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Introduction & Background

The ideal tuber size distribution for maximum crop value is defined by the various end use
markets (seed, fresh pack, processing). Tailoring tuber set and size in relation to market requirements can
add substantial value to a crop. In general, tuber number per plant increases with stem number per
seedpiece and this occurs with a concomitant decrease in average tuber size (Fig. 1A). In a long growing
season area like the Columbia Basin, changes in tuber number per plant and average tuber size occur with
no effect on overall marketable yield (U.S. No. 1 + <4-0z yield) over a broad range of stem numbers (Fig.
1B) for many cultivars (Knowles and Knowles, 2006). Hence, early season stem counts can be a good
indicator of final tuber size distribution (Fig. 1C), and management techniques that alter the degree of
apical dominance constitute an effective strategy for maximizing yield of the most lucrative tuber size
classes for a particular market.
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Fig. 1. Changes in tuber set and average tuber size (A), marketable yield (B), and tuber size distribution (C) with
increasing stems per seedpiece for Ranger Russet in the Columbia Basin. Data are averaged over three growing
seasons. The overlapping polygons (C) illustrate the progressive shift in tuber size distribution as stem number
increases in increments of 0.4 from 2.4 stems (blue polygon) to 5.6 stems (red polygon). The broad range in stem
numbers (i.e. degree of apical dominance) was created by storing the seed tubers at different temperatures over a
200-day storage period. Data are from Knowles and Knowles (2006).
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Adjusting in-row spacing is one of the most effective techniques for altering tuber size
distribution. Tuber size increases with lower planting densities (wider in-row spacing); however, this
response is significantly modified by the degree of apical dominance (average stem number per
seedpiece), which is a key indicator of the physiological age of a seed lot. In general, potato plants
respond to wider in-row spacing by setting more tubers per plant. However, as in-row spacing increases,
the tuber-set response from a high-stem (physiologically older) seed lot will be greater than from a low-
stem (younger) seed lot (Table 1), which ultimately limits the potential spacing-induced gain in average
tuber size possible from a high-stem seed lot (Table 2) (Knowles and Knowles, 2015). Knowing the
number of stems a seed lot will produce prior to planting will thus better inform decisions on in-row
spacing to achieve a specific tuber size distribution target.

Table 1. Effects of in-row spacing on tuber Table 2. Effects of in-row spacing on average
number per plant from Ranger Russet seed lots tuber size from Ranger Russet seed lots
expressing high (2.8 stems) and low (5.4 stems) expressing high (2.8 stems) and low (5.4 stems)
apical dominance. apical dominance.
In-row Seed Lot In-row Seed Lot
Spacing (inch) 2 g.stem 5.4-stem Spacing (inch) 2 g.stem 5.4-stem
tubers/plant oz/tuber
6 (15 cm) 7.0 9.3 6 (15 cm) 7.3 5.1
10 @sem  +3( 8.9 13.3  J+7 10 (25cm) 84 8.8 5.8  J25%
14 35cm) 10.2 16.2 14 (35 cm) 10.0 6.4
Age (stems) *k Age (stems) *k
Spacing, 1 *k Spacing, 1 *k
AX SpLT *% AX SPLT *%
**P<0.01. **P<0.01.

Naphthalene acetic acid (NAA) and gibberellin (GA) are plant hormones registered for use on
potato seed. These growth regulators can have substantial effects on emergence and plant establishment,
apical dominance (stem numbers), tuber set, size distribution, and tuber shape. NAA and GA are

extremely potent plant growth regulators
and should only be considered for use in Hormone-based plant growth regulators
specific situations and at the appropriate
concentrations to achieve a desired result T
(e.g. emergence response, tuber set, size OH
distribution, tuber shape). The optimum
concentrations are both outcome- and OO NAA
cultivar-specific. While much of the
research on NAA and GA is ongoing, the Naphthalene acetic acid Gibberellin
examples below are given as a guide to
some of the circumstances and potential » Emergence & plant establishment
situations justifying their use in potato > Apical dominance (stem numbers)
production. > Tuber set & size

» Tuber shape...
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Example 1 - Restoration of apical dominance with NAA

Situation — a physiologically older, high-stem seed lot or a cultivar that inherently has a low
degree of apical dominance and therefore produces too many stems; both scenarios result in a high
percentage of tubers that are too small for the particular market.

Seedpiece treatment with NAA prior to planting will effectively decrease stem numbers (Fig.
2A), reduce tuber set (Fig. 2B), and increase average tuber size (Fig. 2C), which can add value for a crop
destined for frozen processing, but will decrease the potential value of a seed crop by shifting tuber size
distribution toward a higher percentage of larger tubers (Fig. 2) (Knowles and Knowles, 2015). NAA will
also delay emergence in a concentration-dependent manner, which can negatively affect yield particularly
in a short-season growing area.
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Fig. 2. Effects of auxin (NAA, naphthalene acetic acid) on stem numbers (A), tuber set (B), and tuber size
distribution (C) from low- and high-stem seedlots. Seed was age-primed by storing at high temperature for a brief
period directly following harvest to produce the high-stem seedlot. The seed was cut and treated by immersing in
solutions of NAA approximately four days prior to planting in April. NAA treatment of the older 4.8-stem seedlot
delayed plant emergence (not shown), decreased stem numbers (A), reduced tuber set (B), and shifted tuber size
distribution (C) to more closely match levels characteristic of the younger 2.8-stem seedlot. By decreasing stems,
NAA partly restored crop value for a process contract. The high-stem seedlot returned the greatest value for a seed
contract. Data are from Knowles and Knowles (2015).
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Example 2 - Reducing apical dominance with GA — e.g. red/specialty cultivars; seed potatoes

Situation — high yields of smaller tubers (B’s and creamers, or seed) are desired; need higher stem
density and tuber set per acre without necessarily adopting higher planting density.

Seedpiece treatment with GA prior to planting will effectively increase stem numbers and tuber
set, resulting in a decrease in average tuber size, which can add value for crops destined to various fresh
pack specialty (creamers, baby bakers, little potatoes, etc.) or seed markets, as demonstrated for Red
LaSoda (Fig. 3) (Blauer et al., 2013). GA also hastens emergence and can alter tuber shape. The
optimum concentration to shift tuber size distribution without negatively affecting marketable yield (U.S.
No. 1 + <4 0z) is highly cultivar-dependent. Concentrations too high will result in too many stems per
seedpiece with associated loss of vigor, decreased yield and misshapen (elongated) tubers.

Gibberellin Hastens Emergence, Increases Stem Numbers & Shifts Tuber
Size Distribution Toward Smaller Tubers to Affect Crop Value
A 100 4 Red LaSoda B 6.0 { Red LaSoda c i 1 Red LaSoda
80 1 g 55 g 12
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g 1 20.3 4.8 30.0 9.7 10.2
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Fig. 3. Effects of GA on emergence (A), stems per seedpiece (B), U.S. No. 1 tuber yields (C) and percent change in
dollar value of tuber size classes and total yield (D) of Red LaSoda. Tubers were graded into ‘A’, ‘B’ and ‘C’
USDA size categories and values were calculated based on the USDA Agricultural Marketing Service 4-year
average price (post packhouse) for 50 Ib cartons of each grade. Data are from Blauer et al. (2013).

Example 3 - Reducing apical dominance with GA — russet cultivars

Situation — a physiologically young, low-stem seed lot or a cultivar that inherently has a high
degree of apical dominance and therefore produces too few stems; both scenarios result in a high
percentage of tubers that are too large for the particular market. GA will effectively decrease the
percentage oversize tubers in late-season long russet varieties destined to frozen processing, fresh or seed
markets.

58 2016 Proceedings of the Washington - Oregon Potato Conference



A good example for this scenario is the frozen processing cultivar, Bondi. Bondi produces very
high yields when grown under long season management. However, it typically produces low stem
numbers and tuber set, resulting in high percentage oversize tubers (>14 oz) (Fig. 4A). Treatment of seed
with GA effectively decreased apical dominance and reduced average tuber size from 9.6 to 6.9 oz/tuber,
reflecting a more even distribution of tubers among all size classes (Herman et al., 2016). Note the
cultivar-dependent differences in sensitivity to GA concentration (Fig. 4B). The marketable yield of
Bondi was unaffected by GA up to 8 ppm; however, the marketable yield of Ranger Russet decreased
linearly with GA concentration greater than 2 ppm. These data underscore the importance of not
exceeding the optimum concentration of GA to achieve a desired tuber size distribution outcome for a
particular cultivar. As noted above for red/specialty cultivars, exceeding the optimum concentration of
GA will result in too many stems per seedpiece with associated loss of vigor, decreased yield and
misshapen (elongated) tubers.
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Fig. 4. Tuber size distributions of Bondi (A) as affected by 0, 0.5 and 8 mg/L (ppm) GA. Cut seed was treated by
immersing in the indicated GA solution for 5 min prior to air drying and planting several days following treatment.
The overlapping polygons illustrate the GA-induced shift in tuber size distribution. Marketable (Mkt) yields, stems
per plant, tubers per plant and per acre, and average tuber fresh weights are compared in the inset table for the 0- and
8-ppm GA treatments. (B) Changes in marketable yield (U.S. No. 1 + <4-0z) with increasing GA concentration for
cultivars Bondi and Ranger Russet. Note the increased sensitivity of Ranger to GA concentrations greater than 2
mg/L compared with Bondi. Data are from Herman et al. (2016).

Example 4 — Hastening emergence and altering tuber shape for increased yield of raw product for frozen
processing without affecting tuber size distribution, using a combination of GA and NAA

Situations — cultivars having prolonged dormancy, round tuber phenotype (shape), or both. Long
dormancy significantly delays plant emergence and establishment, which can limit the time devoted to
tuber bulking, resulting in lower yields particularly in shorter growing season areas. The yield of raw
product for frozen processing (3-inch or longer fries) is significantly reduced when tuber length to width
(L/W) ratio falls below ~1.8 (Fig. 5B).

GA breaks dormancy and greatly stimulates plant emergence (Fig. 3A); however, as shown
above, it also decreases apical dominance, resulting in more stems per seedpiece with an associated shift
in tuber size distribution toward smaller tubers (Figs. 3BC & 4A). In addition to hastening emergence,
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GA stimulates cell elongation in the internodes of stems, resulting in a more upright growth habit for
aboveground stems (Fig. 5A) and elongation (increase in length to width ratio) of tubers. Tuber length to
width ratio (shape phenotype) and tuber size dictate yield of usable raw product (3-inch or longer fries)
for frozen processing. In general, yield of raw product increases with tuber L/W ratio; however, this
response is much greater for smaller tubers (e.g. 4-10 0z) than larger tubers (12 oz and over) (Fig. 5B).
For 12-0z and larger tubers, the yield of 3-inch or longer fries averages about 95% regardless of tuber
shape. Tuber shape is thus an important selection criterion in developing new cultivars for frozen
processing (e.g. Northwest Potato Variety Development Program, NWVDP). Treatments to alter tuber
shape for increased yield of raw product for frozen processing should therefore maintain yield of larger
(>12-0z) tubers that yield 95% raw product.
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Fig. 5. (A) Treatment of seed with GA stimulated internode elongation of stems. (B) Yield of 3-inch or longer
French fries (raw product) increased with tuber length to width (L/W) ratio and the effects were greatest for smaller
(10-o0z and under) tubers. (C) GA seed treatment increased the L/W ratio of Payette Russet tubers and this
translated into increases in the yield of usable raw product (D) where the effect was greatest for 10-0z and under
tubers.

Payette Russet is a newly released frozen-processing cultivar from the NWVDP. Despite its
many strengths (disease and cold sweetening resistance, low acrylamide, heat tolerance), Payette’s round
tuber phenotype and long dormancy constitute weaknesses that can potentially be managed with growth
regulators. GA seed treatment hastened emergence, increased tuber L/W ratio (Fig. 5C) and yield of raw
product from 4-12-0z tubers in 2014 and 2015 trials (Fig. 5D); however, the total yield of raw product did
not increase proportionally because GA also induced a shift in size distribution that decreased the yield of
12-0z and over tubers in favor of increased yield of smaller tubers (Fig. 6). As noted above, 12-0z and
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over tubers translate to 95% yield of 3-inch or longer fries (Fig. 5B). Therefore, the effects of GA on
increasing stems, tuber set and shifting tuber size distribution need to be minimized while retaining its
effects on hastening emergence and increasing L/W ratio to realize gain in yield of raw product.
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Fig. 6. Tuber size distributions of Payette Russet as affected by 0, 2 and 4 ppm (mg/L) GA. Cut seed was treated
by immersing in the indicated GA solution for 5 min prior to air drying and planting several days following
treatment. Marketable (Mkt) yields, stems per plant, tubers per plant and per acre, and average tuber fresh weights
are compared in the inset table. Note that GA decreases apical dominance (increases stems) and reduces the
percentage of 12-0z and over tubers that yield 95% usable raw product (French fries) for processing. Inhibiting the
GA-induced shift in size distribution while maintaining the effect of GA on L/W ratio (Fig. 5C) would effectively
increase raw product yield for Payette and other cultivars that have a round tuber shape phenotype.

Since the effects of GA and NAA on stem numbers and tuber size distribution are opposite, 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. NAA in the combination treatment would modulate GA’s effect on
decreasing apical dominance (stem numbers), thus maintaining tuber size distribution, but GA would still
hasten emergence and potentially (see below) increase tuber L/W ratio. While our preliminary (proof of
concept) data suggests this is possible, we will know better after this year’s trials where a broad range of
GA and NAA concentrations in combination are being evaluated for several cultivars. The concentration
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of GA needed to hasten emergence may also be less than that needed to alter tuber shape. Therefore,
more precise outcome-based recommendations would increase the utility of GA for use in different
applications. The optimum relative concentrations of these growth regulators in combined treatments will
depend on cultivar and the desired outcome (e.g. quicker emergence and the degree of apical dominance
needed for a particular tuber size distribution).

Summary & Conclusions

» Manipulating tuber set and size distribution can add substantial value to a crop and is therefore of
great interest to the potato industry.

» Tuber set and size distribution are highly correlated with the degree of apical dominance (average
stem numbers) produced by a seed lot.

» Early season stem counts are a good predictor of tuber set and size development but the specific
relationships are cultivar dependent.

» The degree of apical dominance (stem number per seedpiece) is affected by cultivar and seed
physiological age, and is hormonally regulated.

» Knowing the approximate average stem number a seed lot will produce prior to planting greatly
expands the management options for achieving a particular tuber size distribution to maximize crop
value.

» The extent to which in-row spacing affects tuber set and size distribution depends on the degree of
apical dominance.

» There is no substitute for knowing the detailed production, end-of-season handling, and storage
histories of a particular seed lot, which will enable accurate estimates of expected stem numbers
prior to planting.

» Treatment of seed with NAA will decrease stem numbers, tuber set and increase average tuber size
for seed lots of advanced age or for cultivars that naturally produce excessive stems. Treatment of
seed with low stem numbers will delay emergence and potentially reduce yield and economic
returns.

» Treatment of seed with GA will hasten emergence, increase stem numbers and tuber set, decrease
average tuber size, and increase tuber L/W ratio. Cultivar and the desired outcome (effect) will
dictate the optimum concentration. Concentrations too high will produce many stems that lack
vigor, and can substantially reduce yield and alter tuber shape.

» The effects of GA on emergence and tuber shape can potentially be isolated from its effects on
reducing apical dominance and shifting tuber size distribution when applied in combination with
NAA, where NAA modulates the effect of GA on apical dominance and associated shift in tuber
size distribution profile.
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