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Effects of Conservation Tillage on Canada Thistle (Cirsium arvense) in Organic Farming
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Abstract 

A long-term experiment was established to examine the crop yield and the weed infestation, focussed on Canada thistle (Cirsium arvense), as effect of different intensity of primary tillage (mouldboard plough deep or shallow, double-layer plough, chisel plough) in combination with or without stubble tillage. The most effective ways to keep the infestation of C. arvense at a low level were deep mouldboard ploughing and the use of a double-layer plough. After the experiment had run seven years, the thistle biomass was < 2 g DM m-2 in these treatments, compared to 23–26 g DM m-2 in the treatments with chisel ploughing or shallow ploughing. In all treatments, stubble tillage in addition to primary tillage significantly reduced the thistle biomass by 30–80 %. A high density of lucerne/grass re-growth occurred in the chisel plough treatment. The soil seed bank of thistles ranged between 220 (deep plough) and 6,400 seeds m-2 (chisel plough) in the sixth year of the experiment. Stubble tillage is essential if the chisel plough or shallow ploughing is used for conservation tillage in organic farming. The double-layer plough can control C. arvense comparable to deep ploughing.

Introduction

Conservation tillage practices have been adopted by conventional farmers in many regions throughout the world (Derpsch 2005). The idea of conservation tillage subsumes a wide range of tillage practices which all have in common that a deep soil inversion by a mouldboard plough is abandoned. Many ecological benefits are associated with conservation tillage due to less intensive soil disturbance. Microbial life and soil organic matter increase (De Souza Andrade et al. 2003), infiltrability and trafficability of the soils is improved, and the soil is better protected against wind and water erosion (Ehlers &  Claupein 1994). Conservation tillage also means a reduction in labour, time and costs. All these benefits correspond well with the objectives of organic farming. On the other hand, reduced tillage intensity in conventional farming is accompanied with the use of herbicides. Traditionally, weed control is achieved by the use of a mouldboard plough which shifts weeds and their seeds to deeper soil horizons from where germination and emergence is reduced (El Titi 2003; Pekrun et al. 2003). Therefore, organic farmers usually adhere to ploughing to ensure weed control. Particularly a higher infestation with perennial weeds, accompanied by lower yields, is expected by farmers in the absence of the mouldboard plough (Peigné et al. 2007). A lower N-net mineralisation (Pekrun et al. 2003) with conservation tillage may additionally lead to a reduction in yield. The question emerges whether there are tillage practices which combine the ecological benefits of conservation tillage with the capacity for weed control. Aim of this study was to examine the development of the Canada thistle (Cirsium arvense) population in a long-term experiment over one organic crop rotation under different levels of conventional and conservation tillage. Furthermore, the effect of stubble tillage in addition to primary tillage should be analysed in one experimental year. 

Materials and methods 

A long-term experiment was established in a split plot design with four replicates in the year 1999 on the Experimental Station Kleinhohenheim, University of Hohenheim, south-west Germany. The crop rotation was spelt (2000) – potatoes (2001) – triticale (2002) – lucerne/grass (2003, 2004) – winter wheat (2005) – oats (2006). The experiment had four main treatments of primary tillage as a main factor and stubble tillage as a secondary factor (levels: with or without stubble tillage). The main factor primary tillage had following levels: deep (25 cm) or shallow (15 cm) mouldboard ploughing, double-layer ploughing (15 cm + 10 cm) or chisel ploughing (15 cm, no soil inversion). The sub-plot size was 10 × 40 m. The double-layer plough combines a shallow inversion of the topsoil with a non-inversive soil loosening of the subsoil by a goosefoot-shaped chisel (operating in 62 % of the field width), thus the natural soil stratification of the subsoil is maintained. For stubble tillage, the “Stoppelhobel”, a modified skimmer plough (100 % of the field width undercut), was used one time after each harvest, and was followed by primary tillage usually in the mid of October. Thistle shoots were counted every year after harvest (August/September), i.e. before the first tillage operation; a distinction between seedlings and shoots from roots was not made. The soil seed bank was examined in spring 2005 for the first time. Soil samples were taken in a depth from 0–30 cm using an auger with a core of 1.2 cm. Seeds were washed out from the soil by sieving (mesh width 4.0 and 0.25 mm), and then dried and determined (after Hanf (1990), and in comparison with a seed collection of the institute). The total above-ground biomass production of C. arvense was determined on 21.06.2006, when the thistle plants had a height of 80 cm and were shortly before flowering. All shoots were cut on 100 m2 in the centre of each plot, then dried at 80° C for 48 hrs and weighed. The statistical analysis was performed using the procedure ‘MIXED’ (for crop yield and thistle biomass) or GLM (seeds) in the statistical programme SAS. If necessary, data were square root-transformed for the statistical analysis to obtain the normal distribution and homogeneity of variance, and then retransformed. 

Results 

The C. arvense infestation was higher in the shallow plough and in the chisel plough treatments in comparison to the deep plough and double-layer plough treatments over a period of seven years (Fig. 1, last five years shown). The period during which lucerne/grass was grown clearly reduced the density of thistle shoots in the year 2004, which increased again as soon as cereals were grown as succeeding crops. Lucerne/grass re-growth occurred in the chisel plough treatment with a mean of 37 plants m-2, compared to one plant m-2 in the deep plough treatment in the year 2005 (data not shown). Deep mouldboard ploughing and the use of the double layer plough significantly reduced the thistle biomass compared to shallow ploughing and chisel ploughing (Tab. 1). Stubble tillage in addition to primary tillage significantly reduced the total biomass production of thistles in all treatments by 30–80 %. There was no significant interaction between stubble tillage and primary tillage. C. arvense seeds were present in the soil seed bank in spring 2005 in an amount of 6,400 seeds m-2 in the chisel plough treatment while all other treatments showed less than 440 C. arvense seeds m-2. The yield of oats did not significantly vary between all treatments in the year 2006. 
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Figure 1: Development of the C. arvense population (no. of shoots) in the course of five years with different treatments of primary tillage, without stubble tillage. Error bars: standard deviation. TRI: Triticale, Lu/Grass: lucerne/grass, WW: winter wheat, OA: oats. Data 2002, 2003: after Pekrun &  Claupein 2004.

Tab. 1: Soil seed bank (March 2005) and above-ground biomass (June 2006) of C. arvense, and grain yield of oats (2006) as effect of tillage. Primary tillage: upper case, stubble tillage: lower case, comparison on the same level of primary tillage only); data “shoots” detransformed; P< 0.05. DM: dry matter

	Primary tillage
	Deep Plough
	DL-Plough
	Shallow Plough
	Chisel Plough

	Stubble tillage
	yes
	no
	yes
	no
	yes
	no
	yes
	no

	2005
	
	
	
	
	
	
	
	

	C. arvense seeds m-2
	221 
b
	n.d.
	442 
b
	n.d.
	442 
b
	n.d.
	6411 a
	n.d.

	2006
	
	
	
	
	
	
	
	

	C. arvense shoots
g DM m-2
	1.1
a
	0.8
b
	1.6
a
	0.2 
b
	25.6
a
	1.9 
b
	22.5
a
	4.8
b

	
	B
	B
	A
	A

	Grain yield oats 
t DM ha-1
	4.5 n.s.
	4.3
n.s.
	5.0 n.s.
	5.2 n.s.
	4.4 
n.s.
	4.3 n.s.
	3.0 n.s.
	4.8 n.s.


n.d.: not determined

Discussion 
Shallow tillage in a depth of 15 cm, independently from inversion or non-inversion of soil, was not sufficient to keep the population of C. arvense on a similar low level as deep ploughing and double-layer ploughing. The extent to which the weed infestation increased shortly after the lucerne/grass period did not match the hypothesis that perennial legumes have a long-term effect in weed control in organic farming. One reason may be the re-growth of lucerne/grass in the chisel plough and shallow plough treatment which affected emergence and growth of the crop and provided an undisturbed habitat for the thistles. Additionally, there was a large soil seed bank of C. arvense in the chisel plough treatment which had persisted for two years of lucerne/grass. Though weed surveys were not specifically targeted at distinguishing between thistle seedlings and shoots from roots, germination of new thistle plants might have been occurred. The reason for the effect of stubble tillage on yield in the chisel plough treatment in 2006 is probably not only caused by a reduction of thistles but also by a reduction of lucerne/grass re-growth and other weeds by stubble tillage. A weed-controlling effect of stubble tillage toward perennial weeds in organic farming was clearly shown by Pekrun & Claupein (2006). Though some concerns remain about conservation tillage in organic farming (Peigné et al. 2007), C. arvense, at least, can be managed by the reduced mechanical intervention of the double-layer plough. 
Conclusions 
Stubble tillage is essential if the chisel plough is used for conservation tillage in organic farming. The use of a double layer plough had similar effects on the control of the perennial weed C. arvense as a deep soil inversion by a mouldboard plough. Therefore, presuming that a better preservation of the natural resource soil and other benefits of conservation tillage are achieved, the double-layer plough can be recommended to replace the traditional mouldboard plough. 
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		2002		2002		2002		2002		0.5		1.5		5.3		4.9

		2003		2003		2003		2003		2.5		3		9.03		11.56

		2004		2004		2004		2004		1		0.375		1.3693063938		1.2479149277

		2005		2005		2005		2005		1.1547005384		1		7.3484692283		4.3493294502

		2006		2006		2006		2006		6.4549722437		3		31.8368235434		10.4682058316
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				Thistle shootsm no stubble tillage

												2000		2002		2003		2004		2005		2006		2007





SAS

		

				Grund BB		Stoppelb.		Wdh		Ertrag Hafer		Distel TM				Grundbb:		1: Pfflug tie

				1		1		1		41.9		2.0						2: Zweischichtenpflug

				1		1		2		50.0		1.2						3: Pflug flach

				1		1		3		49.1		2.9						4. Grubber

				1		1		4		40.5		0.0

				1		2		1		44.6		3.8				Stoppelb.		1: ohne

				1		2		2		40.2		0.5						2: mit

				1		2		3		53.1		0.8

				1		2		4		33.9		0.0

				2		1		1		37.8		14.7

				2		1		2		47.3		0.0

				2		1		3		66.9		1.6

				2		1		4		49.4		0.0

				2		2		1		38.6		0.0

				2		2		2		48.1		0.0

				2		2		3		53.1		3.2

				2		2		4		69.5		0.0

				3		1		1		44.3		0.7

				3		1		2		30.9		51.4

				3		1		3		49.9		17.9

				3		1		4		49.1		64.2

				3		2		1		47.9		1.0

				3		2		2		37.7		3.5

				3		2		3		29.0		7.1

				3		2		4		56.8		0.0

				4		1		1		36.8		1.5

				4		1		2		20.1		36.7

				4		1		3		39.7		8.7

				4		1		4		22.0		76.5

				4		2		1		53.4		2.1

				4		2		2		56.5		19.6

				4		2		3		54.2		8.4

				4		2		4		26.3		0.0





Ertrag Hafer

		Ernte Hafer: 02.08.2006

		Kleinhohenheim, 2006				Vers.Nr.: 06 (726, Bodenbearbeitung)

						mittel				stabw						mittel SB				10

		dt/ha TM		BB		ohne Stoppelbearbeitung		mit SB		ohne SB		mit SB

				Pflug 25 cm		45.4		42.9		4.86		8.07				44.2				4.54		4.29		Deep Plough

				ZS-Pflug		50.4		52.4		12.12		12.93				51.4				5.04		5.24		DL-Plough

				Pflug 15 cm		43.5		42.8		8.79		12.09				43.2				4.35		4.28		Shallow Plough

				Grubber		29.6		47.6		10.03		14.27				38.6				2.96		4.76		Chisel Plough

						ohne SB		mit SB

				mittel BB		42.23		46.43

						mittel				stabw						mittel SB

		% TM		BB		ohne SB		mit SB		ohne SB		mit SB

				Pflug 25 cm		86.0		85.9		0.38		0.41				86.0

				ZS-Pflug		85.8		86.1		0.80		1.24				86.0

				Pflug <=15 cm		84.8		85.6		1.38		0.91				85.2

				Grubber		84.7		85.9		1.27		0.44				85.3

						ohne SB		mit SB

				mittel BB		85.33		85.88





Ertrag Hafer

		Pflug 25 cm		Pflug 25 cm		4.86		8.07

		ZS-Pflug		ZS-Pflug		12.12		12.93

		Pflug <=15 cm		Pflug <=15 cm		8.79		12.09

		Grubber		Grubber		10.03		14.27



ohne SB

mit SB

TM dt/ha

45.4

42.9

50.4

52.4

43.5

42.8

29.6

47.6



Stabw

		Pflug 25 cm		Pflug 25 cm

		ZS-Pflug		ZS-Pflug

		Pflug <=15 cm		Pflug <=15 cm

		Grubber		Grubber



ohne SB

mit SB

% TM

KH 6, Ernte Hafer: 02.08.06

86

85.9

85.8

86.1

84.8

85.6

84.7

85.9



Paperrev

		0		0

		0		0

		0		0

		0		0



ns

ns

b

a

ns

ohne Stoppelbearbeitung

mit Stoppelbearbeitung

TM dt ha-1



Cirsium alle Jahre

		Pflug 25 cm		Pflug 25 cm		4.86		8.07

		ZS-Pflug		ZS-Pflug		12.12		12.93

		Pflug 15 cm		Pflug 15 cm		8.79		12.09

		Grubber		Grubber		10.03		14.27



ohne SB

mit SB

TM dt/ha

45.4

42.9

50.4

52.4

43.5

42.8

29.6

47.6



Cirsium Scnitt

		0		0

		0		0

		0		0

		0		0



a

ns

ns

b

ns

without stubble tillage

with stubble tillage

DM t ha-1



Cirsium TM

																																						2005																2004

								2007, aus Datei 06 cir + rum 050907										2006, aus Datei 06 cir + rum 040906										2005, aus Datei cir + rum 300805										Statistik												Berechnet												Cirsium										Cirsium

												Cirsium						Cirsium alle																				lfd.Nr.		Parz		BB		SB		W		Cirsium						Parz		BB		SB		W		Anz./m²		Parz		BB		SB		W		Anz./m²

				Parz		BB		SB		W		Anz./m²		mittel		stabw		Anz./m²		mittel		stabw						Werte		mittel								1		1		1		1		1		2						1		1		1		1		0		1		1		1		1		0

				1		1		1		1		10		9.5		6.9522178715		13		6.5		6.4549722437								Cirsium		Rumex		Summe				2		2		1		1		2		0						2		1		1		2		2		2		1		1		2		2

				2		1		1		2		9						11										Pflug 25 cm		1		1.25		2.25				3		3		1		1		3		2						3		1		1		3		0		3		1		1		3		0

				3		1		1		3		18						2										ZS-Pflug		0.5		3.5		4				4		4		1		1		4		0		1.1547005384				4		1		1		4		0		4		1		1		4		0

				4		1		1		4		1						0										Pflug <=15 cm		6		3.25		9.25				5		9		2		1		1		2						5		1		2		1		0.5								mittel		0.5

				5		1		2		1		9		4.25		3.3040379336		1		0.75		0.5						Grubber		4.25		2		6.25				6		10		2		1		2		0						6		1		2		2		0								stabw		1

				6		1		2		2		2						1										SU		11.75		10		21.75				7		11		2		1		3		0						7		1		2		3		0		5		1		2		1		0.5

				7		1		2		3		4						0																				8		12		2		1		4		0		1				8		1		2		4		0		6		1		2		2		0

				8		1		2		4		2						1												stabw								9		17		3		1		1		0						9		2		1		1		0		7		1		2		3		0

				9		2		1		1		24		13.25		9.2870878105		4		2.5		3								Cirsium		Rumex						10		18		3		1		2		15						10		2		1		2		0.75		8		1		2		4		0

				10		2		1		2		5						0										Pflug 25 cm		1.1547005384		1.2583057392						11		19		3		1		3		9						11		2		1		3		0								mittel		0.125

				11		2		1		3		18						6										ZS-Pflug		1		2.6457513111						12		20		3		1		4		0		7.3484692283				12		2		1		4		0								stabw		0.25

				12		2		1		4		6						0										Pflug <=15 cm		7.3484692283		1.5						13		25		4		1		1		0						13		2		2		1		0		9		2		1		1		0

				13		2		2		1		0		1.5		3		2		0.5		1						Grubber		4.3493294502		1.83						14		26		4		1		2		10						14		2		2		2		0.75		10		2		1		2		0.75

				14		2		2		2		0						0																				15		27		4		1		3		2						15		2		2		3		0.75		11		2		1		3		0

				15		2		2		3		6						0																				16		28		4		1		4		5		4.3493294502				16		2		2		4		0		12		2		1		4		0

				16		2		2		4		0						0																																				17		3		1		1		2.5								mittel		0.1875

				17		3		1		1		13		20.5		6.1373175465		3		26.75		31.8368235434																																18		3		1		2		3.5								stabw		0.375

				18		3		1		2		26						73																																				19		3		1		3		1.75		13		2		2		1		0

				19		3		1		3		25						22																																				20		3		1		4		0.25		14		2		2		2		0.75

				20		3		1		4		18						9																																				21		3		2		1		0		15		2		2		3		0.75

				21		3		2		1		3		6.25		5.377421935		2		3		3.4641016151																																22		3		2		2		1.5		16		2		2		4		0

				22		3		2		2		8						2																																				23		3		2		3		0								mittel		0.375

				23		3		2		3		13						8																																				24		3		2		4		0								stabw		0.4330127019

				24		3		2		4		1						0																																				25		4		1		1		0		17		3		1		1		2.5

				25		4		1		1		1		16.75		11.3541475535		0		11.75		10.4682058316																																26		4		1		2		3		18		3		1		2		3.5

				26		4		1		2		24						24																																				27		4		1		3		1.75		19		3		1		3		1.75

				27		4		1		3		16						7																																				28		4		1		4		2		20		3		1		4		0.25

				28		4		1		4		26						16																																				29		4		2		1		0								mittel		2

				29		4		2		1		4		26.25		16.418993067		3		17.5		10.5039675044																																30		4		2		2		5								stabw		1.3693063938

				30		4		2		2		26						23																																				31		4		2		3		2.5		21		3		2		1		0

				31		4		2		3		32						17																																				32		4		2		4		1		22		3		2		2		1.5

				32		4		2		4		43						27																																														23		3		2		3		0

																																																																24		3		2		4		0

		mean		nur Varianten 1 (ohne Stoppelbearbeitung)																																																																		mittel		0.375

		GrundBB, ohne Stoppelbb		2000		2001		2002		2003		2004		2005		2006		2007																																																				stabw		0.75

		1		0				0.3		1.3		0.5		1.0		6.5		9.5																																														25		4		1		1		0

		2		0.25				3.3		1.5		0.2		0.5		2.5		13.3																																														26		4		1		2		3

		3		4				4.5		11.3		2.0		6.0		26.8		20.5																																														27		4		1		3		1.75

		4		9.25				13.5		10.5		1.7		4.3		11.8		16.8																																														28		4		1		4		2

																																																																						mittel		1.6875

		staw																																																																				stabw		1.2479149277

		GrundBB, ohne Stoppelbb																																																														29		4		2		1		0

		1						0.5		2.5		1.0		1.2		6.5		7.0																																														30		4		2		2		5

		2						1.5		3		0.4		1.0		3.0		9.3																																														31		4		2		3		2.5

		3						5.3		9.03		1.4		7.3		31.8		6.1																																														32		4		2		4		1

		4						4.9		11.56		1.2		4.3		10.5		11.4																																																				mittel		2.125

																																																																						stabw		2.1746647251

		sem

		1						0.3		1.3		0.5		0.6		3.2		3.5

		2						0.8		1.5		0.2		0.5		1.5		4.6

		3						2.7		4.5		0.7		3.7		15.9		3.1

		4						2.5		5.8		0.6		2.2		5.2		5.7





Cirsium TM

		0		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0		2.45		2.45		2.65		2.65		0.25		0.75		0.75

		0		0		0		0		5.78		5.78		4.515		4.515		1.25		1.5		1.5

		0		0		0		0		0.6239574638		0.6239574638		0.6846531969		0.6846531969		0.5		0.1875		0.1875

		0		0		0		0		2.1746647251		2.1746647251		3.6742346142		3.6742346142		0.5773502692		0.5		0.5

		0		0		0		0		5.2341029158		5.2341029158		15.9184117717		15.9184117717		3.2274861218		1.5		1.5



Deep plough

Double-Layer Plough

Shallow Plough

Cultivator

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Cirsium g je Pfla.

		0		0		0		0		0.5		1.5		5.3		4.9

		0		0		0		0		2.5		3		9.03		11.56

		0		0		0		0		1		0.375		1.3693063938		1.2479149277

		0		0		0		0		1.1547005384		1		7.3484692283		4.3493294502

		0		0		0		0		6.4549722437		3		31.8368235434		10.4682058316

		0		0		0		0		6.9522178715		9.2870878105		6.1373175465		11.3541475535



TRI         Lu/Grass     Lu/Grass      WW           OA            FB

Deep plough

Double-layer plough

Shallow plough

Chisel plough

Shoots m-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Cirsium nach Ernte

						Disteln Pfl./m2

						ohne SB

						Dinkel		Kartofeln				Triticale				Luzernegras				Luzernegras				Winterweizen				Hafer

						2000		2001				2002				2003				2004				2005				2006

						Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst

				Pflug 25 cm		0		0.1				1.3		0		0		1.3		0.1		0.5		0		1		1.4		6.5

				ZS-Pflug		0.25		0.1				0.5		3		0		1.5		0.1		0.2		0		0.5		2.7		2.5

				Pflug <=15 cm		4		2				5.5		5		1		11.3		2.1		2		0.75		6		9.9		26.8

				Grubber		9.3		5.7				4.3		14		0.6		10.5		0.3		1.7		2.5		4.3		7.6		11.8

						mitSB

						2000				2001				2002				2003				2004				2005				2006

						Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr

				Pflug 25 cm		5		3.3				3.8		2		0		4.5		0.1		0.1						1.5		0.8

				ZS-Pflug		6		2.5				0		2		0		0.8		0		0.4						1		0.5

				Pflug <=15 cm		6.5		1				0		4		0		5.5		0.6		0.4						2.3		3

				Grubber		15.8		16.8				2.8		17		0.2		10.3		2		2.1						6.1		17.5

				nur Herbst

						ohne SB

						Dinkel		Triticale		Luzernegras		Luzernegras		Winterweizen		Hafer

						2000		2002		2003		2004		2005		2006

						Herbst		Herbst		Herbst		Herbst		Herbst		Herbst

				Pflug 25 cm		0		0		1.3		0.5		1		6.5

				ZS-Pflug		0.25		3		1.5		0.2		0.5		2.5

				Pflug <=15 cm		4		5		11.3		2		6		26.8

				Grubber		9.3		14		10.5		1.7		4.3		11.8

						mitSB

						Dinkel		Triticale		Luzernegras		Luzernegras		Winterweizen		Hafer

						2000		2002		2003		2004		2005		2006

						Herbst		Herbst		Herbst		Herbst		Herbst		Herbst

				Pflug 25 cm		5		2		4.5		0.1				0.8

				ZS-Pflug		6		2		0.8		0.4				0.5

				Pflug <=15 cm		6.5		4		5.5		0.4				3

				Grubber		15.8		17		10.3		2.1				17.5



TRI             Lu/Grass        Lu/Grass          WW               OA

Deep plough

Double-layer plough

Shallow plough

Chisel plough

Shoots m-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.5

1.5

5.3

4.9

0

0

0

0

2.5

3

9.03

11.56

0

0

0

0

1

0.375

1.3693063938

1.2479149277

0

0

0

0

1.1547005384

1

7.3484692283

4.3493294502

0

0

0

0

6.4549722437

3

31.8368235434

10.4682058316



Cirsium nach Ernte

		2000		2000		2000		2000

		2002		2002		2002		2002

		2003		2003		2003		2003

		2004		2004		2004		2004

		2005		2005		2005		2005

		2006		2006		2006		2006



Pflug 25 cm

ZS-Pflug

Pflug 15 cm

Grubber

Triebe m-2

0

0.25

4

9.3

0

3

5

14

1.3

1.5

11.3

10.5

0.5

0.2

2

1.7

1

0.5

6

4.3

6.5

2.5

26.8

11.8



Cirsium Frühjahr

		2000		2000		2000		2000

		2002		2002		2002		2002

		2003		2003		2003		2003

		2004		2004		2004		2004

		2005		2005		2005		2005

		2006		2006		2006		2006



Pflug 25 cm

ZS-Pflug

Pflug 15 cm

Grubber

Triebe m-2

5

6

6.5

15.8

2

2

4

17

4.5

0.8

5.5

10.3

0.1

0.4

0.4

2.1

0.8

0.5

3

17.5



		2000		2000		2000		2000

		2002		2002		2002		2002

		2003		2003		2003		2003

		2004		2004		2004		2004

		2005		2005		2005		2005

		2006		2006		2006		2006



Pflug 25 cm

ZS-Pflug

Pflug 15 cm

Grubber

Triebe m-2

0

0.25

4

9.3

0

3

5

14

1.3

1.5

11.3

10.5

0.5

0.2

2

1.7

1

0.5

6

4.3

6.5

2.5

26.8

11.8



		2000		2000		2000		2000

		2002		2002		2002		2002

		2003		2003		2003		2003

		2004		2004		2004		2004

		2005		2005		2005		2005

		2006		2006		2006		2006



Plough deep

Double-Layer Plough

Plough shallow

Chisel Plough

Shoots m-2

0

0.25

4

9.3

0

3

5

14

1.3

1.5

11.3

10.5

0.5

0.2

2

1.7

1

0.5

6

4.3

6.5

2.5

26.8

11.8



						Disteln Triebe/m2

						ohne SB

						Dinkel		Kartofeln				Triticale				Luzernegras				Luzernegras				Winterweizen				Hafer

						2000		2001				2002				2003				2004				2005				2006

						Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst

				Pflug 25 cm		0		0.1				1.3		0		0		1.3		0.1		0.5		0		1		1.4		6.5

				ZS-Pflug		0.25		0.1				0.5		3		0		1.5		0.1		0.2		0		0.5		2.7		2.5

				Pflug <=15 cm		4		2				5.5		5		1		11.3		2.1		2		0.75		6		9.9		26.8

				Grubber		9.3		5.7				4.3		14		0.6		10.5		0.3		1.7		2.5		4.3		7.6		11.8

						mitSB

						2000				2001				2002				2003				2004				2005				2006

						Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr		Herbst		Frühjahr

				Pflug 25 cm		5		3.3				3.8		2		0		4.5		0.1		0.1						1.5		0.8

				ZS-Pflug		6		2.5				0		2		0		0.8		0		0.4						1		0.5

				Pflug <=15 cm		6.5		1				0		4		0		5.5		0.6		0.4						2.3		3

				Grubber		15.8		16.8				2.8		17		0.2		10.3		2		2.1						6.1		17.5

				nur Herbst

						ohne SB

						Dinkel		Triticale		Luzernegras		Luzernegras		Winterweizen		Hafer

						2000		2002		2003		2004		2005		2006

						Herbst		Herbst		Herbst		Herbst		Herbst		Herbst

				Pflug 25 cm		0		0		1.3		0.5		1		6.5

				ZS-Pflug		0.25		3		1.5		0.2		0.5		2.5

				Pflug <=15 cm		4		5		11.3		2		6		26.8

				Grubber		9.3		14		10.5		1.7		4.3		11.8

						mitSB

						Dinkel		Triticale		Luzernegras		Luzernegras		Winterweizen		Hafer

						2000		2002		2003		2004		2005		2006

						Herbst		Herbst		Herbst		Herbst		Herbst		Herbst

				Pflug 25 cm		5		2		4.5		0.1				0.8

				ZS-Pflug		6		2		0.8		0.4				0.5

				Pflug <=15 cm		6.5		4		5.5		0.4				3

				Grubber		15.8		17		10.3		2.1				17.5



sgruber:
keine Stoppelbearbeitung nach Kleegrasumbruch, daher entfällt diese Parzelle

sgruber:
keine Stoppelbearbeitung nach Kleegrasumbruch, daher entfällt diese Parzelle



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Pflug 25 cm

ZS-Pflug

Pflug 15 cm

Grubber

Triebe m-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Pflug 25 cm

ZS-Pflug

Pflug 15 cm

Grubber

Triebe m-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Pflug 25 cm

ZS-Pflug

Pflug 15 cm

Grubber

Triebe m-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Plough deep

Double-Layer Plough

Plough shallow

Chisel Plough

Shoots m-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		Kleinhohenheim, 2006				Vers.Nr.: 06 (726, Bodenbearbeitung)								21.06.2006

		Anz.St./Pfl.		Anz./m²		mittel				stabw						mittel SB		su

		BB				ohne SB		mit SB		ohne SB		mit SB

		Pflug 25 cm		Cirsium		0.10		0.10		0.07		0.15				0.1		0.10

		ZS-Pflug		Cirsium		0.27		0.06		0.47		0.12				0.2		0.17

		Pflug <=15 cm		Cirsium		2.20		0.18		1.87		0.18				1.2		1.19

		Grubber		Cirsium		1.70		0.95		1.67		0.85				1.3		1.33

						ohne SB		mit SB								ohne SB		mit SB

		mittel BB		Cirsium		1.07		0.32				mittel BB		Summe		1.07		0.32





		Cirsium
Pflug 25 cm		Cirsium
Pflug 25 cm

		Rumex		Rumex

		Cirsium
ZS-Pflug		Cirsium
ZS-Pflug

		Rumex		Rumex

		Cirsium
Pflug <=15 cm		Cirsium
Pflug <=15 cm

		Rumex		Rumex

		Cirsium
Grubber		Cirsium
Grubber

		Rumex		Rumex



ohne SB

mit SB

KH 6, cir+rum 21.06.06: Anz./m²

0.1

0.1

0.25

0.04

0.27

0.06

0.32

0.06

2.2

0.18

0.17

0.05

1.7

0.95

0.44

0.04



		Cirsium
Pflug 25 cm

		Rumex

		Cirsium
ZS-Pflug

		Rumex

		Cirsium
Pflug <=15 cm

		Rumex

		Cirsium
Grubber

		Rumex



KH 6, cir+rum 21.06.06, mittel SB: Anz./m²

0.1

0.145

0.165

0.19

1.19

0.11

1.325

0.24



		Cirsium		Cirsium

		Rumex		Rumex



ohne SB

mit SB

KH 6, cir+rum 21.06.06, mittel SB: Anz./m²

1.0675

0.3225

0.295

0.0475



		0

		0



KH 6, cir+rum 21.06.06, mittel BB: Anz./m²



		Kleinhohenheim, 2006				Vers.Nr.: 06 (726, Bodenbearbeitung)

		Trockenmasse		TM g./m²		mittel				stabw						mittel SB		su

		BB				ohne Stoppelbearbeitung		mit SB		ohne SB		mit SB

		Pflug 25 cm		Cirsium		1.5		1.3		1.21		1.73				1.4		1.4		Deep Plough

		ZS-Pflug		Cirsium		4.1		0.8		7.12		1.60				2.5		2.5		DL-Plough

		Pflug 15 cm		Cirsium		33.5		2.9		29.33		3.17				18.2		18.2		Shallow Plough

		Grubber		Cirsium		30.8		7.5		34.00		8.79				19.2		19.2		Chisel Plough

						ohne Stoppelbearbeitung		mit SB								ohne Stoppelbearbeitung		mit SB

		mittel BB		Cirsium		17.48		3.13				mittel BB		Summe		17.48		3.13





		Cirsium
Pflug 25 cm		Cirsium
Pflug 25 cm

		Rumex		Rumex

		Cirsium
ZS-Pflug		Cirsium
ZS-Pflug

		Rumex		Rumex

		Cirsium
Pflug <=15 cm		Cirsium
Pflug <=15 cm

		Rumex		Rumex

		Cirsium
Grubber		Cirsium
Grubber

		Rumex		Rumex



ohne SB

mit SB

KH 6, cir+rum 21.06.06: TM g/m²

1.5

1.3

11.2

2.2

4.1

0.8

14

3.2

33.5

2.9

10.6

1.2

30.8

7.5

21.7

1.1



		0		0

		0		0

		0		0

		0		0



ns

ns

ns

a

A

A

B

B

b

ohne Stoppelbearbeitung

mit Stoppelbearbeitung

TM (g m-2)



		0		0

		0		0

		0		0

		0		0



B

B

A

A

ns

ns

ns

a

b

without stubble tillage

with stubble tillage

Dry matter (g m-2)



		Kleinhohenheim, 2006				Vers.Nr.: 06 (726, Bodenbearbeitung)

		g/St.bzw.Pfl.		g/St.-Pfl.		mittel				stabw						mittel SB		su

		BB				ohne SB		mit SB		ohne SB		mit SB

		Pflug 25 cm		Cirsium		11.51		12.60								12.1		62.49

				Rumex		43.39		57.47								50.4

		ZS-Pflug		Cirsium		7.39		3.49								5.4		48.48

				Rumex		44.40		41.67								43.0

		Pflug <=15 cm		Cirsium		14.12		12.08								13.1		57.60

				Rumex		62.65		26.35								44.5

		Grubber		Cirsium		17.68		7.90								12.8		61.52

				Rumex		70.69		26.77								48.7

						ohne SB		mit SB								ohne SB		mit SB

		mittel BB		Cirsium		12.68		9.02				mittel BB		Summe		67.96		47.08

		mittel BB		Rumex		55.28		38.07





		Cirsium
Pflug 25 cm		Cirsium
Pflug 25 cm

		Rumex		Rumex

		Cirsium
ZS-Pflug		Cirsium
ZS-Pflug

		Rumex		Rumex

		Cirsium
Pflug <=15 cm		Cirsium
Pflug <=15 cm

		Rumex		Rumex

		Cirsium
Grubber		Cirsium
Grubber

		Rumex		Rumex



ohne SB

mit SB

KH 6, cir+rum 21.06.06: g/St.-Pfl.

11.51

12.6

43.39

57.47

7.39

3.49

44.4

41.67

14.12

12.08

62.65

26.35

17.68

7.9

70.69

26.77



		Cirsium
Pflug 25 cm

		Rumex

		Cirsium
ZS-Pflug

		Rumex

		Cirsium
Pflug <=15 cm

		Rumex

		Cirsium
Grubber

		Rumex



KH 6, cir+rum 21.06.06, mittel SB: g/St.-Pfl.

12.055

50.43

5.44

43.035

13.1

44.5

12.79

48.73



		Cirsium		Cirsium

		Rumex		Rumex



ohne SB

mit SB

KH 6, cir+rum 21.06.06, mittel SB: g/St.-Pfl.

12.675

9.0175

55.2825

38.065



		0

		0



KH 6, cir+rum 21.06.06, mittel BB: g/St.-Pfl.



		Kleinhohenheim, 2006				Vers.Nr.: 06 (726, Bodenbearbeitung)								Datei: 06 cir+rum 040906

		Cirsium +Rumex-Bonitur: Anzahl Triebe/Pflanzen												Datum: 04.09.06

				Anz./m²		mittel				stabw						mittel SB

		BB				ohne SB		mit SB		ohne SB		mit SB

		Pflug 25 cm		Cirsium		6.5		0.8		6.45		0.50				3.7		4.15

				Rumex		1		0		1.41		0.00				0.5

		ZS-Pflug		Cirsium		2.5		0.5		3.00		1.00				1.5		2.40

				Rumex		1.8		0		1.71		0.00				0.9

		Pflug <=15 cm		Cirsium		26.8		3		31.84		3.46				14.9		16.15

				Rumex		2		0.5		1.41		0.58				1.3

		Grubber		Cirsium		11.8		17.5		10.47		10.50				14.7		15.30

				Rumex		0.8		0.5		0.96		0.58				0.7

						ohne SB		mit SB								ohne SB		mit SB

		mittel BB		Cirsium		11.90		5.45				mittel BB		Summe		13.30		5.70

		mittel BB		Rumex		1.40		0.25

						4/ Sep/ 06

						ohne SB		mit SB

		mittel BB		Cirsium		11.90		5.45

		mittel BB		Rumex		1.40		0.25





		Cirsium
Pflug 25 cm		Cirsium
Pflug 25 cm

		Rumex		Rumex

		Cirsium
ZS-Pflug		Cirsium
ZS-Pflug

		Rumex		Rumex

		Cirsium
Pflug <=15 cm		Cirsium
Pflug <=15 cm

		Rumex		Rumex

		Cirsium
Grubber		Cirsium
Grubber

		Rumex		Rumex



ohne SB

mit SB

Anzahl/m²

KH 6, cir+rum 04.09.06

6.5

0.8

1

0

2.5

0.5

1.8

0

26.8

3

2

0.5

11.8

17.5

0.8

0.5



		Cirsium
Pflug 25 cm

		Rumex

		Cirsium
ZS-Pflug

		Rumex

		Cirsium
Pflug <=15 cm

		Rumex

		Cirsium
Grubber

		Rumex



Anzahl/m²

KH 6, cir+rum 04.09.06, mittel SB

3.65

0.5

1.5

0.9

14.9

1.25

14.65

0.65



		Cirsium		Cirsium

		Rumex		Rumex



ohne SB

mit SB

Anzahl/m²

KH 6, cir+rum 04.09.06, mittel BB

11.9

5.45

1.4

0.25



		ohne SB

		mit SB



Summe Cirsium+Rumex

Anzahl/m²

KH 6, cir+rum 04.09.06, mittel BB

13.3

5.7



		ohne SB		ohne SB

		mit SB		mit SB



mittel BB Cirsium

mittel BB Rumex

Anzahl/m²

KH 6, cir+rum 04.09.06, mittel BB

11.9

1.4

5.45

0.25



		Kleinhohenheim, 2006				Vers.Nr.: 06 (726, Bodenbearbeitung)

		Cirsium +Rumex-Bonitur: Anzahl Triebe/Pflanzen

				Anz./m²		mittel				stabw						mittel SB		su

		BB				ohne SB		mit SB		ohne SB		mit SB

		Pflug 25 cm		Cirsium		1.4		1.5		1.15		2.27				1.5		2.20

				Rumex		1.3		0.2		0.38		0.23				0.8

		ZS-Pflug		Cirsium		2.7		1		3.86		2				1.9		3.20

				Rumex		2.4		0.3		1.63		0.38				1.4

		Pflug <=15 cm		Cirsium		9.9		2.3		7.03		1.74				6.1		7.20

				Rumex		2		0.2		1.31		0.23				1.1

		Grubber		Cirsium		7.6		6.10		6.75		5.41				6.9		8.05

				Rumex		1.9		0.5		1.51		0.2				1.2

						ohne SB		mit SB								ohne SB		mit SB

		mittel BB		Cirsium		5.40		2.73				mittel BB		Summe		7.30		3.03

		mittel BB		Rumex		1.90		0.30

				Beikrautbed.%		mittel				stabw

		BB				ohne SB		mit SB		ohne SB		mit SB

				Pflug 25 cm		3.5		3.5		1.73		1.73

				ZS-Pflug		5.8		4.3		2.99		1.5

				Pflug <=15 cm		16.3		6.3		22.50		2.5

				Grubber		100.0		33.00		0.00		21.20





		Cirsium
Pflug 25 cm		Cirsium
Pflug 25 cm

		Rumex		Rumex

		Cirsium
ZS-Pflug		Cirsium
ZS-Pflug

		Rumex		Rumex

		Cirsium
Pflug <=15 cm		Cirsium
Pflug <=15 cm

		Rumex		Rumex

		Cirsium
Grubber		Cirsium
Grubber

		Rumex		Rumex



ohne SB

mit SB

Anzahl/m²

KH 6, cir+rum 13.06.06

1.4

1.5

1.3

0.2

2.7

1

2.4

0.3

9.9

2.3

2

0.2

7.6

6.1

1.9

0.5



		Cirsium
Pflug 25 cm

		Rumex

		Cirsium
ZS-Pflug

		Rumex

		Cirsium
Pflug <=15 cm

		Rumex

		Cirsium
Grubber

		Rumex



KH 6, cir+rum 13.06.06, mittel SB

1.45

0.75

1.85

1.35

6.1

1.1

6.85

1.2



		Cirsium		Cirsium

		Rumex		Rumex



ohne SB

mit SB

KH 6, cir+rum 13.06.06, mittel BB

5.4

2.725

1.9

0.3



		ohne SB

		mit SB



KH 6, cir+rum 13.06.06, mittel BB

7.3

3.025



		Pflug 25 cm		Pflug 25 cm

		ZS-Pflug		ZS-Pflug

		Pflug <=15 cm		Pflug <=15 cm

		Grubber		Grubber



ohne SB

mit SB

KH 6, 13.06.06

3.5

3.5

5.8

4.3

16.3

6.3

100

33




