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SALINITY MANAGEMENT ALTERNATIVES FOR THE RECHNA DOAB,
PUNJAB, PAKISTAN

Volume Seven :
Initiative for Upscaling: Irrigation Subdivision as the Building Block

I. INTRODUCTION

A key benefit in the use of the spatial information systems is in the integration of thematic
information across a common coordinate reference. Such a consolidation is a pre-requisite
to the use of the conventionally available GIS tools whereby not only discontinuities in space
are identified, but also the remissions in data collection over time are exposed. Beyond the
essentials of this integration, lies the need for subsampling which is necessitated when a
larger geographic extent is too diverse to manipulate towards productive assimilations and
modeled appropriations. This is particularly true when a substantial number of information
units (points, lines, polygons, etc.) and types (legend-wise separations) are contained within
a theme; the situation is compounded further if these spatial constitutions have a wide
scattering. Granted this complexity in rendering, it is difficult to comprehend the
significance of this information in relatjon to the externalities associated with its composition
into a map. While it may be an achievement in itself to put several disparate spatial entities
together, the seclusion of such an assemblage towards a meaningful inference necessitates
recourse to information partitioning in space. The current study on the Rechna Doab is
cited as an example wherein not only the geographic extent of 2.9 Mha is too large for a
collective inference in space but the information pieces contained in the individual themes
(like soil texture and its affiliated attributes of drainability, crop suitability, and salinity,
along with quality of groundwater and subsurface water level fluctuations) are too diverse
and discontinuous in time to result in a consolidated interpretation. Hence, towards ease
of interpretation, the irrigated regime is partitioned into the administrative units at the
subdivisional level (Figure 15, Volume Two, reproduced here as Figure 1(a)). The
significance of this delimitation is already explained under Section II. B (3) of Volume
Three.

Additional reference is made to the Section II. C of Volume Three whereby it is argued
that, considering the mass of thematic information gathered for this study, it would be both
prudent and logical to avoid a digression on the significance of the combinations made
possible by the GIS analysis. Instead, a description of the locational concurrence of all
modeled and survey data within each of the subdivisions is deemed to suffice for subsequent
realizations on resource potential through selective application of the production function
models derived under Table 10 of Volume Four. This descriptive process, appearing under
Descriptive Summary in the Process flow chart (Figure 1, Volume Four), not only overcomes

1
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problems in missing data but also relates well with the Overlay Operations support available

to the Subdivisional Stratifications stage.

Specific reference to the deployment of the GIS generated themes for inclusion in the
Subdivisional Stratifications stage is provided under the Analytical Flow Chart of Figure 13
in Volume Three. From amongst the seven thematic models, described there under
numbered boxes 35, 36, 38, 47, 48, 49, & 50, items 48 and 50 were excluded from the
stratifications at the subdivision level due to the limited extent of the groundwater quality
data. Instead, some additional physical themes on soil texture/association, drainability, and
crop suitability were included to facilitate the descriptive process.. An example of this
physical summary of the regime at the subdivision level has already been given under
Figures 4-12 of Volume Three. The following discussion highlights the characteristics of the
physical and economic regime specific to each of the subdivisions considered for this study.
This discussion is meant to provide an introduction to the location-specific constraints most
likely to be encountered within the subdivisions, and facilitate the appraisal towards the
choice and applicability of the production functions conforming to these constraints.

The discussion on IIMI's questionnaire related data on farm level economics draws
extensively on the compendium of information given in Appendix H of Volume Four. The
sequence of presentation relates to the salient farm level characteristics and gross farm
inputs/returns (macro level indicators of farm economics and cost distributions) for the
major crops. The purpose is only to introduce and compare the relative significance of the
farming trends across the subdivisions while keeping in mind the physical description
provided prior to such a discourse. The discussion on Kanya, Sagar, Sangla, Sultanpur and
Wer Subdivisions has been omitted due to the small number of sample farmers.

The opening discussion for each of the subdivisions relates to the characteristics of the
hydrologic regime. The information pieces critical to this understanding have been obtained
from the most recent updates to the inventory of the irrigation system by the Punjab
Irrigation Department. The records for the Sagar Subdivision (at the head of the LCC
system) and Haveli Subdivision (comprising the commands of the main Haveli Canal, Lower
Gugera and the Koranga Feeder from across the Sidhnai Headworks) at the very tail of the
Rechna Doab were not centralized and hence were not available at the time of writing this
report. The essential information pertaining to the hydrologic inventory appears under
Table 1. Two specific parameters pertaining to the design of the secondary level irrigation
network listed in this table are the density of the distribution network and the design
allocations per thousand hectares of the irrigated command. When plotted together in the
context of the increasing size of the commanded area per watercourse (taken here as a
reference), the results from Figure 1(b) indicate haphazard variations in the respective
magnitudes of the two variables, though they may be mutually related across the higher
averages for the watercourse sizes. Assuming no physical alterations to the system, the line
of maximum design allocations would then constitute the potential reference to the

perceived shortages in the surface irrigation supplies. Table 2 lists the derived modifications
table 1
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to the original cumulative design discharge and the design surface allocations per thousand
hectares of the commanded regime.

To accommodate the above increases in design flows within the existing secondary level
distribution network, two options are available; one, to remodel the current carrying capacity
of the channels; or, else broaden the irrigation network. Assuming more bias in favor of the
remodeling option in 2 manner that minimizes expansion of the existing network, the choice
of the per unit carrying capacity of the channel (Qy/km length) lends useful insight to the
subdivisional level differentiations across the LCC system. The higher this ratio, the less
need there is expand the network. From Figure 1(c), even if this ratio is selected as 0.1, a
value that exceeds the calculations for all subdivisions except Veryam, the net impact (last
column, Table 2) towards extensions to the existing network is significant for four out of the
16 units considered for this purpose. In reality, the modified Q/km ratio would necessitate
some adjustments to the irrigaiton network; however, the intent here is to show only the
most serious shortcomings in the existing densities of the distribution system at the
subdivision level.

Finally, Table 3 provides a comparison of the targeted deficiencies in the design discharge
Qq , with respect to the increases in flows realized as a result of the channel remodeling.
Achieving modest increases in channel capacities within design allocations is not unusual,
such as through desiltation for which process documentation studies by IIMI for the Lagar
Distributary in 1989 indicate expected improvements of 25% or more in the allocations
along the distribution system (see Figures 56(a) & 57, Volume Two). The impact of the
respective increases in the flows, realized through remodeled increases of upto 25% beyond
the existing design limits, appears in the last column of Table 3 wherein the deficits still
remaining are indicated. It is this sum quantum of flows that would necessitate selective
remodeling of the system to arrive at uniform levels of allocations (Q,/1000 ha CCA) across
all the subdivisions targeted under the current study. Again, the 25% figure of a remodeled
increase is only presented as a reference against which likely adjustments to the channel
capacities could be facilitated.

The above calculations are intended to be broad indicators of the deficiencies in the
hydrologic regimes of the subdivisions; the extent of modifications represent the maximum
with respect to the design level appropriations of the system (as per original record of the
Irrigation Department). An added degree of pragmatism to the desirable overhauls may lie
in the context of such additional information as the current levels of cropping intensities
directly observed by 1IMI during its field and farm level surveys in 1995 (Figure 1(d)), or
better still, on the basis of the potential reliance on groundwater supplies.
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I1. DESCRIPTIVE PROFILE OF THE SUBDIVISIONS

A. Aminpur Subdivision

Hydrologic Regime: Aminpur Subdivision, comprising a gross area of 92479 ha, lies in the
Lower Chenab Canal (West) Circle (Figure 2(a)) and is dependent on the Jhang Branch for
its share of supplies to the 27 hydrological units (7 distributaries and 20 minors) irrigating
a total of 465 sanctioned outlets (Table 1). The number of these tertiary units is the second
highest across the entire LCC and Haveli system after the neighboring Ugbana Subdivision.
However, given the nearly equal sanctioned allowances for the surface irrigation supplies,
comparisons for the density of the secondary distribution network reveal Aminpur to have
a more than 50% advantage over the Ugbana. From Figure 1(b), the sanctioned allowances
for the Aminpur are one of the lowest against the maximums observed elsewhere in the
system. Calculations in Table 3 show that these deficiencies are not going to be overcome
through desiltation related enhancement of the existing carrying capacity. However, more
significant is the fact that these modest gains can be realized without resorting to an
extension of the existing irrigation network as the modified Qd/km ratio of 0.07 would still
be less than the maximum assumed figure of 0.1 (Figure 1(c)) beyond which the carrying
capacities of the channels would be exceeded. Figure 1(d) shows that the net impact of
these enhanced surface allocations would be most significant for the Aminpur Subdivision
where the existing cropping intensities are already very low (in fact, much of it is sustained
by the wheat crop as more than 50% of the area is fallow during kharif).

The total topographic relief across the Aminpur Subdivision is between 15-17 meters; the
slopes are much sharper on the right side of the Jhang Branch and correspond to an average
of 0.00043 in comparison to the left side where the terrain along the long run of the
Nasrana Distributary corresponds to an average of 0.00028.

Soils: According to the earliest soil series surveys conducted in the period 1958-63 by the
then Water and Soils Investigation Division (WASID), the soils in the Aminpur irrigation
subdivision are predominantly moderately coarse comprising constituents of fine sandy loam
to sandy loam texture (Figure 2(b)). Variations from this occurrence are restricted only to
the upper reaches of the Subdivision, in the commands of the several minors issuing from

the Chiniot Distributary, where the scatters form part of the Buchiana soil series (see page
39, Volume Two).

The textural differentiation provided by the Soil Survey of Pakistan (SSoP) is more
comprehensive than the one given by WAPDA, and consequently extolls upon a greater
spatial diversity. From Figure 2(c), the regime is partitioned by the main Jhang Branch into
the medium textures of the Faisalabad and Hafizabad associations to the south and the
significantly finer intermixtures comprising Miani, Shahpur, Sultanpur and Shahdara soil
associations to the north. There could be a broad agreement in the textural interpretations
offered by the SSoP and WASID if the latter’s distinctly coarser ranking of the soil textures
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is ignored in favor of the more subtle variations offered by the former. In the upper reaches
of the Subdivision, this difference is obvious in the direct spatial correspondence between
the Sultanpur association (loam) and the fine sandy loam across the minor commands of the
Chiniot Distributary. Similarly, further south, the loams of the Hafizabad association are
mismatched against the sandy loams in the minor commands of the Nasrana Distributary.

Soil Drainability and Crop-Suitability: The drainable potential of the soils, as extracted from
the descriptions provided under the SSoP associations, appears in Figure 2(c). Except for
some excessively drained patches of the Jhang Complex and Sodhra associations, the rest
of the regime is predominantly well drained; the phenomenon is overwhelming in areas
southwards of the Jhang Branch. However, the immediate reaches of the Jhang Branch
itseif are waterlogged and comprise the Shahdara Miani and Shahdara non-flooded
associations. Additional exceptions to the well drained extents occur in the right bank
command of the Ahmed Yar Branch offtaking from the Chiniot Distributary where the
predominance of the strongly calcareous silty clay loams of the Shahpur association (with
intermixtures of the Sultanpur silt loams) make for moderately well drained conditions that
are particularly suitable for the growth of wheat, rice and sugarcane crops. Overall,
commands to the south of the Jhang Branch are well suited for the growth of wheat, cotton
and sugarcane, whereas the well drained profiles are only moderately suited for growing rice
(Figure 2(d)). The coarser fractions of Jhang and Sodhra soils occuring in the command
of the Chiniot Distributary, opposite the offtake locations for Thatta Fateh Ali and Rasalu
minors, are largely unsuitable for the growth of all the major crops mentioned above.

Soil Salinity and Waterlogging: WAPDA’s Master Planning and Review surveys (1976-79)
indicate the soils in the Aminpur Subdivision to be largely free of the effects of salinity.
Varying degrees of salinity are mostly localized along the path of the Jhang Branch where,
as already indicated, the effects of waterlogging are quite siginificant and localized (Figure
2(e)). Additionally, wide scatters of salinity are also present in the command of the Nasrana
Distributary beyond the offtake location of the Nalwana Minor; however, this seems largely
restricted to the uncultivated trcats. Presence of these patches is linked to the strongly
saline Khurrianwala association identified earlier (1965-68) by the SSoP. WAPDA's profile
soil salinity sampling supplements the SSoP assessment in that a visibly higher concentration
of sodic soils has been identified in the tail reaches of the Nasrana Distributary.

The data available from WAPDA’s SCARPs Monitoring Organization (SMO) for the pre-
and post-monsoonal fluctuations in subsurface water levels indicates insignificant changes
below the root zone in recent years (Figure 2(f)). The benchmark data of 1980 shows the
middle reaches of the Nasrana Distributary to have experienced a decrease in water levels
following the monsoon related recharge. Over the years, and up to the year 1993, an
increase in water levels has been recorded but remained restricted to depths below the oot

zone; the progressive shift in these seasonal increases being continually towards the tail
reaches of the Nasrana Distributary.
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Based on the internal flow regime, whereby the preferred flow paths within the stratum
partly affect the subsurface levels, the subterranean slopes in the period 1985-90 indicate the
Subdivision to be largely non-responsive to any recharge related activity (Figure 2(g)).
However, from 1990 onwards, there are indications that the water levels, though remaining
below the root zone, are experiencing reductions in the slopes of the outflow nets. Initially,
it was restricted to the head reach of the Nasrana Distributary and its minor commands of
Nalwala and Nathari minors; however, by 1993 the gradual loss in subsurafce slope was also
visible in the head reach of the Chiniot Distributary. Interestingly, areas that have
experienced an increase in the subsurface slopes are overwhelmingly either in the minor
commands or constitute the tail portions of the distributaries. Considering the highly
localized nature of such regimes, the inference is mostly likely drawn to the groundwater
abstractions occurring during the high consumptive use period of the kharif season.

IIMI Sampling for Soil Salinity and Texture: From Table 7, Volume Four, a total of 834
sample observations on apparent soil salinity were made (through the EM38 device) in the
commands of the Nasrana and Maduana distributaries of Aminpur Subdivision (Figure Bl,
Volume Four). The preceding discussion has already shown that it is in these areas that the
majority of the salinity patches, identified through earlier surveys, are located. The results
across nearly 11,000 ha of sample domain indicate that approximately 86% of the cultivated
area is non-saline. From Figure Bl, Volume Four, most of these non-saline observations
belong to the loam/silt loam soil texture; higher levels of salinity predominate the silt loams
and the somewhat coarser sandy loams that would generally correspond to the
charateristically saline Khurrianwala association identified earlier by the SSoP.

Crop-wise preference for soils across all levels of salinity in the Aminpur Subdivision is
shown in Figure Cl of Volume Four. Except for the barren category (included in the
sampling because of its immediate proximity to the cultivated fields), all other patterns of
land use are overwhelmingly on non-saline soils. Loam predominates all other soil textures
by virtue of the Faisalabad Association; patterns of non-saline soil textures are similar across
ploughed and fallow land categories (most likely to be cultivated for the wheat crop during
the rabi season). Sugarcane has been observed to be dominating the medium textures and
moderately fine textures; this preference coincides in space with the crop-suitability rankings
provided by the SSoP in Figure 2(d) above. There were no observations for the rice crop
since the sample domain was entirely limited to the well drained soils south of the Jhang
Branch; the SSoP ranking being only moderately suitable for the growth of rice in this area.
The ’S3’ and ’S4’ classes of salinity in the barren lands category closely match the textural
composition provided earlier in Figure Bl of Volume Four, thereby confirming the
comparatively higher incidence of salinization in silt loams/sandy loams.

IIMI Farm Level Sampling: A total of 17 sample farmers were interviewed across the
Aminpur Subdivision where the reported cropping intensity, based on the cultivated area,
was about 100%. This area is known predominantly for wheat and sugarcane crops that
constitute almost 75% of the total cropping intensity. Despite the fact that over 84% of the
gross area of the Subdivision is CCA, the on-farm cultivation intensity does not exceed 80%.
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For reasons of scarcity of water and incidence of land degradation due to
salinity/waterlogging (Figure H3, Volume Four), between 30-40% of the farmers are
seasonally constrained to keep their lands fallow. Moreover, a majority of the farmers also
cite poor quality of groundwater as an additional constraint towards boosting the cultivation
intensity. Hence, over 20% of the regime has been classified as a culturable waste, i.e. lands
fit for cultivation but not being cropped due to a shortage of irrigation supplies. Despite
the foregoing, the farming community has been able to achieve comparatively higher gross
incomes (and profits) for the wheat crop (Figure H6, Volume Four). The average yield of
this crop is also high and ranks fourth in comparison to the other subdivisions of the LCC
system. The same would be true for the sugarcane crop, however, the limited sample of
only seven farmers reporting its cultivation prevents any generalized conclusions.

B. Bhagat Subdivision

Hydrologic Regime: Located in the tail reaches of the Lower Gugera system, Bhagat covers
a gross area of 96394 ha and comprises 8 secondary channels and 12 minors/subminors for
a total cumulative canal command of 75167 ha (Figure 3(a)). For a total of 389 sanctioned
outlets across the CCA, the average per outlet command is about 193 hectares. Incidently,
IIMI's watercourse level activities in the past have focussed on some of the principal
distributaries of this Subdivision including Khikhi, Pir Mahal, Dabanwala, and Junejwala
Minor. The total topographic relief across the Bhagat Subdivision is 24 meters from head
to tail, for which the average slope is 0.00041. The upper half of the system has a slope of
0.00038, whereas southwards of the town of Pir Mahal, it is slightly higher at 0.00048. In
general, slopes are much sharper towards the west along the length of the Yakkar and
Dabbanwala distributary commands.

Based on Figure 1(b), the hydrologic regime within Bhagat is very similar to the Kanya
Subdivision that is commanded by the Burala Branch of the Gugera channel. Both require
between 2-3 cumecs of additional supplies to cover for the difference against the maximum
allocations within the system. However, given the already high levels of cropping intensity
within the Kanya Subdivision (Figure 1(d)), the anticipated benefits from the higher water
allowances would be reflected more appropriately within Bhagat. It is in Bhagat that these
higher allowances could be utilized to the advantage of the less consumptive use crops like
cotton, whereas the potential gains within Kanya would be largely consumed by a high delta
crop, like sugarcane, which is very popular amongst the farmers.

Soils: Soil conditions are predominantly medium textured (fine sandy loam to loam) in the
surface and moderately coarse in the profile (Figure 3(b)). While there is little change in
the surface and profile texture in the upper 2/3rds of the Subdivision, the patchy nature of
the increasingly finer variations across the stratum further south indicate conditions more
suitable for intensive crop growth. These variations, predominantly medium textured, occur
across the commands of Baggiwala, Darkhana, Shorkot, and Bachrianwala minors of Khikhi
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Distributary. To a somewhat lesser extent, these patches also frequent the commands of the
Thera, Junejwala, and Jandwala minors of Pir Mahal Distributary to the east.

According to the SSoP, these medium soils in the lower reaches of the system (Figure 3(c)),
and part of the level to nearly level old flood plain, are characterized by the Hafizabad-
Jhakkar association and the Jhakkar Undifferentiated Group. The former is susceptible to
bigh water table conditions and salinity across very deep calcareous loams with weak subsoil
structure. The calcareousness is highlighted by the presence of a well defined kankar zone
at a depth of 1.5 meters. The Jhakkar Undifferentiated Group is also similar to the
Hafizababd-Jhakkar association but has the added problem of strong alkalinity and
resultingly imperfect drainage. For the remainder of the entire Subdivision, with the
exception of the commands of Shorkot Minor and Dabbanwala Distributary, where the soils
are somewbhat restricted in drainage with mottling in the A horizon, the subdivision has no
limiting conditions in the substratum. These favorable drainage conditions are supported
in the system head reaches by the Hafizabad soils (kankar zone below 120 cms), in the
middle by a very large contiguous extent of Faisalabad soils (very fine sandy loam to silt
loam upto a depth of 75-120 cms), and by the most suitable soils of Sultanpur across the
lower 2/3rds of the Pir Mahal Distributary command. These deeply calcareous silt loam
soils are relatively free of kankars however, the subsoil structure is weak. Below 75 em
depth, the texture may change to silty clay loam.

Entirely restricted within the confines of the Faisalababd association are the very significant
patches of the Jaranwala Undifferentiated Group with its indistinct humps in the nearly level
topography. These areas, showing signs of erosion through rill channels and scattered
kankars on the surface, vary in texture from very fine sandy loam to silt loam.

Soil Drainability and Crop Suitability: From Figure 3(c) above, the Bhagat Subdivision is a
well drained environment due to the dominance of the Faisalabad, Hafizabad-Jhakkar and
Sultanpur loams/silt loams. This is somewhat contrasted by the periodically imperfectly
drained soils of the Bagh association that are limited to the tail reaches of the Shorkot
Minor and the Khikhi Distributary. Crop suitability-wise, the Subdivision is most suitable
for the growth of sugarcane and wheat; however, for cotton the tail commands of Junejwala
and Baggiwala as well as the scatterings of the Jaranwala Undifferentiated Group further
north are not well suited (Figure 3(d)). The Faisalabad and Hafizabad soils moderately
favor the growth of rice across much of the central and northern parts of the Subdivision;
the more productive regimes for this crop are in the tail command of the Dabbanwala
Distributary and the high and level areas of Sultanpur soils in the Pir Mahal command.
IIMI's farmer questionnaire data indicates that wheat is the dominant rabi crop across the
Subdivision with up to 40% cultivation intensity. For kharif, there is less than 25%
cultivation each for rice and cotton.

Soil Salinity and Waterlogging: The soil salinity status described for the Subdivision by the

SSoP survey of 1967 shows areas of concern extending in a wide swath along the left bank
of the TS Link and upto its outfall into the Ravi. Additionally, to the west, the command
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of the Junejwala Minor also shows a significant concentration of surface salinity patches.
These results are confirmed by the subsequent salinity survey by WAPDA 10 years later,
whereby patches of strong salinity and alkalinity were observed (Figure 3(e)). In particular,
the command of the Junejwala Minor showed a strong presence of saline sodic conditions
on the surface as well as the profile. The dominant Faisalabad and Hafizabad soils in the
central and head reaches of the system appeared to be free of these adverse effects;
however, the patches of the Jaranwala Undifferentiated Group, characterized by convex
lenses in the topography, indicated increasing salinity and sodicity in the profile.

WAPDA SMO data for the seasonal variations in water table indicates that the Subdivision
has not had adverse water table conditions. The entire area has water tables below the 90
cm depth, i.e. the root zone and the June-October fluctuations are fairly constant across the
standards for depth classification defined by WAPDA (Figure 3(f)). In fact, for the period
1993, the entire stretch along the TS Link, conventionally thought to be a seepage zone, has
recorded a decrease in water table in the strata below the root zone.

The subsurface variations in slopes across the June-October comparison indicate that for
most of the Subdivision the situation is largely static for the period 1980-93; however, the
pockets of change are more frequent as compared to the evidence of change in the water
table (Figure 3(g)). In general, the head reaches show a restriction in the subsurface flow
conditions; the middle reaches, for which the subsurface flowout had much reduced in the
period 1980-85, seem to have bounced back by 1993; and the tail reaches, that were initially
quite stable, are experiencing a clogging in subsurface activity with increasing proximity to
the TS Link. Overall, there is no evidence to suggest that the system could respond in equal
measure to a substantial increase in recharge, and would at best rank as a limited drainage
environment in the vadose zone. Otherwise, the subsoil and stratum conditions indicate -
adequate drainability of the root zone. This may, to a small measure, be also supported by
the general topographic relief in the central reaches of the Subdivision; a weak but
persistent correlation also exists within the Bhun Distributary and the lower half of the
Rajiana distributary command. However, for the most part, there is little evidence to
suggest a positive relationship between the topography assisting the subsurface drainage
conditions.

HMI Sampling for Soil Salinity and Texture: 1IMI's sample survey in the Bhagat Subdivision
indicates that for a total of 883 EM38 observations across 8870 ha of sample regime, nearly
94% are non-saline. A majority of these observations are in the silt loam and loam soils
(Figure B2, Volume Four) which is the dominant textural component of the soil associations
existing within the area. For salinized tracts, the soil texture is very much limited to the silt
loam and silty clay loam. This is primarily due to the Jhakkar Undifferentiated Group soils
aligned northeasterly away from the TS Link outfall where localized patches of high water
table and salinity were observed by IIMI staff in the commands of the Baggiwala and
Jandwala minors and tail reaches of the Pir Mahal Distributary. Jhakkar and Sindhelianwali
series are the principal constituents of this Group, and the latter is known to be a strongly
alkaline silty clay loam with visible salt crusting. These soils occur in the depressional areas
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of the old channel fills in the level to nearly level old cover flood plain. For the Jhakkar
series alone, silty clay loam may be encountered below 135 cm depth, otherwise, it is
basically a silt loam with weak structure. Additionally, a few patches of the Jaranwala
Undifferentiated Group were also observed to be barren in the predominantly silty clay lom
and silt Joam soils occurring within the head reach of the Pir Mahal Distributary.

IIMI's survey of the cultivated land indicated that the crops were being grown
overwhelmingly on non-saline tracts with loam to silt loam texture (Figure C2, Volume
Four). The still finer fractions of clay loam and silty clay loam were encountered mainly in
the ploughed category, whereas none of the areas under rice, the second most dominant
crop in the area, showed any cultivation over these soils. Interestingly, a significant number
of rice fields were being grown on fine sandy loam soils; this may be because of its
cultivation on Sultanpur, Jhakkar Undifferentiated, and Jaranwala Undifferentiated Groups.
All of these soils have very fine sandy loam in varying fractions that is usually underlain by
the much finer silty clay loam soils between the depths of 75-135 cms.

HIMI Farm Level Sampling: 1IMI's questionnaire on economic data sampled 20 farmers
across the Subdivision. Its above average CCA to gross ratio has one of the highest
intensities of land use; however, the benefits of the available productive lands are not
justifiably reflected in the 114% overall cropping intensity within the cultivated commands.
The major reason for this loss of productivity is the high degree of fallowing reported by the
farmers (Table H1, Volume Four). Although the 74% fallow intensity is almost equal in
both of the growing seasons, the competition for the scarce water supplies during the kharif
season necessitates lower intensities of the major crops like cotton and rice in favor of the
minor crops (other than fodders, as their intensities also remain unchanged from season to
season). Given the less than adequate reliance on useable groundwaters and the acute
shortage of surface supplies, the major crop intensities within Bhagat are higher than many
of the subdivisions in the upper reaches of the Gugera system. Its profits from the wheat
crop would increase substantially if the rather large investments in irrigation costs are
curtailed. This would be quite justifiable given the high yields of wheat being realized in this
Subdivision. Cotton would also stand to gain from reduced irrigation costs as it already
shows profits and yields that are fourth overall across the LCC system. However, for the
high delta crops of rice and sugarcane, the costs of irrigation are prohibitively high (Tables
H4 & H5, Volume Four) due to extensive reliance on groundwater supplies @ Rs. 740 per
ha per irrigation. In the absence of cheaper access to sources of irrigation, it is very unlikely
that increases in the current levels of their respective yields could be realized to match the
ones in the typical rice growing areas further north in the system. Perhaps, it would be far
more advantageous for the farmers to substitute the existing intensities of these crops
(between 5-7% each for the rice and sugarcane) to comparable increases in the cultivation
of cotton so as to match those in the neighboring Haveli Subdivision.
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C. Buchiana Subdivision

Hydrologic Regime: Buchiana Subdivision is the first of the three subdivisions comprising the
Lower Gugera Branch of the LCC. The Branch traverses the entire length of the
Subdivision on its way to the Tarkhani Subdivision further south (Figure 4(a)). The
Subdivision’s gross area is 81,151 hectares of which 79 percent is CCA. Iis irrigation
network, offtaking from either side of the Lower Gugera channel, commands a total of 302
sanctioned outlets for an average of nearly 212 hectares of cultivated land per watercourse.
The total length of the distribution network is approx. 195 kilometers corresponding to a
density of about 3 kilometers per 1000 hectares. From Figure 1(b), the density of this
distribution and the sanctioned allowances for the Buchiana Subdivision would compare well
with the Mohlan and the Chuharkana Subdivisions upstream. All of these irrigated
environments are drawing less irrigation supplies from the maximums observed elsewhere.
If these maximums on allowances were to be accommodated across these subdivisions, then
Table 3 shows that the enlargement or remodeling of the current channel capacities would
be a prerequisite. In fact, from amongst these three subdivisions, Buchiana would be the

most in need of improvement as its existing cropping intensities are already below that of
Mohlan and the Chuharkana (Figure 1(d)).

The topographic relief across the Buchiana Subdivision is 15 meters from head to tail, for
which the average slope is 0.00033. In the upper reaches of Buchiana Subdivision, from
Buchiana head to the head of Jassuana Distributary, the slope is 0.00048, whereas the lower
reaches of the subdivision are comparatively flat with a slope of 0.00032.

Soils: The Subdivision’s morphology is characterized by well defined clusterings of coarse
to medium soils (Figure 4(b)). The commands of Buchiana and Jaranwala distributaries
have medium soil in the subdivision with a scattering of moderately fine texture. Towards
the west, the commands of Awagat and Pauliani distributaries become successively coarser.
In fact, the head reach of Pauliani is a mix of sand to loamy sand soil both in the surface
and sub-surface stratum. However, the middle to tail reaches of both Awagat and Pauliani
are made up of sandy loam to fine sandy loam. An equivalent proportion of coarse soil is
also evident across the commands of Satiana Distributary and Talyara Minor below the left
bank of the Lower Gugera main channel.

The tail reaches of the subdivision comprise a complex interweave of medium texture loam
to fine sandy loam overlying deep sections of moderately coarse soil. The commands of the
Khanuana, Bhartiana, and Kaluana distributaries in the middle of the subdivision are mostly
made up of sandy fractions comprising loamy sand to very fine sandy loam.

The predominantly medium soils of Buchiana and Jaranwala channels have been described
as Hafizabad/Hafizabad-Awagat by the Soil Survey of Pakistan (Figure 4(c)). The stretch
of Hafizabad soils begins from head reaches of the system and continues longitudinally
across to the tail reaches of Jassuwana Minor to the east. It is paralleled to the west by the
dominating extent of the Hafizabad-Awagat association in a south-westerly direction to the
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tail reaches of the system. Barring a few exceptions of Faisalabad association at the fringes
of the sub-division, and mostly to the east, the forementioned associations comprise the
largest chunk of soil types within the Subdivision.

Soil Drainability and Crop Suitability: Figure 4(c) shows Buchiana Subdivision to have well
drained soils. The exceptions pertain to the moderately well drained soils of the
Khurrianwala Undifferentiated Group that have a very large scattered presence across the
entire Subdivision. The soils of this subdivision are well suited for the growth of cotton,
sugarcane and wheat (Figure 4(d)). For rice, the kankar zone deep in the stratum of the
Hafizabad soils, that are nearly exclusive to the areas north of the Jaranwala Drain, offers
a more suitable environment than areas further south.

Soil Salinity and Waterlogging: Scattered all across the length of the system are the patches
of the Khurrianwala Undifferentiated Group. These soils are characterized by well defined
salinity contents as per the SSoP survey of 1966-67. These patches, with imperfect drainage,
are too numerous to be localized, however, their magnitude is most well defined within the
Hafizabad Association near the head reaches of the system. This unit includes, besides
Khurrianwala series, the saline-alkali phases of Sindhwan, Faisalabad and Jaranwala series.
These soils are characterized by a kankar zone at shallow depths and are strongly saline and
alkali with a deeply calcareous weak structure. In the subsequent WAPDA survey of 1977,
the occurrence of salinity across the head reaches of the subdivision is almost non-existent
with the exception of a few saline-sodic soils indicating a localized increase in salinity and
sodicity (Figure 4(e)). However, the remaining scattering of the Khurrianwaala
Undifferentiated Group across Hafizabad-Awagat association retains moderately to strongly
saline characteristics. Some of the profiles studied by WAPDA indicate the previous salinity
patches to be quite persistent. However, there is spatial evidence to suggest that in some
areas the salinity is confined to the surface.

At the time of WAPDA MPR survey, the tail of the Buchiana Subdivision faced high water
tables with the accompaniments of the saline/alkali hazard in the soils. Data for 1980
suggests that these conditions were particularly severe in the central reaches of the
subdivision, i.e. the area buttressed between Kaluana and Bhartiana distributaries (Figure
4(f)). By 1990, there was no evidence of water table affecting the root zone, and the
magnitiade of the seasonal fluctuations remained confined to a narrow contiguous spread
running north-south along the meander of the Lower Gugera channel from the head of the
Subdivision to the tail of the Satiana Distributary. As late as 1993, the interseasonal water
table fluctuations were beginning to approach the root zone, not only in the head reaches
of the Jaranwala and Awagat distributaries, but also along the reach of the main Lower
Gugera channel starting from the head of the Khewana Distributary to the tail of the
Satiana Distributary.

IIMI Sampling for Soil Salinity and Texture: 1IMI sample survey in the Buchiana Subdivison

indicates that for a total of 620 EM38 observations across 7550 ha of sample regime, nearly
78% were non-saline. A majority of the non-saline observations are occuring in the medium
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soils (Figure B3, Volume Four); however, with the increasing trend in salinity, the
proportionate contribution of the clay loam shows a substantial increase. Loam/fine sandy
loam is the most dominant soil type in the area, but with increasing salinity the silt loams
exceed the loams due to its occurrence within the Khurrianwala Undifferentiated Group.
This Group also includes the saline/alkali phases of Faisalabad series and is characterized
by a shallow kankar zone.

A substantial extent of the Subdivision comprises the Hafizababd-Awagat association for
which SSoP estimated between 20-25% of the area to be saline. This probably explains the
persistence of loam in the higher salinity classes. This is also true for the sandy fractions
of the Hafizabad association (Rasulpur series constituents), especially the local depressions,
where the sandy loam soils have been observed to be moderately saline.

Figure C3, Volume Four, indicates that, excepting for the rice fields, loams are the most
cultivated soils in the area. Moreover, almost all of the cultivated fields are non-saline. A
higher proportion of the clay loams are being devoted to the growth of the traditional crops
like cotton, fodder, and rice because of higher water retention capacity; however, for the
high delta crop like rice, the preference for silt loam is obvious in the context of the highly
calcareous shallow kankar zone in an otherwise seasonally imperfect drainage environment.
It would be less suitable in a loam environment, such as Hafizabad association, that has a
relatively deeper kankar zone (1.5 meters) and well drained environment. Such a situation
would be well suited for growing sugarcane that prefers a loam/fine sandy loam.

The 1IMI survey also confirms the existence of much of the previously recorded salinity
observed by the SSoP and WAPDA, especially in the barren land category. Though
WAPDA'’s observations on the surface texture categorization may not be entirely correct,
the occurrence of the salinity patches across medium soils like silt loam only substantiate

the earlier classification by the SSoP as the Khurrianwala/Khurrianwala Undifferentiated
Group.

For the EM38 observations across the barren lands, the proportions of the silt loam soils
are predominant across all salinity class differentiations and even exceed the still finer soil
fractions of clay loam and clay. The strongly saline class has silt loam by itself, thereby
indicating a combination of drainage and alkali related land degradation.

IIMI Farm Level Sampling: 1IMI's questionnaire on economic data sampled 21 farmers
across the Buchiana Subdivision. As part of the lower Gugera command, its share of the
CCA within the gross area is typical of the situation in the other two downstream
subdivisions of the Tarkhani and Bhagat. The Buchiana Subdivision is quite similar to the
neighboring Tarkhani in terms of the equivalent land use, cropping and culturable waste
intensities. However, the important difference lies in the intensity of fallowing that is about
one-third higher within Buchiana. Additionally, wherein Tarkhani has more area under
cotton, Buchiana has an equivalent advantage under the sugarcane crop. These major crop
intensities are favorably supported by useable groundwaters across much of the Subdivision,
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although previous data in Figure 1(b) and Table 3 indicate that surface irrigation allowances
are much less than the maximum in design observed values elsewhere.

The average yield of the wheat crop is about 200-300 kg/ha less than the comparable values
in the downstream reaches of the Gugera command. However, the low overall costs allow
it be reckoned at par with the other subdivisions of the Lower Gugera, which is in itself
unique for any canal command within the LCC system.

D. Chuharkana Subdivision

Hydrologic Regime: Chuharkana Subdivision, also known as the Farooqabad Subdivision,
covers the head reaches of the Upper Gugera Irrigation Division. It has 16 irrigation
channels, half of which are at the distributary level (Figure 5(a)). To the east, it is bounded
by the parallel run of the Upper Gugera Branch and the Qadirabad Balloki Link canals and
to the west by the LCC Main and its offtake---the Mian Ali Branch. For a gross to cropped
area percentage of 72%, this Subdivision is one of the most productive agricultural regimes
across the doab. It also has remained as the focal point for much of IIMI's past research
on soil salinity and irrigation management during the 1989-93 period. For the sample
watercourses of the Lagar and Mananwala distributaries, extensive information has been
collected on groundwater quality, cropping pattern, and variations in surface water flows that
constitutes an authentic record of irrigation related constraints to productivity.

The irrigation units within the Subdivision sustain an annual cropping intensity of 140%
(Rabi 75%, Kharif 65%), and much of it is owed to the contributions from the groundwater
that range between 50-75% of the total. While there is some restriction on the use of
shallow groundwater, especially in the low surface recharge zones near the tail reaches of
the distributaries, the WAPDA SMO data for SCARP-I tubewell pumpage indicates that the
deep groundwater quality is mostly below 1500 microsiemens/meter. While many of the
SCARP-I tubewells are inoperative or disused, IIMI’s analysis of the private tubewells data
for the Mananwala Distributary indicates that he number of tubewells per watercourse is
increasing and in some localized pockets the quality is marginal to poor. An exclusive
reliance on the use of these brackish waters may hinder the maintenance of a favorable salt
balance in the root zone.

Since the Mananwala Distributary, with a GCA of nearly 31200 ha, constitutes a significant
fraction (44.5%) of the Subdivision’s commanded regime, IIMI’s findings on secondary
salinization are fairly representative of the dominant situation emerging within the area.
The major conclusions drawn therein include:

» the use of groundwater is particularly important when farmers grow crops with higher
water requirements and where tubewell owners have installed electric tubewells with
relatively low O&M costs. This is much the situation in the head reaches of the
system, where not only an inequitably higher share of surface supplies is consumed,
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but also, because of a relatively fresh groundwater regime, a high density of private
‘electric tubewells exist. Towards the middle reaches, these higher densities are
superceded by the diesel powered tubewells that have become the preferred choice
in the absence of reliably available electric supply, or when the consumptive use is
less. .

> The contribution from private tubewells may exceed 80% in the kharif season; if
public tubewells are also taken into account, then the cumulative contributions may
reach 90% of all irrigation water during kharif. —However, in general, the
groundwater contribution is about 70% of the total irrigation water used. Also,
farmers with access to a higher share of surface water also pump more groundwater
than farmers who have less surface water.

> There is no evidence to suggest that farmers are substituting groundwater for
declining surface water supplies; ground water is used as an additive to surface water
rather than a substitute source of water.

> In water short environments, such as the tail-ends of distributaries and many
watercourses, there are scant opportunities to practice the recommended mixing of
the canal and 'marginal’ quality groundwater in a 1:1 ratio.

» Due to the problems of inequity in canal water distribution and lower quality of
groundwater, the dependence on groundwater supplies at the tail has caused
secondary salinization. IIMI's 10% spatial sample coverage for the appraisal of
surface salinity across the entire Mananwala Distributary indicates that the higher
incidence of salinity is mostly concentrated in the lower one-third of the command,
especially the tail watercourses of the main Distributary and its Minor, Karkan. A
synoptic corroboration of the above is provided by the analog interpretation of
satellite image data available for the area where larger tracts of wasteland are seen
to be more frequent in the tail areas.

Soils: The occurrence of wasteland is also a result of the topographic limitations that have
rendered these areas inaccessible to canal water supplies. Some of these areas have a
predominantly coarse to moderately coarse profile, e.g. the tail reaches of the Mananwala
and Karkan, and along the length of the Kassoke Drajn in the head reach of the
Subdivision. According to the WASID classification of soil profiles, the upper half of the
Subdivision is predominantly medium to moderately fine soils overlain by loam, siit loams,
and sandy loams, whereas the lower half comprises the coarser Farida series (with fine sandy
loam in the subsoil) (Figure 5(b)). The variation in surface texture is quite frequent
between the moderately coarse and medium soils, however, with respect to the underlying
series, this differentiaiton is homogeneous. For the moderately finer textures of sandy clay
loam, clay loam, and silty clay loam, the distribution is limited to the head reaches of the
Jurian and Mananwala distributaries.
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The Soil Survey of Pakistan has identified a wide scattering of a host of soil associations
within the Chuharkana Subdivision (Figure 5(c)). The head reach of the system, northwards
of the Salar Drain, is primarily a mix of Rasulpur, Wazirabad (along the drain), and
Hafizabad associations. There also are significant patches of the Khurrianwala soils in close
proximity to the Rasulpur soils. Elsewhere, the area between the Salar and Jaranwala Main
drains is a complex distribution of moderately fine to fine textured saline-alkali soils. Along
the left bank of Mananwala Distributary and extending from the head to the middle reach,
the medium to moderately fine textures of Pindorian and Bhalwal associations mix with the
texturally similar saline-alkali patches of the Gajiana. The non-calcareous clay loams of the
Pindorian association are more extensive further south in the Ghordour Distributary
command where they circumscribe a significant presence of the Rasulpur soils. The course
of the Karkan Minor follows the sinuous pattern of distribution of the Hafizabad soils that
are replaced in the tail reaches with the strongly saline-alkali mix of Gandhra, Firoz, and
Khurrianwala soils. '

Soil Drainability and Crop Suitabilitiy: With the exception of the Gajiana and Bath
distributary commands, where the soils are seasonally imperfectly drained, the drainability
varies between well to moderately well drained conditions; in some cases it is excessively
drained, as in the commands of the Kassoke Distributary and along its namesake drain
(Figure 5(c)). :

From the loamy Hafizabad soils in the command of the Jurian Distributary to the
Hafizabad/Bhalwal mix predominating the command of the Mananwala Distributary, the
soils are well suited for the growth of cotton (Figure 5(d)). The rest of the Subdivision has
a complex mix of finer textures and salinity/sodicity that restrict its growth to mostly
marginal conditions.

Since sugarcane favors medium to moderately fine textures like loam/silt loam/clay loams,
its preferred suitability is largely within the commands of the Jurian and Mananwala
distributaries. This would exclude the lower half of the Lagar and the tail reaches of the
Mananwala and Karkan commands due to incidence of salinity in the soil profile. There is
little soil-related restriction pertaining to the wheat crop and , except for the salinity patches
cited above, the rest of the Subdivision has soils that are well to moderatelly well suited for
its cuitivation.

Soil Salinity and Waterlogging. WAPDA MPR data for 1976-78 indicates Chuharkana
Subdivision to be largely free of salinity, both in the surface and the profile (Figure 5(e)).
In areas where the salinity does manifest itself, the scatter is quite large and mostly
discontinuous, thereby indicating peculiar constraints local to the area. In general, these
localized patches are somewhat larger in the upper half of the Subdivision, especially along
the middle to tail reach of the Jurian Distributary and its Minor, Shamir. The surface
salinization is disproportionately higher within the Gajiana Distributary command. In fact,
the strongly saline patches are almost exclusively limited to the hydrological divisions
mentioned above. What is surprising is that the largely unculturable waste in the tail
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portions of Mananwala and Karkan commands, commonly observed to be strongly affected
by salinity, is not emphasized as such by the WAPDA survey. However, the profile sampling
conducted for these tail areas does show evidence of salinity/sodicity buildup that is similar
to the situation in the Gajiana command. Elsewhere, WAPDA data shows subdued spatial
correlation with the Gajiana and Dungi soil association related salinity/alkalinity identified
earlier by the SSoP. In fact, the most dominant presence of salinity in large spatial tracts
is shown under the SSoP’s Gajiana association that is poorly correlated to the salinity
incidence reported by WAPDA. The discrepancy in the mapped delineation of the
permanently affected regimes is reduced towards the very tail commands of the Gajiana
Distributary (and a few scatters within the Karkan Minor command) where the strongly
saline alkali silty clay loams of the Firoz Undifferentiated Group have been confirmed by
the succeeding WAPDA survey.

The well defined patches of soil salinity and alkalinity shown by the SSoP under Gandhra
and Khurrianwala Undifferentiated associations in the commands of the Lagar and Karkan
channels have been confirmed by IIMI’s field surveys during 1989-93. In addition to these
soils, the SSoP also identified Dungi/Gajiana associations related salinity in the head and
tail reaches of the Gajiana Distributary. In fact, throughout the Chuharkana Subdivision,
Gajiana Distributary has the most affectation due to salinization processes occurring across
a selection of medium to moderately fine texture soils. Resultantly, farmers prefer to grow
rice in this command due to its salinity tolerance and higher water retention capacity of the
soils. Additionally, within the Distributary command, the cultivation of rice also takes place
in the non-saline associations of Pacca, Miranpur, and Shahpur that represent ideal
conditions for its growth.

Biannual measurements on water table fluctuations indicate that while in 1980 much of the
upper half of the Subdivision had problems close to the root zone, by 1993 these had been
greatly reduced to localized regimes within the head reaches of Ghordour and Lagar
distributaries (Figure 5(f)). The decrease in the post-monsoonal rise in water levels
coincides with the phenomenal increase between 1980-1990 in the number of private
tubewells within the area. IIMI research data in sample watercourses of the LCC system
indicates that the private tubewell development has been extensive over the past decade and
that densities of 5-14 tubewells/100 ha. are rather common. These private tubewells, as well
as the existing public tubewells, are used effectively to sustain high crop water requirements
of less drought tolerant crops during the peak kharif season. The evidence suggests that the

aquifer exploitation already may exceed recharge, at least locally if not over larger areas.

This increased pumpage has had its repercussions on the lateral subsurface flows, whereby
areas with previously established flow regimes, such as along the head reaches of the Mian
Ali Branch (suited to sugarcane and wheat crops), have responded with reduced outfllows
in the post-monsoon period (Figure 5(g)). Contrastingly, the areas paralleling the length
of Upper Gugera Branch in the head reach of the Subdivision have developed rather sharp
slopes indicative of a steep seepage gradient between the main channel and the adjoining
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vadose zone. Areas in between these two extremes first changed to higher lateral flow
regimes by 1985, and then receded back to an even larger spatial restriction on subsurface
outflows, especially along the entire length of the Mian Ali Branch. One explanation could
be that the recharge reaching the water table has been augmented abnormally due to
seepage from rice/sugarcane fields that are quite extensive in this area. This could also be
related to the local densities of the tubewells in different areas with different extraction rates
and hence large variability in uniform movement of subsurface flows. In general, given the
available data for the 1980-93 pericd, if it is assumed that decreasing slopes correspond to
the rise in water tables (or less groundwater extraction), and vice versa for an increase in
slopes, then ’

> The upper one-third of the subdivision indicates comparatively lesser exploitation by
the tubewells (due to fewer areas satisfying soil suitability for high delta crops, like
rice).

> The lower third of the Subdivision, with relatively favorable soil conditions for the

cultivation of rice and sugarcane, relies heavily on groundwater extractions. This

disproportionate reliance on pumpage is due to the inequity of distribution of surface
supplies in these tail areas.

> In the middle reaches of the system, the rise in the watertables is quite evident for
areas with known incidence of salinization, e.g. the Gajiana Distributary command
and areas along the Mian Ali Branch. It is in these areas of finer soils that the rice
cultivation is most extensive. The rice crop is not only more resilient to the
detrimental effects of salinity but also contributes, through seepage, to the rise of the
subsurface water Jevels.

IIMI Sampling for Soil Salinity and Texture: The thirteen IIMI sample sites, comprising
nearly 9,900 ha, for soil salinity assessment were distributed mostly at the fringes of the
Subdivision. A total of 1544 EM38 observations were collected that showed almost 95% of
the cultivated regime to be non-saline. This compares well with the 97% agricultural land
use intensity as reported in the IIMI questionnaire for the sample domains. The irrigated
area (CCA) is 72% of the gross area of the Subdivision, a figure that is lower than the
average due to comparatively higher urban land use.

Comparison of the soil texture vs soil salinity (Figure B4, Volume Four) indicates an near
equal reliance on moderately coarse to moderately fine soils when cultivating under non-
saline conditions. For upto moderately saline levels, the farmers prefer to grow crops either
on the loams or better still on the coarser loamy sand to sandy loam fractions. This may
be indicative of the purposeful avoidance of the difficulty in leaching away the salts in the
finer textures where pore spacing is further restricted in the presence of the sodic salts.

Crop-wise differentiation shows overwhelming preference for the sugarcane cultivation on
the medium textured soils, although its presence on the finer soils is also significant. For
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a still higher consumptive use crop like rice, the trend is reversed whereby the finer textures
dominate the medium and the moderately coarse categories. The cultivation intensity of
cotton is much less as compared to the rice and sugarcane; accordingly, its lower cash value
is exploited on the moderately coarser soils that are not well suited to meet its crop water
requircments. Here again, in an effort to minimize field seepage, its cultivation has also
been extensive on the clay loams ahead of the loams commonly observed elsewhere.

In lieu of greater proximity to population centers, farmers have tended to grow a larger
share of the vegetables, mostly on the sandy loam to loam/clay loam type of soils. From
amongst the ploughed/fallow land, the proportion of the Jand amongst the sandy loam,
loam/clay loam is not too different from the land use under vegetables during kharif. One
inference, based on IIMI's past observations through a cropping census of Lagar and
Mananwala distributaries, is that these soils are likely to be brought under a higher
cultivation intensity of vegetables during rabi. By far, the highest land use is bracketed
under the category of ploughed/fallow land followed by fodder. While the former has
predominantly medium and somewhat lesser moderately coarse soils being readied for the
impending rabi cultivation (higher by 10% over the kharif cropping intensity of 65%, mostly
wheat/sugarcane), the latter is heavily favored for the medium soils which is not unlike the
situation in other subdivisions of the Gugera. In fact, fodder is also being grown on fine
textured soils thereby indicating the unavoidable need for its cultivation even in soils not
entirely suited for its growth.

HIMI Farm Level Sampling: TIMI's economic survey for the Chuharkana Subdivision
comprised interview data for 31 farmers that have reported cultivation (land use) intensities
more than 90% of the available farm acreage (Table H1, Volume Four). These values are
quite representative of the higher landuse within the Upper Gugera commands. This
intensity of land use is complemented by one of the highest cropping intensities across the
entire LCC system. The opportunities for higher production are reflected in the share of
the major crops in the total cropped area---40% for wheat and 32% for rice. Resultantly,
this shows up in the comparatively fewer areas devoted to fallow activity (28% in kharif and
23% in rabi) as compared to the subdivisions in the Lower Gugera. Of the farmers
reporting fallow practices, less than 20% attribute it to presence of salinity on their farm
lands, whereas the majority reported a scarcity of surface supplies to be the principal
contributing factor (Figure H3, Volume Four). The groundwaters remain useable across
much of the Subdivision; however, about one-third perceived it to be unfit for irrigation.

Despite higher levels of investment in land preparation and irrigation, the profits from the
wheat crop are less than in the neighboring Pacca Dala due to low overall yields (Table H2,
Volume Four). However, given the more than double cropping intensity of the rice crop
within the Chuharkana Subdivision (duly aided by higher investments in all areas of critical
inputs), the profits exceed those in the Pacca Dala Subdivision. In any case, in the higher
consumptive use category, Pacca Dala is known more for the cultivation of the sugarcane
crop than rice, which partly explains the difference in the profitability patterns due to these
farm level preferences in cultivation..
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E. Dhaular Subdivision

Hydrologic Regime: Dhaular Subdivision represents the tail command of the Jhang Irrigation
Division. Its irrigation supplies are from the principal channels; namely the Dhaular
Distributary and the Bhangu Branch, both of which offtake from the tail reaches of the main
Jhang Branch that itself ends in the Veryam Subdivision (Figure 6(a)). Out of the gross
area of 98,000 ha, a little over two-thirds is commanded, which is very similar to the
situation in the neighboring Wer Subdivision to the north, but with one important exception,
ie. in the number of watercourses. Dhaular has 379 watercourses to 313 for Wer, meaning
its average of the commanded area per watercourse is much less in comparison to Wer.
This comparison is particularly useful in the context of the proportion of the culturable
waste and the resultant impact on the cultivation/cropping intensities. In the absence of
IIMI's sample data on cultivation and cropping intensities for the Wer Subdivision, a
comparison of the salient hydrologic characteristics in Figure 1(b) shows that against a small
difference in the density of the distribution system, the design water allocations for Dhaular
are higher by more than 20%. In fact, given the near equal proportion of the commanded
area within the gross, the design allocations for the Wer should have been higher by at least
40% over the current sanction. The word at least has been used because the relatively lasge
size of the commanded area per watercourse (with its own share of conveyance losses) also
has to be taken into account.

The hydrological network closely follows the direction of the natural relief that varies
between 142-163 meters above sea level. For this difference in relief, the average
topographic slope to the south is approximately 0.00025 that is evenly distributed across the
entire length of the Subdivision. The lower reach of the Subdivision below the tail of the
Bhangu Branch is intersected by the parallel run of the two major canals of Haveli and the
Trimmu-Sidhnai Link that offtake from the Trimmu headworks located to the immediate
west of the Subdivision. Resultantly, nearly 20% of the Subdivision’s gross area to the south
of this intersection receives siphoned irrigation supplies from the minors offtaking from the
tail trifurcation of the Bhangu Branch.

Soils: Because of its immediate proximity to the young flood plain of the Chenab River, the
depositional patterns of the soils across the Dhaular Subdivision are much more varied and
complex in comparison to the other units of the LCC system. In general, based on the soil
series differentiation appearing under Figure 6(b), areas closer to the river are relatively
finer in texture; the differentiation is more obvious given the near exclusive confinement of
the Jhang series (sand, loamy sand, sandy loam) in between the Bhangu Branch and the
Dhaular Distributary. The moderately fine profiles of the Farida series predominate the
entire Dhaular Subdivision and are overlain by the fine sandy loams in the surface. The
homogeneity in stratification is also common for the medium textured soils wherein the
Buchiana series profiles are overlain by the loams/silt loams in the surface. The significantly
large patches of these medium textures in the command of the Dhaular Distributary make
it particularly suitable for the growth of major crops in the area.
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Figure 61{a)

nnnnn Sub-Division Boundary
——— Distributary
—= == PRailwayline

Dhaular Irrigation Subdivision in the Lower Chenab Canal (East} Circle
Rechna Doab, Punjab, Pakistan.
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The SSoP interpretations on the associative differentiation of the soils confirm the above
textural separations; the coarse textures of the Sodhra Complex, Rasulpur Complex and the
Sodhra non-flooded associations overlap the Jhang/Farida series differentiations above
(Figure 6(c)). Similarly, the Sultanpur silt loams coincide with the Buchiana loams/silt loams
in the profile. This overlapping trend is less evident in the tail portions where there is a
very large spatial distribution of fine soil textures. However, for much of the Subdivision,
a significantly homogeneous stratification of the coarse/moderately coarse to medium soils
is quite well established. The presence of the Satghara and Jhakkar/Thakkar Complex soils
in the head reaches of the Dhaular Distributary and along the western edge of the system
indicates strongly alkaline silt loams. Rather surprisingly, this degradation is of quite limited
extent in the tail reaches of the Subdivision, where the silt loams and very fine sandy loams
of the Kasur and the silty clays/clays of the Satghara association have a scattered presence.
This phenomenon could have been more widespread given the very fine textures of the
Shahdara Rustam Non-flooded soils that predominate this part of the system.

Soil Drainability and Crop Suitability: Based on the stratified homogeneity in texture-specific
aggregtions observed above, the major differences in the drianage profile are easily
differentiated in space. From Figure 6(c), the soils become progressively finer when moving
laterally across the Subdivision from east to west. Resultantly, there are large discontinuous
extents of excessively well drained stratum paralleling the Bhangu Branch. The central
divide, covering the entire length of the Subdivision, is a hybrid mix of excessive to
moderately well drained soils. The tail of the system below the twin canal intersection is
primarily a well drained to moderately well drained environment. Finally, the largely well
drained environment beyond the right bank of the Dhaular Distributary has significant
imperfections in vertical flow caused by the strongly alkaline Jhakkar/Jhakkar Complex soils
of medium texture.

In between the twin extremes of excessive and imperfect drainage limitations, crops with the
most suitable growth conditions include rice and sugarcane. This is largely facilitated by the
contiguous spatial extents of the medium to fine soil textures that are well distributed
throughout the Subdivision (Figure 6(d)). The comparatively larger extent of the soils
favoring rice growth is because of its resistance to saline-alkali conditions, such as the ones
expected against the Jhakkar, Kasur and Satghara soils. Soils suitable for cotton are
restricted to the left and right bank commands of the Bhangu and Dhaular irrigation
channels, respectively. However, the mixed calcareous environment of the Shahdara-Miani
silty clay loams/clay loams in the center of the Subdivision would be only moderately suited
to the growth of rice. Conditions favorable to wheat are well scattered amongst soils
offering poor growth, this being especially true for the eastern half of the Subdivision. To
the west, the saline-alkali soils further limit its extent. Probably, the most suitable mix of
soils amenable to its growth would include the silt loams and the silty clay loams of the
Sultanpur and Shahdara-Rustam/Shahdara-Miani non-flooded associations that are well
distributed in the Dhaular Distribnutary command.
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Soil Salinity and Waterlogging: WAPDA’s MPR survey data of the 1975-77 period indicates
the incidence of S$4 category of surface salinity is limited to the finer textures of the Satghara
and Jhakkar Complex saline-alkali soils previously identified by the SSoP in the 1965-67
period (Figure 6(e)). Most of the Subdivision is non-saline in the surface, however profile
data indicates extensive clustering of non-saline sodic and saline-sodic soils in the lower two-
thirds of the Subdivision. Rather surprisingly, areas previously shown to be severely affected
by the strongly alkaline Jhakkar Complex soils in the head reach have either disappeared
altogether or have dissipated to the S2 levels of surface salinity.

The data on interseasonal changes in the water levels from 1980 onwards shows insignificant
fluctuations below the root zone (Figure 6(f)). In fact, the tail portions of the system
actually show a decrease in the water levels following the monsoonal recharge. An increase
in the water levels was initially noticeable near the head of the system; however, it also
seems to have blended with the less than noticeable changes elsewhere. This overall
situation coincides with the additional details on the subsurface slopes (Figure 6(g)) wherein
noticeable changes in lateral movement are mostly restricted to the head reaches of the
system, and that also well below the root zone.

HIMI Sampling for Soil Salinity and Texture: HIMI’s eleven sample sites in the Dhaular
Subdivision, covering approximately 9850 ha, were clustered in the head and tail reaches of
the system. Nearly 82% of the 891 paired observations of salinity recorded through the EM
38, and after conversion to the EC, values, showed non-saline soils within the root zone.
This is similar to the constituent composition of the non-saline cultivated tracts in the
neighboring Subdivisions of Wer, Aminpur and Veryam. From Figure B5, Volume Four,
there was no recorded occurrence of the S4 category of surface salinization; the slight to
moderate levels of salinity were mostly manifested in the moderately coarse to medium
textures ranging from sandy loam to loam. The proportion of the finer soil textures
increases towards higher levels of salinity; however, the incidence of salinization in these
soils is not as rampant as would have been expected in lieu of the higher susceptability of
these clay bearing associations in retaining the saline-sodic admixtures of irrigation induced
salinity.

From Figure CS, Volume Four, the pattern of land use follows the dominant soil textures
observed above. Out of the major categories of land use shown, the finer textures are
limited only to the fodders. Since sandy loam is the most dominating texture across the
sampled areas, the recorded occurrence of even the higher consumtive use crop like
sugarcane follows the general trend. The proportion of the textural separations are identical
for the ploughed and fallow land categories, however, the latter has incrementally higher
levels of soil salinity.

IIMI Farm Level Sampling: Based on the sample interview of 33 farmers in the Dhaular
Subdivision, the percentage figures for the land use and the cropping intensities are equal
to, or even better than, the subdivisions located in the central reaches of the LCC system.
This is primarily due to the conducive groundwater use conditions that curtail the tendency
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towards fallowing (Figures H1 & H2, Volume Four). Still, the majority of the farmers cited
a scarcity of irrigation supplies, over and above the impairment due to salinization, as the
major impediment towards boosting the existing cropping intensities (Figure H3, Volume
Four); this is in an environment wherein the major crops already constitute the highest
proportion (81%) from the gross cropped area reported by the farmers. When considered
in the context of the entire farm holding, the cropping intensity for the wheat crop is
significantly high, but remains much lower for both rice and cotton (Figure H4, Volume
Four).

In reference to Figures H6-H13, the median level of gross income from the major crop of
wheat is directly related to the high cost of fertilizer inputs and reliance on supplemental
irrigation supplies that significantly disfavor higher overall profits. In comparison, despite
higher production costs, the gross income and profits from the cotton crop are quite
favorable. The rice crop had the highest yields reported from amongst all of the
subdivisions; this puts the figures on gross income and profit at par with the more
traditional rice growing subdivisions to the north. Its total costs remain low due to the most
favorable conditions for soil puddling available throughout the Subdivision (Figure 6(d)).
The choice of the sandy loam soils, in addition to the loams/silt loams, for the sugarcane
crop (Figure C5, Volume Four) is not the most preferred one; this is manifested in one of
the highest irrigation costs across the L.CC subdivisions.

F. Haveli Subdivision

Hydrologic Regime: In gross area, the Haveli Subdivision is slightly larger than the
neighboring Dhaular (Table 1). At the time of writing of this report, the data specific to
the irrigation network could not be made available. However, the general layout of the
system appears in Figure 7(a). The Subdivision is a fairly well bounded regime due to its
occurrence at the very tail of the Rechna Doab. The parallel run of the Haveli and the T.S.
Link separate its irrigation system from the rest of the doab. Haveli Subdivision is also
unique in terms of the multiple sources of irrigation supplies; commands parallel to the
Chenab River and in the center of the Subdivision are dependent on the main Haveli Canal,
whereas areas along the eastern boundary are irrigated by the tail channels of the Lower
Gugera system. The commands along the Ravi River are siphon irrigated by the Koranga
channel belonging to the Lower Bari Doab Canal. There is less accurate data available for
the topographic elevations within the Haveli Subdivision, however, the difference is at least
two orders of magnitude higher along the Chenab River in comparison to the Ravi River.
In general, the topographic relief within the larger expanse of the system differs by no more
than 5 meters towards the confluence.

Soils: Figure 7(b) shows the distribution of the soil series and surface texture interpretations
by WAPDA within the Haveli Subdivision. Stratum-wise, the soils within the command of
the Shorkot Distributary paralleling the Chenab River are predominantly the coarser
textures of the Jhang and Farida series. Areas bordering the Ravi River comprise the fig.
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medium to moderately fine textures of the Buchiana and Chuharkana soils, especially within
the looping confine of the spillway (Nikasu Nala) that is almost entirely made up of the
medium textured alluvials. These areas have been subjected to repeated flooding from the
Ravi River that is in part explained by the meanders of the depositional patterns aligned
with the River itself. Such spatial diversity in profile textures are specific to the confluence
regime at the tail of the Rechna Doab. There is, comparatively, less variation within the
stratum as the surface soil textures match the sub-stratum and stratum conditions below.
The silty/sandy clays and the siity clay loams correspond to the lateral expanse of the
Chuharkana series near the Ravi River, whereas the silt loams and the loams overlap with
the medium Buchiana textures.

The above textural correspondence is retained in the interpreted soil associations within the
Haveli Subdivision (Figure 7(c)). The very fine sandy loams/silt loams/silty clay loams of the
Shahdara and Shahdara-Miani associations (that are known to have sand within 2 meters
of the stratum) follow the parallel run of the coarser Jhang and Farida soil series along the
Chenab River, whereas the silty/sandy clays of the highly saline Satghara association
intermingle with the Shadara-Rustam and Miani waterlogged soils in what is essentially a
close overlap with the Chuharkana series bordering the Ravi River. The medium textured
alluvium confined by the spillway channel are identified as strongly alkaline soils of the
Jhakkar Undifferentiated Group. The other variants of the Jhakkar soils ring inward from
this confluence regime towards the center of the Subdivision where predominantly
moderately fine textures of the Shahdara Non-flooded, Shahdara-Rustam Non-flooded,
Shahdara-Miani and Miani associations coexist with the saline-alkali Jhakkar Complex and
Satghara soils. The most productive and deep calcareous silt loams of the Sultanpur
association occupy the high and level areas along the flood plains of the Chenab and Ravi
rivers; additionally, they match the lateral extensions of the Buchiana series that extend
westwards of the railway line linking Shorkot Cantonment to areas across the Ravi River.

Soil Drainability and Crop Suitability: The contrasting intermixtures of the soil regime in
Figure 7(c) above are reduced to a meandering pattern that is rather easy to interpret with
respect to the drainability of the regime. These meanders represent pathways of flood
waters along the topographic slopes wherein the depositional pattern of the moderately
fine/fine soils is fully exposed. Resultantly, these clay-rich soils have moderate to imperfect
drainage characteristics across an otherwise severely fragmented well drained regime. These
conditions produce a widely scattered spatial pattern of crop suitability, such as the one
given for the major crops in Figure 7(d). The commands of the distributaries offtaking from
the head reaches of the Haveli Canal are well suited for the sugarcane crop; this range of
spatial suitability is extended further by the rice crop that is well suited even in those areas
that would be poorly suited for sugarcane, i.e. the Miani waterlogged soils in the center of
the Subdivision. These areas would remain less suitable for growing wheat; lesser still would
be the suitability of cotton over the moderately fine textures abundant in the commands
adjacent to the Chenab River. It well suited only for the Sultanpur soils that are limited to
the high and level areas of the old flood plain.
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Mt

Soil Salinity and Waterlogging: WAPDA'’s MPR survey data for the 1976-79 period indicates
very high incidence of salinization in the fine textured soils adjacent to the Ravi River
(Figure 7(e)). This affectation not only has a wholesome presence in the area enclosed by
the spillway channel, but also occurs on either side of the railway track mentioned above.
The commands worst affected include the tails of the Khikhi and Bachrianwala channels
belonging to the Lower Gugera command, Darkhana Distributasy offtaking from the Haveli
Branch and the right bank of the Koranga Feeder irrigating the southern most portions of
the doab. These soils have a very significant sodic profile in addition to highly saline-sodic
conditions in the surface.

For the subsurface water levels, the historical record from 1980 onward indicates significant
spatial extents of season-specific rises that are mostly confined to the regime severaly
affected by salinity (Figure 7(f)). The tails of the channels belonging to the Lower Gugera
command and the Darkhana Distributary have a near permanent presence of high water
tables, whereas areas along the path of the Koranga Feeder are repeatedly exposed to water
levels approaching the root zone. The commands of the secondary system offtaking from
near the head of the Haveli Canal are generally free of such drastic variations in close
proximity to the root zone. This is also supported by the slope variations in the lateral flow
regime that remain largely unaffected across much of the Subdivision. Restrictions to these
flows are much more evident in areas adjacent to the Ravi River (Figure 7(g)) where the
highly suitable Sultanpur silt loams are much favored for growing rice. The bunded regime
in these areas is a major impediment to the surface runoff. Additional restriction occurs
because of the extensive presence of the moderately fine textures of the Chuharkana soil
series in an exclusively saline-alkali mix of the Satghara/Miani waterlogged conditions that
are highly impervious to vertical drainage.

IIMI Sampling for Soil Salinity and Texture: The twelve sample areas spread over 13574 ha
of the Haveli Subdivision were confined to the eastern and southern halves of the system
in the commands of the Ghag, Darkhana, Khikhi and Koranga channels. The moderately
fine to fine soil textures in these areas are highly affected by salinity/sodicity, the
corroborating evidence for which is provided by IIMI’s field survey wherein nearly 38% of
the 958 paired EM 38 observations are classed to be variantly saline. From Figure B6,
Volume Four, the wide diversity in textures of the non-saline category is replaced by
succeedingly fewer constitutions within the moderately coarse to fine soil groupings. The
finer textures prevail in higher levels of salinity; however, the most extreme incidence of soil
degradation comprises the coarser sandy loams/fine sandy loams in the head reach command
of the Ghag Distributary and the Saralla Minor command of the Darkhana Distributary.
The SSoP identifies these sample area soil types to be the Sodhra and Shahdara Non-
flooded for the Ghag Distributary and overwhelmingly Miani waterlogged for the Saralla
command.

In terms of land use, almost all of the fields that were cultivated with rice and sugarcane

were non-saline (Figure C6, Volume Four); somewhat surprisingly, the number of rice fields
in the moderately coarse sandy loam were about the same as for the preferred fine soils of
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clay/sandy clay. For sugarcane, the preference was clearly in favor of the fine soils. In
comparison to these higher consumptive use crops, fields that were ploughed or grown with
fodder were noticeably coarser in texture. Cotton cultivation was observed across all levels
of salinity, however, the maximum variation in texture was accounted for by the
overwhelmingly non-saline category. Here again, like rice, its cultivation was contrasted in
between the near extremes of predominantly moderately coarse loams/sandy loams versus
the fine clays/sandy clays, despite the fact that the latter category of textures are not
recommended for its growth. Finally, unlike the rather broad dispensation of salinity classes
in the barren lands category across the other subdivisions, the constitution of such lands
within Haveli is totally saline (categories S3 & S4). The general inference would be that
areas remaining out of active cultivation, even if at the boundaries of the productive tracts,
are susceptible to progressive salt accumulation in their root zone without the differentiation
of the soil type and texture.

ITMI Farm Level Sampling. Given the rather widespread levels of soil salinization in this
Subdivision, the overall land use intensity remains one of the lowest (Table H1, Volume
Four). Resultantly, about 29% of the farm land is reported to be a culturable waste. When
not accounting for this culturable waste, the overall cropping intensities, including those of
the major crops, compare with the qualitatively much more productive subdivisions like the
Chuharkana. Another reason for these high intensities is the relatively fewer number of
farmers citing scarcity of surface irrigation supplies in an environment where nearly two-

thirds of the farmers reported useable groundwater quality for supplemental irrigation
purposes.

The major crop intensities, based on the gross cropped area, for the neighboring Haveli and
Dhaular Subdivision are very close; both of them are primarily wheat growing areas with
nearly equal intensities of wheat and rice. However, the increased preference for cotton in
the Haveli is matched in equal measure for the higher intensities of the sugarcane in the
Dhaular. The reason for this discrepancy is not readily evident given the same mix of the
most suitable soils of Sultanpur and Shahdara associations across both the subdivisions. This
discrepancy is not supported even by the gross macro economic indicators (Figure HS,
Volume Four) where higher returns are indicated to favor Dhaular rather than the Haveli
Subdivision. The same farm level macro economic indicators for the wheat crop show
Haveli to have one of the lowest returns in comparison to the other subdivisions; this is
despite the fact that the expenditure on fertilizer inputs remain high.

The above comparisons for the lower agricultural returns from the Haveli Subdivision are
especidlly reinforced for the rice crop wherein, despite equivalent intensity levels, there is
a yawning gap in favor of the Dhaular Subdivision with respect to the gross incomes, yields
and profits that are exceptionally high.
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G. Kanya Subdivision

Hydrologic Regime: Kanya is the second smallest subdivision after Sangla in terms of gross
area (77,473 ha). Its fifteen secondary level distribution channels (Figure 8(a)), sourced by
the Burala Branch, cover a total of 302 watercourses for an average commanded area of 186
ha. The total relief difference from head to the tail is of 19 meters, but the slopes are much
steeper in the lower reaches of the system (0.0006) in comparison to the upstream average
of 0.0002. The eastern half is largely irrigated by the Kajwani Branch offtaking from the
Burala in the head reach of the system. Areas to the west of the Burala are covered by
several distributaries and minors that run paralle] to the main Branch. For the 56114 ha of
the commanded regime, the calculated water duty based on the cumulative flows remains
less than the maximums observed elsewhere (Figure 1(b)). Assuming that these channels
have been operating at 10-15% above the stipulated allocations, the actuals may serve to
narrow such discrepancies amongst the subdivisions. The calculated deficit in surface
allocations for the Kanya Subdivision, based on the maximums observed for the
Tandlianwala and Wer subdivisions, is about 2.1 cumecs. Given the expected improvements
of 25% or more in the allocations along the distribution system following desiltation of the
irrigation channels, such as in the Lagar Distributary in 1989 (see Figures 56(a) & 57,
Volume Two), it would be possible to accomodate the 2.1 cumecs increase to the existing
13.046 cumecs design capacity of the distribution system within Kanya without resorting to
remodelling or extension of the secondary level network. In fact, given the assumption that
the actuals are already 10-15% over the design, this targeted increase of 2.1 cumecs may
well have been achieved under normal operation of the system. This is partially confirmed
by the current levels of cropping intensities that are at par with those in the highly
productive Chuharkana Subdivision (Figure 1(d))}.

Soils: The earliest surveys by WASID in the early 1960s show soils in the Kanya Subdivision
to largely comprise the moderately coarse fractions of the Farida series (Figure 8(b)).
Interspersed within this series is the distribution of the medium textured Buchiana soils in
the head reaches and the coarse Jhang soils in the middle and tail portions of the system.
Considering also the overwhelming distribution of the coarse to mederately coarse fractions
in the top soil, the general conclusion about the stratum-wise differentiations are likely to
remain in favor of deeply homogeneous profiles. The presence of the Buchiana soils in the
head reaches may partly be related to the rather low values of the sloping relief favoring
deposition of finer materials. The slopes increase by nearly three orders of magnitude
towards the middle and lower reaches of the system where the sandy strata is most prolific.

The SSoP interpretations exhibit an even greater uniformity in the soil textures wherein the
medium textures of the Faisalabad silt loams are shown to dominate the entire Subdivision
(Figure 8(c)). While this would contrast with the moderately coarse textures mapped by the
WASID in their earlier surveys, the mismatch shown here (between the fine sandy loams
of the Farida series and the silt loams of the Faisalabad association) is probably the best
example of the difference in interpretations between two public sector organizations. In any
case, there is little doubt that the stratum is comprised of highly porous soils.
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Soil Drainability and Crop Suitability: Figure 8(c) above also shows the status of vertical
drainage in the Kanya Subdivision. This interpretation is based on the medium textured
Faisalabad silt loams that are considered to be well drained soils. It is more likely that these
soils are coarser in the profile in comparison to the surface and, hence, the actual
drainability may be somewhat higher. These conditions, though quite unsuitable towards
the cultivation of the high delta crops like rice, would be adequately permissive towards the
other major crops like cotton, wheat and sugarcane (Figure 8(d)).

Soil Salinity and Waterlogging: From Figure 8(e), there is very little evidence of soils being
strongly salinized in the surface; the moderate to slight levels of salinization are clustered
mostly in the head reaches of the system where there is an exclusive concentration of the
medium textured Buchiana soils. This spatial pattern of distribution of salinity is highly
supportive of the situation presented in Figure 8(b) and the conventional wisdom wherein
salts are less likely to accumulate across the deep porous profiles prevailing in most of the
Subdivision. Thus, evidence pertaining to higher concentration of salts in the root zone,
such as in the WAPDA profile sampling shown in Figure 8(e), should conform to the
distribution pattern of the Buchiana loams/silt loams within Kanya. This logic is adequately
satisfied by the spatial overlap of the saline-sodic profiles with the medium textured horizons
common to the Buchiana soils. This salinization of the root zone is partly traceable to the
restrictions in drainage caused by high water tables observed in these areas (Figure 8(f)).

HMI Sampling for Soil Salinity and Texture: The nine IIMI sample sites, totalling nearly
8,000 ha, were all limited to the head reaches of the Subdivision. This bias was largely to
accomodate the observed diversity in the soils and the levels of salinity already cited in the
discussjons above. Out of the 792 recorded observations of soil salinity, about 79% were
processed to be non-saline. These non-saline observations overwhelmingly belong to the
medium textures of the loam and silt loam, and this trend continues across higher levels of
salinity in a manner wherein these textures become exclusive to the highest recorded levels
of soil salinization (Figure B7, Volume Four). This dominance also prevails across all levels
of major landuse (Figure C7, Volume Four), and more particularly for the cultivations of
the cotton and sugarcane crops that are beneficiaries of a near singular reliance on this
textural combination. This reckoning may be extended to the cultivation of the wheat crop
when accounting for the land preparation under the ploughed category.

Note: Due to the inadequate sampling of the farmholdings in the Kanya Subdivision, there
is insufficient data to support a substantial discussion.

H. Kot Khuda Yar Subdivision

Hydrologic Regime: Located in the head reach command of the Jhang Branch that passes
through its center (Figure 9(a})), Kot Khuda Yar Subdivision has a gross area of 81,250 ha
of which only 63% is canal commanded, a fraction that is the lowest in the entire LCC
system. With over four hundred tertiary level irrigation units in this rather small CCA, the
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average of 126 ha per watercourse is also the lowest within the system. In many ways, its
limited irrigated extents allow it the advantage of having higher water allowances across a
well distributed network. This can be ascertained from a comparison with the neighboring
Pacca Dala Subdivision with analogous figures on the gross area and the length of the
distribution network. The benefits of the nearly 20,000 ha of extra commanded area within
the Pacca Dala Subdivision are not readily translated to equivalent gains in the system
allowances and proportionate increases in the density of the distribution system. From
Figure 1(b), Kot Khuda Yar is one of the three subdivisions within the LCC and Haveli
command where the surface water allocations are the highest (0.27 cumecs/1000 ha CCA).
If the 15% higher than design operating flows are assumed for this network, then this system
may already be drawing water at an allowance rating of 0.31 cumecs/1000 ha CCA or an
equivalent of 4.42 cusecs/1000 acres CCA. It is no surpirse then that this Subdivision retains
cultivated area cropping intensities of around 130%, which s an above average figure for
the Rechna Doab.

Soils: The topography within the Kot Khuda Yar Subdivision is bidirectional; against a relief
difference of about 19 meters in the upper half of the Subdivision, the slopes are much
sharper (0.0004) and directed towards the river Chenab to the west. The relief in the lower
reaches of the system has an average value of about 0.00025 and is sloping towards the city
of Faisalabad to the southeast. Wherever there are abrupt changes in the relief, like along
the Hinduana Escape in the head reach and the Chiniot Distributary command comprising
the extreme western edge close to the Chenab River, there are large pockets of the coarser
Jhang series soils (Figure 9(b)). Elsewhere, the finer deposits of the Buchiana soils conform
to the meanders of the topographic slopes but remain limited only to the upper half of the
system. The soils in the lower reaches comprise the uniform expanse of the moderately
coarse Farida series that are occassionally interrupted by the still coarser fractions of the
Jhang. The homogeneity in the strata is highly dependent on the topographic variations; the
Jhang and Farida series profiles are much more correlated in space with the surface textures
than the medium Buchiana loams/silt loams. For the medium soils, this homogeneity is
more apparent where the surface slopes are noticeably low, e.g. along the western boundary
and the course of the main Jhang Branch.

The mapped delimitation of the Faisalabad and Hafizabad loams/silt loams by the SSoP as
the dominant texture within the Kot Khuda Yar Subdivision overlaps the fine sandy
loam/Farida soil interpretations by the WASID (Figure 9(c)). While the nature of this offset
in the soil textures defined by the SSoP and WASID is quite universal across the Rechna
Doab, other more conforming interpretations are also evident, such as the distribution of
the coarse sandy profiles of the Jhang series that are coincident with the Jhang Complex and
Sodhra Non-flooded associations. The spatial pattern of soil distribution is much more
complex along the boundary with the Chenab River where the Sultanpur silt loams
intersperse with the Shahdara Miani, Miani and Shahdara Non-flooded associations to form
a continuous belt. The incidence of saline-alkali soils is exclusive to the eastern and western
fringes of the Subdivision as distinct pockets of Khurrianwala, Jhakkar, Jhakkar Complex
and Jhumra associations.
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Soil Drainability and Crop Suitability: From Figure 9(c) above, the overwhelming proportion
of the medium textured soils within the Subdivision allow for well-drained conditions in the
profile. The moderately fine textures of the Gandhra (porous saline-alkali), Pindorian and
Miani soils are scattered along the fringes of the Subdivision; their proximity to the
otherwise strongly saline-alkali soils results in conditions that are restricted in vertical
drainage. Hence, cultivation of rice in contiguous stretches is only favorable in areas close
to the boundary with the Chenab River (Figure 9(d)). For the other major crops of cotton,
wheat and sugarcane, this Subdivision has one of the best soil conditions across the LCC
system.

Soil salinity and Waterlogging: The distribution of the imperfect drainage conditions shown
under Figure 9(c) above is entirely due to the occurrence of the saline alkali/waterlogged
soils. These locations, originally surveyed between 1965-67, have high spatial correlation
with the subsequent investigations by WAPDA in the 1976-79 period (Figure 9(e)). The
surface salinization mostly conforms to the S3 & S4 categories of classification, whereas in
the profile, they are more non-saline sodic in the head reaches. Elsewhere, the soils have
a large scatter of saline to saline-sodic profiles. The distributaries that are less affected
include Burali, Sarangwala, Hurrki, Mallian and Shah Bhalol, whereas the worst affectation
is in the commands of the Annah, Pindi Bhattian, Jamal Jatti, Chiniot and Khai
distributaries.

Thematic data on interseasonal variations in water tables indicates a higher incidence of root
zone affectation in the head reaches of the system (Figure 9(f)). This pattern persists across
the entire period of comparison between 1980-93, the worst year being 1985 when the water
levels stayed just below the root zone throughout much of the Subdivision. This behavior
is explained more readily by the sequence of variations in subsurafce slopes shown in Figure
9(g)- Much of the repeated bottleneck in subsurface flows occurs in the regime that
straddles across the Jhang Branch at a point that is about one-third its initial traverse
through the Subdivision. From 1990 onwards, this phenomenon is also noticeable in distinct
pockets within the middle and tail reaches of the system but its significanace, in the context
of the root zone, is limited to the middle reaches of the Sarangwala Distributary command.

HMI Sampling for Soil Salinity and Texture: The eleven sample sites, comprising 7658 ha
gross, were limited to the lower half of the Subdivision. The 1325 paired observations of
apparent soil salinity, upon conversion to the saturation extract equivalents, showed more
than 93% of the cultivated lands to be non-saline. In fact, the incidence of salinization was
limited only to the S2 category. From Figure B8, Volume Four, these saline observations
were nearly synonymous with the moderately fine textures of sandy/silty clay loams.
Together with the fine textured silty clays, their composition within the non-saline Sl
category was also observed to be the highest in comparison to the moderately coarse and
medium textures. This rather large sample of the finer soils, not observed in the other
Subdivisions, has some interesting results when considered in the context of the land use
shown in Figure C8, Volume Four. The ploughed land, presumably being prepared for the
rabi cultivation of wheat, had nearly equal distribution of the loams/silt loams/sandy loam

87



‘uegsijeg ‘qefungd ‘qeng euyaay ‘o@fodr) (3Saf) [BUR]) Geudy]) JSno
‘UDTSTIATPYNG UOTFeBIA] Jex epnyy 30) 343 ul sdox) Jofey Joj RIT[Ige}[Ng [10§

ueysiyed jo fisaang [(0g 1 S0ANCE

ra31ns Jon [

pa31ns Riwoog [/
pe3ins hiesesspoy ]
pPa3INS 1191

Ay1[1qeyIng doa)

{P)6

aanb1

auedaeing

88



‘ue3speqd ‘Qefung ‘qeoq euyday ‘S[IXID (ISAN)

[eue) qeuay) Jomo] aY3 JO UOTSIATPANS UOT3FeETIA] XeE ePMYY 30 BYy3 Ul Ajrurjeg S[1JOXJ pue adejang (8)6 3INBIJ

8[14oad Sy3 ur RITarpeg Rq padelday Ajtuites sgejang [
agejang o3 paujjua] A3 TUTTRS
s11§a9g 8yy ur F3ra1posA3EviTes uy esvasaur EER

L26T ‘Ranang AW UAduA : 99anDg

atpos sures-uon [ 1
E
arpeg auryeg 77 wEe
aypos-uay Sufres . nm_w
n

&

aYpOS-uny SUi}eg-uoy

%
»

fjrurtes afryoag

atpos aurpes-ucy [
arpog aurres 7
appog-uop aurres i
aaag 31w

89

aurqeg A[Busagzs %
auyug A}a)vaapoy §
aurres firzusiis |
sufres-uay

figrurjes eoejansg



4

‘ueisiyeg ‘qefund ‘qeoq wwyoay ‘SIDII) (3SAH) [RUR) qRUSYD JINOT
(UOTSTATPYNS UOTFeBIJX] Jef epmyy 30) ‘3a[qel Jajen 0} yidag ay3 ur sucrIeIXen 1eacduag

W3 @6 UIYIIM S[qU] JIICR U] ASVIIOU]

ud g 03 P[qE] J2jeH ul ISVLIoU] 5
ws Qg MO[DQ D[R] JOYYH Ul SEeSJI03(] g
uo pg mojog 21qel Jayen ur asuey) on [

suoseag y30q ur arqel Jejey ySry [

(VadyM) uorjesyuebg BuTIOjTUOY JHUDS :eodamog

(€ )

6 oumb1d

a0



‘uepsyyeg ‘qefung ‘qeng euyaey ‘e[OJE) (3S8N) JEUR) qeuByy dano]
tuprsiaTpqng ucijeBrad] Jey epMy 30y fBmMO|J SIBFANSYNG B} U SUOLFELIEH ado[s [euosvesaaju]

adoyg uy ssvaaou] daeyg [
edojg uy eseadoau] A[YBILS H
wdojg uy esvagoa dawyg .
sdofg uj esweadag G[IYBILS ﬂ

edorg uj aBuwy) oy

cyadvn) uoryezrueban Sutdojrucy JYWDS [ B3J4N0F

.

s Y
n i
-

0861

(Eyg eanBrg

91



soils with the moderatley fine to fine textures. Cotton cultivation, on the other hand, was
observed 1o be overwhelmingly on the moderately coarse to medium textures. The emphasis
towards the finer textures was much more obvious for the rice crop than sugarcane; the
reason being that despite being a high delta crop, sugarcane is much more adapted to the
coarser loams given the overall less consumptive use. The few saline observations of the S2
category mentioned above were confined to the fodder cultivation where its significance in
terms of any perceived crop damage remains mute.

IIMI Farm Level Sampling: The twenty-five sample farms in the Kot Khuda Yar Subdivision
reported above average land use and cropping intensities (for the cultivated areas). These
values are less than in the neighboring Pacca Dala, and probably also less than Sangla which
lies even nearer. In many ways, Kot Khuda Yar is similar to the farming trends in the
Kanya Subdivision, although the fewer number of samples in the latter may not fully
substantiate this claim. At the farm level, both the subdivisions have nearly equal major
crop intensities and the highest cultivation intensities devoted to the sugarcane crop. It is
rather surprising that the fallowing within the cultivated lands is very high, being 49.4 % for
kharif and 31.5% during rabi, despite the fact that supplemental reliance on the groundwater
is not constrained and that the design surface water allowances are at the maximum. The
farmers, however, are less than convinced about the adequacy of irrigation supplies that
would suppress these rather unusual levels of fallowing (Figure H3, Volume Four). Thus,
it is not difficult to conclude that the above average figures on the overall cropping intensity
are sustained on the basis of more land being devoted to the minor crops and the
significantly higher intensity of the sugarcane crop. There is adequate scope for increasing
the overall crop intensities if the large extents of fallowing, particularly during the kharif
season, could be reduced.

For the major rabi crop of wheat, adequate profits are not visible, despite higher overall
investments into fertilizer and irrigation inputs. When compared against the situation in the
neighboring Pacca Dala and Aminpur subdivisions, its yields beget a yawning difference of
about 450 kg/ha that are primarily responsible for the lower gross incomes accruing to the
farms (Table H2, Volume Four). The higher investments for the sugarcane crop are much
more responsive, wherein the yields are the highest reported across the entire LCC and
Haveli system (Table HS, Volume four).

1. Mohlan Subdivision

Hydrologic Regime: In terms of gross area, Mohlan is the second largest irrigation
subdivision within the LCC system (Figure 10(a)). For the 80% of its land falling within the
culturable command, the extensive network of the irrigation channels (sourced by the Upper
Gugera Branch) distributes irrigation supplies across 435 tertiary units for an average
commanded regime of about 205 ha. The topographic slopes are evenly distributed towards
the southwest at an average of about 0.00021, which is low compared with the relief further
southwards, Records of the Irrigation Department indicate that its aggregate allocations per
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1000 ha of CCA are quite low but at par with the situation observed in the neighboring
Chuharkana and Buchiana subdivisions. From Table 3, the calculated deficit towards a
water duty of 0.27 cumecs/1000 ha CCA (3.86 cusecs/1000 acres CCA) is about 6.6 cumecs,
which is achievable without resort to extensive modeling or extension of the system. Given
the above average cropping intensities in this Subdivision (Figure 1(d)), the impact of these
adjustments is more likely to be in of favor the higher consumptive use crops like rice and
sugarcane that are already benefitting extensively from useable groundwater supplies.

Soils: - The low topographic slopes within the Mohlan Subdivision have created a pattern of
soil depositions that has extensive proportions of the finer particulates ranging from medium
to moderately fine textures. Except for the fine soils of Nokhar, all the other four major
soil series definitions (to a depth of 2 meters) are found in Mohlan, the pattern becoming
distinctly finer towards the Deg natural drain (Figure 10(b)). This channel has a history of
flood water overflows following the monsoonal rains in its upper catchment areas in the
northern Rechna Doab. The surface textures in the Subdivision are consistent in space

across the series differentiations, thereby revealing the homogeneity within the respective
soil horizons.

The SSoP interpretations, shown in Figure 10(c), also are indicative of a trend in textural
differentiations, whereby the finer soil associations of Shahpur, Miranpur and Satghara in
the east (near the Deg channel) are succesively replaced by the moderately fine textures of
Nabipur, Sindhelianwali, Gajiana and Miani soils closer to the main distribution channel of
Upper Gugera Branch. Areas along the western boundary of the Subdivision are mainly the
loams /silt loams of the Bhalwal, Faisalabad and Hafizabad associations. Many of these soils
are either outright saline-alkali, like the Satghara, Gajiana, Jhakkar and Sindhelianwali, or
have phases with high salt accumulations such as the deep calcareous loams/silt loams of the
Nabipur and Shahpur series occurring in the meander floodplains.

Soil Drainability and Crop Suitability: The combination of saline-sodic soils and the
dominance of the silty clay loam/silty clay associations cited above make for a restricted set
of drainage conditions that are extensive beyond the left flank of the Gugera Branch. The
soils on the other side of this channel comprise the silt loams and loams of the Faisalabad,
Hafizabad and Bhalwal associations that are characteristically well drained. Across the
distribution network, the soils with moderate to imperfectly drained conditions are more
numerous in the commands of the Sharqpur and Nahra distributaries that offtake from the
left side of the Gugera Branch; it is in these commands that the most favorable soil drainage
conditions are available for the cultivation of rice (Figure 10(d)). Commands elsewhere in
the system have well drained soils that would favor the cotton crop. Overall, the Subdivision
should be considered well suited for the extensive cultivation of rice, sugarcane and wheat.

Soil Salinity and Waterlogging: The meandering pattern of soil deposition shown in Figure
10(c) above has a very complex interweave of saline versus non-saline soils. One such
traverse through the southwesterly sloping terrain cuts across the associations of Gajiana,
Miranpur, Sindhelianwali, Shahpur, Nabipur, Jhakkar and Miani soils. Five of these seven
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soil associations have strong saline-alkali characteristics. Such a strong mix of saline-alkali
soils is reinforced further by the isolated occurences of the highly saline/alkaline Satghara,
Gandhra and Khurrianwala/Firoz Undifferentiated groups within the larger expanse of the
Mohlan Subdivision.

The general impression from the foregoing SSoP interpretations towards the potential
impact of salinization would be less encouraging for productive crop growth. Indeed,
Mohlan seems to have more than its share of the diversity of soils afflicted with salinity.
The negative impacts that would normally be assumed in this context are, however, less than
obvious when compared with the WAPDA MPR survey delimitations on the extents of
surface salinization. Figure 10(e) shows that not only these visual interpretations are not
as numerous as cited by the SSoP ten years ago, but that the extreme ranking within this
assessment, the S4 class, is quite restricted to a few pockets in the east near the Deg
drainage channel. The impact in the profile, however, is much more widespread wherein
the medium to moderately fine textures of Buchiana and Chuharkana soils overlap
extensively with the reported incidence of salinity/sodicity.

WAPDA SMO records of water table fluctuations indicate isolated pockets of limited
extents within the Mohlan Subdivision where the rise in the subsurface levels stays just
below the root zone (Figure 10(f)). These fluctuations are not location specific in the
period monitored between 1980-93, except in areas forming the commands of the
Nillianwala and Rodi distributaries that offtake from near the exit-reach of the main Gugera
Branch. The rise of the water levels in these areas, sometimes to near critical levels, is
generally supported by the evidence of a restriction in subsurface drainage; however, the
decreasing slopes of the lateral flows, as in Figure 10(g), are not necessarily exclusive to such
fluctuations elsewhere. This would be evident from the situations where the lateral outflows
may be restricted in regimes where the concurrent rise in the water tables would still remain
well below the root zone.

HMI Sampling for Soil Salinity and Texture: The fifteen sample sites in the Mohlan
Subdivision, comprising 11,115 ha, were distributed in clusters across the head, middle and
tail reaches of the system comprising the commands of the Sharqpur and Nahra
distrbutaries. Over 94% of the 1470 EM 38 observations on soil salinity were processed to
be non-saline. A majority of these non-saline observations were in the loam/silt loam
categories of texture followed by the finer clayey compositions (Figure B9, Volume Four).
In fact, this proportion is recurrent across all major categories of land use within the
Subdivision, except sugarcane, where the finer clay loams are preferred over the loams
(Figure C9, Volume Four). Surprisingly, given the known susceptibility of these soils to
salinization, the incidence of strongly saline strata was completely remiss from the
observations; the lower values of salinity belonging exclusively to the loam textures.
Whatever the distribution of these saline observations, an overwhelming percentage of the
major land use within the sample domain remained unaffected by this incidence.
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IIMI Earm Level Sampling: The 36 farmholdings sampled within the Mohlan Subdivision
showed high land use and cropping intensities that are typical of the productive regimes
within the Rechna Doab. In fact, if the influence of the inadequate sampling within the
Sagar, Sultanpur and Wer Subdivisions is discounted, then the combination of the high
landuse and cropping intensities ranks Mohlan as the third most productive subdivision
within the LCC system. It is not surprising, then, that these subdivisions of Chuharkana,
Mohlan and Tandlianwala have a contiguous geography that is exclusive to the command
of the Gugera Branch. The Chuharkana and Mohlan subdivisions share similar
physiographic characteristics, but their major crop intensities are internally differentiated;
Chuharkana grows more rice than Mohlan, however, the difference is replaced in near equal
measure by the higher intensity of sugarcane cultivation in the latter (Table H1, Volume
Four). This emphasis on sugarcane, also applicable to Tandlianwala, translates into a 10-
12% advantage in lesser extent of land devoted to fallowing in these subdivisions in
comparison to the Chuharkana. This advantage in fallowing could then be converted into
cropping intensities matching those found in the Chuharkana if the majox constraint of
scarcity of irrigation supplies is suitably addressed (Figure H3, Volume Four). Since the
high land use efficiency in Tandlianwala is unable to compete with the other two
subdivisions in the cumulative cultivation of the high delta crops (due to porous soils), its
emphasis on the minor crop intensities (primarily fodder and maize) has been observed to
be the highest across the entire LCC. In this respect, the proportional benefits from
increased water supplies in this Subdivision will accrue more in favor of wheat/maize
cropping intensities than rice, which would be more likely for the Mohlan. This is not to
say that Mohlan Subdivision is unlikely to realize increases in the existing cropping
intensities of wheat that at present are nearly equal to that of the Chuharkana. In fact,
based on Figures H6 and H7 along with Table H2, despite higher investments in fertilizer,
irrigation and land preparations , the Chuharkana Subdivision is unable to gain appreciably
higher yields than those in Mohlan; hence, the benefits of higher gross income are not
reflected in the profits. In this situation, Mohlan’s total overall costs for wheat cultivation
may be further averted in lieu of the enhanced surface irrigation supplies.

The current intensity of the rice crop in the Mohlan Subdivision is about 19% of the total
cropped land. This is nearly 13% less than the intensity in the Chuharkana, a difference
that can likely be bridged through narrowing the existing shortages in the surface irrigation
supplies. But there are other factors that contribute profoundly to overall production, as
is evident from the sum total of investments made by the farmers in the Chuharkana
Subdivision. The more than 470 kg/ba yield advantage within Chuharkana is largely because
of the higher investments in land preparation and fertilizer inputs by the farmers. Also,
these higher yields are being achiéved with less irrigation-related costs, a factor that works
significantly to the advantage of the Chuharkana Subdivision given the nearly equal design
irrigation allowances for both of the subdivisions (Figure 1(b)).

The costs for sugarcane cultivation are generally much lower in the Mohlan Subdivision than

in the Chuharkana (Table H5, Volume Four). It is rather surprising that despite lower
investments in land preparation and fertilizesr/FYM application, the average yields are higher
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by more than 4,600 kg/ha against the Chuharkana Subdivision. This is one reason for the
observed higher intensities of this crop within Mohlan. However, this does not translate into
profits to the extent that would be expected due to the unusually high costs associated with
the harvesting of this crop. -

J. Pacca Dala Subdivision

Hydrologic Regime: The commands of the Pacca Dala Subdivision draw all of their surface
irrigation supplies from the Mian Ali Branch that offtakes below the confluence of the LCC
Feeder and the LCC main line (Figure 11(a)). The Subdivision itself is located in the center
of the Rechna Doab and has a gross area of 78,108 ha of which 91% is CCA. The size of
the cultivated regime would equate it with the neighboring Chuharkana to the east; however,
the higher number of watercourse units within the Pacca Dala would mean lower average
for the commanded areas at the tertiary level. Figure 1(b) shows that against a small
difference in the density of the secondary distribution system, the surface water allowance
is much higher in the Tarkhani Subdivision, although both still remain below the maximums
observed elsewhere in the LCC system. Assuming these maximums are achieved,
calculations in Table 2 (in reference to Figure 1(c)) indicate that both Pacca Dala and
Tarkhani will be needing an expansion of their respective distribution networks over and
above attempts to increase the current carrying capacity via remodeling (see the impact of
desiltation under Table 3). This expansion is not difficult to construe given the deficiencies
in the existing network coverage wherein only two distribution channels of Khurrianwala and
Shahkot command the entire two-thirds of the system downreach from the tail of the Mian
Ali. The net impact of these adjustments to the distribution system is most likely to be
realized in favor of the higher consumptive use crops given the low proportion of the
culturable waste in this Subdivision. In fact, this would be expected given the existing share
of more than 20% of these crops in the gross cropped area.

Soils: The 21 meters of head to tail difference in relief has a uniform slope average of
0.0003. These slopes are intermediate by the Rechna Doab standards and, hence;
progenitor of the most common soil textures encountered in such topography. WASID soil
investigations show two major series that are characteristic of the area, i.e. the medium
textured Buchiana soils that are limited to the head reaches of the system and the
moderatejy coarse Farida soils that are nearly exclusively below the tail of the Mian Ali
Branch (Figure 11(b)). The surface texture overlays indicate these soils to be highly
homogeneous and uniformly developed across the moderately coarse to coatse textures in
the strata. This is not evident for the Buchiana loams/silt loams that have sandy loams in
the surface.

The SSoP interpretations show a strong presence of the Jhumra, Pacca and Dungi soils with
related silty clays in the head and middle reaches of the system, which is in major contrast
against the dominant textural differentiations given above (Figure 11(c)). These clayey
extents are not exclusive to the Buchiana soils identified above, but also overlie the
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moderately coarse textures of the Farida series further southwards. The mismatch is even
more outstanding for the WASID delimitations of the sandy Jhang soils against the medium
to moderately fine texturés of the Sindhwan, Hafizabad, Miani, Gandhra and Miranpur soil
associations. Overall, the most dominant textures are related to the loams of the Hafizabad
association that has a contiguous presence in the lower half of the system. The western
fringes of these loamy extents comprise the Hafizabad-Awagat association that is known to
have 15-20% occurrence of the saline-alkali soils in its phases. A rather limited, but strong,
saline-alkali presence of Jhumra soils is also visible along the western boundary of the
system; however, the larger salinized extents are more synonymous with the Khurrianwala
and its undifferentiated groups that are largely scattered across the lower half of the system.

Soil Drainability and Crop Suitability: The soil drainability map for the Pacca Dala
Subdivision also appears in Figure 11(c) wherein the majority regime in the head and middle
reaches is shown to have limited or imperfectly drained conditions in the stratum. These
poor drainabilities implicate less of the dispersive tendencies of the saline-alkali soils in
comparison to inherently high clayey fractions. The remaining areas are predominantly well
drained, in large measure due to the Hafizabad loams and to a lesser extent because of the
Pindorian and Sindhwan series in the middle and head reaches, respectively. The complex
multitude of these soils creates a pattern of crop suitability conditions that is quite
heterogeneous (Figure 11(d)). Exclusive to the patchy distribution of the soils with saline-
alkali phases, the Pacca Dala Subdivision has what would appear to be the most uniform mix
of well to moderately well suitability conditions for rice cultivation. The other major crops
are probably best suited for the lower haif of the Subdivision where the loams are likely to
sustain higher productivities in comparison to the head reaches. The heterogeneity in
suitability rankings is most acute in the head reach where both wheat and sugarcane could
benefit from sustainable yields across nearly equal spatial extents. Considering the most
predictable results, cotton would thus be confined largely to the commands below the tail
of the Mian Ali Branch .

Soil Salinity and Waterlogging: The WAPDA MPR survey of the surface and profile soil
salinity within the commands of the Pacca Dala Subdivision confirm much of the earlier
patchy distributions of the salinized tracts by the SSoP. The strongly saline (S4) soils,
though not confined to any one part of the Subdivision, are much less than the moderately
saline (S3) occurrence of the affliction (Figure 11(e)). The slightly saline soils are largely
confined to the upper reaches of the system and coincident with a wide range of textural
associations ranging from the moderately coarse Rasulpur, to medium Miranpur, to fine
Gandhra and Pacca horizons. When the incidence of surface salinization is compared with
the pattern of salt accumulation in the root zone, the evidence points largely to a
deterioration that even circumvents locales with no visible incidence of salinity. This
phenomenon is less widespread in the head reaches, but gains spatial significance when
moving downreach of the system. It is in these lower reaches of the system where non-
saline sodic profiles are nearly exclusive.
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The seasonal rise of the water table seems to have much improved since the earliest
available data compared for this study. The thirteen years of comparison shown in Figure
11(f) increasingly suggests the diminishing significance of the subsurface fluctuations that
could be threatening to the root zone. In fact, the downstream reaches are Jess supportive

of a recharge related rise in the water levels to the extent that large areas have actually
experienced a decrease over the pre-monsoon levels,

IIMI Sampling for Soil Salinity and Texture: The Pacca Dala Subdivision represents the
highest concentration of the IIMI sample sites for field level appraisal of both surface and
profile salinity concentrations in the cultivated tracts. The sample domain comprised 12,198
ha, mostly in the commands of the Khurrianwala and Shahkot distributaries, for which over
2000 observations of EC, were collected via the EM 38. Upon conversion to the equivalent
EC, values, more than 90% of the observations were found to be non-saline. Figure B10,
Volume Four, shows the texture-wise distribution of these observations across all saline and
non-saline classes. The non-saline soils are overwhelmingly constituted by the moderately
coarse to medium textures that largely comprise the sandy loams and loams. The S2 and
53 levels of salinization have a nearly equal divide in the textural distribution between the
moderately coarse to medium soils versus the moderately fine to fine soils.

All of the major categories of land use are non-saline; there is only evidence of S2 levels of
salinization in only a few fields under the ploughed catergory, and that too mostly under
medium to finer soil fractions. In terms of the land use, the ploughed, fallow and fodder
categories make use of the greatest diversity in soil textures that has not been witnessed
elsewhere. Internal to this diversity is the comparatively greater reliance of the fodder
cultivation on moderately coarse textures (Figure C10, Volume Four). Fields left fallow
basically fall into the two groups of textures with the sandy loams and loams dominating the
finer fractions. Samples from both the sugarcane and the cotton crops are non-saline; the
soil preference for the sugarcane crop being more towards the medium to moderately fine
soils in comparison to the moderately coarse (and some clayey soils) dominating the cotton
crop. The general evidence for salinization is mostly confined to the barren tracts in the
immediate vicinity of the cultivated lands where both S2 and S3 levels have been observed,
but remain exclusive to mediom to moderately fine soils. Data indicates that were soils to
remain non-saline across these barren tracts, then loams would probably be the most
predictable of textures in such situations.

K.  -Sagar Subdivision

Hydrologic Regime: Sagar is the head reach Subdivison of the entire LCC system, and also
the second largest in terms of the gross area. lIts western edge parallels the Chenab River,
whereas the main LCC defines the upper half of its eastern boundary that is also home to
the intersection of the main line LCC with the Qadirabad Balloki Link at Sagar Head.
Much of the data pertaining to the hydrology of this area could not be accessed at the time
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of writing this report; however; Figure 12(a) shows the map of the irrigation network that,
in comparison to the other Subdivisions, appears to be quite adequate in spatial coverage.
The layout of this network slopes entirely towards the Chenab River and includes the
principal channels of Manchar and Vanike in the head reach, Kot Nikka Branch and Gajar
Gola in the middle reach, and the Jalalpur and Jandoli distributaries in the tail teach. The
topographic slope is southwesterly and has a total relief difference of about 24 meters at an

average slope of 0.0003. The slopes are somewhat flatter in the lower two-thirds of the
system.

Soils: 'The low values of the topographic slope correspond with a dominance of the medjum
textured Buchiana series soils across the entire length of the system (Figure 12(b)). Their
overwhelming presence in the upper half of the system is interspersed with significant
patches of the still finer Chuharkana soils. Elsewhere, such as in the lower reaches and
along the boundaries, the Buchiana loams/silt loams mix with the moderately coarse
fractions of the Farida series. These soils are fairly homogeneous given the good spatial
overlap between the surface and profile textures. The SSoP interpretations appearing under
Figure 12(c) show the head reaches to be primarily made up of the loams/silt loams of the
Hafizabad, Gandhra and Sindhwan associations. The coarser textures of the Rasulpur soils
are discontinuous across the mid system lateral divide where the silt loams of the Bhalwal
and Khurrianwala associations overlap the WASID interpretations of the Buchiana and
Chuharkana soils, forming a contiguous stretch along the longitudinal axis of the
Subdivision. Elsewhere, the Rasulpur soils match well with the distribution of the Farida
series along the western boundary of the Subdivision. It is in the tail reaches of the system
where their presence circumvents the near exclusive expanse of the Hafizabad loams that
covers much of the lower one-third of the system command.

Soil Drainability and Crop Suitability: Figure 12(c) also shows the overall picture for the
vertical drainage within the Sagar Subdivision. The coarser Rasulpur association, in its
overlap with the Farida series soils, forms a central divide across the Subdivision that is
made up of the fairly porous sandy loams in the stratum. These soils have a continuation
further south along the western fringes of the Subdivision whereby they are nearly exclusive
in the tail. The areas on either side of this divide, because of the dominant loams and silt
loams in their composites, have a well drained capability. Much of the homogeneity in these
well to excessively drained conditions is disrupted by the significance of the Khurrianwala
silt loams, largely restricted to the upper half of the system, that are characteristically saline-
alkali and relatively impervious to vertical drainage. This pattern of vertical drainage results
in a situation whereby the cultivation of rice remains restricted to the loams/silt loams which
are only moderately suitable for its growth (Figure 12(d)). For the same conditions, cotton
would most likely fluorish. However, a relaxation in these rankings between well to
moderately well suitability scales should see a somewhat uniform distribution of conditions
favoring the cultivation of wheat and sugarcane.

Soil Salinity and Waterlogging: WAPDA investigation in the mid 1970s indicate $3 and S4
levels of surface salinization to be mostly confined to the commands between the Vanike
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and Gajargola distributaries that offtake from the main LCC upstream of the Sagar Head
(Figure 12(e)). The extensive nature of this salinization is highly correlated in space to the
Khurrianwala soils earlier mapped by the SSoP during the mid 1960s. Further south, this -
phenomenon has a very scattered presence; the S4 levels are fairly restricted to the
commanded regime between the Jalalpur and Madora distributaries that extend below the
tail of the Kot Nikka Branch. Concurrent data on profile salinity indicates that much of the
surface salting has a strong sodic counterpart in the soil horizons. In areas where the effects
of surface salinization are less than evident, like in the tail reaches of the system, the
insidious presence of these sodic salts in the soil horizons is quite widely distributed. In fact,
to varying degrees of salinization, this phenomenon of root zone affectation is quite
rampant, the exception being the command of the Kot Nikka Branch.

The temporal records of water table fluctuations indicate a strong spatial coincidence
between the worst extents of salinization, such as in the areas between Vanike and Gajar
Gola channels, and the rise of the water tables to the root zone (Figure 12(f)). This
recharge related fluctuation was most severe in the early 1980s but has been receding to the
extent that by 1993 its significance had substantially diminished. The thirteen years of
comparison across seasonal fluctuations has vyielded contrasts wherein previously

permanently waterlogged regimes have undergone reductions in water levels below the root
zone.

Note: There was no sampling done by IIMI in the Sagar Subdivision pertaining to salinity
and farm level economics.

L. Sangla Subdivision

Hydrologic Regime: Sangla Subdivision is unique amongst the administrative units of the
LCC system in that its head reach marks the termination point of the two parallel channels
of the LCC Main and the LCC Feeder coming down from the Sagar Head. These two
channels merge just prior to the downstream bifurcation into the main Rakh and Yhang
branches (Figure 13(a)). Hence, Sangla’s irrigated command, the smallest within the entire
LCC system, receives supplies from multiple main canal systems that successively traverse
the entire longitudinal stretch of the system across a. total relief difference of about 8
meters. The slopes are very gentle at an average of 0.00017 and are distributed evenly
across the 241 sanctioned watercourses. From Figure 1(b), the design surface water
allowances across the secondary network are much below the maximums observed elsewhere
within the system. This becomes more apparent when comparing with subdivisions like
Kanya and Tandlianwala where, for nearly equivalent distribution densities, the design
allowances within Sangla are observed to be much less. Towards a system-wide equity based
on the observed design maximums, the surface water allowances within the Sangla
Subdivision are unlikely to be realized even with secondary level desiltation (Table 3).
Figure 1(d) indicates that despite these calculated scarcities in the irrigation supplies, the
observed cropping intensities within the Sangla Subdivision may already be benefitting in
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some measure from an enhanced level of surface supplles in addition to the extensive
reliance on fresh groundwater pumpage.

Soils: The low topographlc slopes within the Sangla Subdivision have been the major
influence on the surface deposition patterns of the soils. From Figure 13(b), the medium
textures of the Buchiana soils dominate the landform across the entire length of the
Subdivision. The flattening of the topography towards the lower half of the system has
significant manifestations for the still finer fractions of the Chuharkana series soils occuring
in large patches. The SSoP intepretations also confirm the significance of these silty clay
loams through the delimitation of the Gandhra and Gajiana associations known for their
saline-alkali profiles (Figure 13(c)). In contrast, the more than 9 meters of difference in
relief concentrated along a limited stretch beginning just below the Mian Ali Branch offtake
has a significant presence of the coarse Jhang soils. However, notwithstanding these relief-
specific textural differentiations, much of the observed homogeneity in surface and profile
conditions is limited to the loams overlying the Buchiana series, that too mostly in the head
and middle reaches of the system. This is additionally confirmed by the overlap of the

Hafizabad, Bhalwal and Sindhwan series loams/silt loams with the dominating presence of
the Buchiana soils. :

Soil Drainability and Crop Suitability: The above differentiations of the dominant soil
textures in terms of the medium and moderately fine fractions readily translate into a well
defined pattern of the vertical drainability within the Sangla Subdivision. Much of the upper
half of the Subdivision remains a well drained environment; transitions to limited drainage
occur in the downstream reaches of the system wherein the largely clayey soils with porous
saline-alkali characteristics retard vertical movement of the water (Figure 13(c)). Assuming
the Gandhra and Gajiana soils to be less damaging to the root zone, there is substantial
potential within the Sangla Subdivision to uniformly exploit the cultivation of rice. The
same assumption applied to the sugarcane crop would probably lead to the most dominating
pattern of potential suitability amongst all the major crops (Figure 13(d)).

Soil salinity and Waterlogging: WAPDA MPR data on soil salinity indicates a significant
presence of S4 level of salinization in the tail reaches of the Sukheki Distrbutary that
parallels the Jhang Branch (Figure 13(e)). In large measure, much of the 83 and $4 levels
of salifiization are confined to the commands between the Jhang and the Rakh branches that
have significant overlap with the Gandhra and Gajiana soils. Overlap also exists with the
Khurrianwala saline soils identified by the SSoP along the parallel length of the Rakh and
Jhang branches and with the silt loams of the Sindhwan and Bhalwal associations in the
commands of the Ratti and Mochiwala distributaries on either side of the Rakh Branch.
This rather extensive pattern of surface salinization has a strong bearing on the extent of salt
accumulation in the profile. Data indicates increasing evidence of sodicity affecting the root
zone. In places of extensive surface salinization, the profiles are exclusively sodic. Probably
the worst affectation is near the tail reaches of the system in the area buttressed between
the commands of the Debora and Marh distributries, an area exclusively having silty clay
loams of the Gajiana soils.
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The temporal records on seasonal fluctuations in the subsurface water levels indicate that
the conditions have improved significantly since the near waterlogged situation in the 1980s
(Figure 13(f)). Over a period of thirteen years, the recurrent rise has had a waning presence
in the head reaches of the system and the emphasis now seems to have been largely
confined to the lower half. Additionally, there is no reccurrence of the situation wherein
the water levels would actually enter the root zone and create surface ponding. In fact,
limited instances of decreasing water levels may actually be suggesting groundwater pumpage
coincident with the October period of kharif water shortages. There is supporting evidence
to this effect within the subsurface slope variations observed for the Sangla Subdivision.
From Figure 13(g), there are numerous pockets in the middle and tail reaches that show
flow disturbances across a regime largely characterized by near constant water levels or
unchanging slopes.

HMI Sampling for Soil Salinity and Texture: There were only four sample sites within the
Sangla Subdivision that were evenly distributed in the middle and tail reaches of the system.
These areas, comprising 3,322 ha, were chosen specifically in those areas that were known
to have a strong occurrence of the saline-sodic soils based on the past investigations by both
the SSoP and WAPDA. The initial conclusion from these public sector investigations is that
soil salinity is a widespread phenomenon within the Sangla Subdivision and much of it is
synonymous with the distribution of the fine soil textures in the downstream reaches of the
system. Interestingly, IIMI's own surveys in these areas do not confirm the intensity of the
salinization reported by these investigations; the over 500 sample observations of texture
related salinity showed more than 90% of the land to be non-saline. Somewhat more
surprising is the fact that no S3 or $4 levels of salinization were recorded in areas previously
mapped for rather extensive tracts of surface visible salinity, e.g. the tajl command of the
Sukhekhi Distrbutary. Elsewhere, such as the tail of the system and very near the exit point
of the Rakh Branch, slight to moderate incidence of root zone salinization has been
observed (in barren lands adjacent to the cultivated tracts) where previously there was none
(Figure 13(e)). The textural composition of these saline observations is given in Figure B11,
Volume Four, wherein the loams are owed to the Hafizabad/Hafizabad-Awagat associations
with significant spatial overlap with the Buchiana soils in the two meter profile. The sandy
clay loams may have resulted from the scatters of the Gandhra association that are not
explicitly captured by the mapping provided by the SSoP under Figure 13(c). The secondary
land use within the ploughed, fodder and oilseed categories is mostly limited to moderately
coarse to medium textured soils where even moderate levels of salinization are not damaging
to the extent as they would be for a grain or cash crop. Figure C11 captures these land use-
specific textural preferences much more clearly in the context of the higher consumptive use
crops like rice and sugarcane that are dominantly cultivated over the less porous silty and
sandy clay loams.

Note: Due to the inadequate sampling of farm holdings within the Sangla Subdivision, the
discussion on the salient features of the farming has been omitted.
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M. Sultanpur Subdivision

Hydrologic Regime: The Sultanpur Subdivision has the second smallest gross and cropped
area after Sangla and is commanded by the Burala Branch that has its tail in the head reach
of this Subdivision (Figure 14(a)). The Subdivision has the lowest number of tertiary level
commanded units within the entire LCC and Haveli system, however the relatively flat
slopes, at an average of 0.00028 across the more than 60 km length of the Subdivision,
permit a comparatively higher average for the cultivated arca watercourse commands, The
long and narrow shape of the Subdivision allows for high densities of the distribution system
and, from Figure 1(b), the aggregate water allowance is also near the observed maximums
within the LCC. This is also reflected in Figure 1(d) wherein the observed cropping
intensities are the highest anywhere in the LCC system.

Soils: The alignment of the Sultanpur Subdivision parallel to the Ravi River reflects the
characteristic depositional paitern of the flood plain soils (Figure 14(b)). The medium
textures of the Buchiana series predominate the system reaches close to the river; areas
further to the west comprise the coarser Farida series soils where soil homogeneity in both
surface and profile textures is much more apparent. Other than this east-west
differentiation, the head reaches of the system have large aggregations of medium textures
in the profile. The SSoP interpretations of the saline-alkali soils belonging to the Jhakkar
Undifferentiated and the Hafizabad-Thakkar associations are mostly limited to the tail
portions of the system and match the loams/silt loams in the surface texture mapping by
WAPDA (Figure 14(c)). Across the geographical extreme, the command of the Kalera
Distributary in the head reach of the system comprises the medium textured Shahdara
Undifferentiated Group. In between these extremes, there is an unbroken expanse of the
deep calcareous Sultanpur silt loams occupying the high and level areas along the flood
plain.

Soil Drainability and Crop Suitability: Other than the abovementioned scatters of the saline-
alkali soils characterized by imperfect drainage, the continuum of the medium to moderately
coarse-soil textures in Subdivision represent a well drained environment. The Sultanpur silt
loams make this Subdivision particularly suitable for all of the major crops (Figure 14(d)).

Soil Salinity and Waterlogging: The tail of the Subdivision represents a locational
concurrence in the extents of surface salinization mapped by WAPDA and the earlier
investigations by the SSoP. WAPDA's aerial photo interpretations show these contiguous
extents to be of S2 and S4 classes that are underlain by saline-sodic and non-saline sodic
profiles (Figure 14(e)). This occurrence, to a much lesser extent, is repeated in the center
of the Subdivision where soils of the Jhakkar Undiffernetiated Group mix with the S2 and
54 categories of salinity. The evidence from the profile sampling indicates higher levels of
saline-sodic salts in the profile across the entire Subdivision except for the areas in the head
reaches of the system bordering the river. From Figure 14(f), these salt accumulations are
unlikely to have been caused by high water levels; the situation in the tail reaches indicates
these fluctuations to have been significant enough to impact the root zone.
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HMI Sampling for Soil Salinity and Texture: The three sample sites covering nearly 3,200 ha
were exclusive to the tail portions of the Subdivision where the reported incidence of soil
salinization was higher. Although this level of sampling would be considered inadequate,
given the lack of spatial coverage and biased distribution across the Subdivision, the 222
paired observations of salinity give a broad indication of the most likely trends in the context
of the salinity-texture relationships. Based on Figure BI2, Volume Four, the dominating
textures of the top soil in the sampled areas are of medium to moderately fine categories
that are nearly 80% non-saline. There were no recorded values belonging to the strongly
saline S4 class. There is a distinct preference for sugarcane on the silty clay loams, whereas
cotton cultivation is favored more for the medium textures. The cultivation of rice takes
advantage of the slightly saline loams/silty clay loams, a situation not found in similar
textural combinations across the ploughed/fallow land use.

Note: Due to the limited (six) number of farms sampled in the Sultanpur Subdivision, the
discussion on the salient features of its farming regime has been omitted.

N. Tandlianwala Subdivision

Hydrologic Regime: The Tandlianwala Subdivision is the first of the three subdivisions in the
command of the Burala Branch that offtakes from the main Lower Gugera Branch at
Buchiana Head (Figure 1(a) & 15(a)). The irrigation network is well distributed within the
Subdivision comprising 439 watercourses. In terms of both gross and commanded area, it
is the fourth largest subdivision within the LCC and Haveli system. The surface water
allowances for this commanded regime are comparable to the highest observed elsewhere
for the Kot Khuda Yar and Wer subdivisions, but with two important differences; first, in
comparison to these subdivisions, the proportion of commanded regime within Tandlianwala
is the highest. Secondly, this is being accomplished with the lowest density of the secondary
level distribution amongs the three subdivisions (Table 1). The resultant effect of these
higher surface irrigation supplies is clear from Figure 1(d) whereby the Tandlianwala
Subdivision shows one of the highest cropping intensities within the LCC system..

Soils: The textural separations under the moderately coarse soils of the Farida series are
the most significant phenomenon across the Tandlianwala Subdivision (Figure 15(b)). These
soils are overwhelming in the lower half, and elsewhere retain large extents in combination
with the Jhang (head reaches), Buchiana (middle reaches) and Chuharkana series. The
surface textures are complementary to these conditions in the profile wherein loamy
sands/sandy loams/fine sandy loams correspond to the spatial distribution of the Farida soils
and the loams/silt loams overlie the medium textured Buchiana soils.

The significance of a dominant textural class/group in the Tandlianwala Subdivision is also
reflected in the SSoP mapped interpretations showing the Faisalabad silt loam as a
contiguous mass that extends across the entire system (Figure 15(c)). It is only in areas
along the eastern boundary of the Subdivision, and partially paralleling the Ravi River, that
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Tandiianwala Trrigation Subdivision 1n the Lower Chenab Canal (East) Circle,
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other textural combinations occur under Shahdara/Shabdara-Sodhra and Miranpur
associations. In places, like the tail of the system, the coarser textures of the Shahdara-
Sodhra and the Shahdara association (that are underlain by sand within two meters) overlap
with the moderately coarse Farida soils in the profile. In the head reaches, the alkaline soils
of the Khurrianwala Undifferentiated Group are shown to exist in soils previously
interpreted by WAPDA to be coarser fractions of the Jhang series that are also loamy sand
to sandy loam in the surface. For these soils to have been affected by a severe degree of
alkalinity reflects significantly in the discrepancies borne out by the comparison of these data
sets from two different Government agencies, Elsewhere, in the lower reaches of the
system, the lateral extension of the loams/silt loams/silty clay loams in the surface is
supported by the SSoP delimitation of the Faisalabad silty clay loam overwash that is specific
to areas bordering the Ravi River.

Soil Drainability and Crop Suitability: Because much of the Subdivision is underlain by the
moderately coarse aggregates belonging to the sandy loam and fine to very fine sandy loam,
these soils retain a well drained profile (Figure 15 (¢)). The few areas corresponding to the
Faisalabad silty clay loam overwash and the clayey Miranpur association (that is spatially
coincident with the Chuharkana and the Nokhar soil series in the profile) have restricted
drainage conditions that are particularly suited to growing rice. Other than these limited
domains favorable to the growth of high delta crops, the overwhelming expanse of the
porous soils within the Tandlianwala Subdivision offer conditions that are well suited for
large scale cultivation of cotton, sugarcane and wheat (Figure 15(d})).

Soil Salinity and Waterlogging:. WAPDA’s MPR survey data indicates Tandlianwala
Subdivision to be largely free. of the effects of visible surface salinization (Figure 15(e)).
The few areas reported to be saline-sodic in the surface and profile are limited to the fine
textured soils of the Chuharkana and Nokhar series. Elsewhere, the scatter of saline-sodic
profiles in the center and near the western boundary of the Subdivision corresponds closely
with the medium textures of the Buchiana soils with loams/silt loams in the top soil. A
majority of these saline-sodic samples confirm the earlier mapping of the same by the SSoP
in the context of the strongly saline-alkali Khurrianwala Undifferentiated Groups, meaning
that these areas have remained uncultivated/barren in the time period between the two
independent public sector surveys.

From Figure 15(f), historical data on interseasonal fluctuatjons in the water table indicates
a near absence of conditions adversely impacting the root zone. Since the water tables
remain well below the ground surface, the varations in the subsurface slope, though
indicative of obstructions/interventions to the natural lateral flow regime, become largely
insignificant. This phenomenon is shown separately under Figure 15(g) where the low
subsurface levels in the head reach of the Bhalak Branch experience recurrent decreases in
the lateral flows. In situations where the water levels are 'within the root zone, such as in
the tail reach of the system, the corresponding decrease in the subsurface outflows is qpite
evident. There is some degree of spatial consistency in the recorded rise of water levels
near the root zone along the western boundary of the Subdivision; this is likely caused fig.
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by the limited drainage crossovers for the runoff across the railway line that runs parallel
to these areas. '

IIMI Sampling for Soil Salinity and Texture: The six sample sites in the Tandlianwala
Subdivision were evenly distributed across 5500 ha of the regime in the head and middle
reaches of the system. Over 84% of the 556 paired EM 38 observations on salinity were
processed to be non-saline, whereas the remaining observations were limited to the S2 and
S3 categories (Figure B13, Volume Four). The major crops are substantially tolerant of the
S2 levels of salinity, especially in situations where the underlying strata contains higher
proportions of moderately coarse fractions, such as found in the Tandlianwala Subdivision.
The increasing concentrations of salts are more likely retained in the finer fractions, which
is reflected in the sampled data shift from the sandy loam/fine sandy loam to loam soils for
the S3 category. Its significance is better emphasized in the context of the loam soils
dominating all major categories of land use in this Subdivision (Figure C13, Volume Four).

IIMI Farm Level Sampling. The Tandlianwala Subdivision has one of the best combinations
of the reported higher land use and cropping intensities, coupled with very low values of the
culturable waste lands, that are second only to the Chuharkana Subdivision. These statistics
are helped by the low levels of fallowing that is facilitated largely by supplemental reliance
on useable groundwaters. This figure would most likely reduce in favor of higher cropping
intensities if the reported water scarcities are averted. Wheat, sugarcane, and to some
extent cotton, are the major crops in this area, but their cuamulative intensities are likely to
remain low given the predominnace of the porous soil textures. Potential improvements to
the area cultivated under wheat are likley to improve the overall low of 56% to levels
comparable with the neighboring subdivisions of Buchiana and Tarkhani. This would also
require significant improvements to the yield that are currently benefitting much less
through low investments in fertilizers (Figures H6 & H7, Volume Four). In comparison, the
higher costs associated with the plant protection, fertilizer and irrigation inputs are not
translated into above average levels of yield for the cotton crop. Resultantly, the gross
incomes and the related profits remain lower than the average in the subdivisions further
south (Figures H8 & H9, Volume Four).

Potential improvements to the current realizations from the sugarcane yield are unlikely to
materialize given the rather large offsets in low fertilizer investments and the rather high
cost of irrigation. The latter is borne by IIMI’s own field observations pertaining to the
cultivation of this high delta crop on porous sandy loams/fine sandy loams that is likely to
translate into lower yields and high irrigation costs. These offsets are not readily overcome
through cultivations on the more suitable mix of loams/silt loams that are normally expected
to sustain the current average levels of gross income from this crop.
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0. Tarkhani Subdivision

Hydrologic Regime: Tarkhani Subdivision, the second in sequence along the length of the
Lower Gugera channel (RD 200000 to 340000, 42.45 kms) (Figure 16(a)) comprises 18
irrigation units of which 11 are at the distributary level. Based on the current design
discharge allocation of 16.5 cumecs (495 cusecs), approximately 76% of the Subdivision’s
gross area is canal irrigated at an average of 189 ha per outlet. Given the rather low density
of the secondary level distribution system, much of these above average discharges are being
retained by the principal distributaries of Tarkhani and Mungi that collectively cover 72%
of the gross CCA. However, calculations from Tables 2 and 3 indicate that if the allocations
were to be increased to the maximums observed elsewhere within the system, the additional
1.61 cumecs would certaily require an extension of the distribution network within the
Subdivision. Perhaps, prior to such system-wide improvements, there is a need to explore
why this Subdivision is unable to achieve proportionately higher cropping intensities than
the upstream Buchiana Subdivision where, despite the lower surface water allowances and
higher intensity of fallowing in both growing seasons, the overall intensities are comparable
to Tarkhani. This concern is further highlighted by the additional similarities in these two
subdivisions in terms of the rather high incidence of culturable waste and the nearly equal
major cropping intensities.

Soils: WAPDA data on surface soils indicates fine sandy loam to be the most dominant
texture across the entire Subdivision (Figure 16(b)). Scattered in between are the fractions
of sandy loam, dominating the tail of Tarkhani Distributary, and the still coarser loamy sand
in the command of the Janiwala Distributary. These moderately coarse textures are
underlain by the equally coarse Farida soil serjes in the profile. In short, the distribution
of coarser soils is quite uniform across both the surface and profile of the Subdivision’s
morphology.

In places, like the command of Bhail Distributary, the coarse loamy sand overlies a loamy
profile; however, this occurrence is quite restricted. There are also very few consolidated
profiles of loam soils, but are too scattered to be of localized significance.

The Soil Survey classifies Tarkhani’s soil to be the predominantly Faisalabad silt loam across
the length of the system (Figure 16(c)). Towards the west, starting from the off-take of the
Bhail Distributary and extending on both sides of the Lower Gugera channel, there is a very
large extent of Hafizabad soils. This includes the area buttressed between the head reaches
of the Tarkhani and Mungj distributaries, and wholly includes the Janiwala Distributary
command. Frequently interspersed within the Hafizabad association distribution are the
pockets of highly saline Khurrianwala silt loam association characterized by up to a 35% mix
with the coarser Rasulpur series.

Somewhat similar is the case in the head reaches of the Subdivision comprising Russiana

Distributary where there is a mix of Khurrianwala Undifferentiated Group within the loamy
Hafizabad-Awagat soils. The SSoP reports that for this combination, approximately 20%
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of the Hafizabad and 25% of Awagat is saline. The demarcation of the Faisalabad series,
that varies from silt loam to fine sandy loam, is in general agreement with the WAPDA
classification of fine sandy loam to be the dominant textural group in the area. In fact, the
Khurrianwala Undifferentiated Group also includes the saline alkali phases of Faisalabad,
and as a series its texture varies from very fine sandy loam to silt loam and occasionally
loam. However, the location of the calcareous Hafizabad soils by the SSoP does not entirely
confirm the presence of rather coarser loamy sand fractions by WAPDA. The association
does have a significant presence of coarser Rasulpur soils (gently sloping sandy areas) that
also have a kankar zone starting below 120 cms and extending up to a 150 cms; this
contrasts with the shallower kankar zone of Faisalabad soils within 120 cms.

Soil Drainability and Crop Suitability: From Figure 16(c), the soils are uniformly distributed
to be well drained. The Subdivision lies in the same agroecological zone as Buchiana, and

is well suited for the growth of cotton, wheat, and sugarcane; rice is only moderately suited
for these well drained soils (Figure 16(d)).

Soil Salinity and Waterlogging: WAPDA'’s salinity survey for the MPR study of 1977-79
indicates an overwhelming presence of surface salinity in the head reaches of the Subdivision
(Figure 16(e)). The extent is most severe in the commands of the Russiana and Khushpur
distributaries, and is largely exclusive to the previously identified salinity in the area by the
SSoP in 1966-67. Across the decade, the emergence of surface salinity, with strong saline-
sodic profiles, does not appear to be an isolated phenomenon and is probably due to the
increase in water table within the general vicinity of the area. Indeed, WAPDA records for
the water table fluctuations from 1980 onwards indicate a general increase in water levels
within the head reaches of the system; however, this change remained largely below the root
zone (Figure 16(f)). By 1990, these fluctuations had shifted southwards to the head reaches
of the Tarkhani Distributary, only to return back to the head reach as indicated by the data
available for 1993. Aside from these shifting water levels in the head of the system, the
interseasonal fluctuations between 1980-93 were somewhat stable, especially in the lower
two-thirds of the Subdivision.

The data on the slopes of the interseasonal fluctuations in water table, regardless of the
depth below the Natural Surface Level, indicate a somewhat restricted situation in 1980 that
has, however since, showed continuous improvement till the available data for 1993 (Figure
16(g)). Across the Subdivision, the lateral flows have been particularly supportive of
drainage in the head reaches of the Mungi and the Tarkhani distributaries (probably due
to the hydraulic gradient established by the relatively higher seepage conditions in these two
principal distributaries within the system). Again, where the tails of these two distributaries
converge, near the tail of the system, the lateral flows have been showing higher gradients
following rather restricted conditions in 1980. Towards the center of the Subdivision, where
the distribution channel density is much less, little variation in the subsurface hydraulic head
in the pre- and post-monsoon comparison for the period 1980-93; a substantial increase in
the surface influx may increase the water levels until such time a favorable hydraulic
gradient is established. Since the commands along the the main Lower Gugera channel to
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the west are in the swath of a permanent seepage zone, the hydraulic gradient within the
Subdivision is towards the low seepage zones to the east, e.g. the middle reaches of the

Mungi and the Tarkhani distributaries where the water tables have not shown major
fluctuations.

IIMI Sampling for Soil Salinity and Texture: IIMI's salinity survey in the Tarkhani
Subdivision was restricted mostly to the head reaches of the system. Across a total sample
regime of 10470 ha, over 1000 EM38 observations on surface and profile salinity were
collected on selected tracts that cumulatively indicated more than 81% of the cultivated area
to be non-saline. Comparison with Buchiana (upstream) and Bhagat (downstream)
subdivisions leads to the tentative conclusion that salinity across the cultivated Iandscape is
declining towards the tail reaches of the system, although this would require substatiation
due to the absence of sampling in the tail reaches of the Subdivision itself.

A majority of the observations are in the silt loam to loam categories, the former
dominating due to the large extent of the Faisalababd soils from the head to tail reaches of
the Subdivision. For the sample regime, restricted to the commands of the Russiana and
Khushpur distributaries, the ratio of silt loam to loam remains fairly constant in the salinized
tracts, thereby indicating that much of the salinity is restricted to a uniform set of soil
conditions. For the same morphological conditions further south along the left bank
command of Tarkhani, where additional IIMI survey sites were concentrated, the salinity is
not as severe. The high salinity observations are restricted to barren/ uncultivated tracts;
the extents of lesser levels of salinty are equal in proportion, not only across barren lands,
but also in ploughed and fodder categories of land use.

Ploughed land, sugarcane, and cotton predominate the non-saline soils in about equal
proportions. While silt loam soils are the preferred choice for the sugarcane, cotton is being
grown more extensively on the loams, which is also the case for the lands left fallow for the
rabi crop. For fodder, the choice of seil type is not readily distinguishable; however, its
growth was also observed on slight to moderately saline silt loam soils.

IIMI Farm Level Sampling: 1IMI’s economic survey for this Subdivision comprised interview
data for 40 farmers within head reaches of the system (Russiana, Khatwan, Bhail and
Tarkhani distributaries) and middle reach of Mungi Distributary. The cultivation and
cropping intensities are not much different from Buchiana upstream, and hence likewise is
the case for the proportion of fallow land. Also, problems of salinity/sodicity impacting the
fallow practices is less than 20% of the reportage; however, almost 60% of the farmers are
linking water shortage to the unavoidable need to leave land fallow. This problem is
exacerbated by the nearly 60% of farmers perceiving poor quality groundwater, a figure that
is higher than the rest of the Lower Gugera Division. The Subdivision is reporting slightly
higher percentages of the cotton crop (10-25% of the respondents), whereas the cultivation
intensity for wheat and rice is the same as for Buchiana Subdivision upstream.
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P. Ugbana Subdivision

Hydrologic Regime: Uqgbana Subdivision is sustained entirely by the supplies from the lower
half of the Rakh Branch that enters the area from the north (Figure 17(a)). Its tail is the
offtake for the Dijkot Distributary which is the most important secondary channel within the
Subdivision. Uqbana has the largest gross and commanded area in the entire LCC system,
that also exceeds the area under the Haveli command in the lower reaches of the doab.
Given the comparatively large proportion of the commanded area across the 520
watercourses, the density of the distribution network remains low despite the fact that its
total length for the secondary channels is exceeded only by Wer Subdivision in the entire
LCC system (Table 1). The low density of distribution is owed to the peculiarity of the
system wherein there are far more distributaries than minors to cover the commanded
regime. This situation often impacts negatively on the equitable distribution of flows,
whereby the lesser number of head reach watercourses continue to jugulate the flows that
are intended for the linear stretch of the system that extends southwards across an average
topographic slope of about 0.00028. The situation is compounded further by the design
allocations that are borderline with the minimum specified by the Irrigation Department
(Figure 1(b)). Clearly, improvements would be needed most on the distribution side;
however, one would expect that in the absence of enhanced surface allocations much of the
benefit accruing from such an improvement would be lost to seepage losses or else would
require rotation within the system.

Soils: Based on WASID data, the soils of the Ugbana Subdivision are overwhelmingly
moderately coarse in the profile with few patches of medium soils in the head and tail
reaches of the system (Figure 17(b)). The surface texture also conforms to the profile
conditions, with the sandy loam/fine sandy loam textures dominating the entire Subdivision.
Finer fractions, like clay, are available but limited exclusively to the command of the Sir
Wala Distributary offtaking from near the tail of the Rakh Branch. It is also near this tail
that a one-to-one correspondence between the moderately fine Chuharkana soil series in the
profile and the sandy clay loam patches in the surface is present. The above information
contrasts with the textural differentiation provided by the SSoP (Figure 17(c)) wherein the
entire Subdivision is shown to be comprising the medium textures of the Faisalabad,
Hafizabad and Hafizabad/Awagat associations. The demarcation of the Faisalabad series,
that varies from silt loam to fine sandy loam, is in general agreement with the WAPDA
classification of fine sandy loam to be the dominant textural group in the area.

Soil Drainability and Crop Suitability. From Figure 17(c) above, barring the saline-alkali
patches of the Khurrianwala/Khurrianwala Undifferentiated Groups, the Subdivision is
universally well drained. This characteristic attribute of the soil is also in agreement with
the somewhat coarser description of the profiles by WASID above where the Farida series
is shown to dominate the textures. Owing to this characteristic of the soils, the Subdivision
remains well suited to the growth of all low to medium deita crops. There are, however,
large contiguous tracts in the head reaches of the system, due largely to the presence of the
Hafizabad-Awagat soils, that would be well suited for the growth of rice (Figure 17(d)).
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Soil Salinity and Waterlogging: The mid 1960s data from the SSoP shows a rather large
scattering of Khurrianwala soils related to salinity in the upper reaches of the system (Figure
17(c)). They are quite numerous in the head reaches, but further south, they are mostly on
the left side of the main branch canal. Subsequent surveys by WAPDA in the 1976-79
period not only confirm this geographic distribution but, given the qualitative aspect of
profile sampling, establish this to be significantly associated with the increase in the
concentration of the sodic salts. Coincidently, this area of the doab also suffers from poor
groundwater quality being used for irrigation applications. From Figure 17(e), the spatial
scatterring of the salinity patches seems to have become more numerous since the SSoP
surveys of ten years ago. In addition to all the distributaries in the head reaches, the
channels offtaking from the left side of the Rakh Branch are the most affected. There is
a significant correspondence in the salinized extents reported by the two government
agencies in the tail portions of the system, and nowhere is it more strong than in the
command of the Kalangri Distributary where a large Khurrianwala series related occurrence
seems to have advanced all the way to the head of the channel command.

From WAPDA SMO records of the fluctuations in water levels, there is not much evidence
to show root zone affectation due to post-monsoonal recharge. From Figure 17(f), data for
1980 shows parts of the Arbi and Mukhiana distributary commands having experienced high
water levels within the root zone; however, the occurrence of this phenomenon is greatly
diminished in the subsequent years. In general, high water levels are more frequent in the
head réaches of the system, but 1993 data shows exceptions to this occurrence whereby an
actual decrease in the water levels seems to have occured in the commands of the Aruri and
the Khair Ali distributaries. The lower reaches of the Subdivision are increasingly becoming
less responsive to pre-and post-monsoonal comparisons of the water levels to the extent that
the very tail portions of the Subdivision, that earlier used to experience a rise in water levels
near to the root zone, have actually recorded a decrease. The foregoing geographical
differentiation is confirmed by the changes in the subsurface slopes (Figure 17(g)); areas
with periodic rise in water levels have a corresponding decrease in subsurface slopes (or
slight increase to show subterranean flowout), such as the tail portions of the Subdivision
in 1980 and the head and middle reaches in 1993.

IIMI Sampling for Soil Salinity and Texture: IIMI’s sampling in the Ugbana Subdivision was
distinctly divided across the head, middle and tail reaches of the system. Based on 14
sampling sites covering 13153 ha, approximately 1200 observations on apparent soil salinity
and surface texture were collected. The conversion to the saturation extract values revealed
almost 80% of the samples to be non-saline (EC, < 4 dS/m). A majority of these non-saline
observations are in the sandy loam/silty loam/loam categories of surface soil texture; the
proportions of finer fractions of sandy clay loam and silty clay loam increase significantly
towards higher levels of salinity (Figure B15, Volume Four). The most severe form of
salinization, however, remains confined to the dominant surface texture noted above.

All of the major categories of land use in the Ugbana Subdivision are overwhelmingly in the
non-saline category (Figure C15, Volume Four). The ploughed category indicates the most
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likely pattern of cultivation on soils during the rabi season. This compares well with the
lands that were left fallow (or harvested since long) and have not been ploughed yet. Since
the cultivation of fodder is not bound by preferences for soil textures, the pattern of its
distribution reflects the resource availability after the cultivation of the major crops. This
would not be expected for a higher delta crop like sugarcane where medium to moderately
fine textures are preferred. In this Subdivision, the cultivation of sugarcane has been
observed to be more prevalent across the coarser sandy loams rather than the silt loam or
sandy clay loam textures. A converse mismatch exists for cotton where, besides the highest
occurrence noted for the loams, the remaining soils are dominated by the moderately fine
to fine textures that would normally not be preferred for its growth. Finally, from amongst
the four most commonly encountered textures in the sampling, it is the sandy clay loam that
remains non-saline even in the barren lands category; the remaining soils of the loam, silt
loam and sandy loam category are varyingly affected by higher levels of salinity.

IIMI Farm Level Sampling: The Ugbana Subdivision had one of the highest number of
sampled farmers reporting in the questionnaire survey. When comparing with other
subdivisions in the system, its cropping intensity remains low at 115% (Table H1, Volume
Four). This is about the same as for the Bhagat Subdivision, but with one important
difference, in that the cropping intensity at the farm level (rather than the total cultivated
area) is comparatively higher in the latter even though there is more of the land being left
fallow there. This could be explained by the comparatively larger farm sizes in the Ugbana
Subdivision. Still further comparison indicates that, despite the larger proportion of the
CCA in the Ugbana Subdivision, its share of the culturable waste is four times higher than
in the Bhagat Subdivision. This may partly be due to the relatively higher percentage of
farmers in the Bhagat Subdivision reporting access to useable groundwater quality in
comparison to Ugbana (Figure H1, Volume Four). Resultantly, Ugbana’s land use intensity
is also much lower (Figure H2). Wheat and sugarcane are the most preferrd crops in the
area; however, collectively, the major crop intensity does not exceed 64% of the cultivated
area. From Figure HS, this pattern of low cumulative intensities of major crops is specific
to the central part of the doab and has the additional accompaniments of relatively higher
incidence of culturable wasteland within the gross commanded regime. The regime on
either side of this divide has higher cropping intensities. There are exceptions to this
coincidence wherein, despite the upto 20% incidence of culturable waste in the Dhaular and
Veryam Subdivisions, these subdivisions have major crop intensities exceeding 70%.

Rather surprisingly to note that while the wheat crop in the Ugbana Subdivision follows the
medium course in terms of inputs and returns (Figure H6, Volume Four), it is the low
cultivation intensity of the rice crop here that draws parallels elsewhere with the most
intensive cultivations in the LCC system, e.g. the Chuharkana Subdivision. In terms of gross
income, yield and profit, the figures are comparable across both of the subdivisions (Figure
H10, Volume Four). This observation is further accentuated in significance by the realtively
higher figures of fertilizer cost and irrigation inputs encountered in the typical rice growing
area of the Chuharkana Subdivision.
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Q. Veryam Subdivision

Hydrologic Regime: Veryam Subdivision, along with the Wer Subdivision, comprises the tail
command of the Jhang Branch in the LCC West Circle (Figure 18(a)). Its gross area of
108122 ha makes it the fifth largest subdivisional unit within the LCC system, but with
almost 95000 ha of CCA it ranks second only to the Ugbana Subdivision described above;
this also distinguishes it with having one of the highest proportions of irrigation commands
within the subdivisional administrative units (Table 1). Because of the comparatively fewer
number of watercourses in this Subdivision, its average area per watercourse is the highest
in the entire LLCC system; resultantly, it has the highest cumulative design discharge
allocation (and second highest in terms of the allocation per 1000 ha) for the twenty six
hydrological units (secondary channels) that are well distributed in space on either side of
the Jhang Branch. The Branch itself terminates about two-thirds of the way along the
Subdivision’s longitudinally shaped command that is topographically sloped (0.0004) towards
the southwest across a net difference of about 37 meters. The abovementioned distinctions
to its hydrological divide would be incomplete without dwelling on the exceptionally low
density of its distribution system that nonetheless has a high number of irrigation channels

(Figure 1(b)). The dlspanty between this low density and the correspondingly high
allocation per 1000 ha is exceptional.

Soils: WAPDA's soil series interpretation (Figure 18(b)) shows the Subdivision to be
predominantly made up of moderately coarse Farida soils in the substratum. The finer
medium fractions of Buchiana soils are scattered in large patches near the tails of the Jhang
Branch and the Subdivision. In fact, the tail portion of the Subdivision is commanded by
the Khewra Distributary (which is the secondary level continuation beyond the tail of the
Jhang Branch) that is comprised almost entirely of the medium soils both in the surface and
the profile. This uniformity in both surface and profile conditions is also noticeable in other
parts of the Subdivision where the loams/silt loams pair with the Buchiana soil series and
the loamy sand/sandy loam fractions overlie the Jhang and Farida series. Predominantly
sandy strata are uncommon and its occurrence as the Jhang series is limited to the tail
portions of the Faqir Sar and Darsana distributaries.

As explained previously, the soil texture interpretations by the SSoP, in comparison to
WAPDA, are inclined towards the finer fractions, something that is not uncommon across
the otHer subdivisions of the LCC system. In general, the entire western fringe of the
Subdivision comprises the medium soils of the Bagh and Shahdara associations (Figure
18(c)). Towards the east, the area buttressed between the Gojra and Bhamni distributaries
is made up entirely of the Hafizabad association. Other than these two geographical
extremes, the entire longitudinal stretch of the Subdivision comprises the Faisalabad loams
that are mapped as the fine sandy loams by the WAPDA soil series definitions. Where
dunelands, or the sandy Sodhra soils had been identified by the earlier SSoP surveys along
the western boundary of the Subdivision, WAPDA's classification shows them to be clusters
of loamy sand, sandy loam and the larger envelope of predominatly fine sandy loam.
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The depositional pattern of the soils in the Veryam Subdivision is largely owed to the
topographic relief that is influenced by factors both internal and external to the Subdivision.
The large mass of the Faisalabad silt loams stretching centrally along its hydrological
network form a continuation of the southwesterly sloping relief of the Aminpur Subdivision
to the north where matching textural combinations, similar to Veryam, exist both in the
surface and the profile. WAPDA's interpretation concurs with that of the SSoP wherein the
still finer compositions in medium soils are laterally aligned with this central ridge of fine
sandy loams. These moderately coarse to medium fractions are replaced by the successions
of the Bagh and Jhakkar-Rasulpur associations that are predominantly silt loam but may
retain their coarseness in the deeper profiles.

Soil Drainability and Crop Suitability: Based on the depositional patterns identified above,
the broad categorizations in soil drainability appearing under Figure 18(c) show stratum-
specific imperfections in the tail reaches of the Subdivision. These limitations, restricted to
the command of the Khewera Distributary (the secondary level continuation of the Jhang
Branch), primarily derive from the 10-15% occurrence of the slight to moderate levels of
salinity that is associated with the Bagh and Jhakkar associations. Elsewhere, barring the
sandy patches of the Sodhra Complex, the entire Subdivision is a well drained environment
that suits the crop growth conditions required for the major crops like cotton, wheat and
sugarcane (Figure 18(d)). The conditions favorable to rice would be limited to the
occurrence of the silt loam profiles under the Shahdara and Bagh associations along the
western fringes of the Subdivision.

Soil Salinity and Waterlogging: WAPDA's interpretations on moderate to strong levels of
surface salinity in the Veryam Subdivision are partially coincident in space with the saline-
alkali Jhakkar-Rasulpur association soils earlier identifed by the SSoP (Figure 18(e)). Since
WAPDA'’s observations are mostly derived out of the aerial photo interpretations, the
characteristic brightness of the saline lands has often been misconstrued with the presence
of the coarser sandy profiles under the Sodhra series, or even with dunelands. The extent
of these saline lands predominates the commands near the tail of the Jhang Branch in
addition to the almost one-to-one correspondence observed vis a vis the Jhakkar-Rasulpur
Complex soils and the S3 to S4 levels of surface salinization in the command of the Fagqir
Sar Distributary near the head reach of the Subdivision.

Data on profile salinity indicates that the incidence of higher salt concentrations within and
below the root zone is quite well distributed across the entire Subdivision. This contrasts
with the peculiarly higher densities of surface salinizations observed in the tail parts of the
system. Sampling results from these profile pits revealed that the strata, bearing down to
an aggegate depth of almost two meters, has proportionately higher concentrations of sodic
salts than the salinity caused by the divalent cation interactions. Many of these profiles also
have situations whereby, from a near absence of salinity in the top soil, the strata degrades
to a combination of saline-sodic or non-saline sodic conditions.
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Until 1980, the WAPDA SMO records on the fluctuations in subsurface water levels
between June and October showed aspects of both increases and decreases below the root
zone (Figure 18(f)). Somewhat expectedly, the higher water levels were more extensive near
the head reaches of the Subdivision; this contrasted with the decreasing levels at the very
tail of the Jhang Branch, a situation that was reversed by 1985 wherein the subsurface rise
reached the root zone. In between this geographic separation, the water levels near the tail
of the Darsana Distributary rose to within the root zone, especially in those areas where the
saline-alkali Rasulpur-Jhakkar soils have a very significant presence. It was also in this area
that a permanently waterlogged situation emerged by 1985. The period following 1985
shows no significant impact of variations in water levels in the Subdivision that would
threaten the top 90 cm of the soil. This is confirmed by the temporal sequence of the
thematic data on subsurface slopes in Figure 18(g) wherein much of the lateral flows are not
influenced by the seasonal variations in recharge due to the irrigation applications or
rainfall. However, towards the end of this temporal comparison in 1993, there is evidence
to suggest that water tables, while remaining below the root zone, are being increasingly
affected through reduced subsurface flowouts. While there is little temporal evidence to
support this abrupt development (second legend item in Figure 18(g)), the absence of a
determinate argument would necessitate conjecture to the extent that the regime is
susceptible to unusual events or externalities that influence normal lateral flows.

HMI Sampling for Soil Salinity and Texture: Across a total of 13 sample locations
cumulatively covering 8265 ha within the Veryam Subdivision, [IMI’s field measurements
for top soil salinity accounted for 1050 paired observations through the EM 38. Over 84%
of these observations, after conversion to EC, ,were found to be compliant with the
WAPDA 351 category of non-saline lands. As already stated before, IIMI’s sample
observations were recorded either in the cultivated areas or barren tracts in the immediate
proximity of such tracts. For the Veryam Subdivision, where the samples were taken from
the extreme head and tail reaches of the system, the overall distribution of salinity, along
with the constituent textural composition, is provided under Figure B16, Volume Four.
Medium textured silt loam/loam dominate all categories of soil salinity differentiations;
coarser fractions of sandy loam and fine sandy loam are less significant for salinity classes
52 and S3 in comparison with §4. The converse is true for moderately fine silty clay loams
that are less evident across higher levels of salinity. This contrasting behavior in these two
textural groupings does not affect major categories of land use within the Veryam
Subdivision wherein all such observations (Figure C16, Volume Four) are universally
confined to the non-saline S1 category. There is a clear tendency to avoid productivity
losses due to soil salinization. Nothwithstanding the predominance of silt loams in the
observations, the significance of loams and sandy loams as the more desirable preference
for growing cotton and orchards is not lost here. Salinity is rather exclusive to the barren

lands category and, not surprisingly, it is the medium soils that have been observed to be
the most affected.

IIMI Farm Level Sampling: From Table H1, Volume Four, a total of 30 farmers were
sampled through the questionnaire-based economic survey. Table 1 has already shown this
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Subdivision to have the second highest proportion of the CCA within its gross area which
is complemented in equal measure by the land use and farm level cropping intensities. The
low incidence of culturable waste is offset by one of the highest intensities of fallowing
across the cultivated commands of the LCC and the Haveli system. This has more to do
with the scarcity of irrigation supplies than all other factors combined (Figures H2 & H3,
Volume Four). The scarcity of irrigation water is contributed in part by the low quality of
groundwater that could be used as a supplemental water supply. From Figure H1, Volume
Four, the quality-wise differentiation in pumpage reported by the farmers is split roughly in
half due to the vast geographic divide separating the head reaches of comparatively useable
groundwaters from the tail reaches that coincide with the saline zone (Figure 12, Volume
Four).

The major crops of wheat and sugarcane collectively account for a 66% cropping intensity
that is one of the highest amongst the LCC subdivisions. This pattern of cultivation is
similar to the one observed in the neighboring subdivisions of Aminpur and Wer; however,
in terms of gross income and yield of wheat, it ranks behind both of them (Figure H6,
Volume Four). The comparative figures for sugarcane relate well with the situation
elsewhere, but the profits remain low due to the high cost of irrigation borne against this
crop (Figures H12 & H13).

R. Wer Subdivision

Hydrologic Regime: Wer Subdivision, bordering the Chenab River, is part of the larger Jhang
Irrigation Division (Figure 19(a)). The Jhang Branch, as its source of surface irrigation
supplies, never enters the Subdivision during its course that parallels a small stretch of its
northeastern boundary. Other than a few exceptions, the entire secondary level distribution
is through a Feeder that offtakes from the head reach of the Branch bordering the
Subdivision. Almost one-third of its gross area is not under cultivable command, a figure
which is one of the lowest in the LCC system. This is despite the most extensive distribution
of its secondary network, comprising 26 channels covering more than 257 kms. However,
when considered in the context of the rather small CCA, the resulting density of the
distribution network (highest in the LCC) is not matched by the design allocations of surface
supplies (Figure 1(b)) that seem to be less by as much as 25%. Taken in the context of the
highest average area per watercourse within the LCC and the Haveli Subdivision, the
resultant impact on the cultivation and cropping intensities is not difficult to imagine.

Soils: Because of its proximity to the Chenab River’s floodplain, the soils are a balanced
mix between the moderately coarse Farida and the medium Buchiana textures (Figure
19(b)), the latter occurring in larger aggregates along the central longitudinal stretch of the
Subdivision. The sandy Jhang series is concentrated in a few significant patches along the
eastern boundary of the Subdivision in areas comprising the tail portions of the respective
channel commands. These profile differentiations in texture are also replicated in the
topsoils where the loams are correlated in space with the Buchiana series and the loamy
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sand/sandy loams are distributed over the Jhang series. In comparison to the situation
observed in the other subdivisions, the rather homogeneous nature of soil strata observed
here suggests a very significant influence of the topography in shaping the textural divides.
This is also confirmed by the earlier interpretations of the texture recorded by the SSoP,
wherein much of the high and level areas of the floodplain comprise the calcareous silt
loams of the Sultanpur series considered to be the most productive soils within the Rechna
Doab (Figure 19(c)). Interspersed across the Sultanpur soils, in a manner similar to the
distribution of the Buchiana series within the larger extent of the Farida soils, are the large
longitudinal stretches of the Miani association’s silty clay loams/clay loams. It is along the
sinuous pattern of these soils that the layout of the secondary level distribution network
coincides for the major distributaries in the area. A general observation, also noticed for
other areas within the Rechna Doab, shows that WAPDA's interpretation of the soil texture
are offset from those of the SSoP by one complete class difference; what the former
identifies as moderately coarse or medium in texture is a medium or moderately fine soil
in the SSoP mapping. Regardless of this difference in the class-wise interpretations, the
distribution pattern of the moderately fine textures of SSoP matches the medium textures
identified by WAPDA. A more exact concordance exists between the Jhang series
interpretation by WAPDA and the Sodhra Complex soils mapped by the SSoP; the more

frequent patches of the Jhang Complex in the center of the Subdivision match the sandy
loam surface textures mapped by WAPDA.

Soil Drainability and Crop Suitability: Based on the spatial distribution of soils under Figure
19(c) above, most of the Subdivision represents a well drained environment within which the
channels of the topographic relief comprise the finer textures of the Miani/Shahdara-Miani
associations capable of moderate drainage. There are very few, and well scattered, pockets
of restricted drainage due exclusively to the strongly alkaline Jhakkar Complex soils. While
these pockets would restrict crop growth in general, they are capable of sustaining the
cultivation of rice (Figure 19(d)). Overall, excluding the margins, the Subdivision is well
suited for the growth of wheat, rice and sugarcane; cotton would be less suited for the finer
textures along the center of the Subdivision and its cultivation would be largely unproductive
in the alkaline or sandy stratas.

Soil Salinity and Waterlogging: The survey of the mid 1970s by WAPDA indicate the
Subdivision to be largely free of the debilitating effects of soil salinization (Figure 19(e)).
An isolated occurrence of a surface confined strongly saline (S4) patch was observed along
the Khairwal Escape that offtakes from about the point where the Jhang Branch veers off
from the boundary of the Subdivision. Separate observations of the profile revealed that
the saline-sodic and the saline-non-sodic patches to be mostly coincident with the
moderately fine soil textures. Somewhat ironically, there is no reported evidence of salinity
in the tail reach of the Subdivision. Channels most affected by the concentration of
salinity/sodicity in the profile are the Ghannu and the Maghani distributaries that offtake
from the tail of the main Feeder supplying irrigation water to the Subdivision. The ten year
difference in the reported extents of salinity by the SSoP and WAPDA indicate a significant
overlap in the Jhakkar Complex soils and the Slightly saline (S1) levels of salinity. The
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mapped data indicates a significant increase in this incidence not only in the areas previously
known for such occurence, like in the command of the Choti Distributary in the head reach
of the system, but also in the command of the Ghannu Distributary where the past SSoP
observations showed salinity limited mostly to the middle and the very tail reaches.

Temporal comparison of the seasonal fluctuations in the water tables indicates a stable
regime below the root zone (Figure 19(f)). The few isolated instances of significantly high
water levels are noticeable from the period 1990 and onward; however, they are limited to
a localized presence between the eastern boundary of the Subdivision and the Ghannu
Distributary. These high water levels correspond to a lateral drainage restriction, rather
than a topographic constraint, that is common on either side of the boundary with the

Veryam Subdivision (Figure 19(g)). It's impact does not correlate well with the more
rigorous evidence of surface salinization elsewhere.

Note: There was no field sampling conducted by IIMI for soil salinityftexture and farm level

interviews for the Wer Subdivision.
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III. SUMMARY OF RESOURCE POTENTIAL FOR MAJOR CROPS

The foregoing discussion provided a general inventory of the physical and economic resource
potential that exists within each of the subdivision commanded by the LCC and the Haveli
system. Towards this descriptive compilation, a comprehensive reliance was made on the
data processing accomplished previously under Volume Four. Given the rather vast and
complex association of the physical regime towards interactive links with farm level
productivity, perhaps much of this discussion could be more usefully exploited as a focused
reference to a subdivision. However, the objectives of the study preclude a threadbare
understanding of the diversity inherent within each of the subdivisions. The prerequisites
to such an approach would necessitate delineations of the commanded regime (not available
for this study) whereby firm relationships could be obtained between the cultivated
commands, the incidence of secondary soil salinization and the available surface flows.
Hence, the _abiding emphasis remains within inter-subdivisional variability in terms of the
most predominant physical and farming characteristics of the regime. The unbiased nature
of this comparison in space is not only apparent from the determination of the sampling
regime through multi-layered GIS analysis, but also from the distribution of the
farmholdings and the fields for salinity/soil texture assessment that were selected at random
from amongst each of the sample areas. Appendices B, C and H in Volume Four capture
much of this sampling variability for each of the subdivisional units in the Lower Rechna
area. In the discussion that follows, Section A provides a carryover to the unitary
calculation of the gross farm inputs and returns towards marginal improvements to major
crop intensities at the subdivision level. In this respect, certain assumptions have been made
in terms of the resource allocations that favor an extensive growth of irrigated agriculture for
higher production of major crops. This approach does not interfere with the existing
farming preferences for the minor crops, or the reliance on the culturable waste, which in
itself is the most significant limitation to higher land use after irrigation supplies.

In Section B, the approach favors intensive gains in irrigated agriculture, whereby the
production targets set in Section A are met through improvements in yield only. In this
respect, the production functions listed under Tables 10(a)-(d) of Volume Four are used to
arrive at the comparable figures on gross farm inputs and returns for the major crops. The
format of the output is similar across both intensive and extensive levels of redemption in
production and hence facilitates a direct comparison of results under Section C.

A. Marginal Improvements to the Cropping Intensities

The overall situation for the cultivation intensities prevailing across the subdivisions of the
LCC and the Haveli system appears under Table 4. Of particular significance are the wide
variations in the intensities of the culturable waste and fallowing during the kharif season.
The available margin in fallowing is relatively less during the rabi season due to the higher
intensities of the wheat crop. The division of the Rechna Doab into the two agroclimatic

186



T o | oz | &6 ao vel V'8 oe 00 s L LT
Ty L (34 T 9L v 61 o€ T8t L'sy LT
ol rir 91T Ts $6 il oy e €02 Ty ey |
o8t €5 1Pl 6t s 06 9§91 80 gL 9'sp L A
e I el 44 £91 [y 4 06 6 e ek ¥ramTpaY ],
313 o 58 €51 ot $61 T LY 4 L Yo g
¥s 4 14 e ¥ Ly 44 oo 6L L] T L
m 6€ (1174 LT LT §El £ o0 r15 1y LSt g
m ¥ (i 3 951 o9z Lx4d SEl g1 rsl on Pes T woRg
m 0§ v'1E 601 4] so1 €11 or oz st s e
&4 ¥6v S o5 (L] v Lo I't 08z [ 3wy wy
£ re TET 1] 061 (434 LT 24 TSE €95 ATRY
(i T g5l r6 §I LA 6'6E €6 ré S TRATH
s61 oee 18 sz L i 61 66 oo T8 o
Tt Ly [y -d 81 rs 68 Tt &6F 4 b L s o)
T8 o8t 9T 08 9'¢l ¥4 £L Tt o9z o8 varmpng
£y 09 €18 ¥l 96 rol L 3 PL 4] g
Lz €05 x4 o1 o8 (73 T1 0o 24 6 andry
yonry ury g =ppod vy Fppo] PR L e soy g LT
o, ot wax) sy o) iy
|———————
"uelsiyed ‘qefung ‘qeo(] eURO9Y 91 JO SUOISIAIPANS UONBRSLL] S1) UTHIA 3STPURT Y JO SSNISUAN] UOTINQLISI( b 2IqEL

187



zones of Punjab rice-wheat and Punjab sugarcane-wheat (Figure 20, Volume Three) is
clearly observed in the cropping pattern of the major crops wherein areas with higher
consumptive use crops have low intensities of the cotton crop, and vice versa. Interestingly,
the incidence of the culturable waste is not synonymous with the tail reaches of the system,
rather it has been observed to be high in areas that have higher intensities of the wheat
crop, or conversely low intensities of the rice crop. The exception to the foregoing is the
Haveli Subdivision that has suffered the brunt of the poor subsurface drainage conditions
due to excessive seepages from the main Haveli and T.S. Link canals.

When compared in the context of the seasonal fallowing, there is much scope for expansion
of the cultivated area devoted to the major crops. Figure H3, Volume Four, has already
shown that much of the fallowing is necessitated by the scarcity of surface supplies. Hence,
assuming the surface supplies are better managed (options to be discussed separately in
Volume Eight), there is room for expansion of the existing cropping intensities of these
major crops. The following discussion pertains to the contributions of this area-specific
resource augmentation leading to incremental gains in production.

1) Incremental Gains in Production

Tables 5(a)-(d) list the marginal improvements to the existing cropping intensities of each
of the four major crops of wheat, cotton, rice and sugarcane out of the existing share of the
fallow lands in their respective growing seasons. For the wheat crop, as much as 50% of the
fallow land intensity has been consumed towards bolstering the cropping intensity. Since
wheat is universally grown across the Rechna Doab, this implied increase was consistent
across all the irrigation subdivisions (Haveli and Sagar subdivisions were omitted because
figures on their commanded area were not available). A similar increase in the intensity
of the cotton crop has also been implied, however subdivisons like Aminpur, Kot Khuda
Yar, Sangla, Chuharkana, Kanya, Mohlan, Pacca Dala, Uqgbana and Wer have been omitted
due to either already low values of areas under its cultivation or inadequate sample data on
farmers reporting its cultivation during the IIMI questionnaire-based field surveys. For the
higher consumptive use crops like rice and sugarcane, the increase in their respective
cropping intensities (out of the kharif and rabi fallow, respectively) is 10% and 25%. Again,
subdivisional level exclusions have been made where necessary (Tables 5(c) and 5(d)).

From Table 5(a), the respective magnitudes of the proposed cropping intensities do not
necessarily translate into equivalent gains in production due to variations in the yields.
Thus, the lesser area devoted to wheat in the Chuharkana Subdivision would yield nearly
the same production as in the neighboring Mohlan, where there remains much less margin
for further expansion of its cropping intensity. The Aminpur Subdivision in the Jhang Canal
command has the best combination of both the proposed area for its cultivation and the
existing yield to give it the highest production levels across the LCC system. Though Bhagat
Subdivision is not far behind in second place, it has the unique distinction of having the
highest estimated production amongst the tail subdivisions of the system. In fact, for the
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cotton crop (Table 5(b)), for which the proposed cultivation increases are implied mostly
to the tail reach subdivisions of the system, Bhagat Subdivision has the highest estimation
for its overall production. For a high consumptive use crop like rice, many of the
subdivisions excluded from the list of proposed areal increases for cotton are now
prominently included in the proposed estimates of production. From Table 5(c), much of
this emphasis in enhanced productivity is limited to the four subdivisions of Chuharkana,
Mohlan, Pacca Dala and Sangla. These subdivisions have been the traditional rice growing
areas within the LCC system on account of the dual blessings of higher clayey fractions in
the soils and their locations near the head reaches of the system.

The sugarcane cultivation, just like wheat, is fairly consistent across all of the subdivisions
under the LCC system. Against a 25% areal allocation from the existing Rabi fallow, the
proposed cropping intensities are listed in Table 5(d). Here, the trend in increasing levels
of the estimated production is the reverse of what was observed for rice, i.c. areas growing
rice produce less sugarcane and vice versa. The most prolific potential for higher sugarcane

production comes from areas with predominantly medium textured soils (Figures 17(d),
18(d) and 19(d) above).

2) Net Economic Returns

The cost effect of marginal improvements to the cultivated regimes of the four major crops
appears in Table 6. The calculations derive from the per hectare level gross farm inputs and
returns appearing under Tables H2-HS5 in Volume Four. From Table 6(a), despite the
higher production of the wheat crop in the Chuharkana Subdivision, its overall profits
remain lower than the Pacca Dala Subdivision due to relatively higher investments in key
input areas of land preparation, fertlizer and irrigation. Unfortunately, these investments
are not rewarded in equal measure so as to supercede the average yields in the Pacca Dala
Subdivision. Elsewhere, the advantage in higher yields and production is Iost in the tail
reach Bhagat Subdivision in comparison to Mohlan due to higher costs of irrigation affecting
net returns. The highest productive gains in the Aminpur Subdivision (Table 5(a)) are
sustained by an equal measure of distinction in both gross income and profits. Its difference
vis a vis Bhagat is owed much to the gross receipts for this crop rather than significantly low
overall costs. The same analogy could extended to include other subdivisions like
Chuharkana, Mohlan, Ugbana and Veryam subdivisions that are similar to Aminpur in
terms of the size of the proposed cultivated area. The first two subdivisions are in the head
reaches of the LCC, whereas the remaining two are irrigated by the tails of the Rakh and
Jhang branches. The overall profits from the wheat crop within the head reach subdivisions,
more known for the intensive cultivation of rice, are higher largely because of the difference
in gross receipts.

Cotton remains the most rewarding crop for the Bhagat Subdivision, as is evident from
Table 6(b). In fact, the lower Rechna subdivisions of Bhagat, Dhaular and Veryam were
expected to be favored for its cultivation due to a mix of agroclimatic conditions suitable for
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its growth. It is rather surprising to find both Tandlianwala and Tarkhani subdivisions to
be significantly behind both in the production and returns despite the largely suitable soils
for cotton cultivation. While the low returns from Tarkhani are due to the generally higher
costs across all levels of inputs, the gross receipts for Tandlianwala are much less when
compared with Veryam that has only a slightly larger area proposed for this crop.

The economic returns from the proposed area under rice cultivation are in tandem with the
trends obtained for gross production figures in Table 5(c); the exception being for the
Pacca Dala and Sangla subdivisions. The production difference between the two is reversed
against the cumulative profits largely because of the lower overall costs within Sangla.
These costs are so low that the gross profits supercede the corresponding returns from the
much higher production levels in the Mohlan Subdivision.

The estimated production of the sugarcane in Table 5(d) had shown the tail subdivisions of
Ugbana, Veryam and Wer to have the highest levels across the LCC system. These levels
are sustained largely on the basis of the extensive cultivation of this crop; the subdivisions
of Kanya and Kot Khuda Yar are able to match and exceed the profits from these
subdivisions on the basis of low overall costs. However, costs are not the only difference
towards realization of higher profits; comparisons to this effect are most suitably drawn
given nearly equal areas of cultivation and production levels, such as between Kot Khuda
Yar (with the highest estimated gross profits) and Wer. The differentiating criteria with the
most potent implication is the yield that for Kot Khuda Yar is the highest across the entire
LCC system. The tremendous gains in production and profit estimated for Kot Khuda Yar
have been realized against an increase in cultivation intensity of less than 8%.

B. Marginal Improvements to the Resource Potential

The discourse in Section A above has been limited to the production enhancements of major
crops that could be effected through selective assimilation of the fallow lands into cultivation
across the irrigation subdivisions of the LCC system. This mobilization of the land resource
for incremental gains in production represents the extensive part of agriculture; comparable
gains may also be realized if an intensive strategy is adopted whereby more emphasis is
accorded to the critical inputs that are significant towards enhancing the existing yields.
Based on the HIIMI farm survey data, an attempt has been made to arrive at production
functions (estimators of productivity per unit area) that best explain the complex interactions
amongst the physical and economic constraints across each of the farmholdings. The list of
the production functions that most suitably explain the variations in the productivity of
major crops has been provided under Tables 10(a)-(d) in Volume Four with concurrent
details on their generation appearing in the same document as Appendix I. A pertinent
discussion on the significance of the constituting variables appears in Section V of Volume
Six. The ensuing discussion here leads to the implied strategy whereby the production
functions, with the accompaniments of all of their internal variations, for each of the four
major crops, are selectively applied across the irrigation subdivisions of the LCC system.
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In this respect, the proposed levels of increase in the productions realized through Section
A above have been used as a reference. In other words, the effect of the desired yield
increases is being compared in the context of the macro economic indicators of gross
income, total costs and profits in what will be a one-to-one comparison against the results
achieved under Table 6 above.

As a first step towards accomplishing the targeted/proposed production levels appearing in
Table 5 above, the desired increases in yields have been computed for each of the major
crops in Tables 7(a)-(d). Exclusions have been made, where necessary, to ensure the
appropriate use of the production functions across the subdivisions in lieu of the
information on cropping intensities appearing in Table 4 above. In some instances, the
desired level of yield is quite extraordinary, as is evident for the Veryam Subdivision in
Table 7(b) where a 20% increase in the intensity of cotton has been envisaged. Elsewhere,
the resulting increase in yields varies between less than 20% to as much as 250%.

1) Choice of the Production Functions

Prior to the applicability of the numerous production functions specific to each crop, the per
unit cost effects for each of the significant variables, necessitated by the targeted increase
in the yields, have been calculated across all variations in farm sizes. The format of these
calculations, presented in Tables 8(a)-(d), is the same as in Tables H2-HS5 in Volume Four
that were initially used to arrive at the calculations for the macro level economic indicators
in Tables 6(a)-(d) above. Hence, the unit costs contained in the Tables H2-HS have been
at the core of the calculations leading to a comparison of the extensive vs intensive strategies
in irrigated agriculture. In Tables 8(a)-(d), only the significant variables of the production
functions have been included for the calculation of the per unit gross farm inputs and
returns. Since the cultivation of both wheat and sugarcane is an inseparable part of the
existing cropping pattern within the 1L.CC system, the production functions for these
respective crops have been listed for all of the subdivisions (with known CCAs).

Not all of the listed functional forms could be applied to any subdivision; the reason being
that many of these estimators of yield had internal differentiations that were based on the
farm-level variations in size, cropping/land use intensities that were not captured as part of
the GIS themes latent to the physiography of the regime. Hence, appropriate selections had
to be made prior to the multiplication of these unit costs with the area calculations to follow
in the next section. These choices were not necessary in cases where the descriptions of the
constituting effects of the soils were clearly differentiable so as to avoid overlap in space
towards applied area calculations.

2) Adjusted Critical Inputs

In the preceding discussion pertaining to the areal adjustments, the proposed cropped area
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Table 8(a).

Gross Farm Inputs and Returns (per ha) for the Wheat after Yield Adjustments to the Selected

Case Definitions for the Irrigation Subdivisions of the

LCC System, Rechna Doab, Punjab,

Pakistan,
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Table 8(b).  Gross Farm Inputs and Returns (per ha) for the Cotton after Yield Adjustments
to the Selected Case Definitions for the Irrigation Subdivisions of the LCC
System, Rechna Doab, Punjab, Pakistan.

(Rupees)
[
Subdivision Yield Case Farm Size Cost of Cost of Plani Cost of Tols] Cost Gross Profit
Egha) (ha) Pertilizer Protection Irrigation Income

Bhagst 2334 1 2.10 1150 7975 57802 417
> 10 1167 7993 49899
n >2 2026 4 8799 49093

v Al 1209 8035 49857 |
Buchisna 85 I 240 734 11004 80077 65073
> 10 ETAE 11083 68994
n >2 o153 73 16117 63360
v All 4005 L1275 8802
Dhaular 2876 I 2-10 2499 D684 75292 aseus
> 10 2541 o128 65567
1 >2 £33 930 13175 62118
T Al 3280 930 10155 65137
>2 095 930 10150 85103
I\ All 264] 9825 65467
v >2 217 9355 65937
210 2282 2467 65626
Sultanpar 840 I 210 N4t 7544 22182 13633
> 10 1155 7553 1402y
n >z 45 815 7541 14541
\ All W77 7574 14608
Tandlianwals 2 1 210 1208 10203 69292 U089
> 10 1320 10228 S0
n >1 15565 366 22319 S6T3
v Al 1378 10287 9005
Tarkhani 2400 I 210 1577 942 35506 6164
> 10 1604 9769 46137
n >2 6508 st 13839 22067
v All 1668 0833 46072
Veryuu 11385 1 210 6244 15621 280213 264592
> 10 6193 15711 264443
n >2 37591 562 45788 23425
W All 6756 16133 264080
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Table 8(c).

Gross Farm Inputs and Returns (per ha) for the Rice after Yield Adjustments to
the Selected Case Detinitions for the Irrigation Subdivisions of the LCC System

Rechna Doab, Punjab, Pakistan.

(Rupees)
Subdivisicn Yield | Case | FammSize | Ceetof Cstof | Costof | Costof Plam Cast of Total Cost | Gross Prott ||
(Kg/ha) (ha} Land Pertilizer FYM Prolection Irrigation Incoms
Cluharkana 7905 T Al 17227 522 2 M 9527 .83 V625620 | 672857
I AT 1575.02 172t 03 2229.25 9549.19 SI07.01
v Al 1664 86 1684.60 2152.14 0524.59 673161
210 1684.65 T684.60 2155 17 9547.45 708,76
v Al 175046 20473 9519.42 67136.78
210 1754 98 2147.92 2523.9 613226
VI Al 178796 592,69 38 58 2 % 530,19 1601
Vi Al 1608.26 1684.60 2209 36 9525 21 730,99
Dhbauar 367 1 Al 1244 61 Nz 2067 48 B0%5.56 1990510 | 11809.54
n Al 1331.30 20 27 2103.92 8211.53 11693 56
™ AL 1808 22 105336 169728 812780 ]
210 1914 53 105326 11326 150,08 11655 01 "
v AD 150052 1675 03 7580.38 192472
210 1519.93 1675.03 7999.45 11505 60
VI Al 1450.24 337.3 1673 03 3001 35 1150375
. VIl All 186471 105326 195904 B126.04 11779.05
Kot Kimda Yar &79 1 all 8231 195.37 31555 BO70.00 | 3571001 | 2674982
v Al 143276 1697 58 751176 27808 (5
Z 16 147151 1657 58 795052 3776939
Matizn 2575 1 All 1517.72 525,59 279308 9203.24 13939.6 4736 37
u All 1318.24 514.67 2810.26 924297 46966
W Yt 1458.71 1450.43 2613.83 DI31.63 480198
Z10 1502.25 1350.43 266,16 S178.70 336001
v Al 1637.01 260814 5132.98 4305.63
210 1644.98 760814 9140 54 1798.67
Vil Al 37295 1450.48 2760.83 18407 475554
Paccs Duls 004 T Al 1589.85 456,38 1050.0¢ 796286 | 1586754 | 790507
I Al 1544.73 1585.69 1058.40 800757 786037
v All 1774 96 1458 49 %6559 8057.77 TRI0.16
2-10 182627 1458 49 969.24 B2 | 775520
v Al 175191 96051 3029 65 T838.25
210 176273 56051 8040 47 7827.46
Vil All 162844 1458 49 103448 758013 7887 81
Sangih 182 1 Al 177507 126.19 510,08 WOz 10 | 26547.19 | 18855.10
it Al 1527 45 1770.53 317,00 $170.15 5T 04
W Al 1935 20 1599.97 3574 3125.65 18617 51
Z10 2026.09 1599.97 4278 3423 61 18523 59
v Al 2096.78 435 51 832,60 18614 59
210 711799 435 54 8353 82 18553 38
Vil Al 167570 1599.97 ST 8127 .52 18819.67
Sullarpar o3 1 All 236,69 06502 73131 Ts61.72 398650 ETITER
v Al 2366.68 30,53 7587 47 3600 57
210 2268 68 730,63 7559 .48 3602 %
Vi All 2265 57 anmn 1072 95 230,63 7593.74 3607 23
Tandianwaia 3951 i All 187021 97166 199.27 880235 | 2074275 | 115040
v Alt 2365 57 a2z 562 23 %0%.23 11706.52
Z10 239197 sz w223 062,62
Vi Al 2250 97 109051 62 23 o107.92 1164 5
Ugoama FeE] T All 112147 258 .54 408 55 1250.12 157004 | 1131992
v Al 1%54.07 3976 740652 1116353
210 1369.54 339.76 7422 04 11138 00
Vi Al e T TR 33976 7490 35 11079 70
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Table 8(d).

Gross Farm Inputs and Returns (per ha) for the Sugarcane after Yield
Adjustments to the Selected Case Definitions for the Irrigation Subdivisions of the

LCC System, Rechna Doab, Punjab, Pakistan.

(Rupees)
Snbdivision Yicld Case Fann Size Cost of Land Cost of Cost of Gross Total Cost Prodla
(Kg/ha) (ha) Fertilizer Irrigation Income

Aaninpur 6R654 i Al 1927.38 I713.96 14134 32867.35 10437.52 22429.83

7-10 1715.00 104383 12428.83

v 210 18167 Il 14153 10439.63 UD T2

Thagat DIo1% i Al i512.51 1352.88 603656 50326.27 13386.04 34940.23

210 1353.70 5039.13 13389.98 34937.29

v 2-10 1622.11 1350.81 506011 19610.68 34913.35

Bucliana 36766 [T} Al 1660.20 1344.12 1728.4) 29713878 9384.653 0171.09

710 1344.93 1729.04 9586.011 20169.74

v 210 1663.9¢ 1342.06 1733.0¢ 9392.344 20162.9

k7] All 1660.79 1342.06 1727 .43 9382.146 20173.6

Chuharkana 127048 ] All 2234.35 1832.12 2174.85 69099.24 10987.14 38112.1

1 All 1835.33 2176.16 1099128 SB107.96

210 1836.64 2176.94 1099314 38106.11

v 2-10 223533 1832.72 2184.50 11001.76 38097.49

VI Al 2233.15 183272 20749 10988.02 $8111.23

Dhanlar B137R 1 Al 1432.49 1958.93 2333.04 32646.75 11717.07 20919.68

i Al 1961.93 24.43 11721.6 20025, 14

2-19 196314 2338.27 11723.49 209326

v 210 1435.68 1938.593 2343.38 11730.5 20916.14

Kanva 50669 1] All 1729.70 2219.05 278.57 71046.87 8443.461 18603.41

210 2220.40 77861 #444.539 18602.04

v 10 1733.3% 2215.66 219.63 B4a4.922 1850193

Vi All 173032 2215.66 278,41 440,463 1860641

Kot Kiida Yar 75192 1T} All 1111.95 164557 2396.97 40824 31 11936.91 29887 .4

710 1646.57 259750 1193883 2935 48

v 710 1114.42 1643.06 2606.33 11945,82 Z8977 .49

Moltan HT56 1 All 1692.64 1442.63 123197 31413.51 11605 .62 19809.89

m All 1444.86 1232.72 1160861 19806.89

210 1445.73 1233.17 11609.9 19805.61

I v Z10 1696.40 1442.65 1237.52 11614.54 1980037

Vi All 1693.24 1442.63 1232.02 11606.27 19809.24

Pacca DAk 70067 T Al 2147.54 1362.41 617.73 3736319 10660, 17 26703.02

it All 1364.50 618.12 10662.59 26702.2

210 1365.74 618.34 10664.1 2670L.09

v 710 2152.62 1562.41 620,49 1066769 26697.3

Vi All 2148.60 1362.41 61777 10660.96 26704.23

Fangla 392 1 Al 2336.89 208388 4478 44233.44 11333.84 32721.61

[T Al 2087.07 43,08 11337.29 32718.13

210 2088.33 44321 11538.71 12716.73

v Z10 2342.54 2083.88 448,75 11541.45 32713.99

v Vi Al 2537.80 7023 88 414.50 11534.73 12720.69

Sultanguir 472 n All 1973.84 1171.40 3082.33 21679.14 13390.68 02843 |

10 172.11 308346 13392.3 §0R6. 648

i v 710 1878.01 116961 309417 13604.88 /074,263

Tandlianwaly 58246 T All 130634 1376.39 1720.84 2988839 906,996 19981.39

PRT:S 137722 1721.45 9908.361 19980.03

v 210 1309.24 1374.29 1727.44 9914312 15974.08

V1 All 1306.50 1374.29 1719.88 9904.308 19984.08

Farkhani 1177 11 Al 1494.00 2028.84 924.50 33657.74 13148.57 12549.17

; 210 2030.07 925.13 13130.04 725477

v Z10 1497.33 2023.74 918.3% 13152.2% 22543.4%

Uglana 62065 m All 1736.95 2044.71 713,08 . 32140.92 1148766 20633.76
210 7043.93 773.36 11489.11 265182 ||

v 2-10 1760.26 041,35 776.05 1145134 20649.38

Vi All 1757.58 2041.59 772.63 11484.66 2063625

Vorvam 919 T All 1409.16 161635 1512.74 3151293 13780 18133.9

10 1647.35 151379 13781.49 18132.44

v 2-10 1229 1644.04 1518.54 13786.37 1812736

Wer 3282 i All 407,60 1531.89 1837.87 3026989 10241.64 20008.25

2-10 1532.82 1838.53 10243.23 20026.66

v 210 404,49 132555 1844.52 10247.25 20022.64
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calculated in Table 5 was subsequently multiplied with the unit costs/returns as per Tables
H2-HS5 to arrive at the gross figures (in millions of Rupees) for the macro level economic
indicators listed in Table 6. Similar calculations for the yield intensive strategy require the
per unit calculation of the significant variables in Table 8 to be multiplied with the effective
area over which the selected production function needs to be applied. To arrive at this
effective area, the determination of the total applied area specific to each of the production
functions within the subdivision is essential. These calculations have been performed under
Table 9 for each of the four major crops across the LCC subdivisions. The results so
obtained borrow from the descriptions of the physical regime for each of the production
functions provided under Appendix I, Volume Four. Finally, the effective area is arrived
at by multiplying the applied area with the existing cropping intensity of the four major
crops across each of the subdivisions (Tables 10(a)-(d)). The calculations for the insignificant
variables has borrowed from the original values of the same appearing under Tables H2-HS.

C. Evaluation of the Resource Potential: Extensive Vs. Intensive Strategies
1 Subdivision Level

The results of the calculations performed under Tables 6 and 10 are of penultimate nature,
wherein the final evaluation hinges solely on the comparison of the two strategies explained
above. This comparison, in terms of the gross incomes, total costs and profits has been
made in Tables 11(a)-(d) for the four major crops across all of the subdivisions of the LCC
system. In general, while the gross incomes and the total costs are higher for the area-
intensive strategy, it is the all important profits that are higher in many of the subdivisions
across all the major crops. For the wheat crop (Table 11(a)), it is only the tail subdivisions
of Dhaular and Wer in the Jhang Canal command that favor resorting to extensive irrigated
agriculture; elsewhere, despite higher gross incomes, the profits are almost invariably high
for investments towards yield increases. In fact, for the subdivisions like Chuharkana,
Mohlan, Sangla, Tandlianwala and Tarkhani, and against no significant difference in gross
incomes, the rewards in terms of higher profits are amply clear in favor of higher farm
inputs. Overall, the profits are highest for the Bhagat Subdivision; however, on the gross

income side, the extensive agriculture gives the highest net difference for the Buchiana
Subdivision.

For the cotton crop, extensive irrigated agriculture is most suited for the subdivisions of
Dhaular, Mohlan (yield increase option not implied), Sultanpur and Veryam (Table 11(b)).
With the exception of Mohlan, the other subdivisions are part of the lower Rechna Doab
belt where cotton cultivation is comparatively more prolific. Elsewhere, the difference in
profits is not as large as for the wheat crop.

Rather surprisingly, for the Chuharkana Subdivision, well known for the highest cropping

intensities of rice, the gross incomes and the profits from extensive use of the land are much
higher than comparable returns from investments in yield enhancements (Table
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Table 9(a).

T

Magnitude of the Spatial Regime Corresponding to each of the Selected Case

Definitions for the Wheat Crop within the Irrigation Subdivisions of the LCC
System, Rechna Doab, Punjab, Pakistan.

ﬂ_—- Subdivizion Case No I Percentage of Area Applied Area (la) "
Chmbarkana ¥ 0.3% 24522 4035
Dhanlar 0.25 16502.94 "
Mohlan 0.7 62676.355 ||
Pacca Dala 03 21308721 ||
Sangla 0.2 BOK. 94 |
Amingur Case No.JI 0.8% 66388.26¢
Bhagat 0.9 67650.543 "
Buchiana 0.8 51342.208
Chharkana 0.45 31528 8045
“ Dhaular 0.6 39607056
| Eanya 0.9 30502528
Kot Khinda Yar 0.8 41031.36
" Molilan 0.3 26861295
|| Pacca Dala 0.65 46168,895%
I sanga 07 30168.528
Sultanpur 0.85 37845.8165
Tandlianwala 0.8 675016
Tarkhani 0.9 60361.047
Ugbana 0.95 93406.00
“ Veryam 0.85 80685.315 -
| Wer 0.8 50947.04
I Aminpu Case No Il 0.85 66388264
|| Brugat 0.9 67630543
l| Bochiana 0.8 51342.208
Chuharkana 0.45 31528 8045
“ Dhanlar 0.6 39607.056
Kanys 0.9 50502.578
II Kot Kinda Yar 0.8 41031.36
Mohlan a3 26861.295
“ Pacca Dala 0.63 46168.8955
|| Sangla 0.75 28157.525
|| Sumangur 0.85 37843.8168
Il Tandlarwan 0.8 67801.6
Tarkhuani 0.9 60361,047
Ugbana 0.95 93.406.00
Veryam 085 R0G85.315 "
Wer 0.8 50947.04
Chuharkana Case No IV 0.2 14012.802
Kanya 0.4 22445.568
Sangla 0.2 B0, %4
Tandianwala 0,25 21188
Tarkhani 0.1 6706.78
Ollarkana Case No V 035 24522.4035
Dhanlag 0.25 16502.94
Mohkn a.7 62676.355
Pacca Dala 03 21308721
Sangla 0.2 8044, 94
Choharkana Case No VI 0.35 245224038 "
Dhanlar 0.25 16502.94
Mohlan 0.7 62676353
Pacca Dala 0.3 21308.721 ll
Sangla 0.1 4022.47 ||
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Table 9(b). Magnitude of the Spatial Regime Corresponding to each of the Selected Case
Definitions for the Cotton Crop within the Irrigation Subdivisions of the LCC
Systemn, Rechna Doab, Punjab, Pakistan.

Subdivision Cae No 1 Percentage of Atea Applied Ares (ha)
Ammispar 0.85 GGI8R 264
Bhagat 0.9 67650.543
Buchiana [X) 51342.208
Chabarkana 0.45 15728 8025
Dhsala 0.6 39607.056
I Kuye ' 6.9 50507.528
|| Kol Khuda Yor 08 41031.36
|| Mokl 0.3 26861295
u Vacca Dalu 0.65 26168 B955
I Sangla 0.75 JOL68. 525
Sultaapur 0.85 1845 8165
Tudlizawsls 0.8 §7801.6
Tarkhani 0.9 60361047
Uqbasa 0.9% Y HOG.00
Verymn 0.85 80685.315
Wer 0.8 S0947.04
Asminpor Case No1l 0.85 66388264
[ Bhags 0.9 61650 543
Buchiaas 0.8 51942208
Chubarkana 0.45 315288045
Dhaolo 0.6 IN0T.056
Knays 0.9 50502 578
Kot Khuda Yar - ‘ 0.8 410791.36
Mohtan 03 26461295
Paces Dala 0.65 46168 8955
Sangla CEE] 30168.525
Saltanpar . 0.85 37845 8165
Tandiisnwals 0.8 67801, 6
Twkhani [X] 60361.047
Ugbaax 0.95 93406.00
Veryam : . 0.85 ] 20685315
Wer ) Y] 0704
Frmry— T Na W 03 Z953 4035
Dhanlar 0.25 16502, 94
Mohlas 0.7 62676.355
Facca Dals ' . 0.3 21308 721
Soagh T o2 T0a4. 94
Amingar Case No IV 0.85 66188.264
I ohegm . : 09 7650543
Bachizna . - ) X 51342, 208
Chobarkana . 045 328 B145
Dhaular . ’ . 0.6 39607056
Kiaya . 0.9 SO502.52%
Kot Khoda Yar 0.4 4103136
Moklan . 0.3 26861.295
Frcca Dada 0.65 46168, 8955
Sragls ) 0.75 163,525
Sullangur : 0.85 ITR45 2165
Tundirawils tL 08 78016
Tarkhani S 08 @361.047
Uqbuna 0.95 GHOG.00
Veryam 0.85 80645, 715
| Wer o0 50947 04
|| Chaberkans Csse No V' 0.35 24572 4035
|| Dhaalar 025 165074
“ Mohlas 0.7 62616355
“ Pacca Dala . 0.3 2108721
'" Sangla 0.2 BOA4.
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Table 9(c).

Magnitude of the Spatial Regime Corresponding to each of the Selected Case
Definitions for the Rice Crop within the Irrigation Subdivisions of the L.CC
System, Rechna Doab, Punjab, Pakistan.

Subdivicion Cuse Mo 1 Percentage of Arca Agplicd Aren ¢ha)

Aminpor 085 66798264

Bhagat 0.9 67650.543

Puchizas 0.8 51342.208

Chubarkana 0.45 71528, 8045

Dbactar 0.6 39607.056

Kaays 0.9 50502.528

Kot Kinds Yz 0.8 41031.36
I Fiakia 03 26861295
“ Procs Dls 0.65 26168 8955
H Seagin 0.75 30168.525

Sultanpor 0.35 FIHS 8IS It
“ Tundliaawala 0.8 67301 6

Tarkhani 0.9 0361 05

Ughans 0.95 93406.00

Veryam 085 80645 12

Wer 08 50947.04

Choberkus Case No.bi 0.35 24512.4

Dhaalee 0.25 16503

Mokl 0.7 £2676.36 "

Pacca Dala 6.3 2108.72

Sangla 02 S5

Chubarkana Ciee No IV 0.35 US4 .

Dbanlag 0.25 16503

Mohlaa 0.7 62676.36

Pacca Dala 0.3 21308 72

Sangla 0.2 8045 1]

Aminpar Cast No V 0.85 66788.26

Bhagat 0.9 67650.54
[ bochisan 0.8 5134221
|[ Chohaatans 0.45 31528.8
|| Dhactar 0.6 39607.06
" Kanya 0.9 50502.53

Kot Khuda Yor 0.8 410314

Mohlaa 6.3 26861.3

Prcca Daba 0.65 46168.Y "

Swmugla 075 30168.52 “
J| sotanper , 0.95 3784582 ||
" Taodiaowala 0.8 67801.6 i
u Tatkhasi N 0.9 6036105 “
|| vitesa 0.95 93406.00 _“
l Veryam 0.85 R0685.32

Wer 0.8 S0947.04

Amingur Cese No VT 0.85 663889

Bhagai 0.9 61650.54

Buachizna 0.8 51342.21

Choharkans 0.45 315288

Dhauler 0.6 39607.06 “

Sultanpyr 0.85 3734582

Tandliowals 0.8 378016

Tarkhani 0.9 60361.05

Ugbans 0.95 9330600

Verywn . 0.85 80685.72

Wer 0.8 SOMT.04

Chuhakane Cise No Vil 0.35 24522.4

Dhaslat 0.25 16503

Moblan 07 £2675.36

Facca Dala 0.3 219087
5w 0.2 8045 “
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Table 9(d). Magnitude of the Spatial Regime Corresponding to each of the Selected Case
Definitions for the Sugarcane Crop within the Irrigation Subdivisions of the LCC
System, Rechna Doab, Punjab, Pakistan.

rk Subdivision Case No 1 Percentage of Area Applied Area (ha) "
Chuharkana 0.35 24522.41 “
Dhaular 0.25 16503.00 “
Mohlan 0.55 49245.70 'l
Pacca Dala 0.3 21308.70
Sangla 0.2 8045.00
Tqbana Casc No Il 0.04 3933.00
'L Aminpur Case NeTll 0.85 66388.26
Bhagat 0.9 67650, 54
Buchiana 0.7 44924 .43
Chuharkana 0.45 31528.81
[ Dhautar 0.6 30607.06
" Kanya 0.9 50502.53
Kot Khuda Yar 0.8 4103136
Mohlan 0.3 26861.30
' Pacca Dala 0.55 39066.00
Sangls 0.65 26146.00
Sulanpur 0.85 37846.00
Tandlianwala 0.8 67801.60
Tarkhani 0.9 60361.05
Uqgbana 0.95 03406.0
Veryam 0.8% B068S.32
Wer 0.8 50947 .04
Aminpur Casc No V 0.85 6638826
Bhagat 0.9 67650.54
Buchiana 0.8 51342.21
Chvharkana 0.45 31528.80
Dhaular 0.6 69607.06
Kanya 0.9 50502.53
Ko Khuda Yer 0.3 41031.36
[l Mohlan ) 0.3 26861.30
I Pacca Daia 0.68 46169.00
Sangls 0.75 30168.52
n> Sultanpur 0.85 37845.80
| Tandlianwala 0.8 67801.60
Il Tarkhani 0.9 60361.05
“—Uqbana 0.95 0340600
Veryam 0.85 80685.32
‘ Wer 0.8 50947.04
Buchiana Case No VI 03 19253.33
Chuharkana 0.2 14013.00
Mollan 0.15 13430.64
Pacca Dala 0.15 10654.36
“ Sangla 0.13 5485.20
| Tendiianwala 0.2 16950.40
[l Ugpena 0.05 4916.00
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I1(c)). In fact, the figure on gross incomes is disproportionately higher in comparison to
the other subdivisions. Elsewhere, the traditional rice growing subdivisions have only slightly
higher gross profits accruing from investments towards higher inputs. Of particular interest
is the Ugbana Subdivision where the returns (against a negligible difference in costs amongst
the two strategical options) is totally in favor of a yield intensive strategy.

2) Canal Command Level

The implications of the observations made at the subdivisional level are more emphatically
underscored in the context of the larger canal commands where decisions pertaining to
resource allocations are much easier to mobilize and implement. For the Rechna Doab, the
administrative unit of the LCC (East) Circle covers the commands of the Gugera Branch,
whereas the LCC (West) Circle is exclusively responsible for the commanded regime under
the Jhang Branch (see Figure 14, Volume Two for spatial separations of the commanded
regimes). A summation of the macro economic indicators at this scale presents a cumulative
picture of investments and returns that could be expected in the context of the dual
production intensive strategies explained above. Table ‘12. summarizes the essential
constructs of this comparison (differences in the magnitudes of the macro economic
indicators) in the context of the four major crops considered for production enhancement
within the LCC system. It is only the wheat crop for which the pattern of investments and
returns is consistent across both of the Circles and also matches the general observations at
the subdivisional level. While the profits are higher from the yield intensive option in the
LCC (East), the gross incomes have more than double the difference across the LCC (West)
where the proposed increase in the area under this crop (45795 ha) is just 75% of the

corresponding increase in the LCC (East). The total costs are about the same against either
of the strategies.

The cotton crop is predominanlty favored against the extensive option within the LCC
(West); the difference in profits favoring the intensive option is not substantial for the LCC
(East). The lower cost differences amongst the options in the LCC (West) result probably
from the efficiencies in its cultivation across the tail subdivisions of the Jhang Branch that
have had traditionally higher cropping intensities of cotton. Regardless, the gross income
differences are clearly in favor of utilization of the lands being currently left fallow for want
of surface irrigation or useable groundwater supplies. The overwhelmingly large cultivations
of rice in the LCC (East) are universally higher in returns (and also in costs) for the LCC
(East) given the rather wide margins for areal expansion against existing levels of fallowing.
Understandably, the cultivations in the LCC (West) would likely take more advantage of the
benefits accruing from key inputs to their not so extensive reliance on boosting productivity,
a situation that is reflected in the difference of nearly 41 million rupees in net profits in
favor of the intensive option.

Finally, for the sugarcane, two contrasting situations emerge vis a vis the two options for
enhancing production. The higher values of the total costs and profits for the intensive
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gains in the LCC (East) Circle are completely reversed in the LCC (West); the gross
incomes in either case remaining in favor of the extensive option. The tendency for the
sugarcane cultivations across the LCC (West) Circle to be prone towards the extensive gains
in irrigated agriculture is similar to the one for rice in the LCC (East), the difference being
just in the magnitude of returns.

D. Cost Effect of Marginal Improvements in Critical Inputs

Tables 11 and 12 have shown the cumulative mutual differences in the macro economic
parameters leading to the choice of the most appropriate strategy to implement preset gains
in the agricultural productivity of the major crops. Nowhere has it been implied that the
comparative differentiations rendered against the extensive and the intensive options are the
only feasible alternatives towards raising the current levels of agricultural production.
Perhaps there are combinations thereof that would be most suitable towards adoption of a
suitable strategy. The scope of such a discussion would be beyond the mandate of the
current study that essentially is not unmindful of the deleterious impacts of salinity on the
current levels of production that are rather inconsistently distributed in space. In this
respect, the generation, and subsequent application, of the production functions (Table 10,
Volume Four) has included the component effects of the water and soil related constraints
that are most representative of the growing conditions for the major crops. Much of the
comparison above has not only shown substantial benefits by pursuing an intensive irrigated
agriculture strategy, but also has been revealing on the marginal differentiations of doing
so. Hence, the concommitant conclusions must then identify the measure of investments
for those key supplements that would be essential to achieve the desired levels of inputs.
Again, these assimilations must distinguish between the geographic scales at both the
subdivision and the canal command level to be consistent with the format of deliverables in
the preceding discussions. Tables 13 lists the desired incremental investments (those
exceeding the 100% figure) at the subdivision level in terms of the most dominant significant
variables of the respective production functions for each of the four major crops. For the
wheat crop (Table 13(a)), only modest enhancements to fertilizer and irrigation supply are
required to meet the production targets across each of the subdivisions. This situation
contrasts with that of cotton where only irrigation supplies need to be enhanced between
17-350% over the current levels to achieve the desired targets (Table 13(b)). The case for
Veryam is different, where an increase in cropping intensity from the current 1.9% to 22%
is envisaged to achieve consistency across the lower reaches of the LCC system; hence, the
over eight fold increase in irrigation supplies.

For rice, only Ugbana Subdivision shows the need for higher investments across all of the
three key areas of inputs, including fertilizer (Table 13(c)); the other two subdivisions
requiring significant improvements in fertilizer applications are Dhaular and Kot Khuda Yar.
Except for the Ugbana, almost everywhere the exisitng irrigation applications are sufficient
to meet the consumptive use requirements of this crop. The sugarcane crop shows almost
no need for incremental investments in irrigation and fertilizer applications across the entire
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LCCssystem. In fact, the values for these variables are less than 100% meaning that there
may be an over-application of these resources that averages between 15-20%. At the
Irrigation Circle level, interesting comparisons are obtained for the incremental investments
against each of the four major crops. From Table 14, for the irrigated commands within the
LCC (East) Circle (Gugera Branch), an 11.4% increase in irrigation supplies is needed for
the wheat crop as compared to a 133% increase desired for the cotton crop to achieve the
required production targets through extensive irrigated agriculture. It seems that the current
investments in plant protection for both rice and cotton are already beyond the essential
levels as determined by the production functions in the yield intensive strategy. The higher
consumptive use crops, like rice and sugarcane, do not show the need for tangible
investments, over and above the existing, to overcome higher production targets through
exclusive reliance on yield increases. For the LCC (West) Circle, rice cultivation would
benefit from a 19% investment in fertilizer use above the current levels, whereas the cotton
crop requires an increase of upto 186% to overcome not only the target production levels
but also to overcome the surface irrigation shortages that have been the major drawback to
the farming potential of the tail subdivisions of the Jhang Branch. Taken in the context of
the information in Table 12, the existing investments in fertilizer and plant protection for

cotton crop are in excess of the essential requirements as determined by the production
functions applied to this area.

IV. MAJOR CONCLUSIONS

The foregoing discussion in this Volume has been a descriptive account of both the
physiographic and the farming constraints of irrigated agriculture across the 1.561 Mha of
gross commanded regime within the LCC system. The description has also encompassed
the over 98,600 ha of gross area that extends beyond the intersection of the Haveli Canal
to the confluence of the Ravi and the Chenab rivers. The discussion, emanating from
extensive rendering of the thematic profiles, pertaining to both soil and water resources, has
been abetted by data obtained from both public sources and IIMI’s own surveys. The
intention to pursue a descriptive style, rather than GIS-assisted quantifications of the
physical regime, has been necessitated largely by the tremendous variability in the interactive
mix of constraints that collectively influence the farming traditions that are at the heart of
the hundred years of irrigated agriculture within the Rechna Doab. Perhaps, there are still
many peculiarities of the system that have not been captured suitably across time and space;
accomplishing such an ordeal would defy many of the constraints to information
shortcomings that are unlikely to be overcome in real life. What has transpired, as a result
of the inter-netting of the variant forms of information, is the potent realization of the
rewards (to both the gross agricultural GDP and the farm gate) if the system were to be
managed only slightly more efficiently.
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In leading to the discussion on the fundamental choices between extensive and intensive
irrigated agriculture strategies, the intention is not to be exacting on the deliverables but to
assist towards those strategic policy choices that are needed for potent and sustainable gains
in irrigated agriculture. Ordinarily, decisions pertaining to increases in the existing cropping
potential oversight the resource potential of the regime and the reigning offsets of land
degradation caused by soil salinization and poor drainage. The current study has not been
oblivious to this emergent threat, and, in arriving at aspects of resource mobilization, the
core issues of water scarcity, key agricultural inputs and the recurrent impact of soil
salinization have been taken into account. In building up to the final set of strategic
choices, there remain gaps in information coverage; perhaps, subsequent studies may be able

to enforce the constraints to the existing farming potential in 2 manner that is more cogent
in space and time.

Final conclusions, leading to sector level decision making, may be drawn in the context of the
information already presented in Tables 12 and 14. The targeted achievements, in terms
of the proposed production levels, are defined exclusively by the extensive irrigated
agriculture strategy in Table 5. The quantum increases in the cultivated areas and
production at the Irrigation Circle level are summarised in Table 15. Larger cultivation
extents have been devoted to the wheat, cotton and sugarcane crops in the LCC (East)
Circle vs rice in the LCC (West). The lesser areal increase for rice in the LCC (East) is
primarily due to the already high cropping intensities prevailing in this area.

The respective values of the cumulative area and production for both of the strategies
appear under Tables 16 and 17. It should be obvious by now that the area devoted to the
major crops under the ’extensive’ irrigated agriculture strategy has to be larger than the
corresponding figures under the "intensive’ strategy. Under the "intensive’ option, the total
effective area for cotton and rice crops across both of the Circles is less than the
corresponding values in the “extensive’ option applied across the LCC (East) Circle alone.
Considering this small area of utilization under the "intensive’ option, the significance of its
impact on the macro economic indicators under Table 12 is very impressive. There, cotton
shows higher profits in the LCC (East) Circle, whereas rice accomplishes the same in the
LCC (West) Circle. For ease of reference, comparisons against both area and yield related
figures in Tables 16 and 17 have been summarised in Table 18. The consistently high values
of the gross income in Table 12 under the 'extensive’ option are because of the larger
extents of the major crops (Table 18(a)) and the higher gross production (Table 18(b)) in
both of the Irrigation Circles. However, the "’ sign for the profits in Table 12 for three of
the four major crops in the LCC (East) Circle and two crops in the LCC (West) Circle
indicates that despite these gaps in the gross production, the economic returns at the farm
gate are superior for the ’intensive’ irrigated agriculture strategy.

The foregoing analysis has been based on data that should suffice for comparisons at the
reconnaissance level, such as for the Rechna Doab. Improvements in the respective levels
of detail would necessitate cognizance of the physical constraints in a manner that would be
very difficult to collect and verify towards emergent decision making in real life.
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Table 15(a). Proposed Areal Increases for the *Extensive’ Irrigated Agriculture Option within
the respective Canal Circles of the LCC System, Rechna Doab, Punjab, Pakistan.

" Administrative Circles "
Crops East West “
Wheat 59950 45795
Cotton 51315 23603
Rice 8375 9193
Sugarcane 28598 24275

L

Table 15(b). Proposed Production Increases for the ’Extensive’ Irrigated Agriculture Option
within the respective Canat Circles of the LCC System, Rechna Doab, Punjab,

Pakistan.
Q0 oy
Administrative Circles

Crops East West

Wheat 164.83 129.41

Cotton 60.11 36.02
I Rice 21.21 28.16 “
Sugarcane 1338.66 1257.38 "
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Table 16(a). Proposed Cumulative Area for the ’Extensive’ Irrigated Agriculture Option within
the respective Canal Circles of the LCC System, Rechna Doab, Punjab, Pakistan.

o (hectare)
Administrative CircI:.; "
Crops East West
Wheat 387797 289554
Cotton 110067 43083
Rice 106093 33365 1
" Sugarcane i 132542 121627

Table 16(b). Proposed Cumulative Production from the 'Extensive’ Irrigated Agriculture
Option within the respective Canal Circles of the LCC System, Rechna Doab,

Punjab, Pakistan.

metric tons)

(000

Administrative Circles

Crops East West
Wheat 1081 770
II Cotton 117 57
Rice 230 98
Sugarcane 6431
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Table 17(a). Effective Area for the ’Intensive’ Irrigated Agriculture Option within the
respective Canal Circles of the LCC System, Rechna Doab, Punjab, Pakistan.

(hectares)
Administrative Circles
Crops

East West
Wheat 311599 209849
Cotton 43455 12418
Rice 67163 19365
Sugarcane 99436 84525

Table 17(b). Cumulative Production from the ’Intensive’ Irrigated Agriculture Option within
the respective Canat Circles of the LCC System, Rechna Doab, Punjab, Pakistan.

(000 metric tons)
Administrative Circles
Crops

East West

“ Wheat 1018.45 670.22
" Cotton 100.85 48.717
Rice 192.26 88.21

|| Sugarcane 6106.63 5575.60




Table 18(a). Differences in Irrigated Extents of Major Crops for the ’'Extensive’ and

"Intensive’ Options within the respective Canal Circles of the LCC System,
Rechna Doab, Pakistan.

(hectares)
‘ Administrative Circles
Crops East West
Wheat 76198 79705 ﬂ
Cotton 66612 30665 '
| Rice 38930 14000 4
|| Sugarcane 33106 37102 "

Table 18(b). Differences in Production of Major Crops for the ’Extensive’ and ’Intensive’
Options within the respective Canal Circles of the LCC System, Rechna Doab,

Pakistan.
- L (000 metric tons)

“ B Ad_ministrative Circles
l Crops East West
| Wheat 62.55 99.78

Cotton 16.15 8.23

Rice 37.74 9.79
‘ Sugircane 266.37 855.4
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R-4 Modelling the Effects of lrrigation Management on Soil S.M.P. Smels June
Salinity and Crop Transpiration at the Field Lavel (M.Sc 1996
Thesis - pulished as Research Report)
R-5 Water Distribution at the Secondary Level in the Chishtian M. Amin K. Tareen July
Sub-division Khalid Mahmood 1998
Anwar Iqbal
Mushtag Khan
Marce!l Kuper
R-6 Farmers Ability to Cope with Salinity and Sodicity: Farmers' Neeltja Kielen Aug
perceptions, strategies and practices for dealing with salinity 1996
and sodicity in their farming systems
R-7 Salinity and Sodicity Effects on Soils and Crops in the Neeltje Kielen Sapt
Chishtian Sub-Division: Documentation of a Restitution Muhammad Aslam 1996
Process Rafique Khan
Marcel Kuper
R-8 Tertiary Sub-System Management: Khalid Riaz Sept
{Workshop proceedings) Robina Wahaj 1996
R-9 Mobilizing Social Organization Velunteers: An Initfal Mehmoodul Hassan Oct
Methodological Step Towards Establishing Effective Water Zafar Igbal Mirza 1896

Users Organization

D.J. Bandaragoda
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Report No. Title Author Year

R-10 Canal Water Distribution at the Secondary Level in the Steven Visser Oct
Punjab, Pakistan (M.Sc Thesis published as Research 1996
Report)

R-11 Development of Sediment Transport Technology in M. Hasnain Khan Oct
Pakistan: An Annotated Bibliography 1996

R-12 Modeling of Sediment Transport in Irrigation Canals of Gilles Belaud Oct
Pakistan: Examples of Application 1996
(M.Sc Thesis published as Research Repont)

R-13 Methodologies for Design, Operaticn and Maintenance of Alexandre Vabre Oct”
Irrigation Canals subject to Sediment Problems: Application 1996
to Pakistan (M.Sc Thesis published as Ressarch Report)

R-14 Government Interventions in Social Organization for Water Waheed uz Zarnan Oct
Resource Management: Experience of a Command Water D.J.Bandarageda 1996
Management Project in the Punjab, Pakistan

R-15 Applying Rapid Appraisal of Agricultural Knowledge Derk Kuiper Nov
Systems (RAAKS) for Building Inter-Agency Collaboration Mushtag A. Khan 1996

Jos van Oostrum

M. Rafique Khan

Nathalis Roovers
Mehmood ul Hassan

R-16 Hydraulic Characteristics of Chishtian Sub-division, Fordwah Anwar Igbal Nov
Canal Division 1996

R-17 Hydraulic Characteristics of Irrigation Channels in the Malik Khalid Mahmood Nov
Sub-Division, Sadigia Division, Fordwah Eastern Sadigia 1996
lirigation and Drainage Project

R-18 Proceedings of National Conterence on Managing M. Badruddin Nov
Irrigation for Environmentally Sustalnable Agriculture In Gaylord V. Skogerboe 1996

1 Pakistan M.S. Shafique
(Editors for alt volumes)

R-18.1 Volume-i: Inauguration and Deliberations
R-18.2 Volume-lI: Papers on the Theme: Managing Canal

Operations
R-18.3 Volume-lIl: Papers on the Theme: Water

Management Below the Mogha
R-18.4 Volume-1V: Papers on the Theme: Environmental

: Management of lrrigated Lands

R-18.5 Volume-V: Papers on the Theme: Institutional

Developmemnt

R-19 Detailed Soil Survey of Eight Sample Watercourse Soil Survey of Pakistan Nov
CGommand Areas in Chishtian and Masilpur Tehsils lIM!-Pakistan 1996

R-20 Unsteady Flow Simulation of the Designed Pehur High- Zaigham Habib Dec
Level Canal and Proposed Remodeling of Machai and Miara Kobkiat Pongput 1996
Branch Canals, North West Frontier Province, Pakistan Gaylord V. Skogerboe
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R-21 Salinity Management Aiternatives for the Rechna Doab, Gauhar Rehman March
Punjab, Pakistan Wagar A. Jehangir 1997
Muhammad Aslam
R-21.1 Volume One: Implications and Recommendations for Abdul Rehman
Sustainable Irrigated Agriculture Gaylord V. Skogerboe
| R-21.2 Volume Two: History of Irrigated Agriculture: A Select Gauhar Rehman Jan
Appraisal Hassan Zia Munawwar 1997
Asghar Hussain "
I R-21.3 Volume Thres:  Development of Procedural and Analytical Gauhar Rehman Jan
Liniks Muhammad Aslam 1997
Wagqar A. Jehangir
Abdul Rehman
Asghar Hussain
] Nazim Ali
| Hassan Zia Munawwar |
R-21.4 Volume Four: Fisld Data Collection and Procassing Gauhar Rehman Jan
Muhammad Astam 1997
Wagqar A. Jehangir
Mobin Ud Din Ahmed
Hassan Zia Munawwar
Asghar Hussain (
Nazim Alj
W Faizan Ali
Samia Ali
R-21.5 Volume Five: Predicting Future Tubewell Salinity Mubhammad Aslam Jan
Discharges 1997
R-21.6 Volums Six: Resource Use and Productivity Potential Wagar A. Jehangir Feb B
in the Irrigated Agriculiure Nazim Ali 1997
R-21.7 Volume Seven: Inltiative for Upscaling: Irrigation Gauhar Rehman March
k Subdivision as the Building Block Asghar Hussain 1997
X ) Hassan Zia Munawwar
R-21.8 Volume Eight:  Options for Sustainability: Sector-Level Abdul Rehman March
Allocations and Investrnents Gauhar Rehman 1997
Hassan Zia Munawar
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