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Abstract 

 
A 2-year project was conducted from 1999 to 2001 at the Central Oregon Agricultural Research 
Center to evaluate drip irrigation on seed carrots. Soil moisture in drip-irrigated plots was 
maintained at -15, -30, -60, -90 and -120 kPa. These replicated plots were compared to a single 
large sprinkler irrigated plot maintained at -60 kPa. Irrigation scheduling was based on the 
specific soil moisture potential for each treatment measured by granular matrix sensors placed in 
the row 8 in deep. Each plot was irrigated for 4 hours when the average soil moisture potential 
was within 10 percent of treatment threshold. Although no statistical analysis could be made 
between drip and sprinkler irrigated plots, the trend indicated a 25 percent yield increase for -15, 
-30, and -60 kPa maintained plots compared to the sprinkler-irrigated plot. The level of 
Xanthomonas in the drip plots was half of that in the sprinkler-irrigated plot. 
 

Introduction 
 

Carrot seed production is a vital component of the seed industry of central Oregon.  By providing 
better control of water delivery, drip irrigation may increase yields while decreasing water usage 
and foliar disease.  The objective of this experiment was to maintain different soil moisture 
levels (irrigation threshold) and evaluate the effect on yield, water usage and development of 
Xanthomonas.  
 

Methods and Materials 
 

Hybrid seed carrots were planted in rows on 2.5-ft centers August 17, 1999 and August 21, 2000 
at the Central Oregon Agricultural Research Center (COARC).  Four rows of female plants were 
alternated with two rows of male plants with a blank row on each side.  Plots consisted of eight 
rows, with the four inner rows being females. Drip tape (Rainbird) delivering 0.25 gal/min/100 ft 
was shanked in at a depth of 4 in prior to planting.  The treatments consisted of five irrigation 
thresholds, -15, -30, -60, -90, and -120 kPa.  The trial was laid out in a randomized complete 
block design with four replications per treatment.  All plots were established with the drip-
irrigation system, and treatments were imposed the following spring.  Soil moisture potential was 
tracked using granular matrix sensors (three per plot, placed in the row, 8 in deep) measured 
three times weekly in 2000 and five times weekly in 2001.  The readings from each plot were 
averaged and individual plots were irrigated whenever the average soil moisture potential was 
within 10 percent of the treatment threshold.  Plots were irrigated for 8 hours per application in 
2000 and 4 hours per application in 2001.   
 
A single, large sprinkler irrigated plot adjacent to the drip-irrigated plots was used to compare 
the two application methods.  The irrigation threshold for the sprinkler irrigated plot was -60 
kPa.  The plot was sprinkled for 4 hours whenever the average of the four granular matrix 



sensors read within 10 percent of the threshold.  Weeds were controlled using a combination of 
herbicides and hand weeding.  Insect control measures were the same for all plots. 
 
Before planting in 1999, 290 lb/acre of 16-16-16 fertilizer and 40 lb/acre S were broadcast on all 
plots.  A spring application of 450 lb/acre of 30-10-0-7 was made April 5, 2000.  On June 27, 
2000 the drip-irrigated plots received an additional 25 lb/acre N, P, and K through an injection 
system.  Prior to planting the second year crop, 16-15-15-3 fertilizer was broadcast on all plots at 
a rate of 400 lb/acre in July 2000.  The sprinkler-irrigated plot received a spring broadcast 
application of 300 lb/acre of 30-10 in March 2001, while the drip-irrigated plots received a total 
of 45 lb/acre N, P, and K in three increments during May and June. 
 
In 2000, a 20-ft section of female plants from each drip-irrigated plot was hand harvested on 
August 28.  The plants were threshed using a stationary thresher at COARC.  Four subsamples 
taken from the single sprinkler-irrigated plot followed the same procedure used for the drip-
irrigated plots.  The 2001 harvest in September included the entire female rows of each drip-
irrigated plot and all the females from the sprinkler-irrigated plot.  Each plot was threshed using 
an IH 403 combine.  A preliminary cleaning was conducted at COARC using a Clipper Cleaner 
M-2B.  Final cleaning was done at the National Forage Seed Production Research Center, 
Corvallis, Oregon.  Germination testing followed Association of Official Seed Analysts (AOSA) 
protocols.   
 
An evaluation of the percentage of Xanthomonas infection in each plot was made on August 24, 
2001.  The entire plot was evaluated for symptoms of Xanthomonas and the percentage of foliage 
and umbels affected was determined by visual examination. 
 
Because the sprinkler-irrigated treatment was applied to a single large plot from which four 
subsamples were taken, a direct statistical comparison could not be made between the sprinkler-
irrigated and drip-irrigated plots. 
 

Results and Discussion 
 
Statistical analysis of the five irrigation thresholds in the drip irrigated plots showed no 
differences, but the trend across the 2 years was for similar yield increases of about 25 percent at 
-15, -30, and -60 kPa compared to the sprinkler irrigated plot (Table 1).  At -90 kPa, yields were 
similar to the sprinkler irrigated plot, while at -120 kPa yields decreased by 11 percent.   
 
During the 2000 season there was no discernable disease in any of the plots.  However, visible 
symptoms of Xanthomonas appeared in the plots during the 2001 season.  Although there was no 
difference in percentage of Xanthomonas in the drip-irrigated plots, the trend was for half the 
amount of Xanthomonas in the drip-irrigated plots compared to sprinkler irrigation. 
 
Water usage tended to decrease for all drip-irrigation treatments when compared to the sprinkler 
irrigated plot (Table 2).  The drip-irrigated plots used 92 percent (-15 kPa) to 26 percent (-120 
kPa) of the water used in the sprinkler-irrigated plot.  There were significant differences between 
the water applied between the drip-irrigated plots.   The wettest plot (-15 kPa) used 1.87 acre-
ft/acre while the driest plot (-120 kPa) used only 0.53 acre-ft/acre.  The soil moisture reading for 
the sprinkler-irrigated plot averaged -64 kPa while the target was -60 kPa.  The actual average 



soil moisture readings for the drip-irrigated plots tended to be slightly higher for the two wettest 
treatments, 10 percent lower for the -60 kPa, 31 and 36 percent wetter than the target threshold 
of -90 and -120 kPa, respectively.   
 
Industry observations indicate that drip irrigation provides better water availablity by 
maintaining near constant soil moisture.  This prevents over-irrigation and associated nutrient 
leaching while avoiding periods of plant stress between irrigations. 



 
Table 1. Effect of drip irrigation on yield, 100-seed weight, germination, and Xanthomonas levels on carrots grown for seed at 
COARC near Madras, Oregon, 1999-2001. 
 

  Yield   100 seed weight   Germination   Xanthomonas  
Treatment 2000 2001 Average % of sprinkled 2000 2001 2000 2001 2001 % of sprinkled 

-kPa ----------lb/acre---------- --%-- ---------g--------- -------%------- -------%------- 
15 1506 768 ab1 1137 126 0.106 0.010 91 94 a 8.3 42 
30 1500 721 ab 1127 125 0.109 0.101 86 93 a 11.8 59 
60 1432 822 a 1111 123 0.114 0.092 84 92 ab 8.8 44 
90 1306 505 bc 905 100 0.113 0.097 88 90 ab 9.5 48 

120 1192 402 c 797 89 0.122 0.095 90 84 b 6.0 30 
 NS   NS  NS NS NS   NS  

Sprinkled 
(60) 

1284 517  900 100 0.108 0.110 77 88  20.0 100 

        
1Mean separation with Student-Newman-Kuels Test at P = 0.05; NS = not significant. 
 
Table 2. Water usage and actual soil moisture level by treatment threshold on seed carrots produced under a drip-irrigation system at 
COARC, near Madras, Oregon, 1999-2001. 
 

   Actual soil moisture readings   Total water usage  
Treatment 2000 2001 Average % of sprinkled 2000 2001 Average % of sprinkled 

-kPa ------------------kPa---------------- --%-- --------------- acre-ft/acre -------------- --%-- 
15 20.2 e1 24.4 c 22.3 e 165 1.95 a 1.79 a 1.87 a 92 
30 32.7 d 38.1 c 35.4 d 145 1.55 b 1.43 b 1.49 b 73 
60 48.9 c 58.1 b 53.5 c 117 1.04 c 1.07 c 1.05 c 52 
90 62.2 b 62.5 b 62.3 b 103 0.90 c 0.49 d 0.70 d 34 
120 70.8 a 82.2 a 76.5 a 81 0.67 c 0.38 d 0.53 d 26 

Sprinkled (60) 75.0  53.4  64.2  100 1.73  2.34  2.03  100 
1Mean separation with Student-Newman-Kuels Test at P = 0.05; ; NS = not significant. 
 


