 197&/1 to 2010-11.1t is clear that the tube wells

usage has substituted the canal water to a lot extent.

The total sustainable availability of groundwater is 1.68 M ha m per annum. Therefore, the total water

availability including surface as well as groundwater is 3.13 M ha m per annum. This means there is a net water
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deficit of 1.67 M ha m that has to met byainfall and groundwater over utilisation. The following map shows the

status of ground water in 2004.

GROUND WATER DEVELOPMENT IN PUNJAB
{AS ON MARCH 2004)

AMRITSAR

KAPURTHALA

JAl ANNHAR

LUDHIANA

FARIDEOT

SANGRIIR

FATIALA

LEGERLD
OVER-EXPLOITED( 103)
CRITICAL {5)
SEMI-CRITICAL (4}
SAFE(25)

UOmE

Figure 7 Source: Central Ground water Board,Chandigarh

According to the latest data , 110 blocks were over exploited (withdrawal of more than 100 pencerecharge),3
blocks were critical (withdrawal of 90- 100 percent of recharge), 2 blocks were semi critical (withdrawal of 70

90 per cent of recharge) and only 23 blocks were safe (withdrawal of less than 70 percent of recharge). The

table below shows the over exploitation of ground water
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State Total no. of Safe Semi-critical Critical Over-
Assessed exploited
Units Nos. % Nos. % Nos. % Nos. %
Punjab 138 23 17 2 1 3 2 110 80
India 5842 4277 73 523 9 169 3 802 14
Table 1023

The following map shows the water level depth of the state. According to it , depth to water level lies between

10 to 20 m bgl in 36.5 percent of total wells and 15 per cent of total wells falls under 20 to 40 m bgl bkat.

22



ABIST

advisory

Depth to Water Level Map of Punjab State (May - 2010)

A
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Index

Depth to Water
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[] 5t010
[ 10to 20
B 20 to 40
Bl -40

Figure 8 Source: Central Ground water Board,Chandigarh

There has been a significant fall in water levels during 19912010. There is a greater than 4m decline in
approximately 28,000 sq.km. area in parts of Nawanshahar, Jalandhar, Kapurthala, Ma, Patiala, Ropar,
Fatehgarh Sahib, Sangrur, Mansa, Bhatinda, Hoshiarpur, Gurdaspur, and Amritsar districitere is a 2-4 m

decline in approximately 8540 sg.km. area and less than 2m decline in 5630 sq. km. area has been noted. The

following map showsthe water level fluctuation 25

25 Central Ground water Board,Chandigarh
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Water Level Fluctuation Map of Punjab State Pre-Monsoon(1991- 2010)

A
0 a0 100
kilometers

Index

P \water Level Fluctuation {m)
Rize Fall

Mo @«
W Mo
m: M

Figure 9 Source: Central Ground water Board,Chandigarh

Rise in water level can only be seen in very few areas like muktsar and hosiarpur.

Owing to the declining water table, water has to be pumped from lower depths thdiave greater energy

requirements. For example, lifting of water from 12m depth requires 1.5 times more power than needed to lift
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water from 6m depth. Moreover due to declining water tables, submersible pumps have replaced the centrifugal

pumps leading toa rise in cost to farmers.

1.7 Water Quality

The following table shows the status of water quality of all the four rivers in the state.

1 Temperature®C | 16 16 16 14
2 pH 7.7 7.6 7.8 7.8
3 Conductivity 378 424 342 | 202
(mmho)
4 Nitrogen (Nox+ 1 2.34 1.4 | 0.04
Nos)
5 DO (mgl/l) 7.7 5.8 7.8 9.0
6 BOD (mg/l) 1.8 28 4.2 0.4
7 COD (mgl/l) 6.4 57.6 144 | 1.6
8 CF(mg/l) 20 54 23 10
9 So 14 30 16 8
10 Na 4.2 21.2 14.6 1.8
11 Fecal Coliform 170 500 500 0
12 Turbidity 22 62 24 7
(NTU)
13 Total Coliform 500 9000 5000 7
14 TDS 340 396 302 194

26 G.S. Hira, et al.2004.Efficient management of water resources for sustainable craoypin Punjab,Punjab Agricultural
University,Ludhiana
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Table 11
As per Bureau of Indian Standards,Bi&5: 22961982, the tolerance limits of parameters are specified as per

classified use of water. The followingable shows the classification.

Classification | Type of use

Class A Drinking water source
without conventional
treatment but after

disinfection
Class B Outdoor bathing
Class C Drinking water source

with conventional
treatment followed by

disinfection.

Class D Fish culture and wild life
propagation

Class E Irrigation, industrial

cooling or controlled
waste disposal

Table 12

The table below shows the tolerance limit for class C classification.
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1.7.1 Sutlej

SRIST

Characteristic Tolerance
Limit
pH Value 6.51t0 8.5
Dissolved Oxygen, mg/l 4
Minimum
Biochemical Oxygen Demand 3
Total coliform organisms, 5000
MPN/100 ml, Max
Colour, Hazen units, Max 300
Fluorides (as F), mg/l ,Max 15
Cadmium (as Cd), mg/l, Max 0.01
Chlorides (as CI), mg/l, Max 600
Chromium (as Cr6+), mg/l, 0.05
Max
Cyanides (as CN), mg/l, Max 0.05
Total Dissolved Solids, mg/l, 1500
Max
Selenium (as Se), mg/l, Max 0.05
Sulphates (as SO4), mg/l, Max 400
Lead (as Pb), mg/l, Max 0.1
Copper (as Cu),mg/l,Max 15
Arsenic (as As), mg/l, Max 0.2
Iron (as Fe), mg/l, Max 50
Zinc (as Zn), mg/l, Max 15

advisory

The quality of water upstream of Nangal conforms to Class 'B' of theater quality index z [fit for drinking

without conventional treatment but after dis-infection]. But as the river progresses slowly and receives

effluents and sewage from National Fertilizers Ltd. and the Nangal township, the water quality gets slightly

affected. At downstream Kiratpur Saheb, the water quality remains at Class 'B' till it reaches Ropar Head Works.

The water quality is worst at the confluence point of the river Sutlej with Budha Nallah, which carries industrial

27 Central Water Commission
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effluents and the sewage of Ludiana city. After the confluence point, the quality drops down to Class 'D' [not fit

for drinking with even conventional treatment or for bathing andnot suitable for propagation of wild life]. As

the river progresses further, East Bein joins it which brigs along with it the sewage and industrial effluents

AOT T . AxAT OEAEAOh OEACxAOAR * Al AT AEAO OI x1T OEEPOh AOAc¢
However, by the time the river reaches Harike, water quality improves to some extent dueits self purification

capacity and it conforms to Class 'C'. The graph below demonstrates the det&ils

Surface Water Quality
Standards
1S:2296
Class- "A"

0 -

S1 82 S3 S4 S5 S S7 S8 S9 S10 S11 S12 S13 S14 515
~-DOmgl. B 76 76 TT T4 T 68 42 53 S5 54 65 & 65 64
SBODmgL 08 2 22 11 27 86 25 32 73 15 28 14 1@ 17 19

Figure 10

28 Annual Report & Accounts 201611,Punjab Pollution Control Board
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1.7.2 Beas

The water quality in this river after it leaves Pong Dam in Talwara township is very good conforming to Class 'A'’

until it receives sswage from Mukerian town, Beas city and Goindwal Saheb. This causes the quality to go down
O #1 AOGO O0"6 1O O#6 j 001 PACAOGEI T 1 £
xEIl A 1 EZAQqs ) O OAAAEAO (AOEEA xEOE #1 AOO 0"06 xAOAO

Surface Water Quality
Standards
1S:2296
Class-"A"

BOD =2 mg/L
DO =8 mg/L

B1
-o-DO, mg/L 7.8
--800, mg/L 04

Figure 11

1.7.3 Harike Lake
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Thex AOAO NOAI EOU AO (AOEEA , AEA AT A AO (AOEEA |, AEA AT
quality index. The annual average concentrations of Dissolved Oxygen and-Bithemical Oxygen Demand are

shown graphically:

Surface Water Quality
2010 HARIKE LAKE Standards
1S:2296
Class - "A"
BOD =2 mg/L
DO =6 mgiL

=00, mg/L
~@-800, mg/L

Figure 12

1.7.4 Ravi

The water quality in the river is comparatively clean along its entire length since it is has little human activity
AOT OTA EO AT A OAIT AETO AO #1 AOGO O!'6 OEOI OCEI 60O OEA UAA
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Figure 13

1.7.5 Ghaggar

This river has poor quality of water due to meager flow in it. It caies the sewage from cities and industrial

effluents. The quality here is Clas® $6 AOA O 1 AACAO A1 x ET AAAEOEITT C
and sewage through various points. The municipal councils discharging their untreated sewage thrdugarious

drains in this river include Patiala, SAS Nagar, Rajpura and Chandigarh.
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Surface Water Quality
Standards
1S:2296
Class - "A"

BOD = 2 mgiL
DO =6 mgil.

G2 G3 G4 | GS G6 G7 G8 G8 G100 G111 | G612
DO, mg/L 54 46 43 45 | 43 4.3 4.1 5.4 5.1 5 48 45
--BOD, mg/L, 12 16 29 28 46 198 325 255 25 267 307 | 405

Figure 14

1.7.6 Ground water quality

Due to increased agricultural and industrial uses the ground water has been highly contaminated with arsenic,
selenium and fluorides. Selenium ranging from 2.5 to 69.5 mg/l has been reported in the ground water of
several villages in districts Nawanshahr and Hoshiarpur (Panam, Nazarpur, Simbli, Barwa, Jampur, Menhdpur,
Rakkara, Dhahan and Bhano Majra) and in Kandi area. Furthermore, the nrayim permissible limit of 10 mg/I

for drinking water was exceeded by 11.1 percent in tube well samples, whereas, the maximum permissible limit
of 20 mg/l for irrigation water was exceeded by 4.4 percent as reported in joint studies conducted by PAU and
PSC$ (Dhillon, et al., 2004, unpublished). The fluoride content in groundwater (about 1.5 mg/l) has also been
reported in Bhatinda, Patiala, Faridkot, Mukatsar and Mansa. The maximum value of fluoride 22.6 mg/l has been

reported in Kachi Khanauri in Sangrur étrict. Amritsar has shown an arsenic concentration ranging from 3.8 to
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19.1 ppb with mean value of 9.8 ppb (Hundal et al., 2008). Moreover, arsenic content in hand pump water is
reported varying from 9 to 85 ppb with a mean value of 29.5 ppb. According the safe limit of 54 percent and
97 percent, water samples collected from deep water tube wells and hand pumps, respectively, were not fit for
human consumption. Arsenic content in canal water varied from 0.3 to 8.8 ppb with a mean value of 2.89 ppb
(Hundal et al., 20083°.

A ground water quality survey was conducted in 1994 and 2004 at Nihalsinghwala block at Moga. During this
period, the water samples falling in the fit category fell from 51 percent to 28 percent and that of unfit category

increased fram 11 to 29 percent®. The following table shows this.

Year Depth of Percent samples
tubewell(m) | Fit | Marginal Unfit
1994 41 | 51 38 11
2004 71 | 28 43 29

Table 14

1.8 Water Logging

On the basis of criteria given by the National Commission of Agriculture (18Y and the Ministry of Water
Resources (MoWR, 1991), waterlogged and critically waterlogged areas may be defined where the water table is
within 2 m from the surfaces!.

During the late Fifties and middle of Sixties, large areas in various states develog@dblems of waterlogging. In
spite of well-developed main surface drainage systems in many states, notably Punjab, the water table
continued to rise affecting production and productivity. It was clear that surface drainage in the absence of
appropriate field and collector drains failed to control the rise in water table. It was also, clear that along the
collectors and main drains, rate of rise in the water table was slow and waterlogging conditions developed much
later than in other areas. Poor upkeep andmaintenance of main surface drains resulted in all round
development of waterlogging.

29 http://punenvis.nic.in
30 Managing water resources for ensuing sustainable agriculture ,Punjab Agriculturahersity
31 Indo-Dutch Network Project (IDNP). 2002. Recommendations on Waterlogging and Salinity Control

Based on Pilot Area Drainage Research. CSSRI, Karnal and AltirtRi, Wageningen. pp. 100.
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South west Punjab is worst affected by water logging. According to a study by the Punjab Agricultural
University, the water table depth in South west Punjab at Lambi antlbohar has declined from 2829 m in 1975

to 3-4 m in 20092, Farmers started applying as much irrigation water as is available with a mistaken belief that
the more they irrigate, higher yields would result. This disturbed the hydraulic equilibrium of the grundwater
basin. As a result, there has been a rise in the water table and consequent degradation of soils through
waterlogging and secondary salt buileup.

According to a study by Central Ground Water Board, the water levels of Muktsar in south west punjange
between 25 m, whereas, only a small portion i.e. east of Kotbahai is more than 5m. Northern and western part
of Muktsar block and southern and central part of Lambi block fall in less than 2m category, whereas, the rest of
the district falls in 2-5m category (Nov .2006). Whereas, in May 2006 the whole of the district fell under the 2
5m category except two patches near Lambi and North West of Kotbh&i The following map shows the area
which is being affected by water logging in Muktsar districtlsown by varying degrees of water table depth.

32 Jain,A.K ,Water Management Strategies in Punjab,Punjairidultural University

33 Muktsar District Punjab,2007, Central Ground Water Board,Chandigarh
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Figure 15















































































































