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B. Abstract 
 
Extensive field measurements were conducted at the UC Desert Research and 
Extension Center (DREC) and 20 commercial fields in Imperial and Kern Counties to 
comprehensively represent various N and water management practices, soil types, 
climate, and carrot cultivars in California carrot production systems. At the DREC trial, 
three N fertilizer strategies were assessed under two irrigation regimes. In each plot, 
irrigation regime (as main driver) and N strategy (as secondary driver) were investigated 
in a Randomized Complete Block Design with Split Plot Arrangement over four 
replications. In the commercial trials (14 trials in Imperial County and six trials in Kern 
County), due to logistical limitations, the experiments were carried out in plots under 
irrigation and N fertilizer management practices followed by growers. Soil nitrate content 
(NO3-N) and total N percentage in tops and roots were determined monthly through 
laboratory analysis. Plant measurements were carried out on 40-plant samples 
collected randomly (per plot at the DREC trial, and from five sub-areas in the 
commercial sites) and determinations were made on root yield and biomass 
accumulation, and N content. Fresh weight and dry weight of roots and foliage were 
measured on a regular basis. The N uptake curves suggested that nearly 50% of the 
total N was taken up during a 50-day period (80-130 days after seeding). This 50-day 
period appears to be the most critical period for N uptake, particularly in the storage 
roots, when carrots developed the large canopy and the extensive rooting system. The 
nitrogen application rates had no significant effect on total N uptake (roots and tops) 
and the N accumulated in roots. The N application rate had a clear and significant effect 
on increasing aboveground foliage (tops), which could be a reason for greater nitrogen 
uptake at the higher rate of N applied. The findings suggested there was an insignificant 
difference of fresh root yields impacted by the interaction of irrigation regime and N 
strategy within the range of N applications. The findings also suggested that N 
application rates greater than 145 lbs. ac-1 do not have a significant impact on carrot 
root yield in a well-managed irrigated field in the desert region. Higher N rates are likely 
necessary in over irrigated carrot fields or fields with a low residual nitrate content and 
fine sand soils. 
 
C. Introduction  



Carrot is a deep-rooting crop, able to efficiently extract N from soil to a depth of several 
feet (Westerveld 2005). Rooting depth development studies demonstrated that the 
rooting depth of carrot could exceed 40” at harvest (Thorup-Kristensen, 2006; 
Westerveld et al., 2006 a&b). Seasonal N application varies widely among growers and 
fields in different crop production regions. Nunez et al. (2008) reported that seasonal N 
rates greater than 150 lbs. N/ac are seldom necessary to maximize root yield and that 
excessive N application increases root cracking during harvest and handling. The period 
of rapid N uptake coincides with the time of rapid biomass accumulation. When N 
supply is adequate, crop N uptake during vegetative growth is mainly determined by 
crop growth rate and is therefore affected by nutrient availability and environmental 
conditions, such as water availability, temperature, and solar radiation. The N 
concentration in plant tissue, such as leaves and petioles, strongly depends on N 
availability. 
 
Some carrot researchers believe that no N fertilizer should be applied within 40 days of 
harvest due to the danger of root splitting. Solid set sprinkler systems allow metering out 
the crop's N fertilizer as needed, in several small doses through the sprinklers. Fresh 
manure should not be applied before planting carrots. Research has shown that using 
fresh manure can result in forked roots. Since carrots are often grown on sandy soils, 
tissue analysis has been used to monitor the fertilizer status (McGiffen et al. 1997). 
Studies by Pettipas et al. (2006) looked at the relationship between tissue N and soil 
tests to determine if leaf tissue testing may be an appropriate method to monitor and 
meet carrot N requirements. This study showed that there were no significant 
differences in growth and yield of carrots in response to N regimes. Interestingly, an N 
rate of 0 lbs. ac-1 had significantly more fancy grade carrots than an N rate of 181.81 
lbs. ac-1, probably due to residual N. There were no significant differences in culls due 
to increasing N application. This study concluded that critical thresholds for leaf tissue 
testing were not useful for carrot N management. Overall, results showed no significant 
differences in soil and tissue N levels due to increasing N regimes.  
 
Carrot roots are vulnerable to forking if too much N is applied pre-plant. If too much N is 
applied for the entire cropping season, the producer may see a decrease in yield 
(Jackson, 1979). Nitrogen deficiency in carrots is not readily apparent when viewing a 
field. Deficient fields might show an irregular pattern in height of the top growth, but the 
foliage will still be green in color.  
 
Different deformities of a carrot root, root splitting and root rot, mostly inducing a lower 
proportion of marketable root, are due to excess moisture in the soil as well as to a 
sudden increase in soil moisture following soil moisture deficiency, suggesting the 
permanent need for a moderately moist soil. Nitrogen fertilization marginally increased 
ET due to increases in leaf area but markedly increased the water use efficiency (WUE) 
up to an application rate of 107 lbs. N/acre (Abdel-Mawly 2004). Gutezeit (2002) found 
that the highest total root yield was reached in sandy and loamy soils at 75% of 
available water at field capacity and 135 lbs. N/ac.  
 



California fresh market and processing carrots comprise an area of 60,300 acres with a 
total value of nearly $685 million per year (California Agricultural Statistics Review 2020-
2021, CDFA, data associated with crop season 2020). One of the biggest needs of the 
carrot industry from scientific community is looking at N uptake/removal rates and 
developing nitrogen uptake curves for different soil types and different carrot crops. The 
industry is being held responsible for determining what the most efficient nitrogen 
fertilization rate is, and there is high value in maintaining regulatory compliance 
(Irrigated Lands Regulatory Program). Most of these studies were conducted under 
conditions (e.g., climate, cropping system) that differ from those found in California 
carrot production systems. Currently, the lack of sufficient information on efficient water 
and N management practices is one of the largest uncertainties faced by carrot 
growers, hindering efficient resource-use and possibly compromising the economic 
sustainability of production in the face of increasingly limited and costly water and 
fertilizer supplies. Therefore, information on irrigation and N uptake specific to California 
conditions are urgently needed.  
 
D. Objectives  

The overall purpose of this project is to provide leadership to fully understand the 
viability and applicability of current nitrogen and irrigation management practices in 
California carrot production. The project aims to develop knowledge and information on 
improving and promoting adaptation of management practices that optimize nitrogen 
and irrigation water use efficiency in California carrot production systems. The long-term 
goal of the project is to empower the industry in making informed decisions on carrot 
nitrogen and water management with a resource-efficient perspective. Specific 
objectives are to: 

• Provide data and information on crop water use and nitrogen uptake in California 
carrot production. 

• Develop knowledge base information and data to adapt the CropManage web-
based tool for water and nitrogen management of carrots. 

• Disseminate the project outcomes by developing an effective outreach program. 
 

E. Methods 

A three-year study was conducted at the UC Desert Research and Extension Center 
and 20 commercial fields in Imperial (14 sites) and Kern (6 sites) Counties.  At the 
DREC, the experiment consisted of three N fertilizer strategies under two irrigation 
regimes. The trials were arranged in a randomized complete block with split plot 
arrangement over four replications. Each sub-plot included 12 beds of 40-in. width and 
60 ft. long (40 ft × 60 ft). Ten lines of Choctaw fresh market cultivar were seeded in each 
bed. Solid-set sprinkler was used to irrigate the trials throughout the growing seasons.  

Due to logistical limitations in the commercial sites, in each of the trial fields an assigned 
plot with an area of 300 feet by 300 feet was selected and all the measurements were 
conducted within the assigned plots. Within the experimental assigned area of each 



field, five sub-areas (each will have an area of 50 feet by 50 feet) were determined for 
soil-plant samplings and monitoring the entire crop season. The fertilizer applied were 
monitored throughout the crop season.  
 
Actual soil nitrate content (NO3-N) and total N percentage in tops and roots were 
determined monthly through laboratory analysis. Preplant and post-harvest soil samples 
were taken from six depths (1-6 ft.). At other sampling dates, soil was collected from the 
top three depths (1-3 ft.). A composite soil sample was analyzed from each layer for 
NO3-N content. In addition, a soil quick N test was conducted from the top 12” of the soil 
in each trial field on a 10-day basis. 
 
The actual consumptive water use (actual crop ET; ET stands for crop 
evapotranspiration) was measured using the residual of the energy balance method 
with a combination of surface renewal and eddy covariance equipment. As an affordable 
tool to estimate actual crop ET, Tule Technology sensors were also set up at all 
experimental sites. The Tule ET data were verified using the ET estimates from the fully 
automated ET tower. Canopy images were taken on a weekly to a 15-day basis utilizing 
an infrared camera (NDVI digital camera) to quantify crop canopy coverage over the 
crop seasons. Plant measurement was carried out on 40-plant samples collected 
randomly per replication of each treatment/sub-areas, and determinations of fresh and 
dry weights of roots and foliage were made on a regular monthly basis during the 
seasons. The plant measurement was conducted on 100-plant samples per plot at 
harvest. 
 
F. Data/Results 
 
Irrigation management  

The common irrigation practice in carrot stand establishment in the low desert is to 
irrigate the field every other day using sprinkler systems during the first two weeks after 
seeding. Carrots germinate slowly, and hence, the beds need to be kept moist to 
prevent crusting. A comparison between the averages of applied water and actual 
consumptive water use for a 30-day period after seeding suggested that carrots are 
typically over-irrigated during plant establishment. An average of 3.8 in was measured 
as actual consumptive water use for this period across the experimental sites (Fig. 3), 
while the applied water varied from two to three times this amount.  

The results clearly demonstrated that the carrot sites had variable actual consumptive 
water uses depending upon early/late planting, irrigation practice, length of crop season, 
soil type, and weather conditions. For instance, site C-4 (Fig. 3) was a sprinkler irrigated 
field with a dominant soil texture of sandy clay loam where the carrots were harvested 
very late, 193-day after seeding. The seasonal consumptive water use was 19.2 in at 
this site. The results show that the seasonal crop water use of fresh market carrots is 
nearly 16.0 in for a typical crop season of 160-day with planting in October. 
Approximately 50% of crop water needs occurred during the first 100 days after seeding 
and the other 50% during the last 60 days before harvest. A crop canopy model 



developed in this study demonstrated that fresh market carrots reach 85% canopy 
coverage by 100 DAS (day after seeding) (Fig. 4).   

Water stress should be avoided throughout the carrot growing cycle. The critical period 
for irrigation is between fruit set and harvest. Sprinkler irrigation may be considered as a 
more effective irrigation tool when compared with furrow irrigation. More frequent and 
light irrigation events are possible by sprinkler irrigation. Over-irrigation of carrot fields 
increases the incidence of hairy roots; and severe drying and wetting cycles result in 
significant splitting of roots. Sprinklers also reduce salinity issues which is important 
since carrots are very sensitive to salt accumulation.  

Nitrogen management  

The results demonstrated that a wide range of N accumulated both in roots and tops at 
harvest (Fig. 5). For instance, a total N content of 312.9 lbs. ac-1 was observed in a 
fresh market carrot field with a long growing season of 193-day, including 202.9 and 
110.0 lbs. N/ac in roots and tops, respectively. The total N accumulated in plants (roots 
+ tops) was less than 265 lbs. ac-1 in the other sites.  

A linear regression model was found for the total N uptake in roots after 60-73 DAS 
without declining near harvest (Fig. 5). Small gradual increases in N contents of roots 
were observed until about 65 DAS. This suggested that N begins to accumulate at a 
rapid rate between 65 and 80 DAS; however, the period of rapid increase could vary 
depending on early (September) or late (November) plantings. N uptake in tops 
increased gradually following a quadratic regression, and in most sites levelled off or 
declined slightly late in the season. Although the N accumulated in tops appeared to 
drop down or level off in most sites beyond 120 to 145 DAS, the N content decline 
occurred after DAS 155 at site C-4 with a longer growing season.     

These findings suggest that a total N accumulation of 260 lbs. ac-1 occurred by 160 
DAS, with 145 lbs. ac-1 in roots and 115 lbs. ac-1 in tops. Across all sites, nearly 28% of 
seasonal N accumulation occurred by 80 DAS (Fig. 6), when the canopy cover reached 
an average of 67% (Fig. 4). The large proportion of this N content was taken up during a 
30-day period (50 DAS – 80 DAS). The results also suggest that nearly 50% of the total 
N was taken up during a 50-day period (80 DAS through 130 DAS). This 50-day period 
appears to be the most critical period for N uptake, particularly in the storage roots, 
when carrots developed the large canopy and the extensive rooting system. The 
majority of N is taken up during the months of December to February, and hence, 
proper N fertility in the effective crop root zone is essential during this period. For a 160-
day crop season, 22% of N uptake could be accomplished over the last 30-day before 
harvest.   

Carrots have a deep rooting system that allows for improved capture of N from deep in 
the soil profile. There is a risk of leaching soil residual N due to heavy pre-irrigation (a 
common practice for salinity management in the low desert) in late summer prior to land 
preparation. N is likely accumulated at the deeper depths by the beginning of the 



growing season, and consequently, there is a potential N contribution from the soil for 
carrots when the roots are fully developed. Since residual soil N contribution can be 
considerable in carrots, preplant soil nitrate-N assessment down to 60-cm depth could 
be a tool enabling farmers to improve N management and maximize yield and quality 
while minimizing economic and environmental costs. 

Water and nitrogen applied at the DREC Trials  

The seasonal water and N applications in the different irrigation regimes and N 
strategies for the two seasons of 21-22 and 22-23 are given in Table 1. A preplant N 
fertilizer with monoammonium phosphate was broadcasted at a rate of 280 lbs./ac over 
the entire trial area in both seasons. Urea Ammonium Nitrate (UAN-32) was injected 
into the sprinkler system to supply the remainder amount of the N for each nitrogen 
treatment. The application rates varied from 140 to 235 lbs. N/ac in the 21-22 season 
and from 145 to 217 lbs. N/ac in the 22-23 season.     

The amount of irrigation water was determined using the CropManage irrigation and 
nitrogen decision management tool (https://cropmanage.ucanr.edu) to provide 100% of 
crop water needs (ET or irrigation regime 1) and 25% more than crop water needs 
(125% ET or irrigation regime 2). The amounts of irrigation varied from 24.5 to 30.8 in. 
and from 23.6 to 29.7 in. in the season 21-22 and 22-23, respectively (Table 1).  

Impact of water and N management on nitrogen uptake (DREC’s Trials)  

The highest N accumulation rates at harvest were associated with the N2 treatment 
under the I2 irrigation regime (273 lbs. ac-1) and the N3 treatment under the I1 irrigation 
regime (281 lbs. ac-1) in the 22-23 season (Fig. 6). However, nitrogen application rates 
had no statistically significant effect on total N uptake (roots and tops) and the N 
accumulated in roots. The N application rate had a clear and scientifically significant 
effect on increasing aboveground foliage (tops) in which could be a reason for greater 
nitrogen uptake at the higher rate of N applied.  

The results provide evidence (p=0.01) for an overall effect of the interaction of irrigation 
regime and nitrogen management strategy on the total N accumulation in carrots (roots 
and tops) even though the irrigation regime as an individual driver had no significant 
effect on the N accumulation (neither the total nor tops or roots). It is likely relevant to 
the range of water application rates. The 25% over irrigation couldn’t have a 
considerable impact on leaching nitrate within a silty loam soil type. A higher amount of 
excessive water through a more aggressive over irrigation scenario (for instance 150% 
ET) could influence the N uptake differently. The results of nitrogen accumulation were 
basically consistent within the two seasons.  

Impact of water and N management on carrot fresh roots (DREC’s trials)  

Although no statistically significant impacts were found from both irrigation and N 
application rates on the fresh root yield (p values of greater than 0.41) in the 22-23 
season, N application statistically affected root yield (p=0.001) in the 21-22 season (Fig. 

https://cropmanage.ucanr.edut/


6). The lowest fresh root yield (40.8 t ac-1) was observed in the I2N1 treatment (irrigation 
regime 2 and an N application rate of 140 lbs. ac-1). A lower soil residual nitrate content 
could have contributed to a lower root yield in this specific treatment in the 21-22 
season. A greater mineral N content in the top 2-ft of soil was determined right before 
planting in the 22-23 season (106 lbs. N/ac) than in the 21-22 season (77 lbs. N/ac).  

Since residual soil N can contribute considerably to the N requirement in carrots, 
preplant soil nitrate-N assessment down to 2 ft. depth is a tool that can enable growers 
to improve N management and maximize yield and quality while minimizing economic 
and environmental costs. 

The findings suggested there was an insignificant difference of fresh root yields 
impacted by the interaction of irrigation regime and N strategy within the range of 
application rates in both seasons. Different results could be obtained in a field that is 
irrigated more than the I2 treatment (> 125% of CropManage recommendation), has a 
low residual nitrate content or/and has a sandy textured soil.  

G. Discussion and Conclusions 

Careful management of N applications in the low desert carrots is crucial because 
fertilizers are the main source of N, particularly due to low organic matter content of the 
soils and very low nitrate level of the Colorado River water. Knowing this fact, the soil 
NO3-N contents pre-seeding and over the growing season at different sites revealed 
that none of the sites had N deficiency during the crop season, and consequently, the 
practice of splitting N applications, as done by the farmers (applying 9-15% of total 
seasonal N as preplant, and the remainders through irrigation events over the season), 
was likely effective in most cases. It appears that the practice of 15-30% seasonal N 
application though irrigation events 45-70 days after seeding has as similar 
effectiveness of sidedress N application.  

In the low desert of California, the majority of N is taken up during the months of 
December to February, and hence, proper N fertility in the effective crop root zone is 
essential during this period. An integrated optimal N and water management plan needs 
to be followed to achieve high N and water efficiency, and consequently overall 
profitability.  

Within the range of N application rates examined at the experimental sites, there were 
no significant relationships between carrot fresh root yield and N application rate, 
although the results suggested a positive effect of N application on carrot yield (Table 
2). Sufficient N availability in the crop root zone over the growing season and the lack of 
significant yield response to N application demonstrate that N optimal rates could be 
likely less than the applied amounts in most sites. Adequate nitrogen and water 
applications reduce costs and help prevent leaching, while excess N may lead to 
excessive N storage in the roots, which may be a concern for processing carrots. An 
integrated optimal N and water management needs to be approached to accomplish 



greater N and water use efficiency, and consequently keeps lower rates that are 
beneficial to overall profitability.  

Carrots need variable seasonal water application that depends on planting time, length 
of season, variety, soil types, and irrigation efficiency.  In this study, we used CIMIS 
reference evapotranspiration data and a crop coefficient model applied through 
CropManage online software to estimate water requirements of carrot before each 
irrigation.  

It is important to note that due to overirrigating carrots, positive impacts could be 
observed from higher N rates in some cases, particularly in sandy soils with a high 
leaching potential. In other words, an integrated optimal N and water management 
needs to be approached to accomplish greater N and water efficiency, and 
consequently keeping lower rates beneficial to overall profitability. Sufficient N 
availability in the crop root zone over the growing season and the lack of significant 
yield response to N application within the range of N application rates in this study 
suggested that N optimal rates could be likely less than 180 lbs. ac-1 in the low desert of 
California. N removal at harvest varied from 2.3 to 3.9 lbs. t-1 with an average of 3.0 
lbs.t-1 of fresh carrot root. 

Growers are encouraged to try using a reduced N rate (10-20% lower than their current 
practice) on a small field to evaluate how it fits their specific farming practices before 
they adopt it on a widespread basis. Analyzing soil samples for residual soil nitrate early 
in the season (after the pre-irrigation) and in-season soil nitrate and leaf tissue analyses 
can provide confidence in the new practices and allow for corrective measures. 

H. Challenges 

None 

I. Project Impacts 

• N uptake curve and N crop removal coefficient were developed for desert 
carrots. These tools assist growers and researchers to better understand carrot 
nitrogen requirements over the season and manage N fertilizer application rates 
accordingly.    

• CropManage irrigation and N management tool was adopted for carrots. 
CropManage carrot module was developed and evaluated for carrot fields in the 
low desert region. This user-friendly web-based tool assists carrot growers on 
irrigation and nitrogen best management practices.    

• Recommendations were developed on crop water use and nitrogen best 
management practices in California carrot production systems. 

• The tools and information developed by the study were disseminated to 
growers and stakeholders in California. Several growers have already adopted 
these tools and information for carrot irrigation and fertilizer management.  

 
J. Outreach Activities Summary 
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L. Appendix 

 

Fig.1. Magnetic flowmeters and data store and transfer equipment to monitor water applied to 
the trial (left) and monitoring station in treatment I1N1 at the UC DREC trial (right). 

http://anrcatalog.ucdavis.edu/spicials.ihtml
http://anrcatalog.ucdavis.edu/


 
Fig. 2. Fully automated ET tower (right) and a multi depths soil moisture sensor monitoring 
station equipped along with Tule sensor in commercial sites (left).  

 

 

 

 

 

 

 

Fig. 3. Cumulative actual crop water 
consumption (actual ET) at each of the 
experimental sites (desert region). Surface 
renewal actual daily ET is reported here. 

 

 

 

 

 

 

 

 



Fig. 4. Canopy development curve for the low desert fresh market carrots over the growing 
season.  

 

 

 

 

 

Fig. 5. N accumulation trends in storage roots, 
tops, and total (plants) over the growing 
season at the experimental sites. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Mean fresh carrot root yields as affected by water regimes and nitrogen application rates 
over the study seasons. The bars demonstrate the standard error of root yield values. Fresh 
root yields with different letters in each season significantly differ (p < 0.05) by Tukey’s test.   

 

 

Fig. 6. Mean nitrogen uptake distribution in carrot roots and tops affected by water regimes 
and nitrogen application rates in the 22-23 season. The bars demonstrate the standard error 
of root yield values. Fresh root yields with different letters significantly differ (p < 0.05) by 
Tukey’s test.   

 



Table 1. Seasonal water and N application rates in the study seasons.  

 
Table 2. Mean fresh storage root yields ((±standard deviation) at the experimental sites (data of 
the trials conducted over two crop seasons at DREC and nine commercial fields in the desert 
region were adopted for this analysis). 

 

M. Factsheet/Database  

1. Project Title: Enhancing Nitrogen and Water Use Efficiency in California Carrot 
Production Through Management Tools and Practices 
 
2. Grant Agreement Number: 20-0960-000-SA   
 

 NS non-significant. * Significant at the 5% level of probability.   
L: linear regression. Q: quadratic regression. SD: Standard deviation              



3. Project Leaders: (1) Ali Montazar, Irrigation and Water Management Advisor, UCCE 
Imperial County; (2) Daniel Geisseler, Nutrient Management Specialist, Dept. of LAWR, 
UC Davis; (3) Michael Cahn, Irrigation and Water Resources Advisor, UCCE Monterey 
County; (4) Jaspreet Sidhu, Vegetable Crops Farm Advisor, UCCE Kern County 
 
4. Start Year/End Year:  2021/2023 
 
5. Location: UC Desert Research and Extension Center & Commercial fields in 
Imperial and Kern Counties 
 
6. County: Imperial and Kern Counties  
 
7. Highlights  
 

• Carrots are typically over-irrigated during plant establishment. 
• N uptake curve was developed for desert carrot. 
• N application rates greater than 145 lbs. ac-1 do not have a significant impact on 

carrot root yield in a well-managed irrigated field. 
• CropManage irrigation and N management tool was adopted for carrots. 
• An average N removal of 3.0 lbs. t-1 of fresh carrot root was determined for desert 

carrots. 
 
8. Introduction  
 
California fresh market and processing carrots comprise an area of 60,300 acres with a 
total value of nearly $685 million per year. One of the biggest needs of the carrot 
industry from the scientific community is looking at N uptake/removal rates and 
developing nitrogen uptake curves for different soil types and different carrot crops. The 
industry is being held responsible for determining what the most efficient nitrogen 
fertilization rate is, and there is high value in maintaining regulatory compliance. 
Currently, the lack of sufficient information on efficient water and N management 
practices is one of the largest uncertainties faced by carrot growers, hindering efficient 
resource-use and possibly compromising the economic sustainability of production in 
the face of increasingly limited and costly water and fertilizer supplies. Most of studies 
conducted on irrigation and nitrogen management were under conditions (e.g., climate, 
cropping system) that differ from those found in California carrot production systems. 
Therefore, information on irrigation and N uptake specific to California conditions are 
urgently needed. This study is intended to develop new information on N uptake curves, 
net N removal, crop water use for carrot production systems and adopting CropManage 
web-based tool for water and N management in carrots.  
 
9. Methods/Management  
 
A three-year study was conducted at the UC Desert Research and Extension Center 
and 20 commercial fields in Imperial and Kern Counties. At the DREC, the experiment 
consisted of three N fertilizer strategies under two irrigation regimes. The trials were 



arranged in a randomized complete block with split plot arrangement over four 
replications. Each sub-plot included 12 beds of 40-in. width and 60 ft. long (40 ft × 60 ft). 
Due to logistical limitations in the commercial sites, in each of the trial fields an assigned 
plot with an area of 300 feet by 300 feet was selected and all the measurements were 
conducted within the assigned plots. Within the experimental assigned area of each 
field, five sub-areas (each will have an area of 50 feet by 50 feet) were determined for 
soil-plant samplings and monitoring the entire crop season. Actual soil nitrate content 
(NO3-N) and total N percentage in tops and roots were determined monthly through 
laboratory analysis. The actual consumptive water use (actual crop ET) was measured 
using the residual of the energy balance method with a combination of surface renewal 
and eddy covariance equipment. Canopy images were taken on a weekly to a 15-day 
basis utilizing an infrared camera (NDVI digital camera) to quantify crop canopy 
coverage over the crop seasons. Plant measurement was carried out on 40-plant 
samples collected randomly per replication of each treatment/sub-areas, and 
determinations of fresh and dry weights of roots and foliage were made on a regular 
monthly basis during the seasons. The plant measurement was conducted on 100-plant 
samples per plot at harvest.   
 
10. Findings  
 
The results clearly demonstrated that the carrot sites had variable actual consumptive 
water uses depending upon early/late planting, irrigation practice, length of crop season, 
soil type, and weather conditions. In the desert region, approximately 50% of crop water 
needs occurred during the first 100 days after seeding and the other 50% during the last 
60 days before harvest for a typical 160-day crop season. 
 
The results demonstrated a wide range of N accumulated both in roots and tops at 
harvest. A linear regression model was found for the total N uptake in roots 60-73 DAS 
(days after seeding) without declining near harvest. Small gradual increases in N 
contents of roots were observed until about 65 DAS. This suggested that N begins to 
accumulate at a rapid rate between 65 and 80 DAS, however, the period of rapid 
increase could vary depending on early or late plantings. N uptake in tops increased 
gradually following a quadratic regression, and in most sites levelled off or declined 
slightly late in the season. The N accumulated in tops appeared to drop down or level 
off in most sites beyond 120 to 145 DAS. Nitrogen application rates had no significant 
effect on total N uptake and the N accumulated in roots. The N application rate had a 
clear and significant effect on increasing aboveground foliage (tops), which could be a 
reason for greater nitrogen uptake at the higher rate of N applied. The findings 
suggested insignificant differences in fresh root yields impacted by the interaction of 
irrigation regime and N strategy within the range of application rates (140 to 275 lbs. 
N/ac). N application rates greater than 145 lbs. ac-1 did not have a significant impact on 
carrot root yield in a well-managed irrigated field. However, higher N rates are likely 
necessary in over irrigated carrot fields and/or sandy soils to maximize root yield. An 
average N removal of 3.0 lbs.t-1 of fresh carrot root was determined for desert carrots.  
 

N. Copy of the Product/Result 



https://www.mdpi.com/2077-0472/11/8/752 
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https://progressivecrop.com/2021/09/new-knowledge-based-information-developed-to-enhance-
water-and-nitrogen-use-efficiency-in-desert-fresh-market-carrots/ 
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https://fruitandvegetable.ucdavis.edu/index.cfm?blogpost=50501&blogasset=2231 

https://myaglife.com/2021/12/23/12-17-21-myaglife-episode-96-interview-with-ucces-ali-
montazar-on-irrigation-and-nitrogen-management-in-carrot/ 

https://progressivecrop.com/2021/06/carrot-trials-target-water-nitrogen-efficiency/ 
https://issuu.com/columbiamediagroup/docs/carrot_country_summer_21 
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