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Background — Potato “Yield Gap” projects

» Grower initiated

» QOver the past decade, potato yields have remained static at
around 50-60 t/ha, becoming uneconomic to sustain

» Models predicted potato yields should be up around 90 t/ha!

Plant & Food
RESEARCH [ 4

The New Zealand Institute for Plant & Food Research Limited



Common theme

» Major yield limiting factors include

1. Presence of soil-borne diseases reducing underground root
and stem health, and

2. Compacted, poorly structured soils restricting root growth
and reducing the crop’s ability to take up water and nutrients.
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Rhizoctonia stem canker
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Spongospora diseases

» Spongospora root galls on stems (not often seen) and roots
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Yield = 57 t/ha
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Potato bed profiles - Potato Yield Gap Project
Wheel track on left, bed furrow onright
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Yield = 86 t/ha

Potato bed profiles - Potato Yield Gap Project
Wheel track on left, bed furrow onright
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Tuber yield from targeted areas: 2012-13 season
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SFF Year 1 — Crop monitoring

» 18 potato crops monitored
» Three in Pukekohe/Pukekawa
» Three in Manawatu
» 12 in Canterbury

» Shadehouse experiment
» Soll collected from the 18 crops
» Formalin dipped seed of the
same line planted
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SFF Year 1 - Summary

» Severities of rhizoctonia and spongospora diseases were less in
the treated shadehouse plants than seen in the field

» This suggests that the higher disease levels expressed in the field
may have resulted from Infected seed

» Once again, dense sub-soil layers and cultivation pans are
limiting deeper root growth and development
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SFF Year 2 - Quantifying the impact of seed

health

One region — Canterbury

15 fields with four crop history types (last 10 years):

1. ‘Diseased/Good structure’ >5 years grass + 1 potato crop

2. ‘Diseased/Poor structure’ >5 years non restorative + 1 potato crop
3. ‘Clean/Good structure’ >5 years grass + NO potatoes
4.

‘Clean/Poor structure’ >5 years non restorative + NO potatoes
p—

One trial in each field (4 plots each):
Two cultivars: Russet Burbank, Innovator

Two seed treatments
1. ‘Clean’ seed — formalin dipped
2. Untreated seed.
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Seedborne disease

Glasshouse:

» Random sample of dipped/undipped seed grown in sterile potting
mix in glasshouse (10 replicates)

» All seed produced diseased plants (root galls, stem canker)

» Formalin only slightly reduced rhizoctonia severity
Field:

» N0 measureable formalin effect

Conclusion:

» Formalin dipping (commercial) was ineffective in our
study
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Effect of paddock history on rhizoctonia

» Stem canker incidence was affected by crop history (and seed):

» 75% chance of disease from a potato-free 10 year rotation

» 92%0 chance from having potatoes previously

» 70% chance of disease from a 6 - 9 year cropping history

» 83%0 chance from a 7-10 year grass history
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Effect of paddock history on spongospora

» Spongospora root gall and powdery scab disease incidence was
affected by crop history (and seed):

» 24% chance of disease from a potato-free 10 year rotation

» 73% chance from having potatoes previously

» 3% chance of disease from a 6-9 year potato-free cropping history

» 4690 chance from a 7-10 year grass history
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However!

» Therewas NO y|6|d reduction from these increased

disease levels resulting from a grass and/or potato history

» In fact, marketable yleld wWas g reater from a grass
history:

» Grass = 79 t/ha
» Cropping = 69 t/ha

» Soil physical quality...our other main yield-limiting factor
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Yield (% Regional Avg)

How was soll structure related to yield? Methods

10 year Crop History Score

« 0 =fallow

« 1 =-e.qg. potatoes
e 2=-e.g.peas

« 2.5 =cereals

e 4 =grass
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Structural Condition Score Card
for Mixed Cropping Soils of Canterbury

Sitt and Clay Loam Soils

_2

Topsoil (10 cm) entlrely of large (~5 cm) dense clods that braak with
effort to emooth angular or curved faces. Clods hard and compact. Roots
mpstly in cracks along broken faces.
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Topsoil mostly of large (>5 cm) clods that break to rough surfaces with
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usually present. Large porous clods crumble 1o mainty I Lurge
clods may contain some fine roots.

=

Topsoll mostly of medium to large (>2 cm) aggregates with rough
porous surfaces. Some small rounded aggregales and fina loose sail
present, Large cleds crumble to small rounded aggregates and

may be
fine loose soil. Roots growing in and around aggregates.

_
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Topsoil mostly of small ic madium size {<2 ¢m) rounded or nutty
aggregalas. Large aggregates crumbla into small rounded aggragates.
Some aggragatss ofing to line roots when shakan.

Topsoil consiets entirely of small to medlum size (<2 cm) stable soil

regates of rounded or nutty shape. Little or na fine unaggre?am sail

orh argekl; a'?gm@ms will ke present. Many aggregates cling to fine roots
when shaken,

10



Aggregate stability and crop history

» A higher Aggregate Stability (AS) = improved soil resilience

» Crop History Score correlated well with AS (higher = more grass)
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Structural condition score and crop history

» A higher Structural Condition Score = better root hospitality

» SCS correlated well with Crop History Score (higher = more grass)
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Yield vs our two soll quality measures (P = 0.007)
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SFF Year 2 — Can biofumigation control
sollborne disease?

Oats

Caliente Mustard
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SFF Year 2 — Can biofumigation control
sollborne disease?

Oats

Caliente Mustard

Plant& Food
RESEARCH |
RANGA MARA KAl ‘6

The New Zealand Institute for Plant & Food Research Limited



»

»

»

»

SFF Year 2 — Bio-fumigation trial

Sown — 30" March 2016

Mulched/Incorporated — 6™ September 2016

Yield (t DM/ha):

Fallow 0.7
Mustard 3.1
Oats 3.8
Radish 4.7

Potatoes planted — 19t October 2016
» No in-furrow treatment was applied

Plant & Food
RESEARCH [ 4



SARDI Predicta Pt

Mean amounts of R.solani AG 2.1 soil DNA (pg/g)
3000

2500 2271
2000 1736

1500

1000

500 329
132
56 56 56 56
Fallow Mustard Oats Radish

B Pre-biofumigant M Post-biofumigant

» Increased levels of Rhizoctonia solani observed in mustard and
radish treatments

» DNA amounts in the soil of all other pathogens including
Spongospora subterranea did not change Plant & Food
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Rhizoctonia incidence and severity
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Percentage (%)

B Emergence M Bulking
» High incidence of rhizoctonia stem canker late in the season

» >30% severity has been shown to reduce overall potato yield
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Spongospora subterranea

Root gall severity Powdery scab severity

Crop (2 = 5-20 galls/plant) (1 =5%)
Fallow 1.71 0.25
Mustard 1.58 0.30
Oats

Radish 1.75 0.20
l.s.d 0.37 0.10

» Root gall and powdery scab severity was lowest in the ‘Oat’
treatment
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No difference in yield was measured

Marketable yield = 74 t/ha
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Summary

» Seed used in the trials was contaminated and must have
contributed to disease levels in the field.

» Disease levels in the trials were increased by grass and previous
potatoes in the history.

» However, soil physical structure was improved under long-term
grass and contributed to increased potato yields.

» Biofumigation crops were ineffective in controlling soilborne
disease in our potato crop.
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Thank Youl!

4

RESEARCH

el
Q
=
E
-
ey
e
@
Q
1%
]
x
=
o
o
w
]
=
f =
K
o
8
Q
i
2
@
=
°
c
K
]
Q
N
=
Q
z
i
K=
=




