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Potassium Uptake from the Subsoil
by Green Mariure Crops

E. Witter* and G. Johansson

Department of 50íl 5ciences, 5wedish University ot Agricultural
5ciences, Box 7014, 5-75007 Uppsala, 5weden

ABSTRACT

Th e airn of this ex pe ri rnent was lo compare crops co mmon ly used as gree n manu re or forag e crops
in temperare climat ic reg ions in term s of their total K uptake and the proport ion of K taken up from
the subsoil. Two leehniqu es were used lO determine K uptake from thc subsoi l: The 'open-endcd
por' technique based o n a decrease in the K·IO-Rb ratio of plants grown in Rb-enri ched topsoil
cornpared with plan ts grow n in pots without access lO the subso il, and a technique based on
injeetion of Rb, as traee r for K, al d ifferenl soil depths , The green manure crops tested were chicory
(Cic}¡otium intybus L. ), red clover tTrifo lium pretense L.), pere nnial ryegrass (Lo lium perenne L.) ,
luceme (Medicago saliva L.), barley (Hordeum vulgare L), birds- foot lrefo il (LOIIlS com iculatus
L.), yellow sweetclover (MelilolUs ojJicinalis L.) and lupine iLuplnus angu stifolius L.) . The latter
four erops we re grown for one season, the others two seasons. In the first year of establishment ,
all green manure erops, excepl chicory, took up K from the subs oi l and topsoil in much the same
proporti on as the eash erop bar ley , with 41-67% of the K taken up originaring from the subsoil.
K uptake from the subsoi l was mainly determ ined by differences in lhe crop 's total K uptake.
Chi eory had the hig hes l total uptake arnounting lO 124 kg ha' in the first year and twice that in
the seco nd year . A period of drought in the second year redu ced growth of rnost em ps, except
ehieory an d luce me. This d id not res ult in a higher uptake of Rb inje cted al 60 and 90 cm relati ve
lo uptake al \O cm, but ir is possible that chicory and lucem e took up substantial arnounts of K
from depths greater than I m, not accessible ro the other cro ps.

INTRODUCTION

Crop rotations in low-input ag ricultural systems often inc lude non-cash crops
wi th the ai m lo impro ve or main tain the productivity of the cash cro ps . The se
non-cash crops , suc h as grccn rnanure cro ps, often comprise nitroge n-fixi ng
species to provide nct N input or to irnprove the N-sup plyin g ca pac ity of the
so il. '1'0 maintain or im prove the supply of other nutr ients lo the eas h crops ,
green rnanure erops may be grow n that are ab le to ex traer nu tricnts from the soil
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not ava ilahle lo thc cash L"r'J¡'S. These nuirients are released when thc grecn
manure crop is incorporated into the soil.

The stock of planl nutricnt s, such as potassium , in soils is often ver)" large
relative to annual crop uptake. Nevertheless, deficiency may occ ur eit he r
because the nutri ent is present in chemical form s unav ailabl e lo thc crop, o r
because part of the pool of plant-available K is located beyond the crop rooting _
zane. Plants differ in their ability lo utiliz e different chemical forrns of K in soils
(Mcmon et al., 1988) and this difference can sometimes be related to their ability
to take up initially non-exchangeable K (Fergus & Martin, 1974), such as shown
for ryegrass (Steffens & Mengel , 1979; Tributh et al., 1987; Hinsingcr &
Jaillard, 1993). Under most conditions diffusion is the process lirnit ing K supply
to the plant root so that the plant's ability lo use soil K will to a large extent be
influenced by its root length and density. A crop with a higher root den sity may,
therefore, be able to take up more K from the same soil volume than a crop with
a lower density, but this does not mean that the crop s are not util izing the same
resource. A deep-rooting green manure crop, in contrast, may extract K from
deeper soil layers not accessible to a more shallow-rooting cash crop. Such an
idea is by no means new: Lady Eve Balfour was perhaps one of the first to
suggcst this opportunity in relation lo organic farming in the 1940 's (Balfour,
1975) . Even though much of the agroforestry work, especially in developing
countries, relies heavily on this principIe (Cannell el al., 1996) , there appear to
have been no studies in the literature that have tried to quant ify difference s in
subsoil K, or any other nutrient for that matter, uptake betwecn agricultural
crops grown in temperate regions .

Plants with a strong primary rooting system generally have the greatest rooting
depths, although even plants with a weak primary rooting system , such as grasses,
may reach depths of up to 2 m (Kutschera, 1960). There is little information
available on the amount of subsoil K taken up by deep -rooting plants. Studies in
Sweden (Haak , 1978) and Germany (Kuhlmann, 1990) have shown that spring­
sown cereals, with an average rooting-depth ofup to 1m, may obtain on average 30­
40 % of Iheir K from the subsoil. Some plant species, such as lucern e, can have an
effective roo ting depth exceed ing 2 m (Evans, 1978), which,combined with its large
capac ity for K uptake of up to 200 kg ha-J yr- I (Lee & Metson, 1977 ), mean s that
luceme may have a considerable potential for K uptake from the subsoi l.

The aim of this experiment was to compare crops commonly used as grec n
manure or forage crops in temperat e c1imatic reg ions in tcrm s of their tot al K
uptake and the proportion of K takcn up from the subsoil. Two techniques were
used to determine K uptake from the subsoil : The 'open-ended pot' technique
de veloped indepcndently by Haak (1978) and by Kuhlmann et al. (19 85 ), and
a lcchnique bascd on injection of Rb, as tracer for K, at differenl soi l deplhs.

MATERIALS ANO METHOOS

Experimental site

Th e study wa s ea rried out during 1998 and 1999 on a Iicld 10 km south of
Uppsala in central Swe den (600 N I7°E). Thc so il is a loam, with a clay co nten t
of 2 1% in the top so il (0-30 cm) and 53% in the subsoil (60-90 cm). Soil pH
increased with depth, and co ncentrations of ammo nium lactare extractable P and
K wcre 10WCSl at a depth of 30-60 cm and then incrcased with dcpth (Table 1).

Choice of crop erops and layout 01 field experirnent

The experime nta l dcsign was a co mpletely rand omi zcd block repl icated four
times wi th d iffer ent crops as trcatm ents. The crop s chicory (Cichorium intybus
L. cv . Gra sslands Pun a), red clovcr tTrifolium pretense L. cv, Rajah ), perennial
rycgrass (Lol ium perenn e L. cvs. Condesa (25 %), Trani (21 %), Parcour (20%),
Fcnn erna (17 %) and Meltra ( 17%» , red c lover ancl rye grass in mixture (SO/50
w/w), lucern e (Medicago Saliva L. cv. Vela ), barley iHordeum migare L. cv .
Fil ippa) and birds-foot trcfoil iLotus com iculatus L. ev . Dawn) wcrc so wn in
plots of 4 x 15 ni in May 1998. A cold and rain y spring result ed in a wea k sta nd
of bird s-foo t trefoil. Yellow sweetclover (Meíilotus officinaiis L. ) and lup inc
tLup inus angustifo lius L. ev . Azuro) were sow n in May 1999 on thc plo ts sow n
to barley and bird s- foot trefoil, respectively , in 1998. Lcgu rne seeds were
inoc ulated with the appropri ate bacterial sym biont im med iately before so wing.
In 1998, the wh ole ex perimental arca was fcrtilized with 80 kg P ha: ' . Chicory ,
ryegrass and barley recei ved one appl icat ion of 80 kg N ha:" in 1998 alt er
germination , and chico ry and ryegra ss a further two appli cations al the same rate
in 1999; in Ihe beginn ing of May and after the first harvest a l the e nd of Jun e.
Tite plots we re manually kept free of wecds. The pcrennial cr ops so wn in 1998
were harvested on 11 August 1998, 2 1-22 Jun e 1999 (ha rvest 1) and 8-9
Septernbcr 1999 (ha rves t JI), using a hand-operated motorized mnwer wi th a 78
cm wide cutter bar. Lup ine and ye llow swec tclove r sown in 1999 we re harvested
once in Scpt ernber 1999. Total dry matter yicld and K uptake were detcrm ined
on 3- 4 m long strip s cut with the cutt cr bar. Aft er harvcst of the sub-plo ts thc
whole ex perimental area was harvestcd and all plant mat erial rem oved . Clover
and grass wcrc sepa rated in the red clover/rycg rass trcatrncnt . Weed s were
separatcd from thc erop plants in al! harvcsted samples. Th e sa rnples wcre dricd
in a Iorccd -air oven at 60°C, weighed amI ground for che mical analy sis.

Oetermination ot Rb uptake trom different depths by Rb injection
111 +-h.!. ,¡..:>;/ J ¡S
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similar to that described by Ozanne el al. (1965) who, however, used the
radioactive isotope 42K rather than Rb as tracer to rneasure short-term K uptake.
Rb was inj ec ted on 6--13 May 1999. In each exp erimental plot, injection was
carried out in one subplot (1.25 x 0.5 in) at eaeh of the depths 20, 60 and 90
cm. Holes for injection (18 in each subplot) wcre rnade by nine steel rods (1 cm
diameter) , evenly arranged qn a specially designed metal frame fitted to a
hydraulic lift on a tractor, which could be raised and lowered hydraulically.
Immediately after withdrawal of the rods, 8 mi 01' a RbCI solution (15 mg Rb
mr ') was injected in each hole through a plasti c tube introduced in the holes by
means of a 0.5 cm diameter metal rod. A steel ball of l cm diameter was fitt ed
to the lower end of the rod to ensure free passage for the plastic tube and to
reduce the risk of contamination 01' the upper soil laycrs. The thin rod was
inserted until the ball reached the bottom of the injection holes and then raised
\O cm, to create a space for the solution, before injection . The holes were filled
with sand to prevent preferential root growth,

The whole area of the Rb-injected subplots was harvested. Control samples
of herbage, to determine dry matter yield, K uptake and uptake of native soil Rb ,
were taken from an area 1-2 m away from the subplots . Uptake of Rb injected
at the different depths was calculated from the difference in Rb concentration of
the herbage in the subplots with that of the control samples.

Determination of K-uptake from subsoil by a K:Rb
dilution technique

The technique developed by Haak (1978) and Kuhlm ann el al. (1985), which is
based on growing two sets of plants, was used to differentiatc K uptake from the
subsoil from K uptake from the topsoil. Both sets are grown in pots containing
Rb -enriched topsoi\. One set is grown in pots dug into the topsoil at the
experimental site. These pots are opcn-ended to allow root penetration into the
subsoil. The other set is grown in regular pots . Uptak e of K from the subsoil will
decrease the K-to-Rb concentration ratio of the plants grown in the open-ended
pots. The difference in the K-to-Rb ratio bctween these sets is used to calculate
K uptake from the subsoil (see below).

Topsoil (5.5 kg air-dry) from the experimental site was used to fill the pot s
(4712 cm ' volume and 314 cm? surface arca) alter mixing with 23 mg P kg- l

soil as superphosphate and 6.2 rng Rb kg- I soil as RbC\. Pots sown to non ­
legurninous crops were fertilized with 57 mg N kg! soil as Ca(N0

3)
2.

Two sets of pots were sown in May 1998 with the foll owing crops: barley,
chicory, birds-foot trefoil, red clover, lucerne, ryegrass, red clover/ryegrass in
mixture, yellow sweetclover and lupine. Onc sc t of pots was kept without
contact to the subsoil and with manual irrigation in a pot gardcn . The other set
was dug into the topsoil (25 cm) in the plots of the field cxperiment after
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removing the bouorn of the pots. After genu ination, chicory ami reo clover were
thinned to 35 plants por", birds-foot trefoil to 48 pl ants and lueerne, yellow
sweetclover and lupine to 30 plants. Pots with barley had II plants por" and
ryegrass 64 plants. . -

Thc pots were harvested in August 1998 by c1i pping thc shoots 2- 3 em ~bove

the soil surface . Red clover and ryegrass grown in mixture wcre separated tn the­
laboratory. A)) samples were dried in a forced-air oven al 60°C. K uptake from
the subsoil expressed as a percentage of total K uptake was calculated from the
K-to-Rb ratio of the above ground plant biomass from pots with and without
contaet to subsoil (Kuhlrnann el al.• 1985):

KlRb (with co ntact ) - KlRb (without contacn

% of K uptake derived frorn subsoi l = 100 x
KlRb (with contac t)

Analyses

Total K and Rb in plant material were deterrnincd after digestion by inductively
coupled plasma atomic emission spcctrometry (ICP-AES). The results were
analysed by analysis of variance for a completely randomized block design using
a General Linear Model procedure. Fisher's LSD test was used as p OSI-}¡OC test
in the comparison of means (StatSoft, 2000).

RESULTS

Climatic conditions

The first year (1998) was eharacterized by a wet, cool summer (mean
temperature 13°C, precipitation 285 mm, Penman evapotranspiration 305 mm
over the period May-August), whereas 1999 was unusually dry (mean
temperature 13°C, preeipitation 48 mm, Penman evapotranspiration 20 I mm
over the period May-June (harvcst 1) and ' 17°C, 45 mm and 200 mm,
respectively ovcr thc period July- August (harvest 1I»).

Total K uptake

Ryegrass and chicory had the highest K uptakc in shoots (122- 124 kg K ha")
in the year of establishment (Table 2). This was partly due to a higher K
concentration in their tissucs, 4.1% compared with 2.7-3.3% Ior the other
pcrennial crops, and part1y to a higher dry matter yield (data not shown). Also
in the following ycar total uptake was highcr for chicory and ryegrass (248 ami

230 kg K ha:", respectively) than for the othcr percnni al crops. K uptake by
lupine and yellow sweetclover sown in 1999 was vcry low (47-56 kg ha'" ). The
dry weather during the second half of the summer in 1999 resulted in strongly
rcduced dry matter production in' rnost crops, with yiclds at harvest 11 for most
crops on!y 2 1-37% of those at harvest I (data not shown). There was no
reduetion in yields of chicory and lucerne, and K uptakes at harvest 1and 11 wcre
similar (Table 2). At harvest 1 in 1999 rycgrass showed the highest K uptakc
(1 SO kg ha:") and chicory at harvcst Il (129 kg ha:' ). K co nccntrations in thc
shoots werc lower in 1999 than in 1998 in al1 crops (Ta ble 2).

lJptake of Rb injected at different depths

Rb uptake frorn the injcction depths 10- 20 cm, 50- 60 cm and 80-90 cm,
dctcrmined at harvests 1 and II in 1999, is expressed as a percent age of total
uptake of injected Rb (Table 3). The crops showed only small differences in
relativc uptake from the three depths. At harvest 1, uptake from 10-20 cm
represented 75- 90% of total uptake. Relative Rb uptake by ryegrass from 10­
20 cm was significantly lower (75% of total uptake), and from 50-60 cm (17%)
significantly higher than in red clover and chicory, Relativo Rb uptake from 80­
90 cm was less than 10% of total uptake for all crops. Relative Rb uptake from
the three dcpths by ryegrass and red clover was similar in pure stands and in thc
mixed sward. At harvest Il , relative Rb uptake from 10-20 cm was 57-78% of
total uptake, with no significant differences among crops in relativo Rb uptake
íro rn any of thc three depths .

K uptake from subsoil in pots with and without
contact to subsoil

Based on a decrease in the Rb-to-K ratio duc 10 uptake of K frorn thc subsoil
by the plants grown in the opcn-ended pots, it was calcula ted that among the
crops in 1998 bctwecn 42 and 67% of total K uptake originated from the subsoil
(Figure 1). It was significantly largcr Ior chicory (67%) than for bar ley, ryegrass
and thc ryegrass-s-rcd clover mi xtur e (p < 0.05; Fisher LSD test). Diffcrcnccs
among the othcr crops were not significant. In 1999, about 68% of K taken IIp
by both lupine and yellow swectclove r originated from the subsoil (data not
shown). Total K uptake from thc subsoil was calculated from % up iake from the
subsoil calculatcd Irom thc pots and total K uptake dctermined in strips cut with
the cutter bar (Table 2). This suggested that total K uptakc from the subso il was
about 80 kg ha:" for chico ry, but only about hall' that (35- 5 1 kg ha" ) for thc
ot hcr c rops , Uptake Irorn thc suhsoil in 1999 by the crops sow n in J998 could,
unfortu nately, not be dctermincd bccause a largc number of the plants in thc pots
in t lw f¡ " lrI had nOl .>!Jf viv'i'\l winter



TA Bl.E 2.

Potassiurn content and uptake by the crops in 1998 and 1999. Mean va lues of four blocks with the stan dard err or gi ven in bra cke ts .

Crop 1998 1999

Total uptake From Harvest 1 Harvest 11 Harv est 1+11
subsoi l"

(%K ) (kg K ha- 1) (kg K ha ") (% K) (kg K ha" ) (%K) (kg K ha' ) (kg K ha' ")

Chicory 4.1 (0 .3) 124 (\ 2) 83 2.6 (0.3) 119 (\ 9) 3A (0 .3) 129 (\ 1) 248 (15 )
Red clove r 3.3 (0.3) 64 (8) 36 2.1 (0 .1) 107 (15) 2.1 (0 .1) 30 (3) 138 (15)
Red clover in mixture 1.9 (0 .1) 56 (7) 2.0 (0.1) 23 (6 ) 79 (1 1)
Ryeg rass 4.1 (0 .1) 122 (13) 51 2 .5 (0.1) 180 (13) 2.9 (0 .1) 50 (5) 230 (13)
Ryegrass in mixture 2.6 (0 .1) 76 (7) 2 .6 (0 .3) 15 (2) 9 1 (9)
Ryegra ss/clovcr mix 3.3 (0.1) 88 (6 ) 42 132 38 170 (S)
Lucerne 2.7 (0 .1) 77 ( 13) 43 1.8 (0 .2) 53 (1 1) 2.3 (DA) 42 (8 ) 96 ( 15)
Lupine l A (0 .1) S9 (4) 59 (4 )
Yellow swee tc lover 1.6 (0. 1) 42 (2 ) 42 (2 )
Birds -foo t trefoil 3.1 (0 .1) 67 (5) 35
Barle y 1.3 (0 .1) 77 (13) 35
LSD (0.05 ) 0.5 32 OA 30 0.6 17 29

*Calculatcd from the pe rce ntage of K uptak e deri ved from the subsoil show n in Fig ure l .

TABLE 3

Uptake of Rb inj ected al d ifferent depths expressed as pe rcentage of the surn of upiake from all
three depths at harvests 1 and 11 in 1999. Mean val ues of four blocks wit h standard error

in brac kct s, ns - not sig nificant

Harv est 1 Harvest 11

Crop Depth o f injec tio n (c m) Dept h of injectio n (cm )

1<J-20 5<J-60 80--9(, 1<J-20 5G--60 80--90

Chicory 86 (6) 8 (2) 6 (2 ) 78 (3) 10 (3) 12 (2 )
Red clove r 90 (4) 8 (2)- 2 ( 1) 69 (2) 13 (2) 19 (2)
Red clover in mixt ure 90 (3) 8 (2) 2 (1) 64 (5) 15 (4 ) 20 (6)
Ryegrass in mixture 76 (3) 18 (2) 6 (1 ) 64 (5 ) 18 ( 1) 18 (5)
Ryegrass 75 (3) 16 (3) 9 (1 ) T!. (5 ~ 15 (4) 13 (2)
Luceme 82 (4) 10 (2) 8 (3) 57 (5) 15 (3) 29 (3)
Mean (above crops) 83 (2) 11 ( 1) 5 (1 ) 67 (2) 14 (1 ) 18 (2)

Lupine 67 (4 ) 19 (4) 14 (4)
Yellow swectclover 62 (4) 18 (2) 20 (3)
LSD (0 .05 ) 8 5 5 ns ns ns
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FIGURE l . Relative uptak e of potassium from the top- and subsoil in the year of establishment
(199 8) as detennined by the 'open-ended pot ' teehn ique. Mean value s from four bloeks with the
error bars indieating the standard error. The effect of erap is significan! at p < O.t .

DISCUSSION

Methodological aspects

There are few stud ies on nutr icnt uptake frorn the subsoil by cro p plant s. No
doubt , this is partly due to laek of sui table, simple meth ods for determ ination 01'
nutri ent uptake frorn different soil depths. The 'open-end ed pot technique' o ffers
a relatively easy technique to separate nutrient uptake frorn the topsoil from that
from the subsoil. Neverthcless, the method appears to have been used by few
other than the original developcrs (Haa k, 1978; Kuhlm ann el al., 1985). An
important assurnption in the meth od is that differenccs in total nu trient up take,
root dcnsity and olher factors lhat may vary between the plant s grown in opcn­
end ed and those in c10sed pots do not affect lhe ralio al' K-to-Rb uptake froln
the topsoil. Th e validity 01' this assumption appears not to have been tesled
direclly (Kuhlmann el al ., 1985).

Thc ratio 01' K-to-Rb uptake appears independcnt 01' rool density (ll alig'lf,
1985) bul may be affeeted by the levcl of K deplcli on of the so il. In a
prelim inary cxpCrimCtl l wilh rycgra ss grown in Milscherl ich pols, the K-lo-Rb

rat io decreased as avai lable K becarne dcpl ctcd through succcss ive harvests, as
indicated by decrcasing K concentrations in the shoots (dala not shown). Thi s
rnay seem to contradict thc observation by Baligar (1985) that the K-to-Rb rati o
rem ained co nstanl ove r growth per iods of up to 30 days. In the lauer experiment,
however, most uptake was from K in the so il solution. rathe r than from
cxchangeablc K. as is likcly under the condi tions 01' K-deficien cy in our
experiment with rycgrass, The assumption in the 'open -endcd pot techniquc' 01'
an equal rat io 01' Kvto-Rb uptakc from the topsoil in the closed and opcn-cnded
pots may, thcreforc, necd lo be furth er scrutinizcd . O ur results frorn the pot
ex perime nr with rycgrass suggest that depl eti on 01' K in the top soil o f the closed
pul co uld lcad lo a lower K-to-Rb ratio in thc plant, which wo uld result in
o veres timation 01' K upt ake frorn thc subsoil. Our estimares a l' 46 ± 5% of total
K uptakc by barley originating from the sub soil werc simi lar to thosc, on
averag e 30-40%. obtained by Haak (1978) and Kuhlmann (1990) using the
sarne techn ique in studies 01' spring-sow n cereals.

Resul ts from injection 01' Rb at the three depths in the profile sugges t that Rb
uptak e al 10-20 cm co ntributcd more than 70% a l' the total uptake fr orn the thrce
dcpths . Studies on a ra ngc 01' for age crops (incl uding deep-rooting spcc ies) with
placernent of either Rb or K at d iffcrent depths co nfirm that (potent ial) K uptake
from the topso il ofte n accounts for mor e than half the total uptake (Ozanne el

al., 1965; Peterson & Srn ith, 1973; Peterson el al.• 1983). Our results from the
Rb-inj ccti on technique eann ot directly be compared with those from the 'open­
ended pot techniquc' as it does not reflect upt ake frorn the entire topsoil or
subsoil layer and the measured uptakc is that of added Rb rather than nati ve K.
Th is techn iquc, thcrcfore, rneasures poten tial K uptakc from differ ent so il layer s
rather than actual K uptake fro m the subsoi l.

Th e rati o of K-to-Rb uptake will depend on the rclative co nccntrations of Rb
and K al thc root sur facc. In all crops , uptake 01' Rb injected at 10-20 cm
represenl ed a sma llcr pereentage of the tot al upt akc from all th ree injecti on
depths al the second (67%) than at thc fir st (83%) harvcst in 1999 (Ta ble 3).
Th is eo uld be the rcsult of a proportio nal ly higher root activity al the greater
dcpth s in the sccond hall' of 1999. lt can. howcver , not be exc ludcd that this
resu1t is an artefact caused hy a proportionally greater dcpl etion of Rb at 10-20
cm during the first hal f. Co ncc ntrations o f cxch angeable K ranged from 5 to 12
mg 100 g- l soil al a dc pth of 0-90 cm. with the highesl conccntration at 60-90
CII1 , and fur thcr incrc asing below this depth . The rat io 01' the concentrations of
plan t-available K and Rb may , there forc , not have becn the sanie at the three
injection depth s. Higher K co ncc nlration at 80-90 cm, for example. woulcl have
resu1tcd in und ereslimation 01' Rb uplake al lhal deplh , relative lo that fmm lhe
other two depth s. Differellees in adsorp tion 01' the addecl Rb at the d iffercnt
dcpt hs may also have affec lcd (he results. Th e injcclion techn iquc ca n. therefore,
nol be dir ce tly llscd lo eslimate Rb (or K) upt ake from soil layers wit h di ffere nt
physico-chcm ieal propcr lics. hUI it uoes allow a co mpar ison 01' lhe abilit y 0 1'
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different cr ops to take up Rb injected in d iffcrcnt so il layers, which i ~ not
affected by differences in soil properti es, and was the main objective of thi s

study.
Both techniques used rely on the use of Rb as an ana logue for K. Recent

studies have shown that sorne uptake transport sys tcrns in roots discriminate
between Rb and K, contradictin g ea rlier studies suggest ing no discrimination
(for details see Rodríguez-Navarro, 2000). It is important ro bear in mind that
ncither technique requ ires that there is no discrimination , or that it is the sa me
am ong the plant spec ies, but onl y that any discrimination is the sarne along any
pan of the root .

Differenees between erops in K uptake from the subsoil

The crops in this study included sorne with a strong primary root sys tem
(chicory and lucerne) and sorne with a weaker primary root system (ryegrass).
Nevertheless, both the dire ct injection and the 'open-ended pot ' technique
suggest only small differences in the relative uptake from different soi l dcpths.
During the period of low precipit ation in the second hal f 01' 1999, gro wth of
ryegrass and red clover was particularly redu ced , where as growth of chi cory and
lucerne was onl y slight1y affe cted. Thi s suggests that chicory and lucem e wer e
able to explo it water reserves, presum ably at greater depth , not available to the
other crops. Nevertheless, the pattern of Rb uptake to a depth of 1 m during the
dry period was similar among all crops, and the pattern of Rb uptake with dep th
in all crops did not markedly differ in the dry per iod co mpared with that in the
wet period (Table 3). These results sug gest that a roo t sys tem ab1e to ex plore
deep-Iying water reserves does not necessarily result in enh anced actua l oro
potential uptake of K from the deeper soillayers down to 1 m. It may, how ever,
be possible that ther e was sub stantial K uptake by lucerne and chicory fro m
depths greater than 1 m, whi ch would not have been record ed with our Rb ­
injection technique. The differen ce in K upta ke by ch icory and lucern e and that
of the other crops may partl y or ent irely havc co me from a depth grca ter than
1 m. Comparing K uptake at harvest 11 by chico ry (\ 29 kg ha" ) wi th that by
ryegrass (50 kg ha:' ), for example, wo uld then sugges t that up lo 79 kg ha' of
K taken up by chicory ma y have origin atecl from depth s not accessible to
ryegrass .

We hypoth esized that co mpetition for K in the topso il by red clover and
ryegrass grown in mixture would result in increascd uptake from the subsoi l by
the species with a deeper rooti ng system. Separat ion in tim e or space of use 01'
a limiting resource is an important mechanism that allo ws different spec ies 10

co-exist in the same ccosystem (Fitte r, 1986). Neverth eless, growi ng ryegrass
and red clover in mixture did not cha nge the relat ive uptake of injectcd Rb from
di ffcrent so il depth s (Table 3). As the conce ntra tion of K in the shoo ts was not

affected by growth in the mixture (Table 2), it is possibl e that concentrations of
availabl e K in the top soil were loo high to stirnulate compe titio n and thus

incre ased uptake from the subsoil.

The potential for using deep-rooting erops to enrlch the
topsoil with nutrients extraeted from the subsoil

Th e valu e of a green manure crop in enri chin g the top soil with nutr ient s from
the subso il is determined by its total nutrie nt upt ake, the pe rcentage derived from
the sub soil and its ability to take up K from sources not av ail abl e to a cash crop.
Obviou sly, th e performance of a crop in these respect s is highly dependent on
local c1imati c and soi l co ndi tions. Th e so il in this study was, on the whole ,
favourable for deep root penetration into the subso il, and es pec ially favourable
for K uptake fro m the sub soil with a high exchangeabl e-K co ntent, Deep roo t
penetration was further favoured by dry co ndi tions in th e second half of 1999.
In the year of es tablishment (\998), chi cor y, co mpared with the othe r crops,
obtained only a slightly larg er percent age of its K upt ak e fro m the subsoil, but
it had the highest K yield larg ely due to its high K content, As a result , total K
uptake from the subsoil by chico ry (80 kg ha ') was about tw ice that by the other
crops. For 1999, it was not possibl e to qu antify upt ake from the subsoil, but
result s from the Rb-inject ion experime nt sugges ts only small differences am ong
crops in their abil ity to extract K from depths up to 1 m . It is therefore likely
that differences in K uptake from the subso il also in 1999 wo uld hav e been
largely determined by differences in K uptake amo ng the crops . Highest K
uptake at the first harvest in 1999 was obtained for ryegrass foll owed by chi cory
and red c1over. During the dry condi tions, pr ior to the second harvest in 1999,
yield and total K uptake were redu ced in all crops, exce pt chi cory and lucerne.
Under the condition s of our two-year experiment, ch icory, therefore, out­
per formed other crops in term s of K uptake from the subsoil. Lucerne prob ably
performed bel ow its poten tial in our experiment in terms of total yield and K­
uptake whi ch were less than hall' those report ed Irom New Zealand (Lee &
Metson , 1977). Studies in New Zcaland suggest that lucerne ca n easily out­
pcr form ryegrass under dry co nditio ns (Evans, 197 8) and has been founcl to be
uble to ex ploi t water and nutr ient resource s al depths up to :3 m (Fo x & Lipps,
1960, 1964).

A H po te ntial grec n manure cro ps testcd, exccpt chico ry, took up K from the
subsoil and top soil in 199 8 in much the same prop orti on as thc cas h crop bar ley .
T he pcrcentage upt ake from the subso il by barlcy was si mi lar to that mcasur ed
by Haak (19 78) an cl Kuhlmann , (\990) in spr ing ce rea1s. Use of these grcen
manure erops wo uld, therefore , not mercase so il K avai lab ility to such ce real
crops . T hey may, however, do so to more sha llow roo ted ca sh crops such as
radish , lett uce and o the r sho rt-scason crops that have bccn show n to mee! ncarly
thcir ent irc K de ma nd by uptake from thc topsoil only (Kuhlmann, 1990).
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CONCLUSIONS

There are no easy short cut s to determine nutrienl uptake from the subsoi l.
Neither the ' open-ended pot technique' nor the Rb-inj ection technique was
found lo be wholly satisfactorily lo assess nutrient uptake from the sub soil . The
former is simple and easy lo carry out, but the assumptions inherent in the
method need lo be further investigated. The latter is more cumbersome,
especially if uptake frorn great depths is to be investig ated. The mcthod
measures potential, rather than actual K uptake from the depth s of injection and
has fewer assumpti ons.

Green manure crops with a potentially deep root system that explores soil
layers not accessible lo the cash crop s in the rotation can increase the amount
of K circulating in the cropping systern , In the year of establishmenl there were ,
however, only small differences in the % of K taken up from the subsoil among
the crops. This could be because the root system of the perennial crops had not
yet fully developed in the first year, but also to the wet conditions that year . Our
results show that even deep-rooting crops extract most of their K dcmand from
the upper soillayers, unless conditions, of drought for exampl e, force the crop
lo penetrate deeper into the soil profile .
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Abstraer

It is generally acccpted that the low quality 01' soil carbon lirnits thc amount 01' encrgy available for soil microorganisms, and in turn the
rate 01' soil ca rbo n rnincralization . The priming eflect, i.e, the increase in soil organie matter (SOM) dccorn pos irion ratc aft cr fresh orga nic
maucr input lO soil, is often supposcd lO result from a global inc rease in rnicrobial ac tiv ity due lO thc higher availability 0 1' cnergy released
from the dceomposition 01' fre sh orgun ic rnauer, Work to dale, how e ver, suggcsts that supply a l' availab lc cncrgy induces no cffec t on SO~,1

miner.rliza tio n. T he mechanisms 01' thc priming effect are mueh more co mplex than cornmonly belicvcd. Thc objectivc 01' this rcvicw was lo
build ;, co nceptua l model a l' the priming effect based on the ccntradictory results availa ble in the litera turc adopting thc concc pt of nut riti onal

compctition, After fresh organic rnattcr input to soils, many specialized microorganisms grow quickly and only dccompose the Iresh organic
malleroWe postulatcd that the priming effect results from the cornpetition for energy and nutri cnt acquisition bctwccn thc microorganisms
specialized in the decom position 01' fres h organic matter and those feeding on polymerised SOMo
© 2003 Elsevier Science LId. AH righ ts rescrved.

Keywords: Enzyme rcgulat ion : r/K stra rcgy: Nutrilio na l compctition; Encrgy limitation; Ca rb ón storage

1. Introduction

So il organic mauer (SO M) is a major determinant of
carbon and nutrient cycling in the biosphere: it is the main
nu tricnt so urce for planl growth (afte r rnicrobial
decomposi tio n) and co ntributes to soi l quality (soil
struc ture, resistance to erosion ) (Herri ck and Wander,
1997); it al so represents the majar carbon reservoir of the
biosphere-atmos phere system (Falkows ki et al. , 2000).
Given the curre nt concerns over global warming, it is
impo rtant to und erstand when soils serve either as a source
or sink for atmospheric CO2 (Lal et al ., 1995; Smith et al .,
200 0 ). The accumulation of arganic matter in soil results
from the activity of the soil biota: plants en sure the supply of
organic matter while soil fauna and microorganisms
lran sform it. In soil, mo st org an ic compounds are processed
by heterotroph íc microargan ism s that use organic carbon as
nutrient and energy sources . Predicting and modelling SOM
dyn arnics therefore requires the identification of the
ph ysiological and en vironmenlal cons tra ints driving
rnicrobial ac tiv ities , So il carbon is the dri ving force of

• Corresponding author. Fax: +33-1 44323-885.
E-mail add ress: fontainc ts'bio logie .c ns.fr (S . FOnlainc ).

most microbiall y med ia tcd proccsses . particularly so il
resp iration and nitrogc n rninc ralization. Thc quali ty of
car bon is particularly imp ortant because it co nstrains the
supply of energy for enzyme product ion and growth.
The decomposition of the humified carbo n is commonly
slow because the acquisition of energy from such substrate
is slow .

LogicalIy, maintaining or enhancing ca rbo n storage
requires consistent input of carbon, for example from cro p
residues, cornpost , catt le slur ry or sewuge sludge in
cultivated soils. However, in cult ivated soi ls where erop
residues are incorporated in large quantities, SOM content
varies slowly (Campbe ll e t al., 199 1: Nyborg et al ., 1995;
Soon, 1998). In the same way, the rem oval 01' erop residu es
does not necessarily induce a rapid dec rease 01' SO M
content, For instance, CampbelI et al. (1991 ) showed that
the removal of straw over a peri a d of 30 years did
not s ig n ificantly affect the SOM content of an old
whear-wheat-fallow rotation sys tem . This is surp rising
since ir is unlikely that all the carbon supplied in the form 01'
straw during thi s experimenl had been mineralizcd because
straw co ntains man y recalcitrant co mponents such as lignin.
Indeed, o ther experiments have shown that the rernaining
straw muy account for 5 0 - 6 0 % al' the ap plicd dry matter

003X·U717/03/$ . see fronl mall er li;.l 2003 Elsc \' icr Science LId. AIl righls reser ved .
doí: I11.1016/S00 38-07 17(03)00123-8
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after 1 ycar of decomposition (Cheshire et al. , 1999 ) and
20 % of the applied carbon after 4 years (Shiclds and Paul,
1973). The stability of SOM eontent despite the regular
supply of erop res idues sugges ts an equiva lcnt o utpu t of
ancient organic compounds.

It has been shown that the incorporation of frcsh orga nic
mauer (FOM) such as green rnanure or straw in a soil may
intensify SOM mineralization (Lohnis, 1926 ; Broadbent ,
1947; Broadbent and Barth olomcw, 194 8; Bin geman et a l.,
1953 ; Broadben t and Nakashima, 1974 ; Serensen, 1974 ;
Wu et al., 1993). The stimulation of SOM mineralization,
named the ' priming cffect ' by Bingeman et al. (1953) has
bccn cle arl y observed at the rhizosph ere scale. For example,
Liljeroth et al. ( 1994) showed in laboratory co nditions
without mineral nutrient supply, that the rhizodcposition by
whcat and maize induccd a two -fold increase in the
mineralization rate of pre-existing soil carbono

The mechani sms leading lo the prim ing e ffec t remain
poorly understo od (Kuzya kov et al., 2000) . It is co mmo nly
bel ieved that the low quality of SOM limits the amount of
available cnergy for soil microorganisms, and in turn the
rate of SOM minerali zation. Thus, the priming effect is
o fte n supposed to result from an inc rease in overall
microbial acti vity due to the higher availability 01' energy
and nutrient s releascd frorn FOM (Lohnis, 1926 ; Broadbent,
1947 ; Bin gem an et al. , 1953; Sorensen, 1974). However, thc
supply 01' easily assimilable compounds to soils, such as
glucose, fruc tose and miner al nutrients induces no or little
effec t on SOM mineralization, co mparcd to the effect of
ryegrass. cellulose or whea t straw (Bingeman et al., 1953 ;
Dalenberg and Jager, 1989; Wu et al., 1993 ; Shen and
Bartha. 1997). Such rnaterials contain less readily available
cncrgy than glu co se and fructose because of their
pol yrncri sed structure, and one might hav e cxpected a
weaker prirning elfec t with the former than with the latter.
The mech ani srn s of thc priming clfects are thu s much more
co rnplex than cornrnonly believed,

The aim uf this papc r is to propose a conceptual rnodel of
thc priming cffcct by the reassessrnent of data avai lable in
the literature . Our approac h is based on the specificit y of
mic robial enzymes for the degradation of subs tra te.
We tackle our analysis at individual and community level,
focus ing on pos sible interactions for energy and nutrient
acquisition between FOM and SOM specialized
microorganisms.

2. The microbe-substrate rclationship

It is conceivable that SOM feeding microorganisms
could increase their enzyme production when growth
conditions becorne limiting, or decrease it when the soi l
solution is concentrated in energetic compounds and
mineral nutrients (Henkinet et al., 1989). Indeed, studies
in axenic conditions have shown that several microbial
spec ics are able to increase their production of extraceLIular

enzy mes wh cn th e gro wth medium is deficient in nit rogen
(Bumpus et al., 1985 ; Ha ider and M artin, 1988). But , th is
phen om en on has no t been observed in soil lo date
suggcs ting that soil microorganisms do not adjust their
enzyme production accordi ng to metabolizable substrate.
In co ntras t, most studies have shown, in co ntro lled
conditions, that the supply 01' nutri ent s an d quickly
assimilable ca rbon such as soluble sugars, am ino
aci ds. root mucilage or rhizosphere extraer did not alter
decompositi on rutes (Dalenberg and Jager, 1989 ; Mary et al. .
1992 , 1993; Wu er al., 1993 : S ikora and Yakovchenk o,
1996 ; Jans-Hammerrneister et al.. 199 7; Shen and Barth a.
1997 ; De Nobi li et al., 200 1). Thu s, the rate 01' SOM
minerali zati on does not see m to be intluenccd by indi vidual
response to the chang e in the amo unt of ava ilab le energy.
Th is suggests that the priming effect depend s mostly on the
dynamics of SOM degrading populations. Any increase in
these populations due to a grea ter avai labi lity of energy
origi nating from input of FO M to soil, should accelerate
SOM rninerali zati on leading to the priming effec t.

A major charac teris tic 01' so il microbi al populations is
their enzymatic spec ific ity fo r subs tra te degradat ion .
For ex ample, a succession of microbial types (Garrett,
1951 ; Lemoign e et al., 1951 ; Kend rick and Burges,
1962 ; Zv yagintsev, 1994 ) and de polyrnerisi ng enzyrnes
(Ks ha ttri ya e t al ., 1991 ; Joshi et al., 1993) is ob served

throughout the decornpositi on of plan t litter becau se the
relati vo proportions of the differen t chemical cornpounds
change with time due lO different degradation rates. The
rates 01' populat ion growth and ex trac ellular enzyme
production are linked by posit ive feedback as long as
fresh substrato is not limiting (Kshattriya el al., 1991; Joshi
et al. , 1993). Th e late stages 01' the decornpositi on process
are marked by the co lonisation 01' plant rcsidues by
particular populations, co ntinuousl y ac tive, that slowly

degrade the rnos t recalcitrant SOM o
Even if a hu ge range of microbial typ es are prcscnt in

so il, onl y few 01' thern are adapted to the domin ant soil
organic rcsource (Swift e t al., 1979). the others bei ng
dormant. Aft er FOM inp ut to soil s, man y do rrnant
microorganism s are triggcred into activi ty (De Nobili
et al. , 2001 ). The supply 01' FOM allows enhance d activity
and growth 01' previously starv ing microb ial populations,
now able to spccificall y use this new subs trate. Thi s leads lO

dramatic changes in the structure of the microbial commu­
nity as soon as sufficient FOM is added (Winogradzky,
1924 ; Lemoigne et al., 1951 ; Holding, 1960 ; Behera and
Wagner, 1974; Griffiths et al ., 1998). Sub sequ ently, the rate
of energy and nutri ent releasc by the decaying FOM,
the microbia1 population size (Mary et al., 1992 ; Wu et al.,
1993; Jan s-Hammerrnei ster et al., 1997) and the ra te of
enzyme production decrease as the substrate is exhausted
(Kshattriya et al., 1991 ; Joshi et al. , 1993 ). Thus, an increase
then a decrease in enzymatic acti vity occurs at each FOM
inputs that foIlow s lhe growth and decl ine of the microbial
populations decomposing FOM.
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Fig , t. Potential mech anisms leadin g to the pri rning effect. Mechanism 1:
cxtraccllular enzymcs produccd in order to decompose fO:'\ by r-

. stratcgists may also be efficicnt for dc gradin g SO:--!. Mcchan ism 2: a
prop ortion of the FOM may be takcn up by Kvstratcgists according to thc
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The second mechanism dea ls with the FOM availability
for r-strategists. A striking Ieature of microbial succession
follow ing . the incorporation of fresh plant litter is the
dominance of sugar-feeding populations during the first
stages of litter decomposition (Winogradzky, 1924; Garrett ,
1951, 1963; Alexander , 1964). These types of r-strate gist
grow very quickly on simple and soluble substrates, which
are exhausted in sorne hours (Voroney and Paul, 1983:
Bremer and Kuikman, 1993). In these conditions, it is
unsurpri sing to observe no effec t of soluble and quickly
assi milable carbon supplies on the activities of K-strategists.
Ind eed , mos t availabl e subs tra tes are taken up by
r-strategists before the slow K-strategists can increase
their populations. In contrast, polymerised compounds of
plant litter persist in soils longer than simple substrates,
For example, cellulose decomposition takes several weeks .
We therefore postul ate that K-strategists mineralizing SOM,
with slow growth rates, may benefit from polymerised
substrates which have a long residence time in soil. In these
co nditions, K-strategists popu lations increase increasing the
amount of SOM decomposing enzymes released in soil,
since these micraorganisms apparen tly do not adjust their
enzyme production according to exogenous substra te at

The se FOM specializcd microorgani sms, com monly
classified as r-strategists, are adapted to intervals of rapid
growth , depending on avai labiliry of their substrato (Paul
ami Clark, 1989). After substrate exhaustion, r-stratcgists
die or bccome dorrnant bcca use they are unable to use SOMo
In contrast, SOM feedi ng rnicroorganisrns are classiíied as
K-strategists. They are conrinuously active because they use
the almost incxhaustiblc SONI. Thcy grow slowly and
dominare only in the last stagcs of FOM decomposition
(Kendrick and Burges, 1962; Zvyagintsev, 1994; Paul and
Clark, 1989). The slow grow th rate of K-strategists results
from the pattern of energy allocation (Ta te, 1995). Indeed,
K-populations are cxpcc ted to allocate more energy to
extrace llular enzy me product ion and defcnce frorn
predation (SOM c1ecomp osing microorgani sms often show
defencc structures such as cys ts (Winogradzky, 1924)) than
to growth.

We sugges t that rnost energetic cornpounds of FOM are
used by r-strategist microo rganisrns that only decompose
FOM. K-strategis ts arisc only in the Iast stage of FOM
decomposition process when cncrgy-rich compounds have
been exhausted and that only polyrneri sed compounds
remain. It is clear that many solubl e compounds released by
FOM may be metabolised by SOM feeding microorgan isms
because these are found in SOM (Tate, 1995; Saiz-Jimenez,
1996). However, the real avai labi lity of FO M for
K-st rategists relies on their abi lity to compete wi th
r-stratcgists. Even if large amount of cnergy and nutrient s
are supplied. K-strategi sts may not have enough time to
assimilate thcsc because they grow too slowly compared
to r-strategists. Th is could be the reason why the supply of
soluble and quickly assi milable car bon has no effect on
SOM minera lizution whilc the supply of carbo n in the
form of complex and insoluble com pounds may induce a
priming effcct.

3. Which rncchanisms could induce a prirning effect?

The decomposition of insoluble organic matter requires a
depolymerisation step. Microorganisrns carry out organic
rnau er depolym erisation in order to produce so luble
compo ne nts ava ilable for microbial absorption and
metabol isrn. This depol ymerisation implies the production '
of extrace llular enzymes that are released into the soil.
Becausc thcse cnzymcs are extrace llular, we hypoth esize
that the enzymes produced in order to decompose FOM by
r-strategists maybe partly efficient for degrading SOM
(Fig. .1, Mechanism 1). The intensity of this mechanism
depends on biocheinical similari ties between FOM and
SOM oThe higher is chemical diversity of FOM, the higher
will be the diversity of the produc ed enzymes and the
probability of occurrcnce of the priming effect. Wu et al.
(1993) has suggeste d this mechanism in order to explain
why a ryegrass input lead to a primin g effect when glucose
had no effect.
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individual level. The sur-productio n 01' SOM decomposing
enzyrnes íeads to the priming effec t (Me chanism 2) .
The intensity 01' thi s mechanism relies o n the cornpetition
Io r FOM betw een r and K stra tegists (Fig . 1, Me ch anism 2).
As clairned by Bingernan et al. ( 1953), the intensi ty 01'
pr irning effe ct should de pcnd on the type a l' population s that
are stirnu latcd by the addcd FOM.

4. Thc priming effect as an expressíon of the intensity
of r-K competition

Any soi l envir onm ent and FOM c harac te ris tic
del aying the grow th of r-strategists should be positi ve for
K-strategists ando co nsequen tly , for the rnagnitude 01' a
priming effec t. Based on this concept 01' nutritional
competition between FüM and SOM feeding, we can
predict the impact 01' FOM and soil mineral nutrient on the
intensity al' the priming effec t.

The regular and slow ex udatio n 01' organic compounds by
roots co uld be a mean s by whi ch the plant stimulates SOM
mineralization whilst at the sa rne time minimising the cos t
in energy . Indeed, plant s co uld avoid a rapid growth 01'
r-strategists by maintaining mod erare level s of energy and
nutricnts in the rhizosphcrc, Con sequently, a maximum
al' cncrgy cou ld be all ocated to SOM dccompos ing
K-strategists (Mec hanism 2). An increa se 01' Ksstrategist
mieroorgan isms is 01' great importance for plant fcrt ility
because Kvstrategists make SOM nitrogen ass imi lable.
Another effect o¡" the slow encrgy rele ase by root s could
be to curtai l mic ro biu l growth and th erefore , th e
im mo bi lisurion o f re leu sed nitrogen from SOM
dccornposition . This latt er c tfect have been rep ort ed by
Merekx et al. ( llJX4) ; Marten s (1990) who obse rved that the
avui lable ea rbo n in the rhizosphere was qui ckly taken up
and rnctaboli scd thou gh thc increa se 01' microbial biornass
was gc nerally rnodcrate . Grazers also exert an irnporta nt
ro le in plant Iertil ity bec ause they feed on microbes making
rnicrobial biomass N available for plant uptake (Clarholm,
1984). Th c role of grazers on soil processes, however,
co uld be more profound. Sel ecti ve feeding 01' grazers may
aller lhe slructure 01' mierobial communilics (Paul and
Clark. 1989) . Con sequenlly, they could indirectlycontrol
the magnitude o l' a priming effect by infiuencing the balance
between r-stratcgists and K-stralegi sts lhat are much
resi stanl from predation (W inogradzky, 1924; Tale , 1995).
More generally, man y experiments show an overall positive
cffccl of the prescnce of rools on the mineralization 01'
nali ve soil nilrogcn and carbon (Jansson and Persson, 1982 ;
Clarholm, 1984; Robinson el al., 1989; BilIes et al. , 1993 ;
Liljeroth et al. , 1994; Boltner et al., 1999 ). However,
deprcssive effc cts haye als o been observed when lhe effecl
01' living rool s on soil carbon melabolism was studied by
'following lhe dccomposition of labelled FOM lhat was
applied before planting (Sparling et al. , 1982; Boltner et al.,
1999). This e ffec t wa s likely due 10 competition

between rnicroorgani sm s and plant s for inorga nic nutrie nts

(Ji ngg uo and Bakken , 1996) and occurred only during the

fast initial decomposition stage 01' FOM (Bottner et al.,
1999) . As soo n as the labile fraction 01' labeIled FOM was
cxhausted, the presence of living roots stimulated SOM
decornposition (Bottner e l a l., 1999).

The growth rate 01' rnicro bes is co ntro lled by the
availabil ity of nutrients, which can be fo und in the organic
matter and so il so lution . Co nsequent ly. the decomposition
01' nutrient-poor residues, such as straw, is com mo nly

- Nd imited in field condit ions (Mary e l al., 1996; Henri ksen
and Breland, 1999; Sakala et al., 2000) and both rnicrobial
growth and carbo n res pirat io n ra tes 01' associated
populations are low (Tenney and Wakman, 1929; Azam

el al. , 1988; Recous et al., 1995 ; Henriksen and Breland,

1999). Our model predicts that when soil mineral nut rien ts

are abundant, r-strateg ist s may grow quickly and consume

rnost FOM. Wh en soil mineral nutrients are scarce, r­
stra teg ists grow more slowly and thereby, Kvstrate gists
become more cornpe titive for FOM. Furthermore, SO M
feeding microorgan isms may use the nutrients in SOM that
strengthens their trophic compe titivi ty under .low nutrie nt
co ndi ti o ns . Thus, we pr edict that nutri ent-l imited
de composition 01' FOM promotes the priming effect. It is
very likely that nutrien t-poor so ils are more 01'ten subject to
the priming effect than nutrient-rich soils . Th is prediction

is supported by As mar el al. (1992) who showed that

glucose might induce a prim ing effect on SOM if nc
nutrients are supplied.

Int eracti on s between the natu re 01' addcd ca rbon and soil
nutrient sta tus are also lo occur. The decorn position o:
pol ym eri sed ca rbo n suc h as cellulose is delaycd more by
low nutricnt av ailability than the dccornposition of simple
ones (Stcwart et al. , 196 6a; Azarn el al.. 1988; W illiamson
and Johnson , 1994 ; Chapman , 1996). 11 is c lear that thc 10\\

rate 01' FOM decomposition. typic al 01' po lymeri scd FOM
in nutrient poor soi l, should be favourab le to a prirnin g
effect,

Most trials have shown positi ve effec ts 01' nutrien :

addition in the form of fertilization in crop systems 01'

SOM content (Chrislensen, 1988; Gregori ch el al., 1996:

N 'Dayegamiye el al., 1997 ; Sa linas Garc ia el al., 1997)
The extent 01' this effect is weak, suggesting that tht:
inerease in plant productiYity, i.e. input of fres h dea d plan i
matter to so il (Gregorich el al., 1996 ), could be balancee
by the priming effect on SOM degradation. Indeed , in thest"
experimenls, fertilisers were applied during the plan:
growth periodo A proportion 01' nutrienls could haye becn
leached, or taken up by lhe plant, before crop residuf
incorporation. This loss 01' nutrients induces a relati ye lad:
01'. nutrienls during FOM decomposition lhal should be
favourable lo priming effect. Clearly, our underslanding o;
the effect 01' nutrients on lhe long term SOM dynamics wil:
require experiments in conlrolled conditi ons in lhe absencl
01' living plants.
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5. Co nclusions

As cl aimed by Kuzyako v et al. (2000), no stud ies 10 dat e
'e xp la in cau se s, mcchanisrns and sources o f the extra e and

N rnobilisation in priming effects in a sarisfac to ry manner,

The aim of thi s papel' wa s to contri bute to a more heuristic

view of the priming effcct thro ug h a comprehcnsive

rcassessmcnt a l' the contradictory resul ts availab le in

literature, \Ve think rhat thc hypothcti cal view oft he pri ming

e lfec t that wc propose hcre eou ld help lo build a better

research strateg y susceptible 10 leading to a pred ict ive

understanding of the prirning cffec t. Ind eed, the maintenance
0 1' restoration o f so il fertil ity on the one hand. and the need fo r
so il carbon scquestratio n in the context of glo ba l warrnin g o n
the other, demand an ctficient management o f the ínte r­
act ion s bctwecn írc sh and stabilised organic ma tter.

To ach ic vc this goal, much more atte ntion should be

paid lo :

l. the enzymatic acti vi tie s of SOM feeding microorganisms

in relation to nutrient availability and energetic status :

2. the inability al' m icroorganisms to control the

dynamics o f the cxtracellular enzymes they produce ;

3. the en vironmental cont ro l (b io tic and abiotic ) o f

the intensity of thc co m petitio n for FOM between
r-strategisls wilh rap id growth mtes and K-sl ralcgi st s
wilh s low groWl h ra les;

4 . lhe mechani sms n I' lhe impael ol' lhe chemical

characlcrist ics o f FOM (e/N ratio. polymerisation) and so il

llulrient co nte nl on the inten silYof priming effecl; and

5. lhe impacl of th e le m pora l course o f FOM
incorporalio n lo soi l on the intens ity o f pr im ing cl'fect.

Duc In lhe J ivcrsil y 01' fac lo rs invo lved in the priming

cffect , one ma y ex pec I it lo be a much more comman

phenomcnulI in c ultiva lcd and nalu ra l soi Is lhan prcdicted
hy labnralory expc rilllcnls . InJ ceJ. in mosl labo rat ory
e xpcrimcnls. lhe priming dl'ecl has been investigated wit h

a s ingle incorporalio n 01' a very energy rich subslra tc lo a
nUlri enl am endeó soil. In nal ure, dead plant maller

is incorpo ra led more or Icss eo ntinuo usly lo soils anó
so melimes the se soi ls are ve ry pOOl' in mineral nutrients.
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Introduction
C ro p agriculture in the small is land sta tc of Mauritius is a t the hea vy expense of sy nthe tic chemical fert ilisers with
65,000 tonnes fcrti lise r and 1180 tonnes pestic ide forrnulati on s a nnua lly applicd ro suga rca ne alo ne (Ng Kce Kwo ng
et al, 1998). Vege table plantcrs even use 2 or 4 -times the rccommendcd rate of fertilisers and pesti cidcs (Fac knath
and Lalljee , 200 1). This fragile island ecosys tern is hence under intensive press ure due 10 agrochernicals. The
investigation reported in this paper aims al developing eco -friendly soi l fertility improvernent measures and the use
of botanical pesticides to contro l pests in organic as well as conventional agriculture. Two local plants, narnely,
Atudirach ta indica and Melia azederach, were investiga ted for their fert iliser and nernaticidal potential.

Mat eria ls and mcthods
Choppcd, fresh leaves of the 2 tests plants wcre rnixcd with 2 kg of a Tropcptic Haplustox soil in pots to give rates
of 90, 180, and 270 tonnes /ha., sown with bcan seeds and watered with distilled water lo field capacity. The pots
werc laid out in a randornised block dcsig n in a greenhouse in 3 repl icares, eac h consisting of 3 pots. Soi l
paramcters, such as pH, CEC, organic rnauer, N, P, K, Cu, Zn, Fe, Mn, B and nemat odo populations, and macro­
and micro- e lerne nt con tcnt in whole bcan plant s (N, P, K, dry rnauc r yic ld, Zn, Cu, Fe, Mn , B) were dc tcrmined by
methods dcscr ibed by Sillannpaa ( 1990) and Anon ( 19Y7), befare, and 60 days after, addi tion of ihe lreatments.

Results and discussion
The soil co ntent of avai lable Zn, Cu, Fe, Mn increa sed significan tly as cornpared to untreated control (Ta ble 1),
whereas pH, CEC , N,P,K, organic matter and B did not shown any significant difference. Similar trends were
observed for trace elernent co ntent in the bean plants. The two green manures did not diffe r significantly from each
other in their effeet on soil levcls of Zn, Cu, Fe and Mn, whereas the reduction of nernatode numbers was
significantly higher al 5% level in the M. azederach treatrnent, while increase in dry matter yields (DMY ) was
higher in the A. ind ica treatrnent .

Table I : Effect of Azadirachta indica and Melia azede rac ñ on so rne soil chemical and biological propc rties

Treatment % increase compared to untreated control in % decrease in
(270 tonneslha) valucs of soil parameters numbcrs

Zn Cu Fe Mn DMY Nematodes
Á . indica 31.2 23.8 15.2 30.7 890 63 .7
M. azederacb 30.5 27.5 18.7 32.5 383 87.2

Conclusion
130th A. indic a and M. azederach significantly improved soil and plant properties, and decreased soil nernatode
populations. M. azederach had better nemat icidal property than A. indica. The experi rnent showed that these two
plants could effectively be used in the organic produ ction of beans, for improving soil fertility in terrns iof
rnicronutrients and for the control of nernatode s, Work is ongo ing lO determine the appropriate forrnulation and
application rate under field conditions. .

References
Anon. (1997) . Collecting and preserving nem atodes. ARC-Pl ant Protection Research Institute. S. Africa. 52 pp.
Fac kna th, S. and Lalljee, B. (200 1). Pesticide use by planters in Maurit ius and its c nvi ro nrnc nta l implica tio ns ,

Journal of Chern istry and Environment. In Press.
Ng. Kce Kwong, R., Umrit, G. and Nowbuthsing, M. (1998 ). Fert iliser and herbic ide usage in sugarcane cult ivation

in Mauritius, Revue Agricole et Sucriere de L11e Maurice 76 (3),4 1-47.
Sillanpaa. ( 1990). Micronutrient assessment at the country level: an international study. FAO Soils Bulletin 63.

208 pp.

12 Proceed ings of the 141h IFOAM Organic World Congress



Organic Production and En vironmcntal Rcsponsibilitics

Effects of Medicinal Herbs Incorporated into Soil on Late Blight of Pota toes

H. Krebs, fI-R. Fo rre r and P."" . Fr ied

Feder a! Resc a rch Station fo r Agroec%gy arul "\g ric lI/l/lrc ( F:\ LJ. Rcckt' ll h () I ~, C fI -SO-/{j ZlIrich

Kcyw o rds : medi c inal plant s , late hliglu, poratocs. Phvtopluhora infestans

Introduction
Late blight of potatocs, causcd by Pltvtophthora infest ans. is onc 01' the most darnaging discascs atfcc ting pouuo
production world-wide . 11 can cause tota l crop losscs. Coppc r fungicides are the main mcthod of control in organic pOl~.110

production. Howcver, copper is a hcuvy metal, it is ecotoxicologically critical and its use is forbiddcn in sorne countrics
ano will be restricted in other countrics in the futuro. By this organic potato production will be threatened bccause until
now no altcrnativcs of control are availablc,

MatcriaJ~ and methods
ln an outdoor pOI experirncnt with a cornplctely randornized block design (4 rcpetitions) 25 ditferen t medicinal herbs with
antifungal or allclopathicaJ propertics ( 15 g dried material pcr kg soil) wcre incorporatcd into thc soil beforc planting the
pota toes , Into cac h pot (vo lurne 13 litres) one sced-po tato (varie ty D ésir éc) was planted on 16.05.0 l . Two moruhs alter
plaruing the foliage of thc potato plants was inoculated with a Phvtophth ora sporangia suspcnsion and 9 days latcr the first
late blight occurrence on leaves was cstirnated. Plant deve lopmc nt. dcnsity of weeds and potato tuber yicld were rccordcd.

Rcsults
During carly plant dcvclopmc nt most of the medicinal herbs inhibited thc growth of the potato plants. This growth
inhibition disappeared as lime passed by in rnost treatmcnts . Sorne herb species incrcased dcvclopment of potato foliage
and prolonged the vcgctation period comparcd lo the untreated control.

Figure 1: The late blight severity
of the foliage on 10.08.0 I was
significantly reduced in 18 of 25
treatrncnts with he rbs in
cornparison with the ururcated
control. Salvia offi cinalis (drug
tcrrn: Salviae folium) and Arctium
lappa (drug tcrm: Bardanae
radix ; were rnost effcct ive on late
blight. Addi tionally sorne herbs
cnhanccd potato tubcr yield.
However, this yield response was
correlated with nitrogen contcnt
of herbs. Moreovcr , about two
thirds of the herbs used in this
trial suppressed weed gr owth in
the pots.
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Surnma ry and conclusion
So rne of the medicinal herbs incorporated into soil redu ced late blight severity on the foliage and increased lhe lUber yicld
of potatoes. Additionally, some herbs reduced the occ urrence and growlh of weeds. However, for practical applications
and recommendalions more field experi mellls are necessary. The mosl promising approach could be Ihe cullivation of
sclecled medicinal herbs as a pre-crop lo Ihe polato crop.
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Introduction
Numero us authors have exarnincd different charucteristics of vcgct able cro ps whose soi ls were arnended with
co mpost and/ or fcrtili zer. How cver, most studies werc flawed since thcy were short-tcrrn and did not compare
identical c ultivars grow n in the sa me soil typc with simila r so il and crop managcrncnt prac ticcs. A pai rcd
co mparativc s tudy of compos t versus convc ntionally-fe rti lizcd vege tab lc p lo ts has been cond ucted fo r 12 ycars;
likely the longest study o f its kind in Ca riada .

Mater ia ls and mcthods
In 1990, a fertilizcr and pcsticide-free site (Pugwash sandy loam [Humo-Fc rric Podzoll ) in Lowcr Onslow. N.S. was
sclccted for the study. Fertility trcatrnents have bccn applicd annually to 6 rotation plots planted with 6-8 crops.
Cornpost was made the year prior lo its application using the aeratcd static pile mcthod with a cornbination of
manure, food and yardwaste. Markctable fresh weight yields wcre takcn annually, leal' samplcs were taken al
tlowering or fruit-set , and soil sarnplcs werc taken post-harvest. Plant and vege table tissue was digestcd in nitric
acid and analysed by [CP for 15 elcrncrus, C & N was exa rnincd using a CNS analyzer. Thc so il was cx tr ac red with
Mchlich-J so lution and anal yscd by rcp Ior thc sa rne 15 clerncnt s. Trcatrnent rcsults were comparecí using a paircd.
two -tailed t-test or ANO VA al p<O.OS .

Results and discussion
Cro p yield response was inconsistcnt betwcen the two arnendrn ent s: yie lds a l' tornatoes and broccoli varicd [rorn
1999-200 1. The fertili zcd plots produced higher bcan yie lds and nurnerically higher carrot and pepper yiclds, whilc
the cornpost-arnendcd plots produced higher onion yic lds in 1999 & 2000 . In 200 1, compos t-arncndcd plots
produccd higher yiclds of all crops cxcept for the two Brassica species . There were few effects of trcatrncnts on
plum tissue contcnt: only Fe and B in organically-arnended leaves in 1999 , and P and K in fert ilized-amended leavcs
in 200 1 were significa ntly diffcrent . Of 19 soil pararncters evaluated, the cation exchange cap acity and the Mehl ieh ­
3 extractable Ca. Mn and Pb content of co mpos t-arnended so ils were higher followi ng the harvest in 1999-2000. In
200 1 the followi ng soi l pararneters were higher in the co rnpos t-arnended plots: pH, EC, CEC , C. N. p. C:I, Mg , Mn,
Zn, and B. This six erop rotat ion study ended in 200 1; emphasis is now directed 10 evaluating soil biochcmica l
changos that rnay have occurrcd frorn the co ntinuous agron om ie applications of the co mpost or fcrt ilizer.

Conc1 usion
Scasonal variation in soil rnoisture and ternpcraturc seem to have a grcater .influencc on plant production. through
rnineralization, than the source and amount ol' mature composl applied. COnlinuous composl applieation is
providing a higher level of availab1e nutrients than the litcrature would prcdict. probably beeause the soil
environment has more biological aeti vity and is more eonducive to mineralization from these long-lam orga nie
applications. It took 6-8 years before the compost-amended plots produced the same quantity and qualily of
vegctables as the commercially-l'ertilized plots.
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Introduction
Soil micr~bial communities are responsible for productivity and stabili ty of agricultural landuse systems and havc,
moreover , important functions in global nutrient cycling. To understand thcse processes in det a il analyses of the
structure of soil microbial communities are essential .

Materials and methods
Soil samples from two different long-term field trials were investigated to study inf1uences 01' farming systerns and
different tillage techniques on soil microbial communitics. 1) The OOC long-term ficld trial in Switzerland consists
ofplots managed bio-dynarnic all y (O), bio-organically (O), conventionally (C) and ofthose which are managed
conventionally but only receive mineral fertiliser (M). 2) In the ficld trial of the "Project Ecological Soil
Managernent" (POS) in Gennany, three different tillage techniques were compared consisting of convcntional
ploughing (CP), two-layer ploughing (TP) and conservation tillage (CT). In fue OOC trial samples werc taken from
O- la cm soil depth , and in the POS plots sampling depths were 0-15 cm and 15-30 cm, respectively. Analyscs of
phospholipid fatty acids (pLFA) and phospholipid etherlipids (PLEL) were carri cd out to determine bactcrial,
eukaryotic and archaeal microorganisms (Gattinger, 200 1).

RcsuIts and discussion
DOC tria!: Influ ence of f arming sy stem
Total microbial biom ass which is the sum af all identificd PLFA and PLEL was highest in samples of soil O
followed by O. C, and M. Thc observed differences were statis ticall y significant at the 0.05 leve!. Apart from
bacteria, fungi and protozoa, members ofthe archaeal domain were also present in the OOC soils . Archaeal biornass
cxpressed as total PLEL concentration was highest in the conventional plot C followed by O and O with no
statistical differencc to the PLEL conccntration estimated in plot C. For the comparison ofwhole community
profiles , the log-transformed data of the identified phospholipid biomarker were subjected to principal component
analysis (PCA). The largest difference in terms of the rnicrobial community structure was between plot M and all
other plots. Among the three organically fertilized plots the phospholipid profiles from O and C were closest related
to each other indicating an outstanding rnicrobial community in the plot O, as might be affected by the bio-dynarni c
preparations.

POB tria!: lnfluence ofsoi! tillage
In alI samples microbial biomass decreased with increasing soil depth. The highest values for the top soil samples
were found in CT followed by CP and TP,where the latter ones were not statistically significant. PCA of the
phospholipid data revealed that microbial cornrnunity structure was different between the three tillage systems. Th e
greatest sirnilarity ofmicrobial cornrnunities was detected between plot CT and CP. In contrast to CT and CP, a
differcntiation in microbial comrnunity structure according to soil depth could be obtained in plot TP, indicating the
specific effects of two-layer ploughing. While in 0- I5 cm the ranking of the fungi-to-bacteria ratio followed the
order CT > CP :2: TP , in 15-30 cm soil depth the ranking order was CP :2: CT :2: TP.

ConcIusions
Phospholipid analyses revealed that both , farming systern as well as soil tillage had an effect on size and structure of
soil rnicrobial cornrnunities. These may result in differences in nutrient fluxes (eg. trace gases) and in the overall soil
fcrtility .
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1ntrod uction
Arbuscular rnycorrh izal fungi have symbiotic associa tion with rnany crops. Arbuscular mycorrhizac irnprove the
hcalth andogrowih of plant by increasing nutrients uptake, especially immobile nutr ients such as phosphorus.

Materials and methods
Effects of arbuscular mycorrhi zal fungi on uptake of nutrients wcre cvaluated on two ycars cxpcriments with two
factors and three rcplications Phosphorus levels included: PO=O, PI=SO, P2= 100 and P3= ISOkg P20S per hectare.
Inoculum s levcls included : 1I=Clomlls mosseae, 12= Glomus caledonium, 13= Glomus intraradices ano 14= sterile
plots.

Results and discussion
In the fi rst year results of this study, applicati on of phosphorus levels had significant c ffccts on N and Mg perccnt
ano also Mg ano Cu content in plant. Similarl y, the application of fungi inoculum s on Na percent was statistically
significant. For second year trail, the results showed significant effects of P treatmcnts on Cu concentration. P, K
perccnt and Fe. Mn concentration and also Fe, Mn co ntent wcre significantly affect ed by inoculurns treatments.
Comhined results of two years experiments showed the cffec ts of phosphorus levels on Na pcrcent and also Na
contcnt were significan!. Co mbined results of two ycars experirncnts showed Na pcrcent, Ca. Fe and Mn content and
ulso Fe . Mn concentration were significantly affccted by inoculums treatments. The effec ts of phosphorus
lreatments on P ano Ca percent and also Ca content wcre significant. Similarly P, N, K. Na, Mg and Cu content were
statistically affected by inoculums treatment s.

Conclusions .
The results of this study revealed that application of arbuscular mycorrhizal fungi can help agronomic plants to
ctfectivcly absorb nutrients. The large amounts of chemical fertilizers or pesticidcs such as fungicide can inhibited
this association. The difference observed in this study betwcen two years aIso due frorn applicati on of different
amount of methyl brornide.
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Organic Production and Environmental Responsibilities

Impact of Microbial Inoculation on Composting in Organic Systems
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lntroduction
Many factors affect the process of composting, among which temperature (Hood2001 ) and microbial inoculation play
pivotalroles. Effective Microorganisrns (EM) influencesthe productivity of organic systernsand also composting (e.g.
Senanayakeand Sangakkara 2001). However, the efficiencyof EM in compostinghas not becn c1early defincd in relation
lo other common inoculates.

Materials and Methods
15Nlabelledcoro residues (2.01%enrichment)and tree legurne leaveswere mixed to a ratio of 1:1, with chicken manure
(1Kg manure pcr 10Kg of planl material). The inoculates werc a slurryof fresh catt1e manure CM (2Kg in 5 I water),
Bakers yeast (10 g and 5 g sugar in 5 I water) or EM (made from Lactic acid bacteria,Ycast and Phototropic bacteria in a
sugar medium al pH 3.5, dilution 50rnl in 5 I water), Water was uscd as a control.The inoculatesor water were addcd to
preparcdheaps of organic matter (cach IOKg) until moistened, mixed and coveredwith black polythene. The rise in
temperature of heaps were determined dailyat 1000Hrs. When temperaturesof heaps excceded 600C, they were turned
and covered. The qualityof compost was determinedvisually, and on rnaturity sub samples were analysed for available
15N. The composts were incorporatedinto preparedscedbedsand Cowpca(Vigna unguiculata L Walp) was planted and
managedas per an organic system. At flowering(R1), plants were sampled, washed. dry weights determined and 15N
enrichment measured by ErnissionSpectrometry,

Compost+ water
Compost+ Yeast
Compost+CM
Compost+EM
LSD (p=0.05)

Results and discussion
Applicationof EM increascd temperaturesof compost
hcapsrapidlyand attained 600C in 3 - 4 days thus
increasingthe frequency ofturning and rnixingto make
good compost. The use of catt1e manure and yeast
increascd temperaturesto 600C in 8 and 14days
respectively, while the applicationof water enhanced
temperatures only to 540C. The microbial inoculatcs
had a significanteffeeton time to compost maturity.
The heap with EM was matured in 44 days + 1.4,while
the applicationof CM and yeast produccdquality
compost in 96 + 3.5 and 121+ 15.1days respectively.

The hcap to which water was added was composted in
185 + 3.6 days .

Table 1. Impact of inoculates on 15N-rclcase and
plant uptake from compost

Trcatment % 15N in compost % 15N derived
(enrichment) from compost

0.024 0,48
0.041 2,45
0.076 3.96
0.094 5.21
0.004 1.052

The relcaseof 15Nwas highest in the hcap with EM (Table 1) followedby heaps inoculated with CM or Yeast. More
importantIy, Cowpea plants grown on compost with EM had the highest levelof 15N enridunent (Table 1), thus providing
N, a nutrientusually deficient in the tropics(Rigby and Caceres, 2001).The use of catt1e manure also incrcased 15N
uptakewhen compared to yeast or water.

Conclusions
Microbialrnixesenhanced the process of compostingwhen compared to yeast or water. However the usefulnessof EM as
an inoculateover that of CM wascIearlyevident by the temperaturebuild up, time taken and release of 15N. Tropical
farrners thus could use EM, for better composting in organic systerns.
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Organic Production and Environmental Responsibilities

Soil Nitrogen in an Organic Apple Orchard
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Introduction
Thc lack 01' vigour 01' an orgunic app le orchard iSmoothee culti var) plant ed in 1994 pointed out the ruanage ment of
tree nitrógen supply in this orchard. Se rious darnagcs due to Dysaphis plunta gin ca. the rosy aphid , wcre also noted
on trces . As tree vigour and thc rc fo rc ap hid popul ation le vcl s are rc la tcd to nitroge n nutriti on , the mon itor ing 0 1'soil
nitroge n availabi li ty wa s nccc ssar y lo anal yse the cau ses 01' thc se problc rns. Besidcs , the airn wa s 10 optim ise the
orchard orga nic nitrogen fertilisat ion .

Materials and methods
From 1994 lo 1998. the tert ilisat ion managerncnt rnainly consisted in co rnpost supply ( 10 t.ha' ). Frorn 1999 to
2001. autumn cornpos t supply was rcduced lo 5 t.ha' . cornplcmented with orga nic qui ckly miner alised Iertili scrs in
spring (2 x 20 kg.ha' N). Lysirnctcrs ha ve been installcd (density 01' 32 lysirnetcrs per ha) in the orchard al 80 cm
from trccs in the arcas undcr irrig.uion cmiuer s: al 35 cm de pth in 1999, al 35 cm and 50 cm dep th in 2000 and
200 1. Thc se iysim cters allowcd ro sarnple the so il so lution and lO mensur e its nitrato co nte nt each wcck along the
vegetativo period. Gro wth of thc trcc s, yield . fru it qualit y and pests were rnonit orcd . So il and leal' analyses were
pcr formcd in ordc r ro cvaluatc their nitrogcn status.

Results
During the first yeur 01' thc ex pcrirnc nt ( 199Y), nitrare contcnt in soi l so lution was low and slightly varicd arno ng the
tcstcd placcs. In 2000 and 200 1. the orchard hornogcne ity and the vcry low risk for nitrare lcaching were assesscd ,
as nitrato co ntc nt in soi l so lutio n was co rn priscd bct wccn 5 and 15 ppm, and rc ma incd lo wer al 50 cm tha n al 35 cm
depth. Analyscs 0 1'so il samples before and after thc vcgetative period led to .'le sa rnc co nclusions: so il nitrato
contcnt var ied bet ween 20 and 30 kg.ha' at thc end 01' winter, 15 and 25 kg.ha' in auturnn. The se results sugges tcd
thal so il nitrare co ntcnt was low cnough ro limit nitrare leach ing, bul suffic ient lOensure an approprialeo nilrale
availabi lily for lhe apple trces (Bussi and Gojon, 1997). The soi l C/N rat io incrcased (from 8.6 in 1998 lO 9.8 in
200 1). as a resull 01' the so il orga nic matter increase due to co mpos t supplies. In our soi l co nuitions. a close lO 10
C/N rat io, as measured in 200 1. appears lO be an adequate levcl (Oelas and Molot, 1983) . Leal' nilrogen con lenl
uec reased l'rom 23 .7 g.kg·' in 1999 to 20.4 g.kg ·1 in 200 1, and fruil nilrogen conlenl from 2AS g.kg·' in 1999 lO 1.69
g.kg·' in 200 1; nevertheless these N content remained quite suitablc l'or apple produ clion (Sharples, 1980). Yie lo
varieu from 15 lo 23 t.ha -' according to the year, anO firsl choic e fruit repre sented 51 lo 75 % of lhe lotal harvest.
These yield lluctu ations were mostly a co nsequc ncc ol' lhe serious dalllages ca used by the rosy aphid. Oalllages by
rosy aphid wcre serious in 1998 and 2000. In [998, damages might have been favoureu by high so il nilra le conle nt,
as a consequence 0 1' lhe 10 t.ha ·1 co mposl yearly nppl ied . In 2000, results showed lhal lrees were nol
ovcrfertilised. which excludcd a stimulation crfe ct 01' nitrogcn . Weather in spring 200 0 was wel and hOl , whic h was
likcly to favo ur the ¡nerense 0 1' aphid populalions, desp ile pest management before blooming.

Conclusion
Soil solution and so il nitrate contenl are useful tools lo cheek the adequacy 01' organie fertili salion . They may aIlow
lo quickly delecl excess or lack 01' nitrog en fertilisation . in order lo correct it. Leal' and l'ruit nitrogen conlenls are
diagnostic elcme nls to evaluale lhe nitrogcn l'cni[isation effe ctiv ene ss in organic apple orchard. In our co ndilions,
the oplimisalio n 01' nilrogen fcrtilisalion was simultaneo us o l' an effeclive control a l' lhe rosy aphid in 1999 and
200 l. Howev er. rosy nphid damagcs in 2000 wcre serious, suggesting lhat lhis problem is most prob ably relateu 10

mulli -faclorial ca uses .
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The Effect of Vermicompost on Tomato Yield
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ln troduction
Sustaining soil productivity has a high priority in any dcvcloped country. In order to rnaintuin fertility and productivity of
soils, severa! kinds of wastcs can be addcd lo the soils as a source of organic malla withoul :101' risk. This report describes
wha t effccts vermic o rnpos t has on the growth characteri stics of the to mate.

Materials and methods
Verrnicornpost was rnade by introducing 500 carthworrns (Eisenia foctida) lo one cubic meter 01' cow rnanurc and alter a
six months period: the verrnicompost was prepared for the expcrirnent (Kaplan el al., 1980). Three levels of chernical
fertilizer and five lcvcls of vcrmicornpost (Control. 25%. 50%, 75% and 100%) wcre treatcd lOsoil (Xeric haplargids). A
cornpletcly randomized design in factorial arrangcrnent with three replications was used, Tomate plants were grown in
pots al 250C and 50% relative hurnidity under greenhouse condition. Root, shoot. lruit wcight and the nurnbcr of
tomatoes we re rncasurcd al the cnd of the experirne nt.

Rcsults and discussion
Thc effects of differcnt leve ls of vermicompost on tomate yield we re highly significant. At the highcst levcl 01'
verrnicompost treatment. the fruit number was four folds more than the control trcaunent. Fruit weight of tomate was
increased at all verrnicompost treatrncnts cornpared to control. However, there was no significant differcnce among thcrn.
Vcrmicompost treatment also had a significant effect on root and shoot weight oftomato plants. The relationship between
root wcig ht and vermicompost was alrnost linear and the root weight was increased nine fold at the highest le ve l of
vermico rnpos t treatment . Vermicornpost also had a significant effcct on the slioo t wcight of the tomate plant. At the 75%
and 100% of verrnico rnpos t trca trnc nts, the shoot weight increased four and five times more than the control group,
rcspecti vel y. The interaction betwcen ehemical fertilizer and vermieornpost treatrnent was only significant for shoo t. root
and fruit weight. The result also sho wed that at all levels of chcmical fertilizcr cha ngcs in fruit weight was signiticant only
at 25% of vcrinicompost. It seems that root wcight showed a better response to vermi cornpost compared to shoot we ight
(Fig 1). Vcrrn icompost not only providcd esscntial clement for plant growth (Ka le ct al., 1992), it also imp roved the soil
physieal co ndi tion (Masc iandaro et al., 2000).

80
100 %

60
Root weight

(gr) 40

20

o

Fig. l . Th e effect of different levels of vcnnico mpost on the root weigh t
Conclusions
It can be concluded that for organic growers under grecn house condition, vermicompost can be efficiently used as an
cnvironmentally safe and eeonomically sound cultural medium.
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In troduction
In 1999 , a five-year comparative study bega n cornparing con vcntiona l, organic, and natural agr icul tural systcrns
grown under similar envirorune ntal co nd itio ns. T he si tc is locatcd at thc Cal Poly Pom ona rcseurch farm in southern
California. T he goal 01' this project is lo iden ti fy d iffe rcn ccs bc twccn systcrns a nd change s ovc r time within cach
systern. During this time thc projcct will track trcnds in prod uc tion, soil chernica l, physica l, and biological changos,
ano insec t prcdation.

Materials a nd methods
Each systern is trcated as an inde pcnde nt ccosys tern recci ving appropriatc cultural practices for fertilizer ami
pestic ide trcatrne nts. The fi eld site consists 01' four trcaunc nt arcas , one cach for the co nventional and organic
syste rns and two ureas for the natural agriculture systems. Each system is divided into five cropping arca s with four
rcplications. Five wiruer and five surnmcr crops are grown each year and rotatcd into di ff erent subscctionx annually.
Chemica l sys te rn (C) uses BMP for Iertilizcr, insccticide, and herbicide uses; orga nic systern (O) uses CCOF
stundards with appli cations 01' composted rnanurc and biological insecticidc s: thc natur al agriculturc systcrn (N) is
based on a Japanese mcthod de veloped by Mokichi Okad a rcflcctin g growing pauerns and pract iccs in natural
ecosysterns and is co nsidered the control sys tem. Dala is analyzcd via ANOV A with significa nce al the O.OS lcvcl.

Rcsul ts and discussion
Dependin g on the ycar, cithcr the e or O sys tems for total ficld production prod uce grca ter yields than thc N systern .
AII sys terns have gencrally incrc ascd in production ovcr lime. Each year, the yie ld and veget arive production 01' a
spec ifi c crop within a givcn syste rn could increa se or dccrcase . e tornatocs, as an exarnpl e, had thc greatest yic ld the
tirst ycar, dccl incd lo similar yield 01' NA the second year, and incrcascd the third year co mparable lo O yiclds and
significantly higher than the N systcrn. Average cornbined production shows no signilicant diffe rencc betwee n the C
and O systerns in tomate and soybean crops. Corn produced significantly beuer in the C systcm ; cggp lant
significantly grcatcr in the O systcrn. N systcrn grows more slow ly throughout the seaso n. If give n time lO reach
mJlurity, yield is lowe r than C and O, bUl hy lhe lhird yea r nol sig nificantly less. Orga nic matle r Icvels have
remained relali vely conslanl over lime in lhe O syslem. Thc C and NA levels decreased lhe first lwo ycars, but are
bcginning to increase. pH has remaine d slable over lime, while bulk densily has increased slightly for all sys lcms.
Nitrale N has remained unchanged over time and similar in all sys lems in lhe summer, but increasing in all sys tcms
during lhe winler seaso n. Phosphorus levels increased signific anlly in lhe O system compared lOlhe e and N
systems by lhe lhird year. POlassium Ievcls show no clcar trend al lhis time. Insect levcls varied depe nding on lhe
specific crop. N sys te m had lhe highc st dive rsity in 2000 and e Ieast diversily. The O sysle m had lhe highesl
numbcr 01' bcneficial s.

Conclusions
The results show lhat conventio nal and organic sys tems can produce al a similar level depending on lhe crop and lhe
year. Changes in so il characte rislics take many years lO show diffe rences between systems. Insect species are more
diverse in the orga nic and nalural sysle ms whic h can potenlially lead lo changes in cultura l pracl ices over lime .
Natural systems, even though less productive than the C or O syslcms, ca n be used at an intensive small-scale leve!.

This rescarch is funded through a grant from the Shinji Shumcikai 01' Amcrica orga nization.
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Redcsigning Food Systcms

The Relation between the Use of External Inputs by Organic Farrners and thc Cr ite ria and
Standards Laid Down in Formal Legislation: Are Organic Farming Really Producing

According the Principies behind Organic Agriculture?

/ . .
P.A. Parra and E.A. C OCII '¡ C-

f Ecologica! Agr iculture, Wúgl'l/il/gel/ Universitv. Macul 2802 , Santiu:o. Chile. L -lIIuil: p.u riciooarr.: Col vt r.nc:
: Deparuncnt uf Ecologicul Agriculture and Socictv, 1i"1lg t' lIill gCI/ Univcrs it»,

l laurwc g 333, 0709 RZ Wagcllill gc lI, tt.. Nct licriunds
Esmail: EricGocwic tocas.dpw.wug -ur.nl

Keywo rds : cc rti ficat ion. rcgulat ions, exter nal inputs

lntroduction
Organic agriculture docs not mean simply a shift towards ccologically safc tcchnologics: soc io-cco nomic
dimensions are involvcd loo. In vicw with this rcalit y, it is 01' intcrcst to analyse ho w orga nic (armcrs work and in
how far their way 01' produ ction is in line with the pri ncipies of organic agriculturc. ln di ffc rcru scicntific papcrs,
organic farming is co nsidcrcd as a holistic no n-input bascd agricultural production systcrn or a prod uction mcthod
that rninimises the nurnbcr o f ex terna! inputs. Th is rcality has bcc n acceptcd in d iffcrcn t resca rch pub lic.uions. hUL
thcre are not too rnany publications analysing whether this si tuation coulJ is or not .

Matcrials and rncthods
This rescurch was based on intcrvicws with 4 1 farrlll:rs. 3 tradc rs and .1 ce rtific.ui on ho.lics ; IS wc ll as ,';1 analysi» .Ir
organic standards and rcgul ations. Thc farmer intcr views wcre done in thrce d iffercut co untrics: Chile . Spai n and
England. Sorne critcria app licd for Iarrncrs werc lO he properly cc n ificd . not sc ll-xubs ixtcncc agricult urc ;IIlJ ro be
connectcd with for mal markets, it rncans, non -direct se lling in thc Iarm.
The study of the organic rcgulat ions did not consider all thc aspec ts 01' thc m. The analy sis was co nccnt ratcd in thc
tcchni ca l rcqu irc rncnts in ordcr lo he cc rti fi ed as organic farrncr , main principies and thc lisL 01' products for
technica l managcrncnt (Ic rtilisc rs. soi l cond itioncrs, plant protcct ion produc ts, e tc). It was also considc rcd thc
standards: ISO 14001 Environmen tal Managernc nt Sys terns and ISO 900 1 Qualit y Managcmcnt Svstcms.

RcsuIts and discussion
Thc rnain rcason to bccome organic farrncr is cconorn ical with 3Y¡;,. The ma'in sourcc 01' tcchn ical advicc co mcx
Irorn thcrnscl v és (45'fi.) . On other hand, dcspitc that 84 '70 of farmers think that organic ag ricult urc use les.'; input
than mainstrcarn agriculturc , it is rcrnarkablc the high pcrccnragc (4 1% ) of Iarrncrs who pcrcci vc a prohlcrn ¡he lack
of ccologica l inpul s in lhl: markcl. In rc!alion wilh thl: slanJa rJ s, more lhan sor.:;; uf farlllen.; eOll siJ er lhal lhe
standarJs are suilable for lhem , bUl the high percentage of farmers wilh difláenl levels 01' Ji sagret:IlH.:nl abo ul lhe
organic slanJards is surprised. The answers show lhal so il fertilily anJ pesl and ¡jiscase slrategies are lIlore
concen lraleJ on the use of proJucls or inpul s lhan in lhe use 01' agricullural praclices. The rc!al ian bt:t\\ t:cn e.\ternal
anJ inlern al inpuls for so il re rtil ily is 67% againsl 33 % and 73% aga inst 27 % for pesl and d isl:asl: managt:mc nl.

Conclus ions
Despi le tha l lhere are many organic far mers with environme ntal co mmilment. there are aIso many proJuccrs
co nside ring organic agric ullure as an eco nomic altern ati ve to mainstream agricullure. 2) A group 01' f:mne rs pUl
more allentio n in rep lacing inpuls lhan the applica tio n of praclices 111 order lO prevent so me problems. T his tenJ l:ncy
shows very well lhe al:lual realil y 01' organic agriculture bel ween lwo exlremes, an inJ uslri;¡liscJ org;¡llic agr icullurc
sector with high use of eX lernal inpuls and an organic ag ric ulturc seclor pUlling more allenl ion in lhe praclices anJ
own resources. 3) Environm enl al mana gement standards and syslems must reJesign farm sys ll:ms. in orul:r nol lo
burden farm s ca rryi ng capaci lY anJ achiev e an overall environmenlal per formance improvcme nl.4 ) It is nl:cl:ssary to
improve orga nic regulalions incorpo ral ing more c1ear requ irements in lhe standarus about lhe use 01' inpul s. The
organic slanda rds should be more precise.S) There are man y intercslin g aspects in lhe norm s ISO 1400 1 and ISO
900 1 lhat co uld be imple menled as a part of organic slandards and cerlificalion requ iremen ts.
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People and the Process of Change

Biodynamic Agriculture in Poland: Past, Contemporary State and the Future
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E-maíl: sniady @ozi.ar.wroc. pl

Kcywords: biody nurnic agriculturc, history, Poland

In the Palace 01' von Keyserlin gk in Kobierzyce (Kobcrwi tz) nca r Wroclaw (Brcs lau), 7- 16 VI 191.+ , dr Rudolf
Stcincr gave 8 lcctur cs during Agric ultural Course . He presentcd possibilities 01' using Anthroposoph y in agricultura!
prac tices 1'01' the mernbers 01' Anthroposo phica l Society. One 01' the participant s 01' the course dr Gunter Wachsmuth
cxplained principie s 01' thc agriculture to earl Stanislaw Karl owski - senator 0 1' II Repu blic 01' Poland during
acc idental meet ing in a train. Stanislaw Karlowski, interested in antrophoso phic ideas in agriculture and co nverted
his 1760 hectare farrn in Szelejowo near Gostyn into biod ynam ic, the first farm in Poland 01' the rype (1930). He
very activcly populariscd this new way 01' farrning, publishing a few teaching brochures and organising courses and
meeti ngs with farrners on his fann . Karlowski was killed during World War JI , and his fa rm was confiscated. There
wcre hard times 1'01' Polish agriculture al'ter the war with obligatory col lcctivisa tion and contingents 01' gra in and
mear. The n in 1960, ing. Jul ian Osctck (died 7 Feb . 1998 at the age 01' 90) es tablished 3·hecta re biod ynamic farrn in
Naklo near Noteé river. However there were not happ y days 1'01' this method 01' farm ing in Poland, due to political.
ccon o rnic and other obs tac lcs . Just al'ter politicaI c ha nges in 1980, organic methods 01' farm ing gaincd more
attention. Jul ian Osctck was announced as a pioncer ofbiodynamic pract ices in crop production and animal
husba ndry. He and his so n started to popul arise the mcthod in Poland and in 1982/83 Prof. Mieczys law Gómy fro m
SGGW jo incd thern, publishing a boo k entitled "Biodynamic plant cultiva tion in thc gardcn". In January 198.+ a
biodynarnic agricultural co urse was held with particip ation 01' dr Chri st ian von Wistinghausen from "DEMETER",
and the scco nd course was pcrforrned in February 1985 also with participation 01' Maria Thun. Ncx t irnportant
courscs were conductcd in Febru ary 1987, June 1988 and in Fcb ruary 1989. Th ey beca rne a basis 1'01' cstablishing
Assoc iation of Organic Produccrs "E KOLAND" the first organisation in Poland , that was rcgistcrcd on 1SI

Scptc mber 1989. Organic agriculture dcvcloped slowly in Poland during I989-98 becausc 01' diffcrcn t rcasons: lack
01' law rcgulations (absence 01' "Organic Agriculture Act" ), politi cal, economic (Iack 0 1' subs idie s 1'01' organic farms)
ami others (small nurnber a l'consumers). There were 27 ce rtified organic farms in 1990 and 182 in 1998. Thcre was
an incrcase in the nurnbcr 01' the Iarrns from 23 1 up to 640 in 200 l alte r introdu ction direct subsidies for organic
Iarrns, first time in Poland. Among thcrn there are few biodynamic farrns with certificare o f Polish control unit in
cornpliance with organic mcth od 01' production . According to "Demeter-International" data they are under
transforrnation process in cornpliance with "DEMETER" rules. On 16th March 200 1 Scyrn al' the Republic of Poland
ratificd "O rganic Agriculture Act" that came into force on 3'd November 200 l. Appcarancc 01' the ac t, subsidies 1'01'
organic farming , interc st 01' consurners in orga nic farming products and approaching date of joinin g European Union
by Poland, creare opportunity for development 01' organic agri culture in the country, and (wi th co llaboration with
Stanislaw Karlowski Fouridat ion in Juchowo, since 2001) for biodynamic farmin g.
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Farrner-Centered Training:
To Change Farrncrs ' Sense of Organic Agr icultu re Step by Step
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Abstraer
Bascd on the 5-yea r cxperic nce with a n organic ad visor y sc rvice , the authors found tha t the kcy fac to r for success ful
organic cc nversion lay in the conversi ón 01' Iarrners ' sense 01' organic agriculturc, whieh ean be achievcd through
Iarmer-centered training, step by SICp.

The pa pe r ind icated that fa rrne r-cc ntc red traini ng should tak e var ied ways with part ic ipato ry app roachcs , sue h as
theor eti ca l educatio n o n the co ncept, princip ie, basic techniq ues , marke ting stra tegics 01' organic farming and
organic food , o n-thc-spo t demo nstr ati o n, fie ld cxpcrirnen t. far m to ur, ex hibit io n attending et c . Th e convers i ón 01'
farrn e rs ' sense inc ludcd the chango 01' far m ing hab it. ihe a tt itude to natur e (so il, plants. insee ts and the wh ole
enviro nrne nt), the undcr standi ng 01' o rganic fa rming and sus ta inable de ve lopment, the relation ship 01' o rganic food lO
human healt h, the sc nsc 01' product marketi ng , and so on.

T he ex pe rience sum rncd up in thi s paper is uscfu l for o thc rs lo ad visc farrne rs lo co nve rt to o rganic produc tion
success fu lly.

There are lot s o f fact o rs that c an affcc t farmcrs to co nvcrt lO organic farrn ing success fu lly suc h as product io n
tcc hniques, fund s. ma rkct. go vcrnmcnta l poliey and so o n. BUl wh at is rhe key fact o r? Throu gh se vera l yca rs '
cxperie nccs wi th an organic farm ing con sult ing scrvice. wc ge l a eoncl us io n that it is the far rne rs ' sc nsc 01' o rganic
tarrni ng tha t is the key fac to r ro de c ide whcthcr their co nvers ión is success ful or not .

Fa r me rs' gene ral underst anding of organic farming
For farrners who hear ab ou t organic fa rrning for the first lime , the possible initial under stan d ings are as fo llows:

• To do organic farmi ng is ro forbidde n rnanu fact urcd agro-c he rnica ls. whic h makes the m rnuch won dcr ing since
they are used to usi ng fe rt ilizer, pesti c ide s an d herb icides . W ithout agro-chernica ls. they dont e ven know how
to start crop growing. T hey oft cn ask a qucstion abo ut whc rc they ca n buy bio -pcsti cides ano organic Iertili zcrs
which havc the sa rne effcc t as ag ro -c he rnica ls .

• Orga nic farrnin g is a llo wed to devel op only in vcry c lea n arcas s ince orga nic food is no pollu tion, ze ro chc rnica l
residu e . So , they are a lways not conv ince d if their fields are sui ta ble for orga nic prod uc tio n.

• To do organic far rning is vcry difficult and s tric t, which leads to severa l rcsults : o ne is tha t farrners give up the
effort to co nvert: the seco nd is tha t farme rs in vest huge mon ey to " pro tec t" and "se pa ra re" Ihe ir tields in ca se 01'
po llution fro m outside : lhe th ird is that farmers try to s tart convcrsion but become ve ry prudcn t ano scared 01'
ma ki ng mistak es whic h makes Ihe m abide by o rganie sta ndards awkwardl y and lim its the ir c reativity.

• They are just aware tha t o rga nie prod ue ts will ha ve a promis ing market and high er priee , but they genera lly
have no c1car ioea what lhe co ncrete rcqu iremcn ts fo r orga nic producl ion are and whe re thcir prod uct s ' markel
is and how much high er thc pr ice wi ll be . So, whe n they decide to do conversion, thc ir o bj ec l is not so explici!.
T hey usu all y expect that a fte r the ir farms are certified the busi nes sman w ill rus h into thei r farms lo order Iheir
prod ucts .

Through farmer-cenlered training lo promote their sense of organic farming
T he understandin g 01' orga nic farmi ng decides farmers' act ivit ies to de vel op organic produet ion . In accordance with
abo ye far mers' ini tial und erstandings or imagini ngs, the trai ni ng d irectl y to farme rs th at pro mo tes the ir sense of
organie farming appears ve ry im porta n!.

In the light 01' our ex pe rie nce s, du ring o ur ao v isory service, the firs t thing we do is hold an on e-h our face- lo-face
tra ining co urse for far me rs , to hclp lhem ge t a correc t und cr standing 01' organic farm ing . Th e esse ntia l conte nts
rcla ted to organic fa rmi ng invo lvc d in the first tra ining include:
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• the concep t and basic princip ies;
• the aim and significance:
• the develop ing histor y and present situation:
• thc general productio n techni qucs.

Through this train ing co urse, farrners ca n obtain a basic know ledge of organic farming, but it's still far fro m
acce pting and deep unde rsta nding. The ncxt step is to ado pt the method of "learning by doing ." We invite farmers lo
desig n and do licio experirnents toge ther. The usual expc riments are : soil investigation ; gree n manure gro wing;
compo st mak ing: ano bio-con tro l. Soi l quality and health is the core 01' organic productio n. Th rough spade soil
analysis, farmers can judge soil quality through srnell, color, clo t size, root density and color, soil anirnals and so on.
Sorne farmers dori 't even know that soil has smel\. In the ca rly stage of co nversion, farrners often place hopes on
sorne one method to settlc their difficult ies. For exam ple, in organic farming, gree n manurc plays an irnpor tant role
in so il fertilizauo n, which has been much strcngthe ned in organic fie ld, but so rnetirncs . farmers ca n have a kind of
feeli ng or ex pcctation that if thcy gro w gree n manur c then it is all for soil fertili zation and it can supply enough
nutrients lo crops. In order to hclp farrners lo know gree n rnanur e, we lead farmers LO do field trials, have thern
observe the whole proccss of grecn rnanurc 's gerrninatio n, growing, Ilowering, wcigh bio-rnasscs of roots and
plants, rneasure so il temp crature and inves tigare the impac t of grec n manu ring to crops growi ng. Throug h these
activities, farmers can obtain very good understand ing of gree n rnanur e, and the knowle dge from pract ice is thei r
own "know ledge .'

It's the sa rne for other organic production techn iques. In the co urse of farmers ' expe rirne nt and practi ce, their sense
has a changing process. Gc nerally, farrners like to j udge a new techni que and gel conc lusion by the first irnage. For
exa rnple, we have farrners compare several differcnt gree n manures. After sorne lime, farrners tcll us that sorne kind
of green manure is the best one since it ger minates very qu ickl y and grows wcll, looks very nice ano the other ones
haveri 't co me out. But through a longer time observa tion, rnaybe they will find thc first thought best one has sorne
defect and othcr one becomes the best. Only when they cx perience the whole stages 0 1' gree n manurc growin g ca n
they reali zo that d iffcrent gree n manurcs have differenl grow ing hab its and di fferent advantages. Beside s field trials,
we still organize farrners to visit dernonstration farrns or fields and exchange ideas ano experic nces, which can
promete their cog nition of organic agriculture.

Aftc r one lo two years ' educa tion and practice, farrners ' sense of organic farrning ca n bccome clcarcr and clearer.
Their understand ing and sense improvemenl can be summed up as fol1ows:
• Organic farming is not myster ious and it is a kind of agricultural rnodel too that requires cycl ing the nutrients of

the sys tern and growi ng crops abiding by natu ral laws. .
• Organic farming is not totall y separa ted from other agric ulture models. A lot of tcchn iques from traditional and

conventional agriculture ca n succeed.
• Farrners ' attitude to insec ts, d iseases and weeds changes hugely. In conve ntional farming, farmers are afraid of

pests so that they spray pesticide al once while they find any pest or eve n use pesticide as preven tion measure.
Afte r knowing the principies of organic farming and the relationsh ip of aII kinds of life, and through their own
observation, they become ca lm facing pes ts, disease , and weeds. Their fields are no longer as clean as before. In
a farrn we co nsulted, the farmer needed lo spray eight limes pesticides a year lo control pests of his fruit tree
before . but after organic co nversion, his attitude has been changed and he found that all the sprays were really
not necessary becau se he didri't use any pesti c ide, even bio-pesticidc, and his fruit tree grew weII too. The pest
probl em is slight not to influence fruit trees and their yield , so there is no need for man-made controls.

• The inveslment of organic farming can be lower lhan co nventional. Said in farmers' words is that the funds put
in organic produ ction are decreased but lhe labor is more . As to inpul, theoretically, lo do organic farming
should be lower than convenlional, but in realit y lo reali ze lhe lower input in organic system is nol so easy. Only
when farmers have a right Sensc of organic farming ca n they have correc t activities and correc t input and avoid
unnecessary inves tment such as building walIs around the fields, construc ling ce menl loads in fields, spraying
bio-control materials lots of times, keeping clean weeding and so on.

• To do organic farm ing is a contribution to mankind's health and sustainable development. Organic farmers feel
proud of lheir selcction, but it needs love of fields , love of naturc, otherwise it 's diffi cult to do successful
organic agriculture.

Pay attention to promoting Carmers' product marketing skills
Product markeling is a key problem farmers meel after they finish organic conv ersion. They always cherish the idea
lhat their organ ic produ cls wiII be soughl very easily. But the realily is nol like lhis. Good qua lily, environmenl
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(ric nd ly is a prcrequ is itc [o r good ma rkc t ami good pri ce , but it need s marketing skills too. spcc ia lly in thc carly
,;Iage o f o rgu nic mo vcrn cnt in u ne a rca . T he re are a lot good ways for o rga nic pr od uct s ma rke tin g world wide. so wc

inlroduce them lO Iarrncrs, such as alternati vo marketing modcls in Japan, spccia l shops, on-fa rrn shops and

~ lI pl: r llla r kc l sd ling in Europe and so on. Wl: still encouragc Iarmcrs lo creare thcir own marketing way~ according
10 loc al conditions. In China al prcscnt, trade compa ny co mb ining togcthcr with small houscholders is a vcry
popular marketing model. ami organic farrncrs are trying lO combine thernscl vcs togcthcr in thc way nf farrnc rs'
assuc ialions, cornpanies o r cooperativos lo adve rtise and market their products together. Farrncrs like to artc nd

t:xh ibilio ns 100: o n thc onc hund thcy can advc rtise thc ir products and ohtain info rrnation , on the o ther hand thcy ca n
make Iric nds and cxcha ngc cxpc ric nccs . In a wo rd , ma rke ti ng is an irnp ort ant pa rt o f o rganic farmi ng. For Iurm crs .
not waiting but taking action lo ex p lo re ma rkc ts is wha t thc y nce d lo co nsid c r after thc y sta rt o rganic convc rsion .

T he fo llowing figure expre-se s thc pruccss ro promet e lurmc rs sc nsc u f o rganic farllling through furm cr -cc ntcrcd

training.

Facc-to-Iace training
~

Ficld trials and practicc
~ Marketin g skills

No mi sundcr - Enhancing Organic produc ts
Conccpt stand ings in the obse rv ing Dcepening - nccd market in g
and fir st co ntac t ability undc rsiandin g skilis
princ ip ies c-1-- o f organic

- sys tcrn

Learnin g

Knowing wha t Mastcring - cxpcncnccs
Basic tcchniques necd ke y Forrning írorn ouisidc

tcchniques - - tu be cha nged techn iqucs ~ basic auitude
lo o rganic

farrning
Crca ting ne w

- marketi ng

l3asic Knowing what '-- models

standards ca n be done and
- '-- what 'x-

Iorbiddcn
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Organic Farming Needs Organic Plant Brccding:
A Nctwork for Indepcndcnt Sccd Production and Plant Breeding
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\lotivation
Dcvc lopments in co nventi onal brccdi ng (its rnultinatio nal structurc, use ofbio technology, gene tcchnology and [he
disappcarancc of opcn pollin atcd varictics) and the currc nt discussion about organic brceding standards show, that
thc organic mo vcrncnt rnust go its ow n way ami facc up to the challengc of dcveloping its own meth ods and
stratcgics.

The Initiative Group for Bio-Dynurnic Vegetable Seeds in Gcrmany and the Association for Bio-Dynamic
Vcgetable Plant Breedi ng, "Kultursaat", have built up a nctwork for deve loping bio-dynarn ic plant brecding and
sccd prod uction through thc c lose cooperurio n of furmc rs/garde ners, brecde rs and the association . An organic secd
company (partly owncd by the propagators) is looking al'ter c leaning, testing and draw off.

I Garde ncrs
-Propaga tion

- Tcsting of nc w var ictics
- ldca s/ fced back

Breedc rs (rnostl v uardc ncrs thernscl vcs)
- Brccdi ng in assoc iation

with the gardcncrs
. Rcscarch into: - ncw brccdin g rneth ods

- nutritio nal qu alit y

A ssociar ion " Kultursaat"
-Coord ination 01' plant brcedi ng
- Financia! support
- Payrncnt 01' registration and tcsting

fees
- Ow ner 01' new varictics

I
I

The idea is for plant brccding lo be rcturncd to the garde ncrs/ farrncrs thernsc lves . Thc prac tica!
agricultural/ho rticultural expe ricnce and ca re of crops and the rclat ionsh ip bctwee n huma n being (brccdcr/gardencr)
and plant are the rnain prcrcquisites for sueecs sful plant breeding.
The follow ing brced ing and sclection methods uscd and worked with by "Kultursaat"- breeders, are effcct ive anJ
simple eno ugh to be applicd directly at farm lcvcl :

Breeding methods are:
• Consistent and rigorous selection from a

largo stock base.
• Single plant selection.
• Cross fert ilisa tion.
• Crea ting variation and devclopin g special

charac teristics through :
. Geo logy, gco graphy and mineral provision
- Effee ts 01' planctary influences and the bio­

dynarni c preparations.

• Influence a l' human ano cultural
co nói tions.... more to devclop

Breeding aims are:
• Good devc lopment and root growth
• Growth through orga nic fcrtilisers
• Ability to interact with the cnvironrne nt
• To lerance ano res istance to adversit ics
• Devclop spec ies-typical grow th patterns ano

maturation processes
• Good, species-typical laste and nutriti onal

qualities

During rcgularl y held mcet ings (3/ycar) and more frequent regional oncs, we train ourse lves throu gh studying
background information, practical aspects and methods 01' breeding and co mparing each others work and
proccdurcs, Together we then t1e vclop our skilis anO evol ve new ideas and meth ods.
In the eoursc 0 1' thelast 15 years, Kultur saat has bred more than 20 new (registered) varieties . Th c first qualitative
rcsult s we have hao includ e bettcr taste and highcr nutr itional quality o f our own carrot , cabbage and spinach
varie t ic~ .
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Outlook
A further stcp will be to sharc ideas and cxperienccs on an international lcvel along with the var ieties and brecd ing
lines in arder to provide a widc ly available or en pol linatcd asso rtmc nt of vcgetablc seeds and hcnce food 01' high

nutritional quality and llavour.
In Europc wc are activcly bui lding up such a nctwork , For more inforrnation, sc rninars about brceJ ing and selcction
contact: Chri slina-Hcnatsch @gmx .ot.: .
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The Concept of Integrity of Plants as a Lending Principie for Organic Plant Breeding
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Kcywords: plan t brecdi ng. intcgrity, co ncep to Irait s.

Introduction
Currcntly the organic sector largcly dcp cnds on rnod crn varie tics brcd by conve ntional brccding co rnpanies for
convcruional farming systcrns including mineral fertilizcrs and chcrnical pest and disease managernent. More and
more thc organic sec tor is tocussing on thc possibilitics to optimize cultivars for organic Iarrning sys tcrns with
brccd ing tcchniques and cultivar charactcristics that suit the orga nic princip ies and Iarrning co nditions. Many
d iscussions on brcedi ng tcchn iquc s ha vc takcn place in thc Ncthcrlands and other Europcan countrics in (he last few
ycurs to define organic plant brccd ing. Jud ging the suitability of brccd ing tcchniquc s is based on [he general
principies Ior organic farmin g as a natural way 01' farmin g rcspcctin g integrit y and intrin sic valuc of living cnt itics
likc the soil, plant s. animals and human bcin gs, There is a nced to transforrn such princi pies into tcrrns Ior orgunic
brccd ing..

Material and methods
An intcrnational workshop on orga nic brccding techn iqucs was orga nizcd in Dricbc rge n/Nether lands by [he Louis
Bolk Institute and Platforrn Biol ógica in coopcration with the European Consortium for Organic Plant BrecJing
(Eco-ph) in autumn 200 l . As a basis thc l.Bl-rcport o n j udg ing diff ercnt breed ing techniques for orga nic Iarrning
was uscd in thc discu ssion (Larn rncrts ct al., 1999). Parallel the Lo uis Bolk Institure co nducted a project claritying
the content and use 0 1' ihe concc pt of nuturc and naturalness in organic farming. Both projccts givc input to devel op
a conccpt 01' intcgrity of plarus as a lend ing principie Ior organic plant brccding.

Rcsults and di scussion
Buscd on the result 01' rhc rcscarch in the projcct on dc fining 'nuturalncss ' in orga nic farmi ng wc dist ingu ish three
muin ap proac hes within thc fi c ld o f organic agric ulturc : ihe no che rnica ls approach , the ag ro-cc ologica l ap proach
und the intcgrity appr oach . Jt is stated that the co ncepl of naturalness can be uscd to charac tcrize orga nic agricu lture
and to distinguish it fra rn conventional agricuhure, but only if naturalness nol only refer s lo not using chemicals bUI
also to agro -eco logical pri nci pies anJ rcspect for integrity 01' planl s. The no chcmi cal ap proa ch demands no use of
chell1 ica ls and no gll1 o ' s in the bn:ed ing process. Th c agro-ecological approach irnplicat es adaplation of cullivars to
nrganic farming with ccological traits likc : energy and nutri ent c ffic ient. deep rool ing sys tem ca pable of relat ing to
beneficial so il organisms, wecd suppress ive; disease resistant or toleranl. It also includ cs slrategies like using
functional gcnetic diversit y and in situ conser vation of varieties. The integrity approach impli cates a plant worthy
and sustainable de vel ~)pll1cnt of crops out al' respect for (he meanin gful co ntext al' plants, includ ing the socio­
econornic environmcnt. Fro rn lhis point 01' vie w brecdin g is focussed on lhe optimal o f express ion of the species
specitic IrailS of the cro ps. It also irnplies dcvelopm enl 01' part ic ipatory plant breeding slrateg ies .
In Ihe Oriebergen-workshop on breedin g techniques the concep t 0 1' organic plant breed ing with respect lO integ rity
o f plants was defined as: 'T he aim of organie planl breedi ng is to develop plan~s which e nhance the pOlcntial of
organic plant farmin g and biod ivcrsit y. Organie plant breedin g is a hol isl ic approach lhat respecls natural crossing
barriers and is based on ferti lc plants that can establish a viable rclationship wilh theli ving so il" .

Conclus ions
The coneep l uf inlegrily 0 1' plants, includ ing Ihe no chcmica l and agro-ceo logieal approaeh. ea n be a lead ing
princ ipie to gi ve c lear direc tion for future organie breed ing pro gram s.
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Hinweis für Firmen:

Angaben zur Anmeldungneuer Produkte finden Sie auf unserer Homepage www.fibl.eh

j
,

· 1
!
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Liste der zugelassenen und empfohlenen Hilfsstoffe für den
biologischen Landbau in der Schweiz

Die Liste der Hilfsstoffe für den biologisehen Landbau 2003 beinhaltet alle Pflanzensehutz­
mittel, Dünger und Handelssubstrate, Stallfliegenmittel, Siliermittel und Produkte zur Be­
karnpfung von Bienenkrankheiten, die im Handel erháltlich und für den biologisehen Land­
bau in der Sehweiz zugelassen sind. Sie enth ált zudem eine Liste der vorzugsweise einzuset­
zenden Ektoparasiten-, Reinigungs- und Desinfektionsmittel, sowie der Reinigungs- und Ent­
keimungsmittel für Milchproduktionsbetriebe. Die Aufnahme eines Produktes in die Hilfs­
stoffliste ist nicht mit einer Anwendungsempfehlung gleichzusetzen,
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Die Liste wird van Experten und Expertinnen des Forsehungsinstituts für biologisehen Land­
bau (FiBL) vorbere itet und naeh Vernehmlassung bei den Behórden, BIO SUISSE und
Migros-Bio-Produetion erstellt, Grundlage für die Beurteilung der Zulassung von Wirkstoffen
und Formulierungshilfsstoffen ist die Verordnung des EVD über die biologisehe La ndwirt­
sehaft. Erganzend werden Kriterien der natio nalen und internationalen Richtl inien (BIO
SUISSE, Migros-Bio, EU, IFOAM und Codex Alimentarius) herangezogen. Die Liste wird jahr­
lieh aktualisiert.

Diewiehtigsten Anderungen gegenüber dem Vorjahr sind:
Aufnahme von Mitteln zum Abhaltenvon Ameisen
Aufnahme von Frisehhaltemitteln für Sehnittblumen
Aufnahme von Düngern aus hydrolysierten Tierhauten
Nur noeh die in der HilfsstoHliste aufgeführten Blatt- und Spurenelementdünger sind
zugelassen (verbindliehe Positivliste).

Einige Handelsprodukte sind nicht mehr in de r Liste aufgeführt. Für diese Produkte gilt: Bei
Produ zenten lagernde, im letzten Jahr eingekaufte Vorréte solcher Produkte dürfen im lau­
fenden Jahr noeh aufgebraueht werden (siehe Anhang).

Die Hilfsstoffliste wurde in der vorliegenden Form von der BIO SUISSE (Vereinigung Sehwei­
zer Biolandbau -Organisationen), der Migros-Bio-Produetion und der Zertifizierungsst elle
bio.inspecta anerkannt und ist für die Produzenten von BID SUISSE und Migros-Bio-Produe­
tion verbindlieh.

Die Hilfsstoffl iste legt verbindlich fest, welche Hilfsstoffe von Produzenten der BIO SUISSE
und von Migros-Bio-Produetion eingesetzt werden dürfen. Die allgemeinen gesetzliehen
Bestimmungen betreffend den Einsatz dieser Hilfsstoffe bleiben vorbehelten, Alle Angaben,
die die arntliche Zulassung betreffen, eriolgen ohne Gewáhr, Das FiBL lehnt jede Haftung
im Zusamrnenhang mit dem Einsatz der aufgeführten Mittel abo

Über wiehtige Anderungen, welche nach der Drueklegung der Hilfsstoffliste eintreten,
informieren wir auf unserei liomepage (www.fibl.eh).

HilfsSfoHlistc lür den biologicdren Land bau 2003 e: Copyright FiBl Hilf~\ toH ! i~ te 'ürden biologische n Landbau 2003 ~ Copyright FiBl



4 5

1 Zugelassene Pflanzenschutzmittel

Humin Vital WDC70 Andenn aU freí 96 % Hurni nsáuren Obst allg .: zur Wirkungsverbesse-
_ _. . ~g von ~a.9_e~~~p:.::e=_x _

Pinolene

Verwendele AbkQrzungen:
Fg Fischgift
Tw Teilwirkung
Nw Nebenwi rkung
ZV Zulassung des DLW vorbehalten (definitiver Entscheid lag bei Redaktionsschluss nlcht-vor)

70 % Pinolene5

Giftklasse Wirkslolfe/Konzentration Anwendungsgebiet/Bemerkungen

Omya

Firm a

Heliosol Reben allg.: zur Wirkungsverbesse­
rung von Netzschwefel

Nu-Film-l ? Andermatt frei 96 % Pinolene Obsl allg.: zur Wirkungsverbesse-
rung von Madex, Capex und
Tonerdeprodukten

Reben allg.: zur Wirkungsverbesse-
_ _ _ o • r!:'" g .':'.o_" ~n_e-,.g eprodukte,,- _

Handelsbezeichnung

Huminsauren

Die Liste der PlIanzensehutzmittel ist gegliedert naeh Beistoffen, bioteehnisehen Verfahren,
Fungiziden. Insektiziden und Akariziden, Mikroorganismen, Mitteln zur xelmhernrnung. Mit­
teln zum Sehutz von Erntegütern. natürliehen Feinden, Saatbehandlungsmitteln, Wundver­
sehlussmitteln und Frisehhaltemitteln für Sehnittblumen . Die Liste ist alphabetiseh naeh
Hauptwirkstoffen gruppiert. Pro Produkt sind Handelsbezeichnung, Verkaulsfirma. Giltklasse.
Wirkstoffe und das bewilligte Anwendungsgebiet angegeben (die Kategorie «Obst allg.»
schliesst das Beerenobst ein). Adressen und Telelonnummern der Verkaulslirmen sind am
Sehluss der Hilfsstoffliste aulgelührt . Anwendungsemplehlungen entnehmen Sie den im
Anhang aulgelüh rten Merkblattern des FiB L. Diese Liste beinhaltet keine PlIanzenschutz­
mittel mit genteehniseh hergestellten Wirkstoffen.
Die in dieser Liste aufgelührten Mittel für den PlIanzensehutz dürfen aussehliesslieh in den
be zeiehneten Kulturen eingesetzt werden. Die Liste enth ált PlIanzensehutzmittel (welche
ge nerell vom Bunde samt für Landwirtschalt zugelassen sein müssen) sowie einige ver­
wandte, jedoch nieht zulassungsplliehtige Produkte. Ebenlalls lür den biologisehen Landbau
zugelassen sind: .
• Pheromonlallen (solern vom BLW zugelassen) und Leimlallen zur Flugüberwaehung von

Insekten
• Kulturschutznetze. Sehneekenzaune und ahnliches
• Selbst hergestellte pllanzliehe Extrakte und Práparete wie Aulgüsse, Auszüge und Tee
• Hurnmelvolker zur Bestaubung
• Wildabhaltemitte l, solern sie weder mit Kulturpllanzen noeh mit dem Boden in Kontakt

kommen.
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Biotechnische Veñahren , Furigizide

Kernobst: sehorf

Sreinobst: Schrotschuss, Krausel­
krankheit des Pfirsichs, Bakte­
rienbrand der Kirsche, Narren­
oder Tasehenkrankheit der Zwet­
sehge

Beerenobst: Rulenkrankheit der
Himbeere und Brombeere , Blal!­
lIeckenkrankheit der Erdbeere,
Blattfallkrankheit der Johann is­
beeren

Reben: Falseher Mehltau, Rolbren ­
ner(Nw)

Aube rginen, Tomoten: Alternaria­
Dürrfleckenkrankheit, Kraut- und
Fruchtíéule, s eploria-Blal!­
lIeekenkrankheit, bakterielle
Fleekenkrankheit (Tw), bakte­
rielle to mateowelke (Tw)

Karotten: Alternaria-Miihren ­
schwarze

Sellerie: Septoria-Blattlleeken ­
krankheit

Sehworzwurzeln: Weisser Rost

Ronden : Cereospora- und Ramula­
ria-Blattlleekenkrankheit

Kohlane n: Adernsehw;;rze (Tw)

Bohnen : Bohnenbrand (Tw), Fel!­
lIeekenkrankheit

Gurken : Eekige Blattlleekenkrank·
heit (Tw), Falseher Mehltau (Tw)

Korloffe/n : Kraut- und Knollen­
laule

Anwendungsgebiet/Bem erkungen

23 % Feneheliil

Wirkstoffe/Konzentration

50 % Reinkupfer

frei

4,Fg

GiftklasseFirma

Hoko

Andermatt Beerenobst: Eehter Mehltau (Tw),
Rostpilze (Tw)

Reben : Eehter Mehllau (Tw)

Kürbisgewii ehse: Eehter Mehlta u
(Tw)

l ierpffonzen ol/g .: Eehter Mehllau
(Tw),Rostpilze (Tw)

Wartefrisl: Beeren 3 Woehe n,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ---'K.:.:ü"-rb"'i-'"'sgew;;ehse 3 Tag.~ _

Fenicur

Handelsbezeichnung

Fen chelol (Oleum foenicul i)

Kupferhydroxid •

Kupferhydroxid 50 Hoko

Anwendungsgebiet/ Bemerkungen

Leim für Leimfallen .

Reben : Einbindiger Traubenwiek­
ler (1. Generation = Heuwurm
(Tw), 2_Generation = s auer­
wurm)

Rebc n : Einbindiger Trauben­
wickler

Kem -, Steinobst: Frostspenner

Kernobst:Apfelwickler

Kern obsl: Apfelwickler,
s ehalenwiekler

Kernobst:Apfelwickler

Kern obst: Kleiner Fruchlwickler
Stein obsl: PlIaumenwiekler

Reben : Bekreuzter 'lraubenwick­
ler, Einbindigcr Traubenwiekle r

Reb eti: Bekreuzter Traubenwickler
- - --- - - ----

Sleinobst: Befallsreduklion der Kir­
sehenlliege

Hausqarten; Arneisen

Wirkstoffe/Konzentration

100 % Nalurharze

76 % Fettsauren,
20 % Nalurharze

s exualhormon

- - --- ---- -- - -- --_ ._._.__._ - - -

- - - - - - - -----------

frei

frei

frei

frei

frei

Giftklasse

Neogard

Andermatt

Andermatt frei

Farbfallen (Leim)

Kirsehenfliegen-Falle

Rebell Fruehlfliegenfalle

Handelsbezeichnung Firma

Alkoholfallen (Aelhylalkohol; Insektenleim)

Rebell Holzbohrerfalle Andermatt

Leimringe (Feltsauren , Natu rharze)

Raupenleimring Andermatt, frei
Neogard

Raupenleimring LG Leu frei

Repellents

Ketn -, Stein-, Beerenobst: Befalls-
_ _ _ _ _ _ ___ ~ _'r'."e~d~u~ktion des Hclzbohrers

Leim für Leimfallen

~gle·Trap

Ameisenstreumillel Andermatt

Coop Ceeoplan Biocontrol Coop
Ame ise nstre':'lu lve r~ _

Verwirrungslechnik mit Dispensern (Pheromone)

Boeep Viti Andermatt frei

Boeep Viti 230 Andermatt frei s exualhormon

Isomate-C Plus Andermatt frei s exualhormo n

Isomale-CLR Andermatt Irei sexualhormon

Isomate-CTT Andermatt frei s exualhormon

Isomale-OFM Rosso Andermatt frei sexualhormon

RAK 1+2 Andermatt frei s exualhormon

RI'K 2 Andermatt frei s exualhormon
.- - - - - ------ - - - _ _ o --- - - - - - - ---

Fortsetzung auf der nachst en Seite

Hilts<;toffli..le für den biologischcn t.andbeu 2003 C, Copyright FiDl Hilf'Jstofflistefür den bicl cgischcn l andbau 2003 e Copyright fiBl
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Cupravit blau Bayer 4, Fg 35 % Reinkupfer

Kocide OF Bayer 4, Fg 40 % Reinkupfer

Microperl Andermall, 4, Fg 40 % Reinkupfer
B,urri

Champion flow Méoe 4 24 % Reinkupfer

Kocide 2000 Bayer 4 35 % Reinkupfer

KuplerkalkbrOhe = Bordeaux BrOhe •

Bouillie bordelaise Oisperss Landij
tenaco

Reben : Echter Mehltau (Tw)
Gurken: Eehter Mehltau (Tw)
Zierpf{onzen o/lg.: Eehter Mehltau

(TwL _

wie Kupferhydroxid 50 Hoko,
jedoeh ohne Kraut - und Knollen­
la ule

Mengenbeschrankung:
siehe unten

Anwendungsgebiel/Bemerkungen

wie Kupferhydroxid 50 Hoko

Mengenbesch,ankung:
siehe unten

29 .7 e Kaliseile

50 % Lecithin

15 % Reinkupfer
( 190 gil)

Wirkstof!e/ Konzentration

5 0 % Reinkupfer

50 % Reinkupfer

50 % Reinkupfer

50 % Reinkupfer

50 % Reinkupfer

50 '1'0 Reinkupfer'

50 % Reinkupfer

50 % Reinkupfer

4,Fg

Kernobst: Regenfleekenkrank­
heiten

____ _ _ ___ _ _ . -"w"'a"rt"'e:..fr:..is:..t_: 3 W:.::::o,::eh"'e::n.:- _

Andermatl Irei

Andermall, Irei
Neogard

Leu

Firma Giftklasse

Maag 4, Fg

Intertoresa 4, Fg

Leu 4, Fg

Hoko 4, Fg

Sehneiter 4, Fg

Méoe 4, Fg

Siegfried 4 , Fg

Omy~ ~g

Biofa Coeana RF

Bio-Blatl Mehllaumitlel

pflan zliche Seile

Lecithin

- -- _._----- - - ----- -

• Mengenbesehrankung für kupferhaltige Produkte: . ,
Va n allen kupf erh altigen Pradukten dürfen hoch stens d ie fal gen den Men gen Reinkupfer In kg pro ha und
Ja h r e ingese tzt werd en: Kernobst 1.5; Steinabst 4; Beereno~st 2; G~mü~.e. Kartoffeln und Zlerpflanzen 4.
Reben 4 im Durehseh nitt üh e r 5 Jahre (gereehnet ah 2002):J.:.~~n~cht uher 6 pro Jah_r_, _

ff. Fungizide
Handelsbezeichnung

Kupleroxyehlorid •

Cuprofix

Kupfer SO/Cuivre 50

Kupfer SO/Cu ivre 50

Kupler SO/Cuivre 50 Hoko

Kupfer 50 5

Oxyehlorure de cuivre

Oxykupfer 50

....Yit igran.S:..O'- _

Kupleroxysulfat •

Cuproxal f1 0ssigl liquide LG

i
¡
I

I
i
i

Anwen dungsgebiete wie Kupfer­
hydroxid 50 Hoko; jedoeh ohne
Zierpllanzen, Kraut- und Knollen­
faule

Anwendungsgebiete wie Kupfer­
hydroxid 50 Hoko; jedoeh ohne
Zierpllanzen; zusétzlich:

Reben : Echter Mehllau (Tw),
Greufaule (Tw)'- _

wie Kupferhydroxid 50 Hoko, je­
doeh ohn e Zie rpllanzen

.Mengenbesehrankung: siehe auf
Seite 9

Mengenbesehrankung: siehe auf
Seite 9

Wartelrist: Obst, GemOse und
KartoHeln 3 Woehen (Ausnahme:
Iornaten und Aubergincn 3 Tage)

Anwendungsgebiete wie Kupfer­
hydroxid 50 Hoko; jedoeh ohne
Zierpllanzen

20 % Reinkupfer

WirkstoHe/Konzentration Anwendungsgebiet/ Bemerkungen

Zierpilarue n o/lg.: Blatlfleeken­
pilze, Falseher Mehltau (Pero­
nos pora, Albugo, Bremia)

Rhododen dron, Blautanne:
Knospensterben

Beg onia, Pelargonien : Bakteriosen

Rosen : Rindenbr andkrankheit

Kirsehlorbe er: Sehrotsehuss

4, Fg

GiftklasseFirmaHandelsbezeichnung

Kupferhydroxid 50 Hoko,
Fortsetzung

ff. Fungizide

Kupleroctanat •

Cueva Andermatl, frei, Fg
Neogard

10 % Kupfersalze
(17.5 gi l)

Korto ffeln: Kraut- und Knollen­
faule (Tw)

Meng enb eseh rankung: siehe auf
Seite 9

"

I
I

) .
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Elosal Supra Omya SS 80 oro Sehwefel Kernobst: Sehor! (Tw), Eehter
Mierolhiol Spécial Disperss land i/ 55 80 oro Sehwefel Mehltau

lenaeo Steinobst: Eehter Mehltau und
Netzsehwerel 80 Spezial Intertoresa 55 80 % Sehwefel Sehorf des Plirsichs, Sehrot-

schuss
Nelzsehwefel lG l eu 55 80 % Sehwefel Bee ren ob st: Eehter Mehltau der
Sehwefel 80 S Sehneiter SS 80 oro Sehwefel Erdbeere

Solfa fluid Burri 55 52 % Sehwefel Reben : Echter Mehllau

Solfovit \VG Bayer 55 80 oro Sehwefel
Kürbisg ewii chse: Echter Mehltau
Hopfen : Echter Mehltau

Soufre mouillable Méoc 55 80 oro Schwefel Zierp /lanzen a/lg.: Eehter Mehltau
Sufralo Sieglried 55 80 oro Sehwefel Kirsehlorb eer: Schrot schuss
Thiovit Jet Syngenta 55 80 oro Sehwefel

Wartefrist: Obst und Reben 3
Wochen, Gemüse 3 Tage

Bemerkung: Nicht alle Produkte
sind für sámtliche Indikationen zu-
gelassen. Die genaue Indikation

Ikann der Produkteetikette ent-
nommen werden. Siehe aueh
Angaben zu Sehwefel unter 1

- - ---- ---- - -- clnseklizide und Akarizide. i---- - -- -- --- - -
!Sehwelel + Pinienef

Heliosoufre S Omya 55 (700 gi l) Sehwefel, wie Sehwefel, jedoeh ohne I
(117 gi l) Pinien ól Zierpflanzen und Hopten, aber I

einsehliesslieh Staehelbeer-

I
mehltau und Sehwarzfleeken-
krankheit der Rebe

---- - - - -- - - -
Schwefel -Staubemittel

·· 1Elosal Sehwefel Stdubem ittel Omya 55 99 oro Sehwefel Kernobst: Eehter Mehltau IFlorfluid ~léoe 55 98 Ofo Sehwefel Reben : Eehter Mehltau
Fluidosoufre landi/ 55 99 oro Sehwefel Kürbisgewii chse: Eehter Mehltau I

fenaeo

- - ---- - - --- .~----- - ---- --- - -- -- - ------ ~~'!.e!r ist: 3 Woehen

Tonerde

Myeo-Sin Andermatt frei 65 ~Jo scbweíelseu re t one-de. Kcmobst : Birnenbliitenbrand0.2 % Schadllelh"Irnc ltrdkl
(TW), Fchter Mehltau (Tw),
Fcuerbrand (TW), Sehorf (Tw)

Steinob st:Sehrotsehuss
Reben: Fa1seher und Eehter

Mchltau (Tw), Rotbrenner (Tw)

Bemerkun¡:: in Kombination mit
0.3 % Nctzsehwefel

Ulmasud B Andermatt frei 96.9 % Gesteinsmchle Kernobsl : Eehler Mehltau, Sehor!
(dillin enthalten: 24 % Alumi- Reben: Falseher und Eehter
niumoxid, 20 % Sihciumoxid.

~'ehlt,) ll13 % Schwcfel )

Bemelkllng: in Kombination mi t

-- ---------- 0.3·0.5 % Netzsehwefel- - - -_._----- - -- --- -- -- -- - - ._---- -- - -- -

l ierpnanlen im GewiJchshous:
Palmenthrips, Sehildlause,
Spinnmilben . _

Obst allg.: Austernschildléuse,
Birnenpoekenmilbe. Grosse
Obstbaurnschildlaus, Frost­
spanner, Spinnmilben

Anwendungsgebi et/Beme rkungen

Obst allg.: Spinnmilben, Blattláuse
Cemüse ollg .: Spinnmilben, Blatt­

lause
Zierp/lonzen o/lg .: Spinnmilben,

Blattlause, Weisse Fliegen

Wartelrist: Obsl 3 Woehe n. Ge­
müse 7 Tage
Hausgorten: gleiehe Anwendun­
gen wie Natural

Kernob st: Eehter ~lehlt au. Sehor!
(Tw)

Reben : Falseher und Eehte r Mehl·
lau (TW), Rotbrenner (TW)

Wartefrist: Kernobsl 3 Woehen

1 'l'o Fellsduren

Paraffinel (546 gi l)

Wirkstoffe/Konzenlralion

SO % scbwetelseuee Tonerde,
41 % Schwetet,
I % Schechtethelmext rekt

50 '1'0 Fett sáuren

50 % Fettsauren

50 % Fettséuren

Azadiraehtin A (10 gil)

Giltklasse Wirkstoffe/Konzenlration Anwendungsgeb iet/Bemerkungen

Kernobst: Mehlige Apfelblattlaus,
Fallenlause

Zierp/lanzen ollg .: Blanlause,
Thrips, Spinnmilben, we isse
Fliegen

Bemerkung : Abdrilt lührt bei eini­
gen Birnensorten zu slarken Blatt­
verbrennun gen (sieh e Packungs-

_ _ _ _ ___ _ _ _ . .:..:bei l ag~) ._._ _ .

._ - - - ._. - - - - - -- _._ ---- _...._-- - - -

Firma

Firma Giftklasse

Andermatt frei

Anderman

Andermatl, frei
Neogard

Andermatt frei

Neogard frei

Omya Irei

Coop Irei

NeemAzal·T/S

Coop Oeeoplan Bioco ntrol
Insektizid

Handelsbezeichnung

Tonerde + Sehwefel

Myeo-San

ff. Fungizide .

Insektizide úndAkarizide .
Handelsbezeiehnung

Azadiraehlin

Paraffin et

Promanal Neu

Fett sauren (Kalisei!en)

Natural

Neudosan Neu

Siva 50

- _. ._. _- - - -- - - - - - - - - - - - - -
Mineralel

Mineralel Omya Ornya frei 99 'l'o Mineralel

Spray Oil 7-E l eu frei 99 % Mineralel

5unspray 7-E Blaser frei 99 % Mineralel

Weissol S 5ehneiter Irei 99 'l'o Mineralel

_ Z?f.."~Q _ .. ... . ~~glried .-!.'.':! ~. Ofo Mineralel

Neemexlrakl

siehe Azadiraehlin

"¡
. .... I

I

Giltklasse Wirkstoffe/Konzentration Anwendu ngsgebiel/BemerkungenFirma

ff. Fungizide .
Handelsbezeiehnung

Sehwefel



Handelsbezeichnung Firma Giftklasse Wirkstoffe/ Konzentration Anwendungsgebiet/Bemerkungen

Ampelomyces quisqualis

AqlO Andermatt freí Ampelomyces qulsqualis Reben: Echler Mehltau (Tw)

Bacillus subtilis

Siopro Andermatl frei Bacillus subtilis Kernobst: Feuerbrand (Tw)

FZB24 WG Bayer frei Bacillus sublilis Karlo((eln (Zv): Rhízoc1onia (Tw).
zur Optimierung der Sorlierung

Bacillus thuringiensis varo israeliensis

Skeetel Omya frei Bacillus thuringiensis varo lierpflonzen gedeckl: Traue r-
israeliensis müeken

Solbac Andermatt freí Bacillus thuringiensis varo l ierpllanzen allg .: Trauermücken
israeliensis

Solbac Tabs Andermatt freí Bacillus thuringiensis varo
israeliensis

Bacillus thuringiensis varo kurstaki

Delfin Syngenta frei Bacillusthuringiensis varo Obs! allg .: Frostspanner. Gespinst-
kurstaki motten

Reben: l raubenwickler
Koh/arlen: Ka hlweisslinge, Kohl-

eule, Kohlschabe
GehO/ze ausserha/b Forst:

Gespinstmotten, Spanner, Trag-
spinner

Warlefrisl: Reben 3 Woche n.
Gemüse 7 Tage

Bektur Omya frei Bacillus thuringiensis varo Anwendung wie oben , jedoc h
kurstaki ohne Kohleule und Geholze

12

ff. Insektizide undAkarizide .
Handelsbezeichnung Firma Giftklasse Wirksloffe/ Kon,enlration Anwendungsgebiet/ Bemerkungen

Pyrethrin + Sesamol

Parexan N Omya frei, Fg 5 % Pyrethrin. Obst allq . (lv): Blattlause (Róh-
20 % Sesamol renléuse), Blattwespen (tarven),

Frostspanner
Gemüse allq . (lv) : Blatllause.

Weisse Fliegen. Karloffelkafer.
I hripse, Spinnrnilben, Kohl-
weisslinge

lierpllanzen allg.: Blattlause,
Spinnrnilben, Thripse, Weisse
Fliegen

Pyrethrum FS Andermatl frei B.O% Pyrelhrin. Anwendungsgebiete wie Parexan
35.7 % Sesarnol N, jedoch ohne Karloffelkafer und

Kohlweisslinge; zusátzlich
blaltfressend e Raupen bei
Zierpí lanzen

Quassiaextrakt

Quassan Andermatt frei 30 % Quassiaextrakt Kemobst, Steinob st: Sagewespen.
Blattlsuse (Tw)

Gemüse oltq.: Blattléuse
lierpflanzen allg.: Blattlause

~~:t"frisl : Ge~~'0~g':.____

Rapsol

Genol Plant Anderrnatt, frei 94.6 % Rapsól Obst allg .: Grosse Obstbaurn-
Syngenta schildlaus, Blattláuse (Tw),

Telmion Omya frei B5 % Rapslil Birnenpockenmilbe (Tw). Frost-
spanner (Tw). Role Spinne (Tw)

l ierpflanzen allg.: Napfschild-
lause, Blattlause (Tw). Frost-
spanner (Tw).Spinnmilben (Tw)

Rotenon

Sicid Siegfried 5,Fg 1.25 % Rotenon Obsr allg.: Blatt léuse , Blattsau ge r,
Frostspanner. Spinnmilben

Cemüse allg .: Blattlause, Spinn-
milben, Thripse, Weissen Fliegen

lierp llanzen allg .: Blattláuse,
Spinnmilben. Ihrip se, Weisse
FIiegen

Warlefrist: Obst 3 Wochen.
Gem üse 7 la ge

Schwefel

Produkte siehe Fungizide Beerenobsr: Brombeermilbe
Reben: Krausel- und Pockenmilbe-- - - --------- --

13

ff.'lnsektizide und Akarizlde
Handelsbeze ichnung Firma Giftklasse Wirksloffe/Konzentration

Spinosad (Fermentationsproduklvon Bodenmikroorganismen)

Audienz Omya 44.2 °/0 Spinosad

;Mikroorganismen

Anwendungsgebiel/Bemerkungen

Koh/arlen: Grosser und Kleiner
Kohlweissling. Kohldrehherzgall­
mücke, Kohleule, Kohlschabe,
Weisse Aiegen

Gurken, Paprika, Tomaren: Eulen­
raupen, Ihr ipse, Weisse Fliegen,
Minierfliegen

l ierpflanzen allg.: Falter, Minier­
fliegen, Schmetlerlingsraupen,
l hripse, Weisse Aiegen

Reben : Erdraupen, Springwurm.
Thripse (Nw). Traubenwickler
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Bacillus lhuringiensis varotenebrionls

Novador Anderrnatt, frei
Leu

Mittel zum Schutz von Erntegütern
Giftklasse Wirkstoffe/Konzentralion Anwendungsgebiel/ Bemerkungen

ff.Mikroorganismen
Handelsbezci-hnung Firma Gi~klasse Wirkstoffe/Konzentralion Anwendungsgebiel/ Bemerkungen

Bacillus thuringiensis varo Kartoffeln, Auberginen: Kartoffel.
tenebrionis kater

Wartefrist: KartoHeln3 Wochen,
Auberginen im Freiland 7 Tage, im
Gewachshaus 3 Tag_e _

Hand elsbezeichnung

Siliziumoxid

Silico-Sec

Firma

Andermatt frei 96.5 % Siliziurnoxid Getreide, Futtergetreide: Getreide­
plattkefer, Leistenkopfplattkater,
Reiskeíer, Staublause

toqerbolten. Mühlen, Si/ogebiiu ­
de:wie aben

Anwendungsgeb iel/Bem erkungen

Auberginen, Gurken. rom oten,
Peperoni im Gewiichshaus:

Blattlause (Tw) .

Zierpflanzen im Get,Vochshaus:
Blattléuse (Tw)

wie ab en, jedoch oh ne Zier-
_ _ _ _ _ _ _ ..JPcl::.:la:.:.n::zen~ _

Wirksloffe/Konzenlralion

Aphidoleles aphidimyza

Giftklasse

Leu, WeheAphidend

Hand elsbezeichnuñg Firma

Gall mücken, Aphidoletes aph idimyza

Aphidoleles aphidimyza Andermatt,
Omya

Aphi-Pack Aa Wehe

Natürliche Feinde '

obst al/g .: Maik;;fer
Fe/dkulturen_a~/g::._Maik a!er .

Beauveria brongniartii

Coniothyrium minitans

Beauveriabassiana Zicrp"anzen gedeck.t: Weisse
_ ___ ____ _____ _ _ _ _ ____ ___ _ _____ _Flieg.., . . _

Beauveria bassiana

Naluralis-L Andermatt freí

Beauveria brongniartii

Beauveria-Schweizer Schweizer freí
~gerl i ng~p!!.!._ _ __ Anderrnatt freí

Coniothyrium minitans

Contaos Omya frei

Coniothyrium minitans Ma rienk afer, Adalia bipunctat a

Adalia Marienkaferlarven Andermatt Adalia bipunclala Zierpflanzen im Gewiichshaus:
Blattléuse

Zierpflanzen 'im Gewdchshaus:
Wollause (Schrnierleuse)

Cryplolaemus
montrouzieri

Wehe
Andermatl,
Omya

We~e

Cryptobug

Cryptolaemusmontrouzieri

Nematod en, Helero rhabd itis sp,

Marienkafer, Cryptolaemus montrouzieri

_.crypl0f'a~c::.k ~=,:- _Obst al/g.: Apfelwickler

Wartefrist: 3 Wochen

Obst al/g.: schale nwickler

Wartefrist: 3 Wochen

Apfe/ und Birne: Apfelwickler

' Mittel 'ztir Keinthemritañg" ' " - . ' .,'.. ' - . ; .¡ v . " ,,- l " ,
, . . . . ' " ~ ~• .l , .. .. .. ~ , ..•'10~!~ )

Nemaloden, Phasmarhabditis hermaphrodila

Handelsbezeichnung

Kümmeliit

Talenl

. . Firma

Omya

Gi~klasse

4

Wirkstoffe/Konzentration Anwendungsgebiet/B emerkungen

95 % D-Carvon Kartaffeln : Keimhemmung

Bemerkung: Wirklnur in geschlos-
. ..::s~e:..::n e~_R_a_um_e.:'... _

Dickmeulrüssler-Nemetoden

l arvanem

Nemalop

Bioslug-schnecken­
ncm atode n

Andermatt

We~e

Landi Reba

Andermatt

Helerorhabditis sp.

Phasma rhebditis
herrnaphrodita

obstbou al/g .: Gefurchler und
5chwarzer Dickmaulrüssler

Jungreben: wie aben
Zierplloruen al/g.: wie a ben

Bem erkung: Nichl alle Prod ukle
sind für samt liche Indikationen zu­
gelassen. Die genaue lndikation
kann der Produkleeliketle enl-

__ _ ~ommen werden, _

Erdbeeren: Ackerschneckcn
Gemü se ol/g.: Ackerschneck en
Zierpl/anl':!!5!!''l::!,:,!:ersc~neck..,_ .

Nematoden, Steinernema carpocapsae

earponem Andermatt Steinernerna carpocapsae Obstbou al/g .: Gefurchler und
Schwarzer Dickmaulrüssler

Jungreben: wie oben
Gemü so ol/g.: Erdraup en, Maul·

wurfsgrille
Zíerp itaru en allg .: Gefurchler und

Schwarzer Dickmaulrüssler, Erd-
_ _ _ _ ____!~~p_~~, M_~~I~!f~g~ _

Hills!ofofflislc fur den biol ogischen Lcndbau 2003 e Copyright FiBl HiUs,,>lofllistc für den biologische n l andbau 2003 e Copyright FiBl
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ff.Natürliche Feinde ff.Natürliche Feinde .
Handelsbezeichnung Firma

Nematoden. Steineroema felliae

Giftklasse Wirkstoffe/Konzentration Anwendungsgebiel/Bemerkungen Handelsbezeichnung Firma

Raubwanzen, Macrolophus caliginosus

Giftklasse Wirkstoffe/ Konzenlralion , Anwendungsgebiet/Bemerkungen

-- - - -- - - - - - - ---

Gemüse im GewCichshaus: Kalifor­
niseher Blülenthrips, Zwiebel­
thrips (Oriusleevigatus Biopax
nur für Cemüsepaprika zugelas­
sen)

Zierpflanzen im Gewoch shaus :
Kaliforniseher Blütenlhrips,
Zwiebehhrips

Gemüse im Gewochshaus : Blatt­
lause (Nw), Spinnmilben (Nw).
Weisse Fliegen

Zierpikuuen: wie aben (ausser
Produkt von leu)

Nichlalle Produkle sind für samt­
liehe lndiktationen zugelassen.
Die genaue lndikation kann der
Produkteetikette entnammen
we rden.

Orius laevigatus

Orius insidiosus

Macrolophus ealiginosus

Omya

leu

Andermatt,
Omya

Anderrnatt,
Welle
l eu, Welle

Maerolophus

Mirical

Raubwanzen, Orius laevigatus

Orius laevigatus Biopax

Thripor l

Raubwanzen, Orius insidiosus

Orius insidiosus Peperoni im CewCichshaus :
Kaliforniseher Blütenlhrips,
Zwiebellhrips

Zierpflanzen im GewDchshaus:
______________ _ ~ ~ wie o::b:::en"---- _

Zierptkmzen (Dauerku fturen) :
Trauerrnücken

Auberginen, Gurken, Peperoni
und Tamaten im Gew ocbsb ou s:

Kalifornischer Blütenthrips,
Zwiebelthrips

Zierplloru en ge deekt: Kaliforni­
scher Blüt~~~l~p~~ie~" II~ip~

l ierpflanzen (Dou erkulturen ,
_ _ _ _ ____-'-S:cte"'ckling e) : Trauermücken

Steinernema feltiae

Amblyseius cucumcris,
Amblyseius barkeri

Amblyseiuscucumeris

Amblyseius cucumeris

Steinernema feltiae

Welte

Welte
landi Reba

Andermatt

Auberginen, Gurken, Peperoní
und Tomalen itn Gew achshous:

Kaliforniseher Blütent hrips,
Zwiebelthrips

Zierpflanzen im Gewiichshaus:
Kaliforniseher Blütenlhrips,
Zwiebelthrips

Gurken und Tomaten ge deckt:
Spinnrnilben,Thripse

lierpfJanzen g edeekt : Spinnmil-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ .::..::ben, Thrips~ _

Entonem

Nemaplus

Traunem

Ambly-Paek

Raubmilben, An.blyseius cucumeris

Amblyseius cucumeris Andermatt,
l eu,Omya

Amblyseius cucumeris SR Omya

Raubmilben. Amblyseius cucumeris & Amblyseius barkeri

ThripexfThripex-plus Welle

Raubmllben, Hypoaspis aculeiler

------- -- - - - - -- - ---

Gemüse im Gewochshaus : Crüne
Pfirsichblattlaus, Grüne Gurken­
blattlaus

licrpffanzen im Gewéichshaus:
wie oben

G('müse im c ew ácbsboas: Crüne
Pfirsichblaltiaus, Grünslreilige
Kartoffelblattlaus

Zierpf/anzen im Gewéichshaus :
wie aben

Peperoni im Gewiichshaus :
Kaliforniseher Blütenthrips,
Zwiebelthrips

Zierpffanzen itn Gewachshaus:
wie oben, sowie Gemeine
Spinnmilbe

Peperoni im Cewachshaus:
Kaliforniseher Blütenthrips,

____ _ _ -'-- Zwiebelthrip-'-s _

Aphidius eolemani

Aphelinus abdo minalis

Orius majuseulus

Orius majusculus

Welte
l eu, Welte

Ori-Paek
Thripor

Sehlupfwespen. Aphidius colemani

Aphidiuscolemani Andermatt,
Omya

Raubwanzen, Orius majusculus

Orius majusculus Andermatt

Schlupfwespen. Aphelinus abdominalis

Aphelinus abdominalis Anderrnatt,
Omya

Aphi-Paek Aabd Welte

.~

Gemiise itn GewCichshaus:
Gemeine Spinnmilbe

lierpflanzen im Gewachsbo u s:
Gemeine Spinnmilbc (ausser
Produkt van leu)

Hypoaspis aculeifer Gemüsc im Cow ácbsbous :
Trauermüeken

Hypoaspis miles Gemii se im Gewodishous:
Trauermüekcn (ausser Produkt
ven Omya)

Zierpffanzen im Gewiichshous:
Trauermückcn

Phytoseiulus persimilis

- - - --- -- - - _ ._- - - -- - _._- - -- - - -----

Leu

Andermatt, .
Omya

Welle
Well e '

Entomite

Raubmilben, Hypoaspis miles

Hypoaspis

Raubmilben. Phytoseiulus persimilis

Phytoseiulus persimilis Anderrnatt,
l eu
OmyaPhytoseiulus persimilis

Biopax

Phyto-Paek

___~ pi<l~~~~e::x'__-P:..:I=us=____

Aphipar t.eu, Welle

Aph i -P~ek A~ \¡\/_e!_t"-- _

tfilfsc;lofflio; tc für den biclcgischen Landbau 2003 C' Copyright FiBL
»; '

I li1lsstoftliste für den biclo gischcn Land bau 2003 ,C:' Copyright FiUL



18 19

ff. NatUrliche Feinde ff. Natürliche Feinde
Anwendung

Zierpflanzen (offentliche Trepen­
b áuser) : Schrn ierl áuse

Wirkstoffe/KonzentrationGiftklasse

Pseu daphvcus
maculipennis

FirmaHandelsbezeichnung

Schlupfwespen, Microterys flavus

Microterys f1avus Andermatt M_i-'cr..:.ote~~ l_i':.rpflanzen: Napfschildlause

Schlupfwespen, Pseudaphycus macu lipennis

Pseuda phycus maculipennis Ande rmatt

Wirkstoffe/Konzentration Anwendungsgebiet/Bemerkungen

Aphidius ervi Gemüse im Gew iichshaus: Gríln-
f1 eckige und Grünstreifige
Kartolfelblattlaus

Zierpflonzen im Gewoch shau s:
wie aben (ausserProdukt von
l eu).

Handelsbezeichnung Firma Giftklasse

Schlupfwespen, Aphidius ervi

Aphidius ervi Andermatt,
l eu

Mo is: MaiszünslerTriehogrammab~assicae

Schlupfwespen, Trichogramma brassicae Beldenko

Trichobox landi Reba

Trichocap ·Kapseln zum landi Reba
Werfen

Tricho-Fix Andermatt

Trichogramma (Trichokarte) Omya

Trichosafe Andermatt

Trichosafe TS Anderma,~tt,- _

Gernüse im Gewiichshau s: Minier·
f1 iegen

Zierpflanzen im Gcwiichshau s:
Minierfliegen

Daenusa sibirica

Diglyphus isaea

Omya

Cemü se im Ccwiichshaus: M inier­
f1 iegen

Zicrpfla nzen im Gewiichshaus:
- M.!~ i.'=_~ Ii.:g~r:. . _

Dacnusa sibirica

Schlupfwespen , Diglyphus isaea

Diglyphus isaea Andermatt,
l eu,Omya

Miglyphus Welte

Schlupfwespen,.Oacnusa sibirica

. Obs! allg.: zur Wund behandlung

Obs! allg.: für Veredelungsstellen,
zur Wundbehandlung

Kern obst; Steinobst zur Reduzie­
rung von Frostsch éd en

. --=z,cc·ergeholze: wie obe .:.:n _

Giftklasse Wirkstoffe/Konzentration Anwendu ngsgebiet/Bemerkungen ·

frei

frei

freí
frei

Firma Giftklasse Wirkstoffe/ Konzentration AnwendungsgebieVBemerkungen

Firma Giftklasse Wirkstoffe/ Konzentration AnwendungsgebieV8 emerkungen

Firma

Andermatt S 84.B <;'. Gelbsenfmehl Weiz.~e",nc:..: ::.St"'inc.:k"'b::.ra:::n"'d=- _

Andermatt frei

Handelsbezeichnung

Baumwachs kaltf!. Galopp

Gaschell·Baumwachs

la c Bolsam

Stammanstrieh

~Wúndverschlussmittel fUrCiehalze

Saatgutbehandlungsmittel

Baumw achs (fest oder f1 üssig)

Baumpflast er/Arbal Andermatt

Kieselsaure•.Tonm ineralien. Haftm ittel

Handelsbezeic hnung

Gelbsenfmehl

Tillecur

Hand elsbezeichnung

Tonerde

'(Fri~~hIi8itemlttel fUfSchnittblumen. . .:: ., . , ' , ';" .

I
I

.. '1

Gcmüse itn Gewiichshau s:
Miniertliegen

Zierp flanze n im Ccwochshaus:
Minierfliegen

Zicrpfl ofJzen im Gcwiichshaus:
_~_usscl~erldu~ _

l eptomastix dactylopii

Leptomastidea abnormis Zierp flanzen im Gewiichshau s:
ZitrusschmierJaus

- ------~._- -- - - - ---

En-Pack

En-Strip

Encarsia formosa

Schlupfwespen, Diglyphus ¡saea /Dacnusa sib irica (Kombination)

Dacnusa/ Diglyphus . Omya 10 % Diglyphus isaea

90 % Dacnusa sibirica

Dacnusa sibirica/ Andermatt
Diglyphus isaea (Mischung)

Minex l eu, Welte
_M.inier~ack ~'.t..e _

Schlupfwespen, Encarsia formosa

Andermatt, Encarsia formosa Gemüse im Cew ácbsbo us:Weisse
l eu, Omya Fliegen

Welte Zierpflanze n im Gewiichshau s:
Welte Weisse Fliegen (ausser Produkt

- - - - -- - - - - - - - ~'2~~.':'!.l . _
Schlupfw esp en, leptomastidea abn ormis

Leptomastidea abnormis Andermatt

Schlupfwespen, leptomastix dactylopii

l eptomastixdactylopii Andermatt

Schlupfwespen , Metap hycus helvolus

_ Metaphycus h~,,-o l~ Andermatt_

Chrysal RVB Floristen frei Frischhalten von Schnittblume n
naeh der Ernte und beim Trans­

___ _____ _ PE~

Tonerde, Glucose

- --- - -- _.~---------~----

(hrysal RO I Floristen freí Frisehhalten von Sehnittblumen in
___ _ _ ---..:::der Vase _

ffilfsstoffli:itc '(ir den bicl cg ischcn Landbau 200 3 C' Copyrií:ht riBl lI ilfsstnflliSlc für den biologischen Landbau 2001 ' , Copyright fiBl
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2 Zugelassene Dünger und Handelssubstrate
2 1

Die liste der Dünger und Handelssubstrate ist nach N-reichen , P-reiehen und K-reichen
Düngern. Mehmahrstoffdüngem, lIüssigen Düngern, Kalkdüngern, Bodenverbesserern, Ge­
steinsmehlen, Mikroorganismenpraparaten. Algenprodukten, Abdeekmulch, Düngerzusatzen,

Pllanzenstarkungsmitteln, Blatt- und Spurenelementdüngern und Handelssubstraten geglie­
dert. Mulchfol ien sind nicht in der Hilfsstoffliste aufgeführt. Innerhalb jeder Kategorie sind
die Produkte alphabetiseh geordnet. Die aufgelisteten Produkte erfüllen die Anforderungen
des Biolandbaus. Ein Wirkungsnaehweis wird für die Aufnahme jedoch nieht vorausgesetzt
(z.B. für Bodenverbesserer, Düngerzusatze oder Pllanzenstarkungsmittel). Die Aufnahme auf
diese liste stellt somit keine Anwendungsempfehlung dar. Für jedes Produkt sind Verkaufs­
firma, Zusammensetzung, Gehaltsangaben und Bemerkungen angegeben. Adressen und
Telefonnummern der Firmen sind am Sehluss der Hilfsstoffliste aufgeführt. Die Ein teilung
der Düngertypen stimmt nicht mit der Einteilung in der Eidg. Düngerverordnung (DüV) und
der Düngerbueh-Verordn ung (DüBV) überein.

Futtermittel wie zum Beispiel Kartoffelprotein oder Olpresskuchen sind als Dünger erlaubt,
sofern sie den Riehtlinien Art.3.1.7-3.1.9 der BIO SUISSE entspreehen. lhre Verwendun g ist
auf ein Minimum zu begrenzen.

Beim Ausbringen von staubigen Düngern wird zum Sehutz der Anwender das Tragen von
Staubsehutzmaskenempfohlen.

P,os Phosphat

SiO, Siliziumcxid

*) provisorisch zugelassen

von BJO SUISSElizenzic rte Produkte

mittel b i~ langsam

Bernerkungen

rnitte!
(2-3 Monate)

lang~m

(6-8 Monale)

langsam
(l -6 Manare)

lc1ngsam
(s-a Mondte)

Mg Verfügba,keit
%

Ca
%

P,os K,O
% %
1.4 0.2

14

14

14

14

14

14

14

N
%

13

85

80

BS

BS

85

OS
%

Tierhórner

Tlffhórntf

Tiefhorner

Tierhórntr

Hornspane SI lein, t.andor
1-4mm

Hornspane 511 • l andor
fein, 4-7 mm

Hom osen-Horn- Humosan
gries_~LH_~~~p_an~ _

Handelsname Firma

Hearrnehl Pellets t.and or
4mm

· Hornmehl Hauert

Hornspéne Renovita

· Horn spáne fein Hauert

· Ho rnspéne mittel Hauert

ff,N-reiche DOn er

P-reiche DOn er
Handelsname Firma Zusammensetzung OS N P,Os K,O Ca Mg

O/, % % % % %

Ag' i PIS Agribort Rohpho\9M, Mm~'gM 15 36
Fully

ASP 60 Feuerstein Thom,nmehl 6 32 2.4
Biophos Agroline RohphosPN t 33 39
Dolophos Reichmuth W~h~dtgt'\ Rohph~ph,)l 15 29 4

kohlemaurtr ""'gnesiumk,llk

Granuphos 18 l andor Rohphcxphdl Dolomit 18 22 4.8

t itho Physalg 18 Timac Roh......h... Dolom~ 18 31 1.8
Mef't'twlgtn

___~axifl~~____ l andor Roh~phc1l Magn~iumkJI\ 22 2.9

organ ische Substanzos
H,O wa vser

K,O Kaliumoxid

Mg Magnesium

mS MiIIisiemens

N Stickstoff

Verwendet o Jlbkürzungen und Zeichen :

Ca KalziurT"

I
Handelsname Firma OS N P,O , K,O . Ca Mg Verfügbarkeit '

% % % % % %
Azocor 8 ') Méoc GetrockneltrMistHommehl. 60 9 1 0.5 0.5WoIlreste

· Azor Bio- Hauert "'tJb.M"isprolein 75 8
Stickstoffdünger

Bio 9,1-0.5 ' ) Agribort Prtsskudlen. WonrMte. 66 9 0.5
Riddes Huhnl.'rm¡~l Huhnerfrdem

· Biorga Stickstoff- Hauert KomposVTr""'bffib'~er. 80 10-
dünger gekrümclt Hornmehl, ,...m,Vn.1S~

11· Riorga Hauert KompmVTraubenlTtsler, 80 10-
Stickstoffdünger Hornmeh!,Mal:. Vmoilne

11pelletiert

· Biorga Stickstoít- fiauert Komp<»~'Tr~btnlr~rt. 80 10-
_ _ d~K"!.!u.!':e-,_ _ ___ _ Hommehl,MalloVin.lSst

11 ------ - _._ -

:K-r&¡ché DOn- er . . : '. . .: _. . . . .

weitere K·Quellcn: siehe unter «Cesteinsmehle_

Handelsname Firma Zusammensetzung OS N P,Os K, O Ca Mg Bemerkungen
Ofo % °10 q'o % O/,

KJliumwff4! 50 nur bel nechgewieHapa KaJi Hauert
senem Kalimangel
(Bodenproben)

30 6 diloKalirnagnesia l.a ndor, K.l!iumsutIJ!.. f,t..lgntsiumsull.¡(
(Patent kali) Hauert

kJhumsulld! SO ditcKalin Hauert
K.Jfiumsuff.:J! 50 ditoKalisulíat 50 Ofo t andor,

KaJi

KaJi K.Moh~Iz (K olin i() 11 3 dücMagncsia·Kainit

K.Ji KJliumwllJI,. A.tJgnt\ium~ulfdl 30 6 ditoPatentkali
(K.limagnesia)

ditoSolupotasse Kali, KJliunn ull.)! 50
l andor.- ---------- - - -------- ------ -------- - -- - - - -.- - -._-- - -- -- ----

Hilf S 'i to H l i sl ~ für den bio lu~ jschp.n Landbeu 2003 C;. Copyright riBl
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Zusammensetzung OS N P20S K20 Ca Mg Bemer kungen
% .% % % % %

Agrifum ') landi/ Riodtl'1tW.. Cfiinkompost 70 2.2 2 2.2 1fenaco

Agro Biosol Ise/y f~rmtntiMt PIIzbiomasst 80 S 0.5 0.5
Angib io 6 Agribort KGmpO\tier1t flSdlabWlt 55 7 5 2Fully. Biarga Natu r Hauert KomposVTr"ubtnlrt1tn', MJlz. 60 4 5 0.7Volldünger VII'I,me. TonmmJ.V~se'W

Biorga Hauert KartolftlprOlern,MaII, Vinasse 60 6 4 0.7Rasendünger

• Biorga Vegi Hauert "'" 70 5 5
Biovin Enpro Ttaubtr!lTt1tl"l' 65 2 0.7 2.5 0.3
Collit·Standard ' ) Omya Huhnt'rmi\t (ge-k/lml) 5 2 2
Foodgreen Agrano ..... 85 7.2 1.5 1.6 1.5
Fum ar grün ' ) Bachmann Huh~mist 65 2.7 2.7 2.7 0.4
Gallina Swiss ' ) Jud Huhntrmisl 65 3 3 3 0.4
Gallit os ' ) Bernasconi M"lz.Húhn~mist. 65 4.5 2 3 0.5Kartofftlptottin

Guanumus Agribort f"IS(NbrJnr (\ompo~rt) 45 0.9
Fully

Herbaguano Agribort ftSChabf.ine(\om~rt) 33 3 15
Fully rtdf'rmthl RohphOiphdt,

VlI\dist . DoIomít
Hexabio landor FermentierttPJubiom.tssr 6 2 2 18 0.6
Hühnermist Hauert Hul'1nttmist 65 3 3 1.5gewürfelt ')

Humixa·B Farmt ech Wunnhum~ Enl'f"'f' 3.5
Hum otin ' ) Hauert Mdll. Vin,!SSt'. Hühnermist 60- 4 2-2.5 3-3.5 pelletiert

70
Italpnllina ' ) Reichmuth Huhnt'l'mist 70 4 4 3 0.5
Kompostierter Hauert St.lDrnrsr. Gartenkompost 25- 8.0- 0.6- 0.8-1Mist ')

30 1 0.8
Kuhmistgewüñ,"~! .) Hauert Kuhmi\! 65 1.7 1
Kuhmistpelleñert ' ) M~n<: Komposter:erRindtrmist 65 3 3 4

Maltaflo r landor "'1z 5 1 5
NaturaRindermist .) Opt isol Rlndttm~ DoIomit, 60 1.5 0.8 1.2 . 2.4Ttau~ut('

Okohurn 8io- Okohu m P~lbtommt. VlNsselJli. 4 7l angzeitdü nger RohphosphJlTonmehl

Oplisol Universel ' ) Opt isol HlJh net'm~1 65 3 3 3 0.4
• Organische 8achmann Kom~ Horn.M6II, 25- 3 3Pllanzennahrung A1¡;t'1lprodukte

35
Belflo r Bio

Oscorna Floracorn Humosan Ririnus.R.lps·.SojJsc:hI'ot 90 5.5 4.6 1.4TrtbermrN

Phytope rls l and or M.li1proltin 7.5 5.5 1. Reinar ') Hauert Mollt. Vin,m e. HiJhnerm i ~t 60 5 1.5 4_ _ _ _ _ _ _ _ __.___ _ Kolrto~dpr.~ein 0.7
--- - -- _. - - ----- -

Hiltsstoffliste für den ujulogischen Landbau 2003 e Copyright FiBl
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ff, Mehrnahrstoffdllnger .
Handelsname Firma Zusammensetzung OS N P20S K20 Ca Mg Bem erkung en

% % % % % %

Rizinusschrot Humosan Rilinussc:hrol 75- 5 2 1.5
80. Rizinusschrot Thurella RWrMsc:lvot 75 6 2

Rizinusschrot Méoc Rltinusschrot 75 6 2 1

Rizinusschrot l andor Riz inusschfot 75 5 2 1

Valarga ' ) Agribort Rir\dmMt. NaddhoIzrindtn 43 0.6 0.3 1.2 0.9 0.3
'Fully (1"""",,",")

Vivasol ' ) Vivasol, Hühnmn~ letfockMt. 85 4.6 3.3 2.5 3.5 0.6
l andar Pflletiet1

Mehrnahrstoffdllnger (mit Patentkali und/oder Kalisulfat)
Handelsnam e Firma Zusammensetzung OS N P20 S K20 ' Ca Mg Bemerkungen

'lb % % % % %

Agri PK 0.8.20 Agribort Rohp~pM. Kalh lgm 8 20 17 nur be! nachgewie·
sene rn Kalimangel

Fully (Bodenproben)

Biosol Isely Fermeonerte pazbtomam. 70 5 0.5 dito
P"tt'fltkali

Oenutri Isely Fermtntit'rtt Pillbiomdsst. 70 0.5 dito
Palm!Llh

Opt isol K+ ' ) Optisol Huhnennrn.KafiwlfAt 60 1.5 2 10 0.3 dito

Organos ' ) Hauert ~"JIz. Vinasse. Homrnrill. 60 9 3 6 1 dito
Rohphosphat.HUhl'lffTllist.
Pat«lttol~

t tilfsstolfliste für den biologischen Lendba u 2003 C' Copyright FiBl
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Flüssige Dünger .

Be¡ der Anwendung von F1üssigdüngern ist darauf 2U achten, dass sie nichtauf erntereife Produkte gelangen.

Handelsname Firma Zusammensetzung OS N P,Os K,O Ca Mg Bemerkungen
oto oto % % % %

Bioalgi Vegetali Bioline Vínam . A1gt~mdktt 2.2 8
Biocorrettore Bioline Vin.m~ Torlertrdkte 2.2 9Vegetale

Biodite Vegelale Bioline Vlnam. Torlemaktt 2.2 9
Bioequi Vegetale Bioline Vrnaue, Sch.lchltltwlm-. 2.2 4Thymi.ant.tra1lt

Bioorti vegetale Bioline Vil1.lue. 8rrn~~-. Wtrmuft¡. 1.9 13.2undRdinlJmedrJkl
Biopropol Bioline Vin,lS~. Plopoli~. Thymidn. 2.1 7.6Vegelale t d takl. Biorga N f1 üssig Hauert N ·rricht ViIlJ1~

Biorga NK tlüs>ig Havert K·f~VUl.)nf' 2.5 7
Biovin (f1üssig) tn pro TrJubm\ trM 65 2.7 2.7 2.7 0.4
Oellan Optisol h'fdrcl~r'le Jitrf¡Ju1t 20 10
Humixe-R Farmtech Wurmhumus,[nryme 3.5
Liquazor t ender Hydrolisitrttfjfflljute 9
Presswasser aU5 Kompoga, F1tissigtraktionYOn Gargut 0.4 0.2 0.5 0.5 0.1 in % Frisch-Kompogasanlage substdnl
Trapper Omya HydrM f'fttrlMIC1u1e 14 fUfF1ussig,lnwt'n-

Trapper f1 üssig
dung

Omya HydrolisiMe rrnMute 9
Universaldünger Andermatt rlS<tl&fdtt. Htlt. Vinasst. 38 3 4.5 3Or Brun Mttrtu lgtn. Vegesan Bio Hauert Vinasst 3.3 2.5

~~__~nj_?!~_ 5 0.3 6

25

Kalkdünger

siehe auch unter: «P·reiche Dünger_. «Algenprodukte_. «Gesteinsmehle_

Handelsname Firma Zusammensetzung OS N P,Os K,O Ca Mg Bemerkungen
% % oto oto % %

Agro·Oüngkalk landi/ Kohlensaurff l(alk 38 0.6
tenaeo

Cald sol/Calcosol Feuerstein I(ohltnsouff K.1Ik 3B
Calcodol lO Feuerstein I(ohknsaurff ~lk. DoIomit 2B 6
Chaux Asemer I Holcim l(ohJtns.Jom Kalk 39 0.1
Chaux Asemer 11I Holcim Kohltr1YUl'ff Kalk 30 0.1
Oolokorn Reichmuth Kohl~sa urff MagnMiumkdlk 26 B
Oolomit Agroline Kohltnsaurff M.lgllMiumka!k 22 13
Oolosul Reiehmuth' OoIomit.GiPi 22 4.8 s 7 "

Hasler Düngkalk l andor Koh~rffKalk 37 1.5
Kalk-Stelnrnehl Ulrich Kohlrnuurff KAIk ' 0-25

Kohlensaurer Kalk Reichmulh Kohlmsdurf'l' ~fk 38 1.5

Magnesiumkalk l andor Kohltn~urtr ""'gfle1iumldlk 21 11
Oolomil

Naturrein nora tmlomit 22 12
Magnesiumkalk Geissler

Naturrein Flora 00I0mit, B.ts.IIl TGnrnthl 7.5 0.3 0.2 0.3 16 8
Rasengrün Geissler KMtof1rt~a~~. 8.lkltntn

Ovo Grit 12 Holcim Kohlm\a....,.. hlk 39 0.1. Ricokalk Ricoter Kohl~S.lurer K.llt.ausdtf 10 22 0.6
l lKltrfJbnb líon

Vitalsel AM.C. Hedel Mrtrt~lgtn, Tonmint"ral, 30 2.1 Na 3.6 %
Mt tfWll

.Bodl!nVerbesserer · . ' ' . .
Handelsname Firma Zusammensetzung OS N P,Os K, O Ca Mg Bemerkungen

% % % % % %

Belllor Bachrnann GrunJbl<i1lc (kompostit l'1) 37 1.3 0.7 0.9 5 O.B Trilnsportdistanz

Gartenkomposl max..80kma b
Werk

Belnor Bachmann Bdunuindt (1.omllO"lkrt). Z~hlagss!o ff fUf

Rindenhumus Mtt fNI¡;:tn. Urgwr'tmmehl Subslrate

Bihulhcrm (lose Renovita Cth.Jd..seltt\Stroh 75 0.5 0.4 0.6
und peJletiert)

Biodenit Rolusa lU(\trrubtn~(hn it1 tl unene- 1.5 0.4 1.6 0.3 ücd enverbe sserer.
~Ir nhwútftl. KenJl.Gelr tid~ rcrtersen
abgang.Mlboorgoln¡~m~

Biohumin Pareno SJgtm~hl. Gtsteinsm~hle. 55 0.3 1.1 0.2
Xyhle. lreber, Vin.nse

Biplanlol agrar Plantosan l cl'.agranuf.llOptiwlil e cdenverbesserer
8lpl.lnl<JI. tlorngriess. Haf,... Iúr die Le ndwin-
strnhtnffll. Urgts1t'Ín\mthl schalt

Biplanlol terra Plantosan tn agrolnulat, OplKull1, Boderwerbe,>o;erer
8iJ¡Lmlol t1orn" iMs. lI.)ftf· fUr den GartenbdU
stl oh~hl Urgcst~l\md1l

Casibac CPl O Casanova Zrolilh. M.l 'oor&i1ni~mtn

Charnpi-Hurn Kuhn Ch.lmpignonmisl 58 0.5 0.7 0.6 Tran,>pOf1di..lanl
mee ea kmeb
Werk. Compost Elite Cermanier RolStf1schnitt, t rünJbbll 36 1.5 0.7 1.2 6.2 0.5 T ran,>pof1d i ~tanl

m u . 80 kmab

------ ---~--- - - --------- --- - - - -
____"'!!:r_k _ _ _ _
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aodeeveebesserer,
Zu~hlagsstoH lür
Substtate. Torf­.,,",
ru r Bodenlocke­
rung. Bestandteil
von Erdenmi·
schungen , Abdeck,
muk h

ri,ka 81 ~ S.nut
bel noKhsewiese­
nem Bedarf

Transportdistanl
moll..80 km ab
Wefk

54 %

0.3

2.4

0.6

1.2

1.2

0.4

4

4

19

0.7

4

0.3

1.5

0.7

6.7

Mg Bemerkun gen
%

B

8

0.9

1.7

7

5

12

3.5

12

2_5

20

0.5 0.1

Ca Mg Bemerku ngen
% %

1.2 2.4

3.5 0.7

3 2_5

6.5

Ca
%

2_9

2.5

2.2

0.7

1.2

2.5

2.B

1

0.6

1.4

0.1

0.2

0.4

0 .3

0.5

0.5

0.7

0.6

2.1

P20 s K20
% %
0.4 2.2

1.2

2

5

P20 s K20
% %

1.3

2

0.7

0.9

0.5 0.1

56

58

58

58

15

75

50

42

20

94

70

64

28

Si0 2 N
% %
50

64

56

Zusamme nse tzung OS N
% %

Meer~lgtflhlk. DoIomÍf"
Kif'\erit.ligl'lOSuUOndle

Ko!IIisulfat. Wanerausntg\'Ofl
K'c1 utennisdllJng.Spu,en·
<l<m<nl.

Kompostime Grünabfuhr und 40
Garttnablallt

Kompost. HoIIfaS('fJl. Hoto.
Mall, Rohphosphdl

Schdfmist. KaIff'f'Sdtl 6 1

Wurmhumus 17

Plerde-, Huhnerm~ Gips, Soja 2 8

Gesteinsmehl

KompOSlHolzha<kschnrt:zel. '
Vind\se

G~IMsmehl

I f'Olilh. Klinoplitolith,
Yonminer<llf'. Fdd~l

Gnl eiMmeh!

~einsmehl

VulkJngf'Stt'in

Urgf'S!f'insmchldusDiJbas

Ur¡tsI~smehl dOS Di.JbJS

Firma

Schweizer- Schwrlet.BentoniI
hall

Ledon a

Coul ette

TMCE

8achmann

Méo c

Andermatt

Gaismann

Bern.lsconi

Firma Zusam mensetzung

Unipo int

Eco
Reichrnuíh

Ulrich.
Andermatt

Bernastoni

Holistic

Reichmuth
Bernasconi

Landor

l andor .U,gn teinsmmlallSDiabas
Eco A1uminiumsilikal

Renovita 8enlonitmehl

Schweizer- Perhl
hall

Ilauert

Handelsname

Vegelhum us .)

Vermi

Wauwiler
Champignon­
Komposl

Bioli l

Clinosoil

Edasil G

Europerl

Handelsname

Fitoclin

lI ersbrucker
Gesteinsmehl

Klino feed

Napf-Slein mehl

Slerosol

Soil Tonic

ff. Bodenverbesserer

Te rrafo rm
(25 mm)

TMS-B minerali ­
scher Bodenver­
besserer

• Torfersalz Belflor
Bio

• Torfersatz Bio-Line Ricoter

Perlil

Pflan2e 2000

Ringolil

• Steinmehl mit
Magnesium

• Steinmehl
siliziumrcich

Sleinmeh l
siliziumreich

• Urgesteinsmchl

Cesteinsmehle . '

Vulkamin l an dor, Vul~nischn Urgesteimmehl 48 5 . 1 5 .7 0.6
_ _ _(Urg~~~".' <:I.'I)__Ren,---- _

I

I.,
I

· ·c i

Transportdi\ tal'll
maa, 80 krn ab
We,k

Y,an sportdislanl
mae. 80 km eb
W~rk

T! .lnspo~:t ¡ S!J r: :

mee. ea km eb
\'Verlo.

Tr3nsportdistanz
mal . 80 km eb
\Ve,!..

TransportdistJnz '
m,n . 00 km eb
Werk

Yransportdistanz
mal . 80 km ab
Werk

S-Ge'halt 99 .9 %.
Verwendung nur
be¡ nachgewie­
senemfledarf

Transportdi\ t.lnl
mal , 80 km eb
\Verlo.

Tr.Jnsportdislanl
maa. 80 km eb
Werk

in % Fnschsub­
stanz: Tr,Jn\po t1­
dlstanz m.u .. 80
kmabW erk

Transpondislanl
mar . 80 km eb
\Verlo.

Transportdislanl
rna{. 80km eb
\Verk

diverso:! I US.Jlz­
nante n lút ver­
scbiedcne Anwen·
dungsbe1eiche

P:.u cnunler! ldh

T',l nSplJrtdi\ I<l f1 Z
Ill n OO krnJb
\': N k

Tr.ln \po.1J j-;t.1I1Z
mal , fll) ~ nl ab
\V~ I !..

0.3

0.2

0.3

0.4

0.6

0.7

0.5

10

0.2

1.5

0.3

0.2

Ca Mg Bemerkungen
% . %

3.3

3.5

2.7

0.6

6.5

6

10

24

3

2.3

1.2

0.7

0.7

1.5

1.1

L3

0.5

O.B

0.5

1.2

1.7

0_5

1.2

0.6

0.7

P20 s K20
% %

0.2

0.7

0.6

0.5

LB

0.7

0.5 O.B

L3

0.6

0.6 0.5

L3 0.2

L3 0.6

2

1.5

0.5

1.2

1.8 0.7

0.8 0.9

0.9 0.3

1.8 0.7

60

22 0.4

47

30­
50

16

40

40

45

40

75

3.5

80

25

48

Zusamm ensetzung OS N
% %

Champignonmist.Tlauben_
nester, RlIldennist 1(.~ Het'\dtl

Grun¡ut .mV tr l j rung

l anderd~. wrtt'1lkomposC

Crlinabfal'o(

A-M(hpufom.PR.tnl~tltra.t

Vitdmillt. M!l'OOl'&.tniim~n.
Gesteiosmehlt,VindSse

~;dtmis1, Huhntrmist.Torl. 20

~:=j~: Grün.Jbfuhr und 40

Rjlinundlrot.R.l~sdJrOl

StriMlf'hlBtntonit.A1gtnh ll.,
Mtl .m e

"'ün~1,( Enrymu.
Urg~~hl Hommril!

Tontrde. Holl, Grunabfall.
SchJll. IIomspant. Húhl1t'f­
ledffll

lCompost.ldndet'd~

Tt Juben ~ e1nt'fltrl"Sler
(pdltt;ert)

Dulomit,8.l\J1t, Tonmehl
Otltrin,Ba1tet'itn

Cetmanier Rlwnschnitl. GríNbf.tll

Andermatt Ahombfatter1irup. MM ie.
khtf~ ~jkroora: aMmtn

Weihcrhus GrunabfaR, (hlllmhi"

Schweizer­
hall

Weiherhus Grün.tblall,Pftf~

Rico ter

Kico ter

Sioma

Humosan

Komposta

Vollenweider

Méoc

Flora
Geiss ler

Optisol

PRP

T'aubenll~er. KlffttSdtz.
Y.Jnnennode. Huhllet'nmI:

Me-t'r .lrgffi~aIk.M~11.

Spurc-nelenJwtl.'.ligno-
su!londle

Vollenweider Kornpolt Sand

Weiherhus GrünJbl.ifle

E-200 1

Elementarer
Schw efel

Frischkornpos¡

Fumor blau . ) Barhmann

Cargut aU5 Kompogas
Kompog asanlagen

Gerber Gerber
Champignonerde

Humafo rm Coul ell e
(10 mm)

Mator

Nalurrein
Bodengranulal

Opti sol Organo ')

PRP Boden­
mineral

Rdsenerd e

Reifekomp ost

• Campost Jun ior

• Dünge·Kompo5t

• Frischkompost

Gartenhumus

• Garten ka mpost
Bio-Line

Geol ife

- - - ---~ - ------~- --- ---- -- - ----- --- - - ._-- - -

Humosan
Bodenaktival or

• Knospen Komposl . SlGBS

• Komposterde

• Kom posterde

• Reifekompost

I l i lf ~..loffljs!e hir d(,1Ibiolosi schcn l dndh..u 2003 e COp)'right FiBl ll ilfsstlJflliste für den biolocischcn l Jn db.l u 2003 e Co pyright riBl
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Algenprodukte . - .

Handelsname Firma Zusammensetzung OS N P,Os K20 Ca Mg Bemerkungen
% % % % % %

Biofitac PFI Biophyt ~eudomo"," ñexeseens

EMl Bionova 8dkteritn, Hl!f~Pítle

MBI600 Andermatt Batinussubtilis

Polyversum Andermatt Pvthium o'ganaum

Tri 002/003 Andermatt MootrnoñIIonit Sand.Milro- 2
Ofg~ (Trichodmn.J

hm i':Jnum)

Tri-Ton Triton BIJhtO!'- Mykorrhizakulturtn

. Vaminoa Andermatt VA·M.,.korrhiza 2

Mikroorganismenpraparate

· ) in kg/m'

C/N.verhallni1 : 130

Mg Bemerkungen
%

0.3

Ca
%

0.1

P20, K,O
% %

0.2

3 .)

0.3

0.2 0.1

N
%

90

77

67

OS
%

ZusammenseUung

Bachmann lConiterenrindt

Bernasconi Sdli!fh.k1se4 und 4l'omatiKhe

'.'''lO''
Bachmann 8or\t def~pinit

Hauert (hindSdlilf

Coop Nadtlholzrinde

Renovita RiOOm

Okohum Holzfastl'.Stroh.
htoffelstane. Homsp.i~

Ricoter

FirmaHand elsname

Abdeckmaterial
Ricoter

Belnor Abdeck­
material

Cartalit

Decover
Pinienrinde

• BiorgaTerravital
Abdeckmulch

Oecoplan
Abdeckmatérial

Rindenmulch

Terra lit

Abdeckmulch

.,
i

BemerkungenMg
%

Ca
%

P,O s K20
'1'0 %

OS N
% %

ZusammensetzungFirmaHandelsname

M('t'~~lgen ~

fürGiille

für Kompost

für xcmpcst

fu, Schwcinegulle.
tl ühner· und
pterd emist

fú' Gülte und Mist

für Gülle ohne
Slfoh

fur Kompo'5t

für Rindergülle,
Mist und Kompcst

Iilr xcmpcst

fa,xcmpost

ro, Cúlle und
Kompost

fúrGüll~ und
Kompost

für Vollgiille

fürGGlle

fu, Harngülle

BemerkungenMg
%

Ca
%

P,O, K20
% %

ZusammenseUung OS N
% %

A1genkark., Senlonit. Heten

A1gtnkal\, k ntonit.Heftn

AlgtflkABentonit.Hefen

PII.wt.O!t.Mteralgen.
¡thenKhe Ole. Pl1.lNentJ.-
IrJkte. limonen-lerpmt.
AlIohol

Pf1anz!.OIt.M~algen.
ith~is(he Ole.PfIanJenel-

trak1e. l¡monm"T~ptne.

A)l.oh~

Kar1offelprolein.M.lI.z. Vínasse. 60 5
Kr!uter

MikrOOll aMmenkonlentlctl. 7
MM '"
Mlb OOl'g.lflfsmffl

rral.:btnkeme.Gesltinsmetd

Ndh,· und\Vírh lolie in
homóop<lthis<h~ I(oozen·.,....
N.ihr· und Wirk.~lolle in
homBopdlhiSl:herxcmeo-
b'alion

Ndhr. undWirbtoli~ in
homóOp<lth i-;cherI(onzen·
b'ation

~'i\roofganismtn

Mlkroor¡antsmtn

Erde. (,nleinsmehl,Mlk,o-
Ofl,)ni\rn~

Verora

Plantosan

Plantosan

Casanova

Casanova

Biplantol plus 5G

Casibac CP

Casibac PIS

Biplantol plus

Comptoir 8Jklerien.A1genkJ!I.. Zud.~- ~~'5~ in'5t reue und
rchrmetesse

Haue rt Hühnermisl,M<lll . Vinilsst. 60 5 1.5 3 0 .6 für xompost
. .K:!~~!"itl. Tr~~~llr e\l~~ - - - - - - - ---- - --

CMC·Komposl·
starter 550

Comp olit/Tradilit

• Composter ')

DUngerzusalze .
Handelsname Firma

Actilith Timac

Algalise L Agribort
Fully

Algalise P Agribort
Fully

Amalgerol 2-verde Landor

Amelgo-verde Amelgo

. Biorga Kompost· Hauert
Blitz

...;
Biorott Andermatt

':\ Biosuza Guignard

Biovin- Enpro
Kompostaktivator

Biplantol Kompo st Plantosan

1.8

1.2

1.5

2.5

1.8

3

3.8

0.3

1.8

3

6.6

3

0. 1

0.2

2.8

1.5

0 .1

32

1\

32

30

35

0.6

0.9

30

28

30

25

30

32

4.2

20

1.3

2.5

1.5 3

0.2 0.3

0.7

50

Meertsalgtn

BrauNlgfflntIJU

Mffi'N Igm

8I'lUfIo!lgtn

BrauN Igtn

Mn rtwlgtn

Mffl~lgen

M~rrwlgtfl

Mttt tw lgtn

M«r algl'flkJIlBrJI1n.1lgen

BroJun<llg~xttJkt

Cakiurn· und
MJgonUnu ,bonJt aus
A1gtrwbl.igm¡ngtn

Met'fesJl¡en

Ml't' lro;Jlgf'n

Mttft\,)'~C'nkJtk, Oolomil

M« ru Jlgm

Wytor

Renovita

Künzle

Agribort
Fully .

Agribort
Fully

Omya

Andermatt

Landor

Landor

Hauert

Landor

Siegfried

Omya,
Renovita

Wytor

Landor

Wytor

Timac

Wytor

Timac

Algamer poudre

Agricol

Algada

Algamer compact

Algan

Algifol

Algobrun Nr. 1

":¡¡obrun Nr. 2

• Bbrga Meeres­
algenkalk gek6rnt

Coralite Kk+ .
Pulver

Glenactin 290B

Goemar GA 14

Granukal

Granulit KR+

Hasolit Kombi
granuliert

Litho KR+

Lithomagnesium

Lilho thamne
Granulit

__ _ Lilholh.amne T400
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ff. Düngerzusatze
Handelsname Firma Zusammensetzung OS N

% %
P,os K,O
% %

Ca
%

Mg Bemerkungen
%

Handelsname Firma Zusammensetzung OS
%

( u 0.01 %

2.1

0.7 0.3 0.1

16

16

2.1

2.1

0_3

0.3

0.21.2

3.5

3.5

38

38

Dolomit

OoIDmil

Oolomit

h lciumcarbonat

Mebss~

WJS\tf . Kdfium. Kupltt'.

s""""d,m","
KalisuUatNl'tlmitlel. Spu­
rere'emente, WasserauSlug
ven Kr.!u!ermischur:g

GfSttinsmt'hl.Pf\eml f:l'llMhI

K.m ulfat..Spur~~l~.
Wa\~auslul vanKr.1uter­
mischung

~Iisulfal N~tImittel. 5puren·
rltmenl~. W.n~auszucvon

KJ¡utmnischung

( aIciunKarbonat.Quarz~

Mtl.m~

8entonit. Metttsalgm.
M~liMlpnanzen

NJht· WldWuts!offe in
hornOopcJd\.Konltnlla lion.áth.
01.. ......
Nalv· undW.rutoff~ in
homóopathischer xcmen­
tr3tioo

Nalv. une!Wlfi.stofl ~ in
~KONM-.-
N~tM'. undWirtstoff~ in
ttomOOpath¡sch~r Konten­
tralion

Yuccatdralr..l. F~~talions ·
produb411Sl0tct0balifttn

" """",,"
,AcltrSChachlelh.slm

TrJubtnluck~rdtfiva l.
Mlkh\oofurt.,Pf1.JnzenedeJUe.
Vffld!. luc\.!fatten

b traklausWUfmhumus

ldrakt aUS Wurmhumus

Huplo

fluplo

Huplo

Huplo

Huplo

Huplo

Huplo

Huplo

Ledona

Agrisan
Mauser

PRP

Penergetic

Penergetic

Farmtech

farmt ech

Mauser

Agrisan
Bioflora

Schneiter

Plantosan

Plantosan

Plantosan

Agrisan

Plantosan

Humixa-Ncrmal

Humixa­
Polivalente

Microsan·P

NaturPur
sodenstarker

NaturPur
Pflanzenstarker

Penergetic-p

Penergetic-p
(1Iüssig)
Pílaru en ­
blauwasser
Plant Tonic

Equisan

floralorce

Crop-Set

Biplantol vital

Biplantol SOS

Biplantol Contra
X2

Biplantol Rose

Bentosan

Plocher p-Kaleaf
Blattslarkung

Plocher p­
Melasse-Blal!

Plocher p­
pflanzenaktiv­
Kaleal

Plocher P­
Pflanzensl3rkung

Placher p­
Pflanzenstarkung­
Oolomit
Plocher p­
Pllan,e nvilal

Plocher p­
Pllanzenvital­
Kaleal

Plocher P­
Wurzelraum I
Placher p. Hupto MeLm e

_ ~".~,,!~a~.!"_II --- - - - - - - - - - - - - - -

fur Cütl\! und Mlst

h.ir Kompost und
Boden

für Cülle und Mist

tür cune.Mlst und
Kampast

für Cüne. Mist und
Kompost

fÜf Cüne

fij r Komposl

fueKamposl

für GÜlle. Mis1und
Kompos1;
tJ" 1.6 %

lüecene

füeGülle

für Gülle und
Kampos!

fueGülle

fueKornpO'j,l;
Na 1.4 °Ja

für Gulle. Mist

'Uf GÜlle. Mist und
Kompast

für Kampost

lürGülle

1.5 für Cüne

1.6

1.2

2.9

4

4

2.6

20
1.7

24

1.7

30

10

3 _3

B

2.2

2.2

0.6

3.3

0.4

16

0.5

0.4

1.28

k.ohl ~hydr3l Kt.1 ut~r. "'''\ ro­
organ~men. EMI

8.'JsJll · Ul ge~l l.' ;n

(a!c i um·unJ \'Jsne~ ium ·

urbo nal

M~l.m~

Mono<akiumph~phat.

Siliziumdiolid. Koh~ydrale.

[uk.alypf\Jwrtrolkte

Mtttesalgrnk..ilk.MemJlz.
LIgnosulfonJtl!. Spuren­
etemente

N<Ílriumw:f.¡l W.ns~eJUSlug
vonKr.lu!(fTl'ljschung,SpUfen­
tkm~e. '-!~IJs \t

W~s~. '-!M~. '-!lkl"OOf¡anis·
men

Calciumcarbon.lt

Pilz,.B.:lkterienkulturm.
Wf'ilem.ltie

Cakium<Jfbon.Jl Quarzmehl

( .1kiumc"rboNl Ouarz~

(a lciumc:Jrbonal

Braundlgrnmrab

B.lktffirnkulturf'f1

8J kttl'~k ultur~

Kalll..AJgen

~tf'i~.~Oiab,"

NatriumsulfalW. UftdllSlug
von K' .Juttrm¡~hung. Spurtn·
elemente

.lthtrkchl!OIl!. F~r!,
Tt~. Alkohol

M« rt14IXtl\ Dolomil Nahr·
sutKtral lur Entymf

A1gtn. Hlihl'lft'ftdml

MettMoJlgm,natürtidle
IonmJUitilllSch~. Aitivalort n

Gtstmsmth l ausDiabas

Mttre-wlgtnk.llk

Rhter

~itt p .

Biosa

Agrisan

Pencrgetíc
Penergetic
Huplo

Huplo

PRP

Huplo

Marthy

Landor

Holistic
Landor

Wytor
Holistic
Ledona

farmlech

í.andor

l andor

Wytor

Wytor

Sacara

Sojall-Bio-Power

Sojall-Micro­
Power

t er-a Biosa

Microbactor
Microbelift

Microsan

Campastol natura

Enzymix

Gülle 2000
Hasolit BPulver

Gartenaktiv KR+
Glenor Kr+

Hasorgan MC
flüssig

HEConfort
Kompost 2000

Micro Tonic

Schnellkomposter Ledona
liquid

Seso Verara

Penergetic-g
Penergetic-k

. Plocher g-Gülle&
Jauche
Plocher g­
Schweinegülle

Plocher k­
Kompost & Mist

Prog énie­
Einstreupulver

PRP Gülle fix

Tominmehl Andcrrnatt

Tradilyse/ Fertilyse Comptoir ~:::s~!~m~Jj\¡.l¡¡("er.

- - --~---_._._---- - - - - ------ --- - ----- - - - - - - -- - - ._ - .
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ff. PIIanzenstarkungsmittel . ff. Blatt- und SpurenelementdUnger

mp.Zn 21 %

mo. ñü ssig,
In 70 %

mp

mp

mp,lI üssig

mp ,ll üs..ig

mp, N 2 %, Ilü~sig

pulver

mp,S3 %

mp,S20 %

40

Mo Bemerkungen
%

B
'lo

32

50

50

6

Mn
%

6

6

5.3

11

16

10

Mg Fe
% %

.= = =-- - - - - - - - --- - ---- -- --

l inksulfJI

NJlriummQI)bdal

Zusa mme nse tzu ng Ca
'lo

Hauert

Landor

Optisol re- aminoWurekomplexiel1

Optima E~ffi(hel<11 eusdet Rinde der
HemloclslJMe

Optima [ts~Ñt aus det' Rinde der

HemlockstJMe

Landor Etsendlelatausd erRilldeder
Hemlockste1nne

Kali, Mdgne~iumsullJt

Landor

Hauert, MJgn~¡umsuHal

Landor,
Kali

Hauert MJngansullal

Landor Mang.mCJfbonal

Leu M.lng,JIlcarbonaf

Landor Manga~l aus derRjnde

derHtm!o<ksUnne

Hauert

Firma

Kieserit

Mangan (Mn)

Mangansullat

Manteac­

Micro-Mangan

Oplima Mn++

Magnesium(Mg)

Bittersalz

Düngertyp/
Handelsname

Eisen(Fe)

Aton Fe

Optifer 11

Optifer 6 f1üssig

Optifer Fe++

Molybdan (Mo)

___N.a!.'i~~oJy~dat

link (I n)

l inksullal

Zintrac

.¡
',"'.

Der Einsatz von Spurenelem entdüngern (Eisen, Mangan, Kupfer, Molybdan, Zink, Bor) sowi e von
rasch wirksamen Kalzium - und Magnesium Blattdüngern ist an folgende Bedingungen geknüpft:
• Vorliegen einer Bodenanalyse der entsprechenden Parzelle (max. 4 Jah re alt)

Ausgeschiedene Kontr ollp arzelle (ohne Behandlun g)
Dokumentation der Wirkung des Spurenelementeinsatzes

Der Einsatz der bezeichn eten Produ kte ist meldepllichtig (mp) (siehe Spalte Bemerkunge n) und
rnuss vor der Anwendung bei der Zertifizierungsstelle gemeldet we rden. Das Melde formu lar ist
erhaltlich bei:
bio.inspecta, Ackerstrasse, Postfa ch, 5070 Frick, Tel. 062 865 63 00, Fax: 062 865 63 01, E-Mail
admin@bio-inspecta.ch

Blatt·ünd Spurenelementdliriger . . . . . '-.' -. . : ":. ,' ..

Verwendete Abkürzungen: (B) Bor, (Ca) Kalzium, (Cu) Kupfer, (Fe) Eisen, (Mg) Magnesium,
(Mn) Mangan, (Mo) Molybdan, (N) Stickstoff, (S) Schwefel, (Zn) Zink
mp = meldepflichtig

Düngertyp/
Handelsname

Firma Zusammensetzung Ca
%

Mg Fe
% %

Mn
Ofo

B
%

Mo Bcmerkungen
%

Bor (B)

mpBorax Hauert Ndlriumletrdbordl

Bort rac t.andor Polybor

Microbor l eu PoIybor---- .. - ----------~----

15

15 mp,llussig

15 mp, flüssig_.•_ - ----- - - - --_._-- - ----- - -----
Calcium(Ca)

12 mp

12 mp

12 nlp

16 l npCalciumehlorid

Calciumchlorid

Chloreal-no

Schne itcr ( dlciunl(hIQlid

Agribort
Fuliy

Stopit t.andor C,lIciumehlorid

____...!p . ~lJ~ ~l ( illnl( htO( id
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Handelssubstrate . Analysen gemass FAW-Flugschrift 113 (1995) , ff. Handelssubstrate Analysen gernass FAW-Flugschrift 113 (1995)

Sub stratzuschlagsstoHe un d Torfe rsatzprodukte: siehe auch unter eBodenverbesserer. Handelsname Firma Zusammensetzung NH.-N NO.·N P K Salz pH
vmo\I1 vmo\I1 vmo\I1 vmo\I1 ..van (H,O)

Beme rkungen

An.uchterden (Torfanteil: 51-70 %)

Zuschlags~toH fUr Sub­
snete

für salzlole r.nte Pflanzen.
Helstellungsdatum nein

50"' .0

6.0 Herste llungsda !um ja

"

7.007.4 tur Container, Herstel·
lungsdt!l tum ja

6.0 Herstellung sdt!l tum ja

Toplerde. Herstcllung\ "
datum ja

Zus<hlagn toff für Sub·
strate

6.5.7.0 für Anl uchl und Topl,
Hetstellung sde tcm [a

7.5 Herstellungsda!um ja

7. für Topf- und 8al kon -
7.5 pllanzcn , Herstellungs·

dJ tumja,
" N_

Herste llungsdatum ja

5.0-7.0 füt Anlucht. Hersteüungs­
d etum nein

69 .7.0 Herstell ungsdJ!um nein

5.6·6.2 Herstellungsda lum ja

67 für setrtclereete Pñem en.
Herstel1ung~datum nein

61 fü, selrtcl eeante pñer uen.
Herstellungsdat um nein

65.7.0 Herstellungsda tum ja

"'o­
'000

1200

"00

1200
2000

1100

,000­
2500

,eoo­
1100

400
' 00

"SO

UOO

.....
UOO

. 00·
1200

1900

. 900

....
. 000

1500­
, >00

6-1 1.

1700

6-100

,....
'000

JD-1 50 SOOO·
'0000

80 6200

... ' TOO
110 6400

500- , 500-
800 , >00

!lOO- 3000-

800 ' 000

0-.00

91.

100­

' 00

...

...

o­
. 00

1670

3000· 200- 5000-
6000 400 6000

1000- 400· 2000·
SClOO 600 J500

1900 20 6700

4600

9"

4600

. 500­
1000

4000­

7000 "

l O 2100

8l).}OO 1500-

4200

600- ,....

1200 6000

800- 2000-

1400 5000

"..

600·
1200

0-100

2900

.....
' 000

800

' 800

• ' 800

Kompo~', tlJnffascrn, 1011
(20 ~)

l(ompost,Ur.derdt ,lia nf·
IRfI\1orl l~ ~)

We;nl orl (l O~), Rinden·
hlJmUS, Vul\Jnlon"Hornmdl l.
Ilotnsp.W

10rf(10%). Holzl.nffl\,Stt-­
sc.hill, (h in.)\(hill (lompo­
~tt't). M~nt\o)lgt'f\ Urge­
sleinwchl

1011 (30 ''''l. Komposl l.nd
( Ide

10rf(10"':1). CríJngutltompost.
Kol O\pt'at Ton.,Hommdll

Torl(10 %). Komposl Kokos·
peal Homnwhl

1orfU5'\1l1). Ko'.osstaub.
l(o. O\!awt'n

10rtU~ ~).I(ompm. Malz.
V¡nJSst. F1.KhsschJbm. IOn­

_""lO.

Tot1 (SO Il'¡ I. I(~ Malz.

Vínane. F1.l<hsschaben.Ton

Vollpnwpidt"r

Bachmann

Kurras

l eureka

Leureko

Schweizer

Okohum

Floragord.
Landil
fenaco

Schweizer

F1ora~ard.

Land'l
tenaco

Landi/
tenaco
GVZ Too (45 ~). Ko"o\. kompos·

ti~l1t Rind~. Rinde. orgdnj~(h ef

---------~~g.:!_----

Klasmann KKS
Bio Krauter ·
substrat

Klasmann KKS
Bio Toplsub­
strat

Leureko C
(Container­
erde)

Leureko PT
(Pflanzenerdc)

Lignostrat Typ
Bio (Archut)

Swissliber 2

Universalerde

Floragard Bio­
Un iversalerd e

Coco-Mis

Bio-Erde mil
Terf

Biaso l Univer­
salerde mit
Torf

Gart nererde
Biopflanzen -

Trel EKO S

Fleragard·Bio­
Toplerde

Anzucht-. Topl- und Universalerden (Torfanteil: 1-30 %)

Bio-Erde Terre Toc1(l Olil ). KomplXl
Sdwu nf'fdt. fasern.Ton. S~

Okohum Torl(25~l. KomplXll.M .
Slms,Kok~laser. Hommehl
Hornsp.1nt

Bac'hmann Too (lO~l. Grtingulkomposl
Rindenhumus. See-,ChinJs<:hiIt.
HoIlf.1~,llndtt'd~, HOfn.
MJII

Anzucht-. Topl- und Universalerd en (Torfanteil: 31-50 %)

BelflorJung- Bachmann ' M (40" l. GninguIkompo<l. 500-
pflanzensub - RJOd~humlA~. ( hlNsdllll. 600
strat Underlk. Hom. Mdlz

Eco Pot (Brill) Nieth W" ' -I"hw.nto. (SO "1,
Gningulkomposl Hobf<Ktm.
I~Horngries

Tot1(SO~I. Kompcm. Mdlz.
VlNSst. f1.KhsscMbm.Ton

tlerslcllungid atum ja

Hl" ~tellungsda lum ja

Her~tellungsd.t !um neio

t1erslellungsdatum nein

für l a p', Herstellungs·
ddlum nein

t1ef~t ('lIu ng~da t ll m ja

56 ·6 2

••

••

..

\000 ·
. 800

600­
1200

l it)..} l irh Hetstellung~dtum nein,
1400 6.5 mil ZUSdUd ün gun g eoc h

für Jungpfl.'lnlen.lOlucht

Herstellu ngsdeturn jd

lOO(). 6.0- Her..tellungsdatum [a
1800 6.5

1100

Herstellungsdatum, ocin

900 · 68 -7.2 Her stelfu ngsd etu m ja
1900

1000· 6 8·7.3 Herstetlungsdalum ja

' >00

1210 6 2 Herste llungsdatum nc in

600- 6 o- Hetstellungsdatum ie
1000 6,8

'00
1100

800- B -65 Herstellungsdatum id
1200

Salz pH Bemerkungen
~un (HIOI

2500 •
, >00

l sao 71» 56 ti 2 t le rslellung\ddlUm ja
1100

" 00

,....
' COO

,...

500­
800

\00
800

800

200- 5000 -

>00 ' 000

70-170 4200-
6-100

500- 1500-
800 1500

500- sooo
' 000 6000

,,.

900 ] 190

100- ZQOO.
200 ]000

600- 1000-
1100 1000

P K
_mO\I1 1"'0\1

XI.

1000 ·
6000

XlO

91.

,....
4000

U 50

600·
1200

600­
1200

"'.

600· 1000·
1200 6000

SlOO

50-200 1200 ·

'400
500- ,....

' 000 1000

400· 1600-
100 1200

.... 1000-
1200 6000

300- 1500-
600 1000

1420 ] 160

NHrN NOr N
vmo\I1 vmo\I1

Torf(7o ~). KompcKl.,Horn­
mff¡l, tlorngries

Torl (70 %). Kompo~l, Hom·
sp;¡n~.Hornmehl

Torf (65%), Kompost.Hem­
mehl

WriU·~h""'ilflIOrl (70 %).

Crungu'lkomp.W.Hornmrlll

torf(70 %). Crtingutl.omposl,
flddlUCh.Jbm,M.all, V,","se.
Phyt~k

F1oragard.
Land i/
tenaco

Palzer

Pa lzer

Nieth

GVl

l eureko Tarf (50%), Grüngulkompotl
l,lI'lderd~

Ricot er Torl(60 "'J. Kompoe...HoIl­
h.Ku (hnltItI, HormpAnt . Sand

Okohum Torf (70 %). Gtiingutkom~

GVl

Schweizer

Nieth Torf (70%) . Grüngud.ompcKt.
Hornmthl

landi/ TorfpO%), Gningtrtl.ompost.
tenace F~mthl. Vinds\t

Patzer . la rf (70 %), Kompost, Hcrn-
mehl

Floragard. ' o. (7." I.Gnln""kompo<l
Landi/ M.tIl,.VIf\dSW

Iena co

5chweizer Torf (70%), GrOngutkompo\t.
Hornmehl, Oolopho\

Bachmann 10rf (60 %),GrOngutkompost.
Rindenhumus. Horn. MoJlz

Firma Zusammensetzung

Torf (65 "b).KOkO\,"om~­

tr~l1~ Rlnd~. Ofg.mi\(~
_ _ _ _ ___ _ ~~J~ _

Eco Start (Brill)

Bi. Statohum 11

Floragard Bio­
Krauteran- .
zuchterde
frux Kraut er­
erde Anzucht­
substrat
Klasmann
KKS Bio Tray­
substrat
Trel EKO 2

Trel EKO I

KlasmannKKS
Bio-Potgrond

Leureko A
(Anzuchterde)

Okohurn -Bio­
Pressloplerde

Presstoplerde
142

Handelsname

Statohum Bio­
Presstopl

Teneau 82

Presstoplerden

Belllor
Presstoplerde

Eco Grond
(Brill)

Floragard Bio­
Presstopferde

Torf (65 ~). kolO\ kompM'
lI~rte Rjndt.Oflanis(hn___ _ _ _ ______~'''''hdun.,~'''--- _
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-- - - --------- - - - - ---- -

Anluchl-. Topf- und Univers~lerden (Iorffl<i)

• Aussaaterde Bachmann kompost. aufgefa~rt~ soo
Beltlor Bio Nadefholz.Sand

gegen Fliegenma den in
5ehwemmkanalen

gegen F1iegenmaden in Tielstreu

gebrauchstertig

gebrauehsfertig

gebrauchsfertig

AnwendungsgebieVBemerkungen

Anwendu ngsgebieVBemerkungen

B. cillus thuringiells::is _

Ophyra aeneseens

Nasonia vitripenn is.
Muscidifurax zaraptor _

Pyrelhrin. Pflanzenexlrakle gebrauchsfertig

Pyrelhrin. Pflanzenexlrakte gebra uchsfertig

Pyrethrin. Pflanzenextrakle gebrauchsfertig

Pyrethrin. Pfleruenextrekte gebrauehsfertig

Pyrethrin. Pflanzenexlrakte gebrauchsfertig

Pyrethrin. Pflanzenextrakle gebrauchsfe rtig

Pyrethrin

freí

Giflklasse Wirkstoffe

Andermatt,
Landi Reba

Andermatt.
l andi Reba

Mastal frei Pyrelhrin

Gisga frei Pyrethrin

Baumgartner fre i Pyrethrin

Firma Giftklasse Wirkstoffe

Firma

Delava l

Gisga fre i

Bisehof írei

Agro·tlygiene frei

l ussolin frei

Agro- Hygiene frei

SiberHegner, fre i
Spicosa

Andermatl frei

Mittel zur Beklimpfung der adulten 5tallfliegen

Bio-2000

BG- lOOO lnsektizid-Netur

Brurnm-ex

Fly-End Natur-lnsektizid

l ussolin 351

PY-BIONaturinsektizid

Pyri-Fly

Handelsbezeichnung

Pyrelhrin

Bio-Insektizid 500 I

3 Zugelassene Stallfliegenmittel

,Mittel iur FllegeRlrladenbekirripfung . .

.:

Die Liste der Stallfliegenmittel ist gegliedert nach Mitteln zur Bekárnpfung der adulten (aus­
gewachsenen) Stallfliegen sowie Mitteln zur Bekarnpfung von Fl iegenmaden. Sie ist alpha­
betisch nach HauptwirkstoHen gruppiert. Pro Produkt sind Handelsbezeichnung, Verkaufsfir­
rna, Giftklasse, WirkstoHe und das Anwendungsgebiet angegeben . Adressen und Telefon­
nummern der Verkaufsfirmen sind am Schluss der HilfsstoHliste aufgeführt.
Ebenfalls zugelassen sind folgende Produkte: insektizidfreie Fliegenschnüre. -bánder und ­
fallen sowie geeignete Elektrogeráte.

Schlupfwespen

Handelsbezeichnung

Mikroorgan ismen

Delav~l larvicide Bio

Nalürliche Feinde

Güllelliegen

Rütazil Gisg_a fr"';. Pyrethrin. Pflanzenexlrakle gebrauehsfertig'- _

Spinosad (Fermenlalionsprodukl von Bodenm ikrooigan ismen)

Biospin Omya Spinosad Ktider (Granu lat)

_.!'\':5~ Natur-Insektizid EC

Pyrelhrin. PflaOlenexlrakle

Bio-3000 Nalurinseklizid

Bemerkungen

flerstellungsd<1lum "do

68 für Aussaaten und Sle<:k.

~~,~~~~~~::~Her-

7.0· Hersteüu ngsdetum nein
].S für Hobbygarten •

6 S·1 o Iúr Anzucht und Tc pt,
H~fst~lIung~da tum jJ

66-7 4 H~rste llungsdJ tum nein

ZuschlJgs toHlür Sub­
strete. Torfcrsatz

Hcr~le"ungsd.ltum nein

73 für Uni....erseterde , Hee­
slellungsdalum nein

6 S'15 für t enassen- und 6 ,;,1·
konefde. Hcrslellungs.
da tum nein

7 0- Herste"ung~datum nem,
1.S für tlobbygarten

7.0- fur Steuden und Ccotei-
].S netoHerstettungsdarum

nein

68·7.5 Hcrstellungsdatum nein

ZuschlolgstoHlür Sub­
sirale. Torlersatz

6 a fa r BJ lkon- und Carten­
pflolnten. Herstellungs­
d etum ja

1.0- Pilanlcnerde. Herstel-
7 ~ lungvdatum jet

1.1)- füt HJUSund GJr!"n
1 S Herstd lungsddtum ~ejn

10-7.5 t~ "l stertungsd ,;, t um n"in
flir Hobbygarll'n •

Bnd en....erbesserung.
ZuschletgstoHlur Sub­
strJle. TOr1l'tSettl

1.9 tlerstellungsddlum nein

Zuschlags!off fu, Sub­
strdle, Torfl"SdII

79 tl co rs:ellungsdJtum nejn

1.1>- 75 Ilcrslcllungsdatum nein1800·
Z600

1190

4OllO Boo--

' 000

SOOO- 1100-
1000 1600

SOOO- 1000-
6000 1SOO

4000- 1300-
8000 1900

41)00. I SOO-

8500 2100

SSOQ- 1100-
7S00 1600

1000­
'000

4000 1000-
1100

5100- SSO-
12000 1900

IbC<lO 1100

800(). ISOO-
11000 2SOO

SJOO- 1200-
1S00 2100

4l)Q(\- 13')0-
1000 1SOO

4000- tseo-
BSOO 2100

2290 2010

' 000­
. 000

1 ooסס l Soo 1 S

'lO

ZOO­
' 00

ZIO

8100 1100

20(1). 300-
1000 600

900-2SOO 400-
800

1000- 600-
4OllO ' 000

3000 200

l OO(}- l OO·
lOOO 600

3COG- 100-

6000 ' 00

6().140 160·
. 00

1900- 400.
SIOO 800

ISOO- 100
4200 170

100)(1 l OO

1900- 400-
SSOO 800

900- ....

ZIOO 800

100 "

100

' 100­
1000

' 00­
100

loo­

' 000

' 00­
SOO

soo­
' 000

600­
1100

680­

' 600

600­
1100

50·
l OO

m
l OO

,oc­
100

,...
SOO

nao 2100

80

Kompost, Ko.ospedl Torfmau
(lores"OrgJnK). SJnd

Komposl Landerde. Hanffasern

Torfma tl(lormorgani<l.
Kompost, ko.ospeal l anderde

' lolzhachchnitz~Kcinwst.
org60ischer Ounget

kompost.Landerde. SJntJ

Hollf,mrnS ecschi!r.ChinJ·
s(hill l. omposliert.Meerewl-
gen. Ur.~I~iMmch l

lCompo\l l Jnderde. (h AJKhitf so

Kokpt'JI.Kompo1LToresa
orgJnic

TorlerSoltl (TOl'rsa organic). SOC).

1C0rnposLKol.ospe.Jt,Hobh.ick- 2000
s~I.Il\lrnSpJne

Okohum CrungtJlkompost.I(oko Ier,
Bims

Bacbrnann Crunguth mpl»tRindm·
hUlnU1. See-, (h ,naschilf. Hall­
Id)er,landerde.t lorn.MJll

Ricoter Icrteoeu (Tortsa organic).
Kompost, Koko~at. ~

Ricoter Torfmatz (Tortworg~ic).
Kompost,Koiospt'<ll. LJl"ICkrde

Okohum KomplXtl.J~a. Sims. KoLx·
f.u tt . Hornml.'hl Hormp:int

Floregard, lIind('nhumus. HoIlfau rn,
landij GtüngU'lkompost

Ienaco

Ma u re r Chindschill. C'.~ Ton

Patzer Holrlaser. Komposllon

Okohum Kokonlaub

Maurer Kompost, landefde. Chínr
sc hilf. Tor~orgdnic

Weiherhus kompost,lan~de. ChinaKhill

Bachmann Komp(Kt, l .lnderde. HOl'n. A.\dI1 600

Leureko

c.oop

Coop

Coop

Wciherhus
BachmJnn

Weiherhus
Ricotcr

Ricoter

frux Oko-Blu­
menerde

Gértnererde

Geranienerde

• Aussaaterde
Bio-Une

• Balkonerde
Bio-Line

Bio-Erde ohne
Torf

Bio-Universal­
erde
Biosol Univer­
salerde ohne
Torf

Biotopp torí­
freí, Blumen­
erde

Chinaschilf
kompostiert
Coco-Ter

Universalerde

Universalerde

Komposterde
Belflor Bio

leureko P
(Pflanzenerde)

• Oecoplan Aus­
saaterde

• Oecoplan
Balkonpllan
zeneede

• Oecoplan
Torfersatz

Rasenerde

Swissfiber 1
Torfersatz

• Zimmerpllan­
zenerde

Azadirachtin5Gisga. ..::. -"==c:::::::.:.. -<gegen F1iegenma den in Tiefslreu

Neem (Az.dirachlin)

Biocid l arvenlrei
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4 Empfohlene Ektoparasitenmittel
39

s Zugelassene Siliermittel

Die Liste der Ektoparasitenmittel enthiilt vorzugsweise einzusetzende, rezeptfreie Produkte,
welche richtlinienkonform sind. Auf tieriirztliche Verordnung dürfen andere Produkte einge­
setzt werden. 1m Seuchenfall gelten die Anordnungen der Behórden,

Pro Produkt sind Handelsbezeichnung, Verkaufsfirma, Giftklasse, Wirkstoffe und das Anwen­
dungsgebiet angegeben. Adressen und Telefonnummern der Verkaufsfirmen sind am
Schlussder Hilfsstoffliste aufgeführt.

Die Liste der zugelassenen Siliermittel ist gegliedert nach Mitteln zur verbesserung des Giir­
verlaufs und zur Hemmung del Giirschadlinge (entsprechend der Liste A der RAP) und Mit­
teln gegen Nachgarungen und Schimmelbefall (entsprechend der Liste B der RAP). Für die
Produkte sind Handelsbezeichnung, Verkaufsfirma, Giftklasse, Wirkstoffe und Bemerkungen
angegeben. Adressen und Telefonnummern der Verkaufsfirmen sind am Schluss der Hilfs­
stofflisteaufgeführt.

Bemerkungen

wasserlosliches Konzentrat

f1üssig und Granulat

f1ü ssig

wasserléislíches Konzentrat und
Granulat

t1 ü"ig und Granulat

wasserléislíches Konzentral

MiUel zurVerbesserung desGlirverlaufes und zur Ifemmung derGlirschlidlinge
Handelsbezeichnung Firma Gíftklasse Wirkstoffe

Milchsaurebakterien

Biomax Gisga, freí Mílchsaurebakterien
Omya

Biosil R Künzle frei Mík hsaurebakterien

Bonsilage Schaumann frei Míkhsaurebakterien

Equilact Comploír frei Míkhsaurebakterien

Flurina-Sil Grüninger frei Míkhsaurebakteríen

GerO Germaco frei Mílchsaurebakteríen

Klíba 870 Provimi frei Míkhs aurebakterien
Kl íba

Kroní 905 Bactosil Forte Kroni freí Mílchsaurebakterien

Kroni 906 Bactosil Konzen- Kroni frei Míkhsaurebakterien
trat

l alsil RG Trinova frei Míkhsaurebakterien

Multífor-Sil B Multíforsa frei Míkhsaurebakterien

Naturasil-Konzcntrat Interferm fre; Míkhsaurebakterien

Navetin Sílo . Protector, frei Míkhsaurebakterien
Union

Síla-Bac Schweizer frei Míkhsaurebakterien

Sílo Inoculant WS Trinova frei Mikhsaurebakterien

Topsílage Navela, freí Míkh saurebakteríen
Protector,
Irof ino,
Union

Andere

Anwendungsgebiel/ Bemerkungen

gcbrauchsfertig

gcbrauchsfertig

gebrauchsfertig

___ _ geg~ ~~gelm í~b~~geb~:,chsfe,!ig _

Wirkstoffe

Pyrethrín, Ptlanzcn­
extrakte

Sílíkate

Silíkate

Silikate

Pyrethrin, Pllanzenextrakte

PY-BIO Nalurínsektizid Siber Hegner freí

Silikate

Bio Floh-frei " lnterterrn freí

Bío-Flohpuder Andcrmatt frei

Gallo·Sec Andcrmatt freí

Handelsbezeichnung Fírma Gíftklasse

Pyrethrin

_~:End Natur Aka ril i d_~C ~g~!':~Igi~~_..!rec_i Pyrethrin

Früchtesirup BB95 Provímí frei Zuá ersirup
Klíba

_ Früc~l t ':.si~p --.!"gr~o~ _ _ !rei Zuckersirup

Ilern erkung:

Alle Produ kte s índ für le icht bis schwe r silierb ares Futter bew illigt. Prod ukte au! ~er Basis von ~ilch ­

sa urebekterien sind be im sch we r silierbaren Fuller nur w irksa m, wenn e ntwed er rrn Fuller ge nuge nd
Zucker vorhand c n ist o dc r de m Fuller genügc nd Niihrsu bst rat (Zucke r, Dextrose, Melasse) zugeselzt
wird.

tf ilh 'j,lofflisle fiir den biologi'ill1l'ULandbau 200 3 C, Copyright FiBl
t1 j lf s~tofll i ste für den biotoglscben Landbau 2003 é'I Copyrir,ht FiBl



Bonsilage Mais

Bonsilage Plus

Sila-Bee Stabilizer

Schaumann frei

5chaumann freí

Schweizer freí

40

Milchsaurebakterien

Milchsaurebakterien

Milchsaurebakterien

Bemerkungen

f1üssig; prov. zugelassen

f1 üssig und als Granulat

wasserlos lich

41

6 Empfohlene Reinigungs- und Desinfektionsmittel

Die Liste der Reinigungs- und Desinfektionsmiltel enthalt vorzugsweise einzusetzende Sub­
stanzen und Handelsprodukte, deren Wirksamkeit naehgewiesen ist und deren Zusammen­
setzung naehweislieh den Anforderungen des biologisehen Landbaus entsprieht.
Zur Reinigung sollte n die unten aufgeführt en reinen Substa nzen sowie auf diesen
basierende Handelsprodukte eingesetzt werden. Handelsprodukte zur Reinigung sind hier
nieht namentl ieh aufgeführt. Zur F1aehendesinfektion sollten die unten aufgeführten reinen
Stoffe und Handelsprodukte eingesetzt werden. 1m Seuehenfall gelten die Anordnungen der
Behórden. _
Für Handelsprodukte sind Handelsbezeichnung , Verkaufsfirm'a, Giftklasse, Wirkstoffe und das
Anwend ungsgebiet angegeben. Adressen und Telefonnummern der Verkaufsfirmen sind am
Sehluss der Hilfsstoffl iste aufgeführt. Für reine Substanzen sind nur Name und Giftklasse
aufgeführt.

Fllchendesinfektions- undHygienemittel -
Handelsbezeichnung

Oiverse reine 5toffe

Firma Giftklasse Wirkstoffe Anwendungsgebiet/Bemerkungen

Wasser, Oampf

Wasserstoffpcroxid

Alkohol (Elhanol)

freí

frei

Nat ürliche
Pflanzenessenzcn

Sauren

Arneisen sáure

Essigsaure

Milchsaure

Oxelseu re

3

4

Peressigséure

Zitrone nsáure

2

_ _ _ _ _ ___ _0 5 _

Laugen und alkalisch reagierend e Salte

Alzkali (Kaliumhydroxid)

Atznatron
(Nalriumhydroxid)

Kalkrnilch
(Calciumhydroxid)

Natriumcarbonat'---- _

4
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Die Liste der vorzugsweise einzusetzende n Reinigungs· und Entkeimungsmittel für Bio­
milchproduktionsbetriebe ist gegliedert naeh Reinigungsmitteln für allgemeine, von Hand
ausgeführte Reinigungsarbeiten (FAM Gruppe A/!) , sauren Milchsteinliisemitteln zur Entfer­
nung bestehender Milchsteinbeláge (FAM Gruppe A/3b), sauren Milchsteinliisemitteln zur
Verhülung des Enlstehens von Milchstein (FAM Gruppe A/3e) und kombinierten Reinigungs­
und Entkeimungsmitteln lür Milchgesehirr sowie für Melk- und Milchkühlanlagen in Milch­
produktionsbelrieben (FAM Gruppe C/4). Für jedes Produkt, sind Handelsbezeiehnung, Ver­
kaulslirma, Giftklasse, Anwendungskonzentrat ion und pH·Wert bei der Gebrauehskonzentra­
tion angegeben. Adressen und Telefonnummern der Verkaulsfirmen sind am Sehluss der
Hilfsstoffliste aulgeführt.

7 Empfohlene Reinigungs- und Entkeimungsmittel für Milch­
produktionsbetriebe

Anwendungsgebiel/Bemerkungen

saures Flachendesinfektionsmittel'
zugelassen für amtlich angeordnete
Desinfektionen

Peroxid-Verbindungen.
argan. Sauren, ober­
flachenaktive Substan­
zen

Agro-Hygiene

Mineralsalze, Tonerden Hygienemittel

Peroxid-Verblndungen, saures Flachendesinfektjonsmittel
organ. Sauren

Peroxid-Verbindungen. saures Fléchendesmlektionsmittel
organ. Séuren

K ~o~ fre~__ Mineralsa~ze. Tonerde!l __-'!:!yg~~_~~i~ ~_

Kroni freí

Anderrnatt 3

Ritter frei

Hygosan 901

Jet S

Sojell-Desy clean

Handelsbezeichnung

Handelsprodukte

Ewabo Aldekol Des 2000

Bemerkung:

Die .in der Bio.Verordnun~ ebenfalls ~enannt en reinen StoHe Natriumhypoehlorit und Forrnaldehyd,
sowie Produkte aufJodbasiswerden nichtempíohlen,da sic stark giftigund sehleeht abbaubar sind.

Die Gliederung dieser Liste entsprieht derjenigen der FAM·li ste der Reinigungs- und Entkei­
mungsmittel. Aufgelührt sind nur die Mittel für Milchproduktionsbetriebe, nieht jedoeh die­
jenigen für Verarbeitungsbetriebe . Die hier aulgeführten Produkte werden emplohlen, weil
sie keine unerwünsehten Inhaltstoffe, wie z.B. Enzyme und ehlorabspaltende Produkte ent­
hallen, und leicht abbaubar sind (üECDTest 302B).

Detaillierte Angaben zur erfolgreiehen Reinigung und Entkeimung von Melkanlagen, sowie
zu den Anlorderungen, enlnehme n Sie bitte dem Merkblatt «Reinigung und Entkeimung der
Melkanlagen in Biomilchproduktionsbetrieben » (siehe Anhang).

Gruppe A/l: Reinigungsmittel für allgemeine. von Hand auszuführende
. Reinigungsarbeiten ·
Handelsbezeichnung Firma Giftklasse Konzentration in % ' ....... . .: pH· ..

Amstutz Oeko Amstutz frei 1.0 2.6

BioReminal = Bio·klar Künzle 0.5 I1.B

Bio·443 AP Halag 4 0.5 9.1

Bio-444 AF Halag 4 0.5 10.1

Hi lf sstnW¡ '> t~ fürden biolog ischen Lm dbcu 200 3 e Copyright fi Bl
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Gruppe A/3b:Saure Milchsteinlosemittel zurEntfernung bestehender
Milchsteinbellige

Handelsbezeichnung

Bioacid

Bio-532 P

Blaha-vil Plus

Halacid-ALTAG

Halacid-P

Ha'acid-S'-- _

Firma Giftklasse Konzentration in% . pH ·

Halag 2.0 2.3

Halag 4 2.0 1.9

Blaser 1.0 2.0

Halag 2.0 1.9

Halag 2.0 1.5

Halag 1.0 1.6

8 Zugelassene Produkte zur Bekampfung van Bienenkrankheiten

Die Liste mit den Produkten zur Bekarnpfung von Bienenkrank heiten ist gegliedert naeh
Heilmitteln gegen Varroamilben und Produkten van Bekarnpfung der Waehsm.atten. Die
Heilmittel gegen Varraamilben (Handelsprodukte) sind van der Interkantanalen Kantrall ­
stelle für Heilmittel (IKS) zugelassen. Die reinen Substanzen gegen Varroamilben und die
Pradukte zur Waehsmattenbeka mpfung sind vam Zentrum für Bienenfarsehung (FAM, Bern­
Liebefeld) empfahlen . Die Anwendungsempfehlungen dieser Institutianen sind einzuhalten.
In der Liste der Handelspradukte zur Bekampfung van Bienenkrankheiten sind Handelsbe­
zeichnung, Verkaufsfirma, Giftklasse, Wirkstaffe und das Anwendungsgebiet angegeben. Für
reine Substanzen sind Name und Giftklasse aufgeführt. Adressen und Telefannummern der
Verkaufsfirmen sind am Sehluss der Hilfsstaffliste aufgeführt.

Gruppe A/3c:Saure Milchsteinlosemittel zurVerhOtung desEntstehens vonMilchstein
Handelsbezeichnung

Amstutz Oeko

Bioacid

Bio Reminox= Bio-Pu r

Bio-532 P

Blaha-vit Plus

Halacid-ALTAG

Halacid-P

Halacid-S

Firma Giftklasse Konzentration in % pH'

Amstutz freí 1.0 2.6
Halag 0.5 2.6

Künzle 0_5 3.0

Halag 4 0.5 2.4

Blaser 3 1.0 2.0

Halag 3 0.5 2.2

Halag 0.5 2.0

Halag 3 0.5 1.9------ - _. _-

Hellmittel gegen Varroamilben
Handelsbezeichnung Firma Giftklasse Wirkstoffe Anwendungsgebiet/Bemerkungen

Reine Slofle

Arneisens éure 3

Milchsaure 4

Oxalsáure 2

Handels produkle

lIIertisser Milben-Platten M cier frei Arn eisens áure

Kramerplatte Andermatt frei Arneisenseure

Gruppe C/4: Kombinierte Re,inig'uÍlgs- undEntkeimungsmittel fOr Milchgeschirr . '; '
. sowiefür Melk- und Milchkühlanlagen in Milchproduktionsbetriebeir ;.: Produkte zur Bekiimpfung derWachsmotten

• Der pH-Wert bezieht sichauf die Gebrauchskonzentration.

Handelsbezekhnung -Firma Giftklasse Wirksloffe AnwendungsgebieVBemerkungen

I
Reine Slofle

Arneisens áure 3

·1
_ _~_~g~~f_~ -----_.- -

tlandelsprodukle

I
B401 Apivet frei Bacillus thuringiensis .

Mellonex Andermatt frei Ba ~~_~s th~~~iensis

Firma Giftklasse Konzentration in % pH'

Halag 5 0.5 2.6

Künzle 3 0.5 3.0

Blaser 3 1.0 2.0--- - - .---- - - -Blaha-vit:.P,:,lu:.::s ~~::.'... ____=~ ~ _

Bio Reminox= Bio -Pur

Handelsbezeichnung .

Bioacid

HiUs'>tnflliste f(ir den biologischcn t endbau 2003 o Copyright FiBl Hills-:;toffli..te für den biologlschen Lendbau 2003 0 CopyrightFiBl
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9 Index der Produkte

Abdeckmaterial Ricoter 29
ActiJith 29
Adalia Marienkalerlarven 15
Agri PI5 21
Agri PK0.8.20 ......................•.... 23
Agricol ............................•........... 28
Agrilum 22
Agro Biosol 22
Agro-Oüngkalk 25
AIgada _ 28
Algalise L 29
Algalise P 29
Algamer compact 28
AIgamer poudre 28
Algan .....•.....................................2B
Algifol 28
Algobrun Nr. 1 _28
Algobrun Nr. 2 28
Alkohol (Ethanol) 4 1
Amalgerol 2-verde 29
Ambly-Pack 16
Amblyseius cucumeris 16
Amblyseius cucumeris SR 16
Arneisenseure 4 1, 45
Ameisenstreuminel _ 6
Amelgo-verde 29
Amstutz Oeko 43. 44
Angibio 6 22
Aphelinus abdominalis _17
Aphidend 15
Aphidius colemani _.. 17
Aphidius ervi _ 18
Aphidoletes aphidimyza 15
Aphi-Pack Aabd 17
Aphi-Pack Aa _ 15
Aphi-Pack Am 17
Aphipar 17
Aq1O 13
ASP60 _ 21
!lton Fe................•...................... 33
!ltzkali (Kaliumhydroxid) 41
Atzoatron (Natriumhydroxid) 41
Audienz 13
Aussaalerde Belllor Bio 36
Aussaalerd e Bio-Line 36
Azadirachlin 11
Azocar 8 20
Azar Bio-Stickstofldünger 20
B40 1 45
Bacillus thuringiensis 13. 14
Baktur 13
Balkonerde Rio-Line 36
Bau mpflaster/Arbal 19
Baumwachs kaltl!.Galopp 19
Beauveria·Schweizer 14
Belllor Abdeckmaterial 29
Belllor Gartenkompost 25
Belllor Jllngpllanzensubstral . 35
Belflor Presstoplerde 34
Belflor Rindenhumus 25
Bent oson 31
BG-lOOO Inseklizid-Natur 37
Bihutherm 25
Bio 9- 1- 0.5 _ 20
Rio Floh ·lrei 38
[lio Reminal = Bio·klar 43
Bio Reminox = Bio·Pur 44
SioSlalohum11 _34

Bio-2000 37
B10-3000 Natu rinsektizid 37
Bio-443 AP 43
Bio-444 AF .............................•...43
Bio-532 P ..44
Bioacid _ _..44
BioalgiVegetali 24
Bio-Blatt Mehltauminel............•9
Biocid larvenl rei 37
Biocorrettore Vegetale 24
Biodenit 25
Biodite Vegetale 24
Bioeq ui Vegetale •.....................24
Bio-Erde 35
Bio-Erde mit Torf 35
Bio-Erde ohne Torf 36
Biola Cocana RF 9
Biolitac PFI 28
Bio-F1ohpuder 38
Biohumin 25
Bio-Insektizid 500 1 37
Biolit 27
Biomax 39
Bioorti vegetale 24
Biophos 21
Biopro 13
Biopropol Vegelale 24
Biarga Kompost -Blitz.._ 29
SiorgaMeeresalgenkalkgekórnt., 28
Biorga Nf1üssig 24
Biorga Natur Volldünger ........•22
Biarga NKflüssig 24
Biorga Rasendünger 22
Siorga Slicksloffdüngergekrümelt..20
Biorga Slicksloffdünger pelleíiert...•20
BiorgaSlicksloffdünger Pulver 20
Biorga Terravital Abdeckmulch 29
Biorga Vegi.. 22
Biorott 29
Bibsil R _ 39
Bioslug-Schnetkennemaloden 15
Biosol :23
BiosolUniversalerdemilTorf 35
Biosol Universalerde ohneTorf 36
Biospin : 37
Biosuza 29
Biotopp tortfre i, Blumenerde .36
Bio-Universalerde 36
Biovin 22
Biovin (lIüssig) 24
Biovin·Kompostaktivalor 29
Riplantnl agra r 25
Biplantol Cont ra X2 31
Biplanlol Kom post 29
Biplanlol plus 29
Biplanlol plus SG 29
Biplanlol Rose 31
Biplantol 50S 3 1
Biplantolterra 25
Biplantol vital 31
Riltersalz 33
Blaha-vit Plus........•: 44
Bocep Viti 6
Bocep Viti 230 •...........................6
Ronsilage 39
Bonsildg~ Io.'a is 40
Bonsiloge rlll S 40
[lorax _ 32

Bortra<. 32
Bouillie bord elaise Oisperss 8
Brumm-ex 37
CalcisoI/Calcosol... 25
Calciumchlorid 32
Calcodol 10 25
Capex 2 14

2:;~~~i~~i·~~: : :: : : : : : : : : : : : :: : : : :: : : : : : : :~
Cartalit... 29
Casibac CP 29
Casibac CPI O 25
Casibac PIS 29
Champi-Hum 25
Champion ffow 8
Chaux ¡, sem er 1 _ 25
Chaux ¡, serne r 111.. : 25
Chinaschill komposliert... 36
Chloreal-nO 32
Chrysal RO I 19
Chrysal RVB 19
Clinosoil 27
CMC-Komposlstarter 550 29
Coco-Mix.. 35
Coco-Ter 36
Colfit-Standa rd 22
Comp olit{Tradilit... 29
Compost Elite 25
Comp ost Juniar 26
Comp oster 29
Compostol natura 30
Can tans 14
Coop Oecoplan Bioconlrol
Ameisenstreupulver..•.......................6
CoopOecoplan Biocontrol lnsektizid
..................................................... 11
Caralite KR+Pulve r 28
Crop-Set... 31
Cryptobug _ 15
Cryplolaemu s montrouzieri 15
Cryptopack 15
Cueva 8
Cupravit blau _ 8
Cuprofix 9
Cuproxat f1üssig/l iquide l G 9
Dacnusa sibirica 18
Dacnusa sibi ricajDiglyphusisaee o • • 18
Oacnusa/O iglyphu s 18
Decover Pinienr in de 29
Oelavallarvicide Bio 37
Oelfan 24
Oellin 13
Oickmaulrüssler ·Nemaloden 15
Oiglyphus isaea 1B
00lok orn.._ 25
00 10rnil.. 25
0 010phos 21
0 010sul 25
Oünge-Kompost... 26
E-200 1 26
Eco Grond (Rrill) 34
Eco Pot (Brill) 35
Eco'Start (Brill) 34
Edasil G 27
Elem enlar er Schwcfel.. 26
Elosal Schwefel Stau bemittel 10
Elosal Supra 10
EMI 28

l ussolin 351 37
Macrolophus 17
Madex 2 14
Madex 3 ..................•.................. 14
Magnesia-Kainit... 21
Magnesiumkalk Oolomit 25
Mallaflor _.............•............... 22
Mangansullat 33
Mantrac 33
Marienkafer 15
Mator ..................•_...•.................. 26
Maxiflor P7 ........•....................... 21
MBI600 _ 28
Mellonex 45
Metaphycus helvolus 1B
Micro Tonic 30
Microbactor 30
Microbelif! 30
Microbor 32
Micro·Mangan 33
Microperl 8
Microsan 30
Microsan -P 31
Microterys flavus 19
Microthiol Spécial Oisperss 10

~:r~h~~~rs~: : : :: :: : : : : : : : : : : : : : : : : : : : ·;¡ ·i ·: ~~
Mineralol Omya.............•.......... 11
Minex..........•............................... 18
Minierpack.........•....................... 18
Mirical... 17
Multifor·Sil B 39
Myco-San...•............................... ll
Myco-Sin..........•.•....................... l0
Napf-Steinmehl 27
Nalriumcarbonat.•.................... 41
Natriumrnolybdet ...........•......... 33
Natura Rinde rmis!... 22
Natural ..•.................................... 11
Naturalis-l 14
Naturasil-Konzentrat 39
Natürliche Pílaru en essen zen 4 1
NaturPur s odenstarke r 31
NaturPur Pílanzenst érker 31
Naturrein Bodengranula t 26
Naturrein Magne.iumka lk 25
Nalurrein Rasengrün 25
Navetin Silo.....•..•.....•................ 39
NeemAzal-T/ S....................•...... 11
Neemextrakt •............................ 11
Nema plus : 16
Nematoden 15, 16 .
Nematop 15
Netzschwefel 80 Spezial 10
Nelzschwefel lG 10
Neudosan Neu 11
Novodor _.._ 14
Nu-Film-17 5
Oecoplan Abdeckmat erial.....•29
Oecoplan Aussaate rde...........•36
OetOpl.1nSalkonpnanzenerde 36
O.coplan To'fersatz 36
Oenutri 23
Okohum Bio-langteitdünger 22
Okohum-Bio-Presstopferd e 34
Optifer 11 33
Optiler 6 Ilüssig 33
Optifer Fe++ 33
Optima Mn++ 33
Optisol K+ .._ _ 23
Optisol Organo 26
Optisol Universel : _ 2 2
Organische PfIanzennahrung Belnor
6;0 22

Hexabio 22
Hornmeh l 21
Hornspane 2 1
Hornsp éne lein 21
Hornspé ne rnittet 21
Hornsp áne 51fe in, 1·4 0101•••.21
Hornspan e 511 lein, 4-7 mm 21
Hühne rmist gewü rfelt... 22
Humalorm _. 26
Humin Vital WOG70 _5
Humixa-B..........•......_._ 22
Humixa-Normal ..•.....................31
Humixa-Polivalente 31
Humixa-R.••................................24
Humosan Bodenaktivator 26
Humosan-Horngriess ¡Hornspane..2 1
Humotin 22
Hygosan 901 .42
Hypoaspis _ 16
IIlertisse r Milben-Plane n .45
Iso mate-C Plus 6
Isomate-Cl R 6
Isomate-CTT 6
Isomale -OFMRosso 6
nalpollina __ 22
Jet 5 42
Kalimagnes ia (Pate ntkali) 2 1
Kalin ..•.........................................21
Kalisulíat 50 % 21
Kalkmilch (Calciumhy droxid).41
Kalk-Steinmeh l 25
Kiese rit 33
Kirschenfliegen-Falle 6
Klasmann KKS BioKraulersubstral.35
Klasmann KKSBioToplsubstral... 35
Klasmann KKS BioTraysubslral... 34
Klasmann KKS Bio-Potgrond .34
Kliba 870 39
Klinofeed 27
Knospen Kompost ...............•...26
Kocide 20 00 8
Kocide DF•....................................8
Kohlensaure r Kalk 25
Kompost 2000 30
Komposte rde 26.
Kompost erd e Belllor Bio 36
Kompos tierter MisL. 22
KoniWP•....._ 14
Krame rplalte.....•........................45
Kroni 905 Bactosil Forte 39
Kroni 906BaetosilKonzentral 39
Kuhmist gewürfelt 22
Kuh mist pelletie rt 22
Kümmelol .....................•............14
Kupfer SO 5 9
Kupfer SO/ Cuivre 50 9
Kupfe r 50/ Cuivre 50 Hoko 9
Kupfe,hydroxid 50 Hoko 7, 6
l ac Balsam 19
lalsil RG 39
Larvan e m 15
leptomastidea abnormis 18
l ep tomastix dactylopi i 18
l eureko A (An¡uchterd e) 34
l eureko C (Containererd e) 35
l eureko P (Pflanzen erde) 36
l eureko PT (Pflanzen erd e) 35
li gnostrat Typ Bio (Arehut) 35
li quazor 24
li tho KR+ 28
li tho Physalg 18 21
Lith omaglles ium 20
l ithothamne Granul il 28
li tholhamne T400 26

Encarsia formosa 18
Engerlingspilz 14
En-Pack 18
En-Strip 18
Entomite 16
Enlonem 16
Enzymix 30
Equilaet 39
Equisan _ 31
Essigs éur e _ 41,45
Europerl 27
Ewa bo Aldekol Des 2000 42
Fenicu r 7
Fitodin 27
Flara loree 31
Floragard Bio-Krauteranzuchterde. 34
Flaragard Bio-Presstoplerde .. 34
Floraga rd Bio-Universalerde .. 35
Floragard-Bio- Toplerde 35
F1orfluid l 0
Fluidoso ufre 10
Flurina Sil 39
Fly-End Natur AkarizidEC 38
Fly-End Natur·lnsektizid 37
Fly-End Notur-Insektizid EC... 37
Food green 22
Frischkomp ost 26
Früchlesiru p 39
Früchtes irup B895 39
Iru, KrautererdeAnzuch15ubstral...34
frux Oko-Blumenerde 36
Fumar blau 26
Fumar grün _ 22
FZB24 WG 13
Gallina Swiss 22
Gallitos n
Gallmücken, 15
Gallo-Sec 38
Gargul ausKompogasanlagen 26
Gartenaktiv KR+ 30
Garten hu mus 26
Gartenko mpost Bio-line 26
Gartn ererde 36
Gartn ererde Biopílenzen 35
Gasch e ll-Baumwachs 19
Genol Plant 12
Geolile 26
Ger 0 39
Ger anien erde 36
Gerber Champ ignonerde 26
Glena ctin 290B 28
Glen or Kr+ 30
Goemor GA 14 28
Granukal 28
Granulil KR+ 28
Granuphos 18 2 1
Granupom Neu 14
Guanumus 22
Gülle 2000 30
Güllefliegen 37
Haarmehl Pellets 4mm 21
Halocid-l\lTAG 44 '
Halacid-P 44
f lolacid-S 4·1
Hap a Kali 21
Hasler Oüngkalk 25
Hasolit B Pulver 30
Hasolit Kom bi granuliert 28
Hasargan MC flüssig 30
HE Conlort 30
Heliosol .5
Ileliosoulre S 10
Herb aguano 22
Hersbrllcker Gesteinsmeh!.. 27

SeiteHandelsnam eSeiteHand elsnameSeiteHandels name



Organos .•_ 23
Ori·P.ck •._ 17
Oriusinsidiosus 17
Orius laevigatusBiopax 17
Orius mejusculus 17
Oscornafloracorn 22
OvoGrit 12... 25
Oxelsáure ., 41.45
Oxychlorure de cuivre ••..•.......•...9
Oxykupfer 50. _............•........•...•..9
Parexan N_...............•..••...•.....•.• 12
Patentkali (K.l im.gnesi. ) ....••21
Penergetic-g 30
Penergetic-k 30
Penergetic-p 31
Pener~et i~.p (lIüssig) ••...........•31
Peressigsáure....•.........••............41
Perlit 27
Pfl.nze 2000 ....•...........•............ 27
Pflanzenblauwesser 31
Phyto·P. ck 16
Phytop erls 22
Phytoseiulus persimilis 16
Phytoseiuluspersimilis Biopax 16
Plant Tonic. 31
Plocher g-Gülle& Jauche 30
Plocher g·Schweinegüll e 30
Plocher k-Kornpost & Mist 30
Plocher p-K.le.fBI.ttstarkung.•.•... 31
Plocher p-Melasse • BI.tt ......•31
Plocher p-Pflanzenaktiv - K.le.1 3 1
Plocher p-Pflanzenstárkung 31
Plocherp-Pñanzenstarkung-Dolomit
..................................................... 31
Plocher p-Pflenzenvital 31
Plocherp·Pf1anzenvil.I ·K.le .f 3 1
Plocher p·Wurzelr.um 1... 31
Plocher p·Wurzelr.um 11••.••••••3 1
Plocher p-Wurzelr.um 111•••••••• 32
Polyversum...........................•...•28
Presstoplerde 142 •.................•34
Presswasser aus Kompogasanlage . 24
Produkte siehe Fungizide 12
Progénia-Einstreupulver •........ 30
Prornanal Neu .............•...........• 11
Propasan 40 MG/ML...•..•.......•32
PRPBodenmlnersl 26
PRP Gülle fix 30
Pse udephycus rnaculip ennis . 19
PY·BIO N.turinsektizid 37. 3B
Pyrethrum FS 12
Pyri·F1y 37
Qu. ss. n 12
RAK 1+ 2..•.....................•......•........6
RAK2 6
Rasenerde 26. 36
Raubmilben 16
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Raubwanzen 17
Raupenleirnr ing 6
Raupenleirnring LG...............•.... 6
Rebell Fruchtf liegenfalle .......•..•6
Rebell Holzbohreríalle 6
Reifekompost 26
Reinor ........•.•.....•........................22
Ricok.lk.............•.................•......25
Rind enmul ch •...........................•29
Ringo! it ..•...•...................•............27
Rizinusschrot 23
Rotenon .........•......•....•...........•.... 12
Rüt.zil ...•....•................................37
Schlupfwespen .... 17. ia, 19.37
Schnellkomposter liquid 30
Schwclel...........•..•..•................... 12
5eso 30
5fer osol.................................•.....27
Sicid :.....•............................. 12
Sila-Bee. 39
Sila-Bee Stabilizer .40
Silico-Sec. 15
Silo lnoculent WS 39
Siv.50.............................•.........•11
Skeetal 13
Soil Tonic 27
Sojall-Bio-Power 30
Sojall-Desy d ean .42
Soj. II·Micro·Pow er 30
Sojell-vitanal 32
Solbac 13
Solbac Tabs 13
Solfo lIuid 1O
Solfovil WG 1O
Solupotasse 2 1
Soufre mouilleble 10
Spidex/Spidex-Plus 16
Spinosad 13
Spray Oil 7·E l 1
St.II-Aktiv-Forte 42
Starnrnanstrich 19
Slarkung,mittelTMFfür PfI.nzen 32
Stetohum Bio·Pr esstopf 34
Steinmehl mit M. gnesium ..•..27
Steinmehl sil iziumre ich 27
Stop il.. 32
Stub ble·Aid 32
Suírelo l0
Sunspray 7·E 11
Swissli ber 1 I oríe rsetz 36
Sw issfiber 2 35
Talent... 14
Tangle·Trap 6
Targanic 32
Telmion 12
Terra Biosa 30
Terra lil 29
Terralorm 27

Terreau B2 34
Thiovit Jet 10
Thripe x/Thr ipex·pl us 16
Thripor 17
Thrip or L 17
Till ecur 19
Tip 32
TMS·Bmineralischer
Bodenverbesserer 27
Tom inmehl 30
Tops ilag e 39
Torí ersatz Belll or Bio 27
Torí ersat z Bio -l ine 27
Trad ilyse/F ertilyse 30
Trapp er 24
Trapp er f1üssig 24
Traun em 16
Trel EKO 1 34
Trel EKO 2 34
Trel EKO 5 35
Tri 00 2/ 003 28
Trich obox 19
Irirhorap-Kapselnzum werten.._. ' 19
Tricho-F ix 19
Trichogram ma (Trichokarte) .. 19
Trichosafe 19
Trichosafe TS 19
Tri-Ton 28
Turf-Se!... 32
uímasud B 10
Universaldünger Or Brun 24
Universalerde 35. 36
Urgesteinsmehl 27
Urtisan 32
Valor ga 23
Vaminoa 28
Vegesan Bio 24
Vegethumus 27
Vermi 27
Vermi-Sol 1 32
Vinasse 24
Vitalsel AM.C. 25
Vitasel A.M.C.Plus 32
Vitasel Vine. plus 32
Vit igran 50 9
Vivasol 23
vu lkamin 27
W.sser. ü amp í 41
w asserstoñ peroxíd 4 1
W.U\viler Charnpignon-Kompcst 27
Weisstil S 11
Zirnmcrpl lanzenerde 36
Zinksulfat 33
Zintrac .......................................• 33
Zitronensáure 4 1
Zo fal D 11
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10 Adressen der Firmen

Kürzel. Adresse/E-Mail/lnternet Telefonnummer Faxnummer

Agreno Agr.no AG. Ringstrasse 19. CH·4123 AlIschwil 0614877200 061 4B7 72 75
hans.uwe.maier@agrano.ch,www.agrano.ch

Agribort Fully Agribort SAo Route de la G.re. CH·1926 Fully 0277463347 027 746 33 46

Agribort Ridd es Agribort Phyto SAo Route des Fruits, CH-1908 Ridde s 02730694 14 0273069415
agribort.phyto@omedia.ch

Agris. n Agris.n. Champs de la vílle, CH·1544 Glett erens 026667 2481 02666724 Bl

Agro Kommerz Agro Kommerz AG. Pfrundmoos 12. CH·6196 Marbach 0344939396 0344934172

Agro-Hygie ne Agro-Hyg iene AG. Gartenstrasse 1C. CH-8636 Wald ; 055 246 66 44 055246 43 16
oh t@active.ch; www.flyend.ch

Agrokorn Agrokorn. lndustriestresse 6. CH-9220 Bischolszell 0714247240 07 14247292

po stm.ster@.grokorn.ch; www.agrokorn.ch

Agrol ine Agroline AG. Innere M.rgarethenstr.sse 7. CH-4051 Basel 06 1 270 9~ 57 06 1 2709559

AJE AJEGm bH. Sihleggstrasse 23. CH·B832 Woller.u; 0438882012 0438882019
dreier @.je.ch

Am elgo Amelgo AG. Freiestrasse 7. CH-B580 Amriswi l 0714111252 07 1 4 11 1252

Am stutz Ams tutz Produkte AG. Luzernstrasse 11. CH-6274 Eschenbach 0414481441 04 144821 B9

Anderrnatt Andermatt Biocontrol AG. Stahle rrnetten 6. CH·61 46 062 91 7 5000 0629175001

Grossdietw il; s. les@biocon trol.ch. www.biocontrol.ch

Apivet Apivet Grnbl-l, Oenten bergstresse 50. CH·3076 Worb 0 31 839 94 46 03 1 B39 95 64

Arboris Arboris -Verlag. Weidweg 33. CH·3032 Hinterkappelen 031 90121 36 03 19012105
. rbo ris@bluewin.ch

Bachmann Bachrnenn Chevroux SAo CH·1545 Chevrou x 0 26 667 171 7 0266672166

Baumgartner Beumgartner AG. Stadelmatt, CH·633 1 Unterhünenberg 04 1 780 74 02

Bayer B.yer (Schweiz) AG. Zweign iederlassung. CH-3052 Zollik olen 03 1 869 16 66 0318692339

www.bayer.ch

Bernasconi Cario Bern asco nl AG. Station, CH-4252 Barschwil 06 1 765 25 25 0617652500

Biachemie Biochemie GmbH. AT·6250 Kundl/T irol 0043 533 B200 0043533
2286 820042

Biollora Biollora, Sch adaustresse 27. CH-3604 Thun 0333366831 0333366831
hugobaumann@swissanline.ch

Bialine Biol ine Sw iss lmp ort , Rue des Primev~res 4. CH-2345 Les 032 9541000 0329541000

Breuleux

Biama Biom a Agro Ecol ogy AG. Postfach 607. CH·8 t 34 Adlisw il 091840 1015 091 8401019

Bianava Bionova, Schon grund, 01·6 343 Rotkreuz; 041280 2211 04 1 28055 11

bionov.-hygiene@bluewin.ch

Biophyt Biophyt AG. Schul strasse 13. CH·5 465 Mell ikon 0562505042 05 62505043

Biasa Biosa Schweiz, Saurenb achstrasse 32. CH·8708 Mann edorf 01 790 3582 01 7903583

Bischof Urs Bischo], Chem . Techn. Produkte, Eschlen 55. CH-9404 07 18552 108 071 B55 21 58

Rorschache rbe rg

Bitex Bitex PEROL AG. Wilh ofw eg 9. 01·627 5 Ballw il 04 14481313 04 14481340

in lo @bitexbimoid .ch. www.bitexbimoid.ch

Blaser Blaser Sw isslub e AG. Wint erseistrasse. CH-341 5 Hasle- 034 460 0101 0344600 100

Rüegs.u

Burri Burr i Agricide, CH·2555 BrüggjBiel-Bienn e 03 2373 63 63 032373 24 37
info@burri-agricide.cll, VI/VI/W.burri-agricide.ch

Casanova Casanov. Biotech, Glori w eids trasse 16. CIl·6403 Küsnacht e.R. 04 1377 49 69 04 1377 49 67

Comptoir Comptoir commercial, Case pastale 36, CH-2926 Boncourt 0324268050 03 24268051
gildasbJbcy.@hotmail.cam 079 25035 18

Hilfsstoffliste flir den biologischen l andbau 2003 e Cop}'right FiDL Hillsstoffliste für den biol og ischcn l .:l ndbau 20 03 e, Co pyright FiBl
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Kürzel Adresse/E-Mail/lntern el Telelonnummer Faxnurnmer
Kürzel Adresse/E-M ail/lnlernel Telelonnu mm er Faxnurnmer

Kuhn Kuhn Champi gnon AG, Alpstein strasse 56, CH-9100 Herisau 0713537777 071 353 77 76

Coop Grossere Coop-Filialen Künz le Künzle Farma AG, Bahnholslrasse 1, e H-B5B7 Oberaaeh 071414 04 14 071 41404 15

Coulett e Cornpostiere la Coulette, CH-1092 Belmont 021 7B4 27 45 kuenzleag@bluewi n.eh

Delaval Delaval. Münehrütistrasse 2, Postfach, eH -62 1O Sursee 04 192666 11 04 1921 3B 76 Kurras Günter Kurras, Vertretun gen im Gartenbau, CH- l 04 1 Bottens 021 BBl 2915 02188151 B6

Eco Eco Propo sle Gospi SAo Via Simen 3, CH-6904 Lugano 09 19237153 091 92273 05 Kym Kym Bennw il, Dürmelweg 2, CH-44 57 Diegten 0619769966 061 9769967

Enpro Enpro Bio Kili AG, Undermü!istrasse 28, eH-8320 Fehr altdorl 01 954 B4 48 0 1 954 84 49 l and i Reba landi Reba AG, l yonslr asse 18/Dreispitz, CH-405 3 Basel 061 33B 40 40 061 33B 04 36

Farmt eeh Nalural Farm Technologies, ehamps de la ville, CH-15 44 026 667 24 81 02666724 8 1 www.lrichogramm a.eh

Gletterens; lobegild@dataeomm .eh l andijlenaeo l and i & fenaeo, Erlaehstrasse 5, CH-3001 Bern 031 30B 91 11 03 1 3089305

Feuerstein ETS Feuerstein, 4 rue Saint-Georges, B.P. 2, FR-684 80 003 3 389 0033389 otto .reisl@le naeo.eom, www.pflanzenba u.eh

Durme naeh 258 1 25 258033 l and or landor AG, Auhafen, CH-41 27 Birslelden 0613777013 0613777077

Flora Geissler Flora Geissler GmbH, Müliw isstrasse 212, eH -5467 Fisibaeh 043433 1020 04 34331 0 21 l edona l edona AG, Ott igenbühlstrasse 25, PI. 262, eH· 6031 Ebikon 0414401001 0414401042

Floragard Floragard GmbH, Gerhard-Slall ing-51rasse7, DE-26135 004944 1 004944 1 l eu l eu + Gygax AG, Fellstrasse 1, eH ·5 413 Birme nstorl 05620 1 4545 05 622525 15

Oldenb urg 20920 2092292 Leur eko l eureko AG, Baslerslrasse 14, eH-5080 laufenburg 0628740084 062 B74 1605
Floristen Sehw eizeriseher Floristenverband, Allm endslrasse 13, eH- 8 102 0 175 181 Bl 0 1 75 18 1 71 info@leureko.eh, www.leureko.eh

Oberengstringe n Lussolin lussol in AG, Rolzbergstrasse 12, CH-6362 Stansstad 041 6102033 041610 1822
Gassmann Gassmann ·Furrer, Esehenhol , eH-6252 Dagm arsellen 062 7560028 06 2 75606 08 Maag Syngenl a Agro AG, Chem ieslrasse, eH -81 57 Dielsdorl 01 B55 88 77 01 B5S 8713
Gerber Gerber Gerhard , 8ernslrasse 61, CH-31 25 Tollen 03 181 90682 0318191855 Marthy Marthy Selz AG, Unl erdorl 128, CH-505 4 Kirehlee rau 06272620 52 06 2 7262052
Germaco Germaco SA, En Troveyres, eH-11 43 Apples 078 6B5 93 75 02 1824 1734 Mastal Maslal AG, Geuenseestrasse 22, e H-6212 SI. Erhard 041 9210616 04192 183 86

mon iqu e.schmut z@blu ewin.ch
Ma urer Ma urer Gartnerei, Bernstrasse 17, CH-311 O M ünsingen 031721 11 29 031721 6092

Germanier Roger Germanier & Fil s SA, l a Fonlaine, eH -l 175 Lavigny 02 1 80858 75 021 80B 58 25
www.germa nier·lavigny.ch Mauser Samen Mauser AG, Industriesl rasse 24, eH -8404 Winl erthur 052 2342525 0522335746

Gisga GISGA LA AG, Birkenstrasse 27, CH-634 3 Rolkr euz; 04 1 7980333 04 1 798 0330
info@samen-mauser.ch,www. samen-mauser.ch

info@gisga.eh M eier Meie r R. S6hne AG, 8ienenm eier, Fahrbachweg 1, eH -5444 056 4B5 92 50 0 564859205
Künlen

Grüni nger Grünin ger AG, Flurina-Kraftfutter, CH-B890 Flums 08 1 733 12 07 08 1 733 28 00
info@grueningermuehlen.ch; Vrf\MN. grueningermuehlen.ch Méoc M éoc SAo CH-1906 Charrat 027 746 16 39 027 74 6 33 24

Guignard Importation + Dillusion, CH-1322 Croy 024453 11 44 024 453 11 75 Mu lli lorsa Mu ll il orsa AG, Postl ach, eH·6312 Steinhausen/2ug 0417494949 0417494999
mu ll iforsa@mull iforsa.ch; www. multiforsa.eh

GVZ GVZ,Aargauerstrasse 1, CH-804B Zürich 01 27 1 22 11 01 27 1 7673
Naveta Naveta SA, CH-5027 Herznach; le am @naveta.ch 062 878 17 18 06287817 20

Halag Halag Chem ie AG, Witt enwilerstrasse 31, eH-8355 Aadorl 052 368 0 1 68 052 36801 79
Neogard Neoga rd AG, Oberkulmerstrasse, CH-5728 Gont ensehwil 06276700 50 06276700 67

Hauert Hauert & Co, HG8 Düngervertrieb, eH-3257 Grossallolt ern 032389 10 10 032 3B9 10 14
hauert@hauert.com, www.hauert.com Nieth Robert Nieth, 8rill -Erden-Vert rieb, Postla eh BO, CH-6318 041 75B lB 76 0417581 8 47

Walchwil; bríll@brill -subsl rate.eom, vvwvv.b ríll- subsl rate.com
Hedel Hedel sárl, Route de la Pudriere 25, CH-1796 eourgevaux 07637054 83 • 026422 1054

Okohum GmbH, all es Sehulhaus, e H-8574 lIIighau senOkohurn 07 168000 70 071 6800074
Hoko Hokoehem ie GmbH, Niesenweg 4, CH-30 12 Bern 03 1 3028404 03130284 10

postm asler@hoko.com, www.hoko.eom Omya Ornya AG, Postfaeh 32, eH -4665 Oftringen; 062 7B9 23 41 06278923 45

Holeirn Holeim SAo Route de Ferryres, CH-1315 la Sarraz 02 1 866 77 5 1 02t B66 62 6B
wulll.hansen@ornya.eom; www.omya .eh

Opt irna Op tima-Werke, Alio thsl rasse 60, CH-4142 Mü nehenstein 061411 02 50 061 411750 1
Holistic holistic-Io rurn nottwi l, Hubelmatte 19, CH-6208 Oberkirch 04 19371937 041937 1934

inlo @holist ic.ch, www.holi stie-forum.ch Opl isol Opt isol, Route de l'ln duslr ie 25, CH: 17B4 Court epin 026 6848930 026 6B4 89 95

Humosa" Humosan Dünger AG, Mitt lbergslrasse 8, e H-93 13 Muolen 07141 10030 07 1 4 11 3 1 88
anton.grub@optisol.ch

Parena Pareno Projekt AG, Neuholstrasse 1, CH-6340 Baar 041766 3410 041 766 3413
Hupl o HUPLO Gm bH, Dorístrasse 42, eH-S054 Kirchleerau 062 7262608 0627262604

b-m.hunziker@bluew in.eh, www.plocher.de Patzer Micha el Bayer, Johann -Karl-Grethersl rasse 38, DE-79650 0800 836 1 59 OBOO 83 61 66

Interl errn Interlerm AG, Strangenstrasse 1a, CH·8 304 Wall isellen 0 1 B39 10 10 01 839 10 19
Schop fhei m

off iee@interl erm.ch; www.interl erm.ch Pen ergetic Penergetic AG, Poslfach 83, CH-8593 Kesswil 071 4666020 071 46670 20

Intertoresa Intertoresa AG, Zwcigbet rieb CTA,CH-4657 Dulliken 062 7B9 29 00 06 2 78929 0 1 Plan tose n Plantosan AG, Thun strasse 23/25, CH-3125 Toffen 0318 19 10 8 1 0318195447

Iscly Jacques Isely, Chemin de Jorattez 3, CH-t 05 2 Le 021 6520734 02 1 652 2024 Protector Prol ecto r SAo CH-1522 Luecns; f.schor i@prot eetor.eh 02 190615 15 021 90685 54

Mont/lausanne Provimi Kliba Provimi Kliba SAo Roule Gollion 9, CH-13 0 5 Penlha laz 021 86 1 95 11 061 86 1 96 99

Jud Jud Geflügelzucht, Wengistrasse 11, CH-872 2 Kaltbrunn 055 2B3 11 08 05 5 283 1591 PRP Procedes Roland Pigeon SA, Z. 1.Ou est, CH·1 580 Avenches 026676 0666 026676 0667

Kali Kali AG/Pota sse 5/1,Murtenstrasse 116, Postlaeh, CH-3202 031926 6000 03 1926 600 1 prpsa @bluewin.ch, www.prp-infos .eh

Frauenkappelen; info@kali.ch, www.kali .ch Racroc Raeroe /lG, Rebenstrasse 16, Poslfaeh 166, eH -32 1o Kerzers 0317557570 031 7558970

Komp ogas Kornp ogas AG, Rohrstrasse 36, CH-8152 Glattbrugg 01 8097100 0 1 809 7 1 10 Radix Radix AG, Amriswiler strasse 30 a, CH -9 314 Steinebru nn 071474 7949 07 1 474 79 40

Komp cste Komp osta Natura, Dorffi stresse 25, CI-I-8 192 Zweidlen 01867 17 2 1 0 1 86717 2 1 Reichmuth Reichmuth /l G, 51.Antonstresse 1, PI. 4 16, e H-9450 Altst étt eo 07 1 7552739 07 1 755 27 49

Kroni KRONI, l ocher & Co. /lG, Batlle sstressc 5, CH ·9~50 Altst étten 07 17576060 07 175760 65 Rcrn Ko nsortium Rem , Jostcn met twcg 4, ClI -42 22 Zwingen 061761 1143 06 1 761 15 38
entwicklung@kroni.ch; www.kroni.ch

Ren ovite Renovita AG, rclscggstresse 28, CH-9 247 Henau 07 1 95122 62 07 19516630

Hilísstollhste für den biologischcn La nd bau 200 3 e Copyright ri8l Hil'"st'l rfli..to fiir d on hio ' np' i <¡ ( h f~n I a nd bau 200 3 e- ( oP'l',iRhl FiBl
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Anhang 1: Nicht mehr aufgeführte Produkte

Die folge nden Prod u kte si n d in d e r H ilfssto ffl is t e 2003 n ie h t meh r aufgefüh rt. Vo r d em .1. 1.

2003 e ingekaufte Vorráte d ürfen im Ja h r 2 003 n o e h a ufgebraueht werde n . Prod u kt e rnit
geringfügigen Narnensénderungen si n d nicht a u fg e fü h rt .

pflanzenschutzmittel

Bio 1020

Ku pfe r 50 (n ur Produkt vo n 5intagro)

Netzsehwefel micronisé
Re bell Fru ch tf lie ge nfa lle (n ur Produkt von Lan d i 5chw e iz)

Rebell Ho lzbo h re rfall e (nur Produkt von La n d i 5chw e iz)

Lava-Gr a nula t

Life Biofr ui t/Biovegeta ble

Lithothamne 400

Ma xiflor 55/35

Ma xiflor 80/1 O

Maxiflor 92

MG-Korn 35

Mul ticlever

Natrimag

Natu r Fisch Gu a n o

Oekopla n Ge raniendü nger f1üssig

O p alit

Orchideendünge r

Phos-Korn 15/ 4 0

Pilzve re in

Po ro lit

Rizotal

Robi kompostal

5urfiniendünger

5yste m m u lch C2
Terrafit-Quellmulch

Thomaska lk (Landor)

Tomagu rk

Urge steins-Me h l

(nur für Produkt von Neogard)

Ve get o ligo

Vin a sse
(nur Produkt von Optigal)

Wollman et

Würmlin g

wurmhumus

Zit ru sd ü nger

Dünger und Handelssubst rate

Act ivor 1000

Aktivmulch Te rraf it

Amalgerol 2 -verde

(nu r Produkt vo n Reichmuth)

Bentonit 5andbodenverbesserer

Bio Trissol Blumendünger

Biofitac B1

Biofitac 5 1

Bio grond aktiv (Bri ll)

Biomag MO

Biorga Bio Flü ss igd ü nge r

Blumenerde (Terracomp)

Bonsaidünger

Capito

Domróschen
Eilel gold Lavamehl

Equi-Mai s

Eurobio 0 -6 -12+4.85

F707

Forvi s o l

Gaf sa 18 +Maerl

Ger ani endünger

Gu an ito
Crünpllanzendünger
He id eblume

Hum in -Vital 70 WDG

(nur Pf lanzenstarkungsmittel)

Hydr oma g

Kakt e end ünger

Kalimagn esia (Patentkali)

(nur Produkt von Méoc)

Kali sulfat 5 0 % (nur Produkte von Méoc)

L 65

Silíermittel

Eco sy l

Eco syl Dry

UFA-Lacto si l

Ek toparasitenmittel

Fo ssil 5hield 90.0
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1
K;;rzel Adresse/E-Mail/lnternet Telelonnummer Faxnummer

JRicote r Rice'er AG, Rade lfingenslrasse 24 -26, Postfach 150, CH-3270 032391 6300 032391 6234
Aarberg; inlo@ricote r.eh, www. ricoter .ch

1Ritter Ritter Karl, Radhof 3, CH-~460 Marthalen 0523191702 05 23191240
ritter@radhof .ch, www.so jall-na ture n.ch ¡

Rolusa Rolusa, Postfaeh , CH-60 11 Kriens 0334380645 0334380646

Sehaumann H.W. Schaumann AG, Marklgasse 27, CH-4900 langenlhal 0629232434 06 29222936
info@sehaumann.eh

Seheidler Seheidler Oko-Produkte, H. Badertseher, Ringst rasse 2, 03178 1 12 71 03 17813850
CH-3629 Kiesen

Sehn eiter Sehneiter AGROAG, Gewe rbeweg 4, CH-51 03 Moriken 0628932883 0628932884
www .sehneileragro.eh

Schweizer Schweizer Erie Sam en AG, Poslfach 150, CH-3602 Thun 033227 57 57 033 227 5758
info@sct1weizerseeds.ch, www.schweizer se ed s.ch

Sehweizerhall Chem . Fabrik Sehweizerhall, Elsásserstresse 23 1, CH-4013 0613268111 06 1 3268383
Basel

SiberHegner SiberHegner & Co. AG, Wies enstrasse, 8, Poslfaeh 88 8, 0 1 38673 11 013867711
CH-80 34 lü rieh

Siegfried Siegfried Agro AG/S A, Henzmannst rasse 17 A, CH-4800 06 27468000 06 2 7468008
lofingen

Soeor a Soeara Hand els AG, Pe stalozzistrasse 2, CH-9001 SI. Gallen 071 2203300

Spicosa Spieosa, Hernrn erstresse 7, CH-6312 Sleinhausen 04 1741306 1 0417400124

StGBS Stadtgertnerei und Friedh ófe, Rittergasse 4, CH-400 1 Basel 0617014010 0 61 701 4025
baumsehule @sladtgaertnerei-bs .eh

Syngenta Syngent a Agro AG, Chemiestrasse, CH-8157 Dielsdorf 0 1 8558817 0\ 8558713

Terre Terre Suisse AG, Erdmiseh werk, CH-9450 Altstétten 071 7556611 07 17556612

Thure lla Thurella, Bueher Strasse 2, CH-9322 Egnach 071 47479 10 07 1 47 47928
inlo@lhurella .eh

Timac Timae SA, Rue de lausanne 35 CH-1950 Sion 027 322 7989 0 27323 13 19
eric.bara@worldonline.fr

TMCE TMCE SA, Grand Record 7, CH· I040 Eehallens 0218812063

Trinova Trinova AG, Grossf eld w.eg 2, Poslfach 343 , CH-8855 Wangen 0554506060 . 0 55460 2996
inlo@trinova.eh; www.trino va.eh

Triton Triton Bioteeh Intemational AG, Greifengasse 1, CH-4001 Basel 06 1 6859561 0 6 1 68595 60

Tral ino Trofino-Misehlutte rwerk, Mühl e Burgholz, CH-47 53 Oey-Diem- 033 681 8222 0 33 681 82 20
tigen ; info@muehle-burgholz .eh ; www .muehle-burgholz.eh

UFAAG UFA AG,Hofm att stra sse 40, CH-33 60 Herzogenbuehsee 06 2 9566264 062 95 66375

Ulrieh Ulrich &Partn er GmbH , Neuhush ol 6, (H -6 144 lell 041 988 25 55 041 988 25 55
ulrich@step-up.eh, www.steinmeh le.eh

Union Union Fulte r Zentrum AG, CH-5012 Schon enwerd 0 6285850 11 0 62858 SO 12

Unipo int Unipoint AG, la ngenmosst rasse 9, CH·846 7 Trutt iko n 05 2 30 5 20 41 05230 5 2042
inlo@unipoinl.eh, www.un ipoinl.ch

Verora Verora GmbH, Gslei, CH-63 13 Edlibaeh 0 41 75 5 3248 041 75 53212
f.abaecherli@datacomm.eh

Vivasol Vivasol GmbH, Alpho ns-Aeby -Strasse 43, CH-3186 Düdingen 02649 35 1 80 0 26 49 3 51 81
info@vivasol.ch

Vollenweider Vollenweicler AG, Tunn elstrasse 29, Poslfaeh 1264, 03265 4 99 8 7 0 32 654 99 69
CH-2540 Grenehe n; wi lli.kohle r@vollenwei cler-ag .eh

Weiherhus Weiherhus-Komposl, Rütihol, CH-6014 Litteu 0 4 1 2 50 4269 04 1 250 82 10

Welt e Hetto &' Patrick Welt e, Postfaeh 2301 , (H -8 280 Kreuzlingen 00497534 0049 7534
7 40 0 14 58

Wyto r Wytor SA, Dieziko ners trasse 10, CI1-8637 t.aupen 0 55 2GG 19 11 0 55 266 13 12



54

Anhang 2: tlteratur

Merkblatter zur Produktionstechnik und Listen des FiBl

~.
·1.,

Best, Nr.

Umstellung

1001 Erfolgreich auf biologischen Landbau umsl ellen

GemQsebau

1212 Anzuehl und Einsatz von Jungpflanzen

1168 GrOndOngungen: Schlüssel zurn erfolgreichen BiogemOsebau

1145 Krankheits- und Schádlingsregulierung im BiogemOsebau

1082 N;;hl5toffvel5org ung im BiogemOsebau

1027 Unkrautregulieru ng - termingereeht und sch legkréftig

Obst und Beeren

Erscheinungs jahr

2001

200 1

2000

1999

199B

2002

Preis

inkl. MWSI.

CHF 6.00

CHF 7.50

CHF 6.00

CHF7 .50

CHF 600

CHF 7.50

1196

1197

1004

1006

1005

1152

1217

1039

1040

Anbauteehnik Bioobsl Teil 1: Ersl ellung eine r Niederstarnrn­

anlage

Anbautechnik Bioobst Teil 2: Pllege einer Niederstemrnenlage

Biokulturen vor Schnecken schützen, 2. Aull age

Biologischer Anbau von Strauehbeeren, 2. Auflage

Biologiseher Erdbeeranbau, 3. Auflage

Biologischer Obstbau auf Hochstámrnen

Krankheits- und Schádlingsregulierung im biolog ischen Rebbau

Sortenempfehlung Iür den biolog ischen Erwerbsobsl bau auf

Hochstarnmen

Sortenempfehlungen für den biologischen Obstbau

200 1

2001

200 1

2002

200 1

200 0

1999

2000

1997

CHF 9.00

CHF 9.00

CHF 6.00

CHF 9.00

CHF 9.00

CHF 9.00

CHF 9.00

CHF 5.00

CHF 7.00

Ti"rhaftung .

11B4 Bioweidemas!: Oualit áts-Rindf leisch eus dem Grundfutter

1021 Futtermitt ell iste

1131'. .Regulierung de, Stall ll iegen

1018 Reinigung und Enlkeim ung de, Melkanlagen in Biomilchpro·

duktions-Betrieben .

1234 Zuchtsauen im Biolandbau

200 1

2000/200 1

1999

2000

2002

CHF 8.00

CHF 5.00

CHF 3.00

CHF 3.00

Clt F 9.00

Das Gesamtverzeichnis der FiBL·Publikationen kann kostenlos beim FiBL·Sekretariat bezogen od er unt er
www.fibl.ch eingesehen wer den. .

Bestelladresse:
Forschungsinstitut für biologischen Landbau (FiBL)
Postfaeh
CH·50 70 Frick,
Fax 062 B65 72 73, E·Mail admin@fibl.ch
oder über die FiBL-Hom epage: www.fibl.ch.

Hilfsstoffliste Iür den biologischen l andbau 2003 'OCopyright FiBL
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Effects 01 Plant Straws and Plant
Growth Promoting Bacteria on the
Reproduction 01 Meloidogyne
incognita and Growth 01 Tomato

Zaki A. Siddiqui* and Irshad Mahmood

Department of Botany, Aligarh Muslim University, Aligarh 202 002, India

ABSTRAC T

An experimcnt was conducted lo study the influence of Pseudom onas j1uOTl'SCeIlS, Ai otobacter
chroococcum, and straws of Triticum aes tivum , OIY"l.a saliva, Zea 11U1YS, Sorghum vulgare ami
Pennisetum typho ides alone and in cornbination on the mullipli cat ion of Meloidogyn e incognitu
and on the growt h of lomalo. P. fl uorescens was bette r at improving tomate growth and reducing
galling and nema todo multipl ication than was A. chroococcum. Among straws, P. typhoides was
beuer Ihan Z. mays followcd by S. vulgare and T. aesli"1l11l in improving tornato grow th and
reducing galling and nematodo multiplication. Straw of O. sariva was least cffcctive in reducing
galJing and nematode rnult iplication. Use of P. flu orescens with the straw of 1'. typho ides was thc
best cornb inat ion for the management of M. incog nita on tomate, I1owever , improved management
01'M. incognita can also be obtained if straw of Z. Inays is used with P. fl uorescens, or A,
chroococcum is used with the straw of 1'. typhoides.

INTRODUCTION

Nema todo s ca use abo ut 20.6% world-wide yield loss (Sasser, 1989) and yield
105s 01' to rnato in Indi a due to root-knot nernatodes ranges from 39.7 lo 46.0%
(Bhatti & Jain , 1977 ; Reddy , 1985). Plants infected with Meloidogyne spp. show
typical syrnptorns 01' root gaIJing and th is bccomes a major cunstrai nt tu the
succcssful cultivat ion of this important cru p.

The rhizoplane and rhizosphere are co lonizc d or othcrwise occ upied by many
micro-organ isms ami sorne of these micro-organi sms may provide fro nt line
dcfe ncc again st pathogen attack (S iddiqui & Mahmoud , 1998). Bacteria are

*Com:sponding 3uthor- zaki_63 @yahoo.co.in
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numcrically the most abundant organisms in the ficld soils. Sorne of thcsc
bacterial strains have been given the name 'pl ant growth prornoting
rhizobacteria' as they improve plant growth by colonizing the root systern and by
suppressing deleterious rhizosphcre microorganisms (Schroth & Hancock,
19R2). Similarly, reduction in the plant parasitic ncrnatode population has also
heen reported by the addition of rnature crop straws (Johnson, 1963; Patrick el

al., 1965; Jasy & Koshy, 1992). Use of decomposed plant straw and bacteria
may protcct plants against plant pathogcns in the field (Siddqui & Mahmood.
1999).

In the prescnt study, an attempt was rnade to use Pseudomonas fluorescens ,
Arotolm cter chro ococcum , and planl straws: Triti cum aestivum (wheat}, Zea
mays (mai ze) , Sorghum miga re [sorghum} , Oryza saliva (ri ce ) and Pennisetum
typhoides (pcarl millct) for the management of Mcloidogyn e incogni ta on

tomate.

MATERIAL ANO METHOOS

The root-knot nemalode Meloidogyne incognita (Kofoid & Wh ite) Chitwood was
the test pathogen. Two bacteria, Pseudomonas fluorescens and Azotobacicr
chroo coccum, and plant straws of 7: aestivum, O. sativa , Z. tnays , S. vulgare and
P. typhoides were applied aJone and in combination to tomato (Lycopersicon
esculentuni cv, Pusa Ruby). The influence of these treatrncnts on plant growth,
gaIling and nematode reproduction was assessed in a glasshouse experiment. The
experimenl was repcated to confinn the results of the first experiment. Results
were similar and data of the Iirst experiment only are preseuted in this paper.

Preparation and sterilization of solJ mixture

Sandy loam soil coIlected from a field bclonging lO the Botany Dcpartment,
A.M.U., Aligarh was passed through a 10 mesh sicve. The soil, river sand and
dccomposed farmyard manure were mixecl in the ratio of 3:1:1 und 15 cm
diarnetcr clay pots each werc filled with I kg of the mixture. Water was poured
into each pot lo wet the soil before transferr ing them to an autoclave for
sterilization al 137.9 kPa for 20 minoSterilized pots were allowcd to cool to room
temperature beforc use,

Rais ing and maintenance of th e test plant

The lomalo sccds werc surface sterilized with O.I% mercurio chloride for 2 min
and rinsed thrcc limes with stcrilc water. Seeds were sown in stcum stcrilizcd soil

(mixture of 3:1:1, soil : river sand : organ ic manure) in 25 cm clay pOIS. One week
after gerrnination, single seedlings was transplanted into each of the 15 cm
diamcter clay pots containiríg Ihe stearn sterilized soil. Two days after
transplantation seedlings were subjected lo the treatrnents listed in Table 1.
Uninoculated plants served as conlrols and plants were kept on a glasshouse
bcnch at 25-2rC. POIS were arranged in a randomized block design and each
Ireatment was replicatcd five times . Pots were watered as needed and the
experiment was lerminated 60 days after inoculation.

Preparation of nematode inoculum

Largc numbers of Meloidogyn e incognita egg-rnasses were hand picked, using
sterilized forceps from heavily infected aubergine (Solanum melongena L.) roots
on which a pure culture of the nernatode was maintained. These egg masses were
washed in distilled water and then placed in 10 cm diame tcr, 15 mesh coarse
sievcs containing crossed layers of tissue paper and placed in Petri platos
containing water just deep enough to contact the egg rnasses . The hatched
ju veniles were coIlected from the Petri pIates every 24 h and fresh water was
added lo the Petri plates . The concentration of second stage juveniles of M.
incognita in the water suspension was adjusted so that each mi contained 200 ± 5
ncmatodes, Ten mI of this suspension, i.e. 2000 freshly hatched j uveniles, were
added lo each pot containing a tornato seedling.

Bacterial inoculum

Charcoal-soil bascd commercial cultures of two bacteria , Ps eudomonas and
Azotoba cte r, were obtained from Ihe Dcpartrncnt of Microbiology, G.B. Pant
University of Agriculture and Technology, Pantnagar, U.T. and Division of
Microbiology, I.A.R.I., New Dc1hi. One hundred g cultures of each were
suspended separately in 1000 mi dis tilled water and lO ml, cquivalent to 1 g of
culture, was added around cach seedling. One g culture of P. flu orescens had
2.6 x 1O~ viable bacterial cells while A. chroococcuni had 2.5 x l06 viable cell
g-I of culture.

Plant straws

Ten grams of compostcd plant straws ofT. aes tivum, O. Saliva, Z. mays, S. vulgae
and 1'. typhoules were addcd around each seedling in the pots, as shown in
Tahle l . Prior lo use, plant straws had been allowed to decomp ose in separale

conlainers for (j monlhs, wilh slIfficient waler being added at len day inlervals.



TABLE 1

Effect s of plant growth promoting bacteria and plant straws on the reproduction of M. incognita and growth of tornare.

Plant Planl Shoot
length fres h dry No . of ga lls Nemtode CFU

Treatrn ents" (cm) Wl.(g) wt. (g) per root systern popul ation of re

No bacterium Control 67 .5 o 63.2op 14. 12no 0.7 x
Without TA 72.9 jk 67 .8 jk 14.93 jk 2.4 x
M. incognita OS 70.7 1m 65.61mn 14.50 1m 2.4 x

ZM 77.4 g 72.0 gh 15.83 g 2.9 x
PT 80 .8 de 75 .3 ef 16.52 ef 3.1 x
SV 75.6 hi 70.4 hi 15.45 hi 2.6 x

With Control 43 .2 w 39.3 x 8.75 w 182 a 20950 a 0.6 x
M. incognita TA 5 1.8 u 46 .7 v 10.10 u 93 e 10260 e 2.4 x

QS 48 .2 v 43.2 w 9.52 v 102 b 11450 b 2.3 x
ZM 56.3 s 50 .8 t 11.14 s 73 e 8190 e 2.7 x
PT 59 .6 r 53.5 s 11.75 r 6 1 g 6870 g 3.0 x
SV 54.2 s 4X.6 u JO.64 1 R4 d 9350 d 2.5 x I

Pseudo mo nas Control · 75.3 hi 69 .8 i 15.30 i 1.8 x 1
[luoresccns TA 79.8 ef 74 .1 ef 16.32 ef 3.1 x 1
Without OS 77.5 g 7 1.9 gh 15.78 gh 2.9 xl
.'Y!. incognita ZM 85.0 b 79.4 b 17.43 b 3.6 xl

PT 87.9 a 8 1.8 a 17.95 a 3.9 xl
SV 82.8 e 77 .2 cd 16.96 cd 3.4 x 1

\Vilh Cont rol 67.5 o 62.2 pq 13.73 P 68 ef 7670 f 1.6 x 11
M. incognita TA 70.5 m 64.9 mno 14.50 1m 53 h 5940 h 3.1 x II

OS 68.6 no 63.20p 14. 16 mno 60 g 6630 s 2.8 x II
ZM 74.2 ij 67.9 j k 14.95 jk 39 k 4380 j 3.6 x \1
PT 76.S gil 70 .7 hi 15.57glli 30 I 3350 k 3.7 x l
SV 72.3 k 66.4 klrn 14.63 kl 46 ij 5 J70 i 3.3 x I

Azotobacter Control 72.1 kl 67.4 kl 14.85 k 1.5 x 10

cJzroOCOClI1/I TA 76.8 gil 71. :! hi 15.65 gil 2.8 x 10

Wi thout OS 74'.9 i 69 .5 ij 15.26 ij 2.6 x 10

M. incognira ZM 81.7 cd 75 .6 de 16 .64 de 3.2 x 10

PT 84.6 b 79.5 be 17.30 be 3.5 x 10

SV 79.2 f 73 .7 fg 16. J8 f 3.0 x 10

With Control 63.3 q 57 .9 r 12.84 q 92 e 9940 e 1.2 x 10

M. incogni ra TA 67.8 o 60 .8 q 13.57 P 71 e 7840 ef 2.9 x 10

OS 65.4 P 58 .9 r 13.15 q 83 d 9250 d 2.7 x 10

ZM 70.1 mn 64.5 no 14.19 mn 50 hi 5590 hi 3.2 x 10

PT 73.2 j k 66.7 klrn 14.72 kl 4 1 jk 4660 j 3.3 x 10

SV 69.5 mn 62.3 pq 13.84 0p 62 fg 6930 gh 2.9 x 10

L.S .D P = 0.05 1.5 1.8 0 .34 6 490

TA = Triticum acstivum , OS = On-za sativa, ZM = Zea mays ; PT = Pennisetum typh oides, SV = Sorghum vulgare, Different letters within one co
repr esen: values that are sign ifica ntly di fferent at p = 0.05 .
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Inoculation technique

For inoculation of /1-1. incognita and bacteria, and the addit ion of dccomposcd
plant straws, soil around the roots was carefully moved aside without damaging
thc roots, The inoculum suspensions and decomp osed plant straws werc poured
or placed around the roots and the soil replaced. In the conlrol treaunents. whcre
no bacterial inoculum and no plant straw was given, water was added in equal
volurne to the inoculum suspensió n. The bacterial and plant straw trcatrncnts
were applied as shown in Table l. There werc 36 treatrncnts (3 x 2 x 6)
comprising three treatmcnts of bacteria (no bactcrium, Pseudomonas and
Azotobacter) tUJO treatrnent of nernatodes (with M. incognita and without
,\ /. incognita ) cach tested with six plant straws (without straw, T. aestivum, O.
satim. Z. mays, S. vulgare and P. typh oides ).

Observations

Plants wcre uprootcd 60 days after inoculation and the root systcms were gently
rinscd. The plants were cut with a knife aboye the base of thc root ernergcncc
zone and the length of shoots and roots were recorded in cm from the cut end lo
the top of the first leaf ami the longest root, respeclively. Excess water was
removed by blotting before wcighing shoots and roots separately. The numbcr of
galls per root system was countcd. For dry wcight determination, shoots werc
kept in envelopes at 60°C for 2-3 days.

A 250 g sub-sample of well mixed soil from each treatrnent was proccssed by
Cobb's sieving and decanting Iollowed by Baermann funnel cxtraction.
Nematodo suspensions were collected after 24 h, and the numbers of nematodos
were counted in five aliquots of I rnl suspension from each sample. The rneans of
the five counts were uscd to calculate the populati on of nematodes per kg soi l. To
cstirnate the number of juveniles, eggs and fernalcs inside the roots, I g sub­
sarnples of rool were maccratcd for 30 to 40 s in a Waring blender and counts
were rnade from the suspensi ón thus obtained, Total number of nernatodes
present in the roots were calculated by multiplying the number of nematodos
present in I g of root by the total weight of root. The size of the galls wcrc also
measured in diffcrent treatmcnts and histopathological study of galls from
different trcatmcnts pcrrnittcd differcnces in sizc of giant cclls lo be observed.
For histopathological studies nematode infeeted roots from different treatmenls
\Verc emheddecl in wax and sectioned using a microlomc and observalions uf
giant cells were made under a microscope.

To isolate bacteria from roots, 1 g root samplcs were rinscd with lap walcr amI
homogeniz.ed in a known amount of sterile dislillcd water. A serial dilut ion of
roN supension was plated 0 11 to nutrient agar amIJcnsen's mediulll to obscrve the
gro""th of P. f/II Ure:;cclIs arid A. c /¡roO COCCII IIl, respectivcly. Thc platcs \Vc re

incubated Ior 24 h al '!orc and the total number of colonies formed in I g of root
was calculated from the serial dilutions and presented as colony forming units
(CFU) per g of root,

Statistical analysis

The entire data set was analysed as a single three factor experiment , i.e. bacteria x
nematode x plant straws (Dospekhov, 1984). Moreo ver, the effects of bacteria
and plant straws on plant growth and their interactions were analysed. Least
significant differences (L.S.D.) were calculated at p = 0.05 and Duncan 's
multiple range test was employed to test for significant differences between
trcatmcnts,

RESULTS

Significant increase in the growth of tomato plants was observed when plants
without nematodcs were treated with P. fluorescens, A. chroococc um or
decomposed plant straws (Table 1). Growth of plants without nernatodes was
improved to a greater extcnt with P. fluorescens than with A. chroococcum.
Arnong decomp osed plant straws, P. typhoides caused grcater improvement in
plant growth than did Z. mays or S. vulgare, while O. saliva straw caused least
improvement in plant growth. When P. fluorescens was applied in combination
with P. typh oides decomposed straw to plants without nernatodes, the effect on
plant growth was greater than with any other combined treatrnent. Root
colonization was greater with Psfl uorescens than with A. chroococcum, and root
colonization was greater with P. fluores cens plus P. typhoides than with other
combined treatmcnt (Table 1).

Inoculation with M. incogn ita causcd a significant reduction in plant growth
compared with uninoculated controls (Table 1)..Tre atrnents with Ps flu orescens.
A. chroo cocc um and plant straws caused a significant increase in the growth of
nematode-inoculated plants when compared with nematode-inoculated untreated
plants. P. [luorescens caused greater increase in the growth of nematode­
inoculated plants than did A. chroococ cum. Pennisetum typhoides straw was
most cffcctivc in increasing plant growth followed by Z. mays , S. vulgare, T.
acslivl/l/l and O. sa liva. Increase in the growlh of nematode infected planls was
greatcr with plant straw plus P. jluorescen s than with plant straw with A.
chrooco cclIm . Application of /'. lypllOides with P. jl/lorescen s to plants infected
with nClllatodes causcd the grcatest increase in plant growth comparcd with any
other combined trealmen!. Use of Z. m ays straw with P. jlllorescells or P.
typ llOides \Vith A. chrOOCOCCl/lll also provided an increase in plant growlh of
nematodc infecled plallls but lo significanlly Icss exlcnt than the use of P.
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typhoides with P.jluorescells. Galling and nematodo multiplication was rcduccd
lo a grcater cxtent with P. fluorescens than with A. chrOOCOCClIlIl. Individual ly,
straw of P. typhoides was most effective in rcducing galling and nernatode
multiplication followed by Z. mays , S. vulgare, T. aestivlI/II and O. saliva. Use of
P. tvphoides with P. [l uorcsccn s rcsulted in greater reduction in galling and
ncmatode multiplication than use of any other combined trcatmcnt. 2m mays
with P. fluo rcsccns also caused a reduction in galling and ncmatodc
multiplication similar to that cuused by P. typh oides plus A. chroococcum (Table
1).

Colonization was greater with Pcflu orescens , aJ one or with plant straw, than
with A. chroococcum (Table 1). Highest root co!onization was ca used by P.
fluorescens in thc presence of P. typhoides. Giant cells and galls werc sma llcst in
size whcn Piflu orescens was uscd with P. typh oides and largest in the untrcatcd
nematodo inoculatcd plants. Moreover, giant cells and galls wcre large whcre O.
.sativa was used whilc P. typhoides straw rcsulted in small size giant cclls and
galls.

DISCUSSION

The fluorcscent pseudomonads testcd were found to increase thc growth of
nernatode-inoculated and uninoculated plants. Plant growth promoting
pseudomonads may act through direcl antagonism to pathogcns, antibiotic
production, cornpctition with pathogens for esscntial nutrients such as iron and
more directly through plan! growth promotion (Gamliel & Katan, 1993; Siddiqui
& Mahinood, 1998). In addition, an induced systernic resistance by Iluoresccnt
pseudornonads is also considcred to be a mcchanism for biocontrol of pathogens
(Wei et al., 1996). The sizes of M. incagnita induccd galls and giant cells were
also srnallcr in roots trcatcd with P. fluo rescens. This was probably becausc
Pseudomona s was u more uggressive root colonizer than lhe olher tesled
bacterium, an importanl feature for introduced bacteria in the managemenl of rool
pathogens (Suslow, 1982). Azotobacter chroococclIl/l forms considerable
quanlities of biologically aC live substances such as vilamins of the B grollp,
nicotinic acid, pantolhenic acid, hiotin, heteroauxin and gibbcrcllins (Tila\':,
1991), and has an abilily to produce anlipathogenic slIbstanees (Brown, 1962;
Mishustin & Shilnikova, 1972), which probably resulted in improv ed growlh of
bolh nematoc!e inoculated amI uninoclllated plants.

Use of decomposed planl straw may give benel"its sllch as belter soil structllre,
bllild up of antagonislic organisms, supply of plant nlltrienls anel /llore sllilahle
mediul11 for plant growth (Southey, 1978). The combined use of deco mposcd
plant straw wilh P. j7uorcscens rcsulled in the bllild up of a high 1'. flllo rcscel/s
poplllulion, which prohably had un adverse cffecl on IIcmalo(\e mulliplicalion.

thereby resulting in a better plant growth. The use of the other test bacter ium with
plant straw resulted in less build up of bacterial population than the use of
P. fluorescens. Nutrient content (N'PK) was highest in the straw of P. typhoides
followed by Z. mays, S. vulgare, T. aest ivum and O. saliva, and better growth of
tornato and greater reduction in nematode muItiplication may be related to
nutrient contents. Availability of nutrients may also be helpful for build up of a
high bacterial population and root colonization, especially in combined
treatrnents. That is why root colonization of bacteria was highest in P. typ ho ides
straw treated plants and least in O. saliva treated ones. Although these straws are
generally used for feeding anirnals besides other uses, they can also be used for
improving tomato growth and reducing ncmatode multiplication with plant
growth promoting bacteria,
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Yield Responses and Nutrient
Utilization with the Use of Chopped
Grass and Clover Material as Surface
Mulches in an Organic Vegetable
Growing System

Hugh Riley1,' , Anne-Kristin Lees'', Sissel Hansen- and
Steinar Draqland"

1Norwegian Crop Research /nstitute, N-2350 Nes pá Hedmark, Norway.
2Norwegian Centre tor Eca/ogica/ Agficutture, N-6630 Tingvoll , Norway

ABSTRACT

Tria ls were perforrn éd with red beet and white cabbage in 1998-2001 lo assess the effect s on yield s
and nutr ient uti lizati on of surface mulch (chopped grass andlor red c1over). No othe r nutrients were
applied. Nitrogen (N ), ph os phoru s (1') and pota ssium ( K) contents were measured in mulch,
saleable produ ct s and above-ground plant residuo s. A single mulch applicati on of abou t 12 Mg DM
ha- I incrc ased the yie lds of both c rops signifi ca ntly. Mean yie lds of sa leabl e prod ucts were
incre ased from 27 to 33 , a nd from 44 to 56 Mg FW ha- I o f red beet and white cabbage, respective ly.

.Ho wc ver, Ihe ave rage apparent recoveries of mulch der ived nutrients in abo ve-ground plant parts ,
cal cu lated by subtrac tion of uptakes in the control treatm eut, were onl y 13, 14 and 18% of N, l' and
K. respcct ivcl y. Sorne 3-10% of Ihe N suppl ied in mulch was found as min era l N at 0-60 cm soi l
depth after harvest , and in late autumn approxirnate ly half of the P and al l the K supplied wa s found
as P-AL or K-AL (ammo nium lactare and ace tic acid) plus ac id -soluble K in the lop soil. Mulch
applica tion also incr eased thc yield levcl of spring ccrcal s gro wn in the following year by on
average 0.6 Mg ha':' , o r 20%. .

INTRODUCTION

Surfacc mulching with choppcd frcsh planl material is practised by a number of
orga nic vegetab lc growers in Scandinavia.· The method supplies erops with .__
nutri ents and thus increases vege table yiclds ; it suppresses annu al weeds,

' C()rres ponding author: hugh .riley@planleforsk.no
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TABLE 5

Content of easily-soluble plant nutrients aceording to modified Spurway-Lawton analysis and dry bulk densiry (D.b.d.l
in eompost substrates al start of growth tests.

Control. FYMC FYMC FYMC FYMC HWC HWC HWC ConunerciaJ Home-made
mineral low medium high vcry high low mcdium high CM CM
fcrt ilizer substrate substrate

(A) lB) (C) ID) (E ) (F) (G) (Hl (1) (1)

pH 5.1í 4.1 5.1 C, .2 6.6 3.6 3.9 4.3 6.5 5.8
EC (mS cm'") 2.9 1.8 4.3 6.1 8.1 2.0 3.7 5.7 l.3 4.7
,,0, (mg J-I ) 95 67 176 247 265 105 210 404 27 <,27
NH~ (mg 1-1) 124 15 22 28 30 12 17 19 99 16
P (mg 1-1) 67 70 211 280 295 31 50 91 54 11 2
K (rng 1-1) 283 650 1845 2563 2869 396 743 1342 258 327
Mg (mg 1-:) 98 45 110 153 175 37 53 79 121 155
S (rng 1-1) 153 31 66 90 104 9 15 23 26 98
Ca (mg 1- ' ) 903 182 286 430 505 119 223 425 656 1778
:"a rrug 1-1) 50 77 195 268 289 99 IR9 335 6J 134
CI (mg 1- ' ) 19 162 434 609 666 198 W6 74(, 104 140
:'>1n (n:g 1- 1) -1 .1 0.7 O.!; I.1 1.2 0.5 0.7 1.0 2.6 :U
D.b.d. rg rnl" ) 0.253 0.255 0.333 0.409 0.409 0.231 0.279 IU) I OY iR 0.35(,
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Evaluation of Growing Media
Containing Farmyard Manure
Compost, Household Waste
Compost or Chicken Manure for the
Propagation of Lettuce (Lactuca
sativa L.) Transplants

Y. Eklind\ B. Ramert2• and M. Wivstad2

I Department ot So/l Sclences , Swedlsh Unlverslty ot Agrlcultural
Sciences, P.O. Box 7014, S-750 07 Uppsala, Sweden.
2Department ot Ecology and Crop Productlon Sclence, Swedlsh
Unlversfty of Agrlcultural Sclences, P.O. Box 7043, S-750 07 Uppssla,
Sweden .

ABSTRACT

Organic substra rcs, ba scd o n sphagnurn peal and farm yard manure compost , houschold wa sre
cornpost or chicken manure were tcsted for thcir suitability for plant propagation of Ieuucc . Nel N
rnineralization in ihc substrares was Iollowed, as well as uptake of plant nutricrus and heavy merals
in lenu ce rransplant s. Nel N mineralization from rhe compost -based substratcs was not significantly
secured and vcry low , about 1'10 of ini tial organi c N comenI duri ng Ihe 2B·day pc riod from the lime
of sowi ng the lcuuce ro thc end of the propagation pcriod . In the IWO chicke n manure substrates,
nel N rnineralizati on wa s higher, 9 and 28%, respectively, during a pcriod of 50 day s, whi ch
included the 3 wcek s from rnixing of suhstrates until the S1ar1 of rhe propagation peri od oHowever,
it was not only the rotal amount of net N mineralized that differed considerably between the two
chicken manurc suhs tra tes but al so the rate of nitrification. There was a strong negative correlation
bctween pI! in Ihe substraies and Cd concentrations in tran splants, res ulting in unacceptably hig h
Cd leve ls in tran splan ts grown in substrates with very low pH . Of the testcd organic substrates, the
one with thc lowc st co ncenlratio n of farm yard rnanure was the rnost suitable for planl propagarion
of lcuuce .

INTRODUCTION
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according lo the EU rules (EC Council regulation No 1935/95). Fannyard
manure and chicken manure are exarnples of pcrrniucd fert ilizcrs. Al prcscnt,
co mpos ted household waste is also allowcd for a test period ending on 3 I March
2002 . Thc prercquisitcs for using this kind of compost are that the houschold
waste is source scparuted ano produced in a closed anJ couirollcd collcction
sys rem accepted by the mernbcr country. Concentrations of mctals must be
lower than spccific lirnit values.

Generally, important chcmical Iactors for substrates used in plant propagation
or container grown plants are pH, clectric conductivity, levc1s of plant nutricnts
and the balance betwccn nutricnts (Bunt, 1988). Thc total N conccntration of the
substrate and Ihe mineralization of the nitrogen are irnportant whcn organic
fertilizcrs are used in planl propagation. The plant must havc access lo mineral
N from the heginning and continu ally during the propagat ion periodo When
cornpostcd materials are used as fertilizers in a substrate, it is of great
irnportance that thc material is sufficiently stabilized or ' rnaturc' 10 avoid
ncgative growth cffects due lo N immobilization, oxygcn deplction or presencc
of phytotoxic cornpounds (Iglesias lim énez & Pérez García, 1989). Nitrogen
minerali zation from composted materials is generally low (Castellanos & Pratt,
1981; Kirchmann, 1991 ; Báth & Rarnert, 2000), whereas fresh chicken manure
is known to give comparably higher N minera!ization (Kirchmann, 1991;
Aoyama & Nozawa, 1993; Báth & Rarnert, 2000). Howc ver, it is not only the
total amount of mineral N available that is important lo the planl, but also thc
proportions of ammonium-N ano nitrare-N. Plant uptake of other ca tions, i.e.
ca lcium, magnesium and potassium, may be rcduced when arnmonia dominares.
Expericnce suggests that the NH.¡:NO) ratio should not excecd 1: I (Bunt , 1988).
Thc NH4:NO) ratio is also onc suggestcd indicator of cornpost maturity; a
mature cornpost having a low NH.¡:NO) ratio (Mathur et al., 1993).

Increascd yields in the field as a result of appropriate fertilization of thc
lransplants were observed for several crops (reviewed by Masson et al., 1991)
including Icttuce (Kratky & Mishima, 1981). Total N contenl of nursery plants,
in corurast lo the plant weight, has been shown lo have a big influcnce on growth
alter planting; nursery plants of butterhcad lcuucc that wcre well suppl icd with
N dcvclopcd Iastcr in thc field, were harvested earl ier and reached highcr hcad
weights compared with N dcficient plants (Klages et al., 1997). A high ratc of
N fertilization during plant propagation of cclery, broccoli, lettuce, tomate
(Masson et al., 1991) and cauliflower (Schwaninger et al., 2000) gave a higher
yicld in the field. Transplants with wcll-devcloped root systcms are reported lo
recover more quickly fram Iransplanl shock (Weslon & Zandstra, 1986).

The general aim of Ihe presenl study was lo lesl lhe suilahilily of differenl
organic sllbslrales for plant propagalion of leltuce. Spccifi c objcclives were lo
follow lhc nel N mineralizalion fmm lhc subslrales and lhe uplake of planl
nulr ienls and heavy'melals in lellucc Iransplanls. The sludy forms parl of a Iarger
inlcrdisciplinary projccl which aims lo bellcr undersland the dynam ics 01' planls

nutrient regulation and pest control by crops in organic lettuce farming (Rarnert
et al., 200 1).

MATERIALS ANO METHOOS

Substrates

AII substrates in the study were based on sphagnum peal. The organic fertilizers
uscd were farrnyard manurc compost (FYMC), household waste composl
(HWC) and chicken manure (CM). Farrnyard manure was composted together
with straw (in proport ions 1:0.56, dry weight) from rye wheat (Triticale titile
L.) . The initial C/N ratio was about 25. The cornposting was conductedin a heap
(abo ut 4 x 2 x 1 m; I x w x h), the firsl 2 months outdoors, during the autumn ,
and subsequeruly 6 months indoors al an ambient tcrnpcrature of 18-20°C. The
heap was turned and watered several limes. Maximum ternperature in the heap
was 63°C and the ambient tcmperature was reached after about 5 months . There
were a large number of earthworrns (Elsenia foetida) in the FYMC which were
removed. The compost was then sieved and frozen to kili any remaining worrns
and eggs. The final C/N ratio of the cornpost was 7.

Source separated houschold waste from Uppsala municipality (Eklind el al .,
1997) was mixed with straw from winter wheat (Triticllm aestivum L.) and
composted in insulated, rotatablc, 125 1 compost drums. The initial C/N ratio
was about 23. A maximum tcmperature of 60°C was obtained in the compost,
and the ambient temperature was reached after about 70 days . The compost was
kcpt in the bins during rnaturation , the total composting time being about 6
months. The final C/N ratio was 11 .

The FYMC and HWC were mixed with unlimed sphagnum peal. Four levels
'of FYMC was used (12, 26, 34, and 45% by volume; rcferred lo 'low',
'médium' , 'high' and ' very high' FYMC, respectively) and three leveIs of HWC
(I D, 18, and 34% by volume; referred lo as 'Iow', 'med ium' and 'high' HWC;
Tnble 1). The aim with proportions used was to reach specific valucs of

TABLE 1

Treatmcnts in plant propagation trial with leuu ce.

A Control with mineral fertilizer
B Low rannyanl manurc eompost (FYMC). 12%
C Med ium FYMC, 26%
D High FYM C, 34%
E Ver y high FYMC , 45%
F Low hOllseh llld waSle composl (IlW C), tO%
G Mediulll HWC . 18%
Il Ili gh IlW C, 34%
I ClI mI1lcrcial chickcn manun: (CM) subslrale
J lIome-made ehickcfI manu,c (CM) subslrale
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clcctrical co nductiv ity (EC) . Th c EC 01' thc sicvcd FYMC was aho ut 10 IIlS
cm- I and of thc HWC abo ut 14 mS cm- l.

Tw o substratos with dricd , pelleted ehieken rnanure were uscd. One was a
commcrcia l produ ct ('Solmull', Hassclfors Gardcn , Swed cn ), co ntai ning 12 kg
pcllctcd chickcn manurc, 3 kg lirncstone meal and 2 kg dolomite meal IIf-3

sphagnum peal. The oth cr was a hornc -rnadc substrato conlaining 10 kg pell ctcd
chicken manure (Vaxtmastcr ; ' Den nya gcner ationcns hon sgüdsel ' ) , 5 kg
bonemeal , 4 kg lirnc ston e meal and 2 kg milled 'Algomin ' (a calcium and
micronutrient rich rneal made 01' red algae) m-3sphag nurn peal. The horne-rnade
subs trato was mixcd , an d thc eommerci al substrato cm pticd from the plast ic bags
3 wceks before use. TIJC substrates were stack ed in small he aps in a grecnhousc
al 18-20nC and were aerated and watered weekly to promole mineralization and
nitrifi cation, and lo avoid negativo growth cffeets due lo high ammonia lcvcls.
Th is is a common practice for substrates with dried chicken, manure.

Sphagnum pcat amended with lime and mineral fert ilizers (I80nS/210 g
dm-3 substrate 01' N, P, K plus rnicro-nutrients) was used as the control. AII
substrates were sieved (9 mm mesh sizc) befare use in the plant propagaiion and
N rnineralization lrials.

Plant propagation trial

Icebe rg lcttuce tLa ctu ca sal iva L. cv, Calgary) was sown in lrays (La nncn
Planlek, 40 x 40 cm, wilh 64 planls in each tray and 80 mI vo lume per plu g)
wilh lhe differenl subs trale mi xlures (Ta ble 1). 01' the 64 plants in each lray, 36
were used for lhe experimenl and lhe remaining 28 were border planl s. TIle
rclalivcly large plug size and lhe fertili zer coneenlralions in lhe subslrale mi xes
were ehosen wilh lhe aim 01' finding a cu1tivalion syslem whcre supplcmenlary
feeding during lhe propagalion period was nol nceded. The seeds we re pe lleted
but without any ehe mical lrealmen t. The lrays were placed in a growl h chnmbcr
al 20nC dur ing germi nation, and after 3 day s moved into a greenhouse . Ouring
lhe firsl 48 h in lhe greenhouse, the temperalure was se l lO 20 nC. Th en,
successively, lhe temperalure was lowered, with nighl lemperalures sel 1-2
dcgrces lower lhan day temperalures. Al lhe enu 01' the propagation peri od, 4
wec ks after sowing, nighl lemperalure was sel lo JODC and day temperature
12

nC
; however, when il was sunny lhe lemperature in lhe gre enhou se was aboye

20
n
C. A randomized block des ign was use~, wilh lhree blocks and eac h plOl

cllnta ining lhree trays (in total nine trays per trealm enl). The planls were walercd
wilh deionised waler. Bacilllls Ihllrillgiellsis (Skeetal) was used fo r biological
co nlrol 01' Sciaridae ni es.

The germi nalion rale was rcgi slered each day for 12 days afte r sowing. TIle
number 01' weed s were delernl ined 2 weeks after sowing and then removed fro m

wcight. Aik l' 3 ami 4 wce ks , rcspccii vcly , asscssme nts werc malle of plant
co lour (dct erm ined with RH S colo ur chart; the Roya l Hort icul tur a! Socicty,
l .ondon , U.K.) plan t lcngth, nu mb er o f leaves, and wet and dry weight 01" plan ts .
In the fina l usscssmcn t (aftc r 4 wceks), conccntrations 01' plant nutricn ts and
hcavy mcials in the plant s and root dcveloprnent wer e also de tcrm incd . Wh en
plant x were dcstruct ivcly sam plcd, 36 plant s per block wcrc used, i.e. a ll
ex perime ntal plants in one tray, so ihar one 01' three rrays in thc plot was uscd
un cach sampling occasion.

Chemical onalyscs of substrates and plants

Th e growing medi a were annlysed al the start of thc plant prop agation trial for
total coucenrrations of plant nutricn ts and met als, arnm oniurn-N, nitrare-N ,
casi ly so lub le nutrients, pH and clcc trica l co nduc tivi ty. Analysis of most
e lcmcnts was done with an inductively co uplcd plasma emission spcctrom eter
(l CP , Perkin Elm er Óptima 3000) after dis solution in I-lNO)" Le ad (Pb)
con ecnlration in the transplants was detcnnined us ing a gr aph ite furnace atomic
absorption spcctrorneter (Pcrk in-El rner 4110ZL), since thc con ccntration mostl y
was below rhe dctcction lirn it for the ICP . Organic earbon was mcasured by dry
co mb usti ón and IR deterrninati on 01' CO 2 evol vcd (LECO analyser, U.S.A.).
Total N was mcasured by a rnodificd Kjeldahl rnethod that ineludes nitrare
(Bremner & Mulvaney , 1982). Amrnonium-N and nitr are-N wcre deterrnined
co lori me trica lly (autoa na lyser TRAACS 800, Bran Luebbe) afte r extrac tion wit h
2M KC\. AIl N anal yses \Vere carried out on \Vel, lhawed materia\. Easil y
soluble nutrie nls 01' lhe substrates we re analyscd by lhe Illod ified Spurway­
Lawton mClhod (Spurway & Lawt on, 1949; Karl sson , 1960), co mmo nly used in
Sw .:dc fI and Norw ay lo analyse ·planl· av ailable' nutrient s. Samples wcre air ­
dried, mill cu, sicved th rou gh a 3 mm sieve, eo mpacled in a eyl ind er ano
eXlrac tcd 1:6 (v/v) with 0.0 1&M ace lie aeid . Eleclri cal co nduetivi ly and pH we re
delermincd in wa ler extrae l, 1:4 (v/v) .

Nitrogen mineralization trial

A SllIuy a l' lhe net N min erali zal ion in the same subs lralcs as in lhe pla nt
propagation tria l \Vas co nduc lcd in Irays withoul plant s. The lrays were placeu
under lhc same clima tic co nui lions as lhe prop agat ion Irial and were wat ered
carCfully wilh deionised water Wilh lhe aim 01' kceping suffici enl humidily bUl
a\'oi d ing leach ing . A lolally randomi zecl design with one tray per plot ano three
rep lica les was used. Ammoniu m-N ano nilrate -N co nee ntra lions were de ler­
mincd at the slarl and afler 1, 2, 3 and 4 weeks. Al lhe star t, 'one general sample
" " l ~ ' 'Il, p~ f ron", t h.~ r ••h .· f" •.• 1. 11 : __ • • 1



TABLE 3

TABLE 2

RESULTS

Total CO /lcelltra tio flS 01 p lant nutrien ts and metals

3.53 2.44 1.00 1.60
0 .63 0.59 0.14 0.54
3.07 2.41 0.28 0.37
3. 14 3.58 2.52 4.50
0.70 0.39 0.43 0.29
0.45 0.39 0.16 0.23

Na 2904 5680
Cr 7.51 9.85 70
Mn 224 176
Ni 7.73 9.29 25
Cu 2') .7 60.2 70 '
Zn 102 120 200
Cd 0.35 0.54 0.7
Pb 5.7 35.3 45

FYMC IIWC EU limits
(mg kg- I DM) (mg kg- I DM) (mg Icg- I DM)

Concenlrations of a number of rnetals in composls
(be rore mixing with peal) and EU limits for cornposted

household waste lo organic farming.

N ~

P 0 .16
K 0.35
D 3~

Mg 048
S 0.31

FYMC HWC Corn- Hornc-made Control
(% of DM) (% of DM) mereial CM mineral

CM substrate fertil izer
substrate (% of DM) (% of DM)

(% of DM)

Concentrations of macro planl nutricnts in composts (before mixing with peal).
chicleen manure substrates and conlrol with mineral fertilizer .

Chemical properties 01 the substrates

The total N concenlration was 3.5 % of dry rnauer in the FYMC and 2.4 % of
dry rnatter in the HWC (Table 2) . Thc concentrations 01' the other macro plant
nutrients werc also higher in the FYMC, except for calcium. The horne-made
CM substrato had higher total concentrations 01' plant nutrients than the
commercial one, cxccpt for magnesium.

The HWC had higher concentrations of most rnetals than the FYMC.
Howe ver, the metal concentrations of the HWC were below the EU limit values
for cornpos ted hou sehold waste used in organic fanning (Table 3) . Th e cadmium

For gc rrnina tion data, a logistie model was fitted for eae h tray separately. Th e
proport ion of genn inated seeds was fitted as a funct ion 01' lime usin c a
general izcd linear model (McCullagh & Nelder, 1989). The Genmod proeedcurc
01' the SAS (1997) package was uscd for analysis. The link was a logit functi on
and the distribution was assumed to be binomial. This resulted in an est ímate 01'
the intercept bo and the slope b, 01' each tray. These were used, in turn o to
estimare the time GTso at whieh 50 % 01' the seeds had germinated , Th is was

calculatcd as GTso =bJbI ' Th e GTsovalues for all tray s were used in an analysis
01' variance that included tre atrnent and block effect, using the GLM proccdure
01' thc SAS (1997) package.

An alysis 01' variancc and correl ation analysis were conducted with the
software 1MP (SAS, 1989) for wel and dry weight of transpl ant s , plant length.
and nutri cnt and heavy metal conccntrations in the tran spl ant s.

Partial least square regression (PLSR) was performed with the software
Unscrambler® (CAMO NS, Trondheim, Norway), In the PLSR, one of the
response parametcrs, dry weight per plant, al 2, 3 or 4 week s was uscd al a lime
as the Y-matrix , and was predictcd by using the data for ch erni cul var iables (pl-l,
EC, total and ea sily soluble amounts of plant nut rients, total arno unts 01' hcavy
rnctal s) of the subs tra tes as X-matrix . The es tima tcd reg ression coefficient s ti of
the PLSR ' rnodcls descrihe the rclation between ind ep cndent an d dependen :
variab les. The PLSR modcls werc tcsted with fuI! cross-valida tion.

In the N min cral izat ion s tudy , t-tcsis were performed for the CM substratos
lO evalu are if changes in co nccntrati on of m ineral N during thc cxpc rirnent wcrc
significant . Fo r the other subslrates, changos o vcr tim e of total mineral N for
cach substra to wcrc made by analysis of variancc, day 29 -50. Th c valu e for day
22 . based o n only on e an alysis of mineral N, was not includcd .

subsarnples . On the other occasions, suhs trate from six plugs from eaeh tray ( =.:

plot ) wa s col lcctcd , pooled for cach plot and fro zen.

The chicken manure subst rates were rnixed or emptied froru the plastic bags
3 wcck s before fillin g the trays, They were placeo in heap s, as described in more
dctail aboye, with no repl icares. Co ncc ntrations 01' amrn on ium- N and nitrare-N
were detcrrnined at mixing and 1, 2 and 3 weeks thereaftcr, the latt er occas ion
being al the same as the start 01' the propagation lrial. O n these occasions, thrcc
sarnples, each consisting 01' len subs arnplc s, were taken from Ihe mixtures and
analysed scparatcly, 'DIe net N mincrali zation was thu s Iollowed during 50 days
in the chickcn rnanurc substrates and 28 days in the orhcr substra tes,

Statistical analyses

·C,'ppcr can he tolcratcd in grcater amounls if it eun be shown
Ihat Ihe fllrmland whcre 'he $Iudge is going lo he spread has
1I need for c" l'l'er sU l'ply



Y. EKLlND.!l . RÁM ERT AND M. W1VSTAD ( iIWWI NG MEOIA FOR I'R OI'AC¡ATIO N 0 1' LETfUC E 165

conccnlralion in thc control with mineral fcrtilizcr and the home-rnadc Cl\1
substrato was al thc sarne Icvcl as in the compost-bascd substrntcs, whcrcas rhc
commercia l CM suhstrate had a slightly lower Cd concentratiou than the othcr
substraics (Table 4).The control with a mineral fcrtilizcr had a high copp cr
conccnlralion, just below the EU limit values mcntioncd, hui abovc a Bclgian
standard for toxic levels of metals in substrates (50 ppll1 Cu for Iood cro ps;

Bunt, 1988).

Easily soluble plant nutri ents, plJ and electrical conductivity

In the cornpost-amendcd substratos, concentrations of casily soluble plant
nutrients reflcctcd the mixing ratio betwcen composl and sphagnum peal; thc
nutrient concentrations incrcascd with incrcasing amounts of cornpost in the peal
mix (Tablc 5). The FYMC substrat es had high Icvels of easily soluble P and K,
and also Na and CI. In both FYMC and HWC substrates, the KlMg rat io was
very high, 11-17:\. Generally, the conccntration of easily soluble nutrients was
higher in the home-made CM substrate than the commercial one, as it was for
total amounts of plant nutrients.

The pH was very low in the HWC-based substr ates; pH 3.6 in the trcatment
with the lowest amounl of compost and highest amounl of peal and 4.3 in the
trcatmcnt with the highest amounl of compost. AIso, Ihe ' low FYMC' substrate
had a low pH, 4.1. The electrical conductivity was lowest in thc commercial CM
composl (1.3 mS cnr') and highest in the 'very high FYMC' substrate (8.1 mS

cm" ).

Nitrogen mlneralizatlon

Ncl N mineralization was low or non-significanl in thc compost-bascd substratos
during the 28-day experimental period (corresponding lo the sowing lime of thc
lettuc e lo the end of the propagation period). In thc FYMC subsirares, thcrc
tended to be a small dccrcasc in ammonium-N and a slight increase in nitrare­
N and total mineral N (Figure 1). Net mineralized N was 0.7-1.4 % of iniiiul
organic N. The initial level of mineral N in the HWC substratcs clcarly
corresponded lo the different amount of composl used (Figure 2). Thc 10 \\1 ami
medium HWC substratos tended lo have an increase in mineral N during the first
weck, bUI during the last weck, mineral N tended to decrease , Nct mincrali zcd
N was 2.4-3.4% of initial organic N. The control with mineral fcrtilizer showcd
a slight decrcase in mineral N during the lasl week of the cxperimcnt (Figure 2).

Nct N mineralization in the IWOCM substratos differed considerab ly (Figure
3). The conccntra tion of mineral N increased significantly in thc hornc-made
r "h", _~'n -l .. . ; .... oh .. l'ir <' '''I'"Ir " f' t' r mixinl' (o = 0.001 in a t-tcst cornparing
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Dry weight of transplants

The colour of the plants was very similar in all treatments. However, thrce­
week- old plants in thc wcak HWC had a more yel low-green colour (be twccn
AJ44 and AI45 on the RHS colour charts) than any other treatmcnt (that all had
colour AI44) . After 4 wecks, plants in most trcatrnents still had colour A144,
but plants in the low and medium HWC wcrc paler green (colour between A144
and B144). The conlrol with mineral fertilizer had a more blue-grecn colour
(betwcen A144 and B146).

The control plants and plants in low FYMC had significantly higher weights
than the other treatrnents after 3 and 4 weeks 'Figure 5). Among the different
concentrations of FYMC, the plant weight dccreased with increasing compost
conccntration at all asscssmcnts, Plants in the very high FYMC had the lowesl
weight throughout the test , Among thc HWC trcatments, plants in low HWC had
the highest dry weight after 2 weeks. However, after 4 weeks therc was no
significant differcnce in weight betwccn the HWC trea trnents . The dry wcight
was signíficantly highcr in commercial than in home-made CM substrates at 2
and 3 weeks, but not after 4 weeks, There was a strong negative correlatio n

Plant height, number of leaves and root development

171UROWING MEDIA FOR PROPAGATIONOF LE'ITUCE

The plant hcight alter 4 wecks was significantly largest in thc cont rol treatrnent,
followed by comrnercial CM substrate and low FYMC. GeneralIy, plant height
and plant weight rcflected each other,

Aftcr 3 weeks, transplants in most treatmcnts had devcloped three true leaves.
Plants in vcry high FYMC had only two leaves. Plants in high FYMC, high
HWC and homc-rnadc CM substrate had two-three leaves. After 4 wee ks , the
control plants and plants in low FYMC had developed five leaves, and plants in
mcdium FYMC had four-five Icaves. Plants in very high FYMC had only three­
four leavcs, whereas plants in alI other treatrnents had develo ped four leaves.

At the end of the propagation period, 4 wccks after sowing, transplants in the
control and low FYMC had thc densest root devclopment (Table 7). Plants in
very high FYMC and in low HWC had very smalI root systerns. There was a
significant correlatio n (R2 =0.76) betwcen root development and dry weight per
pIant al 4 wecks.

betwccn elcctrical conducti vity and dry wcight per plant at 2 wccks (R2 =
- 0.94), whcreas the correlati on bctwccn EC and DW per plant at 3 weeks was
lower (R2 = - 0.57) and thc co rrelation al 4 wceks was not significan t.
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Colour

0 .3-r-----------------.,
Piara nutrients and heavy metals in transplants

a

0.25 ~;t
The N co nce nt ration in transplants was significantly highest in the control plants
and lowest in plants in low FYMC (Figure 6). Also the phosphorus

FIGURE 5. Dry weight of lettu ce transplants 4 wccks after sowing. Values labclled with the sa mc
lettcr do not differ significantly al p < 0.05 (Tukey test). Treatments: A = control with mineral
fertilizer, a =low FYMC. C =mcdium FYMC. O =high FYMC, E =very high FYMC. F =low
'"U"" ~ .1: . . _ U \\Ir" u _ ...:...1.. U'Ur" ,_ .......... -.......; ...1 r ' A' .........:... ,_ 1....."",_ ........., 1.. r"" _... ~; ...

TABLE 7

o
21.3
60.7
67.7
51.7

1.0
O

0.3
O
O

Number of
weeds

per tray

Brownish

While
While

While

Comrnenl,
root colour

Value
( 1-5)

5
5

3-4
2
J
I
3
3
4

3-4

Treatrnent

A Control. mineral fertilizer
B Low FYMC
C Medium FYMC
D High FYMC
E Very high FYMC
F Low HWC
G Medium HWC
H High HWC
I Cornmercial CM subs trate
J Home -rnade CM su bst rate

Root asscssrnent after 4 weeks (1 =very weak root systern,
5 = very dense rool syslem) and number of weeds per lraY afler 2 weeks.

J

be

b

HE F G

Treatment

BCD

a

A

0 .1

0 .05

0 .15



FIGURE 3. Conccnt ration s o f am~oni um·N. nitrare-N aod tota l miner~l N ~n commerci ?\ and
hornc-madc ehicken manure medi a. Thc arrow indieates the eo rrcs pondmg um e for sowmg o f

Icttu ce in the plant propagation trial.

Y. EKUN D, 13. RAMERT !lND M. WIVSTAD
169G RO W1NG MEDIA FOR PROPA GATION 01' LETnJCE

Plant propagation trial

mineral N day O with the mean for day 8- S0). In contrast, mineral N in the
commercial CM substrato changed vcry littlc befare' day 22, when there was a
significant mercase (p =0.001 in a t-test comparing the mean coriccntration of
mineral N day 0-22 with the mean for day 29- S0). Morcovcr, the time for
nitrification di ff ered considerably between the two substrates. Very high levcls
of nitrare-N (> S g kg- I dry mattcr) were present 1 wcck aftcr mixing in the
homc-rnade substrato. In the commcrcial CM substrate, no appreciable nitrate­
N concentration was measured before 3 wceks aftcr mixing. Maximum nitrate­
N conccntrution, about 2 g kg- I dry mattcr, was reachcd S wecks after mixing•
which corresponded to 2 wccks aftcr sowing of lettuce in the plant propagation
tria!' Nct mineralized N aftcr SO days (including the 3 weeks pcriod from mixing
until the start of the 4 wcck propagation period) was 9.2% of initial organic N
in thc cornmercial substrate and 28.0% of initial organic N in the homemade
substrato.
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Germination

FIGU RE 4. Ge rnu natic n of leuu ce during the initia! 12 days of the plant propagation trial.

Treatrncnt GT~

I Comrnercial CM su bs trate 3.56 a
F Low HWC 3.7 1 ab
G Medium HWC 3.86 abc
B Lo w FYMC 3.90 abe
D High FYM C 3.9 1 abe
A Cont rol. mineral fcnilizer 4.0\ abc d
C Medium FYMC 4.11 bcd
H Hig h HWC 4.38 cd
J Hom e-made CM substrare 4.45 d
E Very high FYMC 7.70 e

TABLE 6

T ime al wh ich 50 % of thc lcttuce seeds had ge rrninated .

There wcre significant diffcrences betwecn treatments (p =0.0001) with regard
to GTso (Table 6). Gerrnination was delaycd in the treatmcnt with very strong
FYMC. Also, the final germination percentage was significantly lowcr in this
treatment: 73% compared with 95-98% in the other treatments (Figure 4). The
time for SO% germination was also dclayed in high HWC and home-made CM
media, but they still achievcd a high final gerrnination pcrcentage.
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incrcase (Christcnsen, 1984; Eriksson, 1989; He & Singh, 1995 j . ll owcvcr, in
othcr pOI cxpcrirncnts, cffect s 01' pH on plan t uptake (J I'Cd werc contradic tory.
Eriksson (1989) reponed very high Cd conccntratious in rapcsccd planis a l pl l
4, wiih an cxpo ncntia l dcc rcasc when pH was incrcased lo 7 . In cunt rast, Cd
conccntrations in ryegrass in sorne cases tended lo incrcasc with incrcasing pll
within the range of pH 4 and 6. He & Singh (1995) found that Cd conccntration
generally decreased with incrcasing pH in oats, carrot and spinach, hui in
ryegrass growing in loam soil there was an increase in Cd with increasing pH.
Singh el al. (1995) repon ed decreasing Cd concentrations with incrcasing soil
pH in carrot and wheat in two diffcrent soils, whercas the effcct in lcuuce was
not consistent. Thus, the pH-Cd uptake relationship secms to be dcpcndent on
soil type and plant species.

In field trials (Andersson & Siman, 1991; MeLaughlin el al., 1994; Maier el

al., 1997), the effects of pH on Cd uptake often seem lo be contradictory. The
difference between field trials and pOI expcrimcnts was stresscd by Maier el al.
(1997), They found decreasing Cd uptake in pOIato tubers al increasing pll,
caused by liming, under glasshouse conditions, bUI no effect or even increasing
Cd uptake with increasing pH in field experiments. Several explanations for thc
disagreement were suggested; for example ineffective mixing of lime throughout
the root zone in the field, inadequate lime of reaction for lime with soil, and
cornpetitive desorption of Cd2+ by Ca2+.

Magnusson (2000) found a strong negative correlation betwecn con­
cenlrations of Mn in soil al low pH and Cd in cauliflower and broceoli plants.
The HWC in the present trial was low in Mn, and this may have contributcd lo
the high Cd uptake in the lettuce transplants.

In Sweden, there is no current maximum permittcd level of cadmium in food,
but a suggested value in inlernational discussions is 0.1 mg kg- I FW for mosl
cereals. WHO has suggesled a maximum penniUed level of 0.05 mg Cd kg- I FW
(Singh el al., 1995). LeUuce lranSplanls in all HWC Irealments had higher Cd
levels, lile highest being 0.20 mg kg- I FW in Ihe medium HWe . The cadmium
concenlralion in the consumable producl, Ihe leuuce head after field cultivalion,
will of course also depend a 101 on Ihe conditions in lhe field, since mosl of Ihe
growlh lakes place there. However, !he resulls from Ihe propagation Irial provide
a warning against growing leuuce in subslrales or soils wilh low pH, especially
when Cd levels, due to nalural background levels or inpul by Cd-conlaining
fertilizers or deposition, are high.

The currenl maximum permiued level of Iead in leafy vegelables is 0.3 mg
kg- I FW (1orhem & Sundslrom, 1993) and 0.1 mg kg- I FW in olher fruil and
berries. The highesl lead concenlralion, found in Iransplants grown in medium
HWC, was 0.07 mg kg- I FW, well below Ihe maximum pcrmilled valuc.

CONCLUSIONS

'Ih c luw Iarmyard munu re compost was thc most suituble 0 1' the tcstcd substratos
for plant propagation uf lcu uce. Howc ver, substratos bascd on househcld wastc
compost or chickcn manure also have the potential lo be used in propagation of
transplants for organic growing. Howcver, it is importunt lo optimizo the
substratc for each diffcreut organic fcrtilizer. Electrical conductivity is a critica!
factor for gcrmination and plant growth, and has lo be carefully adjustcd , Also,
it is important lo avoid loo low pH values due lo the strong negativo corrclation
bctwecn pH in the substratos and Cd conccntrations in transplants, resulting in
unacceptably high Cd lcvels in transplants grown in substratos with vcry low
pH. The net N mineralization and nitrification in a substrato may also differ
considerably with the samc kind of fertilizer, which was the case with chicken
manure in our trial, 11 is important lo have ample lime margins from mixingl
unpacking until sowing whcn using substrates wiih dricd and pcllcted chickcn
manure.
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lo have alrcady thcn Iavourcd the start of nitrification, as it did in thc honre­

rnade CM substrato.
The decrcasc in mineral N observed in two of the treatrnents (co ntrol with

mineral fcrtilizer and low HWC) during thc last week rnay havc bccn duc l~

gasous losscs of NH ~ 0 1' N
2

• and/or leakagc of nitrare. even. i~ thc trays .were
watercd carefully with thc aim of maintaining suffie icnl hurnidity but avoiding

lcaching .
T iming is important whcn preparing substratos with orga nic fertil izcrs Sil that

the plant has acccss lo mineral N from the start of the propagat ~ on per iodoIn our
trial, thc proportion of NH

4
,N was about 80% in cornmercial .CM mecha al

sowing. This is loo high according to Bunt (1988) . It was not unll,1 I week af~cr

sowing that NOJ-N began to dorninate. Howcver, the transplant s 111 commer~ la l

and home-rnade CM media were of equal wcight and had equa1 N concentrauon
alter 4 weeks, This is not in accordance with Tcw Schrock & Go1dsberry ( 1982),
who found that growih of gcranium and petunia seedlings in soil-less mixes was
adversely affccted whcn the proportion of NH.(N of total mineral N was abovc
50%. Increasing thc NH

4
:NO] ratio from O:I lo 1:0 eauscd a strong and

progrcssive decline in the arnount of Ca in thc plant tissue. In our trial. the Ca
conccntration was lower in transplants grown in cornrnercial than in the hume­
rnadc CM substrato. Howcver, this could also be exp laincd by a twicc as high
Ca conccntration in the home-made CM substrato.

nutricnt values of lettuee transplants have been reported, but according to
Dergmann (1992). adequate ranges of mineral nutrient content (DM) in lettuce,
i.e. fully developed inner leaves during head formation, are: 4.5-5 .5% N. 0.45­
0.7% P, 4.2-6.0% K, 1.2-2.1% Ca, 0.35-0.6% Mg, and 30-100 ppm Mn.
Compared with thcse values, transplants in the low FYMC had rather too low
a N conccntration and only half the desirablc Ca concentration. The other
substratos based on FYMC and HWC also had too low a Ca concentration.
Liming the substrate would undoubtedly have helped in this case. AIso the Mg
concentration was rather too low in transplants in the FYMC treatments, rnost
probably due lo thc very high KlMg ratios, 14-17: I. The suggested KlMg ratio
in substrato mixes for container-grown plants is 3: I 01' less (Bunt , 1988) . Thc P
concentration was suflicient in transplants in all treatments. The K and Mn
concentrations were above the adequate ranges according to Bergmann (1992).

Thc plants have not been Iollowed in the field, but plants from different
treatmen ts rnay have developed differently . Aceording to Weston & Zandstra
(1986), transplanl s with a well-developed root system recover more quickly
from transplant shock, and in the present trial the control plants and plants in the
low FYMC dcvcloped a very good root syslem eompared to the other
trcatments. The dry weight of lransplants did not differ significantly between the
trcatment with mineral fertilizer and low FYMC. However, the N eoncentration
was sign ificantly higher in mincralIy fertilized transplants than in any other
trcatrnent , and this factor in nursery plants has been shown to be more important
than plant wcight for the growth after planting (Klages et al.. 1997).
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Development and quality of transplants

The delayed gcrmination as well as thc low final gcrmination perccntagc in thc
vcrv high PYMC was most probably causcd hy thc high clcctrical co nduclivily
(R. i mS cm-') . In lhe high FYMC wilh EC 6.1 mS cm-l. germinalion was nol
affecled. Thu s. lhe crilieal value for lelluee germinalion seems lo tic belwccn
Ihese vallles of EC. The c1eclrieal eondllelivily nol only af feelcu germination,
hui also Ihe DW per planl al 2 wceks and, lo a lesser degrec. also afler 3 weeks.
Arter 4 wceks lhis effeel had disappearcu.

The ehemical soil paramelers eould nol explain lhe diffcrcnces in DW pcr
planl al 4 weeks in lhe PLSR. The soil analyses wcre uone al ~hc start of ~he

experimcnl, anu soil chemieal properties may have ehanged eonslderahly dunn g
Ihe propagalion pcriOlI. Morcover. factors other Ihan lhose mC¡¡Sllred Illay h;] \,e
heen importanl for lhe planl dcvelopn1l'nl. .

Generall)'. alllong the differenl concentralions of PYMC. lhe plant wcighl
uecre¡¡sed wilh increasing eomposl coneen lration. 111is inuieales lhal lhe lowCSI
cill1centralion choscn \Vas loo high lo be ahle lo definc an oplimal cornpoq
concenlration in lhe SlIhslrate. Ho\Vcver. lhe nlllrients wcre nol nplilllally
halanced. and the plant growth in Ihe loweSI FYMC was prohahly cheded lo
somc exlenl by Ihe low 1cvels 01' N. Mg and S. No nmm vallles for lk sililhk

Uptake of heavy metals

Diffcrenl planl spceies vary eonsiderably in their abitily lo translocate Cd lo
above-graund parts, and lettuee has a very high ability to perforrn sueh trans­
localion al a given soil eoncenlr alion (Bergmann , 1992). The total amounts of
Cd in the tesled substrales did not differ mueh. Instead , the high Cd
coneenlralion in lettuce lransplanls in lhe HWC substrales was most probably
eaused by lhe low pH in lhese substrales . The eleetrical eonduelivily of lhe
HWC was so high lhal lhe proportion of peat oughl lo have been high when
mixing il wilh I1WC. Since unlimed peal was used, pH in these substrates was
very low (3.6-4.3). The planl growth was also relalively low in the HWC
subslrales. whieh means lhal Cd was nol dillllcd so mueh in the lransplanls.

A negalive eorrelalion bclwecn soil pH and Cd uplake of plants has been
shown in severa l poi cxperimenls wilh soil (Allison & Dzialo, 1981; Willaert &
Vcrloo, 19<)2). Thc inn llencc of pH is indireel and exp!ained by Cd adsorption
lo ncgal ively eh<l rged siles of clay particles amI organie matter. 1lle adsorption
is pI I depend cnl; wilh dccreasing pH, prolonalion of lhe negatively eharges siles
inerc<lses <lnd Cd adsorplion decreases . Thus, lhe pOlenlial for plant uplake will



DISCUSSION

Multlvariate analysis

Nitrogen mineralizatlon in the substrates

(Castellanos & Pratt, 19HI ; Kirchm ann , 1991), bark (Aoyama & Nozawa, 1993)
0 1' urban refuse (Bcloso el al., 1993; B ñth & Riímcrt, 20( 0). Howcver, Epstein
<'1 al. (1978) rep oned a sorncwhat highcr net N mineralization, being 4-9% 0 1'

init ial organic N during a 15-week incubation stud y with sludge corn posts. 111e
dc grce of compost srabilization or maturity is 01' grc at imponuncc 1'01' thc N
mincralization , as pointcd out by Iglesias Jiménez & Alv arcz (1992). Usiug
maturc mun icipal refu sc co mpost in a ó-rnonth pot trial with pcrcnnial rycgrass,
thcy found thc percentage 01' app arent bioavailable N ranging frorn 16-21 % 01'
the total compost N. However, the FYMC and IIwe uscd in our lrial rnust also
be consid ered very matute, as indi cated by the low e/N ratios and NH 4:NO}
ratios (Mathur el al., 1993), but thcy still had a very low nct N mineralization .

The comparatively high net N mineralization in the CM-based substra tos, 9­
28% of initial organic N during 50 days, can be cxplained by a large portien 01'
easily availab1e N present in poultry excreta (Kirchmann, 1991). In an
incubation SIUUy with differenl soils, 2-11 % 01' applied organic N was net
mineralizcd from dried, pelleted and milled chi cken manure during 160 days. An
initial net N irnmobilization contributed lo thc relatively low total net N
mineralization during the experiment, especially in c1ay soil (Báth & Ramert,
20(0). In the presenl study, with soil-iess CM substrates, no net N
immobilization was recorded. However, net N immobilizalion rnay have
oecurred during the first week, bcfore the first sampling.

The N turnover in the two CM substratcs differed considerably conecrning
both amounts and time of net mineralization and nitrification. The most probable
rcason is differences in storagc time and conditions before pelleting the chicken
manure, The manurc used in the home-made substraie appears to have been
dried and pclleted very soon aftcr mueking out the manure. Kirehmann (1991)
reponed 61 % 01' total N in fresh poultry manure without any bedding material
was in the forrn 01' uric acid , When such fresh poultry manure was incubatcd,
82% of the total N was released as inorganic N during the first week . In contrast,
the same manurc that had been stored under cither aerobio or anaerobic
conditions for 7 months showed no net N mineralization during 70 days 01'
incubation (Kirchmanu, 1991) . The pellets used in the commcrcial CM subs trate
secmed lO have a lower co ntent 01' casily degradable N eompounds (uric acid or
proteins), This may be explained by dccornposition 01' urie acid during storage
before drying and pelleting the manure. Other factors influencing the content
01' urie aeid in ehicken manure are the feeding of the chickens (O 'Dcll el al.,
1960) and the arnount of bcdding material per chicken used (Kuukle el al.,
1981 ).

In the production 01' the commereial subslrale, chickcn manure pellels are
addcd lo peal and lhe sub slrate is immedialely paeked and compacled in plaslic
bag s. (Pers. comm. Pia Holmberg, Hasselfors Garden, Swedcn). Laek 01' oxygen
in lhe pla slic bags explains why no nitrale bad !leen fomled befu re lhe slarl of
lhe experimcnl. However, aeralion and welling uf lhe subslrate on da)' O ought

76 .565 5.5

pH

Net N mineralization was low 01' non-significant in lhe compost-based substrates
during the 28-day experimental periodo This js in accordance with olher studies
where composted materials were used, for example composled animal manures

FIGURE 8. Cadmium concentrations in 4-wcck-old lcuuce transplarus as a function of pH in (he
substrate at start of the propagation periodo

The PLSR wii h all lreatments showed that the soil parameters could quite well
explain the variation in OW per plant at 2 weeks (R2 ::; 0 .69). The most
influencial variables in ~he model were EC (B ::; -0.154), Na (-0.129), NO]
(-0.128), el (-0.117), Mm N (-0.113), P (-0.106), and K (-0.009), which were
all ~egatively co.~elated with the DW per plant at 2 weeks , and NH

4
(B ::;0.(08),

which was positively correlated. In contrast, the soil parameters could not
explain at all the variation in OW per plant at 3 and 4 weeks.
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FIGURE 6. Concentrations of N. P. K and Ca in 4·week·otd lettuce transplants. Val úes labclled
with the sarne let tcr do not differ significanlly al p < 0,05 (T ukc y test), Abb reviations as in
Figure 5,

co ncc ntra tion was highes t in control plants, together wi th plants in mediu rn
HWC. Plants in low and rncdiu m HWC also had thc high est con cent rations o f
mag nesium and sodium (da ta not show n) , wh ereas plant s in CM med ia had the
highest calc ium co nccn tra tio ns,

Th e co ncc ntration of cadrniurn was several times higher in lcttuce tran splants
gro wn in the HWC subs lra tes than in any other treatm ent (Fig ure 7). The highesl
con ce ntra lion, 3.3 1 mg g- I DM , was found in lhe ' me d ium HWC' treatmcnl.
T here was a slrong correlation be twee n pH in the sub slra tes amI Cd
cn ncent ration in plants, wilh the Cd co ncc ntratio n increasin g e xponentially with
dccrea si ng pH . Wh en Cd co ncentration was logg cd , lhe data cOllld be lilled to
a line (R2 = 0 .82. P < 0,001 ; Figure 8), I\ lso, Icad and zinc conce ntralions wc re
sig nifica ntly neg at ivcly co rrclatcd to pH in the subs tra te, wilh high esl
co ncenlrations in lhe low and medillm H\VC trealment s. In co ntrast, the coppcr
co ncen tra tio n \Vas highest in lransplanl s fram the co ntrol with mineral fcrtili zer.
T he re wa s no s ignificant d ifference in nickel and ehro millm cl1 ncen lralions
he lwee n the tre at menls.
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A subslantial amo unt of weed s em erg ed in lhe PYMC substrates, with lhe
l¡¡rgesl al1ll1l1 nt, 68 wccd plants per tray, occurr ing in lhe high FYMC (Tablc 7) .
In co ntras l, in the HWC sllbs trales a ma ximllll1 of on e weed plant per tray
occll rrcd. and non e al all in the contro l and the CM subs trales ,

FIGURE 7. Concentrations of Cr. Ni, Cu, Zn, Cd and Pb in 4,week,otd leuuce transplants. Values
lahcllcd with thc sarnc leller do nol dirrer signifieantly al p < 0.05 [fukey lest). Abbrcvialions as
in Figure 5.
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Effect of Microbial Inocula on Mixed Solid Waste
Composting, Vermicomposting and Plant Response

Ansh u Singh and Satyawati Sharrna

Centre for Rural Dc velopmcnt & Tcchnology
lndian Inst itu to of Tcc h no logy, Hauz Khas, Ncw Del hi, India

To accclcratc thc process of cornpostin g, d iffercnt m icroflora viz. Plcurotus sajar-cajll
(fUI1¡''1.IS), Trichodernm harzianuni (fung us) ami Azoto/Jacta chroococclltl'l (bacteria) we re
inoculated in differen t combina tions into mixed solid waste, a mixture of mun icipal
so lid was te (MSW) and horticultu ral was te in the ratio of 70:30. The waste was de­
cornposed for different time pc riods and then subjected to subsequ ent vermicom­
posting for a fixed period of onc month. Thc cornp ost produced w as eva lua ted for
nutrient levels and effects on mllng bean (Vigna radiata) growth. A significan t differ­
ence was observed in the quality of compos t pr od uccd with thc bioinoculants ovcr
control trcatmen ts whcre no bioinocu lan t was used . The combination of P. sajar-cajll.
T . harzianu ni and A. chrocoocculll p rod uced the highest qu alitv compost. The percent­
"be of rnyco rrh izal infcction in mung bean wa s influcn ced by the thr ee inoculan ts and
crop growth was enhanced significan ti}' wi th the combina tion of P. saior-caiu. T.
liarzinnu in and A . cil roCOOCCll III ayer o ther trcat mcn ts.

fil traducti 011

Duri ng corn pos ting, 111 icroorganísms sec re te cnzymos tha t d cg l",lcic polvmers suc h
as starch, pcctins, chirin a nd nuclcic acids in to s imple co rnpou nds. In cont ras t. the
breakd own o f lign occllu lose is s low, Tl11' interspcrsion of lign in w ith ccllu losc ami
hc miccl lu lose in p lant mate ria l rnakes lign occllulosc resi duos re lat ively inaccessib lc to
m icrob ial a tta ck (A lexan der 1977). Th c d cgradation 01' lignocell ulosi c substratcs
th rough ordina ry com pos ting is a time consu rn i ng process (4-6 m onths), Vari ous stud ­
ics havc shown tha t ad di tion of bnctcr ia l p rod ucts to org.m ic was tcs had little cffect on
thc d ccompos ition proces ,," (Tiqu ia ct al, 1997; Tam ci nl. 1996, Ch aw [ LJ ') (» . 0 11 thc o th­
c r ha nd . Sharrn a ct at. (20GO) obs c rvc d th ,l t p rutrcatmcnt uf thcse su bs tr.i tc-. wil h m o re
e ttective m icro o rgnni s m s i.c., ba cteria . a ctinorn ycctcs an d various Srollp~; of (ung i ac­
ccle ra tcd thc d cco rnposition proCl'ss.

Wh ite ro t fungi (i.e, bas ld iom ycctcs ) are among the most p romis ing microbia lli gn in
dcgradcrs (Buswell an d Od icr 1987) duc to their ab ility to p rodu ce lignin dcgrad ing en­
zy mes, w hilc fun gí such as Trichodcrnta ami o thcrs have been have been reported as ct­
fect ive bioinoculants fo r cellulose d eg rad at ion (5harma el al. 2000). Earlier s tud ies hilv c
shown th¡¡t inocu lation wi th A:::o lo/Jllclcr during composti ng accdera tes the dccomposi­
tion p rocess and improvcs the quaJity o f compost (Rasa l el al. [988; Sharma el al. 2( 00).
Thc find ings of Gerrits (1%9), Hed ger "nd Basuki (1982), Kirk and Fenn ( 1982) indica te
thilt rcmoval of prot ectivc lign in coating precedes the ceIlulolysis in dq;rada tion of lig­
nocelluloses by thc white ro t fungi. Inocul at ion with these mi croorganisms mi ght, th us,
acce le ra te the proccss of decomposi tion by dcgr ad ing the Jignin portion of thc was te that
is rela tively inaccessibl c to microbial attack. Also, inocu lation w ith nitrogcn-fi xing bac­
teria slIch as Azolobacter may inuease the nu tricnt va lllc of the compost.

Ear thworms not on ly accele ra te thc orga nic wast e d ecom posit ion proccss bu t also
improve the q llality of compost. Earthworms d ecompose a w ide range of agricultur­
a l, industri al and municipal was te (Hand and Green shields 1989; Kale 1995) p rogres-
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Effect oj Microúial Inocula cn Mixed Salid Wasle Contposting,
vcrmicompoeting and Plant Response

sively, converting them into humus. The mi neral nu tri ents in ea rth worm casts are
largely in forms that are readily available to thc plants (Bridgcns 1981; Nde¡;wa and
Thompson 2001) . There is ev id ence that intcracti on s bet w een ea rthworms and mi­
croorganisms not unl y provide available n u trie nts but also stim ula tc plant grow th in­
directly in othcr ways (Suman et al. 1999): Sorne spe cics of ea rthworms su ch as LUIIl­

bricus terrestris depend mainly upon intact organic waste for nutrition whereas, other
s pecies such as Eiscnia[octida, appear to prefer organ ic rnatter in an advance d stage of
decomposition. So if the lignoccllulosic waste is inocula ted w ith mixed microbial cu l­
tures tha t can degrade it effectively and provide a useful subs tra te to ear thworms (e.g.,
E.[oetida), a quality cornpost could be produced at a faster rateo With thi s in view, ex­
periments were conducted to identify and develop a consortium of microorgan isms
wh ich would accelerate thc compastin g process and enha nce pla nt grow th and soil fer­
tilit y on a sus tainable basis,

Methods

A field s tu dy was conducted at Micrornodcl, ludian Inst itu to of Technology (lIT),
Delhi to ass ess the in teractions am on g d iffcrcnt mi croorga nism s incIud ing Pleurotus
sajor-caju (fu ngus), Tr ichodernia luirz ianuni (fu ng us) and Azotobactcr chroococcutn (bacte­
ria ). and betwecn th ese microorgani srn s and ca rthworms for the ir po tenti a l to decorn ­
pose mixed so lid was te and to convcrt thc mi xed w.istc int o uscful CDl11p OS t.

Cmnpos íing ofMixcd Solid WastL' toitlt Bioinoculants and Subscqucnt \/crmico/llpos tins

Pu rc cu ltu res of Plcuroius saior-caíu and Azolobacter c [¡roOCOCC¡¡¡¡¡ w erc ob ta incd
iro m the lndian Agricu ltu ral Resca rch Instituto (IARI), New Dclhi and Tricuodcnna
Íl t1 r:iIlJlIIIII from Pantnagar Agricultura! Universit y, Pantnaga r, U.P. Su bcu ltu ring was
done at the Centre for Rural Dcvelopment a nd Tcchnology. lIT, Ne\V Dclhi.

Munic ipal salid waste (ivISW) was collccted a l Micro rnod cl th rou gh thc ongo ing
liT rccycling prograrnmc. Dclhi campus. Th is w as te wa s manua llv so rtcd into recy­
cl.ib lc a nd b iod cgrad .ibl e port ions. The recy clab le wa st c co ns is ted mainly of paper
(5.6';';') ' gl<lsS (2.2; ;,), mcrals (2.·V!\,), pla stic (75';';,) and thc biod q ; r'lL!able wust« cons is t­
cd o f kitchcn w as tc (.f3 ~{, ) and incrt materi al (39.J'í;,). T hc kit chcn w.istc con sis ting of
vcgctablc wa s tc, irui t wastc, coir, and food waste was u tilizcd for the present s tudy.
Since MSW wa s h ighl y cornpa ct with lim ited porosi ty and low C /N rati o it wa s m ixcd
with horticultu ra l wa st c. To ba lance the C / N rat io of MS1¡V (e / N= 20) th rce parts
(w / w ) oi horticultural wa sle (C / N= 82.2) wa s added lo seven parts of M5W. The hor­
ticultural wa ste wa s comprised of the cuttings of Morus albn, PoplIIlIs sp. ¡¡nd BOlIgnill vil­
/cn sJl. coJlected du ring their prllning. Th e C / N rati o of the feed stock was 38.7.

The municipa l so lid waste used in the present study \Vas collected on the first day.
50th the MSW and horlicu ltura1 wa s te we re chopped in to small pieces (lcra mesh or
Iess) to facilit at e mi xin g. 60 kg (wct wl?ight) of this mi xcd feed stock was placed in ce­
ment pils (lm x 1m x 1m) <lnd composted aerobicaIly far ] to 4 wceks during Octobcr
]999. Since me sophile namcly P. snjo r-caj ll wa s used for p re-decompositi on the tcm­
perature had to be kept lo\'\' and thus the deplh of the ca mpo st W<lS main tained a t onc
foot. rure cultures of P. sajor-cnjll and T. harzi tll lll tll (bo th 500 gm myccIiu m pe r ton of
subs tra te and 30 gm / 60 kg subs tra te) and A. cJlroOCOCCUIll (@ 50 m I/ kg sllbstra te hav­
ing 106 viable ce lIs per mi and 3 litres/60 kg substrate) were used to inocul¡¡te the ap­
propriate treatments. The tempera tu re \Vasmaintaincd in the range of 20 - 26°C. Mois­
ture wa s maintained at abo u t 60% of the w ater hold ing capacity by spraying wi th
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w a te r us ing a s p ray can. Th e cornposting materia l W.:I S I11 J n u.11ly tu rned a t 13-d J )' in ­
tcrva ls , Th e toll owin g trca tmen ts wcre app lícd in th rce repli cares:

• P. saj or-caj ll
• 1'. saj or-caj ll ami T. luirzianutn
• P. :;¡¡júr -caj u T. luirzianuni and A. chroococcum
• Control (w ithou t any inoculation)
Sarnp ling wa s done at 7-day intervals,
7, 14, 21 a nd 28 days pr c-decornposed waste \\' a~ then su bj...-ctcd to ve rrn icom­

pos ting fo r a fixed tim e pc riod o f one month. Verrn icompostin g w as carricd out. in
tripli cat e, in ea rthe n pots (lft he ight an d 10 in , d ía rnetc r) wi th one kS of prcdecom­
po scd wastc pcr p o t using 10 ea rth wo rrns tEiscnia foetidn) in each pot. During verrni­
co rn posting th e mo istu re was maint ained at 60% by sp raying with water periodicallv.

Cornposite sa rnples (about 100gm ) werc collected fro rn threc sites in e.ich pit du r­
ing prcdccornposit ion (n=9). The prcdecom poscd samples JS well as the ve rrn icom­
postcd sa rnples from all the replicate pits / pot s wcrc pooled toget her. The sa rnp les wc rc
dricd at ¡;O°C for 23 hours (A PH A et al. 1989) and thcn grou nd to provid e a hornoge­
neous sam p le. Bot h pre- and po s t-verrnicom pos tcd was tc IV.l :'; chcrnica lly anal yzcd tI ' :'
C, N. P. K. Ca, MS, ce llu losc, hem icell u losc an d Jibni n by the foll ovving method s .

Carb ón: Wa lkev and Black 's rapid ti tration me thod (193-1)
i\iit mgen: Micro Kjcldah l rne thod (Sing h and r r.1J h.1I1 I'JS1)
Pho-phorus was rnea su rcd s pcctrophotorn ctr ica lly (Soxcn o I \.}110) \·..h ile FI )t.l ~" iu lll

\\', IS rnc.isu rcd by thc n.1I1il· cm iss ion lcch niq uc (Suxc n,: ] l)l)S ) . C.lk¡ ll n~ ,m e! : l~ .l ;; n \.' ­

s iu m werc dcte rrnincd by rncthod s g ivcn by Sa xe na (¡ ~1 l)0 ). Cc llulosc. hcmiccllu lo-e
.ind li:;ni n werc frac tion.i tcd sc q uc nti a llv by Dut ta 's mc thod (1% ; l.

Mo is tu re was deterrn incd by d ry ing thc sa rn plcs <1 t l U5'C fm :; .'¡ h"l ::·.-; \ ': : 1 ; : '~ ,;:-; h
," 'ilt e lll \\,,\;-; ca lcu la tcd L1 sing thc formu la: Cubo !': ':;. ,~ (1 [j i' - ¡\;, h (, ); I . ~ '.·..; il' :-,l:¡'., rd
.md Dod ds 19(2). AII .1Il .1I y.ses were d OI1\.' in triplic.itcs.

LJiff..:rl·nl co mbi n.uion-, I li lhe m icru bi.r! inocu l.i 10.' " "" nl ! ' \ , ~(i ll;"; 1\ ' , ' 1'.: l!~c'\¡ ¡I'

s lu d y thc intc ractioru- ol lhl'''l~ 111 icr .'flurd wi th .1rl -u-cu :.H m vcor rh i .~ .) (.'\ :-' 1) 1U: l;"; 1

and wi th thc roo ts u f l11 u n~ be.1I1 (~'l;':lIa radia/o í. E\ f''''r il11 e n b \ '\ 'el'L' cond uc tcd .11 :'1 11­
c ro nll'd e l. liT in eJrthen p ot s (15-inc h hei ¡..;hCa nd J2-ill (h d iamet e r) l1sing three r.: p li­
CtlteS. The su il an J f.1I'l1ly.:ud llia l1ure (¡;YM ) r.1 tip in e .leh po l \V.1S J: I (\ \-¡ w ). : hl' "pi!
\...'as IO <l 111}' s,lIl d which co nt.l ined 0.0.'i '.:;. N, 0.0000:';' P .1I1d 0.007',;, r-..: \\'hi le f'Y\ 1( (ln­
tilined 1. 1'.;, 0-1, O . 30 ~;;, P .lnd O.62',{, K. Eac h p ot con taincd 3.75k; ul sl' il (ove l1 Jry ba­
s i:;) and 1.25k g FYM . The pot s were l1lainta incd a t a Illoisture co ntcn t ot 20':;. (ov en
dI')' ba si s ). The pots \Vere inoCld ilted ", ith 100b o f mo t bilse d A~ I ino cu lJ (200
s po res/100b o f soiJ). 15 lllU l1g be an secds p er po t we rl' SO W I1 in lh rc e re p li(a tt·". Th e
foll ow ing trcatments \Ve re a ppl il'd:

• r .sajor-caj ll (@1500gm m ycelillm per to n slIbs tra te and 2.5gm my ccl iu l1l pe r SOkg
s ubs tra tc ) and AM

• P. slI;o r -caj ll. AtvI and T. IlllrÚaJlUlII (ti! 5003111 m yceli llm pe r ton s lIbstr.ltc ilnd
2.5gm mycel iull1 per 50 kg s llbs tra tc)

• 1'. sa;¡}r -caj ll , AM, T. Imr: illl lll lll ;¡l1 d A c !zr¡lOC(l LCI II II «((II SOm l/ kg substra tc h,w ing
lO" via ble cel ls pe r mI and 2501111 /5kg substrate)

• Control (AM only)
O.ltil pcrtaining to bc rmination and su rviva l pcrccn tas e was rccordcd . Oiifercn t

g ro w th paramcters like s tem height, fresh biomass aod dry b iomass of th e plant, nu m-
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Efft:CI of Microbia! Inocula (JIl Mixt'd Salid Wastc Coinposting,
Vcnniconipost íng and Plaut Response

ber of nodules and mycorrhizal infection were observcd and recordcd. Thc cx perirnent
wa s terminated after 3 rnonths. Rhi zospher e spo re count was done by Gerdmann and
Nico lso n's (1963) mc thod.

The data was an alyzed sta tis tically by two-wa y anal ys is of variance (A \:OV:\) and
criti ca! difference wa s calculated using the )NDOSTAT softw are progr<lmme. Two-wav
ana lys is of variance is done when two indepcnden t factors might have an effect on the
res po nse variable of intcres t (Cupta 200I) . Thc 1\\'0 indepe ndent facto rs in the presen t
stud y are different treatrncnts and time period s. In Tabl e 2 and 3 both the F valu e and
the F Probability (F Prob.) are indi cat ed alon g with L5D. The F va lue is L!-¡L' rat io of the
two variances vvhile F I'robability indicates thc level o f signifi concc ni thc F valuc ,

Results and DisCIIS si071

C0111pOStillg ofMSW

Data pertaining to chernical analysis of MS\V, hort icultura] was te and tho mixcd
waste is reported in Table 1. Thc mixed wa stc was found to be rich in lisn :n (30.2 1' ;.)
ami hcm iccllulose (35.50%), although the ccllulose con tcn t wa s rcla tivc ly low (20.25"é 'l.

TABLE 1.
Chc mical ,m <l"ys is 01' wa stc

\IS\ \ '

S. :-;., ! \ l r ail ld e L'; l_ í\.· r\.t.· l l l l : ( ~ \,,~ : ~I,U
.. - .. ._--_._-

1. C.i rb~U1 2\1.I){l

_. :'\. ll ¡\.t¡"'l! n I.I;G

.1. j 'hos phoru; 11.: "*
i . P...,I.:t.... iurn l: .~ ,~

:' . C",llci l:m L" t1

.. . ~tlsne:-lUm 0.20

" Cl"1lu lü-.(,' nd

'J. I I.'mhT llllk ,'"'t' nd
iil . I. i; n in nd

11 ~~ l. li::o t II re ' h l.Otl

12. ,\ , h ¡,1.(l,J
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Tablc 2 shows clearly that 30 days of predecompositi on of rnixed wastc trca ted
with d rnixed culture of the three inoculants i.e., P. snjor-ca]u, T. harzianum and A.
(/¡I'OLlCOCClt/1/ reduccd the cellulosc, hcmicellulosc and liguin con ten t at ,1 fas ter rate than
when treated with P. saior-ca]u and A. chroococcunt, or P. sajor-cniu alone (Table 2). Th e
cornbination of the threc inoculants decreased the lignin content frorn 30.21 to 20.21')("
hcmiccllulose frorn 35.50 to 18.56% and cellulose from 18.21 to 6.18% after 30 days of
predccornposition. The rcduction in lignin, hcmiccllulose and ccllulosc sugges ts th .:lt
thesL' l11icruorgallisms playcJ a significant (p<O.OO1) positive w le in hastclling tlw
proccss uf decumposition. The rcsults on the effectivencss of P. sajor-cnjll, thus, co r­
robor<lteu carlicr reports by Sah... el al. (2000).Thesc scic ntists rcportcd a ShMp decrease
in the ligllill content and C:N ratio uf soft wood sawd us t tlpon treatment with P. sajor­
caju. Our results are also supported by the findings of Rasal el tll . (1988) and Sharma el
nI. (1999). Rasal el al. (1988) who reported a' rapid decomposition of sugarcane trilsh

"'T •.~. " •• "
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TABLE 2.
Chemical analysis oi micrubially predewmposed 1~1ixed ",aste ,¡iter diiicren t time pe r i od~

e
( ' ; ,)

;-.:
\' ;.)

l'ar a me ter-,

C;\J Cdlll i""' I'
1\.W o ( , :~, ) ("' )

LiSlllt ',
('. ;' 1
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: .i l ;

:t ~3 . : ....

Ji .': ::--
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- '• . . ' - '; ¡) _ \~. ;

2(J.JQlo lH~ ~

25.9¡') .:: O.i ~ l

23.So ~ 0.0..

:O.2~ .= Ü l ~ :-

:~ . 5{) : (1 O~

: 6.00 : oeo

:3 .1,1.::O.l:4

21J.;~ 6 , 0.1:
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31.3(' ~ ll,07

:!9.7S.::0.06

2~ ;1" =O115
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1.11.'
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1·+'33 ,: [' 13

15-.24 !. (1 (1;­

12.75 t 0.\16

11.4-1 .C ,'.;0

O

~J.l.51

o

2'1.0-1 ~ U.60

0.11.\7

41.l9

o.oooo i
em.M

ro

1.,,: j: 0,02 : 0..; 7 ± 0.66 9.71 " O.OS

1.551 0.03 15,n= O.7~ 9.15:0.09

1.55: IJ.05 15.50 =11.66 5.'>0=- O.O~

1.-15::0.05 :~.OJ =t .07 1:-; .34 :! f1 1'¡

1.73 .:.0.0-+ 15.í:; .= 0 .09 7 .(, ~11 ;.i.l 1l

\. 9J ! 0.07 12.59 : O.bU ~ .:;6" O." j

1.9~ ! ll.tJ4 1: .27 ! (l.S" (' .I~ : l' ,)7

I .::S =0 .05 J~.7u 1: 1)5 6 20.2..:; :: 0 .12

1.30 ~ o.o: 36.11 = lJ . 7'~ 1~ . 2 1 -. \ 1 ! :l

1.51 ±0, 04

1.75 le 0.03 23.b5 : 1.15

1.75 .! 0.0: : ':1.1-1 :: i .co

1.43 le tI.04 30.5.. ~ ll.74

1.62 ~ l),05: ::!o.24 .!: 0.87

1 .~ 1..0.06 22.\I ! :: (lA S

1.~5 ~ O.()Q 2 1. :~ : 11.74

1.45 le 0,04 235~ =,1.&1

~2.51 ~ O.SS

~0.5 , LOS

3'1..10 :. r.5 5

3~ .20 i lA U

29,10 :: 0.73

:S .SOj: l1.~9

~ l.i:; :. (l , fl ó

~7.JO =- (l.;-q

201 .30 1. ¡) . ~x

23 .70 :t 1.13

~9.50 z.U.30

3

3

4

O

1

F r rob. n

P. ~¡I ,~, l r-[.1j ' !

T. I/" r : :."!!,,': -

r . :'¡i¡,lr-ca:u

T. ÍI¡J r :I, :1111I11

4J.&> ~ 0.54

41.40 i 1.: 7

.t115 0 1 IA~

F \' ~1111t' (l.l r t n · ,\ t : l h.'I1 I ~·;) 70$.'J2

¡. ': .l iu\.' ("Ir urn c p\..' r i ~.J ) tV'; .íG

1·l'n.)l' . t1

CrJ .J! ; .; 11.Slh

upon inocu l.ition with él m ixture of the cellulolyt ic fun gi. i.e., Tricuodvrnu: ri ridv, Triclm­
rII .' spir,¡lis, Pucciíonujcc» jilSi::p"l'l!s and AS;'Cl"gillllS <p, a lo n g vvi th ni trnS('ll-fixins b ac:c­
ri,1 A: (l/tll'(lC!l'r . Stud jes cond uctcd by Sha rrna ct <11 . (I 99 9) on rn ixcd p l.mt l'e~d ,:.::­
sho wcd that Tricluuícrnui /'eesei rcd uccd thc dccornpo-i tion tirnc. Thi s decline jn l ¡ :; ~ ;¡ 1

con tcn t may be d ue to thc ,¡bili ty of P. snjor-cnjll to pr oduce l ig n in pc roxid asc L:n/.yrnl' :-.
which aids in lignin degradation (Bo u rb annais and Palee 1% 8; Sah.i el ¡¡ l. 2000). P. S:¡i, l /, ­

caju is a lso known to produce cc llu lose degrading enzymcs namcly cndog lucanasc ,1¡1d

b-gl ucosidase (Ra í and Saxcna 1%9). O n the o ther hand. T. luirzianun: iS.1 ccllula sc .u .d
xy lauasc prod ucer and consequently hel ps in d1:srad ing ceilu losc and hcm icc llu lo-.e.

Th c dccornposi tion rat c was fu rther enha nccd whcn prcinocul atcd pr edccom­
posed wa ste was subjected to subseque nt vermicornposting with E. jod ida. The d ,lt ,l

prescntcd in Table 3 shows that subseque nt vcrm icom posting of pr ed ccomposcd 0 1'­

ganic waste p rct rea ted wi th inoculants, enrichcd the cornpost sign ificantly (p< O.OlHJ
in N PK wi th respect to th e co n tro\. The cornpost p roduced with P. sajor-caju. T.
harzianum and A. chroococcum and subseq ue nt vc rmicornposting was found to be of s u­
perior qua lity over the co m post prepa rcd by on!1' inoc u lati ng wi th m icrofiora j.c. wilh ­
out sub scque nt ve rm icomposting . Thc C:N ratio decreilscd from 38.67 to 22.03 wi thin
30 days wherc waste was trca ted wi th al! three inoculants and final! y to 10.67 aftcr sub ­
sequc nt ve rmicomposting for one month. Likew isc, an incrcilse in NPK values W¡b

also significant (p< O.OOl) in com post p roduced afkr subseq uc nt \'crmicom post ing of
7-d a1's decomposed waste trcatcd with aH the three inoculan ts. Th e microflora u til i7.c
ca rbohy drates d uring cel! syn thcsis and am monium ni tro gen gcts com'c rted into pro-
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TA BLE 3:
Ch cm ical analysis 01vc rrnico rnpos t produ ccd fro rn predecornposcd rnixcd wa stc .Ü!C' r

d iffcrc nt time pe riods

PJ r.l l1w t"' r....

e 1': C:l\: [, , 0- 1',0 Ccl lulo-e Hemi cellulosc l. icnin. ,
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3 28.74 :10 0.112 2.01 :1: 0.07 1-1 .29:: O.-lS 0.12.:: 0.01 0'-:: .= 0.1:; S.lb :: 11.5 ! ~ LC~ :: O.J l 12.02 =0.71
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P. ~ail· ,- ·c~ju + 22.20 :: 0.54 2.03 ± 0.09 10.07:1: o.e: 0.11 ± 0.02 0 -13 " 0.03 Ó , O~ :: l. i7 17.9S s: 2.15 l :!..~ 1 :: o(,.~

T. hurz iannm + 22.20:10 IA3 2.0S = 0.15 10.1>7 1 U.M 0.11 " U.OI D.n ~ O.J·I e . ~-;t1 :.... 0.511 17.'1:-) z; 1.30 12..1,; .: d . ~,':
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Co nt ro l 1 34.08 ± 1).56 1.75:10 0.1-1 19.-17 ± 0.75 0.0') :lo0.0-1 0.35 .:: 0 05 9.76 .: 0.7(, 2~56 =1.51 22.33 :! 0.''-;
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;\ 33.72 ± 1.03 1.76 1.0.:6 19.15 ,, 0.3~ O.IO .!: 0.03 U.37 : o.n,; 9.:>8 : 0.73 :1l 4" =0.•c;,;5 ::1.96 .:.11 .$';
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A ll v. rh n--, .n-c c.i i...ru lat cd o n .\ dr: wl' i~h t l....I ...;" ...; A II ·: .:.;u c s .i re int.' .l l\~ .\J1,d :, ld l h..!.!:-d ...In ¡ ,lt1 {Jtl~ ~ t ; !;;"L'l' r::p : I ":": :L'~: .... ·..:rm .·
( ,' m r fl:-. t o i orw wcek prt:dcú1111 I""'tl.,ed nl l.\ l'd wa ~tl' : Ve rrn icoinpos t \, f 1\\'0 \\ ' \.'t ';" p ret.iv, , ':np' ,"'c d ," I\ \.' .! '.\ " -,te· \ ·f.'rm ;­
\ lIm~ 'I)...t \ 1' i1Ul'L' \\.L'\.'k prvd ccorn poscd m i.'< l'd w.is tc : Vcr rni com post «J I Fou r ',"" Ú ':'"rrt.'d t · l ' r'mr'-'~",·J ; ~l l\ ...' ''': ~ \'.l .: ~. '

tcinacco us nit rogen and is loca lizcd in thc cel l (Sharma el al. 1999;SinSh cn d Sharrna
200()) th us incrcasing the nitr ogcn concent rati on af tcr 7 J ays of p rcdeco rnp os ition .
Ab o, Azotoboctcr m ight ha vc pla yed a vit al role in enr ich ing the com post through ni­
trngcn fixa tion and promoting thc gro w th of 1'. ;;;ajor-cnj ¡¡ and Tr ichoderma. The abil itv
of Azotobacter to synthesizc auxins like indoleaceti c acid an d g ibbre llins; \'iti1mins like
thiamine, riboflavin, pyridoxine, cyanocobalamin, nico tinic and p 'l Iltoth en ic <t eid ; <t Ile!
g row th slIbs tanccs and antibiotics th,}! su pp ress patho¡:;ens is well recognized (Subbd
Rao 1982). The gut of earthv·,'orms termed. as biorcilctor abo providcs su itable envi­
ro nment for thc growth of mierobes. Th e enhanccd number of microbes ma in]}' b,lctC­
ria ilnd actinomyce tes (Parle 1963) might ha ve accelera ted the dccom position proccss.
Ou r results are in agreement with those o f Frcderickson et al. (1997) \V ho o b:>crvc d thar
the vola tiJe solids cantent reduced significan tl}' over the control when w aste partially
predecomposed for 2 weeks was vermicomposted for 6 wceks. Furthermore, it can be
secn from Table 4 that following inoculation with all thrce cultures o f microorganism s,
the number of eilrthworms increased significantly in a very sh ort time (30 days) over
other treatments. lt is reported that fungi and protozoa ingested by the earthworms
play an important role in promoting their growth (Flack and Hartenstein 1984). Thc
partially decomposed substratc rich in nitrogen and fungi (P. sajor-caju), prcferred by
Eisellia Joctida, might have increased the nllmber of ea rthv,rorms. Subsequent vermi­
composting of inoculated predecomposed waste thus not onl)' aceeleratc s the decom­
posit ian process but also enriches the campost with nutrients.
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TABLE 4.
G ro wt h uf cJ rthworms ( Ei~CIl i. l J,'Clidl1) o n m icrobia lly d L'Ú1m p osc d mi,cJ W.ls tc

s.
Trca trncnts

~ro\\"th e... t Earth -vorms

~o . l l ( L H t IH\"On r: s :"...1. úi C IJú.)( ll b

:". ...1/'·'-,·,';"
/J. ';',I /I1I "o(.JII J · T.!t¡;r: "I'IiWl

," :,.:!,lr -lnH I ~ T ,/za "':lli .' Il;· ll "- .1.. d tr ' 'i'l"(l(l"Wr:
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31 z: : .01

.3 3 :; 1.50

17 o l. :):

1.99

- - .: ...' :"

lntcmction Studics icith AA! FUI/gi and Plant Root

Th e res u lts o n thc effcc t o f diffe rent co rnpos ts prcparcd w ith thc use o f ino cu la nt s.
o n the s w w lh o f rn llng bea n (ViSlla radiata) are reportcd in Tablc 5. Al l the trcatrncn ts
enh a nccd both the ge rm ina tion and the su rvi va l percc n tage ,110ng w irh llw he ig ht of the
plants and perccn t of rnyco rrh iza l in fcc tio n ove r thc con tro l. In the con trol trca trnen t
wh erc compost was preparcd withou t using ,111;.' inocul ants, only 33% scrm in.¡tio l1 and
43':;, s u rv iva l w.):; obsc rved . Convc rsc ly, the co rnpost p re pa rcd w ith thc m icrobia l in­
I.Kl J1 ,ln t5 sh owed 5 1 to 64'.;;, ¡.w r m ina tio n an d 52 to .5SI

.; , su rvi va l. :Vla >..il~lum Sro \\'th \\',h

obsc rved with the compost where a ll th ree inocul ants wcre applied . Th c compos t th.i t
contain cd cc rt.iin plan t growth promoting horrnon c- .111 d enzymL':' f' w dll ced bv the i:1­
oc u l.i n ts, .md w ith ,1 h ig h.' r co nt e u t o f N P¡"': m a y cx pla in its ~n.·,l lL' r <l :; rtl n"I~li c v. i lue.
Simi l.rr rc - u lts h.ivc bccn re p,)J'[e , \ by Vazquez ct al. (2000) w hcre in t<: :·.ld it' n bc twec n
A i'vl ill n~i a nd o ther m icrob io! inocu lants ( A:,'~p;rill lltll, I'scu.icnnnut« .1:1..1 Tri,'I,,',I,'i'Ii!,,)
w,». s tudicd in thc rh izosp hc re u f maizc plants , ln creasc in pl.int S¡·l.w: th I ~ l ay .1 l~ l.l b·...
att ribu ted to thc potcntial o i thcsc microtl o ra to act as bioco n tro l asenl:-..

Over the l.is t tew ye,l1's Tri cluuicrnu; h.rs rccci vcd co ns id e ra ble ,-,tt... nt ion a:,; <1 p, l­
tcn tial biocon trol J bent to r a nu rnbc r u f so ilbornc ¡X l thogcns (Chc t ] t.lS7; :-:" mucl-. 1~'9i) ) .
•\leer a ct al. (1~t¡ 5 ) re po n ed the cn hanccd hwwth oi cucu rnber in substra to ,111~ ~' n (r l:d

w ith T. /ur:i!!lIIIIII . T. liarzinnum s tirnulat es lhe pl .in t d c rensc sy s tcrn by pcnc tr .it in j; J: Ki
p·ll\\·in¡.; in tllL' ep iderm is a nd outc r co r tcx and Ica d ins lo thc prod uction l't bioche rn ­
iC,l ! and - truc tu ra l com pou nd ... . L im ,l el al. (ll¡97) repo rt cd lh,l t Tric'i!,I:!c'i'I!'" :> f' l' c i,:s ,:t­
t,Kk ntlH' r f lt l1~ i by "' L'crdil l ~ Iyti c el1zymes i n cl ll di l1~ t> -J , :>-~I U C.1I1 ,' ~(' .l:l ci .:: hi : i llLli :. : i(
cnz )' !l1es w h i..: h pl,l:' d iffere l1t ro l e~ in cdl w all lysi :-- d uri 11;":' myc"p .l r .; ~i l ¡ s ; ; l 1. \ '~ ;' '1 U vé -

TAB L E 5.
Inlt!r.lClio n .1nlOn¡.; bi o in on d. lI1ts, m YC<lrrh iz.l ,l nd ¡.;ru \\' lh u f mu n.~ 1:>" .111 (l· .::~ !1o ; r,¡,!i;;t,. )

Gt'rmin.ltion Sllrvivi.ll
('.~) ('¡;,)

Frt..'"h D,y Sk m
Tli \ l nl.J";o.; Biom:l "'<;- Hel ~h :

(¡;) ipúl I.¡;) / f'ú l k m)
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T.harzi.lllum

P. ="dill r-(',l ju "

1'. h.u7.i,lOum +

,\ . \'h ro~,,-KO(CUm

<.. "1111l rtI1

<. '0 . l l 5 '/ ~ ,

51.11=1.3J 51.8. ± 1I~2 15.7 ± 1.13 1.72 ~ 0.11. 23.3J " l.: ' 3 o tU'tl
59.50 ~1 .~~ 57.77 i 0.72 25.hó ~l.J3 2 .K~ J O . :l : 3.26 = 0.8'; 1 : 1.r:O

J.1..J-Z .t :~ . -1 1 .J2 .~'h !. :! .I ~ 11.76 ' O.oh 1.2Y 1 0.05 ~2 . ;5 _ 1.7;; .1 ~ l .l IO
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Effect oiMicrobtal lnocula 01/ Mixcd Solid W as te ( OII1Fos:in:.:,
l/erl11ico ;:¡postillg ami Piad Response

Carcid ue nas el al. 1998). The a n tagonis tic activity is also due to th e prod uction of an ­
tibi otics namely Trichoderrnin with a n tipa thogenic act iv ity which rnak es the cornpost
pathoge-frcc (Chisalberti and Sivasi tha rn pa ra m 199 ]) and hvdrolv tic e nzy me s (Ha r­
ma n ('1 111. 1993; Haran ct al. 1096 ) bes idcs cornpctition for nu trien ts in the rh izosphere
(Chc t 1Y87; Sivan and Chet 1993).

Mycorrhizal root infcction may also be prometed by cert.i in arnino acids and en­
zymes produced by P. sl1jor-CIlj:t a nd in turn my cor rh iza r.ici lit.u cs tlw u ptakc of nu­
tr ients rna inly phosphoru s fr0 111 soil by the p lant root s (Sh a rrna el al . 2000), It is well
known that m ycorrhizal infection can cnhance the uptake of nutricnts and wa ter by
pl ants (Ha yrnan 1982; Perry e! al. 1987). Thu s, ove rall enh anced growth response by
mung bcans m.:lY DL' a ttr ibu ted to th e s u p p ly of pl an t nu t rien ts in ava ilabl e for rn re­
lea scd fro m cornpost and soi l through microbial inoculant s and biocontrol of cc rta in
so ilborne pathogei. ..,

Sununaru and Conclusions

Th c role of eart hworms in improving so il fer tility by co nv erting the a nim a l excrc ­
ta, :;ew,ls e sludge ,1:l.j <l3 ro-in d us tria l wastes into co m pos t is wc ll-docurncntcd, But
littl e ottcntion ha s l -vc n paid tu th e utilization of ca r thworrns in converting \ISW in to
a use ful o rgani c am cndrncnt. O u r s tudy h.,:-; show n th at ~ ' !SW in co rnb ina tion wi tl;
horticultu ra! waste ca n be conve rtcd into a va lua ble corn pos t throush aerob ic eOI11­
p()~ti ng by first inr» u la ting cfficient m icrobial inocu l.i n ts followcd by <ubscquen t ver­
m icorn p osting. It w.i -. observed that the mi crobi al inocula nts narncl y P. s::il':,-,-,;i¡:. il :1J

T. liarzianu m playc d a m a jo r role in acce lcrating th e predecompositi on pmc('~s while
A. cltroccoccum enr ichcd the cornpost th rough nitrogen tixa tio n. Though "lsn ifici'nt
cha nges in the che rnical properties of th e Iee dsto ck du r iru; p rcd cco mpositio n wi th P,
:'tlj(lr -ú lj ll a lone a nd in cornbina tion wi th T. harzianunt w cre obsc rved . the co rnbinatio.:
of al l rhe three inocul .mts preved to ha ve th e greatest crtec t on corn post ing ra tc . Ver­
rnico rn po s ting (Io r one mon th ) of thc fecdstock pr vd ecornposcd f:1~ d iffer '':ll t ti¡:w pe ­
r¡ud " d id not result 111 <l ny s i~; ni fic<l n t cha nge in the chemieal pro pl' ft ic"> ll:" the: ,::,;]1 ­
p(\sl:; hut s ign ificiln tly ill1pr l1ved pl.mt g ro wth f11\ ' pe rlies. Thu .; it e,\I1 [-l' c'l IIKllI clvci

that the mín imum tim e required for the J ecom pos it:ol1 prC)(L's,. i:,:; 7 ,~ ,l Ys \\'h ieh i,, ­
dudes predecompositj on of the fcedstuck fm 7 d 'lYS Il'l!owed by vc rm: c(1Illposti :1S
rol' eme mOl1th. This react or sys tL'm thus proved to be llsdu l w ith respec t tu red uction
in the time peri od required fllr com posting as well as enha ncing the nut ritiolla l \'a]ut'
o f the fina l product. The compust pruved to be benef iciell fo r gw\\"th o[ l1l11IlS be:lll
(VigllLl radiata) as it enh<lnced the m ycorrhiz ,11 infection , w h.ich in hlrn en h<.lI1ced the
uptake of minera! nlltrients and over<lll pl<lllt Srowth .lnd bioll1 JSS y icId .

However, thcre are ccrtJin limitation s of thi s rC<lctor systcm . Firstl y, the WJs te hilS

to be partia!!y decomposed, as Eiseniafoctida prefer s partiti!!y decomposcd wastc . Sec­
ondly the ex pe rimen t hiJS to be conducted under p roper tem pe rat u re con d itions be­
twcen 20-27°C ti:; the mesophilic fungi, P. sajor-caju, is known to func tion most effi­
cientl)' within thi s range. Also, MSW has to be mixed with ho rti cultural \V<lste to balan ce
the el !'!. riltio, reduce the com pac tness and incre<:lse the porosit y of the fecds tock.
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