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Abstract 
 

A project was initiated in the 2004 cotton (Gossypium hirsutum) growing season in an 
effort to accomplish two major objectives.  The first was to continue with phosphorus (P) 
fertilization evaluations that have taken place in the Upper Gila River Valley for the past 
four seasons by continuing to document the effects of P fertilization on crop yield and 
fiber quality.  The second objective was to investigate the feasibility of utilizing a Global 
Positioning Systems (GPS) and Geographic Information Systems (GIS) technology for 
making variable rate (VR) applications of P fertilizers based upon yield data from the 
previous cropping season.  Yield maps from a cotton picker mounted yield monitoring 
system were collected from the 2003 growing season and used to develop prescription 
applications of P fertilizers in the 2004 season.  The project was established with four 
treatments including a control (Treatment 1 - 0 P fertilizer applied); a VR application 
treatment (Treatment 2 - received 52 lbs P/acre on average); a high Uniform Rate (UR) 
application (Treatment 3 - 75 lbs P/acre); and a low UR application (Treatment 4 - 45 
lbs P/acre).  These treatments were arranged in a randomized complete block design with 
four replications.  The size of each experimental unit was 0.7 acres.  Lint yield results 
indicated a positive response to applied P fertilizers with treatments 2, 3, and 4 
producing significantly higher yields than the control.  Lint yield was not significantly 
affected by fertilizer application technique.  Yield differences among the treatments 
receiving P fertilizer were minimal, particularly among treatments 2 and 3.  However, it 
is important to note that the amount of P fertilizer used in treatment 2 was reduced by 
27% with the use of the VR application technique.  This produces an approximate 
$7/acre savings to the grower.  This project will be continued in the 2005 growing season 
and will be expanded to investigate VR application technology in nitrogen (N) 
fertilization also. 

  
Introduction 

 
Increasing costs of producing cotton in Arizona are driving producers to investigate alternatives techniques 
to reduce costs in an effort to remain competitive.  With the introduction of Global Positioning Systems 
(GPS) and Geographical Information Systems (GIS) technologies a whole new a set of tools are now 
available to help growers become more efficient with respect to many aspects of their crop production 
systems.  Variable rate (VR) technology using GPS and GIS is being employed by growers to perform site 
specific management of nutrient and other production inputs.  Variable rate application of fertilizers has the 
potential to improve fertilizer efficiencies, increase economic returns, and reduce environmental risk.  This 
type of technology has been available for over 10 years (Clark et al., 1996) but not until more recently has 
the computer technology been available to allow for more efficient and effective use of information 
collected through GPS technology such as with yield monitors or soil properties such as electrical 
conductivity (EC) through EM-38 technology. 
 
A considerable amount of success has been realized by researchers across the US in utilizing VR 
technology in the applications of fertilizers to major crop production systems.  Yang and colleagues (2001) 
used VR nitrogen (N) and phosphorus (P) fertilization to effectively increase yields when compared to a 
uniform rate (UR) application in sorghum by an average of 369 kg ha-1 over a two-year study.  In this same 
study the VR treatment produced positive relative economic returns over the UR treatment an average of 
$25 ha-1 over the two-year study.   
 



Arizona Cotton Report (P-142) May 2005 146

Other studies conducted by Wittry and Mallarino (2004) compared VR and UR fertilization with 
phosphorus in a corn-soybean rotation.  The fertilization did not influence crop response to P.  However, 
VR fertilization resulted in better P fertilizer management because it applied 12 to 41% less fertilizer.  A 
decline in the amount of variability in soil test phosphorus was also observed in the VR fertilization 
treatments. 
 
Nitrogen use efficiency was increased by more than 15% using VR N applications in winter wheat (Raun et 
al., 2002).  The techniques in this particular study involved using in-season estimates of grain yield and a 
response index developed from optically sensed normalized difference vegetation indices (NDVI) to 
modulate N at 1-m2 spatial resolution. 
 
The purpose of the present study was to utilize previous yield maps developed from DGPS yield monitors 
to develop prescription P fertilization maps for VR fertilization application.  The VR fertilization treatment 
was compared to a conventional UR treatment. 
 

Materials and Methods 
 
A research project was constructed in the 2004 cotton production season to evaluate the effects of VR 
fertilization technology as compared to UR fertilization.  A secondary purpose of this was to continue to 
evaluate effects of P fertilization regardless of application type.  This study was constructed with four 
treatments including a control, receiving no P fertilizer; a standard VR application; standard UR treatment; 
and a lower UR application.  Table 1 outlines general agronomic information for the field where the study 
was conducted.  Table 2 describes the general chemical composition of the study field from a soil sample 
collected prior to initiation of the treatments.  The study was designed as a randomized complete block 
design with four treatments and four replications.  Plots were 8, 40 in. rows wide and extended the full 
length of the irrigation run of approximately 1250 feet for a total size of approximately 2.75 acres per 
experimental unit.  Treatment application dates and rates are outlined in Table 3.  Yield maps generated 
during the 2003 cotton harvest season (Figure 1) were utilized to generate the prescription application maps 
for the 2004 (Figure 2) growing season.  Three target application rates were used for the prescription based 
upon 2003 yield levels.  Those target rates were 15, 20, and 25 gallons per acre (Figure 2).  Phosphorus 
fertilizer was the only nutrient applied with the variable rate technology.  All N fertilizers were applied 
with the standard uniform technology.  Total quantities of fertilizer applied were measured for each 
individual treatment at the time of application and summarized in Table 3.  All other pest management and 
cultural practices were carried out in a manner to optimize crop growth and yield. 
 
Lint yields were estimated at the end of the season by harvesting the entire eight row plot (2.75 acre 
experimental unit) and weighing the resultant seedcotton with a cotton weigh wagon equipped with load 
cells.  Estimates on quantity of seedcotton harvested were also made with the yield monitor.  Figure 3 
shows the strong agreement between yield monitor and weigh wagon estimates on seedcotton harvest 
conducted in a separate calibration exercise.  Sub samples of seedcotton were collected from two 
replications for each treatment to obtain fiber quality and percent lint estimates.  These samples were 
cleaned and ginned at the Maricopa Agricultural Center ginning facility and lint samples were sent to the 
USDA Phoenix Classing office for HVI analysis to obtain fiber quality estimates.  All data collected from 
this project was subjected to analysis of variance and means separation according to procedures outlined by 
the SAS Institute (2002). 
 
 

Results 
 
Many soils in the Upper Gila River Valley have been planted to cotton for many years.  The main source of 
fertilizer used in this type of a production system is a strictly nitrogen based fertilizer, urea-ammonium-
nitrate with 32% total N.  After many years of this type of fertilization soils have begun to become depleted 
in soil P levels.  As indicated by the soil chemical analysis for this field, extractable soil P was measured at 
2.1 ppm.  Research conducted in Arizona has indicated a soil sufficiency level of 5.0 ppm.  Several years of 
phosphorus fertilization work has generated positive yield responses in this valley over a period of four 
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cropping seasons (Norton et al., 2000).  The project conducted in 2004 again resulted in a statistically 
significant positive response to P fertilization (Table 4).  Total P applied ranged from 0 to approximately 75 
lbs P per acre.  Significant yield increases were observed between the control and treatments 2, 3, and 4 all 
receiving P fertilizer.  No significant differences were observed among treatments 2, 3, and 4.  Trends 
toward higher yield were observed with the higher rates of fertilizer P applied (Table 4 and Figure 4).  
Fiber quality analysis revealed no statistically significant differences due to treatment effects among the 
various parameters measured (Table 4). 
 
The second component of this project investigated the feasibility of using variable rate P fertilization 
compared to a standard UR application.  Lint yields among treatments were not statistically affected by 
application technique (Table 4 and Figure 4).  However it is interesting to note the differences in fertilizer 
use particularly between the VR application and the high UR application.  Fertilizer applied was reduced by 
27% when comparing the VR application to the high UR application (Table 3).  At a cost of $210 per ton 
for 10-27-0-4S a savings of over $7 per acre was realized.  On a 2,000 acre farm, the savings in fertilizer 
use would pay for the equipment required to collect the yield data and apply the fertilizer using the VR 
technology. 
 
This is the first year of a multiple year project that will evaluate the economic and agronomic feasibility of 
utilizing GPS and GIS technology to make VR application of fertilizers.  The program will be expanded 
next year to evaluate both fertilizer P and N. 
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Table 1.  General agronomic information for the variable rate P fertility study conducted in Safford, AZ, 
2004. 
Field Identification West Electrics 
Planting Date (HU) 27 April 2004 (638) 
Cultivar Deltapine DP655BR/DP5690R 
Termination Date  
Defoliation Date  
Harvest Date 9 November 2004 
Heat Unit Accumulations (season)  
 
 
 
 
 
 
 
 
 
 
Table 2.  Chemical characteristics of the soil for the variable rate P fertility project conducted in Safford, 
AZ, 2004.  Soil sample was collected prior to initiation of treatments in the 2004 season. 
Soil Parameter Technique/Extraction Method Test Value 
pH Saturated Paste 8.19 
Electrical Conductivity (EC dS m-1) Saturated Paste 2.61 
Nitrate Nitrogen (NO3

--N ppm) Ammonium Acetate 3.6 
Phosphate Phosphorus (PO4

--P ppm) Sodium Bicarbonate 2.1 
Potassium (ppm exchangeable) Ammonium Acetate 410 
Calcium (ppm exchangeable) Ammonium Acetate 3538 
Magnesium (ppm exchangeable) Ammonium Acetate 423 
Sodium (ppm exchangeable) Ammonium Acetate 1010.3 
Sulfate-Sulfur (SO4

--S ppm) Saturated Paste 69.21 
Zinc (ppm) DTPA 0.51 
Manganese (ppm) DTPA 2.5 
Iron (ppm) DTPA 4 
Copper (ppm) DTPA 9.13 
Boron Saturated Paste 0.59 
Sodium Absorption Ratio Calculated 14.54 
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Table 3.  Application dates and rates of all fertilizers applied to each of the four treatments in the variable 
rate P fertility project conducted in Safford, AZ, 2004. 
Application Date Treatment 
 1 2 (Variable) 3 (Uniform High) 4 (Uniform Low) 
 Gallons/acre 
22 June† -- 18.2 (average) 25 15 
22 June‡ 10 0 0 5 
8 July 25 25 25 25 
 Total (lbs/acre) 
Total Applied§ (P) 0 54 (average) 72 45 
Total Applied§ (N) 100 92 100 102 
†Applied as 10-27-0-4S 
‡Applied as 26-0-0-6S to ensure equal amounts of N fertilizer applied to each treatment 
§Total amount of nutrient applied in pounds of N or P per acre 
 
 
 
 
 
 
Table 4.  Lint yield estimates and fiber quality data for each of the four treatments in the variable rate 
phosphorus fertility project conducted in Safford, AZ, 2004. 
Treatment Yield  Fiber Staple Fiber Uniformity Leaf 
 lbs. 

lint/acre 
Micronaire Length Length Strength Index Grade 

   (100ths) (32nds) (g/tex)   
1 1638 b* 38.5 a 113.5 a 36.5 a 31.4 a 82 a 3.5 a 
2 1703 a 41.5 a 112 a 36 a 31.2 a 82 a 3 a 
3 1701 a 38 a 112 a 36 a 31.1 a 80 a 3 a 
4 1688 a 40 a 115.5 a 37 a 31.85 a 82 a 3 a 
§LSD 42.2 NS NS NS NS NS NS 
†CV 1.6 4.26 0.81 0.97 1.49 1.42 11.31 
‡OSL 0.0229 0.33 0.08 0.16 0.5 0.37 0.5 
*Means followed by the same letter are not statistically different according to a Fisher's LSD means separation test. 
§Least Significant Difference 
†Coefficient of Variation 
‡Observed Significance Level 
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Figure 1.  Yield map collected during the 2003 cropping season with an AgLeader PF3000TM yield monitor.  
The black marks are user applied and represent areas in a field where infestation of root rot, 
phymatotrichum omnivorum, had affected plant growth and ultimately yield. 
 

 
Figure 2.  Prescription application map developed from the yield map in Figure 1.  This map was used as 
the basis for the VR P fertilizer application in the variable rate phosphorus fertility project conducted in 
Safford, AZ, 2004. 
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Figure 3.  Seedcotton weight estimated by the yield monitor as a function of the weight measured by the 
weigh wagon.  A high degree of correlation exists between the two methods.  This data was generated by a 
separate calibration exercise to ensure the accuracy of the yield monitoring system. 
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Figure 4.  Yield estimations for each treatment in the VR phosphorus fertility project conducted at Safford, 
AZ, 2004.  Means followed by the same letter are not significantly different accordings to a Fisher’s least 
square difference means separation test.  OSL = Observed significance level; CV = Coefficient of 
Variation; LSD = Least Significant Difference. 
 


