
 

   
 

Fertilizer Research and Education Program  
Final Report  

A. Project Information 
Project Title: Pima Cotton Nitrogen Management, Uptake, Removal - Impacts of 
Varieties, Subsurface Drip & Furrow Irrigation, Grant Number #18-0597 

Project Duration: Start Date: 1/01/2019 End Date: 06/30/2023 (approved 
extension related to COVID & ending time for sample analyses) 

Report Type: Final  

Reporting Period: Start Date:  1/01/2019 End Date: 6/30/2023 

 

Project Leader:  

Robert Hutmacher, Extension Specialist, Emeritus; UCD Plant Sci. Dept., UC West Side 
REC; P.O. Box 158, Five Points, CA 93624  

cell: (559) 260-8957; rbhutmacher@ucdavis.edu  

Project Cooperator:  

Daniel S. Munk, UCCE Farm Advisor, Emeritus, UCCE Fresno County 
550 E. Shaw Ave., #210-B, Fresno CA 93727 
(559) 241-7515; dsmunk@ucanr.edu  
Project Cooperator:  

Lynn Sosnoskie and Jose Carvalho, De Souza Dias, UCCE Farm Advisors (former); 
UCCE Merced / Madera Counties; 2145 Wardrobe Ave., Merced CA, (209) 385-7403 

Project Cooperator:  

Brian Marsh, UCCE Farm Advisor, Co. Director, Emeritus, UCCE Kern County 
1031 S. Mt. Vernon Ave., Bakersfield, CA; bhmarsh@ucanr.edu  
(661) 868-6200; bhmarsh@ucanr.edu 
  

mailto:bhmarsh@ucanr.edu


B. Abstract  

A three-year study was conducted to evaluate cotton yield responses to nitrogen 
fertilization under subsurface drip and furrow irrigation at one site (Univ. CA West Side 
REC), and crop nitrogen (N) uptake and removal in the N fertilizer response study and 
in Pima variety trial sites at 4 grower field sites in different counties of the San Joaquin 
Valley. The N removal with harvest is largely from harvest of the seed, with a smaller 
amount removed with the gin trash produced during the ginning process to separate 
seed from lint. The evaluations at the University of CA ANR West Side Research Center 
(WSREC) include two Pima varieties compared with two Upland varieties at early boll 
maturation and harvest time N removal in a field study under subsurface drip and furrow 
irrigation at four N application levels (50, 75, 100, and 125% of estimated N fertilizer 
needs, adjusted for planting time soil residual nitrate-N in the upper 2 feet of soil profile). 
A zero applied fertilizer treatment was included in the study as a baseline treatment in 
terms of uptake and yield response. To provide data on N removal across a range of 
yield potentials and soil conditions, we also collected yield data and N removal data in 
three or more Pima cotton varieties (variable by year) as part of the Pima variety trials 
conducted in grower fields at three to four locations (Merced County, Kern County, 
Fresno and/or Kings County). At these grower sites, there were no N fertilizer 
application variables, but rather the evaluations were done under typical grower fertilizer 
practices at these sites.  Lint yields during the three years at the West Side REC site 
ranged from low to moderately high, versus moderate to moderately high in on-farm trial 
locations. At the Univ. CA West Side REC field trial site, beginning soil residual nitrate-N 
levels in the upper two feet of soil at planting were relatively low, resulting in significantly 
lower yields in the 0 and 50% estimated N requirement treatments.   
 
Nitrogen removed with the harvested Pima cotton crop has been quantified in this study 
across multiple years, ranging from about 44 to 52 lbs N per ton of seedcotton yield, 
averaging about 49 lbs N removed with the seed per ton of seedcotton. When lint plus 
seed are harvested from the field and processed at a cotton gin, extraneous leaf, stem 
and boll fragments (called gin trash) remain after seed and lint are separated out.  
Nitrogen removed as gin trash ranged from approximately 4 lbs of N per ton of seedcotton 
(lint plus seed) to almost 15 lbs N per ton, with an average of 7 lbs N per ton of seedcotton 
in gin trash. These evaluations included grower fields sites and different soil types and a 
wide range of yield levels, so this information should assist growers and consultants to 
better estimate minimum crop nitrogen needs for a range of yield potentials. While 
recognizing the important impacts of pest pressure on seedcotton yield potential in any 
year, the fertilizer N rate study portion of the project determined that both Pima and 
Upland cultivars had similar yield responses to applied fertilizer N rates. 

C. Introduction - Project background  

San Joaquin Valley cotton growers aim for high yields in order to be able to cover 
production costs and pay for increasing costs of inputs such as irrigation water, fertilizer 
and crop protection chemicals. This high yield goal can serve as a significant incentive 
to apply high rates of fertilizer N to increase their chances of achieving desired yields 



and profit potential. However, applications of nitrogen (N) to cropland in the form of 
fertilizers or manure have received increased attention due to groundwater nitrate 
studies by United States Geologic Survey and UC Davis researchers (Harter et al 
(2012). Regulatory decisions made since that time by State Water Board and other 
agencies raise the likelihood of a range of efforts to require more tightly managed use of 
fertilizer and manure-based N sources. These N management programs in various 
stages of development and implementation across the state also serve to point out 
some knowledge gaps we have regarding crop N responses, and uptake and removal 
under a range of production conditions.  Pima cotton is one relatively large acreage crop 
for which there is quite limited data on N responses, uptake and removal with harvest.   
 
As part of University of CA Cooperative Extension field research efforts in irrigation 
projects, we have been collecting some limited information as a side project on above-
ground plant nutrient uptake measurements in both Upland and Pima types of cotton.  
All of this work has been done over a number of years at the University of CA West Side 
Research and Extension Center (WSREC). The nitrogen component of these studies 
was only a minor subset of the work on the overall projects, so much of this work was 
done with limited replications and only at one site and has not been published to date.  
There is some limited work on Pima cotton N uptake. Values shown in some prior 
reports described on the CDFA FREP website shows some limited studies (7 
observations total) for Pima types of cotton (Fritschi, et al, 2004), with an average value 
of N removal of 33.1 lbs N/ton of lint plus seed, suggesting that removal in Pima is much 
lower than the average value of 43.7 lbs N/ton of lint plus seed that was referenced for 
Acala and non-Acala Upland types of cotton. The limited uptake data from small plot 
irrigation studies on Pima cotton (unpublished to date) conducted at the UC West Side 
REC in recent years were determined using small area harvests in field research plots, 
with plants partitioned in different components, weighed, and then subsampled to 
determine N content. In those studies, the average values for N removal with harvest for 
Pima types of cotton were actually quite similar to those in some more limited studies 
we have done using Upland varieties and have not shown lower values for Pima cotton.  
 
D.  Objectives 
1:   For Pima cotton in the San Joaquin Valley at the Univ. CA West Side REC, evaluate 
for high-yield potential cultivars the impacts of N application amount, variety and 
irrigation method (subsurface drip versus furrow) on total plant N uptake and harvest 
removal, including a comparison with a widely planted Upland variety. 
 
2:   Utilize 3 grower farm sites with moderate to high yield potential, using multiple Pima 
varieties and representing different soil types to determine total above-ground plant N 
uptake at early open-boll timing, and N removal with harvest (measured as N content of 
seed, lint, gin trash, measured separately) to better understand Pima N requirements.   
 
3:   As information is developed in the study, present information to appropriate grower 
groups, consultants and industry to give opportunities for feedback and to refine 
concepts of workable changes in N management approaches. 



E.  Methods 
Experimental Sites:   

Two types of field studies were conducted in this three-year study, including:  

1. University of CA West Side REC - small plot studies on N uptake as a function of 
N application amount and variety under subsurface and drip irrigation, including 
two Pima varieties versus two Upland cotton varieties for comparison.  For each 
year of the rate study at the WSREC, a different study site was selected and 
established at the West Side REC in a field that had been in small grains the 
prior year to provide a reduced / lower initial soil nitrate profile. Since the sites 
changed each year to avoid carryover nitrogen effects, new subsurface drip tape 
was installed for SDI studies each year. 

2. Grower field site studies in three San Joaquin Valley counties (Merced, Kern and 
Fresno or Kings) focused on determining total plant N uptake and N removal with 
seed and gin trash in multiple Pima cotton varieties with some potential for 
differences in gin turnout percentage.   

Most grower sites were in soils described as clay loams or loams in terms of texture, 
since few sandy loam grower sites are still in cotton production. All grower site locations 
were furrow or level-basin irrigation. All grower sites each year (Kern County, Kings 
County, Fresno County, Merced County sites) were planted in March or April each year. 
Early season soil samples were collected from the upper four feet of soil profile 
(collected at times varying from one week prior to planting to 2-3 weeks post planting 
but prior to any irrigations) and analyzed for NO3-N. The Pima cotton varieties grown at 
these on-farm sites were relatively similar in growth habit, plant vigor and size, but have 
some differences in seed size (about 15% range in seed size), and some modest 
varietal differences in timing for harvest maturity were evident (about 7 days maximum). 
At the larger Grower Sites, we used existing, planned sites for our UC Cooperative 
Extension Pima variety trials for these trials, and typically those trials have 6 or more 
different commercial variety entries. We identified different Pima varieties to use for the 
N uptake and removal studies, and those same 3 to 4 varieties were used for 
evaluations at all grower test sites. Some of the varieties included changed during the 
course of the three-year study due to changes in commercial seed availability. At 
grower and REC sites, yields were determined using spindle-type pickers, and 
subsamples were collected from the picker during the harvest operations for later 
ginning to separate seed from trash and lint as part of the protocol.   

At the West Side REC site, N removal and uptake, growth and yield responses of 2 
Pima and 2 Upland varieties were sampled for evaluations at five N application levels, 
representing 0, 50, 75, 100 and 125% of estimated N requirements, adjusted for soil 
residual nitrate N in the upper 2 feet of the soil profile at planting timing. For the 
purposes of these studies, based on prior field experiments at the West Side REC, we 
established 185 lbs N/ac as the target fertilizer application at the 100% level treatment 



to supply what we considered adequate N for a 2000 lbs lint/acre yield. The actual N 
fertilizer applications shown in Table 2 were calculated based on the % value for each 
purposes of these studies, based on prior field experiments at the West Side REC, we 
established 185 lbs N/ac as the target fertilizer application at the 100% level treatment 
to supply what we considered adequate N for a 2000 lbs lint/acre yield. The actual N 
fertilizer applications shown in Table 2 were calculated based on the % value for each 
treatment multiplied by 185 lbs N/acre minus the average early-season soil residual 
nitrate in the upper 2 feet of soil (Table 1). Estimated fertilizer needs were adjusted for 
early season residual soil nitrate, with the target amount based on a realistic yield goal 
for the site. The timing of N applications for the subsurface drip treatments started at the 
7-8 leaf growth stage, with proportional application rates stepped up as plants grow 
(based on prior West Side REC studies with drip), with the goal of completing N 
applications (applied as water-injected liquid urea) by approximately peak bloom growth 
stage (late July or early August). Furrow irrigated plots received N applications in two 
injections of knifed-in liquid UAN (2019 and 2020) about 8-10 inches away from the 
seed row and about 4 to 6 inches deep, with the injections split between one made 
about 3 weeks post-planting and another at lay-by. Similar timing was used in 2021, but 
fertilizer applications were as a granular urea application in the bottom of furrows.  

Early Season Soil Sampling. At initiation of the projects at West Side REC, we used a 
Giddings soil sampler to collect samples to a depth of eight feet below grade to identify 
initial residual soil nitrate. Residual NO3-N values determined for the upper two feet of 
the profile were used to adjust fertilizer application rates in the N rate study (values 
shown in Table 1). End-of-season (harvest timing) evaluations of soil nitrate levels to 
eight feet depth were only done at the West Side REC site in all nitrogen treatments, but 
only for one Pima variety in the test under both irrigation regimes (furrow and 
subsurface drip). At the grower farm sites, we hand augered to a depth of 4 feet for 
initial residual soil nitrate (values shown Table 9 in Appendix). Soil samples were 
collected at or prior to planting in the upper two feet of the soil profile in three locations 
on the tail end of each field used in this part of the study, and three locations on the 
head end of the field (each about to one-fourth of the field length in from the field edge). 
The three locations per side of the field were composited, and the samples mixed, dried 
and analyzed for soil nitrate N. Soil nitrate levels were considered to be moderately-low 
to moderate in most grower sites, considering that prior crops at these sites included 
small grains, cotton, garbanzos and processing tomatoes across different sites.   

Plant Tissue Sampling. Plant sampling for peak above-ground N uptake was done 
approximately at 30% open boll stage. Biomass sample estimates were made at the 
same time in all plots as an area harvest (about 5 feet of row length), with 5 plants 
selected from these areas for separation into stems, leaf/petiole and burs/seed 
components and then analyzed to determine tissue N concentrations for uptake 
estimates. Seeds are the primary location for most N in cotton bolls, and this has been 
found in CA and AZ location studies in both Upland and Pima. All plots at grower sites 
and West Side REC site were harvested using a spindle type commercial picker, so we 



used large samples (approximately 3 to 6 lbs each) collected at intervals from the same 
field plots where seedcotton weights were measured to Plants were grown on 40-inch 
row spacing at the University of CA West Side REC in a Panoche clay loam soil to run 
the cotton nitrogen response study using two Pima cultivars (Phy-881RF, DP348RF) 
and two Upland cultivars (Phy764 WRF, DP 1845 B2RF). Irrigations with both furrow 
and subsurface drip systems were scheduled to avoid significant water stress during the 
primary fruit development and boll filling periods each year. A locally derived crop 
coefficient and CIMIS weather station data were used to estimate crop ETc to schedule 
irrigations. Irrigations were in amounts and frequency to avoid damaging water deficits, 
and considering soil water storage capacity, applied irrigations should not have 
generated significant deep percolation past the 5-to-6-foot depth in the soil profile. 
Periodic crop water stress monitoring using an infrared thermometer and the CWSI 
(crop water stress index) type of analyses verified CWSI levels of a maximum of <0.25 
prior to furrow irrigations.  

Matching experiments were set up to apply N fertilizer amounts to achieve the same 
total N application amounts under subsurface drip (SDI) and furrow irrigation (F). In SDI 
plots, drip tape with 0.27 gph emitters spaced 12 inches apart were installed at a depth 
of 8-10 inches below the bed centers, with the system operated 2 times/week during 
lower evapotranspiration (ET) time of the year, and 3 times/week during higher ET 
periods. N fertilizer applications in the SDI plots were initiated at the 7-9 node stage in 
the cotton plants (about the first week of June), and weekly applications of nitrogen 
(urea) were injected to match estimated plant uptake during rapid growth phases, with 
the final applications to be made during the 2nd or 3rd week of August.   Nitrogen 
fertilizer applications in the furrow irrigated plots were split in timing and amount, with 
the first half applied just prior to planting, and the second half applied just prior to the 
irrigation applied about 5-6 weeks later.  

  



F. and G. – Data / Results and Discussion 
Pre-plant residual soil nitrate levels in the upper two feet of soil are shown in Table 1, 
and fertilizer nitrogen treatment and application amounts are shown in Table 2.   

Table 1. Pre-plant residual soil NO3-N – West Side REC study, 2019, 2020 and 2021 as 
a function of irrigation treatment and field replication. 

 
Table 2.  Applied nitrogen amounts in furrow and subsurface drip (SDI) irrigated 
nitrogen rate trials at the Univ. CA West Side REC in 2019, 2020 and 2021. 

 
Seedcotton and lint yield responses for Pima and Upland varieties in nitrogen rate 
studies at WSREC are summarized in Tables 3 through 8. Response curves showing 
lint yield plotted against applied N fertilizer plus residual NO3-N in the upper two feet of 
the soil profile are shown in Figure 2 in the Appendix. Lint yield levels were quite 
different across years, with significantly higher yields in 2019 than in 2020 (moderate 
yields) or 2021 (lower yields). Reduced yield potential in 2020 and 2021 at the WSREC 
site was due to heavy lygus bug pressure and greater boll and square losses 
associated with pest pressure.  



 

In all three years and under both drip and furrow irrigation, seedcotton and lint yields for 
Pima and Upland cotton cultivars in general peaked at the N-75 or N-100 treatment 
levels (Tables 3 through 8, Figure 2 in Appendix). With Pima cultivars, additional applied 
N at the N-100 level did not significantly affect yields in either cultivar under furrow 
irrigation in the 2020 or 2021 studies, with somewhat lower yield levels than 2019, but 
did increase yield of one cultivar in 2020 and one Upland cultivar in 2019. Higher N 
applications in N-125 treatment either reduced yields (furrow irrigation treatments) or did 
not have a significant impact on yield under SDI (although a non-significant trend toward 
lower yields at N-125 level also existed).  Plant height and total leaf area (data not 
shown) were found in N-125 treatments compared with lower N application treatments, 
suggesting that additional vegetative growth in N-125 treatments was not beneficial to 
yields of reproductive tissue (bolls/seed/lint). In all cases, the two varieties of Pima 
responded similarly to rates of applied N. In the Uplands, the higher-yielding 
DP1845B3XF variety in some cases did not exhibit lower yields at the N-125 application 
level. 

Table 3. Seed cotton yield and lint yield for Pima cotton varieties in Univ. CA West Side 
REC site N response study (clay loam soil) in 2019. Yield values followed by different 
letters were significantly different at the P<0.05 level using LSD analyses. 

 
 



Table 4. Seed cotton yield, gin turnout, and lint yield for Upland cotton varieties in Univ. 
CA West Side REC site N response study (clay loam soil) in 2019.  Yield values 
followed by different letters were significantly different at the P<0.05 level using LSD 
analyses. 

 
  



Table 5. Seed cotton yield, gin turnout, and lint yield for Pima cotton varieties in Univ. 
CA West Side REC site N response study (clay loam soil) in 2020.  Yield values 
followed by different letters were significantly different at the P<0.05 level using LSD 
analyses. 

 
Table 6. Seed cotton yield, gin turnout, and lint yield for Upland cotton varieties in Univ. 
CA West Side REC site N response study (clay loam soil) in 2020.  Yield values 
followed by different letters were significantly different at the P<0.05 level using LSD 
analyses. 



 
Table 7.  (a) Pooled varieties yield analysis (seed cotton yield, gin turnout, lint percent, 
and lint yield) for Pima cotton varieties included in the study at the Univ. CA West Side 
REC (clay loam soil) in 2021.  Yield values followed by a different letter were 
significantly different at the P<0.05 level using LSD 0.05 analyses. 



 
Table 8. (a) Pooled varieties yield analysis (seed cotton yield, gin turnout, lint percent, 
and lint yield) for Upland cotton varieties in the study at the Univ. CA West Side REC 
(clay loam soil) in 2021.  Yield values followed by a different letter were significantly 
different at the P<0.05 level using LSD 0.05 analyses. 



 
Fiber Quality Impacts. Fiber quality key parameters (micronaire, length, strength, 
uniformity) were only evaluated in one Pima variety and one Upland variety in the N rate 
response study in the N-0, N-50 and N-100 nitrogen treatment levels, but as shown in 
the 2021 mean values for these parameters (Table 10 in Appendix), there were no 
trends toward impacts of nitrogen treatments on these important fiber quality 
parameters.  Data from all three years of the WSREC N rate study (data not shown) 



indicated that while yields can be strongly impacted by nitrogen treatments, plants in 
general were still able to produce high quality fiber at yield-limiting available N levels.   

Petiole Nitrate. Petiole nitrate-N values are shown in Figure 1 in the Appendix for select 
N application treatments in 2020 at some key growth stages during the season for SDI-
irrigated Pima (values shown are for Phy-881RF cultivar). The borderline deficient and 
higher limit values shown in Figure 1 were determined from prior nitrogen studies we 
have conducted at the same site (West Side REC). We also know from prior studies 
that petiole NO3-N values in Pima cultivars are typically about 60-70% of values 
observed in Upland cotton varieties grown with similar soil residual N and fertilizer N 
(see Petiole NO3-N guidelines developed using data from this and prior studies, Table 
14). The values shown for the N-0 and N-50 treatments (which had significantly lower 
yields than the N-75 and N-100 treatment) were lower during most of the growing 
season during which we collected petiole NO3-N samples (mid-squaring to early open 
boll). The N-75 treatment was getting close to borderline deficient towards the end of 
the growing season at early open boll (Early OB) stage. 

Petiole nitrate-N values for furrow irrigated plots were generally about 20 to 25% higher 
than in SDI plots in the period prior to peak bloom, and more variable but still 10 to 15% 
higher from peak bloom to early open boll (data not shown, but guidelines shown in 
Table 14). Based on past observations which have in general been consistent with 
furrow-irrigated cotton having higher petiole NO3-N than plants grown under SDI at 
similar growth stages, our assumption is that these differences are related to the larger 
pre-plant, front-end “loading” of nitrogen fertilizer typically used when furrow irrigating. In 
this study and in many grower fields, a much larger proportion of total N fertilizer for the 
season is applied pre-plant in furrow-irrigated fields, with a second (and sometimes 
third) application made as a split fertilizer application prior to layby in most cases. With 
SDI, most growers tend to apply smaller amounts injected into the irrigation water, 
ramping up the amounts applied as plant growth rates speed up mid-season.  

Seed and Gin Trash N Removal at Grower Sites. At the grower sites, harvest samples 
were collected for grinding followed by N analyses at the UC Davis Analytical lab. Data 
shown in Tables 11 through 13 show values for: (a) seedcotton yields; (b) seed nitrogen 
concentrations at harvest; (c) N removal amounts in the form of seed lbs N per ton of 
seedcotton harvested; and (d) gin trash nitrogen concentrations. At the grower sites, 
nitrogen removed with the harvested seed from the Pima seedcotton crop has been 
quantified in this study across multiple years in different soil types and a range of yield 
levels. Across different sites and cultivars, average seed N % at harvest ranged from 
3.77 to 4.23%, average 4.02% (2019), 3.7 to 4.42%, average 4.12% (2020), and 3.78 to 
4.49%, average 4.07% (2021).  Across different sites and cultivars, nitrogen removal (in 
the seed) with harvest ranged from 43.6 to 50.4 lbs N/Ton of seedcotton, average 47.7 
(2019), 42.76 to 52.4 lbs N/Ton of seedcotton, average 48.9 (2020), and 46.9 to 53.4 
lbs N/Ton of seedcotton, average 48.87 (2021).  These values vary to some degree with 



cultivar and site yield ranges, with somewhat lower N removal values shown for low 
yielding sites where water, N or other limitations also impacted seed N concentrations.  

When lint plus seed are harvested and then processed at a cotton gin, extraneous leaf, 
stem and boll fragments (called gin trash) remain after separating seed and lint.  Gin 
trash nitrogen concentrations ranged from 1.54% to 2.33% N, average 1.93% (2019), 
1.49% to 2.36% N, average 1.94% (2020), and 1.61% to 2.37% N, average 2.01% 
(2021). When N concentrations were multiplied by quantities of gin trash from ginning 
operations, nitrogen removed as gin trash ranged from approximately 4 lbs N per ton of 
seedcotton (lint plus seed) to almost 15 lbs N per ton, with an average of 7 lbs N per ton 
of seedcotton in gin trash. This average N content would equal about 14 lbs of N/acre 
for a 4-bale lint/acre cotton crop (good yield with modern cotton cultivars).  It is to be 
expected that the range of quantities of gin trash will be highly variable by location, 
physical operation of the harvester, crop condition at harvest, and efficacy of defoliation 
efforts.  

Seed and Gin Trash N Removal at West Side REC field site. At the WSREC N rate 
response study site, harvest samples were collected for grinding followed by N analyses 
at the UC Davis Analytical lab. Data shown in Figures 3 and Figure 4 show the average 
seed nitrogen concentrations as a function of: (a) type of cotton (Upland versus Pima); 
(b) irrigation method (furrow versus SDI); (c) and nitrogen application amounts for all 
three years of the study. In reviewing the seed N concentration data, it was consistent 
that the most nitrogen-deficient treatments, N-0 and N-50 (which also had lower yields 
as shown in figures 2-3) had significantly lower seed nitrogen concentrations (in the 3.4 
to 3/7% range) than the higher N application treatments, which were mostly in the 4 to 
4.5% range. There were no significant, consistent differences in N concentrations 
between Upland versus Pima varieties.   

Since in multiple years in both Upland and Pima varieties the yields were not 
significantly different at the N-75, N-100 and N-125 levels, the tendency for higher seed 
N% values in the highest two applied N treatments (N-100 and N-125) could indicate 
excess nitrogen uptake in the form of increased seed N percent. The same patterns 
described for seed N concentrations also apply to calculated N removal in seed (in lbs 
N/Ton of seedcotton), since those removal estimates are based on seed N 
concentration values times seed yields (see Figures 5 and 6 for 2019, 2020 and 2021).  

Above-Ground Plant N Uptake. Above-ground whole plant samples were collected in 
plots of N-50, N-75 and N-100 treatments in all cultivars, plus N-0 and N-125 treatments 
in Phy-881 RF Pima at peak biomass timing (which was estimated to occur within a 
period of about 3-4 weeks prior to harvest). The total amount of N contained in above-
ground plant parts (stem and branches, leaf, burs and seed ranged from about 105 lbs 
N/acre in the lowest yielding plots (less than 850 lbs lint/acre) in the no N application 
treatments (N-0) to a high of over 300 lbs N/acre in the N-125 treatment of Phy-881RF. 
Above-ground biomass weights (dry) measured 3-4 weeks prior to harvest ranged from 
a low of less than 6000 lbs/acre to many plots in the 8,000 to 11,000 lbs/acre range. 



Since the ratio of seed+lint as a fraction of total biomass is highly variable with boll 
retention, it is not a surprise that the seed+lint portion ranges from as low as 35 percent 
to over 55 percent of the total above ground biomass. In this rate study, we had lint 
yields ranging from as low as 750 lbs lint/acre to over 2500 lbs lint/acre, with highly 
variable boll retention as well as plant size differences (reductions) with the most N-
deficient treatments (N-0, N-50). This is the explanation for the large variation in plant N 
uptake totals prior to harvest. Perhaps a more useful range of total above-ground N 
uptake to focus on is for the peak-yielding N-75 and N-100 treatments, where above-
ground plant N uptake ranges from about 175 to 220 lbs N/acre when yields were in the 
1500 to 1700 lbs/acre range in relatively moderate-sized plants with better fruit set 
versus approximately 190 to 275 lbs/acre in larger plants with moderate to good fruit set 
and higher yields. 

Planting Time versus Post-Harvest Soil NO3-N Changes – WSREC Rate Study.  

Soil samples were collected from the upper 8 feet of the soil profile in three replications 
of the nitrogen rate plots of the Pima cultivar Phy-881RF in the WSREC location N rate 
response study all three years. Table 15 shows the change in soil NO3-N between the 
planting time sampling in the 0- to 4-foot-deep zone and 4- to 8-foot-deep zone and the 
post-harvest sampling. In this presentation of the data in Table 15, “-“numbers indicate 
a reduction in the amount of NO3-N in the soil (in lbs NO3-N/acre) from planting time to 
harvest, indicating a net reduction in soil NO3-N.  Such a reduction could indicate plant 
uptake and use, or it could result from leaching or denitrification processes. With the 
irrigation methods and amounts used in this type of clay loam soil, we would assert that 
the observed changes in soil NO3-N between planting and harvest were largely plant 
utilization of soil N. There was a very large amount of variation between replications in 
the calculated changes in soil NO3-N during the planting to harvest period each year, as 
evidenced by the standard errors shown in Table 15. However, there were still some 
fairly consistent general observations that could be made based on this data: (a) that 
net reductions in soil NO3-N were much larger (indicating more plant uptake) in the 
lower applied N treatments (N-0 and N-50); and (b) there were more instances of net 
increases in soil NO3-N from planting to harvest in the higher applied N treatments, 
particularly the N-125 treatment. Along with the peaking of yield response curves at N-
75 or N-100 in this study and the higher seed N concentrations in the N-125 treatments, 
this data is consistent with the observation that the N-125 (and in some cases the N-
100) treatments are supplying N in excess of plant needs for the yields in this study. 

  



H. Challenges  

 
 

I. Project Impacts 
Data from project on N removal with seed harvest plus gin trash supplied to Dr. Daniel 
Geisseler for inclusion in crop N removal website of the CDFA-FREP program. This 
data provides an up-to-date comparison of N rate response and N removal data for 
modern Acala / Upland versus Pima cultivars as a more thorough analysis that includes 
UC research center sites for the rate study, plus grower farm sites for large scale field 
trials to provide yield data and seed from harvests across a range of soils and yield 
levels and production practices.  Results of this study, with many more measurement 
locations and multiple current commercial varieties serve to verify that the N removal 
levels and fertilizer N rate responses in pima cotton are quite similar to those more 
broadly available for Upland cotton under irrigated conditions, and this data can be 
utilized by growers and consultants to improve confidence in fertilization decisions.  

J. Outreach Summary 
No field day type of activities was allowed by the University of CA at the UC West Side 
REC location where we had our primary N management study for this project during 
both the 2020 growing season and part of the 2021 season due to mandatory COVID-
19 precautions. This situation made it somewhat challenging to meet in-field outreach 



plans, but we provided information updates on the project in small group meetings as 
well as several larger meetings later in 2021 and 2022 as assessed the plant and soil 
nutrient data. The year 2021 and 2022 provided some opportunities for presentations to 
the cotton industry and grower/consultant meetings as detailed below.  As we prepare 
data for journal publications, we will also plan to offer the cotton industry a summary of 
the project findings at the annual CA Cotton Ginners and Growers Association meetings 
if they have any interest.    
 

 
 
 
 



 
 

 
 

Additional Products or Information Provided included:  

a) website posting – UC cotton website  
b) petiole nutrient recommendations for Pima versus Uplands  
c) Fresno County Farm Bureau talk – crop management – saline conditions, crop 

fertility management issues with cotton   
d) Southwest Physiology Conference – San Angelo, TX – cotton disease, N mgmt. 

issues  
e) Reporting to CA Cotton Alliance and CA Cotton Growers Association Research 

groups – Harris Ranch, Merced County, Fresno County. 
f) Field visit by FREP project staff – tour of hemp and cotton field nitrogen projects 
g) Class visits by Dr. Ranjit Riar Agronomic crops class (CSU Fresno) – cotton and 

field crop management, including nitrogen project 

L.  Appendix - Additional information  
Acknowledgements. The support of the CDFA FREP program is gratefully acknowledged, 
with funding provided for staff support, research center recharge costs for field trials, 
supplies for field trials, UC vehicle use and partial costs for sample preparation and 
analyses done through the UC Davis Analytical Laboratory. The FREP program 
representatives have been extremely patient in allowing the PI major extra time to process 
and analyze samples and prepare data summaries and wish to offer a thank you for these 
considerations.  



The CA Cotton Ginners and Growers Association and CA Cotton Alliance provided major 
supplemental funding for expanded sample analyses on soil and plant samples, and we 
are thankful for that support. Salary and support for Principal Investigators were provided 
by the University of California. The rate response field trials were conducted at UC-ANR 
University of CA West Side Research & Extension Center (WSREC) and the on-farm field 
trials were conducted on private farms with access and equipment provided by growers. 
During the study period, the University of CA subsidized about 45-55% of the recharge 
cost (staff time, acre charges) for the project at the WSREC, located at 17353 W. Oakland 
Avenue, P.O. Box 158; Five Points, CA. Grower supporters who provided large field trial 
sites were Bryan Bone (Kern County); Scott Schmidt-Farming (Fresno Co.); Erik Hansen-
Hansen Ranches (Kings County); Ted Sheely-AZCAL Farms (Kings & Fresno Co’s); and 
Cannon Michael-Bowles Farms (Merced Co.). All the grower sites used in the FREP 
nitrogen trial work were absolutely essential to the project, and also served as Pima 
variety trials, and we are grateful to these farms for access to their land and support to 
the project.  Those Pima variety trials were also supported by the CA Cotton Ginners and 
Growers Association and the CA Cotton Alliance.   
 
Table 9. Pre-Plant or early post-planting Residual Soil NO3-N in the upper four feet of 
the soil profile at grower farm sites (various locations, counties shown) in 2019, 2020, 
2021 Pima on-farm nitrogen studies.    

 
  



Table 10. Fiber Quality Component (HVI Fiber Quality – USDA Classing Office 
standards) mean values and (in parentheses after means, standard deviations) for one 
Upland cotton variety (Phy 764 WRF) and one Pima cotton variety (Phy 881 RF) as 
influenced by select nitrogen rate treatments in the study at the Univ. CA West Side 
REC (clay loam soil) in 2021.    

 

 

Figure 1. Mean petiole nitrate levels in subsurface drip-irrigated Pima cotton variety 
PHY-881RF at select growth stages (mid-squaring, 1st flower, 10 days after 1st flower, 
peak flowering, early open boll) in 2020 as a function of Nitrogen application treatments 
as defined in Table 2.  

 



The figures shown on following pages are referenced in the main text by Figure number. 
 
 

 
 
Figure 2. Lint yield responses of 2 Pima cultivars and 2 Upland cultivars as a function of applied 
fertilizer nitrogen plus residual soil NO3-N in the upper two feet of soil at planting time. The yield 
responses are also shown in Tables 3 through 8 in the main text, and those tables provide 
information on statistical significance in treatment evaluations.   
 

 



 

Table 11. 2019 grower and WSREC variety trial site average seedcotton yield, gin trash 
nitrogen concentration, seed nitrogen concentration, and nitrogen removal per ton of 
seedcotton. All varieties shown are Pimas. Values were determined based on samples collected 
during spindle picker machine harvest of replicated field trials, with yield weights measured 
using field scales and nitrogen concentrations determined on dried, ground (and delinted for the 
seed) samples at the UC Davis Analytical Laboratory.  

 

  



Table 12. 2020 grower and WSREC variety trial site average seedcotton yield, gin trash 
nitrogen concentration, seed nitrogen concentration, and nitrogen removal per ton of 
seedcotton. All varieties shown are Pimas. Values were determined based on samples collected 
during spindle picker machine harvest of replicated field trials, with yield weights measured 
using field scales and nitrogen concentrations determined on dried, ground (and delinted for the 
seed) samples at the UC Davis Analytical Laboratory.  

 

 
 
 
 



 
Table 13.  2021 grower and WSREC variety trial site average seedcotton yield, gin trash 
nitrogen concentration, seed nitrogen concentration, and nitrogen removal per ton of 
seedcotton. All varieties shown are Pimas. Values were determined based on samples collected 
during spindle picker machine harvest of replicated field trials, with yield weights measured 
using field scales and nitrogen concentrations determined on dried, ground (and delinted for the 
seed) samples at the UC Davis Analytical Laboratory.  

  



 

 
 
Figure 3. Seed nitrogen concentration for Upland and Pima cotton in WSREC nitrogen rate trial 
in 2019 and 2020 as a function of nitrogen treatment (0,50,75,100,125), cultivar (Uplands: 
Phy764WRF, DP1845B3XF: Pimas: Phy 881RF, DP348RF) and irrigation treatment (F=furrow, 
SDI=subsurface drip).  Seed collected during harvest, analyzed after ginning and delinting.  
 



 
Figure 4. Seed nitrogen concentration for Upland and Pima cotton in WSREC nitrogen rate trial 
in 2021 as a function of nitrogen treatment (0.50,75,100,125) cultivar (Uplands: Phy764WRF, 
DP1845B3XF: Pimas: Phy 881RF, DP348RF) and irrigation treatment (F=furrow, SDI=subsurface 
drip).  Seed collected during harvest, analyzed after ginning and delinting.  
 

Figure 5. Nitrogen removed from the field (Lbs N) per ton of seedcotton in Upland and Pima cotton 
in WSREC nitrogen rate trial in 2019 as a function of nitrogen treatment (0.50,75,100,125) cultivar 
(Uplands: Phy764WRF, DP1845B3XF: Pimas: Phy 881RF, DP348RF) and irrigation treatment 
(F=furrow, SDI=subsurface drip). 
 
 



 
 
Figure 6. Nitrogen removed from the field (Lbs N) per ton of seedcotton in Upland and Pima cotton 
in WSREC nitrogen rate trial in 2020 and 2021 as a function of nitrogen treatment 
(0.50,75,100,125), cultivar (Uplands: Phy764WRF, DP1845B3XF: Pimas: Phy 881RF, DP348RF) 
and irrigation treatment (F=furrow, SDI=subsurface drip). 
  



Table 14. Petiole NO3-N guidelines for Pima versus Acala / Upland types of cotton under irrigated 
conditions in California.  Values shown are based on results of multiple prior studies plus current 
project nitrogen rate study at University of CA ANR West Side Research Center.  
 

 
 

Table 15. Change in soil NO3-N in 0-to-4-foot depth zone and 4-to-8-foot depth zone between 
planting time and post-harvest sample dates in nitrogen rate study at UC West Side REC for 
Pima variety Phy-881RF in 2019, 2020, 2021 studies. Values shown are average NO3-N 
concentrations for 0-4 ft and 4-8 ft zones of soil, based on averages across three replications.  



 
  



M. Factsheet / Database:  
This project “Pima Cotton Nitrogen Management, Uptake, Removal – Impacts of 
Varieties, Subsurface Drip and Furrow Irrigation” (project #18-0597) had the following 
objectives: (1) Evaluate for modern pima cotton cultivars the impacts of N application 
amount, variety and irrigation method (subsurface drip versus furrow) on total plant 
nitrogen (N) uptake and removal of N with harvest; and (2) utilizing multiple grower farm 
sites with moderate to high yield potential and different soil types, determine N removal 
with harvest and above-ground plant N uptake at late open boll timing.    
 
Project Investigators were Robert Hutmacher (UC Cooperative Extension Specialist, UC 
Davis Plant Sciences Dept.), Daniel Munk and Brian Marsh (UC Cooperative Extension 
Farm Advisors, Fresno and Kern Counties, respectively), with assistance from UCCE 
Farm Advisors Jorge Angeles (Tulare/Kings/Fresno Co.’s), Lynn Sosnoskie and Jose 
Carvalho DeSouza Dias (Merced County).  
 
San Joaquin Valley cotton growers aim for high yields to be able to cover production costs 
and pay for increasing costs of inputs such as irrigation water, fertilizer and crop protection 
scouting and chemical applications. These yield goals can be a significant incentive to 
apply higher rates of fertilizer nitrogen (N) to increase chances of achieving high yields.  
However, elevated amounts of applied fertilizer N can also bring the added risk of excess 
N applications and groundwater contamination. Regulatory decisions made by the State 
Water Board and other agencies raise the likelihood of a range of efforts to require more 
tightly managed use of fertilizer and manure-based N sources. Pima cotton is a relatively 
large acreage crop for which there has been only limited data on responses to N fertilizer 
or plant N uptake and removal with harvest.  In this project, we conducted both University 
research center and grower field site trials to evaluate responses of modern Pima 
cultivars to N management under practices conducive to high lint yields.   
This project provides improved information for growers and consultants on Pima cotton 
nitrogen fertilizer rate responses and updated and more broad-based data to assess 
nitrogen removal with the harvested products (primarily seed, plus some waste produced 
during ginning). Yield responses to a range of applied fertilizer N plus upper soil residual 
NO3-N were evaluated under both furrow and subsurface drip irrigation during three years 
in both Pima and Upland cotton cultivars at the UC-ANR West Side Research and 
Extension Center near Five Points (Fresno County). Grower field sites with Pima variety 
trials were utilized in Kern, Kings, Tulare, Fresno and Merced Counties each year to also 
collect samples analyzed to assess N removal with harvest (N removed from fields as 
seed and gin trash) for Pima cotton cultivars. Very little of this type of data was previously 
available for Pima cotton. Since over 85% of the U.S. Pima cotton crop is grown in 
California, and Pima is the primary type of cotton grown in California (about 80% of the 
total output from CA), it was important to establish N removal with harvest data for this 
important crop.    
 
Highlights 

- Nitrogen removed with the harvested seed from the Pima seedcotton crop has been 
quantified in this study across multiple years in different soil types and a range of yield 
levels. Amounts removed in seed range from 44 to 52 lbs N per ton of seedcotton, 



averaging about 49 lbs N per ton. This information will assist growers and consultants 
in improving estimates for minimum crop nitrogen needs for a range of yield potentials.  
 

- While recognizing the important impacts of pest pressure on seedcotton yield potential 
in any year, the fertilizer N rate study portion of the project determined that both Pima 
and Upland cultivars had similar yield responses to applied fertilizer N rates.  

 
- When lint plus seed are harvested and then processed at a cotton gin, extraneous 

leaf, stem and boll fragments (called gin trash) remain after separating seed and lint.  
Nitrogen removed as gin trash ranged from approximately 4 lbs N per ton of 
seedcotton (lint plus seed) to almost 15 lbs N per ton, with an average of 7 lbs N per 
ton of seedcotton in gin trash. This average N content would equal about 14 lbs of 
N/acre for a 4-bale lint/acre cotton crop (good yield with modern cotton cultivars).  
 

- In the West Side REC fertilizer N rate study in both Pima and Upland cotton cultivars 
tested, crop yield and total dry matter responses to applied nitrogen fertilizer amounts 
were not significantly different when the crops were furrow-irrigated versus subsurface 
drip (SDI) irrigated, even though fertilizer application methods were different for these 
irrigation types (two-timing split applications for furrow, drip injection for SDI).    

 
- In fertilizer N rate studies, yield responses to fertilizer N plus pre-plant soil NO3-N in 

the upper 2 feet of soil in general leveled off between about 150 to 190 lbs N/acre, 
with the higher amounts associated with high yield potential situations.   

 
Prior information on harvest removal of N for pima cotton was previously limited to one 
study conducted under lower yield levels, leading to some questions and uncertainty for 
estimated N removal for Pima since the results from that study were not in alignment with 
N removal data for Upland cotton. Results of this study, with many more measurement 
locations and multiple current commercial varieties serve to verify that the N removal 
levels and fertilizer N rate responses in pima cotton are quite similar to those more broadly 
available for Upland cotton under irrigated conditions. Such information helps improve the 
ability of growers and consultants to better match fertilization application amounts with 
crop removal levels under conditions with profitable yields.  
 
N.  Products – examples  
The cotton yield response to N fertilization rates, seed nitrogen and gin trash 
concentration summaries, and N removal in harvested seed and gin trash summaries 
have been provided to Dr. Geisseler of UC Davis LAWR Department, and he included 
this summary information on Pima cotton and Upland cotton N removal in a revision of 
the N guidelines and N removal data posted on the CDFA-FREP website on crop nitrogen.  
This information was provided initially to him mid-2021, and later updated as we 
completed data analyses and had revised information available.  
 
We have also repeatedly reported on results of this study to the Board of the CA Cotton 
Ginners and Growers Association during board meetings and will provide copies of this 
report to them for their continuing updates to CA Cotton growers and associated industry. 



Later in 2024 and 2025, our next steps with the Cotton Industry partners will be to prepare 
one or more manuscripts for journal publication plus possible popular press articles to 
disseminate useful findings for researchers and industry.  The project PI will plan to work 
with the CA Cotton Ginners and Growers Association on these efforts.  
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