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Abstract

Optimum crop production is achievable with scientific soil analyses. Thus, the study was conducted in
Quirino province covering rainfed and irrigated rice fields. The purpose of this study is to establish an
updated database on the physical and chemical properties of these soils which intends to guide
farmers in their rice farming activities, particularly on soil management. Results of the soil
physicochemical analysis revealed that irrigated rice soils from Aglipay are Loam to Sandy Loam with
a pH of 5.7-6.1 (medium acidic to slightly acidic) while rainfed soils are clayey with a pH of 5.3-7.1
(with strongly acidic to very slightly alkaline found to be generally). Samples collected from irrigated
rice areas of Cabarroguis are majority Silty Loam with a pH of 5.8 (medium acidic), and soil samples
from rainfed areas are found to be Clay Loam with a pH of 5.7 (medium acidic). On the other hand,
samples gathered from irrigated areas of Diffun are dominated by Silt Loam with pH ranges from 5.4-
6.3 (medium to slightly acidic); while samples from rainfed areas Clay to Clay Loam and pH of 4-5.5
(strongly acidic). Irrigated soil samples collected from Maddela are Loamy to Sandy Clay Loam with a
pH ranging from 5.4-6.3 (medium to slightly acidic); while samples from rainfed were revealed to be
silty Loam with a pH of 4.6 (strongly acidic). Irrigated rice soils of Nagtipunan are sandy clay with a
pH Of 6.0 (slightly acidic) while rainfed areas are found to be Clay Loam and Sandy Clay with slightly
acidic to very slightly alkaline pH.With this current status of rice soils in the area, it is suitable for rice
production. Furthermore, the soils assessed are also suitable for other high-value crops to avoid a
monocropping system of farming.
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INTRODUCTION

Soil is one of the important and valuable resources of nature. All living things are
directly and indirectly dependent on soil for day-to-day needs and all the human food is
derived from the earth. Making a plan for having healthy and productive soil is essential
to human survival. Soil has a complex function that is beneficial to humans and other
living organisms. It acts as a filter, buffer storage, and transformation system and thus,
protects the global ecosystem against the adverse effects of environmental pollutants.
Environmental neglect by society, since the dawn of the industrial revolution, has
resulted in severe contamination of soil and water resources (Ramaswamy et al.,,
2007). Soil formation is a constructive as well as destructive process (Pujar et al, 2012)
the predominant destructive process is the physical and chemical breaking down of
materials, plants, and animal structures which results in the partial loss of more soluble
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and volatile products. Soil types are a major factor in determining what types of plants
will grow. The nature of soil primarily depends upon its continued change under the
effect of physical factors like the parent material, time, the climate, the organic activity
in it, etc. (Solanki and Chavda, 2012). Although all physicochemical properties are
involved in soil functioning, biochemical properties tend to react most rapidly to get
changes in the external environment (Trasar-Cepeda et al, 2008). The soil varies in
physical properties and constitution, chemical properties and composition, and
biological characteristics. The chemistry of soil covers the chemical reaction process in
the soil pertaining to plant and animal growth and human development (Ashraf, 2012).

This research study was conducted to evaluate the fertility status of Quirino rice
soils and for the establishment of balanced nutrients that has been supplied in the soil
through long-time fertilization. Farmer end-user will be guided for the facilitation of a
higher yield and sustain rice production to meet the demand in the country.

MATERIALS AND METHODS
Locale of the Study

The study was conducted in Quirino Province. Quirino lies in the southeastern
portion of Cagayan Valley. It is situated within the upper portion of the Cagayan River
basin and bounded by Isabela on the north, Aurora on the east and southeast, and
Nueva Vizcaya on the west and southwest.

The 10,085 hectares of irrigated and 1,254 hectares from rainfed rice fields in
Diffun, Cabarroguis, Saguday, Aglipay, Maddela, and Nagtipunan were the sources of
soil samples for the study. In the soil sample areas, the following were considered, the
slope, color, drainage, and texture of the soil.

Chemical Analysis of Sample Soil

Soil samples were analyzed using the Flame Photometer and Spectrophotometer.
In the soil analysis, the chemical properties such as OM, N, P, K, and soil pH were
determined.

Physical Analysis of Sample Soil

To analyze the soil texture, the soil triangle method was used. Part of the mixed
soils from the different sub-samples was also used. Glass jars of the same sizes were
filled with 25% soil. After putting the soil in the jar, water was added leaving a space at
the brim of the jar, then shaking the mixture. Leave the mixture for at least 30
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seconds. The sand is observed to settle at the bottom of the jar. Mark the height of the
sand. Leave the glass for 24 hours, and then measure the second layer which
comprises the silt and the last layer is the clay. After measuring the height of the soil
texture, the total measurement was determined by adding all the heights to come up
with the total. Each measurement was divided by the total and then multiplied by 100
to get the percentage. These percentages were graphed in the soil texture triangle. The
point at which these three lines intersect defines the soil’s texture.

RESULTS AND DISCUSSION

A. Physical Characteristics

There were five soil series identified in the province cultivated for rice (Godillano,
2005). Table 1 shows the physical properties of soils used for rice production.

Table 1. Physical Characterises of soils cultivated for lowland and upland rice in Quirino Province

Municipality | Barangay | Series | Texture | Drainage
A. Lowland Rice
Aglipay San Francisco Rugao Loam Fair to good
Sandy Loam good
Cabarroguis Zamora Rugao Silt loam Poor
Gundaway Rugao Silt Loam Poor
Diffun San Antonio Rugao Silt loam Poor
Sandy Loam Good
Aurora East Rugao Silt loam Good
Aurora West Rugao Silt loam Good
Liwayway Rugao Clay Loam Moderate
Guribang Annam Clay Poor
Maddela Cabaruan Luisiana Sandy clay loam Good
Cabaruan Luisiana Loam Fair to good
Saguday Magsaysay Alaminos Clay Poor
Magsaysay Alaminos Sandy clay loam Good
Dibul Rugao Loam Fair to good
Tres Reyes Cauayan Silt Loam Poor
Dibul Rugao Silt Loam Poor
B. Upland Rice
Aglipay Cabugao Rugao Clay Poor
Cabugao Rugao Clay Poor
Cabarroguis Gundaway Rugao Clay loam Poor
Diffun Diego Silang Rugao Clay Poor
Ma. Clara Rugao Clay Loam Poor
Maddela Dipintin Rugao Silt Loam Fair
Nagtipunan San Dionisio Rugao Clay Loam Fair
Pongo Rugao Sandy clay Good
Saguday Gamis Rugao Silt Loam Fair

Alaminos Series. The soil is a member of the fine, isohyperthermic Typic
Kanhaplustults (Soil Survey Staffs, 1994). The soils were residuals derived from the
weathering of basalts and andesitic rocks. As a ultisol, it has low base saturation and
pH, which contribute to the relatively low fertility of the soil. The topography varies
from sloping to steep and it is characterized by its brown to reddish brown soil which
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indicates that the internal and external drainage is good. Alaminos clay and Alaminos
sandy clay loam both in Magsaysay; Saguday is located on the back slope of a high
basaltic hill that is moderately deep to deep.

The surface soil is reddish-brown silt clay. The structures in the topsoil are
moderate, medium to coarse sub-angular blocky while consistencies are slightly sticky
to sticky, slightly plastic to plastic when wet, and firm when moist. There were few to
common partially and highly weathered rock fragments found in the lower horizons.

The inherent soil fertility is low to very low, as indicated by its low organic
matter content and pH, base saturation, and cation exchange capacity. Secondary-
growth forests and grasses are the vegetation in the hilly and rugged areas while the
rolling and level areas are mostly of parang type of vegetation. Some of the level areas,
however, are cultivated with rice, corn, and vegetables.

Annam Series. The moderately deep to deep, well-drained soils developed from
the weathering basalt and andesite on undulating to steep terraces, and foot slopes of
hills and mountains were classified as fine, loamy, isohyperthermic Typic Eustrustox
(Badayos, et al, 2007).

The soils are intensely weathered and generally predominated by the oxides of
irons and aluminum due to repeated high precipitation and high temperatures. They
have low to medium inherent soil fertility because of their low to medium base
saturation and the soil reaction is moderately acidic. They are generally dark brown,
very dark grayish brown, strong brown, reddish brown to reddish yellow with common
to many parts and highly weathered rock fragments.

Annam clay (Guribang, Diffun) is characterized by its fine texture, brown to dark
brown surface horizons, and good structure. Structures are moderate fine to medium
sub-angular blocky to granular. Consistencies are slightly sticky to sticky and slightly
plastic to plastic when wet and firm to friable when moist. The soil is slightly sticky to
sticky, slightly plastic to plastic when wet; and firm when moist. There were a few parts
and highly weathered rock fragments present in the lower horizons.

Cauayan Series. The soil is a member of very fine kaolinitic isohyperthermic
Typic Kanhaplustults, (Barrera et al., 1953; Dayot et al., 1993). Cauayan soils were
developed from pre-existing old alluvium mostly originating from sandstone. The
presence of rounded gravels in the substratum signifies their mode of formation. The
soil in Tres Reyes, Saguday used for lowland rice production shows that the external
drainage of these soils is well-drained, medium-textured, and dominantly brown in
color. Internally, morphological properties exhibit poor drainage conditions due to semi-
permeable layers of iron and manganese in the lower subsoil.



International Journal of Biomedicine & Life Sciences
Vol. 8, No. 1, 2023, pp. 1-15
https://ijbls.ielas.org/index.php/ijbls/index
ISSN (online) 2545-4129

The thick surface horizon is dark brown with reddish streaks. The structure is
moderate to strong sub-angular blocky, slightly sticky, and slightly plastic when wet
and firm when moist. The subsoil is gritty, and compact, hard clay with few iron and
manganese concretions which merge gradually with the substratum. Large portions of
the soil are grassland which somehow reflects the low fertility; some areas with
adequate irrigation are used for paddy rice.

Luisiana Series. Soils under this series are classified as fine clayey, acidic,
deep, llitic, isohyperthermicOrthoxicPalehumults. These are upland dark red soils
developed from hard igneous rocks such as andesite and basalt in roughly rolling to
hilly relief. The soil is deep to very deep and well-drained, fairly friable, reddish brown,
dark brown, or red. Structures are moderate to strong angular blocky and have sticky
and plastic consistency when wet. The relief is usually rolling too steep.

Soils in Cabaruan, Maddela are typical of soil under this series. The surface soil is
friable when moist, slightly hard when dry, and slightly sticky and plastic when wet. The
clayey surface has strong brown and brown to dark brown, with few manganese and
iron concretions. The permeability of the soil is moderate while the external drainage is
good. Vegetation is cogon and tree crops.

Rugao Series. The soil is a member of fine isohyperthermic Aquic Haplustalfs
(Costelo, 2002; Soil Survey Staff, 1994). These soils are fine textured, fine granular in
structure, deep to very deep, moderately well-drained, and with moderate to high
fertility. These were developed from shale and sandstone. The color of the different
layers is more or less alike and concretions exist from the surface to the substratum.
The majority of soils in the province cultivated for lowland and upland rice is under this
soil series. The clayey surface soil is brownish black, with medium sub-angular blocky
to granular structures, slightly sticky to sticky and slightly plastic-to-plastic when wet
and friable to firm when moist has few medium and coarse manganese concretion and
partially and highly weathered shale fragments.

The drainage of Rugao clay loam is well-drained and moderately well-drained,
respectively. Permeability is slow to moderate. The soil is mainly used for corn
production in gently sloping to undulating areas whereas in rolling areas are wide
species of shrubs and grasses. Some areas were terraced and used for rainfed paddy
rice.

These soils are found in uplands derived through the weathering of the various
igneous rocks, shale calcareous sandstone coralline limestone. The relief varies from
gently sloping, rolling to hilly mountainous. The topsoil considered as the plow layer of
the lowland soils was mostly clay, loam, and clay loam while soils in the upland had five
textural classes, namely clay, clay loam, sandy clay loam, and silt loam.
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B. Chemical Properties

Table 2. Chemical characteristics of soils cultivated for lowland and upland rice in Quirino Province

Barangay Series pH OM P K
(% N) ppm ppm
A. Lowland Rice
Aglipay San Francisco Rugao 5.7 0.9 13 25
6.1 1 12 25
Cabarroguis Zamora Rugao 5.8 2.5 20 100
Gundaway Rugao 5.8 2.3 18 205
Diffun San Antonio Rugao 5.8 2 10 210
Aurora East Rugao 5.6 2.3 14 45
Aurora West Rugao 6.3 1.8 7 65
Liwayway Rugao 5.4 2.2 13 60
Guribang Annam 6.1 1.7 84 80
Maddela Cabaruan Luisiana 5.4 3.3 96 300
Cabaruan Luisiana 6.3 2.7 56 250
Nagtipunan San Dionisio Rugao 6.0 2.1 45 105
Saguday Magsaysay Alaminos 5.4 1.1 6 600
Magsaysay Alaminos 4.7 1.8 12 40
Dibul Rugao 4.7 1.9 7 75
Tres Reyes Cauayan 4.7 1.8 14 45
Dibul Rugao 4.9 1.8 9 60
B. Upland Rice
Aglipay Cabugao Rugao 7.1 1.5 9 105
Cabugao Rugao 5.3 2.8 12 165
Cabarroguis Gundaway Rugao 5.7 2.6 17 185
Diffun Diego Silang Rugao 5.4 1.9 46 80
Ma. Clara Rugao 5.5 4.1 173 85
Maddela Dipintin Rugao 4.6 1.5 9 65
Nagtipunan San Dionisio Rugao 6.3 1.4 57 205
Pongo Rugao 7.3 1.6 119 205
Saguday Gamis Rugao 5.1 1 5 95

As shown in Table 2, the pH of sampled soils ranged from 4.7 to 6.3 (lowland
rice) and 5.1 to 7.3 (upland rice). In the plow layer of the soils, Soils in Saguday
registered a very strongly acidic reaction at pH 4.7 while Buguey registered a mildly
alkaline reaction at pH 7.4. A similar trend was observed in upland soils where pH
increased with depth except for Sibul where it decreased from 6.8 to 5.8. The soils in
the upland exhibited lower pH than the soils in the plain which range from very strongly
acidic (pH 4.5) to slightly acidic (pH 6.8).

In the surface horizon, Rugao and Alaminos registered the lowest pH with 4.5
and 4.8, respectively while Bolinao and Sibul with respective pH of 6.7 and 6.8 obtained
the highest pH levels. In contrast with pH, the organic matter content of the soils
decreased with depth. Moreover, higher levels of organic matter were obtained on the
soils in the upland than on the soils located in the plain. In the plow layers, organic
matter content among the soils in the upland soils ranged from 1.53 (Sibul) to 6.88
(Bolinao) while the soils in the plain had 0.64 (Buguey) to 4.01 (Bantog).
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Furthermore, among the extractable bases of the soil, calcium is the dominant
cation followed by magnesium, sodium, and potassium. Sodium and potassium are
generally low in all soils. The soils in the valley registered higher values of these bases
than the soils in the upland. The cation exchange capacity of the lowland soils was
higher than the cation exchange capacity of the upland.

The values increased with depth in the lowland soils while slight changes were
observed in the profiles of the upland soils. In terms of base saturation, there was no
regular trend in all soils. However, horizons with neutral to mildly alkaline had high
extractable calcium compared with those horizons with acidic pH. In general, the
phosphorus content of the soils was higher in the plow layers for all the soils. However,
there was no observed trend of changes in the lower horizons.

In general, the pH of soils in Quirino are slightly too strongly acidic. Saguday
registered the highest acidity in the lowland areas followed by Diffun. On the other
hand, Maddela registered the highest acidity in the lowland areas followed by Saguday
and Diffun. Based on the foregoing results, it can be said that the pH of soils in the
lowland areas is much more acidic than the soils in the upland areas.

On the other hand, it can also be gleaned on the table that there is a very low
amount of nitrogen in the soil sample across the municipalities of Quirino, soil texture,
and acidity. However, the phosphorus and potassium content of the soils are higher
but of no considerable trend or pattern. Owing to the foregoing results, farmers and
agricultural technicians would employ qualitative analysis for better crops based on the
physical and chemical characteristics of the soil in the area.

CONCLUSIONS AND FUTURE WORKS

Based on the study, the following were the conclusions:

1.Quirino rice soils have a pH range of 4.6-7.3 with a general soil type of clay to
sandy clay loam. These indicate the suitability for rice production; provided that other
factors and requirements are included for optimum production.

2.There are other high-value crops that are highly suitable and moderately
suitable for production in the Quirino rice soils; provided proper cultural management

and other factors are appropriately considered;

3.Limiting nutrients can be applied following the computed fertilizer
recommendation rate.



International Journal of Biomedicine & Life Sciences
Vol. 8, No. 1, 2023, pp. 1-15
https://ijbls.ielas.org/index.php/ijbls/index
ISSN (online) 2545-4129

REFERENCES

Adhikari, K., Guadagnini, A., Toth, G. and Hermann T. 2009. Geostatistical analysis of
surface soil texture from Zalacounty in western Hungary, International Symposium
on Environment, Energy and Water in Nepal: Recent Researches and Direction for
Future.

Arshad, M.A., and G.M. Coen. 2009. Characterization of soil quality: Physical and
chemical criteria. Amer. J. Alter. Agric. 7:25-31.

Ashraf M, Bhat GA, Dar ID, Ali M. 2012. Physico-Chemical Characteristics of the
Grassland Soils of Yusmarg Hill Resort (Kashmir, India) Eco.Balkanica, 4(1), 31-38.

Baligar KG, Pingali PL. 2008. Intensification of irrigated rice systems: Learning 430 from
the past to meet future challenges. Geojournal 35: 299-305.

Becker M, Asch F. 2005. Iron toxicity in rice-conditions and management concepts. J
411 PlantNutr Soil Sci168:558-573.

Brady, N.C. 2007. The Nature and Properties of Soils. Macmillan Publishing Company,
NY, NY.

Brady, N.C., and R.R. Weil. 2010. Elements of the nature and properties of soils. 12th
ed. PrenticeRal, New Jersey.

Deshmukh KK, 2012. Chemical Characteristics and Classification of Soils From
sangamner Area, Ahmadnagar District, Maharastra, Rasayan].Chem.5 (1), 74-85.
Fageria NK, Baligar VC. 2008. Ameliorating soil acidity of tropical Oxisols by liming for

sustainable crop production. AdvAgron 99:345-399.

Foth HD and Ellis BG, 2007. Soil Fertility, 2nd Ed. CRC Press, Boca Raton, Florida.

GabhaneVV,Jadhao VO, Nagdeve MB, 2006. Land evaluation for land use planning of a
micro watershed in Vidarbha region of Maharashtra, J. Indian Soc. Soil Sc, 54,307-
315.

Hartemink E. 2010. Land use change in the tropics and its effect on soil fertility, 19th
World Congress of Soil Science, Soil Solutions for a Changing World 1-6 August
2010, Brisbane, Australia. Published on DVD.

Hiradate S, Ma JF, Matsumoto F. 2007. Strategies of plants to adapt to mineral stresses
on problem soils. AdvAgron. 96:65-132.

Hodes SC. 2006. Soil fertility basics: N.C. certified crop advisor training, Soil Science
Extension, North Carolina State University, 75.

Igbal P, Patel D, Ramakrishnan B, Mishra AK, Samantaray RN. 2009. Long-term
application effects of chemical fertilizer and compost on soil organic carbon under
intensive rice-rice cultivation. NutrCyclAgroecosyst. 83:259-269.

Igbal, M., A. U. Hassan, A. Ali, and M. Rizwanullah. 2009. “Residual effect of tillage and
farm manure on some soil physical properties and growth of Rice.” International
Journal of Agriculture and Biology, vol. 1, pp. 54-57.

Jain P and Singh D. 2014. Analysis the Physico-Chemical and Microbial Diversity of
Different Variety of Soil Collected from Madhya Pradesh, India, Scholarly Journal of
Agricultural Science,4(2),103-108.



International Journal of Biomedicine & Life Sciences
Vol. 8, No. 1, 2023, pp. 1-15
https://ijbls.ielas.org/index.php/ijbls/index
ISSN (online) 2545-4129

Joshi N and Kumar A. 2011. Physico-chemical analysis of soil and industrial effluents of
Sanganer region of Jaipur Rajsthan, Res.J].of Agric.Sci., 2(2), 354-356.

Khan F., and Yule I. 2009. “Intrinsic implication of different tillage practices on soil
penetration resistance and crop growth,” International Journal of Agriculture and
Biology, vol. 1, pp. 23-26

Khan Y, and Yule K. 2009. Yield potential and water use efficiency of aerobic rice (Oryza
sativa L.) in Japan. Field Crops Res. 113:328-334.

Khurshid K., M. Igbal, M. S. Arif, and A. Nawaz. 2006. “Effect of tillage and mulch on
soil physical properties and growth of maize,” International Journal of Agriculture
and Biology, vol. 8, pp. 593-596.

Koskinen, W.C., and S.S. Harper. 2010. The retention process: mechanisms p. 51-77 In
H.H. Cheng (ed.) Pesticides in the soil environment: Processes, impacts,
andmodeling. SSSA Book Ser. 2. SSSA. Madison, WI.

Kurshipl SS, Rehana-Rasool, Benbi DK. 2006. Soil organic carbon sequestration in
relation to organic and inorganic fertilization in rice-wheat and maize-wheat
systems. Soil till Res. 102:87-92.

Kyuma K. 2004. Paddy soil science. Kyoto, Japan: Kyoto University Press.

Lal, R. 2010. “Tillage effects on soil degradation, soil resilience, soil quality, and
sustainability,” Soil and Tillage Research, vol. 27, no. 1-4, pp. 1-8.

Mahajan G, Chauhan BS, Johnson DE. 2009. Weed management in aerobic rice in
northwestern Indo-Gangetic Plains. J Crop Improv. 23:366-382.

Martin, A. 2014. Land Resource Information System of Cagayan Valley: A Guide for
Sustainable Agricultural Production System. International journal of scientific &
technology research volume 3, issue 11, november 2014 issn 2277-8616 125
ijstr©2014 www.ijstr.org

Narteh LT, Sahrawat KL. 2002. Influence of flooding on electrochemical and chemical
properties of West African soils. Geoderma 87:179-207.

Nie L, Peng S, Bouman BAM, Huang J, Cui K, Visperas RM, Xiang J]. 2009.
Alleiviatingsoil sickness caused by aerobic monocropping: Responses of aerobic rice
to various nitrogen sources. Soil Sci Plant Nutr 55:150-159.

Paudel S and Sah JP, 2013. Physiochemical characteristics of soil in tropical sal
(ShorearobustaGaertn.) forests in eastern Nepal. Himalayan J. Sci. 1(2),107-110.
Pujar KG, HiremathSC,PujarAS,Pujeri US and Yadawe M S, 2012. Analysis of Physico-
Chemical and Heavy Metal Concentration in Soil of BijapurTaluka, Karnataka Sci.

Revs. Chem. Commun. 2(1), 76-79.

Pujaret K. G., Hiremath S. C., Pujar A. S., Pujeri u. S. and Yadawe M. S., 2012.
Analysis of Physico-Chemical and Heavy Metal Concentration in Soil of
BijapurTaluka, Karnataka Sci. Revs.Chem. Commun. 2(1): 76-79.

Ramaswamy, V., V. M. Cresence, J. S. Rejitha, M. U. Lekshmi, K. S. Dharsana, S. P.
Prasad, and H. M. Vijila. 2007. “Listeria: Review of Epidemiology and Pathogenesis.”
Journal of Microbiology, Immunology, and Infection 40: 4-13.


http://www.ijstr.org/

International Journal of Biomedicine & Life Sciences
Vol. 8, No. 1, 2023, pp. 1-15
https://ijbls.ielas.org/index.php/ijbls/index
ISSN (online) 2545-4129

Rashidi M. and F. Keshavarzpour. 2007. “Effect of different tillage methods on grain
yield and yield components of maize (Zea mays L.),” International Journal of Rural
Development, vol. 2, pp. 274-277.

Sahrawat KL. 2010. Nitrogen mineralization in lowland rice soils: The role of organic
matter quantity and quality. Arch Agron Soil Sci. 56:337-353.

Sahrawat KL. 2009. The role of tolerant genotypes and plant nutrients in reducing acid-
soil infertility in upland rice ecosystem: an appraisal. Arch Agron Soil Sci. 55:597-
607.

Singh DP and Rathore MS, 2013. Available nutrient status and their relationship with
soil properties of Aravalli mountain ranges and Malwa Plateau of Pratapgarh,
Rajsthan, India. African J. of Agric.Res. 8(41), 5096-5103.

Singh RV and Negi GCS. 2013. Physicochemical characteristics of soil in Nanda Devi
Biosphere Reserve (Valerianalatamansi Jones) in different forest. Biotech. Int.,
6(1),1-8.

Solanki, H.A. and Chavda, N. H. 2012. Physico-chemical analysis with reference to
seasonal changes in soils of Victoria park reserve forest, Bhavnagar (Gujarat). Life
sciences Leaflets. 8, 62-68.

Smith JL and JW Doran. 2006. Measurement and use of pH and electrical conductivity
for soil quality analysis. In Methods for assessing soil quality. Soil Science Society of
America Special Publication 49: 169-182.

Sumithra S, Ankalaiah C, Rao D and Yamuna RT, 2013. A case study on physico -
chemical characteristics of soil around industrial and agricultural area of yerraguntla,
kadapa district, A. P, india. Int. J. Geo. Earth and Environ. Sci. 3(2), 28-34.

Trasar-Cepeda, C., Leirdés, M. C., Gil-Sotres, F., 2008. Hydrolityc enzyme activities in
agricultural and forest soils. Some implications for their use as indicators of soil
quality. Soil Biology and Biochemistry, 40: 2146-2155.

United States Department of Agriculture, Natural Resource Conservation Service. 2008.
Indicators for soil quality evaluation [Online]. Soil Quality Institute: Soil Quality

Worksheets. Retrieved February 3, 2002 from
http://www.statlab.iastate.edu/survey/SQI/pdf/sqlhr 2.pdf.

Wagh GS and Sayyed MRG, 2013. Assessment of Macro and Micronutrients in Soils
from Panvel Area, Maharashtra, India. Uni.J.ofEnv.Res.and Tech., 3(1),72-78.

Williams PT 2011. Waste Treatment and Disposal. 2nd ed. John Wiley & Sons Ltd,
England, ISBN 0-470-84912-6,171-244.

Xiang J, Haden VR, Peng S, Bouman BAM, Visperas RM, Nie L, Huang J, Cui K. 2009.
Improvement in nitrogen availability, nitrogen uptake and growth of aerobic rice
following soil acidification. Soil Sci Plant Nutr 55:705-714.

10


http://www.statlab.iastate.edu/survey/SQI/pdf/sqJhr%20_2.pdf

