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Economic importance of fruit production

(Year 2015)

» 10% of apples are from organic production

> ~ 50% of the cultlvars are covered by ha|I hets




Interface between Science and Practice:

"o Fundamental scientific research and on-farm-trials
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Varieties & ecological production - Dr. Ulrich Mayr

Physiology - Michael Zoth

i Plant protection— Dr. Christian Scheer

_ Postharvest physiology - Dr. Daniel Neuwald

Fruit market and farm management- Dr. Manfred Buchele



Experlmental Area total 45 ha rounded

I) 30 ha integrated production IP, IT) 15 ha ecological production BIO
90% pip fruit, 10 % stone fruit

Storing facilities: 100t cooling and 400t CA-storage (12 rooms),
Storage for science purpose 48 compartements

Lab: 400 sgm. well equiped
Well educated and trained Staff: 6 PhD, 4 M.Sc., 7 Bach,,
10 Students on internships, 4 workers in Lab, 8 workers in the fields ,

70 temporary staff

Contacts to extension and farmers in a higher production level region
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Y/ Improving fruit colouration

» Apple cultivars are sometimes endangered
to develop low colouration:

high temperatures, shaded position,
covered with leafs, dark hailnet, ...

» Cultivars: Elstar, Fuji, Kanzi, Pinova, Sweetango

> Measures: Summer pruning

Growth control using PGR's
Prohexadione-Ca [Regalis, Kudos]

Biostimulants, Fertilizers

Light reflecting ground covers

Defoliation

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Improving fruit colouration

> Effects:
- lighter canopy
- better light distribution
- light / radiation reaches the fruit

- maximum light exposition of the fruit surface

> => induces anthocyanin synthesis

=> Improves brighter and intensive colouration

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



V| Light reflection trial 2012 - A
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Simple Test-trial with ,no-name’ reflecting textile

Boniturplan Quartier 5 BLOCK 1 Pflanzabstand: 3.2 x 0,8m A |
Lo
p [, L~ 2 [,
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- Apple ,Kanzi‘ — colour sensitive variety
- High trained trees (3,40m) under crystal hailnet

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



V| Light reflection trial 2012 - A
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White ground cover — 14d before harvest
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White ground cover — harvest time
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T/ Results Kanzi ground cover 2012

Yield and fruits - Kanzi 2012
kgltree no. fruits per tree
40 200
LSD (a= 0,05)
= 10,3 Friichte
30 [a] - ® [o] 150
155
144
20 LSD (a= 0,05) 100
= 1,35kg
10 19,10 18,30 50
; ] | [a] o
without cover reflexion

> No statistical difference in yield per tree

» Unfortunately different number fruits per tree.

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Results Kanzi ground cover 2012

Fruitsize - Kanzi 2012
caliber [mm] fruitweight [g]
80 200
LSD (a=0,05)
=94g
[a] ® [a]
75 $ 150
|159| 153
70 100
LSD (a=0,05)
=1,35mm
65 50
67,0 66,4
60 |?| | m - 0
without cover reflexion

> Slightly smaller fruits with reflexion cover

» No statistical differences

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



f/ Results Kanzi ground cover 2012

Red colouration - Kanzi 2012
red skin colour [%]
100
LSD (a= 0,05)
=4,6%
75 -
50 -
25 -
0 _
without cover reflexion

> Better skin colour with reflexion textile

» Statisticaly proofed

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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Colouration 2012

Distribution red coloured skin
Percent [%] apple 'Kanzi' - 2012
10
8
6
4
2 M
o+ T 77T T T T T T T T T T T T T T T T T T T T T
60% 70% 80% 90%
—=reflection —without

» Number of intensivly red coloured fruits increased

Beaulieu Technical Textiles -

Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Results Kanzi ground cover 2012

Fruit colouration 'Kanzi®' - 2012
Red coloured surface [%] Colour value
100 85,0
79,0 LSD (a=0,05)
E =4,6% ’
75 o] |
50 ———
25 —
0 |7,0|
without cover reflexion
u0-20% m=21-40% 0O41-60% 0O61-80% 0O81-100% < Colour value

» Ratio of intensivly coloured fruits was much better
with ground cover

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Results Kanzi ground cover 2012

Consumers fruit quality
. Kanzi 2012
LSD (a=0,05) LSD (a=0,05)
100 =7,9% =8,0%
80 [a] 2]
74
60
40
57
20 o7
. ] ]
without cover reflexion
OExtra class (Premium+HKI 1) 0O Good for sale fuits

> Slight difference in ,good for sale fruits

» No statistical differences

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Results Kanzi ground cover 2012

Calculated financial benefits
Kanzi 2012
Euro/ha

60.000
40.000

20.000 41.059 45.808
0

without cover reflexion

» Clear financial advantage with reflexion ground cover

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Kanzi ground cover 2012

> Effects:
- no higher yield
- better red colouration
- increased no. of very good coloured fruits
- slightly higher ratio of ,good for sale’ fruits

- no higher ratio of Extra + HKI 1 fruits

»  => Clearly higher calculated financial benefits

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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Light reflection trial 2012

Trial B with ,no-name’ reflecting textile

Qu 10 Block 3/1-3 120 cm Pflanzabstand / Hagelschutznetz ochne/weilB/schwarz
127|m 121 m 15| m 109|m 103z m a7|m a1|m 25| m 7a|m
| | | | | | | | |
28 126 125 124 123 122 121 120 M9 N8 NFOME 1S M4 112 112 111 10 109 108 107 105 105 104 102 | 102 101 100 99 92 97 95 95 94 93 92 91 90 £9 =22 87 96 95
Idared r r r  r t 1t ¢ ¢ ¢t 1t [ ° 1+ 1 @ 1 [ @ T [ [ [ T 01T 7T TP T T T[T [ [ T
27 126 126 124 122 122 121 120 M3 118 NF NME 16 14 112 112 111 10 103 108 107 105 106 104 1032 102 101 100 99 92 97 96 95 94 93 92 91 90 89 92 87 96 9
Finowva N N (N N I
26 126 125 124 123 122 121 120 N3 118 NF MG 1S 14 113 112 111 110 103 108 107 106 105 104 103 102 101 100 99 98 97 95 95 94 93 92 91 90 89 88 87 06 o5
Finowva N N () N N I I
25 107 106 105 104 103 102 101 100 93 98 9F 95 95 94 93 92 91 90 93 98 87 895 85
i N 0 I
2a 107 106 105 104 103 102 101 100 93 93 97 95 35 34 93 92 31 90 83 38 &7 965 85
Bracburn () N N I I
12 126 125 124 123 122 121 120 3 na= ns 116 15 114 nz mnz m 1m0 03 102 107 10 105 104 103 102 101 100 35 398 97 96 95 94 93 92 91 90 829 B8 27 2B 25
T T T T T T T T T T T T T T T T T T T 11
107 106 105 104 102 102 101 100 99 9% 97 95 95 94 93 92 91 90 99 2% 87 96 85
N () N N N I I
107 106 105 104 102 102 101 100 93 9% 97 95 95 94 93 92 91 90 99 28 87 965 85
N () N N N I I
1.80 m Reihenabstand zwischen RWR10 = 3,75m
Weg
& 126 125 124 123 122 121 120 M3 118 NF MG 1S 14 113 112 111 10 103 108 107 105 105 104 103 102 101 100 99 98 97 95 95 94 93 92 91 90 89 83 87 06 65
Finova N N () N I
5 126 125 124 123 122 121 120 M3 118 NF MG 15 14 113 112 111 10 103 108 107 106 105 104 103 102 101 100 99 98 97 96 95 94 93 92 91 90 89 =3 87 86 85
mwovs T T T 1 T T T T T T T T T T T T T T T T T T 1
M 126 125 124 123 122 121 120 N8 118 ¥ 16 115 14 113 12 111 170 103 108 107 106 105 104 103
mwovs [T T T T T T T [ T T T T T T T T T T T T T T ]
=] 126 125 124 123 122 121 1z0 13 na n"ns 116 15 114 nz nz m 0 103 10s 107 106 105 104 103
Bracburn T T T T T T T T T T T T

- Apple ,Pinova‘ standard — colour sensitive variety

- Mechanical vs. Winter pruning; partly hailnet

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



White ground cover — 14d before harvest
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T/ White ground cover — harvest time

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Pinova ground cover 2012

Yield and fruits - Pinova 2012

kg/tree no. fruits per tree
60 200
LSD (a=0,05) El IE'
= 10,7 Friichte | | a] *
45 |I 165|| |172] 150
30
LSD (a=0,05)
=1,96 kg
15
20,20
0 [b]

winter pruning

» MACHINE: No big difference in yield per tree

» Unfortunately hight number fruits per tree.

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Pinova ground cover 2012

Fruitsize - Pinova 2012

caliber [mm] fruitweight [g]
80 200
LSD (a=0,05)
A 4 [ 5] =869 A
75 [171] > 150
149 \ 4
139
70 100
LSD (a=0,05)
=1,42 mm
= [71,6]
60 [c]

> Visible smaller fruits with reflexion cover

> Clear statistical differences

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Pinova ground cover 2012

Red colouration - Pinova 2012
red skin colour [%]
100
LSD (a= 0,05)
=28%

75

50

25 -

0 o

winter pruning machine machine + reflexion

> Better skin colour with reflexion textile

» Statisticaly proofed

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Pinova ground cover 2012

Fruit colouration 'Pinova’' - 2012

Red coloured surface [%] Colour value
100

m81-100%
75

061-80% | 5q -

25 ~
041-60%

winter pruning machine machine + reflexion

» Ratio of intensivly coloured fruits was much better
with ground cover

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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Pinova ground cover 2012

Consumers fruit quality
Pinova 2012
%
LSD (a=0,05) LSD (a=0,05)
100 =11,3% =7,6%
80 [ s8] | [ [ss] |
60 o] 2] [a]
40
20
oL | o] =] 2]
winter pruning machine machine + reflexion
Oextra class (Premium+HKI 1) Ogood for sale' fruits

> Slight disadvantage in ,extra class’ fruits [smaller fruits]

» No statistical differences

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Pinova ground cover 2012

Calculated financial benefits
Pinova 2012
Euro/ha
50.000
25.000
24.526
0
winter pruning i machine + refiek

> Slight financial advantage with reflexion ground cover

[Because of smaller fruitsize?]

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Pinova ground cover 2012

> Effects:
- no higher yield
- better red colouration
- increased no. of very good coloured fruits

- no higher ratio of Extra + HKI 1 fruits

=> Slightly higher calculated financial benefits

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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Light reflection trial 2013
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Trial with LUMILYS® — Variety Kanzi

Orchard Q 05.20 variety "Kanzi’ BLOCK 2 Planting distance: 3.2m x 0,8m +— N Planted: 2006

56 53 B0 &1 B2 B3 B4 KBS BE BT B3 B3 TO ™ T2 T3 T4 T5 V6 TT TE T S0 81 S22 83 G4 G5 86 ST S5 83 30 3 82 33 A4 35 86 8T 33 33 400 101 1e: 103 40d 105 406 10T qe: 40 MO 111 112 115 114
5 5
58 61 B2 B3 BE BT B ™ oT2 1 e 7T TS a1 83 &4 &5 86 &7 85 53 30 3 52 33 9
4 14
— 54 &0 TEOTT TS a1 4 &5 &6
5
E
3 3
58 53 B0 &1 B2 B3 BE BT B3 63 ™ oTe 1 T5OTE TT TS 81 &2 83 &6 BT &5 83 0 a4
2 D 2
56 53 B0 B1 B2 B3 B4 KBS BB BT B3 B3 TO ™ T2 T3 T4 5 V6 TT TS &1 &2 83 &4 &5 86 8T 85 53 30 31 52 33 34 35 36 3T IS 33 400 101 40z 403 ded 105 q0e 10T 4e: d0s 1O 111 112 115 114

C d Evaluated t Trees used for Trees used for the
overed o vanated frees the trial PAR light measurements

- Apple Kanzi — under crystal hailnet, 3,40 m hight
- Ground cover, PAR-measurements

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Lumilys® ground cover — 14d before harvest

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Lumilys® ground cover — harvest time
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T/ Lumilys® ground cover — Kanzi

Production Kanzi® - 2013
kg/tree fruits/tree
30,0 180
LSD (a=0,05) LSD (a=0,05)
= 1,21 kqgltr. =9, .
25,0 qitr 9,6 frs./r. 150
20,0 129 131 120
15,0 E| E L 90
10,0 L 60
5,0 ———— 30
16,3 [a] 16,1 [a]
0,0 . 0
without cover LumilysT™™
Oyield Ofruits/tree
Different letters show statistically significant differences

» No difference in yield per tree

» Same amount of fruits per tree

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Lumilys® ground cover — Kanzi

Fruitsize Kanzi® - 2013
Q in mm g
120 180
LSD (a=0,05) LSD (a=0,05)

100 =1,35mm =7,7g 150
80 130 [T128] | 120
60 E| E 90
40 — 60
20 — 30

62,5 [a] 62,1 [a]
0 - 0
without cover LumilysT™™
Ofruitdiameter Ofruitweight
Different letters show statistically significant differences

» Almost the same fruitsize

» Unfortunately in general small fruits

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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Weather conditions 2013

Wetterverlauf 2013 - Stiftung KOB Bavendorf
= Niederschlag = Langjahrige Mitteltemp. 1961 - 2012 —Tages-Mitteltemp.
110
Extremly cold and PI M 100
wet conditions : /%
during the flowering -
O period E
= E
E g
o =
g 2
(-9 [
g o
L 2
=z
Jan Feb Mar  Apr Mai Jun  Jul Aug  Sep Okt  Nov Dez _
2013 ** Langjihriges
Jahresmittel | Jahresmittel
Temp."C (0,1 -1.1*|-16 -02°| 25 40*) BB 8.0'|11,5 12.7*{163 16.0°|20,B 17.7/[18,8 17.1°|14,2 134|105 87|39 33'| 0,6 0.2 89°C 8,3°C
NSinmm |55 104%° |77 147%"| 49 81%°) 72 101%°|130 135%°]193 172%°|45 41%°|86  79%*1111 140%] 93 137%*| 59 84%°'| 24 34%7 994 mm 955 mm
Sonne h 43 82%°[59 68%°[112 80%°|134 78%°|148 69%'|198 90%'|330 137%*|250 111%*|148 85%*|115 104%°]60 101%*] 91 209%" 1689 h 1740 _h
“Vergleichswerte zu den langjihrigen Monatsmittelwerten am KOB Bavendor! 2014 Kompetenzzentram Obsibau - Bodensee [ M Zoh
*? Monat Dezember 2013: wiirmer, deutlich zu trocken und viel Sonne =+ gesamtes Jahr 2013:  zu warm, mehr Niederschlag. weniger Sonne

» Low temperature during cell division period and summer

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Lumilys® ground cover — Kanzi

Red skin color Kanzi® - 2013
skin surface in %
100
LSD (a= 0,05)
=4,2%

75
50 -
25 -

0 |

without cover LumilysTM
Different letters show statistically significant differences

» Clearly better red skin colour

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Lumilys® ground cover — Kanzi

Red skin color distrubution 'Kanzi® - 2013
%
100
o <20% 8 8| a]
TS LSD (a=0,05)
75 E | =3,5%
O <33%
Nicoter
50
0 33-50%
Kanzi®
Hkl 1 E
25 || LSD(a=0,05) ||
o >50% [a] = 5,4%
Kanzi®
Premium
0
without cover LumilysTM
Different letters show statistically significant differences

> Much more coloured Premium fruits

> Clearly higher ratio of Kanzi® quality

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



T/ Lumilys® ground cover — Kanzi

Calculated financial benefits
Kanzi 2013
Euro/ha
60.000
45.000
30.000
38.390 38.433
15.000
0
without cover LumilysT™M

» No financial advantage using the ground cover

» The smaller fruit size 2013 might be the reason

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Lumilys® ground cover 2013 - Kanzi

> Effects:

- no higher yield

- better red colouration

- higher ratio of Extra + HKI 1 fruits

=> But no higher calculated financial benefits

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



]‘/ Lumilys® PAR-measurements

I .l,hv;-l.l-mn-ntc.n'.':l'-n o \essungssiab (B0 cm langh von Oben |
|

» Using AccuPAR LP-80 ceptometer
» Ground measurement at 30 /90 /150 / 180 cm height

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Lumilys® PAR-measurements

Boniturplan Quartier 5

BLOCK 2

Pflanzabstand: 3,2 x 0,8m

— N
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ws 110
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12 12 1)

58 59 60 61 £2 €3 84 85 060 OF B8 &9 O TI Y2 FI V4 VE TE YT 78
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» Each plot one tree, alternating, east+west, north+south

» Morning, hoon and evening / sunny and cloudy sky

» 18 measurements/tree, 9 upside + 9 downside

Beaulieu Technical Textiles -

Comines-Warneton, Belgium

M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Lumilys® PAR-measurements
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|| PAR light distrubution inside apple tree canopy - PAR [%] | | PAR light distrubution inside apple tree canopy - PAR [%] |
Control without cover Lumilys™ Control without cover Lumilys™
Lz230m +230m
21% 25% & L,95m L1esm
a
23% 28%
20% 23% eom a b Jisom
a +1
18% 22%
a b i 130m L1i3om
11% 14%
17% 20%
b licon e b Licon
14% 19%
a b o 0,65 M & 0,65 m
4 b o 0,30 M 17% 21% o 0,30 M
) CF
Different letters show statistically significant differences Different letters show statistically significant differences

> Increased PAR availability with Lumilys® textile

» Higher in the lower canopy part and outside canopy

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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> 14 measurements/tree, all upside

Pinova PAR-measurements - 2015
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Topview

LOCHER, B. 2015: Own illustration

» Three heights with 30/ 100/ 160 cm + top sensor (230cm)

Beaulieu Technical Textiles -

Comines-Warneton, Belgium
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Pinova PAR results - 2015
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LOCHER, B. 2015: Own illustration
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Without reflective ground cover

With reflective ground cover

> Increased PAR availability vertical over the canopy

> Clear PAR increase in the lower canopy part with cover

Beaulieu Technical Textiles -

Comines-Warneton, Belgium

M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Conclusion: reflective ground cover

> Reflective textile increases light availability

» The PAR distribution inside canopy is better

> Significant more colouration of the fruits

> Significant more fruits in better colour category

> But better financial benefit is insecure

Colour is often not payed that good
Depending on fruit size development and cropload

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Y/ Conclusion: reflective ground cover

Under south german conditions:

» Colour sensitive cultivars — Kanzi, Fuiji, Elstar ...
> Best price varieties — Kanzi, SweeTango, ..

> Not necessary in all years

» Decision to use the reflective cover is not easy

Other methods might be sophisticated

DEFOLIATION

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany



Wbl FETE RCED F TR

OESTESU-BIOENSER

Defoliation devices

ERO-Defoliationtype, ERO GmbH, Simmern OLMI-Defoliation unit, KOL-Technik, St. Peter a.0. Austria

> Defoliation 2-3 weeks before harvest increases colour

Beaulieu Technical Textiles - Comines-Warneton, Belgium M. Zoth, Stiftung KOB Ravensburg, Germany
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