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Abstract 
 
The selection of management practices that increase organic matter of soil is important in dryland in order to increase soil 
water holding capacity from precipitation as well as other properties important in soil function.  This study investigated plant 
and weather characteristics and the potential of different soil properties to determine spatial variability in dryland.  Soil sam-
ples were taken before and after the first summer growing season of the establishment of a field study on 4 ha of total land in 
Lubbock, TX.  The study was established in 2003 as a complete randomized block design with three field replicates of a cot-
ton (Gossypium hirsutum L.) -sorghum (Sorghum bicolor L.) rotation without winter cover crop, a cotton-sorghum rotation 
with a winter cover crop, and a continuous high biomass crop rotation with haygrazer (Sorghum bicolor L.) and winter cover 
crop.  The winter cover crop was rye (Secale cereale).  The crop rotations were under conventional and no-tillage practices.  
The land revealed a decrease in elevation of 1 m from north to south that affected the spatial variability of clay content and 
soil nutrients such as phosphorus and potassium.  This slope caused nutrients and clay runoff to the south of the field, where 
they became more concentrated compared to the north.  Higher nutrient and clay contents in the south part of the field re-
sulted in higher vegetative indexes compared to the north part.  Organic matter reflected the previous cropping history of the 
plots ranging from 0.3 to 1.10 mg kg-1 soil.  Microbial biomass C reflected the organic matter content of this soil.  Microbial 
biomass C was unaffected by the first tillage practices on the plots whereas alkaline phosphatase activity was significantly 
decreased by conventional tillage.  Plant yields were higher on conventional tillage plots compared to no-tilled plots.  This 
was not in agreement with the higher alkaline phosphatase activity under no-tilled plots, either because the first year under 
conservation tillage may still have not increased soil water conservation, and/or because the high land variability found did 
not allow an assessment of tillage impacts on plant yields.  At this point of the study, the results provide indications that alka-
line phosphatase activity may promise to provide early trends of soil changes in organic matter needed for our future man-
agement decisions. 
 

Introduction 
 
Soil variability assessments have been used to evaluate environmental impacts and efficacy of agrochemicals in soil.  It is 
important to evaluate the variability of several soil properties in order to make management decisions that maintain or in-
crease the quality of soils and the environment.  Especially under dryland conditions, it is important to select management 
practices that increase organic matter of soil in order to increase its water holding capacity as well as other properties impor-
tant in soil function. 
 
Assessment of the variability of soil texture and organic matter content can be used to optimize fertilizer application to match 
predicted plant demand.  The microbiological properties are correlated to the soil organic matter content, but they may show 
earlier trends of soil changes due to management.  The nutrient availability and productivity of systems mainly depend on the 
size, activity and composition of the microbiological component of soil.  The microbial biomass C comprises only 1-3% of 
total soil C, but is the biologically most active fraction of soil organic matter (Smith and Paul, 1990; Franzluebbers et al., 
2001).  The microbial population size and composition control soil processes and function because they are the main source 
of enzymes in soils (Tabatabai, 1994).  Enzymes are present in soil within various biotic and abiotic components (Burns, 
1982).  Enzyme activities regulate the labile pools of organic matter and the transformation of elements in soils.   For exam-
ple, phosphatases are significantly affected by soil pH (i.e., alkaline and acid phosphatases) and controls phosphorus avail-
ability in soil (Tabatabai 1994).  The value of the measurement of soil microbiological and biochemical parameters of soil, 
including the enzyme activities, arises from its simple analyses and because it requires low labor costs compared to other bio-
logical analyses (Ndiaye et al., 2000). 
 
The objectives of this study were to describe soil variability using several properties that impact soil function including soil 
texture, organic matter content, phosphatase activity, and microbial biomass C of a semiarid soil under different cropping 



systems; and to correlate the soil variability with the crop biomass and yields.  Our goal was to identify the cropping systems 
with the potential to impact soil properties under dryland. 
 

Materials and Methods 
 
Experimental Design 
The High Biomass Crop (HBC) study was initiated in 2003 at the Liberty Farm of Lubbock, TX on 4 ha of total land area.  
The soil is a Olton series (Fine, mixed, thermic Aridic Paleustolls).  Previously, from 1997-2001, the land was under a nitro-
gen rate study with corn (Zea mays L.) on the East side and cotton (Gossypium hirsutum L.) on the West side.  In 2002, the 
complete land area was under dryland cotton, and it was followed with a winter cover rye (Secale cereale) crop.  The HBC 
study evaluates 3 crop rotations:  1) cotton-sorghum rotation without winter cover crop, 2) cotton-sorghum rotation with a 
winter cover crop, and 3) continuous high biomass crop rotation with haygrazer (Sorghum bicolor L.) and winter cover crop.  
The winter cover crop was rye.  Each crop rotation is under conventional and conservation tillage practices. Conventional 
tillage involved bed preparation and tillage during fall by listing down to 15 cm depth. Conservation tillage involved mini-
mum traffic as pesticides were used to control weeds. The experimental design is shown in Figure 1.  
 
Figure 1 shows fifty-four locations in the field that represent where neutron access tubes were located (this data is not shown 
at this time) where samples or measurements were generally taken.  These locations represent three sample points within 
each plot yielding n=9 for each crop and tillage treatment combination.  Biomass and soil samples were collected within 10 
m2 using the neutron access tubes as the center point of each sample location for mapping purposes.   
 
Soil Sampling 
Samples were taken from 0-15 cm depth in March 2002, before the initiation of the study, to determine residual impacts of 
the previous nitrogen rates study. A total of 112 soil samples were collected prior to the termination of the rye cover crop as 
shown on the maps (Fig 2, left side).  These samples were analyzed for nitrates (NO3-N), organic matter, potassium, phospho-
rus, and alkaline phosphatase activity. 
 
Samples were taken from 0-10 cm depth in November 2003, following the first growing season, at 54 locations shown in 
Figure 1.  These samples were again analyzed for same soil properties of the first samples, and in addition for soil microbial 
biomass C and N. 
 
Soil and Plant Analyses  
The soil samples were analyzed for nitrates, organic matter, potassium, and phosphorus content at a commercial laboratory.   
 
Crop biomass measurements (area= 1 m2 on cotton and sorghum; 1 m by ½ m on haygrazer) were made three times during 
summer growing season 2003 from the 54 locations across the study.  Measurements included green leaf area and dry matter 
weights. 
 
An Airborne Imaging Spectrometer (AISA) was used in monthly aerial flights to acquire images in 26 bands in the red/near 
infrared wavelengths. Figure 2A (right) shows an image of the field taken on June 23, 2003, where three bands (red, green, 
and near-infrared) are featured.  
 
Cropscan Inc. radiometer measurements were collected in coordination with the monthly aerial flights.  The radiometer 
measures reflectance from the crop in 16 wavelengths and can be used to calculate a normalized difference vegetative index 
(NDVI) used to assess crop biomass in a nondestructive manner. 
 
The soil microbial biomass C (Cmic ) was determined on a 15-g oven-dry equivalent field-moist soil sample (< 2 mm) by the 
chloroform-fumigation-extraction method as described by Vance et al. (1987), using 0.5 M K2SO4 as an extractant.  In brief, 
organic C from the fumigated (24 h) and non-fumigated (control) soil were quantified by a C analyzer (Schimadzu Model 
TOC-V/CPH-TN).  The non-fumigated control values were subtracted from the fumigated values.  The Cmic was calculated us-
ing a kEC factor of 0.45 (Wu et al. 1990).  Each sample had duplicate analyses and results are expressed on a moisture-free ba-
sis.  Moisture was determined after drying at 105°C for 48 h. 
 
Alkaline phosphatase activity was assayed using 1 g of air-dried soil (<2mm) without toluene with p-nitrophenol phosphate 
(substrate) at buffer pH 11 and incubated for 1 hour as described in Tabatabai (1994).  Each sample was assayed in duplicate 
with one control, to which substrate was added after incubation and subtracted from a sample value.  The results were ex-
pressed in mg of p-nitrophenol (PN) released kg-1 soil (moisture-free basis) h-1.   
 



Results and Discussion 
 
The land area used revealed a decrease in elevation of 1 m from north to south that affected the spatial variability of clay and 
nutrients such as phosphorus and potassium (Fig 1, 2DE).  This slope caused nutrients and clay runoff to the south of the 
field, where they became more concentrated compared to the north (Fig 1, 2).  Higher nutrient and clay contents in the south 
part of the field resulted in higher vegetative indexes compared to the north part (Fig 2A).  The higher vegetative index of the 
east side of the study must be reflecting the higher organic matter content on that area (Fig 2C).  This was supported by the 
image taken with the hyperspectral unit on June 23, 2003 (Fig 2A right), where the east side of the field showed more bio-
mass (green) and the west side showed more bare soil (red). 
 
Soil organic matter did not show the same spatial variability of the clay, phosphorus, and potassium contents as affected by 
the difference of elevation (Fig 2C).  The soil organic matter content was affected by the previous cropping systems history 
on the field.  Higher organic matter content was found on the east side, which was previously under corn, compared to the 
west side, which was under cotton.  This demonstrated that changes in organic matter could be induced by alternative sys-
tems than continuous cotton in semiarid soils.  Soil nitrate content reflected the organic matter content of the soil (Fig 2BC). 
 
From the fall soil sampling, the map of organic matter content remained similar compared to the first map (sampling) (Fig 2C 
right).  However, it appears to be a decrease in organic matter content in the west side of the study, which may be caused: (1) 
by the difference in sampling density in the two samplings (112 for the first map vs. 54 for second map), or (2) changes may 
have already occurred in organic matter of the west side as all the plants died in field rep 3 before the other field reps (sec-
tions) (Fig 2A, right). 
 
Alkaline phosphatase activity reflected mostly the trends of soil organic matter (Fig 2F).  However, the second map reflected 
some opposite trends compared to the first map.  Perhaps, this enzyme activity is reflecting changes in soil nutrients or mi-
crobial diversity (i.e., changes in microbial types) not reflected by the other soil properties. 
 
The spatial variability of soil microbial biomass, an indicator of the number of soil microorganisms, reflected the soil organic 
matter content (Fig 2G).  Microbial biomass C was unaffected by the first tillage practices on the plots whereas alkaline 
phosphatase activity was significantly decreased by conventional tillage (Fig 3AB).  Generally, the influence of soil tillage 
practices on organic matter has been detected in temperate soils only over extended periods, whereas changes in microbial 
biomass and microbial processes have been manifested over shorter time scales (Christensen, 1996).  Gupta et al., (1994) re-
ported changes in microbial biomass and microbial respiration without changes in organic matter in the first year following a 
range of stubble management and tillage practices onto a conventionally tilled soil.  Previous studies in long-term plots 
showed that alkaline phosphatase activity, organic C and microbial biomass N were increased by reduced and minimum till-
age in the 0-10 cm layer of the bulk soil (Kandeler et al., 1999).  Tillage operations are known to have effects on the loss of 
soil organic matter as a result of mixing the soil, disruption of aggregates, and increased aeration (Balesdent et al., 1990).  
Conversely, reduced tillage practices and increasing the amounts of surface residue inhibit loss of organic matter from the 
soil (Angers et al., 1993). 
 
Leaf area and crop biomass were unaffected by the tillage practices (Fig 4AB).  There was a high variability in these plant 
measurements as all the plants died in field rep 3 before the other field reps (sections).  Cotton yields were higher on conven-
tional tillage plots compared to no-tilled plots (Fig 4C).  This was not in agreement with the trend of alkaline phosphatase ac-
tivity in response to tillage practices.  The results of plant yields must be because: (1) the first year under conservation tillage 
may still do not increase soil water conservation, and (2) the high land variability did not allow an assessment of tillage im-
pacts on plant yields. 
 
The rainfall in 2003 was lower than in previous years.  The normal average precipitation is 465 mm whereas this year was 
about 254 mm (Fig 5).  The maximum temperatures of June were also lower than expected.  Thus, even though the study re-
ceived the most rainfall during June, the crops were adversely affected by the low temperatures, which did not allow them to 
take advantage of the available moisture. 
 
In our early assessment, the results provide indications that alkaline phosphatase activity was more sensitive to soil manage-
ment than microbial biomass C, and it may promise to provide early trends of soil organic matter changes.  This information 
is important for our future management decisions in dryland. 
 

References 
 
Angers, D.A., A. N’dayegamiye, and D. Cote.  Tillage-induced differences in organic matter of particle-size fractions and 
microbial biomass.  Soil Sci. Soc. Am. J. 57:512-516. 
 



Balesdent J., A. Mariotti, and D. Boisgontier. 1990.  Effect of tillage on soil organic carbon mineralization estimated from 13C 
abundance in maize fields. J. Soil Sci.  41:587-596. 
 
Burns, R.G. 1982.  Enzymes activities in soil: location and a possible role in microbial ecology. Soil Biol. Biochem. 14: 423-427. 
 
Christensen, B.T. 1996. Matching measurable soil organic matter fractions with conceptual pools in simulation models of 
carbon turnover: revision of model structure. In: Powlson, D.S., Smith, P., Smith, J.U. (eds). Evaluation of soil organic matter  
models using existing long-term datasets.  Nato ASI Series: Global Environmental Change 38. Springer, Berlin, pp. 143-160. 
 
Franzluebbers, A.J., R.L. Haney, C.W. Honeycutt, M.A. Arshad, H.H. Schomberg, and F.M. Hons. 2001. Climatic influences 
on active fractions of soil organic matter. Soil Biol. Biochem. 33:1103-1111. 
 
Gupta, V.V.S.R., M.M. Roper, J.A. Kirkegard, and J.F. Angus. 1994.  Changes in microbial biomass and organic matter lev-
els during the first year of modified tillage and stubble management practices on a red earth. Aust. J. Soil Res. 32:1339-1354. 
 
Kandeler, E., S. Palli, M. Stemmer, and M.H. Gerzabek.   1999. Tillage changes microbial biomass and enzyme activities in 
particle-size fractions of a Chernozem.  Soil Biol. Biochem. 31: 1253-1264. 
 
Ndiaye, E.L., J.M. Sandeno, D. McGrath, and R.P. Dick. 2000.  Integrative biological indicators for detecting change in soil 
quality. Am. J. Alter. Ag. 15: 26-36.  
 
Smith, J.L., and E.A. Paul. 1990. The significance of soil microbial biomass estimations. pp. 357-396.  In J.M. Bollag and G. 
Strotzky (Eds.) Soil Biochemistry. Vol. 6. Marcel Dekker, New York. 
 
Tabatabai, M.A. 1994. Soil enzymes. pp. 775-833. In R.W. Weaver, J.S. Angle, P.S. Bottomley (eds.) Methods of Soil 
Analysis. Part 2. Microbiological and biochemical properties. SSSA Book Series No. 5, Soil Sci. Soc. Am., Madison, WI. 
 
Vance, E.D., P.C. Brookes, and D.S. Jenkinson. 1987. An extraction method for measuring microbial biomass C.  Soil Biol. 
Biochem. 19:703-707. 
 
Wu, J., R.G. Joergensen, B. Pommerening, R. Chaussod, and P.C. Brookes. 1990. Measurement of soil microbialbiomass C 
by fumigation extraction- An autoclaved procedure. Soil Biol. Biochem. 22:1167-1169. 
 
 

 
 

Figure 1. Experimental layout of the HBC study. 
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Figure 2. Spatial variability of plant surface coverage (A), soil ni-
trate (B), organic matter (C), potassium (D), phosphorus (E), alka-
line phosphatase activity (F) and microbial biomass (G) of the field 
studied.  For the first set of maps (left), the measurement of plant 
surface coverage and soil samples were taken before initiation of 
the study in March under rye at 0-15 cm depth from 112 points 
(circles), and for the second set of maps (right) the soil samples 
were taken from 54 locations (circles).  Microbial biomass was 
measured only in the second sampling. 
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Figure 3. Alkaline phosphatase activity (A), 
and microbial biomass (B) as affected by 
the cropping systems studied (tillage and 
crop rotation).  The crop in bold was the 
crop of summer 2003. 
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Figure 1.  Leaf area and plant biomass for the 2003 growing season at  the High Biomass Crop Study.  For a rotation the 2003 crops are shown in bold.  
              S imil ar letters within tillage t reatments indicates not significant differences at the 0.05 l evel.  The error bars are the standard deviation.
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Figure 4.  Leaf area (A), plant biomass (B) and cotton yields (C) on the 
growing season of 2003.  
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Figure 5.  Rainfall, and the maximum and minimum tem-
peratures for 2003. 
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