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Abstract

In order to visualize the damage caused by 2011 rains and flood in some districts of lower Sindh, Pakistan i.e.
Mirpurkhas, Umerkot, Sanghar and Badin, a study was initiated to review the facts regarding the macronutrient
status along with necessary physico-chemical soil properties. The seven randomly selected soils were sampled,
three samples from each spot were taken at three depths (0-15, 15-30 and 30-45cm). Hence from every location
three spots were randomly chosen, as one for relatively non-flooded soils (as a reference index) adjacent to
heavily flooded soils for long durations. The analytical data after passing through laboratorial procedures
depicted a variety of soil textures (from light to medium and heavy at some locations). Whereas, the pH of these
soils was moderate to highly alkaline and electrical conductivity was recorded from 0.11 to 22 dS m-. The
macronutrients as nitrogen was deficient, phosphorous was also in lower levels (0.1-3.7 mg kg) but potassium
mostly remained in higher fractions (69-259 mg kg?). The results also indicated that soils were found highly
saline on many locations that might be due to the salt deposition by stagnant water. While, loss of organic matter

were also reported may be because of rapidly flowing flooded water over them.

* Corresponding Author: UA Talpur D<| mirubed_talpur@yahoo.com

427 | Talpur et al.


http://dx.doi.org/10.12692/ijb/11.1.427-8
http://www/

Int. J. Biosci.

Introduction

Sindh province of Pakistan has a unique topography.
Being almost flat and at the base of Indus basin, the
surplus water in the form of floods and monsoon
rains has to cross through it which is usually beyond
the normal intake capacity of drains. The designated
discharge capacity of drain LBOD (Left bank outfall
drain) was 4000 cusecs while the drain water flowed
with the rate of 18000 cusecs (Sindh - NDMA., 2012),
this additionally drained water pressurized the drains
to overtop and breach. Thus in this context the year
2011 had proved to be more devastating especially for
the districts of lower Sindh including Sanghar,
Mirpurkhas, Umerkot and Badin.

During August 2011, two heavy and fatal spells of
monsoon rains had seriously hit these districts by
inundating them through directly affecting 8.9
million populations causing about hundreds of
human causalities and thousands of animal deaths.
The major source of livelihood and the economic back
bone of the people of these districts are agriculture,
livestock and fisheries. All of these sectors were
extremely damaged due to these torrential rains
which gave a financial loss of 160, 107 PKR millions
(Sindh - NDMA., 2012). According to NDMA (National
disaster management authority), the standing crops on
4.5 million acres were all ruined. Although losses caused
by floods in this region was also a common experience

(Rehman and Kamal, 2005).

The losses were not up to the economic concerns only
but these were assumed long lasting in terms of the
deterioration of the natural resources including the
soils of these affected districts. Generally the agro
based economy depends largely on the fertility status
of the soils of any area. So if the soils were spoiled
than the food security issues would be in dangerous
and critical situation. Hence, in order to visualize the
gravity of the problem, this study was designed to
study the impact of flooded water on the current

fertility status of soils of these mentioned districts.

Materials and methods
Site/study area selection
To evaluate the effects of flood water and rains on the

fertility status of the cultivated soils of some districts
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of lower Sindh as Sanghar, Umerkot, Mirpurkhas,
and Badin were sampled from seven randomly
selected sites with three spots, one as a reference spot
which was opted on relatively none or un-flooded
water adjacent to the completely inundated soils. The
remaining two spots remained under submerged
conditions for a temporary or longer duration. All
spots were physically confirmed especially for the
risks hazards caused by these rains and/or flood

before taking samples.

Selection of sampling depths, sampling time and
sampling spots

Each spot was excavated for three successive depths
0-15, 15-30 and 30-45 centimeters, so that to
thoroughly analyze the effects of flood water deeply in
the soil profile. All soil samples were taken after the
draining/evaporated or run off of the flooded water
over them. However, the spot selection was done few
days after the end of flooding but sampling was done

many days after the passing off of this calamity.

Soil sample collection and procedure of sample
collection

The soil samples were taken from the selected
location with the help of soil auger (regular soil auger
with 3 1/4” bits diameter). All samples were taken
separately by taking the sample from top 15
centimeters followed by mid 30 cm and the last
sample up to the limit of 45 cm depth from one
core/bore. Every time the sampler (auger) was
cleaned manually so that the sample of each fraction
may not be mingle with the other layer’s portion.
Samples were then placed in polyethylene plastic bags

with tagged numbering on it for further analysis.

Soil samples preparation for laboratory analysis

Soil samples were brought to the laboratory for
chemical analyses of the soil properties and the macro
nutrient status of these soils. The samples were air
dried in the open air under shades, crushed, ground

and passed through 1/8t inches mesh screen sieve.

Methods used for laboratory analysis
The samples were analyzed for some important

physico-chemical properties of soil including soil
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texture by Bouyoucos hydro meter method (Kanwar
and Chopra, 1959), pH and Electrical conductivity
using 1:5 soil water extract (Rowell, 1994), soil
organic matter% by Walkley and Black method
(Jackson, 1958), total nitrogen% by Kjeldahl method

(Chopra,  1959),
exchangeable

available  phosphorous and
AB-DTPA method

(Soltanpour and Schwabe, 1977). The soil textural

potassium by

classes were categorized by Foth (1982), while soil
pH, EC, and OM was sorted out as described by
NMSU (2000). Macronutrient status categorization
for nitrogen was as proposed by Melherbe (1963) and
for P and K as reported by Soltanpour (1985).

Results

Texture of soils

The texture of the soils of sampled spots at three
depths on different sites is presented in Table 1. The
texture of soils in dehs of all tehsils/talukas in these
districts had depicted a wide variety of differences. It
was also observed that the texture was also varied from

the other depths either nearby it or at the top or the
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bottom depths. However, on overall basis it ranged
from sandy loam, silt, silt loam to clay and clay loams
in all flooded and reference spots under three depths
and thus generally it was from light to medium and
heavy at some spots. These findings are in line with the
research of many other workers in the same areas
including Oad et al., (2003) and Ali et al., (2014).

Soil pH

The soil pH at various soil depth levels is shown in
Fig. 1 (a), 1 (b) and 1 (c). The result indicated that
generally the pH of all reference soil samples was
moderately alkaline (< 8.0) in reaction while, it was
highly alkaline (> 8.0) in almost all (except a few) soil
samples from flooded spots at all three depths.
However, the pH in all reference spots at all sites was
in a range of 7.5-7.9 while, it ranged from 7.6-8.8 in
all flooded spots at all three depths. Hence an
increase in pH is assumed from the results. However,
the pH of these areas is remained mostly high as
described by Rajput et al., (2014), who reported that
the majority of the soils under rice (flooded

conditions) cultivation were alkaline in nature.

Table 1. Soil Texture of different Dehs in different Talukas/Tehsils of the districts of lower Sindh before and after

flood conditions.

Districts Talukas/Tehsils Dehs Locations Spots Sample depth
(centimeters)
0-15 15-30 30-45
1* Silt Silty loam Clay loam
172 1 2 Sity loam Loam Clay loam
Digri 3 Silt Sity clay Silty clay
Mirpurkhas loam loam
1* Clayloam Clay Clay Clay
173 2 2 Clay Clay loam Clay loam
3 Clayloam  Silty loam Clay
Jhudo 1* Silt Loam Silty loam
375 3 2 Siltyloam  Silty loam Silty loam
3 Silt Clay
1* Clayloam  Loam Clay loam
Kunri Boostan 4 2 Loam Clay Clay
Umerkot 3 Loam Clay loam Clay
1* Siltyloam  Loam Loamy clay
Samaro 325 5 2 Loam Silty loam Clay
3 Silt Loam Loam
1* Silty sand  Silt Silt loam
Sanghar Khipro Kunri 6 2 Silt Sandy loam Loam
3 Silt loam Sandy loam  Sand silt loam
1* Clayloam  Clay Clay
Badin Matli Sorahdi 7 2 Loam Clay loam Clay loam
3 Clay Clay loam Clay

1* Spot sampled for reference index while 2 and 3 spots were sampled from flooded conditions.

429 | Talpur et al.



| Int.J. Biosei. [

m Reference spot ~ ®Flood spot1  # Flood spot 2

pHato-15cm
=]

Deh172  Deh173 Deh3ys Deh Deh 325 Deh Deh
Digri Digri Jhudo Boostan Samaro Kunri  Sorahdi
Kunri Khipro Matli

Locations

Fig. 1(a). Soil pH at 0-15 cm of reference spots and

flood spots at different sites in lower Sindh.
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Fig. 1(b). Soil pH at 15-30 cm of reference spots and

flood spots at different sites in lower Sindh.
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Fig. 1(c). Soil pH at 30-45 cm of reference spots and

flood spots at different sites in lower Sindh.

Electrical conductivity

The Electrical conductivity of the sampled spots on
three different soil layers is depicted in Fig. 2 (a), 2
(b) and 2 (c). The result showed that the all the

reference spots at all 3 depths were non-saline (< 2 dS

m*) but it was slightly saline (< 4 dS m™) at the spot
in deh Sorahdi tehsil/taluka Matli, district Badin.
While, all the flooded samples showed an increase in
ECe levels at all depths. Moreover, it showed a
medium ECe ranged (4-8 dS m?) at few spots
including deh 173, tehsil Digri, district Mirpurkhas
and also strongly saline values (> 8 dS m™) at spots in
deh Kunri, tehsil Khipro, district Sanghar and deh
Sorahdi, tehsil Matli, district Badin. The higher ECe
values at some spots might be due to the deposition of
soluble salts present in flood water stood over it for
long durations. The result of the study is in harmony
by the finding of Kalshetty et al, (2012), who
reported that an increase in EC levels in soil samples
from flooded spots might be due to the addition of
more dissolved salts in the stagnant water over the
top soil layers and leached down into the underlying

layers.
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Fig. 2(a). Soil ECe at 0-15 cm of reference spots and

flood spots at different sites in lower Sindh.
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Fig. 2(b). Soil ECe at 15-30 cm of reference spots

and flood spots at different sites in lower Sindh.
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Fig. 2(c). Soil ECe at 30-45 cm of reference spots

and flood spots at different sites in lower Sindh.

Soil organic matter %

The result for organic matter % on different depths
for reference and flood spots is indicated in the Fig. 3
(a), 3 (b) and 3 (c). It is clearly shown in the results
that organic matter % was generally in lower values
throughout the soil samples. However, it was nearly
1% in some reference spots only, but it was completely
deficient in all flooded spots. It was also noteworthy
that the organic matter was relatively higher in the
top portions than in the layers beneath. This might be
due to the materials or flood water over these spots
was deficient in organic matter contents. Thus the
findings of this study were also in agreement with the

results as obtained by Ahmed (2011).
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Fig. 3(a). Soil O.M % at 0-15 cm of reference spots

and flood spots on different sites in lower Sindh.
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Fig. 3(c). Soil organic matter % at 30-45 cm of
reference spots and flood spots on different sites in

lower Sindh.

Nitrogen %

The nitrogen % on different soil depth levels is
depicted in Fig. 4 (a), 4 (b) and 4 (c). The results
revealed that the nitrogen content in all sampled
spots was completely deficient in all depths at all
spots. However, N% was relatively high in reference
spot at 0-15 cm depth but it remained lower in other
two depths. Likewise, the nitrogen content in the
flooded field spots was very low (< 0.05 %) at all three
depths on all sites. These findings are in accordance
with the research of Eulenstein et al., (1998), who was
of the view that the lower nitrogen content under flood
conditions might be due to many possible reasons

including denitrification and anaerobic conditions.
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Fig. 4(a). Soil N % at 0-15 cm of reference spots and

flood spots on different sites in lower Sindh.
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Fig. 3(b). Soil organic matter % at 15-30 cm of
reference spots and flood spots on different sites in

lower Sindh.
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Fig. 4(b). Soil N % at 15-30 cm of reference spots

and flood spots on different sites in lower Sindh.
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Fig. 4(c). Soil N % at 30-45 cm of reference spots

and flood spots on different sites in lower Sindh.

Phosphorous (mg kg)

The soil phosphorous content at various soil depths is
revealed in Fig. 5 (a), 5 (b) and 5 (c). The results
indicated that the phosphorous content of sampled
sites was generally low (< 4 mg kg?) in all soil
samples at all three depths in both reference and
flooded spots. Hence no specific difference caused by
flood was pronounced in results for phosphorous
content. Many workers have also reported that the
soils of this region were also deficient in phosphorous

(Oad et al., 2003; Akhter et al., 2010).
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Fig. 5(a). Soil P (mg kg?) at 0-15 cm of reference
spots and flood spots on different sites in lower
Sindh.
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Fig. 5(c). Soil P (img kg) at 30-45 cm of reference spots

and flood spots on different sites in lower Sindh.

Potassium (mg kg?)

Soil test potassium at different soil depths is listed in
Fig.6 (a), 6 (b) and 6 (c). The results of the study
revealed that the potassium content of the sampled
sites was generally high (> 120 mg kg?) in all samples
with no systematic trend. Only few samples showed a
medium range (60-120 mg kg?) but no sample was
found in low potassium content throughout the study
spots except in deh Bootan of taluka Kunri. On overall
basis the potassium content was in a range of 69 to
259 mg kg'. The results for soil test potassium
content are in line with Ahmed (2011), who reported
that the potassium content of soils under flood

situation was in sufficient levels.
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Fig. 6(a). Soil K (mg kg) at 0-15 cm of reference spots

and flood spots on different sites in lower Sindh.
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Fig. 5(b). Soil P (mg kg) at 15-30 cm of reference
spots and flood spots on different sites in lower
Sindh.
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Fig. 6(b). Soil K (mg kg?) at 15-30 cm of reference

spots and flood spots on different sites in lower Sindh.
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Fig. 6(c). Soil K (mg kg*) at 30-45 cm of reference

spots and flood spots on different sites in lower Sindh.

Discussion

The texture of the soils under study was highly
variable in layer wise from top to mid and bottom in
the soil profiles. There was also a diverse picture in
terms of variability in soil texture among the selected
spots at different location in different districts of the
province under the effects of flood as well as under
the nonflooded soils spot used as reference points for
comparisons. Thus, the texture in all seven sites was
in range from sandy loam (light textured), silt, silty
loam, loam (medium textured) to clay and clay loam
(heavy textured).The same findings were proclaimed
for the nearby area of the same region by Chohan et al.,
2015. There was no specific effect of flood on the
texture of these soils, may possibly be due to strong

pressure of flooded water to moves out into the drains.

However, the flood had negatively affected the soil
properties including soil reaction (pH), electrical
conductivity and the organic matter status of these
soils by increasing the pH and electrical conductivity
and decreasing the organic matter content in all three
layers at almost all locations under flooded spots
comparing with the spots surveyed as reference (Non-
flooded). These results are in line with Chaniho et al.,

2010 and Memon et al., 2012 in the same areas.

The nutritional status including N, P and K were
found as the total nitrogen % and available (AB-
DTPA) phosphorous were deficit in all three layers
and in almost all studied spots, while the available
potassium was mostly in adequate level except in deh
Boostan, taluka Kunri. These findings are in

agreement with the results of many other workers

2017

(Talpur et al., 2015, Ali et al., 2014.) in the same area
including Talpur et al., 2016 who verified that soils in
tehsil Kunri especially deh Boostan are in lower limits
in AB-DTPA available potassium.

Conclusion

It could be concluded that the findings of present
study had evidences of flood water about some sites,
which were highly saline and strongly alkaline in
reaction as in case of results obtained from the
samples of deh Sorahdi, district Badin. It is also
assumed the fact that the top portions of these soils
were relatively more deteriorated than the layers
beneath it. Soil tests showed a decrease in organic
matter, nitrogen and phosphorous contents, while

potassium content was in adequate levels.

Acknowledgment

The author is grateful to Mr. Satram Das, Mr. Mir
Mohammad Nohri, Mr. Ayaz Kachelo and other
officers and field staff of Department of Agriculture,
Supply and Prices, Government of Sindh, for their
precious time and valuable suggestions during the

course of this study.

References

Ahmed Z. 2011. Impact of alluvial deposits on soil
fertility during the floods of 2010 in Punjab, Pakistan.
Electronic international correspondent (E-ifc.) No. 26 by
International Potash Institute. Electronic international
corr [March, 2011].

www.ipipo tash.org/en/k-center/e-ifc-newsletter.

www.ipipotash. org/en /eifc/2011/26/4/english

Akhter N, Denich M, Goldbach H. 2010. Using
GIS approach to map soil fertility in Hyderabad
district of Pakistan. 19th World Congress of Soil
Science, Soil Solutions for a Changing World, 1-6
August 2010, Brisbane, Australia. http://iuss.org/19th%
20WCSS/Symposium/pdf/1289.pd

Ali S, Shah ZH, Khan MA, Samiullah, Buzdar
MA. 2014. NPK status in soil and banana leaves of
Thatta district (Sindh). Lasbela, Uni. J. Sci., Tech.vol. 3,
Pp- 26-32.

www.researchgate.net/publication /273443095

433 | Talpur et al.


http://www.researchgate.net/publication%20/273443095

Int. J. Biosci.

Chaniho HB, Rajpar I, Talpur UA, Sial NB,
Zia-ul-hassan. 2010. Evaluating soil and ground
water salinity in Taluka, Tando and Bago, Sindh. Pak.
J. Agri., Agril. Engg., Vet. Sci 26(2), 19-26.
www.sau.edu.pk/sau_journal/2011/26_2/26-
2full/03.pdf.

Chohan M, Panhwar RN, Mastoi MI, Gujar N,
Mari AH, Gadehi MA. 2015. Relationship of
physico-chemical properties and macronutrients
indexing at soils of Ghora Bari area district Thatta,
Sindh, Pakistan. Soil 09-14.

http://search.ebscohost.com/login.aspx?direct=true

Environ 34(1),

&profile=ehost&scope=site&authtype=crawler&;jr

Eulenstein F, Muller L, Helming K. 1998. Odra
1997 Flood Effects on Soil Properties of Cultivated
Areas in Germany. Int. Agrophysics 12, 241-247.
http://www.old.international-
agrophysics.org/artykuly/international_agrophysics/
IntAgr_1998_12

Foth HD. 1982. Fundamentals of Soil Science, 6t
edition, John Wiley & Sons, Inc. USA pp. 287-315.

Jackson ML. 1958. Soil chemical analysis. Prentice-
Hall, Englewood Cliffs, NJ, USA. https://archive.org/
details/soilchemicalanalo30843mbp

Jackson ML. 1973. Soil chemical analysis. Prentice
Hall, PR Ltd., New Delhi. India.
www.scirp.org/(S(351jmbntvnsjtiaadkposzje))/refere

nce/ReferencesPapers.aspx?Reference

Kanwar RS, Chopra SL. 1959. Practical Agricultural
Chemistry, S. Chand and Co, Delhi.

NMSU. 2000. NMSU Soil Test Interpretations Guide
A-122 Electronic Distribution, New Mexico State
University (NMSU) and the U.S. Department of
Agriculture cooperating. aces.nmsu.edu/pubs/_a/a-

122.html (accessed 13-09-2012).

Malherbe De V. 1963. Soil Fertility. Fifth Eng. Edition
Oxford University Press, Cape Town, South Africa.

2017

Memon M, Jamro GM, Memon N, Memon KS,
Akhtar MS. availability
assessment of tomato grown in Taluka Badin, Sindh.
Pak. J. Bot 44(2), 649-654.http://www.pakbs.
org/pjbot/PDFs/44(2)/26.pdf

2012. Micronutrient

Oad FC, Gaimnani UK, Samo HA. 2003. Fertility
status of the soils around Tando Jam, district
Hyderabad, Sindh, Pakistan. Pak. J. Applied Sci 3(3),
173-177.

Rajput A, Solangi MA, Irshad M, Qureshi SA,
Memon M, Memon GR. 2014. Evaluation of the
fertility status of the rice tract area of Jafarabad
district, Balochistan Pakistan. J. Agri. Res. Dev 5(5),
085-096.  http://www.e3journals.org/cms/articles/

1414387058_Rajput.pdf

Rehman H, Kamal A. 2005. Indus Basin River

System — Flooding and Flood Mitigation.
http://www.riversymposium.com/2005/index.php?el
ement=38. http://archive.riversymposium.com/2004/

index.php?element=38

Rowell DL. 1994. The preparations of saturation
extracts and the analysis of soil salinity and sodicity.
Soil science methods and applications. Ed. D. L. Rowell.
Longman group, U.Khttps://www.amazon.co.uk/ Soil-
Science-Applications-David-Rowell/dp/0582087848
NDMA (National Disaster
Authority)- Sindh. 2012. Available[Online]
www.ndma.gov.pk/Documents/Contingency_Plan/2
012/CP_Sindh.pdf

Management

Sultanpour PN, Schwab AD. 1977. Use of AB-
DTPA soil test to evaluate elemental availability and
toxicity. Soil and plant analysis 16, 323-338.
http://www.tandfonline.com/doi/abs/10.1080/0010
3628509367607

Soltanpour PN. 1985. Use of NH;HCO3- DTPA soil
test to evaluate elemental availability and toxicity.

Communication in soil Science and Plant analysis 16,

323-338.

434 | Talpur et al.


https://archive.org/
http://www/
http://www.e3journals.org/cms/articles/
https://www.amazon.co.uk/%20Soil-Science-Applications-David-Rowell/dp/0582087848
https://www.amazon.co.uk/%20Soil-Science-Applications-David-Rowell/dp/0582087848

Int. J. Biosci.

Talpur UA, Das S, Rajpar I, Akhtar N, Baloch
PA. 2015. Post-flood fertility scenario of district
Mirpurkhas and Umerkot. 2°d  international
Conference on agriculture, food and animal sciences,
25-26 February 2015, Tando Jam, Pakistan.
www.slideshare.net/princesssaniay/the-2nd-

international-conference-on-agriculture-food

2017

Talpur NA, Panhwar AA, Hassan ZU, Memon
M, Talpur KH, Wahocho NA, Jamro GM. 2016.
Soil Fertility Mapping of Chilli Growing Areas of
Taluka Kunri, Sindh, Pakistan. Sindh Univ. Res. J.

(Sci. Ser.) Vol 48(3), 547-552. http://sujo.
usindh.edu.pk/index.php/SURJ/article/view/2540

435 | Talpur et al.


http://sujo/

