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Introduction & Background

The relationship between the tonnage yield of tubers and the yield of acceptable raw product for
frozen processing (>3-inch-long French fries) can differ greatly among cultivars. Tuber size distribution
and length-to-width (L/W) ratio (i.e. tuber shape) interact to dictate the yield of fresh-cut French fries.
Therefore, for a 35 T/A U.S. No. 1 tuber yield produced by two cultivars, the yield of usable French fries
will differ due to variation in these factors.

On average, yield of fries increases with tuber L/W ratio but the increases are much greater for
smaller tubers (e.g., 4-10 oz) than larger tubers (>12 oz) (Fig. 1). Tubers greater than 12 ounces produce
about 95% raw product regardless of shape (Fig. 1b). Conversely, the recovery of 3-inch or longer fries
from tubers less than 4 ounces is negligible. The models presented in Fig. 1b are being used to compute
and compare the yields of usable raw product from tuber yields and L/W ratios for selected cultivars, and
to evaluate the efficacy of management techniques designed to maximize the recovery of raw product for
frozen processing. ldeally, tubers for frozen processing should have a L/W ratio of 1.8 or higher for
maximum fry yield.

. uber Length to Width Ratio Affects Yield of
French Fry Yield vs Tuber LIW . gt ;
23” long (% by weight) : 23-inch-long French Fries
8 to 10-0z tubers 95% . Percent by fresh wt
0 - 100 {rer y Tres|
225 - \ / ZO 1 //13 nﬂ ﬂ
; // 10-12 oz U-*‘\‘ “\’
0, 4
o 2.00 95/f“ N 2o
% ‘E E 70 <8 10 oz
[ad \ cn 60 1 .
< 175 01%| J/ 3
o . e} 1
§ 3 / 58 6-8 0z
= 83%)| > o5 407
£ 150 —— %0 8% 5.
=) & // = —— 4-60z,R=087 i
g Yl v, - = | -
¥ — B —— 8-10 0z, R =0.81** v
- 125 +—5A 70% - »?" p = ‘ 10 A T 01207 R =086 «:\;_,i«"t‘
\ // ) / 1" ° g 4 6/0z _Knowes etal, 2017 )
\ '8 0 . .
1.00 _;k 54% "s?‘:“’\ 12 14 16 18 20 22 24
' : ,/ v 4l : Tuber L/IW Ratio @ "
23inch ~ ) |

Fig. 1. (a) Changes in percent recovery of 3-inch or longer French fries by weight from 8-10 oz tubers with
increasing tuber length to width (L/W) ratio. The tubers shown are in scale with the indicated L/W ratios. (b)
Changes in yield of 3-inch or longer French fries with increasing tuber L/W ratios for 4-6, 6-8, 8-10, and 10-12-
0z tubers.

Payette Russet and Alturas are frozen-processing cultivars released from the Northwest Potato
Variety Development program. Strengths of Payette (released in 2015) include high late season yield,
resistance to late blight, Verticillium wilt, pink rot, black dot, and all known strains of PVY, excellent
gravity for frozen processing, cold sweetening resistance, heat tolerance, low acrylamide formation, and
long dormancy (Novy et al., 2017). Alturas (released in 2002) produces high yields of cold-sweetening
resistant tubers with significantly less nitrogen than Russet Burbank, and is resistant to Verticillium wilt
and early blight (Novy et al., 2003). In 2016, Alturas was the 5™ and 7™ most widely grown cultivar
(acreage basis) in the Northwest and U.S., respectively (NASS, Crop production, December 2016).
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Despite their strengths, the round tuber phenotype of these cultivars (Table 1) and Payette’s long
dormancy are characteristics that can negatively affect yield and limit the recovery of raw product for
frozen processing. The long dormancy of Payette slows emergence and plant establishment (Novy et al.,
2017), which in short growing season areas will ultimately limit the time devoted to tuber bulking, and
potentially result in lower yields.

Tuber Shape
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Alturas 1.40 1.50 1.54 in the Columbia Basin of WA and OR
Payette 1.41 1.40 1.71 compared with southern Idaho. This
regional effect on tuber shape has been
- & consistent across genotypes for many
S Lyw [ ears.
& : {—K - 4
</ </
1.4 1' 9

Our preliminary work has demonstrated that these weaknesses can be corrected by treatment of
seed with gibberellin (GA) and/or auxin (NAA). GA hastens emergence and plant establishment and
increases tuber L/W ratio, which can substantially increase the yield of raw product for frozen processing.
However, GA also decreases apical dominance, resulting in more stems, increased tuber set, and smaller
tubers. NAA can be used to modulate GA’s effects. The effective relative concentrations of these potent
growth regulators depend on the desired effect, cultivar, and mode of application. Management
techniques that can mitigate slow emergence and round tuber phenotype will facilitate wider adoption of
newly developed cultivars by industry.
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Results
Trials in 2015 showed that GA effectively hastened emergence and increased L/W ratios of
Payette Russet tubers from 1.3 to 1.7, which boosted total fry yield from the 4-12-0z tubers by 36% (+456
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T per 120-acre pivot) (Knowles et al., 2016). However, GA also increased stem numbers per seed piece
and tuber set, thereby shifting tuber size distribution away from >10-0z tubers that yield high percentage
raw product toward <6-0z tubers (including <4-0z tubers that yield no raw product), resulting in only 0-
5% increase in fry yield when all size classes constituting U.S. No. 1 yield (>4 0z) were considered.
Based on the tuber size distributions produced by Payette Russet from 2014-16, we estimated that French
fry yields could be increased as much as 38% by selectively abolishing the GA-induced shift in tuber size
distribution while retaining the GA-induced increase in L/W ratio across all size classes (Fig. 2).

Since the effects of GA and NAA on stem numbers and tuber size distribution are opposite
(Herman et al., 2016; Knowles and Knowles, 2016), and the two growth regulators have different modes
of action, there is potential for a combination seed treatment that would isolate and thus capitalize on the
effects of GA on accelerating emergence and increasing tuber L/W ratio. We postulate that NAA in the
combination treatment would reduce GA’s effect on increasing stem and tuber numbers, thus maintaining
tuber size distribution, but GA would still hasten emergence and potentially (see below) increase tuber
L/W ratio. Accordingly, we tested a broad range of GA and NAA concentrations in combination applied
as dip or spray to seed for Payette Russet and Alturas in 2016.

When combined with GA, NAA only partly moderated the GA-induced stimulation of plant
emergence (Fig. 3a), maintained apical dominance (Fig. 3b), and had no effect on the GA-induced
increase in tuber L/W ratio (Fig. 3c). GA alone or in combination with NAA increased the yield of >3-
inch-long fries from the 4 to 12-0z tubers by 43% (726 T per 120 A pivot) (Fig. 3d schematic).
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Fig. 3. (a) Plant emergence from Payette Russet seed treated with GA (4 ppm) alone or in combination with NAA
(120 and 180 ppm) as a dip application. (b) Stem numbers produced by the GA and GA + NAA treated seed. (c)
GA-induced changes in tuber length to width (L/W) ratios of 4-12 0z U.S. No. 1 tubers by size class. Data are
averaged over all treatments since NAA in combination with GA had no effect on L/W ratio beyond that
attributable to GA alone. (d) Percent recovery of 3-inch or longer French fries by weight from 4-12 oz tubers by
size class. Fry yield from the 4-12 oz tubers increased 43% due to the GA-induced (2 ppm) increases in tuber L/W
ratio. This increase equated to an additional 726 tons of raw product per 120 A pivot as portrayed in the schematic.
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However, when all tuber size classes (>4 0z) were considered, the increases in fry yield attributable to GA
alone averaged -2.6% in the 2016 dip application trials, due to the GA-induced shift in tuber size
distribution toward 10-0z and under tubers (including increased yield of undersize tubers (<4 0z) that do
not contribute to fry yield) (Fig. 4a). When combined with 2 ppm GA in dip application trials, NAA (180
ppm) partly reduced the GA-induced shift toward smaller tubers (Fig. 4b), resulting in a marginal increase
in fry yield (6%; 204 T per pivot) over non-treated seed.

Fig. 4. Tuber size distributions of
Payette Russet as affected by 2
and 4 ppm GA applied alone (a) or
in combination with 180 ppm
NAA (b). Cut seed was treated by
immersing in treatment solutions
prior to air drying and planting
several days after treatment.

Tuber yields for each size class are
expressed as percent marketable
yields (U.S. No. 1 + <4 0z).
Marketable (Mkt) yields, stems
per plant, tubers per plant and per
acre, and average tuber fresh
weights are compared in the inset
tables. Letters indicate LSD
P<0.05. Note that GA increased
stems (a) and shifted tuber size
distribution toward smaller tubers,
effectively reducing the
percentage of 12-0z and over
tubers that yield 95% usable raw
product (French fries). The
magnitude of these effects was
concentration-dependent. GA at 4
ppm was excessive and in
combination with 180 ppm NAA,
decreased tuber yield, size, and the
yield of French fries by 12.1% (b,
inset table). However, when
combined with 2 ppm GA, NAA
inhibited the GA-induced shift in
size distribution. This effect,
coupled with the GA-induced
increase in tuber L/W ratios (Fig.
3), effectively increased the yield
of raw product by 6.1% (+204 T of
French fries per pivot when
compared with control).
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As expected, spray application (~0.6 gal/ton) to seed was less effective than dip application for a
given concentration of plant growth regulator. However, raw product yield (i.e. T/A French fries) from

Payette was increased as much as 16% (540 T per pivot) by using NAA in combination treatments to

confine the effect of GA to tuber shape (Fig. 5).

Spray Application

Payette Russet

French Fry Yields by Size Class as
Affected by GA & NAA
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GA+

Check GA, NAA
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Avg L/W ratio 1.28a 1.53b 1.53b

Fry Yid (T/A) 27.3a 29.3ab 31.8b
%Fry Yid 73a 79 82c
Tubers/A (x10%) 146a 169b 172b
oz/tuber 8.6a 7.6b 7.90

AFry Yid 0 +7% +16%

+240T  +540T
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== 4 GA
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Fig. 5. Yields (T/A) of 3-inch or longer French fries by tuber size class from Payette Russet as affected by
spray treatment of seed with GA alone (4 ppm) or in combination with NAA (120 ppm). GA alone decreased

the yield of French fries from >12-0z tubers but increased the yield of fries recovered from 4-12-0z tubers. This
latter effect was attributable to GA-induced increases in L/W ratios (inset table) and yields of the 4-12-0z tubers.

The increased yield of fries from <12-0z tubers exceeded the loss of fry yield from >12-0z tubers, resulting in a
7% net increase in total fry yield over all U.S. No. 1 size classes, which equated to 240 T more fries per 120 A
pivot than control (inset table). In the combined treatment, NAA attenuated the GA-induced shift in tuber size
distribution (data not shown) and associated loss of fry yield from >12-0z tubers. This effect, coupled with the
increased L/W ratios of 12-0z and under tubers, further increased overall net fry recovery relative to the GA
alone and control treatments, resulting in 16% increase (+540 T more fries per pivot) in yield of raw product

over non-treated seed (inset table).
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In contrast to Payette, Alturas was substantially less sensitive to GA for shifts in tuber size
distribution but not shape, resulting in 23% increase in raw product recovery (744 T per 120 A pivot) with
2 ppm GA alone (Fig. 6).
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Fig. 6. Yields (T/A) of 3-inch or longer French fries by tuber size class from Alturas as affected by spray
treatment of seed with 2 and 4 ppm GA. In contrast to Payette Russet, Alturas is less sensitive to GA for shift in
tuber size distribution (i.e. reduction in yield of >12-0z tubers and increase in yields of <12-0z tubers including
undersize). Therefore, GA at 2 ppm increased the net yield of French fries by 744 T per pivot (23%) (inset
table) primarily by increasing L/W ratios of the 4-12-0z tubers, despite a 16% GA-induced decline in yield of
>14-0z tubers (data not shown). The increased yield of fries from <12-0z tubers thus greatly exceeded the loss
of fry yield from >14-0z tubers, resulting in 80% fry recovery across all size classes (inset table). GA at 4 ppm
decreased the yield of >12-0z tubers by 26% (data not shown) and associated fries by 27%. However, this effect
was offset by 29% increase in yield of 4-10-0z tubers (data not shown) and when coupled with the increased
L/W ratios of 4-12-0z tubers, resulted in 16% net increase in yield of raw product (+528 T more fries per pivot).

Increases in tuber L/W ratio induced by GA/NAA seed treatments maximized yield of raw
product only when the relative concentrations were adjusted to minimize shifts in tuber size distribution,
as dictated by cultivar sensitivity to GA. While results from the 2016 studies were encouraging, the 1-
year data sets were variable. An expanded array of trials is underway in 2017 to define optimum
GA/NAA concentrations and application techniques to effectively control apical dominance, tuber set,
size distribution and shape for increased yield of raw product from frozen processing cultivars.
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Summary and Final Thoughts

> We need to be thinking about fry yield per acre for existing and new cultivars (the tonnage tuber
yield vs fry yield are two different things). There is opportunity for developing cultivars and
management techniques that effectively maximize French fry yield per acre.

» U.S. No. 1 tuber yields are not all created equal — a 35 T/A yield for two cultivars can translate to
substantially different yields of raw product depending on tuber size distribution, shape, and the
extent of culling for defects and bruise.

» Tuber shape (L/W ratio) and size distribution interact to affect the yield of 3-inch and longer
French fries. Increasing the L/W ratio of 4-10-0z tubers has the greatest effect on recovery of
French fries.

» Twelve ounce and over tubers produce 95% fry yield regardless of shape.... however, large
tubers can often have greater incidence of defects (e.g., hollow heart, brown center) and bruise
(=penalties); this incentivizes limiting oversize in favor of 4-12 oz tuber yield (with high L/W
ratio) to maximize raw product recovery.

» Treatment of seed with GA will hasten emergence, increase stem numbers and tuber set, decrease
average tuber size, and increase tuber L/W ratio. Optimum rates of GA depend on cultivar
sensitivity and the desired effect (outcome). Concentrations too high will produce many stems
that lack vigor, and can substantially reduce yield and alter tuber shape (Blauer et al., 2013;
Herman et al., 2016).

» The effects of GA on emergence and tuber shape can potentially be isolated from its effects on
increasing stem numbers and shifting tuber size distribution by combining with NAA. In
combination, NAA attenuates GA’s effects on increasing stem numbers and shifting tuber size
distribution, while retaining the GA-induced effects on quicker emergence and shape.
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