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§umma!y

A trial was designed to test potato nitrogen requirements for potato varieties under
furrow irrigation in a N deficient field. The highest potato yield (518 cwt/ac over all
varieties tested) was obtained in 1995 by the use of only 84 Ib N/ac soon after planting.
Additional N produced no additional economic returns. Varieties did not differ
significantly in their response to N fertilizer. The new potato variety A082611-7 had
higher total US Number One and marketable tuber yield than Russet Burbank and
Shepody in this trial.

Introduction

The development of new potato varieties has made it possible to achieve good tuber
yield and quality with furrow irrigation. These new varieties might differ from each other
in their nitrogen requirements. Previous studies under sprinkler irrigation showed that
the optimum N rate was less than the rate recommended by either the Oregon or Idaho
fertilizer guides (Feibert et al., 1995). This trial compared Russet Burbank, Shepody,
Frontier Russet, Ranger Russet, and three experimental lines AO82611-7 and
COO083008-1 (both for processing), and NDTX 8-731-1R (a fresh market, red variety)
as to their nitrogen requirements under furrow irrigation.

Procedures

The 1995 trial was conducted on an Owyhee silt loam previously planted to wheat at
the Malheur Experiment Station. The field was bedded into 36-inch hills in the fall of
1994. A soil sample taken from the top foot on May 1, 1995 showed a pH of 7.8, 1.7
percent organic matter, 19 meq per 100 g of soil cation exchange capacity, 8 ppm
nitrate-N, 4 ppm ammonium-N, 13 ppm phosphorus, 439 ppm potassium, 2350 ppm
calcium, 383 ppm magnesium, 370 ppm sodium, 1.0 ppm zinc, 12.2 ppm iron, 8.8 ppm
manganese, 1.0 ppm copper, 19 ppm sulfate-S and 0.7 ppm boron. '

Two-ounce seed pieces were planted April 27 at 9-inch spacing. On May 19, Thimet
20G insecticide at 3 Ibs aifac was shanked-in at the same time that urea for the
nitrogen treatments was applied. The urea was applied before emergence to both
sides of the hill (Figure 1). The shanks were adjusted to place the urea in bands

75



located at the same depth as the seed piece and offset 9 inches from the hill center.
The hills were remade with a Lilliston cultivator. Prowl at 1 Ib ai/ac and Dual at 2 Ibs
ai/ac were broadcast on the entire soil surface on May 23 and incorporated with the
Lilliston. A late blight and insect control program consisting of weekly aerial
applications of fungicide and insecticide mixes was initiated on July 14 and continued
through August 26.

The experimental design had four N treatments as main plots and the seven potato
varieties as split-plots within the main plots (Table 3). The main plots were 9 rows wide
and 50 feet long. The four nitrogen treatments were replicated six times.

Nitrogen fertilizer rates were 0, 84, 144, and 204 Ib N/ac (Table 1). Pre-emergence
urea was applied on May 19. The second nitrogen application consisted of urea
applied to the furrow bottom immediately before an irrigation to simulate water-run
nitrogen.

Table 1. Nitrogen rates applied to seven potato varieties. Malheur Experiment Station,
Oregon State University, Ontario, Oregon, 1995.

Spring nitrate Pre-emergence N | Post-emergence
plus ammonium (May 19) "water-run”" N Total nitrogen
Treatment N 0-1 feet (July 14) supply”
' Ibs N/ac
1 36 0 0 36
2 36 60 24 120
3 36 100 44 , 180
4 36 140 : 64 240

* Does not include mineralized nitrogen during the season.

Twenty four granular matrix sensors (GMS, Watermark Soil Moisture Sensors Model
200, Irrometer Co., Riverside, CA) were installed in the top foot of soil and six GMS
were placed in the second foot of soil. The daily sensor readings were used to
schedule irrigations. The GMS in the top foot of soil were offset 6 inches from the hill
top and centered 8 inches below the hill surface. The second foot GMS were placed in
the hill center and centered 20 inches below the hill surface. Half of the first foot
sensors were located on the wheel traffic side of the potato hill and the other half were
located on the non-wheel traffic side of the hill. Sensors were read five times per week
from June 10 to September 4 at 8 AM. Irrigations were started when the average soil
water potential in the first foot of soil dried to -50 kPa.

At each irrigation, every other furrow was irrigated, with the irrigated furrows alternating
from irrigation to irrigation. Seventeen irrigations were applied from June 12 to
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September 1. Irrigation durations were 24 hours from June 12 through July 17 and 12
hours from July 17 through September 1.

Petiole samples were collected every two weeks from June 21 to August 16, and
analyzed for nitrate.

Russet Burbank, Shepody, and Frontier Russet plants in each plot were sampled for
petiole nitrate. Plant available-N contributed from organic matter mineralization was
determined by the buried bag method (Westermann and Crothers, 1980).

Tubers from 40 feet in each plot were harvested on September 26 and evaluated for
yield and grade. A subsample was stored and analyzed for tuber specific gravity and
stem-end fry color in early November.

Results and Discussion

The soil remained generally wetter than -60 kPa until late in the season (Figure 2). We
have shown that soil much drier than -60 kPa at the 8-inch depth can be associated
with an increase in US Number Two tubers and other quality defects.

The maximum total potato yield, over all varieties, was 518 cwt/ac obtained at 84 Ib
N/ac (Table 3). This yield was achieved with substantially less N fertilizer than the
university fertilizer guides would have recommended for this field (Table 2). The Nin
this trial was shanked in after planting, which would improve the use efficiency
compared to pre-plant broadcast applications. When broadcast N applications are
used, substantial amounts of N can be lost to leaching, lost to volatilization, or be
located in tops of the potato hill that are inaccessible to the roots. The average total
potato yield for Malheur County in 1995 was 405 cwt/ac, using substantially more N
fertilizer than used in this trial (225 Ib N/ac).

Total tuber yield, total US Number Ones, large US Number Ones and marketable tuber
yield increased with 84 Ib N/ac, over all varieties (Table 3). The proportion of large US
Number One tubers increased with 84 Ib N/ac (Table 4).

Varieties AO82611-7 and CO0O83008-1 had among the highest marketable yield and
A082611-7 had the highest total US Number One yield. Ranger Russet had the
highest tuber specific gravity (Table 5). Shepody, AO82611-7, and CO0O83008-1 had
among the lightest tuber stem-end fry color.

Organic matter mineralization in the top foot of soil released 10 Ibs N/ac between May 1
and May 18 and 46 Ib N/ac between May 18 and July 5, based on analysis of the soil in
the buried bags (Figure 3). The nitrogen in the buried bags represents residual soil
available nitrogen plus nitrogen released from organic matter mineralization without the
effects of crop uptake, leaching, and other losses.
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The positive response of potato yields to N fertilization in 1995 compared to 1994 was
probably due to the lower pre-plant soil nitrate and ammonium N in 1995 (75 Ib N/ac
on May 1) compared to 1994 (108 Ib N/ac on March 24). Nitrogen mineralization
released about the same amount of N by June 30 both years (90 Ib N/ac from March 24
to June 30 in 1994 and 98 Ib N/ac from May 1 to July 5 in 1995). By July 5 the buried
bags in the top two feet of soil contained amounts of nitrate and ammonium
corresponding to 173 Ib N/ac in 1995 compared to 198 Ib N/ac on June 30 in 1994.

Only the 204 Ib N/ac treatment for Russet Burbank and Shepody and the 144 Ib N/ac
and 204 Ib N/ac treatments for Frontier Russet resulted in petiole nitrate in the
sufficiency range (Jones and Painter, 1974); levels that proved to be unnecessary for
maximum yields (Figures 4-6).

nclusion

Sidedressed N fertilization beyond 84 Ib N/ac did not increase potato yields in 1995,
over all varieties. The 84 Ib N/ac resulting in the maximum total yield of 518 cwt/ac is
substantially less than the university fertilizer recommendations for this field.

Averaged over all N rates, the experimental processing varieties AO82611-7 and
CO083008-1, performed as well as, or better than Shepody and Ranger Russet in US
Number One and marketable yield. Russet Burbank and Frontier Russet had among
the darkest stem-end fry color and lowest tuber specific gravity.

Table 2. University N fertilizer recommendations compared to actual sidedressed N
fertilizer needed to maximize furrow irrigated potato yield. Malheur Experiment
Station, Ontario, Oregon, 1995. '

Soil nitrate & University
ammonium, 0-24 recommendation Lowest N rate tested
inches at planting [ oregon [daho | a@chieving top yield
Year
Ib/ac
1994 108 80 110 0
1995 75 236* 220** 84

* 176+ 60 (20 Ib N/ac per ton of wheat straw residue)
** 175+45 (15 Ib N/ac per ton of wheat straw residue)
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Table 3. Yield response of seven potato cultivars to four nitrogen fertilizer treatments.

Experiment Station, Oregon State University, Ontario, Oregon, 1995.

Malheur

Variety Nitrogen Potato yield by market grade
fertilizer rate US Number One US Number Two Marketable | Undersize| Total
4-6 0z |6-10 02[>10 0z| total [4-6 02| 6-10 0z [>10 oz]total yield
b N/ac ' cwt/ac
R. Burbank ) 1260 1743 1221 4223 28 89 205 321 4544 942 5486
84 1191 1752 1380 4323 58 123 304 485 4809 8.7 5676
144 1064 1702 1522 4288 63 150 308 521 4809 806 5615
204 922 1492 1501 3915 31 138 296 465 4380 840 5220
Average 1109 167.2 1406 4187 45 125 278 448 4635 864 5499
Shepody 0 390 987 2780 4156 03 18 54 75 4232 17.3 4404
84 328 847 3322 4498 17 28 163 209 4707 21 4928
144 331 915 3128 4374 18 29 286 333 4707 192 4899
204 263 787 3484 4534 13 43 375 431 4964 161 5125
Average 328 884 3179 4390 13 30 219 26.2 4653 187 4839
F. Russet 0 900 1767 1685 4352 12 33 168 213 4565 566 5130
84 769 1375 2233 4377 20 21 187 227 4605 631 5236
144 728 1375 1910 4013 20 55 241 316 4328 525 4853
204 712 1152 1992 3856 27 7.2 233 331 4187 505  478.2
Average 77.7 1417 1955 4149 20 45 207 27.2 4421 579  500.0
R. Russet 0 492 1427 1816 3735 30 68 197 296 4031 302 4332
84 410 1236 2848 4493 27 55 241 323 4817 264 5081
144 424 1103 2715 4243 12 76 250 338 4581 272 4853
204 401 837 2690 3927 31 100 345 476 4403 320 4723
Average 431 1151 2517 4099 25 75 258 358 4458 200 4747
AO 82611-7 0 814 1912 1661 4388 10 36 127 173 4561 490  505.1
84 615 1585 2401 4602 16 61 203 280 4882 385 5267
144 632 1478 2662 47741 14 64 237 315 5086 436 5522
204 507 1452 2990 5040 23 58 193 275 5314 433 5748
Average 665 1607 2429 4700 16 55 190 261 4961 436 5307
COO 83008-1 [} 402 1288 2200 3890 1.1 67 241 319 4210 192 4402
84 304 940 3247 4492 15 84 399 497 4989 139 5127
144 306 1353 2702 4450 15 89 218 322 4772 26 4978
204 273 1115 3117 4505 11 47 332 380 4895 212 5107
Average 344 1174 2816 4334 13 72 297 382 4716 187 4904
NDTX 8-731-1R 0. 591 1448 1980 4019 00 00 00 00 4019 424 4443
84 684 1462 2402 4548 00 00 00 00 4548 454 5002
144 689 1456 2052 4196 00 00 00 00 4196 404 4601
204 502 1420 1976 3988 00 00 00 00 3988 423 441
Average 639 1446 2102 4188 00 00 00 00 4188 426 4614
All varieties 0 69.3 151.0 1906 4109 1.3 44 142 200 4309 441 4750
84 61.5 1314 2548 4476 22 53 214 289 4765 423 5188
144 609 1340 2384 4334 20 66 220 306 4640 406 5046
204 537 1179 2536 4252 19 65 253 338 4590 426 5017
LSD (0.05) Trt 65 93 237 215 s ns 66 85 215 ns 208
LSD (0.05) Variety 89 152 294 283 12 30 80 98 202 6.1 2.2
LSD (0.05) Trt X Var ns ns ns ns ns ns ns ns ns ns ns
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Table 4. Tuber market grade response of seven potato cultivars to four nitrogen fertilizer
treatments. Malheur Experiment Station, Oregon State University, Ontario,
Oregon, 1995.

Potato market grade distribution
&mw US Number One US Number Two _
Variety 460z |6-100z][>100z| total |46 02] 6-10 0z [>10 02] total] Marketable | Undersize
b N/ac %
R. Burbank 0 28 315 28 771 05 16 38 59 83.0 170
84 21.0 308 243 761 10 2.2 54 86 84.7 153
144 193 304 265 762 1.2 26 54 92 854 146
204 175 28.3 25 753 06 26 56 88 84.0 16.0
Average 20.2 30.2 257 76.2 0.8 23 51 V 8.1 843 15.7
Shepody 0 9.0 28 626 944 0.1 04 12 16 96.0 40
84 6.9 173 673 914 03 0.6 32 40 95.4 46
144 6.8 18.8 63.7 893 04 0.6 58 67 96.0 40
204 51 154 683 889 0.2 08 69 80 96.9 31
Average 6.9 18.6 655 910 0.3 0.6 43 5.1 96.1 3.9
F. Russet 0 173 343 330 846 0.2 0.6 34 42 889 1.1
84 149 26.3 423 835 0.4 0.4 35 43 87.8 12.2
144 15.0 284 39.1 825 0.4 1.2 50 66 89.1 10.9
204 15.0 239 416 805 0.6 15 49 69 875 125
Average 15.6 28.3 390 828 0.4 0.9 42 55 88.3 117
R. Russet 0 114 333 416 86.3 0.7 15 44 6.7 93.0 70
84 8.0 244 560 884 05 1.1 48 64 948 5.2
144 89 27 558 873 0.2 15 52 70 943 57
204 8.6 178 569 834 0.6 21 70 97 93.1 6.9
Average 9.2 245 526 86.3 0.5 16 54 75 93.8 6.2
AO 82611-7 0 16.3 379 326 868 0.2 0.7 25 34 90.2 9.8
84 117 30.1 454 87.2 03 1.2 40 54 926 74
14 14 269 482 865 0.2 11 43 56 921 79
204 10.6 25.7 513 875 0.4 1.0 33 47 923 7.7
Average 125 30.1 444 870 0.3 1.0 35 48 91.8 8.2
COO 83008-1 0 9.2 289 50.1 88.2 0.2 16 55 713 95.5 45
84 6.1 185 627 874 0.3 16 80 99 97.3 27
144 8.0 27.2 542 893 0.3 18 44 65 958 4.2
204 54 21 606 881 0.2 0.9 66 7.7 95.8 4.2
Average 7.2 242 569 883 0.3 15 61 79 96.1 39
NDTX 8-731-1R 0 13.2 333 439 904 0.0 0.0 00 00 80.4 9.6
84 138 2.3 478 909 0.0 0.0 00 00 90.9 9.1
144 15.0 319 43 911 0.0 0.0 00 00 91.1 89
204 134 32.2 448 904 0.0 0.0 00 00 90.4 9.6
Average 139 31.7 452 90.7 0.0 0.0 00 00 90.7 9.3
All varieties 0 14.2 31.7 409 868 0.3 09 30 0.2 91.0 9.0
84 118 25.2 494 864 04 1.0 41 55 919 8.1
144 121 266 474 860 0.4 1.3 43 60 92.0 8.0
204 108 236 504 849 04 1.3 49 66 914 86
LSD (0.05) Trt 17 19 38 ns ns ns 13 16 ns ns
LSD (0.05) Variety 17 29 46 22 0.2 0.6 56 19 1.2 12
LSD (0.05) Trt X Var. ns 58 ns ns ns ns ns ns ns ns
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Table 5. Tuber stem-end fry color and specific gravity response of six potato cuitivars to four
nitrogen fertilizer treatments. Malheur Experiment Station, Oregon State University,
Ontario, Oregon, 1995.

Nitrogen Nitrogen
Variety fertilizer | Stem-end | Specific Variety fertilizer | Stem-end | Specific
rate fry color | gravity rate fry color | gravity
Ib N/ac % Ib N/ac %
reflectance reflectance
R. Burbank 0 32.5 1.094 R. Russet 0 4.7 1.159
84 33.8 1.092 84 45.2 1.102
144 33.2 1.088 144 45.5 1.100
204 334 1.087 204 444 1.098
Average 33.2 1.090 Average 449 1115
Shepody 0 46.5 1.094 | AO 82611-7 0 45.6 1.095
84 47.6 1.093 84 46.5 1.094
144 46.4 1.087 144 46.3 1.093
204 44.9 1.089 204 45.9 1.094
Average 46.3 1.091 Average 46.1 1.094
F. Russet 0 35.6 1.097 | COO 83008-1 0 483 1.097
84 34.0 1.088 84 47.2 1.095
144 32.9 1.088 144 50.3 1.096
204 30.1 1.083 204 49.1 1.092
Average 331 1.089 Average 487 1.095
All varieties 0 42.2 1.106
84 424 1.094
144 42.4 1.092
204 413 1.090
LSD (0.05) Trt ; ns ns
LSD (0.05) Variety 19.7 0.016
LSD (0.05) Trt X Var ns ns
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Figure 1. Nitrogen fertilizer was shanked into the bed between the furrow and seed

piece. Malheur Experiment Station, Oregon State University, Ontario,
Oregon, 1995.
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Figure 2. Soil .water potential over time for furrow-irrigated potatoes. Malheur Experiment
Station, Oregon State University, Ontario, Oregon, 1995.
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" Figure 3. Av.ailabk_a sqil N in the first and second foot of soil released through organic matter
mineralization as estimated by the buried-bag method. Malheur Experiment Station,
Oregon State University, Ontario, Oregon, 1995.
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Figure 4. R_usset Burbank petiole nitrate over time for furrow-irrigated potatoes receiving
different N treatments. Malheur Experiment Station, Oregon State University,
Ontario, Oregon, 1995.
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Figure 5. Shepody petidle nitrate over time for furrow-irrigated potatoes receiving different N
E'rgatments. Malheur Experiment Station, Oregon State University, Ontario, Oregon,
95.
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Figure 6. F_rontier Russet petiole nitrate over time for furrow-irrigated potatoes receiving
different N treatments. Malheur Experiment Station, Oregon State University,
Ontario, Oregon, 1995.
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