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Abstract

In the first three decades of the 20th century, quassia extract was widely used in hop growing as a chemical agent to control Phorodon humuli and other insect pests. In the first years of the 21st century this compound was rediscovered by German organic hop growers. In several efficacy trials conducted during five field seasons, quassia pro​ducts proved to be effective control agents for P. humuli in organically grown aroma cultivars. A systemic variant developed by painting a suspension of quassia extract to the bines was the best method of application. This method proved not only to be very effective, but was also best from an environmental point of view. The optimal systemic application rate was determined as 24 g/ha of the active ingredient quassin. In order to generate the data necessary for registration of quassin in Annex I of the EU Council Directive 91/414/EEC, further efficacy trials were conducted during 2007. The results emphasize the importance of this compound as currently the only suitable aphid control agent in organic hop growing, especially when applied systemically.

Introduction 

In organic hop growing, the control of diseases and pests is a crucial problem. The most prevalent pests are damson-hop aphid Phorodon humuli (Schrank) and two-spotted spider mite Tetranychus urticae Koch. Without control measures, both are able to damage the quantity and quality of harvested cones, and in some years they may completely destroy a crop (Neve 1991). The earliest materials used to control P. humuli by spraying were nicotine, soft soap and quassia (e.g. Theobald 1909). The latter two compounds are still listed today as approved substances for pest control in German organic farming (e.g. Bioland 2007). According to these guidelines today’s quassia products have to originate exclusively from the wood of the South American tree species, Quassia amara, with quassin as active ingredient (a.i.). At the beginning of the 21st century, aphid control by the pyrethrins registered for organic farming pro​ved unsatisfactory, and German organic farmers rediscovered that spraying of quassia solutions, extracted by homebrews from Q. amara wood chips was an alternative. This option for aphid control was accompanied with efficacy trials from the first day on​wards (Engelhard & Weihrauch 2005), and was advanced in the following five years (Engelhard et al. 2007). The best method of application was a systemic variant, deve​loped by painting a suspension of quassia extract to the bines. This was not only very effective, but was also best from an environmental point of view, because sprayed quassia extracts from homebrews had side effects on non-target organisms such as leafhoppers (Cicadellidae) (Engelhard & Weihrauch 2005). The optimal systemic application rate was determined to be 24 g/ha quassin.

Therefore, previous results show that organic growers in Germany are dependent currently on quassia products in order to ensure satisfactory control of P. humuli. No other effective compounds or control strategies are registered for organic farming in Germany. At the moment no industrial quassia product is registered for aphid control in the EU, and the current modus operandi of organic growers, i.e. the use of homemade quassia brews, occupies a legal grey area. Hence, in order to make this compound available within the EU, it is most important to register quassin as an active ingredient for the control of aphids in Annex I of the EU Council Directive 91/414/EEC. The first and most important step towards registration is to generate sufficient data so further efficacy trials were performed with a new industrial quassia extract and these are presented below.

Materials and methods 

The study was conducted during 2007 in the Hallertau, Bavaria, Germany. The Haller​tau is the world’s largest coherent hop-growing region, with almost 30 % of the world’s area of this crop. It is situated south of the River Danube in central Bavaria and has an area totalling 1,500 km². Three hop gardens of three farms were chosen as study si​tes: Haushausen (cv. Hallertauer Tradition), Eichelberg (cv. Perle), and Schweinbach (cv. Hallertauer Magnum). As the experimental procedures and results from all three sites were similar, only Haushausen – the site with the highest aphid infestation level during 2007 ‑ is presented below as that site was representative for all three. Plots of 84 hop plants (six rows with 14 plants each; c. 300 m2) were laid out in three replications, respectively, for the following applications of quassin: 12 g/ha sprayed; 18 g/ha sprayed; 18 g/ha applied systemically; 24 g/ha applied systemically; and untreated control. The experimental dry quassia extract (0.6 % a.i.) was provided by Trifolio-M GmbH, Lahnau, Germany. The date of the single systemic application, a manual painting of quassin in an oily suspension to the bines, was 31 May, when the hop plants were in full extension growth. Quassin was sprayed twice at the above rates a.i., on 14 June, when the aphid migration was finished completely, and on 13 July, when it became obvious that the first spraying was not sufficient. Aphid popu​lation development was monitored weekly on 50 leaves sampled from each plot, respectively, for 14 weeks from late May to late August. These counts were compared by repeated measures ANOVA followed by a Bonferroni post hoc test. An experi​mental harvest was conducted on 29 August, which  assessed yield and alpha acids (measuring unit for hop quality) from 10 bines per application in four replications taken from two experimental plots, respectively, and was compared to the grower’s own treatment, which included three sprayings of quassia homebrew (‘practice’ in Fig. 1). Harvest data was compared by ANOVA followed by a Bonferroni post hoc test.

Results 

All treatments significantly reduced the aphid population density on the plants through​out the field season (df = 4, F = 2580.402, P<0.001). Among all treaments, the 24 g/ha systemic treatment gave significantly the best control of aphid population development (P<0.001). The 18 g/ha systemic treatment had significantly fewer aphids than the two sprayed treatments (P<0.001), between which there were no significant differences. Compared to the untreated control, on 24 June – the day with the highest recorded aphid numbers ‑ the 12 g/ha spray application reduced aphid numbers by 69.5 % and the 24 g/ha systemic variant by 87.6 %. Table 1 shows the progress of aphid popu​lation development in the different plots at that site which, as noted above, had the highest general infestation level during 2007.

Tab. 1: The influence of various quassia applications on the aphid population development in an organic hop garden. Haushausen, Hallertau, 2007, cv. HT. Mean numbers of aphids leaf -1 ± s.e. of 50 assessed leaves (n = 3 replications each). Systemic application 31 v 2007, spray applications (full amount) 14 vi and 13 vii 2007.
	date / treatment
	control untreated
	[12 g/ha] sprayed 
	[18 g/ha] sprayed 
	[18 g/ha] systemic
	[24 g/ha] systemic

	30 v
	8 ± 5
	6 ± 3
	8 ± 1
	6 ± 1
	5 ± 1

	06 vi
	25 ± 3
	23 ± 2
	25 ± 4
	17 ± 5
	13 ± 4

	12 vi
	70 ± 16
	62 ± 16
	79 ± 27
	20 ± 5
	13 ± 2

	18 vi
	124 ± 7
	63 ± 11
	88 ± 4
	31 ± 8
	12 ± 3

	25 vi
	545 ± 37
	228 ± 47
	285 ± 37
	25 ± 13
	12 ± 7

	03 vii
	415 ± 20
	239 ± 28
	316 ± 52
	44 ± 25
	22 ± 15

	09 vii
	722 ± 145
	315 ± 83
	337 ± 150
	43 ± 23
	16 ± 4

	17 vii
	662 ± 168
	170 ± 35
	122 ± 13
	131 ± 127
	39 ± 21

	24 vii
	1229 ± 280
	375 ± 214
	305 ±180
	343 ± 271
	153 ± 97

	30 vii
	1138 ± 170
	288 ± 81
	240 ± 180
	228 ± 216
	64 ± 40

	07 viii
	325 ± 109
	82 ± 33
	70 ± 44
	75 ± 51
	28 ± 12

	14 viii
	43 ± 11
	47 ± 19
	34 ± 17
	10 ± 4
	14 ± 4

	20 viii
	8 ± 3
	8 ± 2
	9 ± 1
	6 ± 3
	7 ± 1



[image: image1.wmf]0

2

4

6

8

10

12

[12 g/ha]

sprayed

[18 g/ha]

sprayed

[18 g/ha]

systemic

[24 g/ha]

systemic

practice

control

yield [dt/ha]

Alpha [%]

7,7

8,7

11,7

4,37

4,94

5,24

4,41

4,9

4,90

12,4

c

bc

c

ab

a

c

abc

ab

a

ab

5,51

8,0

d

bc


Figure 1: The influence of various quassin applications on hop yield and alpha acids in an organic hop garden. Haushausen, Hallertau, 29 viii 2007, cv. HT

Bars with the same letters are not significantly different by ANOVA, at P<0.05.

The aphid infestation records were mirrored by the results from the experimental harvest. The systemic treatments were significantly the best, and the control plot was significantly lower in yield than any quassin treatment (Fig. 1).

Discussion and Conclusions
The results achieved during the 2007 quassia efficacy trials confirm the conclusions of Engelhard et al. (2007). The 24 g/ha quassin systemic treatment proved to be the best and most reliable treatment. Although we tried to reduce the amount of a.i. to 18 g/ha, as a  consideration to the costs of this compound, the higher quassin application rate was needed to ensure satisfactory aphid control. As we detected some heterogeneity in the aphid infestation of single plants in the systemic plots, especially in the 18 g/ha treatment, we think that probably those plants with increased infestation did not receive sufficient a.i. during the application. The amount of a.i. painted to each bine is intended to be only 4.5 mg in the 18 g/ha variant, and if the oily suspension prepared for the application is not absolutely homogeneous, some bines will get more and some probably too little quassin. This problem seems to occur less frequently with the higher dosage, which additionally may help to postpone the probable development of aphid resistance to this compound.

The spray applications were generally less effective than bine painting and led to only an approximate reduction of 70 % of aphids. This efficiency, however, may be unsatis​factory when the general infestation level is very high, as was the case at Haushausen during 2007. Furthermore, the painting of bines in the systemic application is not dependent on the calm weather conditions required for spraying, and a tractor with power sprayer is not needed, which will lead to less soil compaction in the fields. In conclusion, the systemic application of 24 g/ha quassin has to be regarded currently as the method of choice for aphid control in organic hop growing.
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_1263281953.xls
Ertrag

		Pichlmaier Georg, Haushausen, HT "Leitnacker", Ernte am 29.08.2007

		Endbonitur am 28.08.2006; EC: 89

		Parzelle		Anz. der Auflei-tungen		Grünge-wicht netto [kg]		Proben-gewicht grün netto [g]		Proben-  gewicht trocken netto [g]		Wasser-gehalt    der Probe  [%]		Zentner pro 1000 Auf-leitungen		Reihen-abstand      [m]		Pflanzab-stand in der Reihe  [m]		Stand-    raum pro Aufleitung  [m²]		Aufleitungen           pro ha abzügl. 10% Vorgewende		Ertrag    [Ztr./ha]    bei 11% Wassergeh.		Ertrag    [dt/ha]    bei 11% Wassergeh.

		1 Q12 gespr. a		10		10.260		2632		540		7.7		4.37		3.20		1.40		2.24		4018		17.56		8.78

		1 Q12 gespr. b		10		8.290		2609		536		7.1		3.56		3.20		1.40		2.24		4018		14.30		7.15

		1 Q12 gespr. c		10		9.080		2658		547		7.4		3.89		3.20		1.40		2.24		4018		15.63		7.82

		1 Q12 gespr. d		10		8.260		2735		563		7.6		3.53		3.20		1.40		2.24		4018		14.18		7.09

		1 Q12 gesp.  MW												3.84										15.42		7.71

		sd												0.34										1.36		0.68

		2 Q18 gespr. a		10		13.270		2390		489		7.2		5.66		3.20		1.40		2.24		4018		22.74		11.37

		2 Q18 gespr. b		10		11.470		2793		560		7.3		4.79		3.20		1.40		2.24		4018		19.25		9.62

		2 Q18 gespr. c		10		7.880		2550		518		7.5		3.33		3.20		1.40		2.24		4018		13.38		6.69

		2 Q18 gespr. d		10		8.310		2733		557		7.5		3.52		3.20		1.40		2.24		4018		14.14		7.07

		2 Q18 gesp. MW												4.33										17.38		8.69

		sd												0.95										3.83		1.92

		4 Q18 syst. a		10		13.920		2485		526		7.1		6.15		3.20		1.40		2.24		4018		24.71		12.36

		4 Q18 syst. b		10		14.900		3019		635		7.5		6.51		3.20		1.40		2.24		4018		26.16		13.08

		4 Q18 syst. c		10		13.500		2562		523		7.6		5.72		3.20		1.40		2.24		4018		22.98		11.49

		4 Q18 syst. d		10		11.670		2382		483		7.3		4.93		3.20		1.40		2.24		4018		19.81		9.90

		4 Q18 syst. MW												5.83										23.41		11.71

		sd												0.59										2.37		1.18

		5 Q24 syst. a		10		14.360		2370		487		7.7		6.12		3.20		1.40		2.24		4018		24.59		12.30

		5 Q24 syst. b		10		16.340		2453		498		7.8		6.87		3.20		1.40		2.24		4018		27.60		13.80

		5 Q24 syst. c		10		11.720		2481		521		7.6		5.11		3.20		1.40		2.24		4018		20.53		10.27

		5 Q24 syst. d		10		15.300		2610		540		7.4		6.59		3.20		1.40		2.24		4018		26.48		13.24

		5 Q24 syst. MW												6.17										24.80		12.40

		sd												0.67										2.69		1.34

		unbeh. a		10		4.420		2342		470		7.8		1.84		3.20		1.40		2.24		4018		7.39		3.70

		unbeh. b		10		6.980		2908		588		7.6		2.93		3.20		1.40		2.24		4018		11.77		5.89

		unbeh. c		10		4.510		2436		489		7.7		1.88		3.20		1.40		2.24		4018		7.55		3.78

		unbeh. d		10		7.370		2479		509		7.6		3.14		3.20		1.40		2.24		4018		12.62		6.31

		unbeh. MW												2.45										9.83		4.92

		sd												0.59										2.38		1.19

		Praxis a		10		8.830		2452		503		7.6		3.76		3.20		1.40		2.24		4018		15.11		7.55

		Praxis b		10		8.580		2505		520		7.5		3.70		3.20		1.40		2.24		4018		14.87		7.43

		Praxis c		10		9.990		2414		494		7.3		4.26		3.20		1.40		2.24		4018		17.12		8.56

		Praxis d		10		9.540		2815		583		7.2		4.12		3.20		1.40		2.24		4018		16.55		8.28

		Praxis MW												3.96										15.91		7.96

		sd												0.24										0.95		0.47





Alpha

		Pichlmaier Georg, Haushausen, HT "Leitnacker", Ernte am 29.08.2007

		Endbonitur am 28.08.2006; EC: 89

		Parzelle		Alpha- säuren wfr. [%]		Zwischenwert		Alphasäuren bei 11 % Wassergehalt [%]

		1 Q12 gespr. a		5.06		0.557		4.50

		1 Q12 gespr. b		5.05		0.556		4.49

		1 Q12 gespr. c		4.71		0.518		4.19

		1 Q12 gespr. d		4.83		0.531		4.30

		1 Q12 gesp.  MW						4.37

		sd						0.13

		2 Q18 gespr. a		6.38		0.702		5.68

		2 Q18 gespr. b		5.84		0.642		5.20

		2 Q18 gespr. c		4.88		0.537		4.34

		2 Q18 gespr. d		5.12		0.563		4.56

		2 Q18 gesp. MW						4.94

		sd						0.53

		4 Q18 syst. a		6.05		0.666		5.38

		4 Q18 syst. b		6.57		0.723		5.85

		4 Q18 syst. c		5.47		0.602		4.87

		4 Q18 syst. d		5.45		0.600		4.85

		4 Q18 syst. MW						5.24

		sd						0.41

		5 Q24 syst. a		6.27		0.690		5.58

		5 Q24 syst. b		6.69		0.736		5.95

		5 Q24 syst. c		5.76		0.634		5.13

		5 Q24 syst. d		6.04		0.664		5.38

		5 Q24 syst. MW						5.51

		sd						0.30

		unbeh. a		4.25		0.468		3.78

		unbeh. b		5.64		0.620		5.02

		unbeh. c		5.61		0.617		4.99

		unbeh. d		4.32		0.475		3.84

		unbeh. MW						4.41

		sd						0.60

		Praxis a		4.98		0.548		4.43

		Praxis b		5.43		0.597		4.83

		Praxis c		6.03		0.663		5.37

		Praxis d		5.59		0.615		4.98

		Praxis MW						4.90

		sd						0.33





Alpha_ha

		Pichlmaier Georg, Haushausen, HT "Leitnacker", Ernte am 29.08.2007

		Endbonitur am 28.08.2006; EC: 89

		Parzelle		Anz. der Auflei-tungen		Grünge-wicht netto [kg]		Proben-gewicht grün netto [g]		Proben-  gewicht trocken netto [g]		Wasser-gehalt    der Probe  [%]		Zentner pro 1000 Auf-leitungen		Reihen-abstand      [m]		Pflanzab-stand in der Reihe  [m]		Stand-    raum pro Aufleitung  [m²]		Aufleitungen           pro ha abzügl. 10% Vorgewende		Ertrag    [Ztr./ha]    bei 11% Wassergeh.		Alphasäuren bei 11 % Wassergehalt [%]		Alphasäuren pro ha [kg]

		1 Q12 gespr. a		10		14.100		2220		514		4.5		4.37		3.20		1.50		2.40		4018		17.56		4.5		39.51

		1 Q12 gespr. b		10		15.000		2285		511		4.5		3.56		3.20		1.50		2.40		4018		14.30		4.49		32.11

		1 Q12 gespr. c		10		13.900		2092		472		4.5		3.89		3.20		1.50		2.40		4018		15.63		4.19		32.74

		1 Q12 gespr. d		10		10.350		1923		449		4.5		3.53		3.20		1.50		2.40		4018		14.18		4.3		30.49

		1 Q12 gesp.  MW												3.84										15.42		4.37		33.71

		sd												0.34										1.36		0.13		3.44

		2 Q18 gespr. a		10		12.050		2570		602		5.1		5.66		3.20		1.50		2.40		4018		22.74		5.68		64.59

		2 Q18 gespr. b		10		12.400		2084		498		5.1		4.79		3.20		1.50		2.40		4018		19.25		5.20		50.04

		2 Q18 gespr. c		10		13.400		1849		438		5.1		3.33		3.20		1.50		2.40		4018		13.38		4.34		29.03

		2 Q18 gespr. d		10		14.450		1957		456		5.1		3.52		3.20		1.50		2.40		4018		14.14		4.56		32.25

		2 Q18 gesp. MW												4.33										17.38		4.95		43.98

		sd												0.95										3.83		0.53		14.34

		4 Q18 syst. a		10		16.550		1692		378		4.9		6.15		3.20		1.50		2.40		4018		24.71		5.38		66.47

		4 Q18 syst. b		10		14.200		1688		375		4.9		6.51		3.20		1.50		2.40		4018		26.16		5.85		76.51

		4 Q18 syst. c		10		16.700		2445		549		4.9		5.72		3.20		1.50		2.40		4018		22.98		4.87		55.96

		4 Q18 syst. d		10		14.900		1985		440		4.9		4.93		3.20		1.50		2.40		4018		19.81		4.85		48.04

		4 Q18 syst. MW												5.83										23.41		5.24		61.75

		sd												0.59										2.37		0.41		10.74

		5 Q24 syst. a		10		14.100		1865		449		5.4		6.12		3.20		1.50		2.40		4018		24.59		5.58		68.61

		5 Q24 syst. b		10		12.200		1798		420		5.4		6.87		3.20		1.50		2.40		4018		27.60		5.95		82.12

		5 Q24 syst. c		10		13.350		2453		562		5.4		5.11		3.20		1.50		2.40		4018		20.53		5.13		52.66

		5 Q24 syst. d		10		12.250		2670		616		5.4		6.59		3.20		1.50		2.40		4018		26.48		5.38		71.23

		5 Q24 syst. MW												6.17										24.80		5.51		68.65

		sd												0.67										2.69		0.30		10.53

		unbeh. a		10		11.750		2773		590		4.9		1.84		3.20		1.50		2.40		4018		7.39		3.78		13.97

		unbeh. b		10		12.900		2190		478		4.9		2.93		3.20		1.50		2.40		4018		11.77		5.02		29.55

		unbeh. c		10		13.950		1913		431		4.9		1.88		3.20		1.50		2.40		4018		7.55		4.99		18.85

		unbeh. d		10		16.450		2240		492		4.9		3.14		3.20		1.50		2.40		4018		12.62		3.84		24.22

		unbeh. MW												2.45										9.83		4.41		21.65

		sd												0.59										2.38		0.60		5.83

		Praxis a		10		15.750		1835		427		5.0		3.76								4018		15.11		4.43		33.46

		Praxis b		10		12.000		1830		424		5.0		3.70								4018		14.87		4.83		35.90

		Praxis c		10		15.900		2303		534		5.0		4.26								4018		17.12		5.37		45.96

		Praxis d		10		13.550		2329		546		5.0		4.12								4018		16.55		4.98		41.22

		Praxis MW												3.96										15.91		4.90		39.14

		sd												0.24										0.95		0.34		4.84





Diagramm1

		Qu 12 g/ha gespr.		Qu 12 g/ha gespr.		0.68		0.13

		Qu 18 g/ha gespr.		Qu 18 g/ha gespr.		1.92		0.53

		Qu 18 g/ha syst.		Qu 18 g/ha syst.		1.18		0.41

		Qu 24 g/ha syst.		Qu 24 g/ha syst.		1.34		0.3

		Praxis		Praxis		0.47		0.33

		unbehandelt		unbehandelt		1.19		0.6
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		[12 g/ha] sprayed		[12 g/ha] sprayed		0.68		0.13

		[18 g/ha] sprayed		[18 g/ha] sprayed		1.92		0.53

		[18 g/ha] systemic		[18 g/ha] systemic		1.18		0.41

		[24 g/ha] systemic		[24 g/ha] systemic		1.34		0.3

		practice		practice		0.47		0.33

		control		control		1.19		0.6
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DataDiagr

		Parzelle		yield [dt/ha]		Alpha [%]				sd Ertrag		sd Alpha

		[12 g/ha] sprayed		7.71		4.37				0.68		0.13

		[18 g/ha] sprayed		8.69		4.94				1.92		0.53

		[18 g/ha] systemic		11.71		5.24				1.18		0.41

		[24 g/ha] systemic		12.4		5.51				1.34		0.3

		practice		7.96		4.9				0.47		0.33

		control		4.92		4.41				1.19		0.6

		[24 g/ha] systemic		[18 g/ha] systemic		[18 g/ha] sprayed		[12 g/ha] sprayed		control





Tabelle2

		Anova: Einfaktorielle Varianzanalyse

		ZUSAMMENFASSUNG

		Gruppen		Anzahl		Summe		Mittelwert		Varianz

		Q2		4		19.78		4.945		0.3731666667

		unbe		4		17.63		4.4075		0.4767583333

		ANOVA

		Streuungsursache		Quadratsummen (SS)		Freiheitsgrade (df)		Mittlere Quadratsumme (MS)		Prüfgröße (F)		P-Wert		kritischer F-Wert

		Unterschiede zwischen den Gruppen		0.5778125		1		0.5778125		1.3596787952		0.2878426018		5.987374152

		Innerhalb der Gruppen		2.549775		6		0.4249625

		Gesamt		3.1275875		7





Anova

		Parzelle		Ertrag [dt/ha]		Alpha [%]				sd Ertrag		sd Alpha

		Qu 12 g/ha gespr.		7.71		4.37				0.68		0.13

		Qu 18 g/ha gespr.		8.69		4.94				1.92		0.53

		Qu 18 g/ha syst.		11.71		5.24				1.18		0.41

		Qu 24 g/ha syst.		12.4		5.51				1.34		0.3

		Praxis		7.96		4.9				0.47		0.33

		unbehandelt		4.92		4.41				1.19		0.6

				Q2		Q4						Q1		Q2		Q4		Q5		unbe		Prax

				5.68		5.38						17.56		22.74		24.71		24.59		7.39		15.11

				5.2		5.85						14.3		19.25		26.16		27.6		11.77		14.87

				4.34		4.87						15.63		13.38		22.98		20.53		7.55		17.12

				4.56		4.85						14.18		14.14		19.81		26.48		12.62		16.55

												Q1		Q2		Q4		Q5		unbe		Prax

												4.5		5.68		5.38		5.58		3.78		4.43

												4.49		5.2		5.85		5.95		5.02		4.83

												4.19		4.34		4.87		5.13		4.99		5.37

												4.3		4.56		4.85		5.38		3.84		4.98





 



 






 


 





