How can we get away from the high use of
pesticides in fruit growing?

Why new genetic engineering techniques will not solve the problems of apple cultivation

Hans-Joachim Bannier, Obst-Arboretum Bielefeld (BIOLAND), alte-apfelsorten@web.de
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"mixed plantatlon
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Extensive cate -

-

No use* of chemical pesticides, no use of sulphur
and copper against fungi«(like in most organic
farms).

Only biological techniques against the maggots of
the codling moth




lm the last 30 years | fearhed that'a lot of old apple :
varieties can be grown'without pesticides, but modern*

-

apple varieties:eannioté |

The question is: Why e .




What is the problem in the apple
orchards today ?




The beautiful world of apples in the supermarket
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We have a big problem in fruit gro

Jonagold 2014

Pinova

... but you only can see it, if you grow our supermarket apples without
spraying any pesticides!




Modern fruit growing today

A Fruit growing is one of the agricultural crops with the highest use of pesticides (PPP)
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Modern fruit growing today

A Fruit growing is one of the agricultural crops with the highest use of pesticides (PSM)

A Contrary to all claims of "integrated cultivation" and more precise use of PSM: The
amount of pesticides used per hectare of orchard in Germany is still rising from year
to year.

A Diseases and pests (and what we can do against them) are the dominant topics in the
fruit growing journals (right and left flanked by the advertisements of the chemical
companies and their pesticides...!).

A 20 to 35 sprays with various pesticides (fungicides, herbicides, insecticides) from the
fruit blossom in springtime to the harvest in autumn are quite common in fruit growing

A As fruit consumers, we also eat residues of pesticides. We have limit values for
individual PPPs, but not for the cumulative effect of cocktails of various PPPs.

A Fruit growers today agree:
"Fruit growing without the use of pesticides - that's unthinkable!"




The main problem in modern apple orchards is the scab (Apfelschorf)

Jonagold 2008

without spraying,pesticides |i|
angrmal year |

Jonagold 2014 =

without spraying pesticides, after a wet springtime)




Organic fruit growers are not allowed to use any systemically acting chemical agents
(because they are absorbed by the plant, work "from inside", but also cause residues
In the fruits).
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Organic fruit growers are not allowed to use any systemically acting chemical agents
(because they are absorbed by the plant, work "from inside", but also cause residues
In the fruits).

Instead of them they prophylactically spray sulphur/Schwefel (and copper/Kupfer) to
fruits and leaves, to keep away any fungal infections.

Depending on the weather conditions and the amount of rain, 30-60 sprays can be
necessary against apple scab (and other leaf diseases) between fruit blossom and
harvest.

For us as fruit consumers thatodés no pr ¢
the fruit. But copper accumulates in the soil and can have a negative effect on soil life;
the spraying of sulphur and copper also change the leaf flora and indirectly damages
beneficial insects - with the result that further spraying against other pests (for
example: aphids/Blattlause) becomes necessary.

To grow apples without intensive (biological) plant protection, for organic fruit
growers with today's apple varieties seems completely unthinkable.




Has the situation always been like this?
Since when have chemical pesticides been available?

What did the fruit growers do in former times,
when they had no chemical pesticides?

Let's | ook back a bit in the appl e







Luxemburger Triumph  ».
(Triumph of Luxemburg)’
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What has happened ??




Fruit growing before 1900

Fruit growing before 1900 was almost exclusively a sideline on farms in
Germany (on high stam trees).

Chemical pesticides didn't exist.
Only robust varieties could be grown on a large scale.

Only a part of the varieties were table apples for direct eating. Many varieties
were good for the kitchen for cooking or drying, for juice or fruit brandy a.s.o.

Varieties, which are susceptible against diseases (like 'Cox Orange'), were
seen as 'Liebhabersorteno (Avarieti ¢
places and with high maintenance, but not for growing on large scale.

New varieties before 1750/1800 mostly were found as so-called random
seedlings, not as a result of targeted breeding. Only robust varieties were
able to establish themselves.




Apple breeding 1850 - 1930

- Start of targeted cross-breeding, in which pollination is no
longer left to the bees.

- The aim was to find out more aromatic table apples for
mass production (for marketing in growing cities).

- The breeders often crossed one of the highly aromatic, but
disease-pr one fAl over varietieso
robust and high yield variety.

- The aim was to find (with a little luck) varieties, which are
robust mass carriers and at the same time aromatic dessert
apples

- Only varieties that could be cultivated without spraying (or
with only minor plant protection measures), could be
established

(1 i ke
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The turn to modern fruit growing

In America since the 1930s, in Germany since the 1950s:

Mass cultivat.
@onathan 6 Mcinbosh 6 ( a
Orange6 (ol d English variety)
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| |

ori ginat eGbx f r

What are these new apple varieties?
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Until 1930 these varieties had no
significance - what was suddenly so
attractive about them?




The reasons for.tf
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The'formulla of modern

- commercial fruit growing:

high fruit set + intensive chemical
plant protection = more work and

more costs, but finally more money

for the fruit growers

¥
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For today's fruit growers, the susceptibility of apples to
diverse diseases seems completely normal.

However, it is the result of a historical development that
~ | was only possible with the use of synthetic chemical
.+ ¥ pesticides.
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Fundamental turn also in the apple
breeding (since about 1930):

A All breeders worldwide suddenly only bred with the following
5 highly susceptible parent varieties:

The "grandfathers" of modern apple breeding since 1930

Golden Delicious
Cox Orange
Jonathan

+ in America also the varieties

Mclntosh
Red Delicious Compilation: Hans-Joachim Bannier




Fundamental turn also in the apple
breeding (since about 1930):

A All breeders worldwide suddenly only bred with the following
5 highly susceptible parent varieties:

The "grandfathers" of modern apple breeding since 1930

Golden Delicious
Cox Orange
Jonathan

+ in America also the varieties

Mclntosh
Red Delicious Compilation: Hans-Joachim Bannier

A The breeding target "vitality" is no longer the
primary focus of breeders !!




Fundamental turn also in the apple
breeding (since about 1930):

A All breeders worldwide suddenly only bred with the following
5 highly susceptible parent varieties:

The "grandfathers" of modern apple breeding since 1930

Golden Delicious
Cox Orange
Jonathan

+ in America also the varieties

Mclntosh
Red Delicious Compilation: Hans-Joachim Bannier

A The breeding target "vitality" is no longer the
primary focus of breeders !!

A This development results in an extreme genetic
Impoverishment (narrowing), that has never
existed before.




Today's market varieties and new varieties of apples
and their parents and grandparents

A Jonagold (USA) Jonathanx Golden Delicious

A Elstar (NL) =Golden Deliciousx Ingrid Marie Cox orangex unbek.)

A Gala (NZ) = Kidds OrangeéRed Deliciousx Cox Orang@ x Golden Delicious
A Idared (CAN) =Jonathanx Wagenerapfel

A Pinova (D) = Clivia (Oldenburg €ox orangé@ x Golden Delicious

A Akane (Syn. Primerouge) (J)Jonathanx Worcester Parméne

A Delbarestivale (Syn. Delcorf) (F) = Stark Jon Grime3otdenDelicious

A Pink Lady (Syn. Cripps Pink) (NZ) = Lady WilliamsGoldenDelicious

A Fuji (J) = Ralls Janet @oldenDelicious

A Nicoter (Syn. Kanzi) (B) = Gala&Red Delicious Cox orange GoldenDelicious) x Braeburn
A Rubinette (SynRafzubin) (CH) =GoldenDeliciousx Cox orange

A Melrose (USA) =Jonathanx Red Delicious

A Summerred (USA) = Summerlanéli¢Intosh x GoldenDelicious) x unbekannt

Compilation:HansJoachim Bannier



Great challenge for
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How have the breeders tried to solve the problems
in the last 40 years?

- They have not used robust traditional varieties for their breeding.
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- Instead, the Japanese wild apple 'Malus floribunda' was crossed
into the susceptible modern varieties.

Why ?




Why a little wild apple in the modern apple breeding?

AThe scab resistance of Malus floribunda can be located on a single
gene (monogenic scab resistance)
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Why a little wild apple in the modern apple breeding?

AThe scab resistance of Malus floribunda can be located on a single
gene (monogenic scab resistance)

A Whether the crossbreeding of the 'scab resistance gene' was
successful or not, can be checked immediately with today's
molekular biological methods.

A So crossbreeding of scab resistance is more "predictable" than
using (polygenic) old varieties.

Monogenic scab resistance = acceleration
and better manipulability of the breeding !



Pedigree of the varieties aTopazo

Gold. Delic. x Vf

MclIntosh x Newtown Peppingl141 26 xJonathan

J. Grieve x Worc. Parnéne Spartan X 38 OR T16 J.Grieve x Worc.Parndne
Lord Lambourne x Gold. Delic. Jolana X Lord Lambourne
Rubin X Vanda
Topaz

Merkur (Zuchtklon UEB 3531-3)

Rajka
Shampion X Katka
Gold. Delic. x Cox Orange Jolana X Rubin
Spartan x 38 OR T16 L.Lambourne x Gold. Delic.

Mclntosh x Newtown Pepping 147 26 xJonathan J. Grieve x Worc. Parméne

GoldenDelic. x vf



The problem:

AMNearly 95% of the todayo scab re
are build on the Vf-resistance of Malus floribunda 821

F. X. Ruess, AResi stente und robusunde Kernobstsorter
Versuchsanstalt fir Wein- und Obstbau Weinsberg (2000)

ASo the many scab-resistent breeds of the last 50 years
are also all offspring of the very disease susceptible
Agr an dfGolddn ®elicoiis, Jonathan, McIntosh

und Cox Orange !

AThe worl dwide using of aMalus f1
breeding promotes further genetic impoverishment



The result:

- Qutside In the field the scab resistance of
the modern breeding varieties broke down on
a broad front.



Breakdown of \* - ol

scab resistance in R o
the varieties’® e

i .

Rewena 2015
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/F/ st bre owns 01} scab resistance in
an orchard in Neubeckum (Westfalen),
where only modern scab-resistant

varletles were planted, cultivated




Topaz 18.07.2019
' My orchard |n Blelefeld without spraying:

Total breakdown of scab resistance i scab on
frurts*n‘g leafs ™ v
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Conclusion:

The strategy of monogenetic scab resistance in
apples has failed completely.

Against a single resistance gene, which is completely "left
alone" by the rest of the neighbouring genes of an
incestuously overbred apple variety, scab has an easy
game to crack the resistance by making small mutations
on its part.




Conclusion:

The strategy of monogenetic scab resistance in
apples has failed completely.

Against a single resistance gene, which is completely "left
alone" by the rest of the neighbouring genes of an
incestuously overbred apple variety, scab has an easy
game to crack the resistance by making small mutations
on its part.

We dondét speak about "a |
complete breakdown of resistance !

The result:
Fruit growers must continue to use their fungicides...

t



|l n additi efsgab-mo d e
resi stanto cul tiwv
more susceptible to Elsinoe leaf
spot (NnTopaz spot
also due to the crossbreeding of
Golden Delicious (see bottom right).



The breeders wanted to solve one problem i
now we have two problems T how do we solve
the problems now?




How.can we find a way out of this
situation? =
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Some scientists nhow call for genetic engineering ' to
solve the probl emse



At aezielt verandert wer-

e.g. Prof. Niggli:

GEMNTECTTK JERENTZEICNTET
wissen. Urs Niggli, Direktor
des Forschungsinstituts flr
biologischen Landbau in

Frick, sieht auch die Chan
cen der Technologie.

Professor Niggli, was halten|Sie
von ,Genome Editing"?
Fiir die Pflanzenziichtung \ist
Genome Editing, vor allem
neueste Methode, Crispr Cas
ein Top-Verfahren.

FOTO: FIBL

|

of. Dr. Urs Niggli, Direk-
~des Forschungsinstituts

onnen Sie ein Beispiel nennen?
Nehmen Sie die Schorfresis-
tenz bei Apfeln. Man kann die-
se Eigenschaft durch Einkreu-

zen des japanischen Holzapfels

erzielen, der ein Resistenzgen

gegen den Schorf enthadlt. Die
Riickkreuzungen, die sicher-
stellen, dass keine weiteren un-
erwtinschten Eigenschaften im
Kulturapfel landen, dauern
zehn bis zwanzig Jahre. Mit
Crispr kann man das betreffen-

——
1s 1st viel besser.

de_Gen aus dem Holzapfel ge-
zielt und schnell in den Kultur-
apfel einfigen —und das Ergeb-

Ein Streitpunkt ist die Regulie-
rung. Was ist lhre Meinung?
Technisch finde ich die Emp-
fehlung eines der Generalan-
walte des Europdischen Ge-
richtshofs sinnvoll. Demnach
sollte Crispr, sofern man nicht
mit artfremden Genen arbeitet,
nicht unter das Gentechnik-
Gesetz fallen.

eine sachliche Analyse von
Chancen und Risiken ist wich-
tig, um auf lange Sicht — auch
auflerhalb der Nische 6kologi-

cher Landhn_u_d_l.n_‘Aln:.gh_n.n—

reinenal st 1o the sca
AILZU S apples. This property
i can be achieved by
Wy ko) crossing in the Japanese
il sfrag? wooden apple, which
Deny Bedi}  .ontains a resistance gene
reng sollte | 5qqinst scab...
werden. E§
Produkte z| With Crispr you can insert
abel eine R the relevant gene from the
grunde zu wood apple into the
sicillichen,| cultivated apple quickly
Risiko| @nd specifically - and the
irde die result i s muc
ken und da

se Verfahren nicht von den
Monsantos und Syngentas die-
ser Welt monopolisiert werden.

Wie groB ist das Potenzial?

Weltweit arbeiten derzeit Hun-
derte von staatlichen Instituten
mit Crispr Cas 9. Da kommt ei-
ne Welle an Innovationen auf
uns zu, die nicht nur einen
kommerziellen, sondern auch
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The same strategy of monogenetic scab resistance, which has

just failed, should suddenly be successful with genetic
engineering?

foreseeabl e that Pr of .

| t | S
i n the airo. ..
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In the meantime, proponents of genetic engineering
have changed their argumentation. They claim that the
collapse of resistance in cultivated plants is quite
normal as a law of nature.

They claim, that we need genetic engineering because
we can react faster on such breakdowns than with
conventional crossbreeding.



In meantime, apologists for genetic engineering have
changed their argumentation. They claim that the
collapse of resistance in cultivated plants is quite
normal as a law of nature.

They claim, that we need genetic engineering because
we can react faster on such breakdowns than with

conventional crossbreeding.

Mit CRISPR/Cas konnterdie Resistenzeigenschaften einer Kultursorte schnell
und mit vergleichsweise wenig Aufwg@atso schneller als mittels klassischer
Kreuzungszuchtungjen sich immer wieder andernden Strategien der
Krankheitserreger angepasst werdef

Die Zluchter mussten deshalb mit ihren Sorten (wie im ewigen Wettlauf zwische

Hase und Igel)den wandlungsfahigen Schadlingen und Krankheitserregern
Immer einen Schritt voraus s@in

Resi stenzeigenschaften iwmYerauflldrl an z
jahrhundertelangen Zichtung verloren gegarigen

sothe a F o r u mundB3erdechnologie e.V6 see www.transgen.de (2017)



http://www.transgen.de/
http://www.transgen.de/

Prof. Niggli again:

Sie Ihre Hal-
hnik andern?
’R/Cas hat gro-
e hat aber wie
le auch Risi-
alsch verwen-
sollte man fur
g einzeln be-
se Technik ge-
n. Ich weifd jetzt
ngen, die Sinn
nuss schauen,
m Vergleich zu
sungen firdie
‘ei denen man
.
ungen waren

rispiel Gene flr
gkeitausschal-
1zgene aus der
pflanze wieder
tfen einfiihren.
raften, die zum
ndie Zichtung
Dualitdt in den
ahren verloren
ba kdnnte man
iem Mafdstab
en.

an Pflanzenextrakten, um Kup-
fer zu ersetzen, doch es ist noch
einlanger Wegbis zur Vermark-
tung.

Die Bioverbiande Ilehnen
CRISPR/Cas ab. Was sagen Sie zu
deren Argument, man konnte
durch traditionelle Kreuzung
kranKkheitsresistente —Sorten

ziichten?
T —

Das wiirde vermutlich 30, 40
Jahre Zichtungsarbeit und
grofie Geldmittel vorausset-
zen. Ich bezweifle, dass die Ge-
sellschaft bereit ist, das zu fi-
nanzieren. Es dauert in der Re-
gel 20 Jahre, eine Apfelsorte zu
zuchten, die gegen die Schorf-
krankheit resistent ist. Oft ver-
andert sich der Erreger dann
schon nach 5 Jahren so, dass er
die Fruchte doch wieder schadi-
gen kann.

Empfehlen Sie der Okobran-
che, CRISPR/Cas zu akzeptie-
ren?

Die Biobauern entscheiden das
selber, und es iiberwiegt eine ab-
lehnende Skepsis. Fiir den Oko-
landbau sind nicht nur techni-

die ohne Pestizide
und der Biobauer
felsorte, die er mit
Zen muss.

Die alte Gentechni

lem da?
sistent
tizide 1
ventior]
erleicht
Sie, da

What do you think about the
argument that you can
breed disease-resistant
varieties by traditional
crossing?

nik nu
kann?

Die alte Gentechr
ben durch die grof
denn sie ist sehr
anderem we

nur Saatgy
passende |
mittel zu
kdénnen ay
wenden:

trem einfj
dungkost
60 Euro.

SINNVoII

Al't usually
years to breed an apple
variety that is resistant
to scab. The pathogen
often changes after
only 5 years so that it
can damage the fruit
again. 0

Auch Monsanto ‘

Prof. Niggli, Taz v. 6.4.2016

t akes



Butalsot hi s argumentation iIs totally fa

Such a complete breakdown of resistance has never
happened before in the history of apple cultivation i

- neither in the old varieties

- nor in the breeding varieties of the century between
1830 - 1930

- There were susceptible varieties and resistant varieties,
but no varieties, which were resistant at first and after a
few years suddenly high susceptible.

- The sudden collapse of resistances has only been
known to us, since breeders believe that it is possible
to make our highly disease susceptible apples
healthy by inserting individual genes.




The counterargument:

"Not the genetic constitution of a variety is the reason, why resistance
will collapse, but mass production is the reason. If we would grow the
robust old varieties in the mass cultivation of the commercial fruit
production, their resistances would also be collapsed soon.

This argument also does not stand up to a fact check:

Many of the old varieties were once just as strong in mass cultivation
as the Topaz today (e.g. Holsteiner Cox, Alkmene, Boskoop, Gravensteiner)

None of these varieties have lost their own characteristics in terms of
health via the Decades as much as the 'Topaz' lost his resistance.

In addition: many of the modern varieties, whose monogenic scab resistanc
are now collapsing, have never been in mass production at all - yet
her resistance collapses! (e.g. 'Prima’, '‘Aneta’, 'Lotos',

Rewena, etc.).

e




What should a sustainable and ecological apple
breeding look like?




Shall we

- continue to save our highly disease-prone and
genetically narrowed varieties for a few years by inserting
individual genes?

- or make a "system change" and use again vital and
polygenetic resistant traditional varieties for our breeding,
even if we need more time for the crossbreeding?




Strauwalds Parméi =
(1890) e

The crossbreeds from 1850 to 1930 show us that
this way has produced sustainable results. These
apple varieties can be grown without intensive use

L of fungicides i also today!

Ve



This way may take longer, but | am convinced that it leads to more
sustainable results !

Progress in breeding in this direction has been interrupted for 80
years...

Unfortunately, the government today gives much money for
genetic engineering, but no money for ecological sustainable
breeding...

With the private breeding association Apfel:gut e.V. since a few
years we continue in principle where the breeders stopped in
1930... !



Epilogue (1)

When it comes to promoting genetic engineering in the
political arena (because genetic engineering in food is
largely rejected by consumers), arguments such as
world food supply, savings in pesticides, or health
benefits are preferred.

And what happens when genetic engineering is
actually permitted, as in the United States?

Socall ed AArctic appleso
2017. Genetic engineering prevents the fruit from
turning brown, so that it looks fresh for longer after
being cut. In this way, consumers are deceived about
the actual freshness of the apple T and in extreme
cases, about possible contamination.

A Health? Savings on pesticides? World food supply?

have

been



In den US-Supermarkten: Apfel, die nicht braunen

Anfang 2015 erhielt ein Gentechnik-Produkt, das dem Verbraucher Vorteile
bringen soll, griines Licht von den zustiandigen Behorden in USA und Kanada:
Arctic-Apfel. Gingige Apfelsorten wurden gentechnisch so verdndert, dass sie
nach dem Aufschneiden nicht mehr braun werden und somit langer frisch
aussehen. Seit 2017 werden Arctic-Apfel in den USA vermarktet, vor allem als
Snack. Direkte Aktionen sollen die Konsumenten von dem neuen Proddukt
uiberzeugen - offenbar mit Erfolg.

Gefunden bei: www.transgen.de



Arctic® Apples in School
-
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