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Foreword

Innovative Research for Organic 3.0

The future challenges in food production and consumption appear clear:

e Feed 9 to 11 billion people in the next 30 to 80 years with enough, affordable and healthy
food.

e Protect the environment (e.g. soils, water, air, biodiversity and landscapes) whilst
increasingly under pressure to achieve greater levels of intensification.

e Mitigate greenhouse gas emissions and adapt to climate change in all farming systems and
value chains.

e Incorporate novel ethics, food habits, demographics and lifestyles into the food chains.

e  Produce food on limited farmland and fossil (non-renewable) resources efficiently and
profitably.

Several findings from scientific research and practical applications suggest that organic food
and farming systems can help in tackling these future challenges.'The 'low external input’
approach, risk minimizing strategies and ethically accepted production practices of organic
food and farming systemscan help to produce more affordable food for an increasing number
of people while minimizing environmental impacts. However, resource efficiency, low-meat
diets and reducing food waste are also essential factors that have to be considered.

From a global perspective, organic food and farming systems is still a niche sector, as less
than 1% of global farmland is managed organically and only a small proportion of the global
population is consuming organic food in significant amounts. Production yields are relatively
low, and the goals of organic food and farming systems, described in the principles and
standards, are not achieved on every farm. This needs further development based on scientific
evidence and good management practices.

A lot has been done already to develop organic food and farming systems. Nevertheless, to
assure, that organic food and farming systems becomes a significant part of the solutions for
the future challenges in the food and farming sector, there is still much to do.

The Scientific Track at the Organic World Congress 2017 in Delhi, India, will contribute to
the global discussion on Organic 3.0, and taking the opportunity to answers some of the
challenges in the context of the Indian subcontinent in particular. After a double-blind review,
done by 120 reviewers from various disciplines from many experienced research institutions
throughout the world, about 183papers from 50 countries have been accepted.

All the papers in these proceedings can be also foundon the database "Organic Eprints"
(www.orgprints.org).

The Scientific Board of the Organic World Congress 2017 Delhi, November 2017

'A review paper about the Organic 3.0 discussion can be found under Rahmann, G., Reza
Ardakani, M., Barberi, P. et al. (2016): Organic Agriculture 3.0 is innovation with research.
Org. Agr. 7 (2016):3, pp 169-197, doi:10.1007/s13165-016-0171-5.
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Integrated soil quality assessment as an indicator for a successful
conversion to organic agriculture

Koen Willekensl, Jane Debodel, Lieven Waeyenbergel, Bart Vandecasteele'

Key words: soil quality, soil management, ley, tillage, fertilization

Abstract

The results of an extensive soil quality assessment on conventionally managed fields were
compared with the soil quality on a reference field as a result of a multi-year organic management.
Application of soil improving management practices in conventional agriculture will facilitate the
conversion to organic agriculture. Inclusion of a ley is a promising practice to increase the organic
matter content and sustain soil quality, however, its management might be decisive for reaching
that goal. Ca and Mg input by fertilization should be equilibrated, as a factor affecting the Ca:Mg
ratio and therefore soil structure. Correct application technique and timing of soil improving
fertilization should prevent reduced root growth due to bacterial decomposition activity.
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Introduction

Organic farming sustains soil quality by proper soil management practices, e.g., regular organic
fertilization, a broad crop rotation with cover crops and reduced tillage practices. However,
awareness of soil quality issues is growing in conventional farming resulting in a more frequent
application of soil quality sustaining measures by conventional growers, inspired by neighbouring
organically growing colleagues or informed by extension programs. It is likely that conventional
farmers who already take care of soil quality have a good chance to be successful in the conversion
to the organic production method when triggered by more attractive market conditions for the
organic sector. Therefore we made a profound assessment of soil quality on 3 conventional farms
that are applying or intend to apply a clear soil quality improving strategy and compared with an
organic farm. Because of the soil complexity, our survey focused on all kinds of soil quality
aspects.

Material and methods

One organically managed farm participated in the survey with the reference field 3. Three
conventionally managed farms participated, i.e., two with one field (fields 1 and 2) and one with
two fields (fields 4 and 5). All farms apply some soil improving practices.

Field 1 belongs to a farm that combines horticultural with arable crops. Onions, carrots and potatoes
are grown in a rotation with cereals. Ruminant beef production was abandoned 8 years ago. Cover
crops are regularly used and soil improving fertilization forms (compost, animal manure, ...) are
applied before sowing the winter cover crop (e.g., Tagetes in 2015). Additionally,
mineralfertilization is applied in spring before installing the main crop (potatoes in 2016).

! Institute for Agriculture, Fisheries and Food Research, Belgium, www.ilvo.vlaanderen.be,
koen.willekens @ilvo.vlaanderen.be
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Mouldboard ploughing (depth < 30 cm) is the main tillage practice. Field 2 was leased land by a
conventional dairy farmer till 2014 for the cultivation of maize, with little investment in soil fertility
building. Upon acquisition of the land by a vegetable grower, it was ploughed (depth 40 cm) and a
ley of Italian ryegrass was installed in the autumn of 2015 (after a black fallow period) as a soil
fertility building crop that was grown until spring 2017. The grass was not removed but mulched
and cattle slurry was applied after the second mulching, i.e., short before soil sampling. Field 3 had
a long history of organic cultivation (conversion of an orchard in 1978, which was installed after
deforestation in 1958). Intensive vegetable cultivation started in 1993. Non-inversion tillage was
executed in 2014 and 2015, but in spring 2016, the field was ploughed (depth 25 cm) in order to
destroy a grass sward installed as a cover crop after cauliflower in 2015 and to incorporate 20 Mg
farm yard manure per ha. Fields 4 and 5 belonged to the farm that combines animal and crop
husbandry. A vegetable crop sequence is alternated with a ley phase. For field 4, 2016 was the first
year that vegetables (headed cabbage) were grown after a ley phase of 10 years. The ley was
ploughed in spring 2016 after chemical destruction. A base mineral N dressing was applied at
planting (160 kg N ha™). On field 5, a temporary ley was installed in the autumn of 2014 after
ploughing (depth 35 cm) to incorporate the residues of a cauliflower crop. In 2015 the grass was
either mowed or grazed, and received cattle slurry once. After a first late cut in 2016, 20 Mg cattle
slurry per ha was injected, i.e., shortly before soil sampling.

The 0-20 cm top layer of all fields was sampled under a standing crop in the beginning of August
(fields 1 and 2 on 3 August and fields 3-5 on 9 August). At that time the moisture content of the soil
was considerably high due to the rainy weather conditions. Based on the Belgian soil classification
the dominant texture was light sandy loam except field 3 of which the texture was loamy sand. Each
soil profile showed a cambic (B) horizon and they were classified as ‘moderately wet” with regard
to drainage condition. Inherent soil characteristics were quite similar between fields, which was
important for the evaluation of the differences in soil quality related to the applied soil management
practices.

Physical soil quality was also visually assessed under the standing crop. The soil was analysed for
biological and chemical parameters. Biological assessment was done by i) bacterial counts t1 and 2
according to Rusch (2014) (t1 is in line with the bacterial decomposition activity, whereas t2-t1 is a
measure for the ‘rhizosphere’ activity), ii) phospholipid fatty acids (PLFAs) analysis quantifying
different microbial functional groups of the soil food web (non-specific bacteria, gram-positive and
gram-negative bacteria, actinomycetes, fungi and mycorrhizal fungi) (Frostegard et al., 1991) and
iii) nematode community analysis (Ferris et al., 2001). Nematode communities were characterized
and classified according to their trophic level and way of life to evaluate the structure of the soil
food web and the disease supressiveness. Considered chemical parameters were total organic C
(TOC), total N content (Ntot), pH-KClI, hot water extractable C (HWC) and plant available nutrient
reserves (P, Ca, Mg, K) extracted with ammonium lactate.

Results

Visual assessment of physical soil status

On both fields with grass, fields 2 and 5, the soil was seriously compacted in the lower part of the
arable layer and had a blue shine due to anaerobic soil condition. In contrast, under the potatoes,
celeriac and headed cabbage on fields 1, 3 and 4 respectively, the soil showed a nice crumbly
structure.

Chemical parameters

The organically managed field 3 showed the highest soil organic matter level, followed by field 4
which had a 10 year history as pasture land. The other fields had a reasonable content (Table 1).
The P status of all fields is above the target zone due to regular application of animal manure and
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compost. The Ca:Mg ratio was extremely low on fields 2 and 5 and high on field 3, which
coincided respectively with very low and high NOs™ : NHy4" ratios (Table 1).

Table 1. Chemical soil characteristics: total C (TOC) and N content (Ntot), pH-KCI, hot water
extractable C (HWC) and plant available nutrient reserves (P, Ca, Mg, K); Ca:Mg and
NO; : NH;" ratios; measurement values for fields 1-5

TOC  Ntot pH- HWC P Ca Mg K Ca: NO;:
% % N KCl  ppm mg per 100 g dry soil Mg  NH,"
1 1.9 0.13 14.7 6.5 1131 45 143 21 16 4.1 1.2
2 1.5 0.12 12.8 5.7 1327 23 79 21 10 2.3 0.0
3 34 0.22 154 6.1 1648 28 210 16 32 8.2 2.9
4 2.3 0.20 114 59 1925 29 130 39 11 2.0 1.0
5 1.6 0.15 11.0 5.2 1542 23 65 18 19 2.2 0.1
A low NO;™ : NH," ratio might be indicative for a lack of aeration causing a hindered nitrification.
Lack of aeration was likely to happen in the visually compacted soil in the lower part of the arable
layer of fields 2 and 5, along with a high soil moisture content at sampling. Moreover, the
compaction can be explained by very low Ca:Mg ratios for both fields. The highest Ca:Mg was

found for field 3 which coincides with a high NO;™ : NH," ratio, indicative for a high nitrification
rate.

Field

Biological parameters

Fields 1 and 3 showed the highest bacterial decomposition activity (t1), whereas fields 4 and 5
showed the strongest ‘rhizosphere’ (t2-t1) (Table 2). High t1 values reflect the presence of
undecomposed organic residues, derived from incorporated Tagetes and stable manure in fields 1
and 3, respectively, the decomposition of which might have caused reduced root growth.

Table 2. Bacterial counts according to technique 1 (t1) and technique 2 (t2) of the Rusch test

Field t1 t2 t2-t1 2:tl
1 176 356 180 2.0
2 70 235 165 3.4
3 173 362 189 2.1
4 82 421 339 5.1
5 83 400 317 4.8

HWC seems to be correlated with total microbial biomass as quantified by PLFA analysis (Figure
1). HWC would be the easily available C fraction. PLFA values of specific microbial groups were
correlated with values of total microbial biomass (results not shown).
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Figure 1. Total microbial biomass quantified by PLFA analyses versus hot water
extractable C (HWC) in the 0-20 cm soil layer of fields 1-5

The combined use of an ‘enrichment’ (EI) and ‘structure’ index (SI) derived from the classification
of the nematodes according to their trophic level and mode of life, pointed out that both fields 3 and
4 showed a recovering soil food web, with the presence of omnivorous and predator nematodes,
whereas the other fields showed a more disturbed soil food web, especially field 1 with an
extremely low SI (Figure 2).
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Figure 2. Soil food web analysis based on the nematode community in the 0-20 cm top soil of
fields 1-5

Discussion

This investigation shows that soil quality on conventionally managed fields where farmers apply
multiple soil improving practices may approach a level comparable with that of an organically
managed field over a multi-year time span. Inclusion of a ley is a promising practice to increase the
organic matter content and sustain soil quality, however, its management might be decisive for
reaching that goal. Ca and Mg input by fertilization should be equilibrated, as a factor affecting the
Ca:Mg and therefore soil structure. A proper incorporation technique and application time of stable
manure and crop residues should prevent hindrance for root growth due to bacterial decomposition
activity. Working on soil quality issues is a big step in advance to conversion to organic agriculture.
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Identification of deep-rooting crop species in arable subsoil by the
minirhizotron technique

Eusun Hanl, Lisa Havm¢ller2, Dorte Bodin DI’eSbQH3 , Kristian Thorup—Kristensen4

Key words:deep roots, maximum rooting depth, root intensity, perennials, cropping system

Abstract

Our current understanding of the plant deep root system and its relevance for crop production is
limited. A field trial was established in order to monitor the root growth of various deep-rooted
crops down to 5 m of soil depth with the minirhizotron technique. Root intensity (RI: intersections
m’! ) and maximum rooting depth (m) of seven different crop species indicate varying degree of root
penetration capacity among the tested crops. Overall, within one season over 89 % of RI was
concentrated at 0-1.0 m of soil depth. Sugar beet (1.4 m) as an annual crop showed the most rapid
root growth rate (10.6 mm day™). On average the perennials resulted in 0.7 m of maximum rooting
depth (5.6 mm day”), which indicates their potential to establish deep root systems in coming
seasons.

Acknowledgments
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Introduction

Arable subsoil is a hidden but important part that comprises of potentially-reachable soil resources
(Lynch and Wojciechowski 2015). Therefore, promotion of plant deep roots within a cropping
system is essential to enhance crop productivity without further increasing the use of external inputs
(Thorup-Kristensen et al. 2012); this is one of the aims of organic agriculture (Kopke et al. 2015).
Despite the previously reported capacity of numerous crop and grass species for deep-rooting (see
Canadell et al. 1996), investigation on the root system in arable fields is often limited to a relatively
shallow range of soil depths (e.g. 0.3-1.0 m) unlike the majority in forestry or agroforestry (e.g. 3.0
m of soil depth; da Silva et al. 2011). Therefore, the objective of our study is to extend the range of
agronomically relevant subsoil down to 5 m of depth by identifying deep-rooted crops and cropping
systems.

Material and methods

A field trial was established at the experimental station of the University of Copenhagen in
Taastrup, Denmark (55 °40’N; 12 °18’E). The soil was classified as an Agrudalf as sandy loam.
Detailed description on the study site is available in Dresbgll et al. (2016). The experimental design
was a strip-split design. Seven crop species were involved in the study (see Table 1). Prior to the
crop season, 6 m long minirhizotron tubes were inserted in the plots at an angle of 30° from vertical
covering approximately 0.0-5.2 m of soil depth. Multispectral images were taken along the
minirhizotron tubes at each 0.05 m-length interval by a Videometer lab instrument (Videometer

! Department of Plant and Environmental Sciences, University of Copenhagen, Hgjbakkegard Allé 13,
DK-2630 Taastrup, Denmark. eusun.han@plen.ku.dk

% As above. Ih@plen.ku.dk
3 As above.dbdr@plen.ku.dk
* As above. ktk@plen.ku.dk
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A/S, Hgrsholm, Denmark). Image-taking took place from Aug 9 to Sep 6 in 2016 to 3.0 m of soil
depth at maximum. Light illumination setup for UVA, violet, amber, red and NIR was adjusted to
365, 405, 590, 660 and 970 nm, respectively. The size of each of the images was 40 mm * 50 mm
(width * height) consisting of 2048 x 2448 pixels. The images were analyzed with the
VideometerPreview (Videometer A/S, Hgrsholm, Denmark) software as Pseudo RGB.Root
intensity (intersections m™) was calculated as the number of roots intersecting a grid overlaid the
images divided by the total length of grid lines (0.89 m per image). Maximum rooting depth (m)
was calculated as the soil depth where the roots were identified at the deepest depth within one
minirhizotron tube. Sowing dates for the crops and root measurement dates are indicated in Table 1.
Statistical analysis was done with the R version 3.3.0 (R Core Team 2016). A mixed-effects model
(Pinheiro and Bates 2000) with log-transformed variables was used as univariate analysis, and if
required, post hoc tests (Tukey’s HSD, P<0.05) were carried out.

Table 1: Crops, Latin names, sowing dates/density and measurement date

Crop Latin name Sowing date | Sowing density | Measurement date
Curly dock | Rumex crispus L. 29/05/2016 0.4 gm? 9/08/2016
Intermediate

wheatgrass Thinopyrum intermedium 7/04/2016 25gm? 24/08/2016
Lupine Lupinus albus L. 11/04/2016 0.5gm? 24/08/2016
Mugworth Artemisia vulgaris L. 28/05/2016 0.2gm? 6/09/2016
Silphium Silphium perfoliatum L. 30/05/2016 9 plants m™ 1/09/2016
Sugar beet Beta vulgaris L. 11/04/2016 9 plants m? 24/08/2016
Sweet clover | Melilotus officinalis L. 14/04/2016 0.6 gm> 8/09/2016
Results

Among the tested crops, sugar beet resulted in the highest maximum rooting depth (1.43 m)
followed by lupine (0.93 m), intermediate wheatgrass (0.93 m), silphium (0.82 m), sweet clover
(0.67 m), curly dock (0.42 m), and mugworth (0.27 m; Figure 1). In the same manner, the highest
root growth rate was also observed with sugar beet (10.6 mm day'l) and mugworth revealed the
lowest root growth rate (2.7 mm day'l). Below 0.5 m of soil depth sugar beet showed the highest RI
(5.15 intersections m™; Table 2). Mugworth did not deploy any roots beyond the topsoil (i.e. >0.5
m) at the time of measurement. Proportional distribution of RI showed that lupine allocated 31.5 %
of roots below topsoil followed by sugar beet (30.3 %), the intermediate wheatgrass (22.3 %),
silphium (9.3 %), curly dock (1.8 %) and sweet clover (0.5 %).

Discussion

It is plausible to observe that establishment of deep roots beyond 1 m of soil depth was already
possible in one season of cultivation. For the perennials (e.g. silphium and curly dock), a substantial
increase in rooting depth in coming season is expected as duration of growth influences the root
growth in deeper soil horizons (Thorup-Kristensen et al. 2009). Ability of plants to establish deep
roots mainly depend on their root diameter (Materechera et al. 1992); this corresponds with the
higher root growth of the taprooted crops such as sugar beet (e.g. Thorup-Kristensen et al. 2012)
and lupine (e.g. Pennisi 2008). Also our observation might be the first report showing the root
growth of the intermediate wheatgrassunder European soil conditions, which showed a strong
tendency to intensify its root system in the subsoil as did in its origin in the U.S. (Cox et al. 2006).
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Crop species
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Figure 1. Maximum rooting depth (m) and root growth rate (mm day’l) of the seven crop species.
Different small letters indicate significant differences between the crop species (Tukey’s HSD;
P<0.05). Analysis was done with log-transformed variables but mean (one+SE) values are shown
here (root growth rate was not analyzed).

Development of deep roots can be beneficial for the standing plants as they gain more access to the
limiting nutrients and water. Deep-rooted crops also positively influence the following crops as they
function as N catch crops. In addition, they provide preferential pathways for roots of the following
crops by the increased biopore density.

Table2: Rootintensity (RI; intersectionm'l) measuredat 0.0-0.5 m, 0.5-1.0 m, 1.0-1.5 m, 1.5-
2.0.mand 2.0-2.5 mofsoildepth

Soil depth | Sweet Curl Intermediate . S Sugar
(m) b clover doch wheatgrass Lupine | Mugworth | Silphium beget
0.0-0.5 11.06 bc | 42.56a 2248 bc | 11.33 bc 12.30 bc 8.56 ¢ | 25.17 ab
0.5-1.0 0.06 b 0.78 b 6.70bc | 5.24Db 0 092b | 13.69a
1.0-1.5 1.18 b 0 0.95b 0.05b 0 042b| 6.38a
1.5-2.0 0 0 0 0 0 0] 0.02
2.0-2.5 0 0 0 0 0 0] 0.50

Different small letters indicated significant differences between the crop species within the soil depth
(Tukey’s HSD; P<0.05).

Our study indicates that crop plants have potential to establish deep root systems in arable subsoil.
Organic management should consider the deep soil as an alternative nutrient reservoir and
formulate crop sequence/rotation to better exploit the deep soil nutrients. Future study should focus
on activity of deep roots under field conditions by developing methods applying nutrient tracers in
deep soil horizons.



Scientific Track “Innovative Research for Organic Agriculture 3.0”
19" Organic World Congress, New Delhi, India, November 9-11, 2017
Organized by ISOFAR, NCOF and TIPI

References

Canadell J, Jackson RB, Ehleringer JR, et al (1996) Maximum rooting depth of vegetation types at
the global scale. Oecologia 108:583-595. doi: 10.1007/Bf00329030

Cox TS, Glover JD, Van Tassel DL, et al (2006) Prospects for developing perennial-grain crops.
BioScience 56:649-659.

da Silva EV, Bouillet J-P, de Moraes Goncalves JL, et al (2011) Functional specialization of
Eucalyptus fine roots: contrasting potential uptake rates for nitrogen, potassium and calcium
tracers at varying soil depths. Funct Ecol 25:996-1006. doi: 10.1111/.1365-2435.2011.01867.x

Dresbgll DB, Rasmussen IS, Thorup-Kristensen K (2016) The significance of litter loss and root
growth on nitrogen efficiency in normal and semi-dwarf winter oilseed rape genotypes. Field
Crop Res 186:166—178. doi: 10.1016/j.fcr.2015.12.003

Han E, Kautz T, Perkons U, et al (2015) Root growth dynamics inside and outside of soil biopores
as affected by crop sequence determined with the profile wall method. Biol Fert Soils 51:847—
856. doi: 10.1007/s00374-015-1032-1

Kirkegaard J, Christen O, Krupinsky J, Layzell D (2008) Break crop benefits in temperate wheat
production. Field Crop Res 107:185-195. doi: 10.1016/.fcr.2008.02.010

Kopke U, Athmann M, Han E, Kautz T (2015) Optimising cropping techniques for nutrient and
environmental management in Organic Agriculture. SAR 4:15-11. doi: 10.5539/sar.v4n3p15

Lynch JP, Wojciechowski T (2015) Opportunities and challenges in the subsoil: pathways to deeper
rooted crops. J Exp Bot 66:2199-2210. doi: 10.1093/jxb/eru508

Materechera SA, Alston AM, Kirby JM, Dexter AR (1992) Influence of root diameter on the
penetration of seminal roots into a compacted subsoil. Plant Soil 144:297-303. doi:
10.1007/BF00012888

Pennisi E (2008) Plant genetics. Getting to the root of drought responses. Science 320:173-173.

Pinheiro J, Bates D (2000) Mixed-Effects Models in S and S-PLUS. Springer, New York

R Core Team (2016) R: A language and environment for statistical computing.

Thorup-Kristensen K, Cortasa MS, Loges R (2009) Winter wheat roots grow twice as deep as
spring wheat roots, is this important for N uptake and N leaching losses? Plant Soil 322:101—
114. doi: 10.1007/s11104-009-9898-z

Thorup-Kristensen K, Dresbgll DB, Kristensen HL. (2012) Crop yield, root growth, and nutrient
dynamics in a conventional and three organic cropping systems with different levels of external
inputs and N re-cycling through fertility building crops. Eur J Agron 37:66-82. doi:
10.1016/j.eja.2011.11.004

Thorup-Kristensen K, Rasmussen CR (2015) Identifying new deep-rooted plant species suitable as
undersown nitrogen catch crops. J Soil Water Conserv 70:399-409. doi: 10.2489/jswc.70.6.399



Rahmann et al.(2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
Organic World Congress 2017 in New Delhi, India, November 9-11, 2017

Challenges in the establishment of living mulch in a temperate climate
— a case study with cabbage

Lukas Benderl, Sabine Gruberz, Wilhelm Claupeinz, Sabine Zikeli'

Key words: Intercropping, mineralization, competition, vegetables, weeds

Abstract

The use of living mulch for erosion control is discussed in organic vegetable production. Supposed
challenges are competition between crop and mulch, and sufficient weed control. A two-factorial
field trial was conducted in 2015 in SW Germany to test effects of living mulch on yield and weeds
in cabbage. White cabbage (Brassica oleracea convar capitata var. alba; both a round and a pointed
variety) was intercropped with perennial ryegrass (Lolium perenne,; RG) or white clover (Trifolium
repens L.; C), or grown without living mulch (control). Total head yield was 38.8 > 2.8 > 2.1 t ha'
fresh mass (control > C > RG) across varieties. Up to 11 times more weed plants than in the
control were recorded in living mulches. The share of marketable heads of pointed cabbage ranged
from 88%>18%>0.9% and for round cabbage from 72%>5%>0.5% (both control>RG>C).
Competition early in the year and low mineralization due to reduced soil disturbance are assumed
to be the main reasons for the low yields.

Acknowledgments
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Kleinhohenheim for their invaluable support at any time.

Introduction

The production of vegetables is frequently linked to soil erosion caused by wide row spacing during
early stages of development, poor soil cover for long periods of time, intensive tillage before
transplanting or sowing, and mechanical weed control. Fertile soils, which are most suitable for
vegetable production, are often prone to erosion due to their texture, e.g. a high percentage of silt.
Intercropping with living mulch (LM) might reduce soil erosion when the soil surface is covered by
the leaves of LM, and when the root network stabilizes and maintains the soil structure. On the
other hand, disadvantages such as competition between mulch and crop, and difficulties in weed
control are expected. To understand the issue, and to define problems and solutions associated with
the LM system, we set up a field trial with cabbage in 2015. The aim of the study was to determine
yield and weeds of cabbage-LM intercropping, and to develop improvements and adaptations of the
cropping system.

Material and methods

The University of Hohenheim experimental station for organic farming, Kleinhohenheim, is located
in South-West Germany, at 435 m above sea level, with an average mean temperature of 9.7 °C and
an average annual precipitation of 736 mm. The soils are Luvisols developed from loess, with soil
depths of up to 2m. The farm is certified by the organic farming associations Demeter e.V., Bioland
e. V., and Naturland e.V. and has been managed organically since 1994. Crops preceding white

! Institute of Crop Science, co-ordination for organic farming and consumer protection, University of Hohenheim,
Germany, www.uni-hohenheim.de, eMail: Sabine.Zikeli @uni-hohenheim.de

2 Institute of Crop Science (Agronomy, 340a), University of Hohenheim, Germany, www.uni-hohenheim.de,
eMail: Sabine.Gruber @uni-hohenheim.de (corresponding author)
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cabbage (Brassica oleracea convar capitata var. alba) were grass clover ley (Trifolium pratense, T.
repens, Lolium perenne; 2014), emmer (Triticum dicoccum; 2013), onions/carrots (Allium
cepal/Daucus carota; 2012), and spring wheat (Triticum aestivum; 2011). The trial was a two-
factorial row-column design (due to a slope in two directions) with cabbage variety (pointed:
“Filderkraut”; round: “Dottenfelder Dauer”) being factor one, and living mulch being factor two in
three levels: white clover (Trifolium repens cv. Riesling; “C”); perennial ryegrass (Lolium perenne
cv. Leon; “RG”), and control (bare soil). Plot size was 7.0 x 4.5 m with six rows of cabbage per
plot and inter-row spacing of 0.75m. The intra-row spacing was 0.65m for pointed cabbage and
0.35 m for round cabbage, i.e. 65 and 120 plants per plot or about 2.1 (pointed) and 3.8 (round)
plants m™. Cabbage was transplanted in strips 0.25m wide tilled by a rotary harrow into the mulch
when the plantlets had 3-5 foliage leaves at the end of May 2015 (Table 1). No additional fertilizer
was applied. Before primary tillage in spring, mineral nitrogen (Nmin) content was 30 kg ha™ (0-
90cm depth), while Corg was 1.24% in the topsoil (0-30cm). To control competition during the
growing season, the living mulch plots were mown twice with a hand mower, and the cut material
remained on the area (Table 1). On July 14 a strip of 10cm alongside each cabbage row was tilled
with a goosefoot-shaped chisel to reduce competition from the mulch strips. Cabbage was hand
weeded in the rows. The trial was irrigated several times using sprinkler irrigation with about 75
mm in total, independent of the treatment.

Table 1: Actions before and during the cabbage growing season on the experimental field in
Kleinhohenheim in the year 2015 (dd/mm), for mixed cropping of cabbage with living mulch
(LM).

Operation Date Operation (continued) Date
Soil tillage by chisel plough | 01/04, 15/04, [Irrigation approx. 151 m?2(04/06, 13/07, 17/07,
29/04 er date 21/07, 11/09
Sampling Niyin 30/04, 27/10 Mowing of LM close to {18/06, 08/07
(0-90 cm) the ground
Sowing of LM (white 30/04 Tillage by goosefoot 14/07
clover: 10 kg ha™, ryegrass: chisel close to the
30 kg ha™! cabbage rows
Tillage by rotary harrow 25/05 Hand weeding and hoeing|15/07
(control plots) in rows (control)
Cabbage transplanting 26/05 Sampling of living mulch ({19/08, 15/10
and weeds
Weed record 03/06, 03/07, [Harvest of cabbage 20/10
11/08
Hoeing of the control 17/06, 26/06,
14/07

Weeds were counted five times per plot in an area of 0.05 m? between the rows. An area of 4 x
0.125 m? was cut twice to determine the biomass of living mulch and weeds. At harvest, three
cabbage heads per plot were taken randomly to determine average head weight. The cabbage yield
of the four inner rows (21 m?) was measured by hand-harvesting mature heads. Threshold for
marketability was a head weight of about 0.4 kg (round cabbage) and about 0.6 kg (pointed
cabbage).

Results

The year 2015 was exceptionally dry and hot for long periods during the growing season. There
were no major losses recorded through insects and fungi (data not shown). During the season, the
number of weeds was significantly higher when cabbage was intercropped with living mulch
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compared to the control, particularly at the beginning of the season (Figure 1). Chenopodium album
and Matricariaspp. were the dominant weeds. Less abundant weeds were grouped under “other”.
These were Galium aparine, Cirsium arvense, Capsella bursa-pastoris, Thlaspi arvense, Sonchus
arvensis, and Echinochloa crus-galli.

CDother

160 b b O Persicaria spp.

140 B Stellaria media

B Matricari .
120 atricaria spp

B Chenopodium album
100
80
60

40

Number of weeds m-2

20

RG
3rd June

RG
3rd July

Control
11th August

Control

Figure 1: Weed numbers m? between cabbage rows (across varieties) with or without living
mulch (control: bare soil, RG: perennial ryegrass, C: white clover) at three dates,
experimental station Kleinhohenheim, 2015. Different letters indicate significant differences
(P<0.05) between treatments, comparison only within the same date. SEM 3rd June: + 13.32;
3rd July: + 14.11; 11th August: + 3.29. Persicaria spp.: P. maculosa and P. lapathifolia

Weed numbers converged over time (Figure 1) and weed biomass was relatively equal among the
three treatments at the time of harvest in mid-October (Figure 2). The total biomass (fresh mass of
cabbage, mulch and weeds) was two to three times higher in the control than in the living mulch
treatments when recorded at harvest. At that time, cabbage contributed 93% and weeds 7% of the
total fresh biomass in the control, while cabbage represented only 22% and 16% of the total
biomass in mixed cropping with RG and C, respectively (Figure 2). Weeds represented 38% (RG)
or 11% (C), and living mulch had a share of 40% and 73% in RG and C, respectively.

The individual mean head mass of pointed cabbage was higher than that of round cabbage (Figure
2). The pointed cabbage yielded 18.3 t ha™ compared to 10.4 t ha™ for round cabbage across
treatments (not shown). Approximately 90% of the pointed, and 70% of the round cabbage met the
standards for marketable heads when grown in the control. In the living mulch, however, the
marketable yield was below 20%, and below 1% in white clover living mulch (Figure 2).
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Figure 2: Total fresh biomass (FM) of vegetation (cabbage, living mulch weeds) at harvesting
in October 2015, *significant at P<0.05 (A), and FM of cabbage heads (B) when intercropped
with living mulch (ryegrass, clover), Kleinhohenheim, Germany. No statistics for cabbage
yield due to inhomogeneity of variance. Top of the columns in B: share of marketable heads.

Discussion

The low marketable yields clearly indicate that intercropping cabbage with living mulch did not
work in 2015. We assume three reasons: reason 1 being that the low mineralisation and associated
reduction in nutrient uptake in the mulch plots had a high impact, while the side-effect of common
(but not performed) mechanical weed control by a hoe — stimulating N mineralisation — was very
low. This effect might have been strengthened by reason 2: the unusual drought period from May to
July, which may have further reduced mineralisation and limited nutrient uptake by soil water,
leading to an increased competition for water and nutrients between the living mulch and the crop
(Pfeiffer et al. 2016). The amount of irrigation water has not been adapted to the treatments, but this
would be an option for following years and in practical farming. Reason 3 was likely an unsuitable
match between mulch variety and/or the time and the method of establishing and transplanting of
mulch or cabbage (Montemurro et al. 2016).

Suggestions for tackling future challenges

In principle, we still believe in the value of living mulch systems, and suggest (i) to use mulch with
a very low competition capacity, (ii) to maintain the tillage using a chisel tine close to the cabbage
row, (iii) to reduce the width of the mulch strip compared to ours, (iv) to adapt the amount of
irrigation to the water-use of the living mulch, (v) to consider dead mulch from a non-frost-tolerant
species such as annual clovers (e.g. Trifolium subterraneum), and (vi) to apply organic fertiliser to
minimize competition for nutrients.
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Can mycorrhizal symbiosis be boosted
by agro-ecological service crops?

Alessandra Trincheral, Corrado Ciaccial, Elena Testanil, Gabriele Campanelliz, Fabrizio Leteoz,
Valentina Baratellal, Sara Sestiliz, Francesco Rival, Stefano Canali'
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Abstract

The RizoSem project “Study of rhizosphere interaction and interference among crop and weeds in
organic horticultural systems” was aimed to clarify the role of root mycorrhization on crop-weed
interference, as affected by agro-ecological service crops. The research showed how the
introduction of a mixed intercropped living mulch or different allelopathic cover crops were able to
promote the belowground plant-fungi interactions in organic agro-ecosystems, boosting the root
mycorrhizal colonization and the mycelial network formation, so as to: i) increase P uptake by the
cash crop, being this behaviour cultivar-dependent; ii) modulate crop-weed competition and
allelopathy.

Acknowledgments

Thanks are due to the PQA V Office “Organic farming” of the Italian Ministry of Agriculture, for
funding the RizoSem project: “Study of rhizosphere interaction and interference among crop and
weeds in organic horticultural systems” (2013-2015).

Introduction

The ecological significance of plant root mycorrhization and the mycelial network formation has
been already recognized in natural woody systems as an effective strategy for increasing root
adsorbing surface and, thus, water/nutrient uptake by coexisting plants. In an organic cropping
system, characterized by a high level of plant diversity, the crop-weed interference, that means
allelopathy and competition, is also mediated by root mycorrhization and fungi mycelial network
establishment. When the agro-ecological service crops (e.g., living mulch, cover crops, etc.) are
used in tailored organic cropping systems, they share the belowground environment with the cash
crop and/or the weed, influencing not only the interference, but also the mycorrhizal mycelial
network formation. This paper discusses how the agroecological service crops are able to promote
rhizosphere interactions by implementing the root-fungi positive symbiosis and the following
mycorrhizal network development, leading to i) increase soil P availability and the P uptake by the
cash crop; ii) influence the crop-weed competition and allelopathy.

Material and methods

Two in field experiments were carried out at the Vegetable Research Unit of the CREA (Consiglio
per la ricerca in agricoltura e l'analisi dell'economia agraria), located in Monsampolo del Tronto
(AP, Italy).

! Consiglio per la ricerca in agricoltura e l'analisi dell'economia agraria (CREA)
Centro di ricerca Agricoltura e Ambiente (AA), Italy, www.crea.it, eMail: alessandra.trinchera@crea.gov.it

2 Consiglio per la ricerca in agricoltura e l'analisi dell'economia agraria (CREA)
Centro di ricerca Orticoltura e Florovivaismo (OF), Italy, www.crea.it, eMail: gabriele.campanelli@crea.gov.it
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Experiment 1. — In 2013-2014, in a multi-annual organic artichoke (C. cardunculus subsp.
scolymus) field, a mixed living mulch (Trifolium incarnatum L., Vicia villosa L., Vicia faba L. var.
minor, Coriandrum sativum L., Fagopyrum esculentum, Alyssum spp., Pisum sativum L., Brassica
rapa L., Phacelia tanacetifolia Benth) was intercropped with artichoke for weed management. Two
Italian local artichoke cultivars, Mazzaferrata (Ma) and Jesino (Je), were tested in a split plot
(3x6m”) design, with three replicates. Two factors were considered: the living mulch and the
artichoke cultivar. The first factor had two levels: no living mulch (control, no LM) and unweeded
living mulch (LM). The effect of LM on Ma and Je artichoke root morphology was evaluated by
Scanning Electron Microscopy (SEM), while the root mycorrhizal colonization intensity (M%,
Trouvelot et al. 1986, partially modified)was determined by optical microscopy.At harvesting, the
artichoke yield, the soil available P and the crop P uptake were measured.

Experiment 2.— In November 2014 and 2015, in a four-years organic rotation and in a completely
randomized block design with three replications (each plot area: 3x6m?), the spelt (Triticum
dicoccum L.) and the rye (Secale cereale L.) were sown as allelopathic winter-cereal cover crops
for managing weed, in comparison with an unweeded control (CNT). At the end of April 2014 and
2015, corresponding to the rye full flowering and the spelt boot, for each cover crop and the five
more representative weed species (Rumex crispus L., Stellaria media L., Veronica persica L.,
Polygonum aviculare L. and Anagallis arvensis L.) the density (D;, ppxm™) and the mycorrhizal
colonization intensity (M; %) were recorded. Then, in CNT and in rye and spelt cover cropping
systems, the contribution of each plant species to mycorrhizal network development was expressed
as M;xD; (“1” referred to each cover crop or weed species).

Results

Experiment 1 —The LM effect on Je and Ma artichoke root mycorrhization is shown in Fig. 1.

Mag 25X 0 m s Mag 25X

Figure 1. Root mycorrhization in Je and Ma artichokein absence of living mulch (no LM) and
in presence of living mulch (LM). A-H are referred to 700X and 1200X magnifications by
SEM; X-W to 10X and 25X magnifications by optical stereo-microscope. Arrows indicate:
cortex cells; extra-, inter- and intra-hyp = mycorrhizal hyphae; spr = spores. (Ma: cv.
Mazzaferrata; Je: cv. Jesino) (from: Trinchera et al. 2016).

The presence of LM increased the mycorrhizal colonization of Je roots, attested by the presence of
abundant intra- and inter-hyphae in cortex cells, not present in Ma cultivar roots. This finding was
quantitatively confirmed by intensity of root mycorrhizal colonization, which was significantly
higher in Je LM (M = 43%) respect to Je no LM (M = 15%), being the same in Ma LM (M = 23%)
and Ma no LM (M= 21%). Moreover, the LM induced the proliferation of root hairs in Je artichoke
roots, that means an increase in root absorbing surface. Root morphological changes were cultivar-
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dependent, being recorded only in Je artichoke and not in Ma one (Trinchera et al. 2016). Evidently,
the Je artichoke, characterized by a lower productivity respect to the Ma one, had a great benefit by
increasing mycorrhizal root colonization: actually, no decrease of Je yield was recorded respect to
the Je no LM, being instead the P uptake improved in Je LM respect to the Je no LM (Trinchera et
al. 2016). This was the first evidence that, by promoting mycorrhization of the “weakest” artichoke
cultivar, the use of agro-ecological service crops (as the intercropped mixed living mulch) improves
the ability of Je artichoke roots in utilizing phosphorous, as shown by the reduction of bulk soil P
and the decrease of rhizosphere P in the P depletion root-zone of Je artichoke at the end of the
cropping cycle (Trinchera et al. 2016).

17341
1

Experiment 2. — The contribution of each plant species (Secale cereale, Triticum, Rumex,
Stellaria, Veronica, Polygonum and Anagallis) to mycorrhizal network development was
represented by the M;xD; values, reported in Fig. 2. In 2014, Anagallis was the more abundant and
mycorrhized weed species in the CNT, while the rye was the plant species most responsible for
mycorrhizal colonization in that cover cropped system (Fig.2-A). As far as the spelt is concerned,
both the cover crop (Triticum) and the Stellaria weed equally contributed to mycorrhizal network
formation. In 2015, the competitive effect of the cover crop on weed growth was more pronounced,
being the rye (Secale) and the spelt (Triticum) the species that mainly influenced theagro-
ecosystems’ mycorrhization, with the exception of the Anagallis, again the more abundant and
mycorrhized weed also in the unweeded CNT.

M, x D, (2014) 6000 1 M;x D; (2015)
2200 - I A
Triticum spp. Triticum spp.
O Secal 1 5000
ecale cereale OSecale cereale
1700 1 Anagallis arvensis . .
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1200 | . O Stellaria media
BPolygonum aviculare 3000 4
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T i 0 T T
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Figure 2. Contribution of cover crop (rye and spelt) and weed to MN formation in the
compared agro-ecosystems (CNT, rye, spelt) in 2014 (A) and 2015 (B).

The different results obtained in relation to the mycorrhizal network formation were strongly
influenced not only by the presence of the cover crop, but also by the climatic conditions: in 2014,
under high and not-well distributed rainfalls from November to April, the studied agro-ecosystems
resulted globally highly infested and slightly mycorrhized, being mainly regulated by cover crop-
weed allelopathic interactions (Trinchera et al. 2015). Moreover, previous in vitro tests on Rumex
crispus seeds showed the strong allelopathic effect of rye extract in inhibiting root elongation and
suppressing mycorrhization at weed emergence (Trinchera et al.2015). In 2015, the regular rainfall
and the highest average temperatures led to a greater competition within the considered agro-
ecosystems, where the mycorrhization of cover crops and weed played a key-role, influencing plant
water and nutrient uptake.

The effect of environmental conditions (year-effect) and the cover crop introduction (cover crop-
effect) on the mycorrhizal network development is represented in Fig. 3. The spelt was the most
promising cover crop in promoting mycorrhizal network formation in studied agro-ecosystems in
both the years, giving to this winter-cereal cover crop a potential, additional agro-ecological value.



Scientific Track “Innovative Research for Organic Agriculture 3.0”
19" Organic World Congress, New Delhi, India, November 9-11, 2017
Organized by ISOFAR, NCOF and TIPI

2014 ® M:70-90% ® M:50-70% M: 30-50% M: 10-30% M: 0-10%
1S
o
CNT RYE SPELT
2015
e °® ° .“ .‘. o ® o © e® o0
° ° ® LY
.o.o. - e, o‘..o. ...0 e® . e °*°
e o ¢ @ e 0 09, ° o ° ® e e, e ®
L o °® ° oq © e® o o ° e o _°©
° o ° e®o0 %o ce, ©® e® ©
e ®¢ o oel|® e®e e ®e *° oo oo °
o ® ® ® e eo® © o ®
® o e® e _® o o0 o ) e ®© @ )
¢ i © ® e ® %o " o o o o ¢
® ® o o ® e ®e _0_° ®" e se0e
® ® o _eo ® o g0 © © ° o ®,0
° e " °l|®® - .00.0.'. .‘ .o.o°
° °
o ® ® e o Py ) 0'03‘.’ o ©o°, e® ©
CNT RYE SPELT

Figure 3. In 2014 and 2015, root mycorrhizal colonization in CNT, RYE andSPELT agro-
ecosystems is represented. Into 1.0 m’reference area, each randomized coloured point
represents a single plant (cover crop or weed).Increasing colour darkness represents
increasing range of M %, above reported. Total points in each area correspond to the total
number of ppxm'2 (as the sum of cover crop plants and weeds per square meter).

Discussion

Mycorrhizal symbiosis was recognized as an ecosystem service provider influenced by the agro-
ecological service crops. The low-yield Jesino cultivar increased the artichoke root mycorrhization
under LM as an effective eco-physiological response to ensure the proper P availability to the crop,
guaranteeing contemporary a good standard yield. Furthermore, the rye and the spelt affected the
mycorrhizal root colonization in the agro-ecosystems: the highest one was recorded under spelt,
corresponding also to a satisfactory weed control through competition and allelopathy. Obtained
results suggest to address future research to exploit the nutrient-mining properties of plant-soil
organisms, by strengthening the mycorrhizal network development in organic agro-ecosystems.
Phosphorous solubilising effect of crops, coupled with biofertilisers based on mycorrhizal fungi
should be considered under real farming conditions, for promoting nutrient cycling and carbon
sequestration.
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Nitrogen budgets in organic and conventional cropping systems -
The efficiency-sustainability dilemma
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Abstract

N-budgets over 35 years from the DOK trial are presented and combined with N-stock changes in
DOK treatments on different fertilisation levels. Results strongly indicate an N efficiency-
sustainability dilemma: DOK treatments with a high nitrogen use efficiency (NUE) lose more soil
stock N than those with a lower NUE but higher N losses from the system. The biodynamic system
showed little advantage in terms of soil N stocks sustainability while the solely mineral fertilised
conventional treatment had highest NUE across all inputs including soil N change.

Introduction

Nitrogen (N) is the main yield limiting nutrient in organic farming systems. It is provided from two
primary sources a) the biological nitrogen fixation, and b) the atmospheric deposition. Other
sources like N from soil stocks or N in manure are based on these two primary sources. Nutrient
budgets on a field scale in long term field experiments, like the DOK trial in Therwil, Switzerland
give detailed information about N-supply, N-efficiency and potentials for N losses of the whole
system. Furthermore long term experiments allow tointerlink results from N budgets with
sustainability indicators such as the long term soil quality development. This allows new insights in
the valuation of N budgets and relativizes “state of the art” knowledge. In this study we considered,
besides N budgets, the management dependent change of the soil N stocks. The DOK trial allows in
addition the comparison of organic and conventional cropping systems and the effect of different
fertilisation intensities.

The objectives of the study were i) to calculate the N budget of the DOK systems over a period of
35 years and derive the N use efficiency (NUE) from these data, and ii) to compare the N budget
with the soil N stock changes as one indicator for soil quality and thus give a new interpretation of
the NUE — sustainability interactions.

Material and methods

The DOK long-term systems comparison (start 1978) compares bio-Dynamic (D), bio-Organic (O)
and conventional (Konventionell) (K) mixed cropping systems (Méder et al. 2002). Additionally
the experiment includes a zero fertilisation treatment (NO) and a conventional treatment with sole
mineral fertilisation (M2, since 1985). The soil management of treatments D, O and K are in line
with regular practice. The systems D, O and K have two fertilisation levels: 1 = half dose
fertilisation, 2 = full dose fertilisation. Level 2 receives manure according to 1.4 livestock units
(until 1991: 1.2 livestock units); level 1 receives 50% of it. Treatment M2 receives mineral
fertilisers at full dose according to Swiss fertilisation guidelines (Flisch et al. 2009). In treatment K

! Agroscope, Reckenholzstrasse 191, 8046 Zurich, Switzerland, jochen.mayer @agroscooe.admin.ch,
www.agroscope.ch
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the respective amount of mineral fertilisers is added to the amount applied with manure. The field
experiment design (Latin rectangle) has four replicates and a seven-year crop rotation which is
replicated thrice in a shifted design.

The N budget was calculated by a difference of N inputs versus outputs for the period 1978 — 2012
(M2 since 1985), equation (1):

Budget year = Input year 1 output year 1)

The inputs comprise i) fertilisation, ii) atmospheric deposition, iii) seeds, and N from biological N,-
fixation (Ndfa). The outputs comprise N in crop yields and by-products, when removed from the
field. For the fertilisers applied and the yield products removed we had yearly data (dry matter
weights and nutrient concentrations) while atmospheric deposition and seeds were estimated by
literature data. The biological N,-fixation was estimated on the basis of above ground yield data,
clover proportions in the clover grass ley and own data on below ground N inputs
(roots+rhizodeposition) of clover and soybean. The N-transfer from clover to grass was taken into
account. For the proportion of Ndfa we used own measurements and the data from Oberson et al.
(2007) for soybean und Oberson et al. (2013) for clover.

The change of the soil N stocks over time in (0-20 cm) was calculated with yearly soil analysis and
normalised with soil density data on a weight of 2500 t soil ha™'.

Results

The inputs consisted 110 (NO) to 300 (K2) kg N ha” and year; the outputs were 140 (NO) to 250
(K2) kg (Fig. 1). In treatment NO outputs exceeded inputs by 25 kg N ha™'. In the half dose
fertilisation treatments D1, O1, K1 and full dose M2 inputs and outputs were more or less
equilibrated. In the full dose mixed farming treatments the inputs exceeded the outputs leading to
positive budgets of 33 kg N ha and year for D2 and O2, but a distinct larger value with 50 kg for
K2 (Fig. 1).In contrast soil N stock change were largest where N budgets were negative or
equilibrated. Treatment NO without any fertilisation lost about 30 kg N ha” and year, followed by
M2 with full dose mineral fertilisation with 20 kg. Treatments with half dose fertilisation (level 1)
lost about 16 kg, full dose (level 2) treatments O2 and K2 lost 7 kg. Exceptionally D2 showed an
equilibrated N-budget (Fig. 2).

Considering the NUE (kg N Output / kg N input) of the treatments without taking into account the
N supply from changing soil N stocks, a NUE >100% results for NO. The NUE was about 100% for
the half dose treatments D1, O1, K1 and the full dose M2, and it was 85% for full dose mixed
cropping systems D2, 02, K2. Taking into account the real input from the soil (kg N output / (kg N
input + A soil-N)) the NUE is reduced to more realistic values below 100% (Fig. 2)

Discussion

The N budget of the DOK trial was calculated based on a very solid long-term experimental data
basis (crop yields, nutrient concentrations of crops and soil, Ndfa measurements, below ground
inputs, etc.) and it is the first N budget study which can be supported by such a broad data
fundament. With exception of gaseous losses and leaching losses, it was possible to measure or
estimate all parameters with a high precision. Surprisingly all treatments showed a high to very high
NUE (81 — 96 % of N input). The half dose fertilisation treatments (level 1) and the conventional
mineral fertilised treatment at full dose (M2) showed equilibrated budgets which is the target when
planning the N supply of an organic farm. They gained the highest NUE of about 93% of N input.
Organic and conventional systems did not differ. However, NUE decreased with an increasing N
budget surplus at full dose fertilisation level 2 with 85% for D2 and O2 and a bit lower for K2 with
81%. The soil lost most of its N stock where N budgets were equilibrated or negative and in
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consequence had the lowest potential for N losses. The price for a more sustainable soil
management (treatments D2, O2, K2) - here indicated by soil N stock change - were higher N
losses. The potential for N losses (N budget surplus) were 34, 39 and 56 kg ha™ and year for D2, 02
and K2, respectively.

The soil system budget of the DOK trial showed clearly the N efficiency-sustainability-dilemma of
agricultural land use. Soil N sustainability can only be achieved with higher N losses. The concept
of N use efficiency has to be redefined if further studies confirm our results.
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Figure 1. N inputs and outputs as well as N-budget in the DOK experiment from 1978-2012
(n=12) in kg N ha™ and year.




Scientific Track “Innovative Research for Organic Agriculture 3.0”
19" Organic World Congress, New Delhi, India, November 9-11, 2017
Organized by ISOFAR, NCOF and TIPI

Soil N change (2500 t soil dry matter)
Sl e Em Ew  Ew N BN |
- @- - . - e .
- @- - . - e .
-5 4 I [ [ [ [ =
- @- - . - =
- @- - . —
1p | N e . —
- _— — ] - _— (—
- | — ] [ | (—
£ | =_— [ | (—
> -5 4 mm I = =
) ] I —
= [ = =
20 | EES =
[
=
e =
~<2 1 [
=
=
3p { EE
3z | No D1 01 ¥ D2 02 K2 M2
140 - .. -
N use efficiency 2
=

=
4
=
z
2
a
=4
oo
—
w
w
=
-

80 -

60

20 -

W |
. . 0 0 I}
FI|||-I|||I-||||||-II||||-||||||||-|||||||||r

hllll-lllll-l|||||-||||||-||||||||-|||||||||' -

DO
-I|||-|||||-II||||-||||||-||||||||-||||’

Q|

Figure 2. Change of soil N stocks (normalized for 2500 kg soil dry matter, 0-20 cm) in kg ha™
and year and N use efficiency (NUE) of the cropping system based on inputs without and with
soil N delivery in the DOK experiment from 1978-2012 (n=12).

References

Flisch R, Sinaj S, Charles R, and Richner W (2009) GRUDAF 2009. Grundlagen fiir die Diingung im Acker- und
Futterbau. Agrarforschung 16: 1-100.

Mider P, Fliessbach A, Dubois D, Gunst L, Fried P and Niggli U (2002) Soil Fertility and Biodiversity in Organic
Farming. Science 296 (5573): 1694-1697.

Oberson A, Frossard E, Biihlmann C, Mayer J, Méder P, Liischer A (2013) Nitrogen fixation and transfer in grass-
clover leys under organic and conventional cropping systems. Plant and Soil 371: 237-255.

Oberson A, Nanzer S, Bosshard C, Dubois D, Mider P, Frossard E (2007) Symbiotic N-2 fixation by soybean in
organic and conventional cropping systems estimated by N-15 dilution and N-15 natural abundance. Plant and
Soil 290: 69-83.




Rahmann et al.(2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
Organic World Congress 2017 in New Delhi, India, November 9-11, 2017
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Abstract

Microbial inoculants or biofertilizer are a promising technology for future farming systems.
Various taxa are in use, utilizing their capacity to access nutrients from fertilizers and soil stocks,
to fix atmospheric nitrogen, to improve water uptake or to act as biocontrol agents. But soils and
climate are highly variable, the success of inoculation is difficult to predict. We have conducted a
meta-analysis to quantify benefits in terms of the three effect sizes yield increase, nitrogen use
efficiency and phosphorus use efficiency. A total of 633 peer reviewed publications studies
published between 1981 and 2015 were screened and 169 studies proved to be eligible for meta-
analysis. Major findings were: 1) the superiority of biofertilizers in dry climates over other climates
2) functional traits were dependent on soil available P levels in terms of yield response: arbuscular
mycorrhizal fungi (AMF) most effective at low levels and N fixation at high levels 3) Success of
AMF inoculation was greater at low organic matter content and a neutral pH.
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Introduction

Results of biofertilizer application have been inconsistent, often hindering further adoption.
Numerous reviews of microbial inoculants have been published, yet reasons for successful yield
increase, nutrient use efficiency (NUE) and phosphorus use efficiency (PUE) are unclear. To
overcome the existing knowledge gap on biofertilizers and to identify the most promising areas for
application we conducted a meta-analysis. A meta-analysis enables to evaluate the strength of
various factors and their interaction. To quantify the effect of biofertilizer, changes in NUEs and
yield were calculated as indicators for the different modes of action. To account for the variability
of pedo-climatic properties only field trials were considered. The following hypothesis were
addressed:

I Biofertiliser show a positive effect on crop growth and NUE

D) Climate and soil properties are major factors for the desired positive effect of microbial

inoculants on yield increase and nutrient use efficiency

Methods
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Peer reviewed publications were searched for between May 2015 and February 2016 in Web of
Science by Thomson Reuter, Scopus by Elsevier and Google Scholar with the following keywords
“biofertilizer”, “biofertiliser” and “microbial inoculants”. Furthermore, cross references were
searched for. Only studies conducted under field conditions, providing separate data for each
treatment and written in English language were selected. Studies were only included when pairwise
comparison between the application of a biofertilizer to a non-treated control under the same pedo-
climatic conditions (e.g. temperature, precipitation, soil texture and type) was possible. Studies
which had treatment means of grain yields, its standard deviation (SD) or standard error (SEM) and
number of replications (n) to calculate the different use efficiencies and effect sizes were considered
as selection criteria for the analysis. Whenever SD or SEM were missing, those were modelled from
the studies which included as averages for each crop category. When fertilizer was applied the
amount and type of fertilizer was required to calculate nutrient-use efficiencies. Field trials were not
included when soils were previously fumigated or sterilized, because nutrients may be released, soil
microbial community disturbed and inoculation success might be at risk (Smith and Read 2008). A
total of 633 studies fulfilling the criteria were identified, 222 were excluded after a first screening
and again 231 because they did not match eligibility criteria. Finally, 169 studies proved to be
eligible for meta-analysis, resulting in 1672 comparisons.

Yield response

Yield response was calculated in percent yield increase to normalize absolute yield data, calculated
as the log transformed ratio of the mean. Yield is defined as harvested dry main product, thus grain,
fruits or tubers. Dry weight had to be calculated for most studies. If the water content was not
available, values were taken from Church and Bowes (1966).

Change in nitrogen use efficiency (NUE)

NUE was calculated as yield of dry product by N fertilizer input. The change was then calculated as
raw mean difference. This calculation is widely used but it is criticized because it does not reflect N
inputs from atmospheric deposition, nitrogen fixation and mineralization from organically bound
nitrogen (Godinot et al. 2014). These inputs were not reported and are difficult to model. Our
calculation is thus an apparent nitrogen use efficiency and needs to be looked at as an indicator for
total NUE. Sometimes the nutrient content of organic fertilizers was not available, values were then
taken from a booklet by Chandra, 2005, within a national project on organic farming by the Indian
government.

Phosphorus use efficiency (PUE)

PUE was calculated as yield of dry main product by P fertilizer input. The change was then
calculated as raw mean difference. The calculation follows the general methods used by Batten
(1992). Due to lack of information on the soil types of the studies, which are crucial for the
absorption of phosphorus, we believe that this method reflects PUE the best. Often it is estimated
that only 10 —20 % of P contained in the crop originates from the most recent fertilization, the rest
90 —80 % coming from the reserves accumulated in the soil in earlier fertilizer applications
(Sharpley 1986; McLaughlin et al. 1988).

Types of biofertilizer

To structure the effects of the microbial inoculants they were classified for N fixation and P
solubilization. Like this it was possible to classify joint inoculation of different inoculants. The
information on the main trait of the inoculant was taken from the studies. Thus five groups were
formed: Arbuscular mycorrhizal fungi, N fixers, P solubilizers, a combination of both N fixers and
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P solubilizers and other biofertilizers which among others includes K and S solubilizers and
bacterial combinations with AMF.

Climate

The locations of the studies were classified according to the K&ppen climate classification. Thereby
the studies were split into dry (Bsh, Bsk, Bwh, Csa) and tropical climate (Aw, Am, Cwa, Cwb,
Cwc, Cfa,), continental climate (Dfb, Dsa, Dwa, Dwb, Dsb) and oceanic climate (Cfb). In some
cases the experiments were studied under irrigated conditions or planted in the rainy season. Thus
the climate classification is often rather an indicator for soil fertility and soil carbon than climate
itself. Because regions with mediterranean climate have low soil carbon contents they were grouped
into dry climate as well.

Statistical analysis

The meta-analysis was conducted with R Software Version 0.99.491 for Windows by forming
meaningful subgroups which were analyzed with the “metafor” package (Viechtbauer 2010). Also
the meta-regressions were calculated within this package by designating moderator variables which
were used to calculate a mixed effects model.

Results

Overall all groups of biofertilizers showed an increase in yield (+16.2%), PUE (+7.5 kg yield per kg
P fertilizer) and NUE (5.8 kg yield per kg N fertilizer) compared to non-inoculation. AMF, other
biofertilizer and the application of biofertilizers with both functional traits -N fixation and P
solubilization - were the most effective inoculants. The combination of both functional traits was
more effective than each single application, suggesting synergies between the two traits. Similar
numbers for yield increase after inoculation with AMF were found by Lekberg and Koide (2005),
who analyzed 290 glasshouse and field trials in a meta-analysis. Overall all groups of biofertilizers
yield was increased the most in dry climates (+21.03%), followed by tropical climates (+15.90%),
oceanic climates (+11.29) and continental climates (+10.09%). In dry climates the highest pH and
the lowest soil carbon content was found, but also the highest amount of N fertilization. Meta-
regression analyses revealed that soil properties modulated efficacy of biofertilizers: yield response
due to biofertilizer application was generally small at low soil P levels; efficacy increased along
higher soil P levels in the order AMF, P solubilizers and N fixers. Moreover, success of AMF
inoculation was greater at low organic matter content and a neutral pH.

Discussion

It is evident that agriculture in the tropical countries, particularly in arid and semi-arid regions will
be the most affected by climate change, shifting rain pattern and temperature increases (Laurance et
al. 2014). We found that biofertilizers to be most efficient in arid climates showing their high
potential for the future. Although this analysis comprises both mineral and organic systems (mineral
fertilization 1080 comparisons, organic fertilization 107 comparisons, no fertilizers 354
comparisons, mixed fertilization 211 comparisons) the results are clearly positive and important for
both conventional and organic systems. Organic agriculture survives on the nutrients of the farm
without external inputs. Biofertilizers are an interesting option to increase availability of existing
nutrients or to improve the efficiency of fertilizers. Therefore, through careful selection of
biofertilizer, agricultural inputs, particularly the mineral fertilizers, could be considerably reduced
without jeoparising the crop yield. The potential of biofertilizer application is even more relevant in
organic farming where the crop yield potential can be considerably improved without chemical
inputs. Nevertheless, quality control of the microbial products and formulation remains a big
challenge (Herrmann and Lesueur (2013).
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Effects of compost mulch and conservation tillage on
organic zucchini production

Zoltan Dezsény, Timea Jung

Key words: you, should, give, max, six, keywords

Abstract

There is growing need for sustainable practices in vegetable production, especially in the use of
locally available soil amendments to ensure long-term productivity. Organic zucchini was produced
under different tillage intensity regimes and the presence or absence of compost mulch. One-way
ANOVA was conducted to determine if the yield of zucchini was different by applying compost
mulch, paper mulch and tillage intensity treatments. The effects of these techniques were separated
according to three research questions: Is the yield of zucchini different because of using compost
mulch, because of intensity of tillage, and because of using paper in compost mulch. The yield
increase by usage of compost mulch (12.133, 52,3%, p = .002), by usage of intensive tillage
(10,976, 45%, p = .017), as well as by usage of paper in compost mulch (15,268, 62,7%, p = .026)
were statistically significant (presented data is mean dif., mean growth in %, and sig., respectively).

Introduction

In Hungary small scale vegetable growers face challenges in producing their crops due to the lack
of viable methods of sustainable soil fertility management based on local or regional soil
amendment resources. To identify effective soil fertility management options our research focuses
on the evaluation of compost and paper mulches, in conjunction with reduced-tillage practices in
the function of vegetable yields.

Practices for vegetable and fruit production need to focus on decreasing synthetic inputs,
sustainably managing disease and weed control, reducing soil erosion, and maintaining soil
structure while producing high-quality fruit and profitable yields (Grassbaugh et al. 2004).
Although research on the benefit and use of mulches is extensive, little is known about how to
optimize their use in organically managed systems (Law et al. 2006) and how their application
method effects the yield of vegetable crops.

Five tillage and organic mulch treatments (Table 1) in four replications were compared in a
randomized complete block design in frame of a small scale organic vegetable production system
on a clay loam Luvisoil at the MagosVolgy Ecological Farm, Terény, Hungary. Within a 3-year-
long tillage and mulch experiment, in the second year in 2016 zucchini were produced on all plots.
Treatments were compared regarding their influence on yields. Intensive tillage (IT) treatments
were ploughed and rototilled before mulch application and transplanting. In Conservation tillage
(CT) treatments soil was only loosened by a hand-driven broadfork and no other soil tillage
equipment was used.
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Table 1: Treatment specification

Treatment Tillage intensity Mulch applied sonll\i’ce
IT intensive tillage (IT) none none
IT-Cmix intensive tillage (IT) none YWC
IT-C conservation tillage (CT) yard waste compost (YWC) | YWC
CT-C conservation tillage (CT) yard waste compost (YWC) | YWC
CT-C+P conservation tillage (CT) yardj;i?;iiﬁllg ES(tP(;/{I;VC) YWC

Plots comprise of a 15 m long and 1,2 m wide bed. In early June 2016 each plot was planted with
18 zucchini seedlings (cv. Black beauty) on one row of plants 0,78 m apart from each other. Plants
were irrigated once after transplanting and then depended on natural rainfall. Yard waste compost
(YWC) (1 m3/bed) and Paper mulch (PM) (80 gr/m2) were applied by hand. Intensive tillage (IT)
treated plots were rototilled before planting. Compost was mixed with the subsoil in the IT-C mix
treatment and left on the surface functioning as a 5 cm thick compost mulch layer in IT-C, CT-C
and CT-P+C. In this last treatment the mulch was spread over wrapping paper which entirely
covered the bed. Zucchini yield was measured weekly from week 24 (June 15th) throughout a 17-
week-long period in the season of 2016. Last harvest happened in week 40 (October 5th). All
zucchini fruits over 15 cm length were harvested separately from all plots and the number of
zucchini fruits harvested were counted and summed per plot.

The plots were rain fed, no irrigation was applied. The year of 2016 was favorable for zucchini
production with adequate precipitation and heat.

Results

The average number of zucchini fruits harvested throughout the season from each zucchini plant in
the five treatments is shown in Figure 1. The lowest yield was measured in the IT treatment (1,72
fruits/week) following by CT-C, IT-Cmix,, CT-C+P and IT-C with 2,07; 2,39; 2,46 and 2,52 pieces
of zucchini fruits, respectively.

Weekly average number of
harvested zucchini fruits per
plant

3.00

2.00

000 LA L R S

IT IT-Cmix IT-C CT-C CT-PC

zucchni fruit (piece)

Figure 1. Weekly average number of zucchini fruits per plant
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Three statistical tests (one-way ANOVA) were conducted to determine if the number of zucchini
fruits (measured in pieces per harvest) was different by applying different production techniques.
There were no or deleted outliers, as assessed by boxplot; data was normally distributed for each
group, as assessed by Shapiro-Wilk test (p > .05); and there was homogeneity of variances, as
assessed by Levene's test of homogeneity of variances.

The effects of the treatments were separated according to three research questions:
1) Is the number of zucchini fruits harvested different because of using compost mulch?
2) Is the number of zucchini fruits harvested different because of intensity of tillage?

3) Is the number of zucchini fruits harvested different because of using paper in combination of
compost mulch?

Usage of compost mulch
Analysing effect of usage of compost mulech

Three treatment groups were analysed
=00 in this statistical test (IT (n=17), IT-C
(n=17), IT-Cmix (n=17)). The average
number of zucchini fruits were at
treatment of IT 23.2, at IT-C 35.33,
I and IT-Cmix 34.4. The increase of

40,00

30,00

number of zucchini fruit in case of
using compost mulch (IT-C) (12.133,
52.3%, p= .044) was statistically
significant in comparison with not
00 : : ; using compost mulch (IT) (presented
" e mix e data is mean dif., mean growth in %,

Treatments

Error Bars: 95% ClI aﬂd Sig.).

20,00

Average number of zucchini fruits (pieces)

10,00

Figure 2. Yield effect of compost mulch
Intensity of tillage

Analysing effect of tillage intensity

saoor] Two treatment groups were analysed in this
test (IT-C (n=17), CT-C (n=17)). The
0o average number of zucchini fruits were at
) treatment of IT-C 35.33, and CT-C 24.36.
' I The increase of number of zucchini fruit by
usage of intensive tillage (10,976, 45%, p =

.017) was statistically significant.
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zucchini fruits by usage of paper in compost mulch (15,268, 62,7%, p = .026) was statistically
significant.

Figure 4. Yield effect of paper mulch

Discussion

The compost mulch application combined with intensive tillage (IT-C) and with paper mulch plus
reduced tillage (CT-C+P) had the highest yield in terms of number of zucchini fruits. This may be
partially due to the lower weed pressure on these treatments on the vegetable crop (Dezsény 2015).
Also, in IT-C treatment the use of rototiller created an optimally loosened topsoil layer in which
zucchini plants could easily root whereas the compost mulch applied probably decreased soil water
loss compared with IT-Cmix treatment. In CT-C+P the additional paper layer functioned as weed
suppressor which decreased the negative effect of the less loosened topsoil and all together seemed
an alternative technique especially considering environmental benefits. Compost mulch was proven
a viable method compared with compost mixing techniques resulting high yields when saving fossil
fuel inputs compared with conventional tillage methods.
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Organic inputs improving soil microbiology for sustainable
agriculture and higher yields

Viviane Yargeau!, Simon Neufeld!, Michael Warren!

Key words: biofertilizer, soil microbial profiling, plant health, water retention, crop yield

Abstract

Consumers are increasingly purchasing organic food products that are free of chemical pesticides
or grown without conventional fertilizers, either because of better product taste, concerns for the
environment and their health or to promote sustainable farming practices. In this context, farmers
are seeking organic inputs to meet the increasing demand. Several products have been implemented
on the market and this communication aims at demonstrating, using scientific research, that
microbial-based organic inputs offer different modes of action contributing significantly to improved
plant health and increased yield.

Introduction

Organic farming is increasingly attractive to farmers wishing to use sustainable farming practices and
looking for alternatives to conventional farming based on the use of chemicals requiring energy
intensive processes relying on fossil fuels. But transition from conventional to organic farming should
not be associated with lower crop yields, and to address this issue, organic inputs are currently
developed to ensure sustainable and profitable farming. This paper provides some examples of the
results that will be shared with the conference attendees on research, field testing and on-farm
applications that have been performed to investigate the modes of action of the biofertilizer and
selected microbial strains on plants, and to define the benefits for sustainable agriculture of using
microbial-based biofertilizer such as Soil Activator.

Material and methods

Growth chamber experiments were conducted to assess the impact of Soil Activator on yield, plant
health, water retention and soil microbiology. This research was conducted by an independent
laboratory, A&L Laboratories, Ontario, Canada. For all experiments described here, Soil Activator
was added to soil at various rates (0 to 20 g/kg). Untreated soil and/or soil treated with conventional
fertilizers were used as control. Unless otherwise stated, experiments were performed using a
minimum of three replicates for each treatment.

Field testing was performed by Agriculture and Agri-Food Canada on onion and carrots using a
drench application. Three treatments were compared: 1) no fertilizer and no Soil Activator, 2)
standard fertilization, and 3) standard fertilization plus Soil Activator. Standard fertilization consisted
of 250 Ib MAP, 75 Ib/acre potash, and 145 lb/acre urea (onions) or 67 lb/acre urea (carrots). Soil
Activator was applied as a liquid spray on the soil at the time of planting (8 kg/ha) plus a foliar spray
one month after seeding (1 kg/ha).

Results
Growth Chamber experiments

INCREASED BIOMASS PRODUCTION — Wheat seeds planted in soil treated with different doses
of Soil Activator (0 to 20 g/kg of soil) were grown for 16 days and then plant biomass was harvested

' Earth Alive Clean Technologies, Canada, http://earthalivect.com, email: vyargeau@earthalivect.com
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and analyzed. Figure 1 demonstrates that the use of Soil Activator significantly increased biomass
production in the range of application rates of 2 to 8 g/kg.

D DRY WEIGHT TOTAL
20 3

15 9
10
05 ]

Control g/kg o/kg g/kg 16gkg  20g/kg

Figure 1 Effect of Soil Activator on total dry weight of wheat 16 days after planting. 5 pots per
treatment and 10 seed in each pot, * significant at p < 0.05, ** at p < 0.0001.

WEIGHT (9)

VIGOR AND CHLOROPHYLL CONTENT — The increased biomass production obtained in
presence of Soil Activator (Figure 1) can be associated with the higher plant vigor observed at the
application rates tested (Figure 2A). Increased chlorophyll content was also observed to be
significantly increased over the same range, suggesting enhanced capacity to generate energy, which
eventually result in yield gain.

CHLOROPHYLL
VIGOR
6 7 *k Kk g Kk
%k
|
k% Kk # *
£
S *% %
% =4
29 8 20 -
Control  2gkg 4gkg  8gkg  1égkg  20g/kg Control  2gkg  4gkg  8gkg  16gkg  20gkg

Figure 2 Effect of Soil Activator on (left) Wheat seedling vigor and (right) Chlorophyll content.
5 pots per treatment and 10 seed in each pot, * significant at p < 0.05, ** at p < 0.0001.
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WATER RETENTION - Figure 3 indicates that one mode of action of Soil Activator contributing to
healthier plants and increased yield is water retention. In presence of Soil Activator, the rate of drying
in soils was slowed by up to nearly 5%.

A SANDY LOAM SOIL1 B SANDY LOAM SOIL 2
100 1
CONTROL
3
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Figure 3 Representation of soil’s water retention at different concentrations of Soil Activator
for two experiments. n = 3, * significant at p <0.05, ** at p < 0.0001.

Field testing

INCREASED YIELD - Figure 4 summarizes the results obtained on carrots and onions. Carrots that
received Soil Activator plus standard fertilization showed a yield increased by 63% versus the un-
fertilized control, and by 32% versus the carrots treated with fertilizer only. The increase in yield
versus fertilizer alone was statistically significant (p < 0.005). For onions, treatment with both
fertilizer and Soil Activator resulted in higher yield but the effect was not statistically significant.

On-farm testing

Increased yield using the microbial biofertilizer was also confirmed during several farm tests. For
example, Soil Activator was used in Colombia and applied to banana trees by drenching using
application rates from 0 (control) to 30 kg/ha. The grade of bananas was measured based on diameter.
While untreated plots generated bananas with a grade of 9.3, bananas from the treated plots averaged
12. Table 1 summarizes the effect on banana bunch weight demonstrating a net increase for
application rates up to 25 kg/ha.
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CARROT AND ONION YIELD
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Figure 4 Yields of carrot (orange) and onion (black) when grown without fertilizer (control),
with standard fertilizer and with fertilizer plus Soil Activator. Pairwise multiple comparison
(Holm-Sidak Method) was used.

Table 1 Effect of Soil Activator on banana bunch weight

Rate of Bunch weight
application (kg)
0 kg/ha 14.8
15 kg/ha 19.5
20 kg/ha 19.1
25 kg/ha 24.1
30 kg/ha 22.7
Discussion

Results presented above, as well as results from soil respiration (Solvita system, Woods End
Laboratories, Inc), qPCR and from the analysis of the composition of the soil’s microbial
communities by terminal restriction fragment length polymorphism (TRFLP) analysis of DNA
extracted from soil that will be presented at the conference, clearly demonstrate that the use of
biofertilizer has a measurable impact on soil microbiology and characteristics leading to healthier
plants and promoting plant growth. Microbial-based inputs must be recognized as playing a key role
in positioning sustainable organic farming as a solution to address the environmental and food
supplies challenges we are currently facing.
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Nitrogen leaching in organic, low-input and conventional vegetable
production systems in northern China

Hui Han!, Yanmin Teng?, Xi Wang®, Hefa Yang*, Ji Li®

Key words: production systems, leaching losses, total nitrogen, nitrate nitrogen, ammonium nitrogen

Abstract

A long-term production system experiment, located in northern China, was used in this study to
compare nitrogen leaching in three different greenhouse vegetable systems (conventional (CON),
low-input (LOW) and organic (ORG)) over 5 growing seasons. Leaching water was collected from
1-m soil profiles using lysimeters. The results obtained indicated that: seasonal cumulative leaching
losses of ammonium nitrogen (NH4 -N), nitrate nitrogen (NOs-N) and total nitrogen (TN) in CON
were 0.9-3.2, 1.1-4.5 and 1.1-1.6 times of that in ORG, respectively, while the losses in LOW were
between them. Cumulative NH;"-N, NO3-N and TN losses in ORG were significantly lower (p < 0.05)
than that in CON in 2-3 out of 5 growing seasons. It concluded that ORG may be feasible for reduced
risk of N leaching in northern China.
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Introduction

Nitrogen (N) is necessary to plant growth, but when overused, it negatively affects the environment,
such as nitrogen leaching, biodiversity loss, climate change and so on, even threatens human health
(Galloway et al. 2008). Agricultural activity is recognised as an important contributor to groundwater
contamination (Ledoux et al. 2007). In this case, organic farming is favoured by more and more
people because it’s environmentally friendly (Bender and Der Heijden 2015).

Studies aiming at quantifying N leaching in organic farming often focused on cereal crops (Poudel ef
al. 2002). Observations of greenhouse vegetable systems are inadequate.

In this study, we conducted a field experiment to determine N leaching losses using lysimeters from
three greenhouse vegetable systems in northern China. The objective was to monitor the amounts of
the total N (TN), nitrate-N (NO3™-N) and ammonium-N (NH4"-N) in order to provide references for
the development of sustainable system in northern China.
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Material and methods
Experimental site and design

The experiment was conducted from Oct. 2013 to Aug. 2015, Mar. to Jul. 2016 at the Quzhou
Experimental Station of China Agricultural University (36°52'N, 115°01°E), Hebei province, North
China. The climate in this area is warm and semi-humid with abundant sunlight and heat.

This experiment was carried out in three side-by-side greenhouses with three production systems:
conventional system (CON), low-input system (LOW) and organic system (ORG). Cow dung and
dry chicken manure composts were applied in all three systems and chemical fertilizers were applied
only in the CON and LOW systems. In the CON system, fertilizers were applied according to local
farmer’s practices; the application rates of composts and chemical fertilizers in the LOW system were
half of that in the ORG and CON systems, respectively.

In each greenhouse, three subplots were divided as three replicates, and data were taken from each
individual subplot. The greenhouses had an 11-year double-cropping history of vegetable production
before this experiment commenced. Vegetable seedlings were transplanted equally into each
greenhouse in each growing season. Eggplant seedlings were transplanted in three spring seasons;
cauliflower and celery seedlings were transplanted in the autumn of 2013 and 2014, respectively.

Sampling and calculation

Lysimeters were installed in each subplot at a 1.0 m depth in 2011, and its cross-sectional area was
0.5 m x 0.5 m. The soil leaching water from each lysimeter was collected in a PVC tube, and 150 mL
sample was taken within 3-5 days after irrigation and frozen for TN, NO3™-N and NH4"-N analyses.
Total volumes of leaching water in the lysimeter were recorded when sampling. Concentrations of
TN, NOs™-N and NH4"-N were determined using a continuous flow analyzer (TRAACS 2000, Bran
and Luebbe, Norderstedt, Germany). The leaching losses were calculated using the following
formula:

P =3 CixVix102A
Where, P is the cumulative leaching losses (kg/ha); C; is the concentrations of TN, NO3-N and NH4'-
N of the ith measurement (mg/L); V; is the total volumes of leaching water of the ith measurement
(L); A is the cross-sectional area of the lysimeter (here is 0.25 m?);  is total sampling times.

Statistical analyses

One-way ANOVA in the SPSS 20.0 software package (SPSS Inc., Chicago, USA) and Duncan’s test
were used to determine significant differences (p < 0.05).

Results

Seasonal cumulative losses of NH4*-N, NO3™-N and TN in three production systems were showed in
figure 1-3, respectively. NH4'-N leaching losses in CON, LOW and ORG were 1.22-7.11 kg N/ha,
0.70-7.14 kg N/ha and 0.64-8.30 kg N/ha, respectively. NO3-N leaching losses in CON, LOW and
ORG were 30.1-111 kg N/ha, 18.1- 98.6 kg N/ha and 14.2- 84.0 kg N/ha, respectively. TN leaching
losses in CON, LOW and ORG were 59.0-244 kg N/ha, 38.1-191 kg N/ha and 59.6-186 kg N/ha,
respectively. The seasonal cumulative NH4'-N and TN leaching losses in ORG were significantly
lower than that in CON in the autumn of 2013, spring of 2014 and 2015 (p < 0.05, Figure 1 and 3),
while no significant differences were found among three systems in the other two seasons. For
cumulative NO3™-N losses, significant differences between CON and ORG were only observed in the
autumn of 2013 and spring of 2015 (p < 0.05, Figure 2).
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Figure 1. Cumulative NH4"-N leaching losses in three production systems
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Figure 2. Cumulative NO3-N leaching losses in three production systems
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Figure 3. Cumulative TN leaching losses in three production systems

Discussion

Cumulative NH4"-N, NO3™-N and TN leaching losses in ORG were significantly lower (p < 0.05) than
that in CON in 2-3 out of 5 growing seasons. Due to the same sampling times under three systems, N
cumulative losses depended mainly on the leaching concentrations and volumes. Concentrations of
NH4"-N, NOs™-N and TN in ORG were significantly lower than that in CON (p < 0.05) in 21%, 35%,
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and 21% of samples, respectively. The leaching volumes in ORG were the lowest in each sampling,
but no significant differences were found (p > 0.05) (results not shown). This phenomenon may be
explained by the following reasons: Organic fertilizer application could increase water-stable
aggregate and water holding capacity (Zhao et al. 2011, Wang et al. 2009), enhance ion adsorb ability
and delay nutrients release (Zou and Fan 2013, Néasholm ez al. 2009).

This study showed that the ORG vegetable system reduced N leaching losses to some extent, so it
may be feasible in northern China.
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Abstract

We investigated the capacity of nano porous activated carbons in reducing the absorption of heavy-
metals (HM) including lead (Pb) and cadmium (Cd) and dual complex (Pb* Cd), on a triplicate
Factorial Experiment in a Completely Randomized Design on a pot trial. extraction factor was
measured for every each of aforementioned elements. Results imparted, extraction coefficient (EC
%) was declined in plants with AC applications in soils exposed to contaminators. The foremost
outcome from studying the impacts of AC on (EC %)was observed in 20,000 levels of AC. Results of
present paper recommend AC as suitable for decreasing the measured properties in lead and
cadmium contaminated soils.
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Introduction

Nanotechnology with an extensive range of capabilities in pollution remediation, detection, and
elimination and controlling environmental pollutants with prominent qualities in purifications and
nano porous activated carbons can be employed for prevention of contamination dispersion and can
allegedly be considered as a green technology and a powerful tool in progressing towards sustainable
development (Burns et al. 1996). In general, bioaccumulation of substances is widely accepted as one
of the key factors in understanding and identifying their potential environmental hazard. To produce
adverse effects, metals must bioaccumulate in excess of a threshold concentration at the specific site
of action (McGeer et al. 2003). The aims of the present study were to investigate the impacts of AC
on reducing the HM absorption.

Material and methods

Experimental procedure: The experiment was a factorial on the basis of Completely Randomized
Design including 3 factors and 3 replicates and was conducted in 2010, at the research greenhouse of
Azad university of Karaj, Iran, which is located at an altitude of 1313 meters above sea level with
geographic coordinate of 50° 54° longitude and 35° 28’ latitude. Based on soil test results soil texture
was loam-sand with pH=8.

The experimental treatments consisted as follow:
1-Activated Carbon in 5 levels (0, 5, 10, 15, 20) grams
2-Lead (Pb) inl levels (Pb4000mg/kg soil (Lead properties: Pb(NO3)2 CHEM- LAB Belgium) 99%
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3- admium (Cd) in 1 levels (Cd80) mg/kg soil (Cadmium properties: CdCI2 2 2 H20=228.35
(CHEM- LAB Belgium)

Proper amounts of soil sieved and homogenized before 10kg of soil being repacked in each pot.
Proper amount of metal salt and water solution was homogeneously added to pots to contaminate the
soil profile in pots accordingly. Afterwards, Pots left undisturbed for 14 days so that the solution
reach a stable chemical state, then (AC) incorporated into the soil subsequently. Viroflay variety of
spinach (Spinacia oleracea L) grown in this study, which has identified as a cold resistance cultivar
with big, dark green leaves.15 plants were sown in each plot and after reaching the standing state,
thinning performed and 5 plants remained in each pot. Plantation carried out on October 28, 2010 in
which the minimum and maximum temperatures were hovering around 15 and 29 degrees celsius,
respectively. For the sake of keeping (Pb) and (Cd) constant in soil, a saucer was placed under each
pot to prevent drainage losses through irrigation. After harvesting, prior to measuring the dry matter
with a digital scale, shoots and roots were placed in a desiccating oven at 70°C for 72 h. Both
cadmium and lead concentrations were determined using an atomic absorption spectrometer. The
extract of the samples was obtained by placing 2gr of samples in Distillation balloon with acid
solutions added. Aliquots of each extract were heated for vaporization to analyze. In ground state, the
atoms of (Pb) and (Cd) absorb the radiances of hollow-cathode lamp and the rate of absorbed
radiances for (Pb) and (Cd) can be measured in suitable wave length. Extraction coefficient was
calculated as follows: Extraction coefficient was calculated as follows: extraction
coefficient=element concentration in plant shoot/element concentration in soil.

Results

Table 1: The results of the analysis of variances of the measured properties are presented.
Application of Activated Carbon Substantially (P < 0.01) Affected the (EC %)

Mean Comparison Application of (AC)
SOV Degree of Freedom Plant xtraction | Plant extraction

(df) of Cadmium of Lead
AC 4 0.00063 0.28 *x
CONT 1 0.00021 0.04 *x
AC*CONT 4 0.00004 0.01 *x
ERORRE 20 0.000003 0.007
C.V(%) 5.83

* significant at P<0.05, ** significant at P<0.01
AC: Activated Carbon;CONT:Contaminators;C.V(%); coefficient of variation.

Impact of Activated carbon on reducing plant extraction coefficient

As it is illustrated in (Table 1), application of AC substantially (P < 0.01) affected the (EC %)
demonstrate that soil contaminations with Pb and Cd acts to elevate the (EC %) but with applications
of AC it was declined vis-a-vis the treatments with no AC applications. The absorption of Pb in soil
follows the Langmuir relation (Lee ef al. 1998).The measured (EC %) under field conditions have be
found to be lower in comparison with those measured under laboratory conditions(Kumar et al. 1995).
The biggest challenge in effective phyto-remediation of lead is the low solubility of Pb in soil as only
0.1 % of Pb concentration in soil is readily available for plants for absorption (Huang et al. 1997).
(Mclaghlin et al. 1999) reported that the uptake of cadmium by plants is governed by a number of
factors such as pH, temperature, aeration, total cadmium concentration in the soil and the presence of
other micro- and macronutrients. Significances (P < 0.01) observed for the interaction effects of

41



Rahmann et al. (2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
of the Organic World Congress 2017 in New Delhi, India, November 9-11, 2017

measured EC % (figure 1) and it showed no differences in treatments without AC applications while
Pb and Cd were incorporated and the highest value for EC% was recorded in ACOPb40000Cd80. It
can be reasoned that the implemented AC which was made out of lemon wood charcoal had the
average pores with (0-5 nm) diameters and absorbed the elements easily and reduced the translocation
of pollutants to shoot and roots and acted to reduce the EC%. This higher absorption of (Pb) in (AC
20000 mg/kg) can be

related to the 0.097 nm (+2) Ionic radius of (Cd) in comparison with 0.132 nm (+2) Ionic radius of
(Pb). No significance was observed for the interactive effects in measured treatments of (Cd). An
opinion exists that phytoextraction will be more economically feasible if, in addition to metal
removal, plants produce biomass with an added economical value (Schwitzguébel ef al. 2002). But
those recognized plants with high accumulation capabilities have shown to produce little biomass and
this issue has limited the practicality of such methods. In that order application of nano porous
activated carbons can provide more feasible techniques to reduced the HM translocation into the plant
and decline the deleterious impacts of HM hazards.

0.09

0.08 —
mPb1Cdl
0.07 —

0.06 OPbl CdO

0.05
0.04
0.03
0.02 —
0.01

AC

Figure 1. Mean comparison of the interactive effects of contaminators and activated carbon on
extraction coefficient of lead by Spinach Pb1= Lead, Cd0: Without Cadmium, Cd1:Cadmium,
Pb1Cd1: Lead and Cadmium, AC: Activated Carbon, AC1: 0(mg/kg), AC2: 5000(mg/kg),
AC3:10000(mg/kg), AC4: 15000(mg/kg) ACS: 20000(mg/kg)

Discussion

Carbon is very special because it can form so many compounds. In this experiment existence of
contaminators in soil caused higher degrees of Pb and Cd accumulations in root and shoots of spinach
but the employed AC acted to absorb the majority of such ions. Applications of (PCB) on Clover
revealed that (AC) can reduce the soil toxicity (Vasilyeva et a/ 2006).Noting the fact that remediation
with the aid of biological extraction requires long periods of time because it needs plants with
extensive root systems producing very much shoot biomass while it takes constant monitoring against
environmental stresses and eventually suitable methods need to be disseminated for degradation and
disposition. Applications of AC dramatically reduced the translocation of Pb and Cd into the plant
tissue and as a result extraction coefficientwas declined expectedly.
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The Development and Use of Cyanobacteria
Bio-fertilizer as Soil Conditioner
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Abstract

Cyanobacteria that are known as pioneer organisms capable to photosynthesize, fix atmospheric
nitrogen and secrete polysaccharides. They are increasingly regarded as important bio-agents for
improving soil management practices in agriculture and bringing benefits in term of water-holding
capacity and mineral nutrient status of the degraded lands. We have explored the effects of Nostoc
sp. — a kind of terrestrial cyanobacteria - on the chemical and physical properties of soil and on plant
growth in outdoor conditions. The effect of Nostoc on soil properties, when inoculated in a substrate
applied to the soil surface resulted in an increase in the organic matter content and enhanced plant
growth. The results indicate that the application of Nostoc to soil has a potential for increasing soil
organic matter and reclaiming degraded soil ecosystems affected by desertification. This paper
presents the results from our work and field experiments carried out by our research team in DPR
Korea.

Introduction

Cyanobacteria are the most diverse group of photosynthetic prokaryotic bacteria and characterized
by distinctive features such as high biomass yield, growth on non-arable lands and atmospheric N-
fixing ability. The capacity of cyanobacteria to increase the nitrogen content as well as the organic
matter in the soil is significant (Issa et al., 2014). Several cyanobacteria species are already used as
bio-fertilizers, e.g. for paddy cultivation. DPR Korea needs innovative solutions to combat serious
land degradation, soil erosion and nutrient depletion. Through cooperation with international
organizations such as IFOAM — Organics International, we adopted biodynamic methods and
advanced organic agricultural techniques that are in accordance with the conditions and realities of
our country. We developed cyanobacteria preparations with common algae in our country, tested
them in the field and confirmed that they have high potential to improve the poor soil and increase
the yields of crops.

Materials and Methods

This study was conducted in the research field of Ssangun Organic Model Farm. The farm is located
in South Pyongan Province, Sukchon County. The experiments were conducted from March to
October 2016.

The quality of the soil is clay sandy. This site has a temperate climate with mean annual rainfall
varying from 600mm to 800mm, while the yearly average temperature ranges from 15 °C to 35 °C.

The cyanobacteria species used in this study were Nostoc commune.sp and Nostoc spongiaefome.sp
isolated from moss of salty fields.

The solution of Nostoc was prepared by mixing red clay, moss and corn flour and after inoculating a
cyanobacteria preparation 0.1% in concentration. The results were spread out in the experimental
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testing plots and the bacteria cultivated under conditions of 60~70% humidity, 25~35°C and 500 lux
of light intensity.

In April, the Cyanobacteria bio-fertilizer was applied on the plots and in October, the experimental
soil was sampled, collecting it from the top 30mm of soil profile.

The soil analysis for N content was done using the Kjeldahl method (Bremner, 2008). A K20-analysis
was conducted using cobalt sodium nitrous acid. The P20O5 analysis was conducted using molybdic
acid-hydrochloric acid (Isaac, Ad, & Chain, 1937).

To assess the effects on plant growth key yield parameters were measured for rice and corn such as
the number of ears per plant, number of kernels per ear, 1000-grain weight, yield kg/ha.

Results

Effect of Nostoc on soil characteristics

The water holding capacity was assessed using flowerpots filled with dry-clay. The observation pots
contained 0.1g of the cyanobacteria preparation; the control pot contained 33g urea. From the control
pots water was dried completely after 3 days but at in the observation pot water dried out on days 15-
18 and 24-27, as shown in Table 1.

Table 1: State of soil - drying of flowerpot on days

Days (d) 3169 | 12 | 15| 18 | 21 | 24 | 27 | 30
Control pot - - - - - - - - - -
Observation pot - -]l o - 0 0 - 0 0 -

-: supply of water, o: non-supply of water.

Effect on chemical soil properties

After the Nostoc application, the soluble potassium per 100 gram of was increased soil by 2.12mg
and the content of humus was increased by 0.21mg in the soil of paddy fields compared to control
plots that were treated with 10 tons of compost and 450 kg of fertilizers per ha (Table 2).

Table 2: Chemical analysis on rice-soil

No oH Content of Soluble material, mg/100g
humus, % N P20Os K>O

1 Control 5.5 1.46 3.71 1.61 7.61
2 Observation 6.0 1.67 3.29 1.55 9.73

Control: compost 10t and urea 450kg (conversion by ammonium sulfate 2.2) per hectare
Observation: compost 10t and Cyanobacteria preparation 0.5kg per hectare, spraying with bio-activated water

Table 3: Chemical analysis of maize-soils

No oH Content of Soluble material, mg/100g
humus, % N P20Os K>O

1 Control 6.0 1.35 4.54 4.94 7.75
2 Observation 59 1.56 3.99 5.72 14.5
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Control: compost 5t and urea 450kg (conversion by ammonium sulfate 2.2) per hectare
Observation: Cyanobacteria preparations 0.50kg per hectare, spraying with bio-activated water

Cyanobacteria preparations increase the soluble phosphorus per 100 gram of soil by 0.78mg, soluble
potassium by 6.75mg and content of humus by 0.21mg in the soil of dry fields, compared to the
control plots where 10 tons of compost and 450 kg of fertilizers per ha were applied (Table 3).

Effect of Nostoc on yield

When Nostoc was applied to rice and maize plants the yield parameters were improved compared to
the control (Table 4 and 5).

Table 4: Influence of the cyanobacteria preparations on rice yield

Number
Number . ) 1 000 Per
Section of ears O(t; giaégs ine{llge% Grain hectare Yield, %
per plant per car ’ weight, g | Yield, t
1 Control 815 130 78 26.0 5315 100.0
2 | Observation 825 142 80 27.2 6.128 115.3

Control: compost 10t and urea 500kg (conversion by ammonium sulfate 2.2) per hectare

Observation: compost 10t, urea 500kg (conversion by ammonium sulfate 2.2) and Cyanobacteria preparations and

cyanobacteria preparation 0.5kg per hectare

Table 5: Influence of the cyanobacteria preparations on maize yield

Number Number 1 000 Per Increase
Section of ears of fgﬁzgs Grain hectare d yield, Yield, %
No per plant [())er car weight, g | Yield, t kg
1 Control 15 352.8 281.0 4.461 100.0
2 | Observation 15 412 290.0 5377 916 120.5

Control: compost 10t and urea 500kg(conversion by ammonium sulfate 2.2) per hectare
Observation: compost 10t, urea 500kg(conversion by ammonium sulfate 2.2) and Cyanobacteria preparations
1.0kg per hectare

When cyanobacteria preparations are mixed with chemical fertilizers, yields are increasing in relation
to the amount fertilizer applied as shown in Table 6.

Conclusion

Our research generates evidence about the effectiveness of cyanobacteria as bio-fertilizers and is a
valuable contribution to the global organic research and innovation for organic agriculture. More
research is needed to produce more evidence about the value of such nature-based inputs and
substances for soil health and nutrition. Only with evidence we can establish recognition for their
contribution to address many challenges in modern agriculture. How can we scientists work together
on an international level to not only exchange knowledge, but to cooperate in research for innovation?

Discussion

If applied to the soil cyanobacteria significantly affect the soil characteristics and chemical properties,
leading to increased soil organic matter. They also have an effect to soil structure by combining soil
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particles into larger ones through sticky matter secreted from the cyanobacteria single cell group.
Thus they develop soil structure and improve the soil permeability and humidity. Thus, cyanobacteria
preparations interact with the soil, changing the physical property of the soil and improve the water
retention ability by 3 times.

Thanks to the ability of increasing the soluble nitrogen, phosphorus and potassium in the soil making
them more accessible to plants they work as bio-fertilizers supporting the nutrients availability for
crops and improving yields. Therefore, when tested in conventionally cultivated fields, it was possible
to decrease the amount of chemical fertilizer by 30% while at the same time improving the yield and
the quality of crops (see Table 6).

Table 6: Yield effect depending the amount of fertilizer applied

Amount fertilizer applied Yield | Percentage of yield
Crops kg/ha t %
Urea (100) 5.72 100
Paddy rice | T (100) + Ammonium phosphate (70) 6.93 121
Mixtures of cyanobacteria preparations (50) 5.95 104
Mixtures of cyanobacteria preparations (60) 6.89 120
Urea (150) 5.21 100
Urea (150)+ Ammonium phosphate (70) 6.21 119
Maize Mixtures of cyanobacteria preparations (90) 5.32 102
Mixtures  of cyanobacteria preparations (105) |  6.03 116
Mixtures ? of cyanobacteria preparations (105) | 6.25 120

Mixtures of cyanobacteria preparations: Cyanobacteria preparations mixed with 1% urea
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Concerning microbes in organic agriculture: with reference to the
growth of rice plants under SRI agroecosystem
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Abstract

The positive performance of System of Rice Intensification (SRI) method in increasing rice growth
and yield can be understood in terms of the interaction of rice plants and microbes in the soil. This
is especially true for systems such as SRI which relies on slightly aerobic, unsaturated water soil
conditions, absence of synthetic chemical fertilizers and biocides deemed toxic to rice growth. This
reports our study on the role of microbes in the enhancement of rice growth and yield under SRI
condition. The mechanisms employed by a symbiotic equilibrated microbes-plants interaction (not
just rice plants),; the production of growth regulating substances, phosphate solubilization, cellulose
degradation and siderophore production. Some microbes such as Trichoderma are also involved in
cell regulation and signaling in rice plants. Thus the rice ecosystem is understood as an integrated
inter-relatedness of all organisms in the soil as well as in the above soil biospheres.

Acknowledgments

This research was funded by Universiti Kebangsaan Malaysia under grant DIP-2015-016.

Introduction

Currently growth of paddy uses a lot of chemical fertilizer and chemical pesticide. Over the years this
has led to serious environmental problems such as depletion of soil quality and health, emergence of
resistant pathogens and elimination of soil microbes involvement in growth of paddy. The increase
of production of paddy must be achieved through improvement in agricultural productivity. Microbes
considered as beneficial are key factor in maintaining soil quality and paddy production. As such
decades, Interest in beneficial microorganism in rice has increased due to their potential use as plant
growth regulator (Doni et al., 2013). System of Rice Intensification (SRI) is an agroecological
approach of rice planting that has the following features; (1) to select healthy seedlings only and to
transplant them to the rice field at the age of 5-7 days. (2) The seedlings are planted at a distance of
25-30 cm to encourage healthy root growth by reducing competition for nutrients. (3) Soil aeration
through mechanical weeding to eliminate weed, as well as to aerate the soil, (4) Instead of permanent
flooding, SRI rice is flooded only occasionally. This enables better aeration and growth of
microorganisms, (5) Using organic fertilizers instead of chemical fertilizers (Anizan et al., 2012).
Central to the growth of seeds to paddy plant is the effect of effective microbes such as Trichoderma.
The positive performance of System of Rice Intensification (SRI) method in increasing rice growth
and yield can be understood in terms of the interaction of rice plants and microbes in the soil. This is
especially true for systems such as SRI which relies on slightly aerobic, unsaturated water soil
conditions, absence of synthetic chemical fertilizers and biocides deemed toxic to rice growth. This
reports our study on the role of microbes in the enhancement of rice growth and yield under SRI
condition.
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Material and methods

This research uses primary and secondary data. For primary data, soil samples were taken from SRI
test plots. The soils samples were placed in labeled polyethylene bags and immediately transported
to the lab where they were stored at 40 C until further processing. Each sample was serially diluted
and plated on nutrient agar (for bacteria) and potato dextrose agar (for fungi). Bacterial isolates were
identified based on gram staining, colonial morphology and biochemical test according to Buchanan
and Gibbons (1974) and Al-Shorgani et al. (2013) while fungal isolates were identified based on their
morphological, physiological and biochemical characteristics (Domsch et al., 1993; Samuels, 1996;
Rahman et al., 2011; Devi et al., 2012). Whilst, for secondary data, research papers from 1990-2015
on SRI and microbes were screened and noted its conclusion.

Results and Discussion

The positive performance of SRI method in increasing rice growth and yield can be understood in
terms of the interaction of rice plants and microbes in the soil (Doni ef al., 2013). Anas ef al. (2011)
have shown that SRI management can positively influence the soil microbiology. Furthermore, soil
microbial activity can contribute to the enhancement of nutrient availability such as nitrogen (N) and
phosphorus (P); carbon (C) and nitrogen (N) in the rice rhizosphere. Results by Al-Shorgani et al.
(2013), Doni et al. (2014a), Doni et al. (2014b) reported that the abundance and diversity of beneficial
soil microbes such as Trichoderma, Clostridium, and Pseudomonas are high in the SRI paddy field
soils. Our study on microbes isolated from SRI soil plot (Figure 1 and Table 2) has colorful colonies
that indicate the higher abundance and diversity of microbes which enables the enhancement of
nutrient availability. Furthermore, the suitability of SRI method in increasing microbial plant growth
performance were also investigated under gnotobiotic systems in greenhouse conditions (Table 2).
The results showed that under SRI conditions 7richoderma were significantly increased rice
physiological characteristics such as photosynthetic rate and stomatal conductance compared to non-
inoculated Trichoderma plants (Doni et al., 2014a).

Table 1: Beneficial Microorganisms according to genus found in Ledang SRI Field on three
different stages of rice growth.

Vegetative phase Reproductive Mature phase

phase

Bacteria: Lactobacillus, Lactobacillus, Bacillus,

Lactobacillus, Bacillus, Pseudomonas,

Bacillus, Pseudomonas, Azotobacter,

Pseudomonas*, Azotobacter, Clostrisdium

Azotobacter Clostrisdium*

Fungi: Trichoderma**, Trichoderma**,

Trichoderma**, Aspergillus, Aspergillus, Candida,

Aspergillus, Candida, | Candida, Penicillium,

Penicillium, Penicillium, Gliocladium

Gliocladium Gliocladium

*Isolates of Pseudomonas and Clostridium are able to enhance rice seedling growth under green
house condition (Doni et al., 2014b); **Isolates of Trichoderma is able to enhance rice seedling
growth under greenhouse condition (Doni ef al., 2014a).

49



Rahmann et al. (2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
of the Organic World Congress 2017 in New Delhi, India, November 9-11, 2017

Figure 1: Microbes isolated from SRI plot with colorful colony indicates the diversity of
microbes.

Net

photosynthetic Stomatal Internal CO:2
Treatment rate conductance_ concentration
. (mmolH20 m
(@molCO2 m 26°1) (ppm)
2s-1)
Trichodema sp.
SL1 8.79(0.010)  979.08(0.00009) 358.91(0.037)
Trichodema sp.
SL2 8.66(0.007)  412.40(0.00070) 336.97(0.086)
Trichodema sp.
SL3 8.47(0.018) 1237.88(0.0022) 363.79(0.046)
Trichodema sp.
SL4 6.88(0.009) 752.65(0.0024)  358.60(0.023)
Trichodema sp.
SLS5 7.38(0.043) 499.54(0.0008) 348.35(0.172)
Trichodema sp.
SL6 8.60(0.012) 1084.76(0.0014) 361.75(0.039)
Trichodema sp.
SL7 6.74(0.024) 712.38(0.0005) 361.23(0.076)
NPK 2.09(0.007) 340.16(0.0004) 376.69(0.045)
Control 6.21(0.016) 818.30(0.0002) 365.74(0.051)
LSDo.o05 0.10 0.005 3.70

Standard deviations are given in parentheses (n=36).
All means were significantly different between treatments at p < 0.05.

Our present study has therefore proven that high diversity microbes under SRI conditions. The results
of the study also showed that SRI method creates such as favorable conditions for microbes to
flourish.
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Organic farming system with animal and forest waste to increase
anthocyanin and vitamin C content of rabbiteye blueberry
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Abstract

Increased concerns over the last several decades on environmental problems have stimulated farmers
to accept organic farming as an alternative to inorganic agriculture. Rabbiteye blueberry
(Vaccinium ashei Reade var. Tifblue) was grown on Memphis Silt Loam soil (Typic Hapludalf, silty,
mixed, thermic) with another cultivar, Powderblue, for cross pollination. Two organic manure
treatments (worm castings, cow manure) were applied in basins around each plant. Control
treatment received regular inorganic fertilizer. All treatments received pine bark and pine needle
uniformly. Percent canopy cover, LAI, canopy width and height, stem diameter, and yield were
significantly higher in organic plants treated with worm castings. The content of vitamin C was
higher in fruit treated with worm castings. The leaching of N and P into subsurface layers from
inorganic fertilizer was highly significant. Blueberry can be grown successfully on heavy soils with
forest waste, and worm castings and cow manure improve yield and fruit quality of this crop.
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Introduction

Blueberries and cranberries are in the family Ericaccae and the genus Vaccinium which contains
about 400 species of shrubs, woody vines and small trees (Vander Kloet, 1988). The blueberries are
in Cyanococcus which includes lowbush (Vaccinium angustifolium Ait), highbush (Vaccinium
corymbosum L.), and rabbiteye species (Vaccinium ashei Reade), although Vander Kloet (1988)
combines rabbiteye blueberries into Vaccinium corymbosum. Blueberries are one of the richest
sources of antioxidant phytonutrients of the fresh fruits and vegetables (Prior, 1998; Wang et al.,
1996; Cao et al., 1993). Compared to other fruit, blueberries have a high level of anthocyanins (Kalt
and Dufous, 1997). Increased concerns over the last several decades on environmental quality have
stimulated farmers to accept organic farming as an alternative (National Research Council, 1993).
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The objectives of this research were to evaluate the effect of worm castings, cow manure and forest
waste on (a) yield and fruit quality of Rabbiteye blueberry, and (b) physico-chemical changes in a
heavy soil.

Material and methods

Rows were opened with a mould-board plow on a heavy soil, Memphis silt loam, and pine bark was
mixed with the soil with a rotary tiller to increase soil organic matter and moisture retention, improve
soil structure, and decrease soil bulk density. One-year-old bare-rooted plants of ‘Tifblue’ cultivar
were raised at a spacing of 1.47m x 3.52m on March, 2002 with another compatible Rabbiteye
cultivar, ‘Powederblue’, for cross pollination. Fresh Pine needle was applied over the rows as mulch.
Based on soil and manure tests for nutrient requirements, organic and inorganic manures were applied
in basins around each plant in a completely randomized design with four replications for five years
(Tables 1) by strictly following the federal regulations on animal waste application (Federal Register,
2001). Fresh worm castings, produced by wriggler worms on decaying organic materials, was bought
from a certified organic company for plant nutrients. It was applied in basins of blueberries as a basal
dose before the flowering season. No irrigation or chemicals were applied for the duration of the
experiment. Phenotypic evaluation on biomass development was recorded each month of vegetative
growth period, fruit quality was recorded immediately after each harvest, and soil physico-chemical
studies were conducted during dry and hot days to have uniform soil moisture content. Soil core
samples collected with soil auger, up to a depth of 100cm, were analyzed for nitrate-N and P
movement and water quality. Fresh fruits were analyzed for microbial load, quality, and total
anthocyanins, total phenolics, and vitamin C. Total phenolics in blueberry extract were determined
with the Folin-Ciocalteu (Fisher Scientific Co.) reagent (Singleton & Rossi, 1965), using gallic acid
as the standard. The absorbance was determined at room temperature (21 C) at k = 765 nm using a
Lambda 3B UV/Vis spectrophotometer (Perkin-Elmer Co.).

Results

Percent canopy cover, canopy height, stem diameter, fruit weight, and yield were significantly higher
in organic plants treated with worm casting. Concentrations of nitrate-N and P were higher in the
surface soil with organic manures, but there was no trend in enrichment of these elements in the lower
layers of soil. The leaching of N and P into subsurface layers from inorganic fertilizer was highly
significant (Table 2). The total anthocyanins were similar for all treatments, but tended to be higher
for organic treatments (Table 2). Since pine bark and needle were applied uniformly for all treatments,
there was no significant difference in soil moisture, pH, and compaction. There was no significant
difference in titratable acidity, fruit pH, degree Brix, and canopy width. Organically cultivated
blueberries had significantly higher Vitamin C content than control. Vitamin C content was not
significantly different between the organic treatments, however numerically Vitamin C content was
highest under worm castings. Blueberries produced under worm castings had 83% higher Vitamin C
content compared to control, whereas blueberries produced under cow manure had 65% higher
Vitamin C content than control blueberries (Figure 1).
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Table 1: Average Nutrient Content of Treatments (%) and Application Rates by Year

Treatments in Kg ha!

N P K Ca Mg S tyr. 2%Yr. 39Yr. 4%yr 5% vr,
Pine
needle 1.57 0.09 041 042 0.11 0.15 15,680 7,840 7,840 5,000 5,000
Pine
bark 0.68 0.08 0.17 0.55 0.16 0.08 11,200

Worm

Castings 1.89 0.47 0.58 5.84 033 0.24 407 610 813 813
Cow

Manure 0.33 0.12 023 099 0.08 0.05 813 1220 1626 1626
NPK 12.0 10.0 4.00 102 204 305 305

Table 2: Effect of treatments on Anthocyanins and Phenolics (mg/100gm) in fruits, and nitrate-N and
P concentration in soil

Treatments Total Total Nitrate-N (mg Kg') P (ppm)
anthocyanins  phenolics  66-100cm depth 66-100cm depth
Worm castings 114.08a 284.25a 5.11b 30.84c
Cow manure  102.78a 284.05a 5.52b 44.68b
NPK 99.20a 280.75a 13.5a 79.4a
LSD 37.85 73.17 0.77 3.99
CV% 22.46 16.15 6.01 4.63

Means within a column followed by the same letter are not significantly different P<0.05

Figure 1. Effect of organic farming on blueberry Vitamin C
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Discussion

Blueberry is a shallow rooted crop with most of the roots 20 to 30 cm deep. It has only thread-like
root mass with no root hairs and hence, cannot be grown on flat lands with heavy soils. They depend
on mycorrhizae for soil plant nutrients and prefer low pH. Results of this research suggest that
blueberries can be grown successfully with animal waste, and pine needle and bark on heavy soils.
Organically cultivated blueberries had significantly higher Vitamin C content than control.
Blueberries produced under worm castings and cow manure were 83% and 65% higher in Vitamin C
content, respectively, compared to control. Even though not statistically significant, both cow manure
and worm castings increased the total anthocyanin content. Worm castings may be an excellent
organic manure to improve yield and fruit quality. Controlled application of worm castings on
blueberry may be an agronomically and environmentally sound practice.
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Abstract

A laboratory experiment was conducted at Research Institute on Organic Farming (RIOF), UAS, Bengaluru
to study the antagonistic activity against phytopathogenic microorganisms from isolates of organic fields
treated with liquid organic manures. Xanthomonas sp., Alternaria alternata, Fusarium cepae, Fusarium
oxysporum were the phytopathogens used for the study. Bacterial, fungal and actinomycete isolates were
screened for their antimicrobial activity against plant pathogens by dual culture technique. Majority of
bacterial isolates were found to be antagonistic against Xanthomonas sp. which recorded highest inhibition
zone (4 mm) and all actinomycete and some fungal isolates inhibited the pathogens tested. The study suggests
that plant pathogens causing pre harvest and post harvest losses can be reduced by antagonistic
microorganisms which can reduce pathogenic activity by competing with the pathogen for nutrients, inhibit
pathogen multiplication by antibiotics and reduce pathogen population through hyperparasitism which is an
eco-friendly approach.

Introduction

Organic farming helps to improve the physical, chemical and biological properties of soil and maintains the
ecological balance as well as productivity of life supporting systems (Pathak and Ram, 2006). The major biotic
component of soil comprises of the microbiota which harbors millions of microorganisms like bacteria, fungi
and actinomycetes. These microorganisms produce secondary metabolites in the later stages of their growth
needed for their defense and survival. Biological control of plant pathogens by antagonistic microorganisms
is a potential non-chemical means and is known to be a cost effective and eco-friendly method for the
management of crop diseases (Cook,1985). Antifungal metabolites produced by bacteria like Pseudomonas
sp., Bacillus sp. have been investigated for their antifungal properties (Moita et al., 2005). The aim of this
research was to determine, the antagonistic effectiveness of bacteria, fungi and actinomycete isolates from
organic fields against important phytopathogenic microorganisms.

Material and methods

Soil samples were collected from experimental plots treated with liquid organic manures viz., jeevamrutha and
panchagavya at Research Institute on Organic Farming (RIOF), University of Agricultural Sciences, GKVK,
Bengaluru. Soil samples were air dried, sieved and stored in a polythene bag for further use. Jeevamrutha and
panchagavya were prepared using cow byproducts viz., cowdung, cowurine, milk, curd, ghee, jaggery and
pulse flour. Standard plate count technique was followed to isolate the soil bacteria, fungi and actinomycetes.
The medium used for isolation was soil extract agar for bacteria, MRBA for fungi and Kuster’s agar for
actinomycetes and plates were incubated for 3-4 days. After incubation period, different colonies of bacteria,
fungi and actinomycetes were isolated and the isolates obtained were inoculated to respective agar plates and
slants. The isolates were named with prefix B for bacteria, F for fungi and A for Actinomycetes and were
refrigerated for further use.

Preliminary tests were conducted to the bacterial isolates viz., gram staining, shape of the cell, growth on
different agar medium like sperber’s, YEMA and Jensen’s agar. Bacterial isolates were characterized by Gram
staining method. In Gram staining, a smear was prepared on a clean glass slide by air drying and heat fixing
it. To the smear, a drop of Crystal violet solution was added and allowed to stand for 60 seconds, and washed
with distilled water. A few drops of Gram’s lodine was added and left for 30 seconds, and decolorizing agent
was added and the slide was tilted. Finally, Safranine was added and the slide was allowed to stand for 60
seconds. Then the slide was washed, dried and viewed under the microscope under 10X, 40X and 100X
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magnifications. These bacterial isolates tested for Sperber’s agar medium, N-free agar medium (Jensen’s agar
medium). Pathogens tested were Xanthomonas sp., Alternaria alternata, Fusarium cepae, Fusarium
oxysporum. Bacteria and actinomycete isolates were streaked and fungal isolates were placed at one side of
petri dish (one cm away from the edge) containing PDA. A 9 mm disc of bacteria and fungal pathogens (7 day
old culture) were placed at the opposite side of petri dish perpendicular to the inoculated isolates and incubated
at 270C for 5-7 days. Petri dishes inoculated with fungal discs alone served as control. Three replications were
maintained for each isolate. Observations on width of inhibition zone and mycelial growth of test pathogen
were recorded and per cent inhibition of pathogen growth was calculated by using the formula proposed by
Vincent (1927). Per cent inhibition (I) = C-T/C x100, where C- mycelial growth of pathogen in control, T-
mycelial growth of pathogen in dual culture plate.

Results

Total of 11 bacterial isolates, 2-antogonistic isolates, 8 fungal isolates, 4 actinomycete isolates from organic
fields were tested for antagonistic effect against phytopathogenic microorganisms viz., Xanthamonas sp.,
Fusarium oxysporum, Fusarium cepae and Alternaria alternata. Morphological identification of bacterial
isolates showed that B-1, B-4, B-11, B-10 were Gram-ve rod shaped, B-2 and B-6 are Gram —ve cocci shape
and B-5 Gram +ve cocci shape, ANT-1 are Gram +ve rod shape and ANT-2 are Gram +ve rods. Bacterial and
antagonistic isolates were tested for having capacity to grow in N-free media at 36 hrs after incubation.

Five bacterial isolates could solubilize in sperber’s agar medium while other bacterial and antagonistic isolates
did not show clear solubilization zone. B-1 and B-7 isolates showed their inability to grow on YEMA media
but remaining isolates showed good growth on YEMA media. ANT-1 and ANT-2 showed growth on YEMA
media. (Table 1). Among actinomycetes isolates A7 isolates inhibited the growth of mycelia and sporulation
in Fusarium oxysporum (75%) followed by other pathogens Xanthomonas sp.(65%), Fusarium cepae and
Alternaria alternate (50%). A4 recorded inhibition percentage in Alternaria alternata (50%) followed by
Fusarium oxysporum and Fusarium cepae (35%). A5 recorded inhibition percentage in (50%) followed by
Fusarium cepae and Alternaria alternate (35%) but no inhibition was recorded by A4 and A5 on Xanthomonas
sp. A3 inhibits only the Xanthomonas sp. (35%) but no inhibition was recorded in Fusarium oxysporum,
Fusarium cepae, Alternaria alternata. (Table 2).

Table 1: Morphological identification and growth of bacterial isolates on N-free, Sperber’s and YEMA media

Isolates Gram stain Shape Growth on Growth on Growth on
+ve/-ve Jensen’s agar Sperber’s agar YEMA medium
medium (36hrs) medium (36hrs) (24hrs)
B1 +ve Rods + - -
B2 -ve Cocci + + +
B3 -ve Rods + +
B4 +ve Rods + - +
BS +ve Cocci + - +
B6 -ve Cocci + - +
B7 -ve Rods + - -
B8 -ve Rods + + +
B9 -ve Rods + - +
B10 +ve Rods + +
B11 +ve Rods + + +
Ant-1 +ve Rods + - +
Ant-2 -ve Rods + + +

Note: + indicates growth of colony, — indicates no growth of colony.

With respect to fungal isolates F8 recorded highest inhibition percentage in Fusarium cepae (50%) fallowed
by Fusarium cepae and Alternaria alternate (40%), Xanthomonas sp. (20 %), F3 inhibits growth of Fusarium
cepae (50%) but no inhibition was recorded in Xanthomonas sp. ,Fusarium oxysporum, ,Alternaria alternata.
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F4 and F5 was not recorded the inhibition of all tested pathogens. F6 inhibits only the growth of Fusarium
cepae (33%) but no inhibition was recorded in Xanthomonas sp., Fusarium oxysporum and Alternaria
alternata. F7 recorded highest inhibition in Fusarium oxysporum (50%) fallowed by Xanthomonas sp. (37.5%),
Fusarium cepae (20%). F9 inhibits growth of Xanthomonas sp. (50%) but no inhibition was recorded
in,Fusarium oxysporum, Fusarium cepae, Alternaria alternata. Finally F10 recorded inhibition percentage in
Fusarium oxysporum and Fusarium cepae (40%) but no inhibition was recorded in Xanthomonas sp. and
Alternaria alternata. (Table 3).

Among bacterial isolates, B- 1, B- 2, B- 6, B- 8 isolates inhibited the growth of Xanthomonas sp. (75 %)
compared to other bacterial isolates B- 4, B- 7, B- 9, B- 10, B- 11 where the percentage of inhibition ranged
between (50-65 per cent). B- 1, B- 4, B- 6 isolates recorded inhibition percentage ranged between 25 to 50 %
which mainly inhibited the growth of mycelia and sporulation in Fusarium oxysporum. Fusarium cepae was
inhibited by B- 4 and B- 9 zone of inhibition upto 50 %. Alternaria alternata was inhibited by B- 7 (65 %) and
B- 8 (35 %) isolates. Antagonistic isolates (Ant-1) were strongly inhibited all pathogens and no inhibition was
observed by Ant- 2 against any pathogens tested. Majority of actinomycetes isolates also strongly inhibited all
test pathogens inhibition percentage ranged between 35 to 75 % fallowed by fungal isolates ranged between
20 to 50 % (Table 4).

Table 2: Antimicrobial activity of actinomycete isolates from organic fields against phytopathogenic
microorganisms

Isolates Xanthomonas sp. Fusarium oxysporum Fusarium cepae Alternaria
alternata
Growth Inhibition Growth Inhibition Growth Inhibition Growth Inhibition
(mm) (%) (mm) (%) (mm) (%) (mm) (%)
A3 5 35 - - - - - -
A4 - - 4 50 5 35 3 35
A5 - - 5 35 5 35 4 50
A7 3 65 75 4 50 4 50

Table: 3 Antimicrobial activity of fungal isolates from organic fields against phytopathogenic microorganisms

Isol Xanthomonas sp. Fusarium oxysporum Fusarium.cepae Alternaria alternata
ates ™ Growth Inhibition Growth Inhibition Growth Inhibition Growth Inhibition
(mm) (%) (mm) (%) (mm) (%) (mm) (%)
F3 - - - - 8mm 50 - -
F4 - - - - - - - -
F5 - - - - - - - -
F6 - - - - 10 33 - -
F7 10 37.5 8 50 12 20 - -
F8 16 20 10 50 12 40 12 40
F9 8 50 - - - - - -
F10 - - 12 40 12 40 - -
Discussion

All the bacterial, fungal and actinomycete isolates tested against phytopathogens showed a higher inhibitory
activity in organic fields treated with liquid organic manures. These isolates from soil belonging to genera viz.
Bacillus, Pseudomonas, Penicillium, Aspergillus, Streptomyces have shown antagonism against different
pathogens. Coombs et al., (2004) reported that higher number of soil actinomycete isolates belonging to
Streptomyces and Microspora showed their ability to inhibit pathogens invitro. Results indicate that some
Bacterial and Actinomycete isolates are responsible for inhibition of pathogenic growth and their properties
induce strength in the host to resist disease. Antibiotics produced by the endophytic bacterium Streptomyces
sp., strain NRRL 30562 isolated from kennetia nigricans, can inhibit invitro growth of phytopathogenic fungi.
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Bacilllus sps. have been reported to produce many antibiotic compounds such as Iturin and Zwittermycine
(Castillo et al., 2002). This is in conformity with Alikhani et al., (2006) who reported that Some of beneficial
biocontrol microorganisms were involved in siderophore production which helps in the suppression of the
plant disease as well as it acts as growth factor (Suman et al., 2014).

Table: 4. Antimicrobial activity of bacterial isolates from organic fields against phytopathogenic microorganisms

Isolates Xanthomonas sp. | Fusarium oxysporum Fusarium.cepae Alternaria alternata
Growth Inhibition Growth Inhibition Growth Inhibition Growth Inhibition
(mm) (%) (mm) (%) (mm) (o) (mm) (%)
B1 2 75 - - - - - -
B2 2 75 15 25 - - - -
B3 - - - - - - - -
B4 3 65 10 50 10 50 - -
B5 - - - - - - - -
B6 2 75 10 50 - - - -
B7 3 65 - - - - 3 65
B8 2 75 - - - - 5 35
B9 3 65 - - 4 50 - -
B10 4 50 - - - - - -
B11 3 65 - - - - - -
Antagonists
Ant-1 3 65 3 65 - - 3 65
Ant-2 - - - - - - - -
Conclusion

Inhibition of plant pathogens by different bacterial, fungal and actinomycete isolates showed higher
importance in control of soil borne disease incidence. Almost all the phyopathogens were inhibited by the
isolates from organic fields. Majority of soil isolates include genera of Bacillus, Pseudomonas, Rhizobium,
Aspergillus, Streptomyces which have their role in inhibiting soil borne phytopathogens to a greater extent.
Although, this investigation is a primary study, further investigations needs to be embarked upon to determine
the type of antimicrobial/antifungal substances produced or the type of effect they cause on the pathogens,
under field condition to assess its antagonistic character against other specific pathogenic fungi on suitable
crops.
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Key words: Organic farming, palekar method, panchagavya, beejamrutha, jeevamrutha and soil
microbial population

Abstract

A field experiment was conducted in transplanted paddy to study the influence of Palekar’s method
of cultivation with and without panchagavya spray and different liquid organic manures on soil
microbial population. The soil microbial population varied significantly in Palekar method (System-
1) of cultivation as compared to organic method (System-I1) of cultivation, panchagavya spray had
maximum influence in both the systems. Maximum of 124X103 CFU/ g of N- fixers and 120X103
CFU/ g of P- solubilizers were recorded at 30 DAT with T15 and minimum was recorded in control
plots. However, grain and straw yield of paddy varied significantly due to different organic farming
systems and panchagavya spray but seedling treatment did not vary significantly. Organic method
recorded maximum grain yield of 45.40 q / ha and straw yield of 47.40 q / ha with panchagavya spray
whereas Palekar method of cultivation recorded lower grain and straw yield (39.9 q/ ha and 42 q /
ha). Microbial population of N- fixers and P- solubilizers were higher in organic method with
panchagavya spray even one month after harvest of the crop.

Introduction

During the last few years with increased awareness on organic farming there has been an increasing
interest in the use of panchagavya, beejamrutha, jeevamrutha and other traditional liquid organic
formulations. These formulations can be prepared by all farmers in remote villages of our country as
the inputs required are only cow based products. Panchagavya and beejamrutha are two organic
products which have received wide spread attention and acceptability among organic farming
practitioners. Ali et al. (2011), Swaminathan et al. (2002) and Devakumar et al. (2008) reported the
presence of naturally occurring beneficial microorganism’s predominantly lactic acid bacteria, yeast,
actinomycetes, photosynthetic bacteria, nitrogen fixers, phosphorus solubilizers and fungi in
panchagavya and beejamrutha. An attempt was made to study the effect of seed treatment,
panchagavya application and organic farming systems on soil microbial population, growth and yield
of transplanted paddy. The objectives are to study the interaction effect of panchagavya spray on two
organic farming systems on growth and yield of paddy and microbial population of beneficial groups
after harvest of transplanted paddy.

Material and methods

A field study was conducted at ARS Honnavile, Organic Farming Research Centre (OFRC),
University of Agricultural Sciences Bengaluru, India. Beejamrutha and jeevamrutha were prepared
by following standard procedure given by Palekar, (2006). Panchagavya was prepared by following
standard procedure given by Natarajan (2002). Paddy seedlings were treated with beejamrutha,
cowurine and liquid biofertilizers by dipping them for about 15 minutes before transplanting.
Panchagavya was filtered through a muslin cloth and 3 liters of panchagavya filtrate was diluted in
100 liters of water and sprayed at seedling, tillering and vegetative stages of paddy crop. Grain and
Straw yields were recorded and studied microbial population viz., bacteria, fungi, actinomycetes, N-
fixers, P- solubilizers present in rhizosphere. Serial dilution and standard plate count methods were
used for isolation of rhizosphere bacteria, fungi and actinomycetes using nutrient agar, Martin’s rose
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bengal agar and Kuster’s agar respectively. The media used for free living nitrogen fixers and P-
solubilizers using Norri’s N- free media and Pikovskaya’s media respectively. Inoculated plates were
incubated at 32+2 °C for 3-5 days and the colony counts were recorded. Field experiment consisted
of three main factors viz., Organic Farming Systems- Fi- Organic farming system Palekar’s method
and F 2- Organic farming system II (organic farming), panchagavya (3 %) spray- Pi- with
panchagavya and Po— without panchagavya, seed treatments- S| — control, S;- beejamrutha, S3- cow
urine, S4- panchagavya (3%), Ss- liquid biofertilizers and experiment was laid out on factorial
randomized block design with 20 treatment combinations with three replications. The treatment
combinations were T1: S1F1P1, T2: SiF1Po, T3: S1F2P1, Ta: S1F2Po, Ts: SoF 1Py, Te: SoF1Po, T7: SoF2Py,
Ts: SoF2Po, To: S3F1P1, Tio: S3F1Po, Ti1: S3F2P1, Ti2: Sz FaPo, Ti3: S4F1P1, Ti1a: SaF1Po, Tis: SaF2Pq,
Tie6: SaF2Po, T17: SsFiP1, Tis: SsF1Po, T19: S5 FaP1, Tao: SsF2Po.

Results

The results indicated that grain and straw yield of paddy varied significantly due to different organic
farming systems and panchagavya spray but seedling treatment did not vary significantly (Table 1).
Maximum grain yield of 45.90 q / ha and straw yield of 49.40 g/ ha were recorded in organic farming
system II and minimum yield of 39.90 q / ha and straw yield of 42.0 q / ha were recorded in organic
farming system I (Palekar method). Among seedling treatments higher grain yield (45.10 q / ha and
45.20 q / ha) was recorded with panchagavya and liquid biofertilizers in organic farming system and
minimum was with beejamrutha (41.0 q / ha). Straw yield was maximum (48.7 g/ ha) with spraying
of panchagavya under organic farming and minimum (40.8 g/ ha) was recorded with beejamrutha
application alone.

Table 1. Effect of seedling treatment, Panchagavya application and organic farming systems of cultivation
on grain and straw yield of Paddy

Grain yield(q / ha) Straw yield(q / ha))
Panchagavya Organic Farming systems (F) Organic Farming systems (F)
Sprays (P) System 1 System II (F2) | Mean System 1 System II (F2) | Mean
(F1) (F1)
With Panchagavya 42.00 48.80 45.40 4470 50.20 47.40
spray (P1)
Without
Panchagavya spray 37.80 43.00 40.40 39.30 48.60 43.90
(P2)
Mean 39.90 45.90 42.00 49.40
F- | SEmt| CDat5% F- | SEmt | CDat5%
test test
F o 0.80 2.13 *x 1.11 3.00
P o 0.80 2.13 * 1.11 3.10
Fx P NS 1.00 - NS 1.57 -
Seedling treatments
®)
S1 — control 39.00 44.90 41.9 40.6 49.9 45.2
S, — Beejamrutha 38.50 43.50 41.0 38.1 43.6 40.8
S3 — Cow urine 38.80 43.70 41.3 40.7 51.2 45.9
S4 — Panchagavya 41.60 48.60 45.1 42.4 534 47.8
Ss — Liquid 41.80 48.60 45.2 48.0 49.2 48.7
biofertilizers
Mean 39.90 45.70 42.0 49.4
F- | SEmt | CDat5% F- | SEmt | CDat5%
test test
S NS 1.21 - * 1.75 4.87
FxS NS | 0.80 - NS | 2.48 -
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The rhizosphere microbial population varied due to the levels of panchagavya, seed treatment and
organic farming systems are presented in table 2. There was three fold increase in microbial
population in organic farming system II (organic farming) as compared to organic farming system |
(Palekar’s method). Among seedling treatments there was minimum difference in control and cow
urine treatments. Higher microbial population was found in panchagavya seedling treatment followed
by liquid biofertilizers and beejamrutha treatments. Lower microbial population was found in control
treatments as compared to other treatments. Treatment T1s with panchagavya spray and panchagavya
seedling treatment showed higher microbial population with bacteria 136 x 10’ CFU/ g, N- fixers
124 x10° CFU/ gand P- solubilizers 120 x10° CFU/ g followed by Ti6 without panchagavya spray
and with panchagavya seedling treatment. No much difference in soil fungi and actinomycetes were
observed. Lower microbial population was observed in T (bacteria- 12X107 CFU/ g, N-fixers- 16X
10° CFU/ g and PSB- 19X10° CFU/ g) without panchagavya spray and without seed treatment.

Table 2. Effect of seedling treatment, Panchagavya spray and organic farming systems of cultivation on soil
microbial population at 30 days after transplanting

Bacteria Fungi Actinomycetes N-fixers P-solubilizers
Treatments (107 CFU) (10* CFU) (10° CFU) (103 CFU) (10° CFU)

Before 16 03 08 14 19
transplanting

T1: S1F1 P1 33 01 12 25 31
Ta: S1F1Po 21 02 11 16 19
Ts: S1 F2Py 72 01 12 75 74
Ts: S1F2Pg 63 01 10 48 51
Ts: S; FiPy 35 01 11 22 42
Te: S2 F1Py 25 02 10 14 30
T7: S;F,Py 78 01 11 65 85
Ts: SzePo 65 01 10 42 63
To: S3F1 Py 46 01 12 38 54
T1o: S3F1Po 38 01 12 24 42
Ti: S:F2P; 89 01 10 89 96
Ti12: S3F2Pg 72 02 11 57 75
T13: S4F1P1 89 01 11 74 89
T14: S4F1Po 72 01 10 52 72
Tis5: S4F2P; 136 01 10 124 120
T16: S4F2P0 118 01 11 &7 94
Ti7: SsF1P; 67 01 12 51 66
Tis: SsF1Py 59 01 12 36 53
Ti9: SsF2Py 103 01 11 101 108
T20: SsF2Pg 98 01 11 69 87
After harvest 46 05 10 36 59

Discussion

Higher microbial population was recoreded with panchagavya under Palekar and organic system of
cultivation and it was followed by application of liquid biofertilizers. This might be due to the fact
that panchagavya is a good source of beneficial microorganisms besides it contains growth promoting
substances. Panchagavya contains naturally occurring beneficial, effective microorganisms, lactic
and bacteria, yeast, actinomycets, photosynthetic bacteria and certain fungi have improved population
in the soil. This might have served as addition of inoculums to the soil and the growth promoting
substances present in panchagavya had also helped in further multiplications in the soil. This is in
conformity with Natarajan (2002), Devakumar et al. (2008) Srinivas et al. (2009), besides under
organic system of cultivation more organic matter was available for better growth and development
of beneficial microbes than Palekar method. Higher grain (45.90 q / ha) and straw (49.4 q / ha) yield
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were recorded under organic system and it was (39.90 and 42.0 q / ha) in Palekar method. This might
be due to better and continuous availability of nutrients to crop through compost application under
organic farming than without compost application under Palekar method. Grain and straw yield were
further increased due to application of panchagavya (3%) and liquid biofertilizers. Similar results
were also obtained by Ramya et al. (2016) and Sarkar et al.(2014) with organic biofertilizers,
panchagavya, amrithpani, sanjibani, jeevamrutha and kunapajola in paddy.

Conclusion

Panchagavya application recorded higher beneficial microorganisms viz., bacteria, fungi, N-fixers, P-
Solubilizers and actinomycetes. Significantly higher grain and straw yields were recorded in organic
farming system and lower was recorded in Palekar method and in both methods application of
panchagavya resulted in further increase in grain and straw yields. Use of these formulations in
organic farming would help farmers to get higher yield and returns. These formulations can be
prepared locally by resource poor farmers and improve soil health, besides obtaining higher returns
to the farmers in rural areas.
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Abstract

Phosphate solubilizing microbes (PSMs) are isolated from the rhizospheric soil of Mung bean grown
in organic field of Amity Institute of Organic Agriculture, Noida. Four bacterial isolates IP1, IP2,
IP3 and IP4 belonging to different species of genera Bacillus revealed solubilisation of rock
phosphate to 50ug/ml, 40ug/mli, 55ug/ml and 60ug/ml of PO4- respectively. These isolates indicated
secretion of siderophore in significant amount. The mechanism of solubilization of rock phosphate to
phosphates was due to excretion of chelating agent in the medium. Siderophore is an important
chelating agent, extracting Iron or Calcium from the complexes of Ca and Fe with phosphates. The
bacterial isolates found in this study could be used as potential phosphate solubilizing microbes,
which could be a cheap and ecofriendly alternative to expensive and polluting phosphatic fertilizers.
PSBs could be applied along with rock phosphates as efficient phosphatic fertilizers in organic
agriculture.
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Introduction

The content of phosphorous in soil ranges from 400-1200 mg/kg, but most of this Phosphorous remain
bounded in the soil as insoluble complexes. So a very small fraction of Phosphorous is available for
plant intake and growth. The deficiency of Phosphorous in soil have been observed in many
agricultural soils across the globe. To compensate this deficiency of Phosphorous in soil, expensive
chemical phosphatic fertilizers are used to improve nutrient balance of the soil. However, major
problem with application of phosphatic fertilizer is that they get fixed in acidic soil in the form of
metallic complexes of Iron and Aluminium or with Calcium in alkaline soil. Finally, this applied
phosphorous doesn’t become available to plants. Apart from this, chemical fertilizer industry is
extremely polluting and applied phosphorous leads to eutrophication and pollutes ground water used
for drinking. The development of sustainable or organic agriculture requires drastic reduction in
agrochemical inputs and their replacement with more ecological, efficient and cheap natural products.
Rock phosphate (RP, a hydroxyapatite) is a natural, slow phosphorous releasing phosphatic fertilizer.
This insoluble form of rock phosphate could be make available rapidly by simultaneous application
of both rock phosphate and phosphate solubilizing microbes. The present manuscript describes the
isolation of phosphate solubilizing microbes, evaluating the mechanisms of their solubilisation and
their effects in cultivation of peas under field conditions.
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Material and methods

Collection of soil samples

Soil samples were collected randomly from rhizospheric soil of Mungbean grown in organic farm of
Amity Institute of Organic Agriculture, Noida, Uttar Pradesh, India and transported to the laboratory
for further processing. The soils adhering to the roots and around the space occupied by roots are
considered as rhizospheric soil (Pascual et al., 2016). The living plant material and coarse roots were
removed from the soil sample and it was stored at 4°C for further analysis.

Isolation of PGPR

10 gm of rhizospheric soil was dissolved in 95ml of sterilized water by shaking it for 10 minutes.
Then 1ml of this suspension was transferred into a 9ml blank (10-2) and this serial dilution was made
up to 10-10. The pour plating of this dilution was done on Tryptone Soy Agar (TSA), Nutrient Agar
(NA), basal medium amended with glucose, mannitol, sorbitol, inositol and sucrose. The plates were
incubated at 28°C for 2-3 days. The most suitable dilution was selected for estimating the population
of rhizobacteria and expressed as number of CFU (Colony Forming Units) g—1 soil. A total of 50
bacterial isolates were studied for cell form and size, Gram staining, spore formation, motility and
colony pigmentation. The biochemical traits studied were indole test, methyl red test, Voges-
Proskauer (VP) test, citrate test, presence of oxidase and catalase, succinic acid, carbohydrate
utilization pattern (Table 1).

Phosphate solubilization by test bacteria

All isolates were first screened on Pikovskaya’s agar plates for phosphate solubilization as described
by Rodriguez and Raja (Rodriguez and Fraga, 1999). Quantitative analysis of solubilization of
tricalcium phosphate in liquid medium was made as described by Ahmad (Ahmad et al., 2008).

Siderophore production

Bacterial isolates were assayed for siderophores production on the Chrome azurol S agar medium
(Sigma, Ltd.) described by Schwyn and Neilands (Schwyn and Neilands, 1987). Chrome azurol S
agar plates were prepared and divided into equal sectors and spot inoculated with test organism (10
ml of 106 CFU/ml) and incubated at 28°C for 48—72 h. Development of yellow—orange halo around
the growth was considered as positive for siderophore production. Observations of Siderophore
production was observed on a 0-4 rating scale.

Results

A total of 15 morphotypes were isolated from the rhizospheric soil of Mungbean and screened for
their phosphate solubilizing ability under in vitro conditions. Out of the 15 morphotypes, four isolates
were selected. The biochemical characterization of these isolates revealed that they belonged to
different species of genus Bacillus (Table 1). The four isolates IP1, IP2, IP3 and IP4 were evaluated
for their ability to produce Siderophore and dissolve Rock phosphate. The release of PO4- from Rock
Phosphate by IP1, IP2, IP3 and IP4 were observed to be 50ug/ml, 40pg/ml, 55pug/ml and 60pg/ml
respectively (Fig.1).

Discussion

Our data suggests that all four isolates were significant producers of Siderophore. To overcome the
P deficiency in soils, there are frequent applications of Phosphatic fertilizers because a large chunk
of it is converted into insoluble complexes of the soil (Khan et al., 2010). This process makes it an

65



Rahmann et al. (2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
of the Organic World Congress 2017 in New Delhi, India, November 9-11, 2017

expensive and environment unfriendly affair. Therefore, we need to find out the cheap, ecologically
safe and environment friendly option for providing phosphorous in the soil for plant growth.

Fig 1. Production of Siderophore and release of Po4 from Calcium Phosphate by four bacterial

1solates
70 4.5
60 4
35 ¢
50 S
3 B
-
E 40 25 o
~ o
X 30 2 9
2
1.5
20 g
1 3
10 0s &
0 0

U1l 1U2 1U3 U4
Bacterial Isolates

E PO4 Solubilization B B Siderophore

In this context, microbes having phosphate solubilizing ability is a viable option and eco-friendly
substitute to the chemical fertilizers. Out of the various microbes inhabiting the rhizosphere,
phosphate solubilizing bacteria (PSB) are considered as promising biofertilizer since they can
solubilize the P and make it available to plants. In this context, microbes having phosphate
solubilizing bacteria (PSB) are considered as promising biofertilizer since they can solubilize the P
and make it available to plants. A wide bacterial genera like Azotobacter, Bacillus, Beijerinkia,
Burkholderia, Enterobacter, Erwinia, Flavobacterium, Microbacterium, Rhizobium and Serratia are
reported as the most important phosphate solubilizing bacteria (Bhattacharyya and Jha, 2012). It has
been demonstrated that rock phosphate solubilizing microbes excrete chelator like Siderophore. Since
the function of chelator like Siderophore is to adsorb Fe or Ca from their complexes of phosphates
and make the phosphorous available to the plants. It has been reported that excretion of chelators are
important mechanisms of solubilisation of phosphates by the microbes (Babana et al., 2013).

Table 1 Morphological, Cultural and Physiological characteristics of different bacteria
isolated from rhizospheric soil of Mungbean.
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Colony Wrinkled, Circular, Reddish, Circular,

characteristics white and white and Circular and raised white
large (AU-1)  small small ( AU-3)  and small

(AU-2) (AU-4)

Cell Rods Small rods Rods Large rods

morphology

Gram reaction + + + +

Spore + + + +

formation

Growthin5% + + _ +

salt

concentration

Sugar

fermentation

Glucose + - + +

Fructose + - - +

Sucrose - - +

Maltose + - +

Lactose - - - -

Catalase test + + + +

Oxidase test + + + +
Bacillus Bacillus Bacillus Bacillus
species species species species
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Nutrient Management Options Through Organics in Greengram
(Vigna radiata L.) — Rabi Sorghum (Sorghum bicolor L.) System
under Rainfed Conditions
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Abstract

A field investigation was carried out from 2012-13 to 2014-15 at MARS, Raichur, India to develop
organic nutrient schedule in greengarm - rabi sorghum cropping system under rainfed conditions.
There were ten treatments with combinations of various organic nutrient sources equivalent to 100
per cent Recommended Dose of Nitrogen (RDN) along with foliar spray of panchagavya. The pooled
results indicated that Recommended Dose of Fertilizers + Farm Yard Manure (RDF + FYM)
resulted in higher yield of greengram (562 Kg/ha) and rabi sorghum (2493 Kg/ha) and showed 18.8
to 52.3 per cent and 9.1 to 37.7 per cent higher yields over organic manurial treatments in greengram
and rabi sorghum respectively. The application of compost alone resulted in lower crop yields.
Further, the yields realized from both the crops and net returns of the whole system with RDF were
on par with Compost + Vermicompost + Panchagavya and Compost + Vermicompost + Green Leaf
Manure + Panchagavya which showed promising in organic cultivation of greengarm and rabi
sorghum.

Introduction

Greengram — rabi sorghum is the most profitable sequential cropping system in rainy and post rainy
seasons(Kharif-Rabi) under rainfed conditions of North Eastern Dry Zone of Karnataka, India.
Though both these crops alone have low nutrients demand and being cultivated on soils having
low available nitrogen and phosphorus status, but are grown with feeding less than their
recommended nutrient requirements with minimal use of organic manures. This has resulted in
decline in crop productivity and deterioration of soil health and productivity. This necessitates the
use of organic sources of nutrients for sustaining the crop productivity levels. Further, in organic
production system, the first crop uses hardly around 40 per cent ‘N’ from organic manure applied and
the rest is available to the succeeding crop. This investigation was planned to develop organic nutrient
management schedule to meet the crops demand in a system approach through combination of various
sources of organic manures for ensuring their better efficacy.

Material and methods

A field investigation was conducted at Main Agricultural Research Station, Raichur, Karnataka on
black clayey soil during kharif and rabi seasons of 2012-13 to 2014-15. The experiment consisted of
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ten treatments with combinations of organic manures viz., compost (100% RDN), vermicompost
(100% RDN), compost (50% RDN + vermicompost (50% RDN), compost (37.5% RDN) +
vermicompost (37.5% RDN) + GLM-Green leaf manure (Glyricidia) (25% RDN) alone and also
with fermented organic manure (3% panchagavya) and RDF + FYM and RDF. The organic
manures were applied based on the equivalent to recommended dose of nitrogen for both the crops in
the system three weeks before sowing as per the treatments. In rabi sorghum, RDF + FYM treatment
received 3 tonne of FYM per hectare whereas recommendation for FYM was not made for greengram.
The recommended dose of fertilizers (RDF) for greengram and rabi sorghum was 25:50:0 kg NPK
ha-1 and 50:25:0 kg NPK ha-1 respectively. Panchagavya was sprayed at 30 and 45 days after sowing
(DAS) in greengram and at 60 DAS in rabi sorghum. Jeevamrutha @ 500 I ha-1 and neem cake @
250 kg ha-1 were applied before sowing in organic manurial treatments for both the crops. The
treatments were replicated thrice in Randomised Block Design and Fisher’s method of analysis of
variance was applied for analysis and interpretation of the data and the level of significance used in
‘F> test was at P = 0.05. Critical difference values calculated when ever 'F’ test was
significant.Benefit- Cost (B:C) ratio was worked by dividing gross returns with cost of cultivation.

Results

The pooled results of three years indicated that application of RDF+FYM recorded significantly
higher seed yield of greengram (562 Kg/ha) and rabi sorghum (2493 Kg/ha) except treatments
received RDF and compost + vermicompost + Green Leaf Manure + panchagavya (C+VC+GLM+P)
in greengram and compost + vermicompost + panchagavya (C+VC+P) and C+VC+GLM+P in rabi
sorghum crop (Table 1). The yields recorded with RDF, C+VC+P and C+VC+GLM+P were on par
with each other in both the crops. The extent of increase in yield with RDF +FYM over C+VC+P and
C+VC+GLM+P was 23.5 and 18.8 per cent in greengram and 9.1 and 11.2 per cent in rabi sorghum.
The net returns realized with greengram — rabi sorghum cropping system with RDF, C+VC+P and
C+VC+GLM+P were on par at each other. B: C ratio did not follow the similar trend of net returns
due to variation in cost of cultivation.In individual years also ,similar trend was seen with respect to
yield and economics.

Discussion

Treatments supplemented with C+VC+P and C+VC+GLM+P resulted in on par seed yield with RDF
in both greengram and rabi sorghum crops. Further from greengram — rabi sorghum system, the net
returns realized with RDF showed 4.7 and 3.7 per cent higher yield over C+VC+P and
C+VC+GLM+P treatments but all were statistically on par with each other. In these organic manurial
treatments (C+VC+P and C+VC+GLM+P), combined application of various organic sources might
have resulted in better availability of nutrients through the crop growth period. Further, these
treatments combinations of various nutrient sources along with supplementation of panchagavya
through foliar nutrition resulted in better growth and on par seed yield of both the crops with
recommended dose of fertilizers (RDF) which inturn reflected on net returns of the whole system.
This might be because of panchagavya acted as source of nutrients, micro organisms and plant growth
promoters. These results are also in conformity with Patil ez. al., (2012) and Shwetha, (2007). Use of
C+VC+P or C+VC+GLM+P can be made as nutrient schedule in organic cultivation of greengram
and rabi sorghum cropping system under rainfed conditions. This practice realizes yield and net
returns as that of conventional system.
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Table 1: Effect of nutrient management practice through organics on crop yield and economics in
greengram — rabi sorghum cropping system

(2012-13 to 2014-15)

Yield of Crops (Kg/ha) Economics of the system
Treatments Rabi Gross Net .
Greengram sorghum returns returns B:C ratio
& (Rs/ha) (Rs/ha)
T, : RDF 526 2110 78,720 54,862 3.40
T» : RDF + FYM 562 2493 89,633 63,838 3.47
T3 : Compost (C)* 369 1810 63,384 38,449 2.54
T4 Vermicompost* 376 2003 66,250 36,714 2.25
(VO
Ts : C +VC** 404 2033 68,730 41,205 2.50
To: C+ VC ***+ 66,247 39,459 2.48
GLM 401 2028
T; : C*+ Panchagavya 406 1960 69,238 43,176 2.66
Ts :VC* + 412 2197 74,400 43,520 2.40
Panchaghavya
To: CH+ VO + 455 2785 80,927 52,204 2.81
Panchaghavya
Tio: C+ VC*** +
GLM + 473 2240 81,073 58,882 2.88
Panchaghavya
S.Em + 29 100 - 2,840 0.12
C.D at 5% 89 299 - 8,438 0.36

*Compost equivalent to 100% RDN in T3 and T7 and Vermicompost in T4 and Ts
** Compost (50%) + Vermicompost (50%) equivalent to 100% RDN in Ts and To
***Compost (37.5%) + Vermicompost (37.5%) + GLM (25%) equivalent tol100% RDN in Ts & T1o
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Impacts of Organic Farming on Soil Organic Matter
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Abstract

Soil health is a critical component for developing Organic 3.0, which strives to place organic as a
model sustainable food systems. However, the extent to which organic can contribute to maintaining
and improving humic substances (HS) across the United States has not been investigated. It is
especially important to take HS and its components into account when examining soil parameters,
because humic substances is closely associated with soil health attributes. We measured the percent
total soil organic matter (%SOM) and the percentages of sequestered SOM in the form of long-lived
humic acids (%0HA) and fulvic acids (%6FA) in 1040 conventional farm soils from 48 United States
and 683 organic farm soils from 38 United States to determine if and quantify how much organic
farming leads to more SOM sequestration in comparison with conventional farming practices. The
average %SOM is 7.37 for conventional and 8.33 for organic samples. %FA ranges are 0.08 to 2.20
and 0.04 to 14.8 for conventional and organic farm soils with mean values of 0.26 and 0.65,
respectively. The %HA ranges are 0.17 to 23.0 (mean 2.85) for conventional and 0.25 to 48.9 (mean
4.1 for organic samples). The mean %humification (i.e. sequestration) is 45.6 for conventional soils
and 57.3 for organic. Except for water retention, which is statistically better in conventional soils,
all other comparisons show improved levels in organic farm soil samples. This information is critical
for the development of Organic 3.0, because it provides clear information for in tracking the effects
of changes in farm soil management practices over space and time, which can aid us in moving our
current agricultural system toward sustainability.
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Introduction

Over the last century, agricultural systems have increased in productivity dramatically due to the
intensification of agricultural practices. However, in the face of this increased yield, there is a
growing concern over the declining fertility of soils, especially reduced humic substances (HS) which
is closely associated with the soil health attributes. Humic acids (HA) and fulvic acids (FA) are main
components of HS in most soils. Lower than optimum levels of HA and FA depress a soil’s
productivity. Thus, the HS level reflects the long term ability of the soil to remain healthy and
productive and, as such, HS are the baseline measure of any soil organic matter. HS, and HA in
particular are better water retainers than SOM on an equal mass basis and thus help to combat drought.

'National Soil Project, Northeastern University, USA, www.northeastern.edu/hagroup/national-soil-project/,
g.davies@northeastern.edu, e.ghabbour@northeastern.edu
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This will be especially important in the face of climate change, because higher HS will mitigate some
of the environmental consequences of climactic shifts.

Soil nutrient amendments can impact SOM levels. The use of synthetic fertilizers, for example, has
the potential to increase SOM, but there is still debate about the effects of synthetic fertilizer on
building or degrading SOM and, synthetic fertilizers are also linked to environmental degradation
and soil tradeoffs. However, few, if any studies have conducted a wide-spread, thorough comparison
of organically managed soils to conventionally managed soils across the United States to determine
the impacts of management system on SOM levels (Gattinger et a/ 2012).

Additionally, while total SOM measurements are frequently used in studies of soil health, global
carbon cycling, the effects of landscape and climate on soil properties and the effects of land
management on soil health and fertility, fewer studies have examined the levels of SOM components
(HA and FA), especially in the context of organically managed soils in comparison with conventional
soils. It is critical to include these measurements in analyses of SOM levels, because while fulvic
acids are water soluble and fluctuate from year to year, humic acid represents the long-term storage
of carbon in the soil. It also is a much more accurate measure of soil health, because it is more closely
related with beneficial soil properties such as water retention, nutrient storage, and improved texture
and permeability.

This study uses novel analytical methods to examine not only the total SOM content of conventional
and organic soils, but also the levels of HA and FA in the soil. We examine hundreds of conventional
and organic soil samples from across the United States to answer the question: How does organic
management affect the levels of SOM component sequestration in soils?

Material and methods

Samples were collected from surface (0-30 cm) agricultural top soil in 50g measurements by local
farmers. Leaves, sticks, rocks, pebbles and trash were removed from the samples. Samples were
then air-dried and sent via USPS Parcel Post to the National Soil Project laboratory in Boston, MA.
Farmers also included information about geographical location of soil collection, soil texture and
classification. Samples were then stored at room temperature in sealed containers until processing.

Soil samples were requested through online, telephone, in-person, and paper communication. The
goals of this study are to look at a large cross-section of organic and conventional farms to determine
the average impact of organic farming as a tool for improving soil health, so we included farms with
a range of crops, organic farming duration, soils and locations. Future analyses can examine specific
crop types, duration of organic production, and other variables, but for this study our aim was to
examine the overall impact of organic across the United States.

This study used an optimized loss-on-ignition (LOI) method to examine levels of total Soil Organic
Matter (SOM) and Humic Substances (HS), including fulvic acids (FA) and humic acids (HA) in the
soil (Ghabbour et al., 2014). Soil samples were also analysed for percent water retention and
humicication (H) (Ghabbour et al. 2012).

All statistical data analyses were performed in R. Because the soil variables could be correlated, we
used a Multivariate ANOVA (MANOVA) to determine whether there were significant differences
between variable means due to organic vs. conventional soil management. We used a multifactorial
model that also included the U.S. State that the sample was taken from as a cofactor, because location
can have an impact on soil properties (e.g. Wardle et al., 2004). We also performed Pearson’s
correlation analysis on all soil variables to determine correlation coefficients. To determine which
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variables contributed to significant differences between soil management, we followed the
MANOVA with univariate ANOVAs on each soil variable (%FA and %HA contents, %water
retention, %SOM and %H). All significance levels were corrected for multiple tests using Bonferroni
corrections.

Results

Our MANOVA analysis (Table 1) showed that soil management is significant, as is the State that
samples were collected from. Additionally, there was a significant management by State interaction,
showing that the effects of soil management differ by the State a soil is collected from.

Table 1: The MANOVA Analysis showed that soil management and state were highly
significant, as was the interaction between the two factors.

DF Pillai F Value | Num Den DF | Pr (>F)
DF
Management | 1 0.39 181.8 4 1138 <0.001 ***
State 55 1.17 8.24 220 4564 <0.001 ***
Management | 35 0.29 2.58 140 4564 <0.001 ***
x State
Residuals 1141

Significance codes: 0 “****(0.001 “*** 0.01 “** 0.05 > 0.1 “’ 1

Because the MANOVA showed significant differences between both soil management and States,
we also conducted univariate ANOVAs on each soil variable (%HA and %FA contents, %water
retention, %SOM, and %H) to determine which variables contribute to these differences. All variables
except % water retention showed significantly higher levels in organic as compared to conventional
(Figure 1).

Figure 1: Mean levels of a) Humic Acid, b) Fulvic Acid, c¢) Soil Organic Matter, d) Water
Retention, ¢) Humification
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Discussion

Soil degradation is a serious threat to our ecosystems and food security. The need to optimize and
foster soil health is critical for developing a future system of Organic 3.0, as it it supports nutrient
retention and storage (Russell, 1973; Woomer and Ingram, 1990) and promotes soil aggregation
(Oades, 1984), which leads to reduced erosion (Lal, 1956) and greater moisture infiltration (Lavelle,
1988).

The excessive use of synthetic fertilizers, and lack of recycled material soil amendments such as
manure and compost have contributed to soil degradation, but many organic methods can counter
these impacts. This study shows that all soil organic matter components are improved by organic
management.

Further research is needed to determine specific practices used in organic contributing to these
improvements. Additionally, research is needed to examine the lower levels of water retention found
in organic soils as compared to conventional.

This study clearly shows that organic farming leads to more SOM sequestration, and SOM
components than conventional farm management. Several studies have shown that organic soil has a
healthier profile than soils that are conventionally managed, but this is the first time that research has
investigated the components of SOM and done a broad analysis of samples from around the country.
The findings support that not only is organic management, on average, healthier for soil health, it also
suggests that organic is a critical tool for sequestering carbon in the soil, thus mitigating climate
change through long-term greenhouse gas reduction.
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Farming Systems - Europe

Title Author/s Country
True nutrient cycles: Organic 3.0 and the use of Olivier Duboc, Jakob Santner, Franz Austria
recycling fertilizers from wastewater Zehetner, Walter Wenzel
The role of intuition in managing Organic farm system  Rebecca Paxton, Milena Klimek, Anja EU
health Vieweger, Thomas Doring, Ralf Bloch,

Johann Bachinger, Lawrence

Woodward
The IFOAM principle of health — how do organic Anja Vieweger, Thomas Felix Doring, EU
farmers apply it in practice? Ralf Bloch, Johannes Bachinger,

Milena Klimek, Rebecca Paxton,

Lawrence Woodward
Nutrient flows in organic field vegetable production: Verena Koch, Sabine Zikeli, Kurt Germany
Survey results from Southern Germany Moller
The role of Biochar in biological nitrogen fixation and Hans-Martin Krause, Michael Switzerland
N20 emissions Scheifele, Paul Mader, Andreas

Gattinger
Improving UK agro-forestry: A participatory approach  Jo Smith, Anja Vieweger, Kostantinos UK
to identifying, developing and field-testing innovations  Zaralis, Martin Wolfe
Organic cropping systems tend to be more sustainable Alexandre Joannon, Matthieu Carof, France
than low- input ones - A case study in Brittany, France  Patrice Cotinet, Aurélien Dupont,

Anne Guezengar, Djilali Heddad;j,

Stanislas Lubac, Christophe Naudin,

Jean-Luc Giteau
Quantum-Based Agriculture: the Final Frontier? Julia Wright, Henk Kieft, Saskia von UK

Diest
Why are there composition differences between Leonidas Rempelos, Marcin Baranski UK
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long term Nafferton Factorial System Comparison
fields trials
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Organic 3.0 and the use of recycling fertilizers from wastewater
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Abstract

The depletion of fossil nutrient reserves and the intrinsic nature of farms as open entities through
which nutrients flow, will require introducing more recycling fertilizers in Organic Agriculture
(OA). Processes exist to safely recover nutrients from wastewater, and some products have been
considered suitable for Organic 3.0. While the safety issue has the highest priority, characterization
of fertilizer behaviour in soil is also an important aspect that requires appropriate testing methods.
Phosphorus (P) can be recovered in forms that are compatible with the principles of OA, however,
nitrogen (N) and micronutrient recovery has not received much attention and remains challenging.
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Introduction

Organic agriculture (OA) started in the early 20th century deemed as a more sustainable alternative
to conventional practices (Organic 1.0; 1900 - 1970). It is a growing sector with a set of standards
that were established over the past 40 years (Organic 2.0; 1970 - 2015). Organic 3.0 (2015- ) was
characterized as “innovation with research” (Rahmann et al. 2016) while the objective was set to
“warrant sustainable agriculture and nutrition beyond the niche” (Niggli et al. 2015).

Soil fertility management in OA focuses on the interplay of various ecosystem components through
the management of soil physical, chemical and biological properties, crop rotation, biodiversity, etc.
Notwithstanding the necessity to make use of ecosystem processes to enhance soil fertility (Bender
et al. 2016), nutrients must be replenished if yield is declining and other management practices
cannot solve the problem alone. Farms being open entities which thrive by selling products with the
nutrients they contain, macro- and micronutrients are gradually transferred to urban centres even
when animal manures and other farm wastes are recycled. Although N can be fixed from
atmospheric N, by legumes, this practice has its cost in particular for stockless organic farms which
may grow legumes mainly for N fixation, possibly reducing the proportion of marketable crops in
the rotation. Scarcity of macro- and micronutrient fossil reserves (de Haes et al. 2012) will require
that the agricultural sector increases nutrient recycling from municipal solid waste and wastewater.
Municipal sewage sludge (MSS) is the major residual nutrient stream, but it is often not readily
applicable as fertilizer, as it may contain a multitude of organic and inorganic contaminants.

The use of new (mainly P-) fertilizers recycled from MSS in OA is discussed in strategic documents
about Organic 3.0 (Niggli et al. 2015; Rahmann et al. 2016). Precipitation products such as struvite,
or calcined P from MSSash may be considered compatible with the principles of OA (European
Commission 2016; Wollmann and Moller 2015). More generally “all human waste products could
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be authorized if their production processes effectively eliminate human pathogens and minimize the
presence of contaminants”(European Commission 2016).

After discussing important principles and prerequisites concerning fertilizer use in OA this paper
shortly presents recent developments in nutrient recovery from wastewater and discusses their
potential for OA. In addition to P we also address other nutrients that may be recovered
concomitantly, or separately with complementary processes.

Prerequisites for authorization of fertilizers in OA
The main criteria for the adoption of (recycling) fertilizers in OA may be categorized as follows:

1) Fossil vs. renewable raw materials: Renewable raw materials are prioritized over fossil
products such as guano or phosphate rock. This is an important argument in favour of
recycled fertilizers from wastewater.

2) Nutrient recovery efficiency: Overall, the number of recovered nutrients and their recovery
rate should be as high as possible (Wollmann and Méller 2015).

3) Safety: Pathogens, trace element and organic pollutants must be avoided.

4) Solubility in water: Water-soluble fertilizers are generally avoided in OA. Beyond the risk
of nutrient leaching, arguments include that a high nutrient concentration in the soil solution
has a negative impact on soil ecology.

5) Use of energy and chemicals: In the context of recycling fertilizers, chemicals used for re-
dissolution of P from sludge is a matter of concern (Wollmann and Moller 2015). Regarding
calcined P from MSS ash, energy consumption may be acceptable because mining and
transport of rock P is roughly equally energy intensive (European Commission 2016).

6) Organic vs. inorganic inputs: Considering the central position given to soil organic matter
(SOM) managementin OA, organic resources are very important. If inorganic fertilizers
such as slags and rock powders are common, organic wastes should be used directly where
possible instead of their calcined products unless the thermal treatment is a means to
guarantee product safety (European Commission 2016).

7) Certified organic vs. conventional origin: Manure from organic farms is preferred for crop
fertilization although in practice nutrient transfer from conventional farms (manure, feed,
straw bedding) can be substantial. Nutrients in recycling fertilizers will originate from
organically managed farms proportionally to the organic market share. In this respect their
use would be compatible with the principles of OA.

Overall, the principle of ecology favours nutrient recovery and recycling (1, 2), prioritizes the direct
use of organic resources (6) as well as processes that require low amounts of energy and chemicals
(5). Several key prerequisites (3, 4, 5) can be related to the principles of health and of care which
aim at avoiding harm to / fostering health of people, animals and the environment. As evident in
recent documents (European Commission 2016; Wollmann and Moller 2015) decisions will be
made according to the best compromises between all those criteria.

Fertilizers from wastewater

Standard procedures in wastewater treatment plants (WWTPs) are based on N elimination by
denitrification and P precipitation with iron or aluminium salts, which renders P highly insoluble in
MSS. Nowadays an increasing number of processes are becoming available to produce fertilizers
recovered from wastewater streams. Including struvite as a state of the art reference, examples of
promising approaches are listed in Table 1 with a focus on recent developments, N recovery, and
products exhibiting good nutrient availability to plants.
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Table 1: Examples of technologies for nutrient recovery from wastewater

Process Product Nutrients Potential limitations Reference
recovered
Struvite precipitation in Struvite P: <5-65% of total Needs addition of Mg Wollmann
(dewatered) sludge (MgNH,PO,) load® Only little N recovered b and Moller
(2015)
Thermo-chemical MSS Contaminant  P: ca. 90% of total Cr and Ni not removed Herzel et al.
ash treatment with Na  depleted load * No N recovery (2016)
and/or K additives NaCaP Cu, Zn High energy consumption
bearing ash
NH; volatilization + (NH,4),SOq4 N Soluble fertilizer Evans (2007)
acid stripping Use of sulfuric acid
Microalgal nutrient Microalgal N & P: up to Pathogens and trace elements  e.g.
recovery biomass 100% *° not investigated Vasconcelos
Likely other Unsuitable for cold climate Fernandes et
nutrients Lab-scale development stage  al. (2015)

* Proportion of total P entering the wastewater treatment plant. It depends on the process, e.g. for P
precipitation with or without re-dissolution from the solid phase of the sludge.

" The wastewater has roughly a 10 : 1 N : P mass ratio. N and P are being recovered stoichiometrically by
microalgae. Struvite has a 0.5 : 1 mass ratio and as such can’t be used to recover N.

The precautionary principle of care and the safe use of recycling fertilizers

The main prerequisite to adoption lies in the safe use of recycling fertilizers (European Commission
2016; Jedelhauser et al. 2015; Lges 2016). Thermo-chemical treatments of MSS ash for P and
micronutrient recovery (Table 1) are possibly the most reliable in this respect. Microalgae as an
emerging alternative still must be investigated in that respect (Table 1). In future, however,
recycling fertilizers that are authorized under the general fertilizer regulations may already match
the safety criteria for OA (see discussion in European Commission 2016).

Characterization of P availability from heterogeneous recycling fertilizers

According to Jedelhauser et al. (2015) fertilizer efficiency is the second most important criterion for
adoption in OA by organic farmers. However, OA only allows the use of sparingly water-soluble
fertilizers. To properly characterize such behaviour, we are proposing an approach combining (1)
the assessment of water solubility and (2) an uptake-based method in which P solubilization is
driven by depletion from P in solution by an infinite sink. While the first method describes the
immediate solubility (which should be low in OA) the second method mimics the kinetics of P
release and measures total P available in response to plant uptake (which should be high according
to the plant’s demand). Our preliminary results demonstrate the suitability of this approach (Duboc
et al. in preparation).

The case of N recovery and the use of soluble fertilizers

While recycling P fertilizers have received much attention, N recovery is less discussed. Struvite is
not appropriate for N recovery due to an N:P stoichiometric mismatch between the wastewater and
struvite. Nutrient recovery with microalgae could solve that issue but still must be developed
beyond lab scale (Table 1). Although soluble fertilizers are not eligible, animal manures and slurries
which are commonly used in OA have a substantial proportion of their N in solution as NH,;" and
NOs;". This may leave an open door for the use of soluble fertilizer such as ammonium sulphate
produced in WWTPs (Table 1) in the future as a complement to biological N fixation.
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Nutrients and society —technology as a prerequisite to close the cycles

The almost unavoidable presence of pathogens and contaminants has gradually resulted in the
exclusion of wastewater as a nutrient source for agriculture. Reverting this trend will require
appropriate technologies in order to guarantee product safety. The envisaged implementations of P
recycling schemes tend to favour centralized treatment of MSS through incineration and post-
treatment of ash. On the longer term, however, small-scale decentralized processes may also fill
niches with customized solutions for e.g.(1) contrasting socio-economic and geographic contexts,
(2) efficient recovery of multiple nutrients or(3) tailoring of fertilizer properties and related nutrient
availability for different requirements and markets. De-centralized technological approaches will
also offer opportunities for more sustainable local and regional solutions that address the economic
and societal needs of farmers and municipalities, e.g. by creating new employment and participation
opportunities for disadvantaged population groups.

Conclusion

Among the principles of OA, the principle of care sets key prerequisites for adoption of recycling
fertilizers from wastewater in OA. However, these prerequisites may already be met by the criteria
for registration in general fertilizer regulations. Fertilizer efficiency and solubility are equally
important aspects. Novel methods of fertiliser characterization and evaluation are considered
important tools to facilitate the acceptance of new recycled fertilizer products in OA. In future,
fertilizers from wastewater and other secondary raw materials should be given priority over those
produced from fossil resources, thereby bringing OA closer towards its objective to foster
agricultural sustainability beyond the niche.
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Abstract

This article concerns the organic movement’s aim to promote health across the entire farm system
as outlined by the IFOAM Principle of Health (IFOAM 2005). It discusses the implementation of
Health by organic farmers in Austria, Germany and the UK. Results from an international survey
and a series of workshops on health promoting strategies and principles suggest that intuition is a
key feature of organic farmers’ management of farm health when the farm is understood as a
system consisting of interdependent domains of soil, plants, animals, humans and ecosystems.
Intuition is discussed with regard to the challenges of knowledge sharing and producing shared
strategies for organic health promotion. It raises questions about how farmers can better reflect
upon, learn from, and articulate seemingly intuitive decisions. The empirical results demonstrate
the challenge and the possibilities of developing shared frameworks that support organic farmers in
making decisions to promote farm health.
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Introduction

The project ‘Developing best practice networks of health in organic agricultural systems’ ran a
survey and a series of workshops with organic farmers from Austria, Germany and the United
Kingdom (Vieweger et al. 2016). The aim of the project was to better understand how organic
farmers manage the health of their farms as interconnected systems and how they learn to observe
and make decisions that promote farm health. The farmers represented a range of farm types and
ages, and included both male and female farmers, as well as regional differences. Despite such
differences the survey and workshop discussions indicated that there were several similarities in
their approaches to managing farm system health.

Chief among them was a way of observing and responding to changes on their farms that the
participating farmers described as “intuition”. This paper discusses how intuition plays a role in the
farmers’ management of farm system health and how this finding affects how farmers can share and
learn health management strategies.
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Material and methods

Responses to online surveys were collected from 79 organic farmers in Austria, Germany and the
UK. The survey collected farm type and demographic data about the farmers and asked why they
had converted to organic, what changes in farm health they had witnessed since converting to
organic, what practices were used to improve the health of their farms, and what the healthy outputs
of their farms were. The surveys were analysed qualitatively, using descriptive and pattern coding
techniques (Miles& Huberman, 1994; Saldana, 2013), to identify ten key statements about
promoting the health of the farm. The farm was understood as a complete system made up of
several interdependent domains.

These key statements were discussed in three national workshops with five invited organic farmers
from each country, one international workshop with the same farmers, and one workshop with
farmer and non-farmer stakeholders. The farmers were invited based on recommendations by local
experts from organic associations, other farmers, and researchers. The aim of the workshops was to
identify areas of agreement and disagreement about the management of farm system health, locate
issues of particular importance or concern, and develop key strategies that reflect these discussions.
The final workshop helped refine the strategies, but ultimately aimed to raise questions and
discussion points for future research.

Intuition emerged as an important shared concept during the first international farmer workshop.
Key descriptions and associated ideas were drawn from the discussions that took place at the
workshop, and were retroactively used to analyse the national workshops. These ideas included:
being fully emotional; being spiritually engaged; following your gut feeling; self-reflection and
intuition. Additional associations were drawn from the national workshops. The analysis of
intuition as a key concept for organic farmers’ management of farm health has, therefore, been an
iterative process.

Intuition was raised independently in the German and Austrian national workshops, and both
groups decided to create a new statement encompassing these concepts. The UK farmers did not
explicitly mention intuition during their national workshop. However, during the international
workshop they agreed with and helped to refine the statement added by the Austrians and Germans.

All workshop discussions were recorded. The recordings as well as additional materials such as
field notes, photographs, and exercise materials were analysed using qualitative data analysis
software, Atlas.ti.

Results

The theme of intuition was not noticeable in the survey data. However, it was particularly present in
the discussions at the German national workshop, exemplified by the following quote:

“We’re always talking about things that are not actually tangible in almost every point [statement].
Today we have so many people looking for numbers and measurements, but this is something older,
something that we have lost, like intuition. It is clear that this plays a role. This inner voice,
intuition, awareness, a feeling. And it happens at every point [...]. In my mind it should be the first
point concerning the importance for health” (Farmer3_DEU, translated).

In a similar discussion at the Austrian national workshop, farmers expressed that: “It is so important
to be able to observe and learn to observe the strengths and weaknesses of your farm [...]”
(Farmerl_AT, translated).

As aresult of the Austrian and German farmers’ discussions, a strategy about intuition was added to
the list of key strategies to be discussed at the international organic farmers’ workshop. The final set
of key strategies, as it appeared at the conclusion of the international workshop, contained ten
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strategies.6 Strategy no.1, specifically concerning intuition, was considered an overarching principle
that is intertwined in the other strategies. It reads:

“Farmers who aim to run healthy farming systems develop the intuition and ability for self-
observation as part of the observation process of the farm; and they are aware of their own strengths
and weaknesses and know their own resources and those of the farm.”

Defining intuition

Participants at the international farmers’ workshop described intuition as “daring to listen to your
intuition/gut feeling regardless of rational explanation [...] To listen to intuition is the same, but the
solutions are different for every farm” (Farmer2_DEU, translated). Intuition was seen as stemming
from being “fully emotionally and spiritually engaged with what you’re doing, committed”
(Farmer2_UK).

The workshop discussions showed that intuition is not an unproblematic concept. On the one hand
intuition was seen as a deeply personal ability, such that each individual has an own intuition of
how the farm should be managed. It was emphasised that organic farming means not “simply
following instructions” (Farmer4_AT, translated). Management of farm health must take into
account the “individuality of the farm, not just use blueprint solutions” (Farmer1_DEU, translated).
On the other hand, intuition was also seen as a profound, more objective truth, which the farmer
could become aware of through personal development and commitment to understanding the farm.
It “relates to a higher level than gut feeling. Intuition is more right than gut feeling. It is part of
something bigger” (Farmer1_DEU, translated). All farmers from all three countries could agree that
the content of the intuition could vary, but that all farmers were capable of learning to be intuitive.

Daring to listen to intuition

However, learning to be intuitive meant that farmers had to dare to listen to their intuition
regardless of rational explanation and, occasionally, in the face of criticism. The farmers felt they
improved their capacities for managing farm health through mindful self-reflection and self-
observation, meaning that farm health depends heavily upon personal development. This may be
seen as running counter to the dominant scientific approaches to assessing and managing farm
system health. Certainly, as expressed in the German national farmer workshop, intuition is
perceived as relating to something more fundamental in managing farm health. However, the
farmers were also aware of, and often participated in, scientific research related to managing the
health of various domains on their farm, such as soil health, plant health and animal health. It may
be only when considering these domains as interdependent parts of a complete farm system that
analytical thinking is given less priority than intuition. As one farmer explained:

“You can have a great plan [...], but actually events get in the way: Huge climate fluctuation,
devastating floods, all kinds of things. You have to be alive all the time to this intuition thing. You
can’t switch that off at any time [...] and your management has to respond. [...] Things do get more
complicated, opportunities come and opportunities go” (Farmerl_UK).

Intuition and learning

This intuitive decision-making means that farmers have to know their strengths and weaknesses and
match their capacities with the level of complexity of their farm (Farmer2_DEU, translated). The
more complex the farm, the greater was the perceived level of intuition required to manage it.
Experiencing the fluctuations of farm management both furthered and relied upon the application
and development of intuition. As a result, both intuition for and complexity of the farm system were
seen as increasing over time, allowing new farmers to develop the two hand in hand. Learning to

Due to space restrictions only the most relevant will be included here. A description of the project can be found here:
http://tinyurl.com/healthstatementsand the completed version of the strategies will be added early 2017.
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listen to intuition was considered one of the key capacities new farmers could learn from those with
more experience.

Discussion

Current approaches to improve and develop (organic) farming systems are predominantly based on
concepts of the natural sciences. There is little communication in scientific and farming
communities about how farmers’ personal development can foster health on the farm. Our results
indicate that intuition, self-observation and self-reflection are essential requirements for managing
organic farms for improved health, and need to be understood in greater depth and discussed more
openly.

Through cross-country farmer created strategies we make tentative strides to understand organic
farmers’ management of health. More specifically, we found that intuition plays an important role
in implementing farm health and affects information transfer between farmers. We emphasise the
importance of this topic for best practices in Organic 3.0 and suggest it requires further
investigation.
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Abstract

The project ‘Developing best practice networks of health in organic agricultural systems’ aimed to
create an international network of farmers and scientists to jointly develop new and
interdisciplinary approaches to health measurement and research in ecological agriculture. The
project identified personal philosophies and statements of best practice that make organic farmers
successful in running healthy farming systems. Building on farmers’ practical experience and
findings from a former research project, we produced a working list of ten transferable strategies to
increase the direct translation of organic principles into practice. The project further initiated the
creation of a best practice network of health in organic agriculture, connecting farmers, advisors
and scientists for future interdisciplinary research collaboration and a joint approach to increase
health effects in organic agricultural food systems.
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Introduction

The International Federation of Organic Agriculture Movements (IFOAM) has defined the
following principle of health for organic agriculture:

“Organic Agriculture should sustain and enhance the health of soil, plant, animal, human and
planet as one and indivisible.” And further: “Health is the wholeness and integrity of living systems.
It is not simply the absence of illness, but the maintenance of physical, mental, social and
ecological well-being.” (IFOAM 2005).

However, when asked, few farmers are familiar with the wording of these principles and the
following questions arise for health research in agriculture: What do farmers understand under a
‘healthy farming system’, how do they individually interpret and implement this self-imposed
‘principle of health’ in practice, and have they developed their own principles and philosophies to
manage healthy farming systems? This project has closely worked with an international group of
farmers to answer some of these questions.

Material and methods

To address these questions of health in a discourse between practice and science, the Organic
Research Centre (www.organicresearchcentre.com) initiated an international research project,
which was conducted in England, Germany and Austria. The project included: 1) an online survey

1 . . . . .
The Organic Research Centre, United Kingdom, www.organicresearchcentre.com, eMail:
anja.v@organicresearchcentre.com

Humboldt University Berlin, Germany
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among farmers in each country; 2) three national farmer workshops; 3) one international farmer
workshop; and 4) a final workshop with farmers, advisors and scientists.

To establish a common base for an international and interdisciplinary network, the first step of the
project aimed to identify the personal strategies and philosophies of organic farmers to improve
health on their farms, as well as the methods they use to implement the principle of health on their
farms. An online survey (using the cloud-based software Survey Monkey) was conducted in the
three countries, which was answered by a total of 79 farmers. In several open-ended questions, the
participants were asked to describe how they understand, measure and improve health on their
farms. From these qualitative survey answers, as well as further semi-structured interviews with
consultants and other external experts familiar with the individual farmers, five farmers were
identified in each country and invited to a national health workshop. Criteria for the selection of
these farmers were developed by the project team; the farmers should:

e have a clear vision of the health concepts on their farm (a clear view of what makes the farm
healthy, and what not).

e be particularly aware of the impact of their actions and practices on health (health effects on and
of their system).

® be aware of where there are health deficiencies in the system, and be prepared to improve them
continuously.

® be open to share their own philosophy with others and be interested in learning from other
practitioners.

The selected female and male farmers (henceforth called ‘example farmers’) came from a large
variety of agricultural systems (large and small scale, mixed farming, dairy or beef farms, arable
and horticulture, organic and biodynamic, etc.) and as such, contributed to the project from a wide
range and diversity of perspectives and experiences. With this interdisciplinary and international
group of farmers as key actors, a series of national and international workshops followed, where
participatory approaches were used for the next steps of the project work.

During two-day workshops with the farmers in Germany, Austria and the UK in autumn 2015, the
presentation and comparison of individual health strategies of the farmers aimed to identify possible
commonalities and differences in their personal visions or philosophies.

A second, international workshop was organised in February 2016, bringing all example farmers
from Germany, Austria and the UK together. Here, the statements and philosophies, which had
previously been developed in the national groups, were presented, discussed, and again checked for
parallels and differences between the farmers, but also between countries.

And finally, in September 2016, a second international workshop was organised, this time linking
the example farmers with several scientists and advisors from a wide variety of disciplines (e.g. soil
science, veterinary science, cropping systems, phytopathology, social sciences etc.). The aim of this
final two-day discourse was to jointly discuss the developed farmers’ own health strategies, and
establish the consequences and possible next steps for new and interdisciplinary approaches for
health research and implementation of the health principle in (organic) agriculture.

Results

There was broad agreement among the survey participants and the finally identified example
farmers that a healthy farming system does not necessarily result from the sum of individually
‘healthy domains’ such as animals, soil, plants or humans. As important features of a healthy farm,
the survey participants mentioned for example the production of healthy food, the stability of the
health of people working and living on the farm, an increase of soil fertility, an increase of
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biodiversity, a low number of visits from veterinarians and generally low amounts of external inputs
to the farm.

When asked in the survey about strategies or philosophies that the farmers have used to improve
health on their farms over the years, most answers were related to two main topics. The majority of
farmers see 1) soil health (soil fertility, soil life, etc.) as a central point of health on the farm; as well
as the basis and prerequisite for healthy plants, animals and humans. And further, many farmers
saw the promotion of 2) biodiversity and diversity in general on the farm as one of the most
important strategies for promoting health in the agricultural system. They explained that this does
not only cover the support and enhancement of wild animal and plant species, but also for example
the choice of a large diversity of crop plants and varieties, a diversity of resilient livestock breeds,
diversity of market channels, customers or people working on the farm.

Table 1 below summarises keywords of the ten statements for health in organic agricultural
systems, which were developed and refined by the farmers during the project period, and finally
discussed with advisors and scientists:

Table 1: Keywords of the ten health statements developed by the international farmer group

Statement 1 Intuition, self-observation, aware of strengths, weaknesses and resources
Statement 2 Soil health as base of health in all other areas

Statement 3 Recognising, observing changes in biodiversity, aiming to increase it
Statement 4 Awareness of working in and with nature’s systems

Statement 5 Closely observing key health-related processes and reacting appropriately
Statement 6 Responsible and optimal organisation of processes and capacities

Statement 7 Away from mass production towards quality production and multiple outcomes
Statement 8 Increasingly broad and long-term perspective of the system

Statement 9 Awareness of contributing to human health through products and public goods
Statement 10 Awareness of the first and most apparent indicators of health on the farm

During the first international workshop, the farmers also defined practical methods or tools they use
for implementing their individual health philosophies on the farm. The focus here was on methods
that could potentially be transferred and applied to other businesses, such as choosing rare and more
resilient breeds of livestock, the use of homeopathy for diseases in dairy cows, the use of hay
instead of silage, or manure instead of slurry, as well as the use of effective micro-organisms. These
methods are now incorporated in a working guidance document, open for input and feedback from a
wide range of farmers and other stakeholders. This has laid the foundations for a guide, which will
include a whole series of practical measures for the direct implementation of health principles into
practice and linking up farmers, advisors and scientists for interdisciplinary collaboration in health
measurement and research.

Discussion

Organic farmers have developed their own best practice strategies to improve health in their
farming system. In their opinion, one of the main factors in achieving health in soils, plants, animals
and humans is the awareness of strengths and weaknesses in the farming system, and particularly
the knowledge and respect of available resources and system boundaries. The farmers stated that the
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choice of suitable and resilient breeds and varieties for each individual farm, as well as the
awareness and respect of the specific needs and nature of the animals, plants and soils, is crucial for
healthy and successful farming systems. While several of these ten health statements of the farmers
are relatively well known and already widely accepted and practiced strategies in organic
agriculture, the farmer group also identified uncommon and rarely communicated philosophies to
achieve health on the farm; such as for example the crucial importance of intuition, self-awareness
and self-observation.
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Abstract

Organic vegetable production gains more and more importance as consumer demand is growing.
The main vegetable growing systems in central Europe often combined semi-intensive vegetable
production with less intensive arable farming. The current study assessed nutrient budgets based on
inputs via fertilisers and outputs via harvested products on field level for ten semi-intensive
vegetable farms in Southern Germany. The farms showed different fertilisation strategies depending
on association membership (Demeter or Bioland). Both fertilisation strategies led to annual deficits
for P (-8.5 kg ha™ year”) and K (-53 kg ha™' yr'). Demeter farms showed nutrient deficits for all
nutrients except nitrogen, sodium and chloride, while Bioland farms had surpluses for nitrogen,
calcium and sulphur and almost balanced budgets for magnesium, sodium and chloride. In the
longrun, the current fertilisation strategies are not sustainable due to the deficits in potassium and
phosphorus and a low nitrogen use efficiency (64%-73%).
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Introduction

Consumer demand for organic vegetables rises steadily in Europe. Therefore, many farmers include
vegetables — e.g. root crops like carrots or beetroot as well as Brassica-species - in their arable
rotations. These “field vegetable” systems represent semi-intensive systems with overall higher
nutrient needs than the typical arable cereal/legume systems but lower demands than specialized
intensive horticulture. Brassica-species need high amounts of nitrogen (N) from the beginning of
the vegetation period until the harvest, root crops have a high demand for potassium (K) and all
crops have a low demand for phosphorus (P). The farms therefore face several challenges: To
achieve a balanced nutrient supply, to supply sufficient nutrients synchronized with the crop needs,
and to avoid nutrient surpluses to prevent environmental pollution. To gain a better understanding
of nutrient management strategies of semi-intensive vegetable systems we assessed nutrient budgets
and soil nutrient status of tenorganically managed vegetable farms in Southern Germany. The
budgets were calculated for a complete rotation, at maximum for a period of six years.

Material and methods

In 2015, ten farms (five members of the biodynamic farmers” association Demeter e.V. and five
members of the association Bioland), with different time periods since conversion to organic
farming in Baden-Wiirttemberg, Southern Germany were visited and data on nutrient inputs and
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outputs for three representative sites per farm were collected for the complete rotation in semi-
structured interviews. To calculate the amounts of nutrients in the harvested product and in the
applied fertiliser values from literature were used if no detailed data was available on farm.
Symbiotic N, fixation was estimated based on the legume species, the number of cuts and the
relation grass / legume. Nutrient budgets for N, P, K, magnesium (Mg), calcium (Ca), sulphur (S),
sodium (Na) and chloride (Cl) were calculated on a per field basis for three fields per farm.
Nitrogen use efficiency (NUE) was calculated as NUE = (Nitrogen input — Nitrogen Output)/100.

Soil samples were taken from three representative sites per farm, 10 individual top soil samples (O-
0.3 m) per plot were mixed. The soil was air dried and sieved to 2 mm. The following soil analyses
were done: pH (CaCly), plant available P and K (Calcium lactate extraction), plant available Mg
(CaCly), total soil organic carbon and total nitrogen (combustion), CaCOj; (Scheibler) and total P, K
and Mg (aqua regia extraction) were analysed.

Results

The rotations of the farms differed in terms of intensity from horticulture with systems which
included about 20 % arable crops (cereals, legumes, clover grass) and those with more than 20 %
arable crops. Fertilisation strategies varied depending on association membership: The Demeter
farms were mixed farms with animal husbandry (dairy cows, suckler cows, sheep) while four out of
five Bioland farms were stockless. Therefore, the Demeter farms relied almost entirely on farmyard
manure for fertilization while the Bioland farms used external fertilisers like horn grit, Bioilsa®
(rape seed cake, wool, feather meal), BioAgenasol® (cereal residues from alcohol production) and
Phytokorn® (residues from maize processing). Management of green manure (mostly clover grass)
also differed among the farms depending on their management systems: While on stockless Bioland
farms green manure was mulched and the residues remained on the field, the green manure biomass
was removed on the Demeter farms for feeding ruminants.

On average, the annual nutrient budgets for the sites were characterized by high nutrient deficits for
K(-53kg ha™! yr'l) and smaller deficits for P (-8.5 kg ha™! year ') while all other nutrients where in
surplus (Figure 1).

When assessing the nutrient budgets separately for the two different fertilization strategies, the
differences between stockless farms and farms with animal husbandry became visible (Figure 1):
Mixed farms with livestock which rely strongly on the use of farmyard manure, did not manage to
provide an adequate nutrient supply and showed deficits in supply for all nutrients except N, Na and
Cl; the CI surplus was high. On the contrary, stockless farms imported nutrients via external
fertilizers. On these farms nutrient budget calculations were positive for Ca, Mg and S showing
surpluses of these nutrients. Both fertilization systems were not able compensate for P losses and, in
particular, for K losses via exported produce. Moreover, both fertilization systems resulted in a
surplus of N, which was higher on the Bioland farms. N use efficiency was higher for the Demeter
farms (73%) compared to the Bioland farms (64%).

Besides the removal of nutrients via harvested goods like cereals and vegetables, the removal of N
and K via cut green manure biomass contributed considerably to the nutrient imbalances on the
mixed farms as the amounts of all nutrients - in particular of N and K - returned to the fields via
manure were lower as the amounts removed by the cut biomass (data not shown).
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Figure 1. Average annual nutrient saldo for the different nutrients for all fields on all organic
vegetable farms (n=30) as well as separated for the different organic farming associations
Bioland (n=15) and Demeter (n=15).

Discussion

The Demeter farms adhered to the basic idea of biodynamic farming that emphasizes the role of
animal husbandry in agriculture and relies strongly on fertilisation with animal manure in an inner-
farm cycle (Demeter e.V. 2014). Contrary to these findings, the Bioland farms relied strongly on the
input of external fertilisers, which is also in line with the standards of their association, which limit
the overall input of N from external sources to 110 kg N for outdoor vegetable production (Bioland
e.V., 2016). None of the farms exceeded this limit.

Despite this close adherence to organic standards, the farmers in our case study were not able to
implement a fertilisation management that fulfilled the demands of long-term sustainability in
nutrient supply. On the contrary, the adherence to current best practice fertilisation strategies led to
high deficits in K and small deficits for P. Especially for K this was already reflected in the
concentrations of plant available K in the soil as 72 % of the plots showed K concentrations
between 7.5 and 17 mg kg™ (data not shown) which is classified as low to medium according to the
local fertiliser recommendations (LTZ, 2011). This confirms the findings of Gosling and Shepherd
(2005) for arable farms with long term organic management in the United Kingdom. At the same
time, other nutrients either were supplied in excess or were mined, depending on the fertilisation
strategy.
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One option to reduce the deficits in K in both systems is the application of K,SO4 which is possible
according to the EU-regulation No. 889/2008 on Organic Food and Faming (2008) and to the
standards of the different associations. Nevertheless, this would result in an even higher surplus of S
for the Bioland farms compared to the current situation. Our case study illustrates that nutrient
supply in organic farming systems cannot be based entirely on internal farm cycles. New
fertilisation strategies (new definition of urban-rural cycles accompanied by improved management
practices) as well as new fertilisers (e.g. biogas residues, fertilisers from food industry and from
urban sources) have to be developed to maintain long-term soil fertility in organic farming systems.
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Abstract

Since N often is the limiting factor for plant growth managing soils N cycle is a crucial challenge
for organic agricultural systems. Biochar as a soil amendment is widely discussed due it’s beneficial
effects on the soil quality and the C cycle. Yet, amendment of biochar to agricultural soils also has
the potential to affect N cycling. Two major processes of nitrogen cycling, biological nitrogen
fixation (BNF) and denitrification, govern the transition of N in and out of the atmospheric N, pool.
This also addresses the challenge of developing climate smart agricultural practice since nitrous
oxide (N,O), an obligatory intermediate of denitrification, also is known as potent greenhouse gas.
In a pot experiment we observed biochar in increase nodulation and BNF by a factor of up to 7.8
and 2.3, respectively. In a field trial we showed biochar to decrease N,O emission by 52% in the
course of a vegetation period. The decrease of N,O emissions was accompanied by a shift in
microbial community composition of microbes specialized on N,O reduction. In this paper we
discuss biochar as valuable tool to manage nitrogen cycling in organic agricultural soils and its
contribution to climate smart agricultural practice.

Introduction

The amendment of Biochar to arable soil is widely discussed due to it reported beneficial effects on
crop yield, soil quality and greenhouse gas emissions. Incorporation of stable and carbon rich
biochar in agriculturally managed soils not only affects the carbon cycle but also nitrogen cycling
and N,O emissions. Two major pathways determine the amount of available N in natural
agricultural systems. Biological nitrogen fixation (BNF) is the only biological pathway
transforming atmospheric N, to organic nitrogen. On the other hand the process of denitrification
leads to a loss of nitrogen form agricultural system by subsequent reduction of nitrate to Ny. In the
course of this process the highly potent greenhouse gas N,O is formed. In this paper we want to
give an overview of how biochar amendment affects these two processes. We performed an
incubation trial assessing the impact of biochar on BNF and a field trial monitoring N,O emissions
and composition of bacteria capable of N,O reduction after biochar addition.

Material and methods

Impact of biochar on biological nitrogen fixation

Glycine max L. was grown in four arable soils amended with 20t/ha biochar for 8 weeks at constant
22°C and 60% water holding capacity. Two soils (BIODYN and CONMIN) were taken from the
DOK long-term trial in Therwil, Switzerland comparing organic and conventional agricultural
systems since 1978. The two other soils, the acidic Caron soil and the alkaline ToMa soil, where
selected to introduce a broad range of soil pH into the study. Biochars included wood and maize
processed by pyrolysis and (pyrochar) or hydrothermal carbonization (hydrochar). After incubation
soil and plant sample were analysed for N,P,K and S contents in order to assess nutrient uptake.

'Research Institute of Organic Agriculture, Switzerland, www.fibl.org,
hans-martin.krause @fibl.org
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Soybean biological nitrogen fixation (BNF) was assessed by determination of BN isotopic signature
using natural abundance technique. Bradyrhizobium nodulation and plant growth were determined
by quantifying dry matter of nodules plant roots and plant shoots. Obtained data was investigated
by means of a three way ANOVA on the factors soil, carbonization, technique and feedstock.

Impact of biochar on N>O emissions and N>O reducing microbial communities

N,O emissions were measured in a field trial with a 20 t ha! biochar, 5 t ha! lime and control
treatment under the cultivation of Zea mays. Biochar and lime were worked in the topsoil having a
similar effect on soil pH.N,O emissions were quantified using an automated closed chamber system
measuring in each chamber in a 1.5 hour interval and cumulated for the whole vegetation period.
Soil samples for molecular analyses were taken after harrowing in spring, two weeks after
fertilization in summer and after harvest in autumn. Community size of typical and specialized N,O
reducing bacteria was assessed via qPCR approach for which nosZ and nosZ-II served as target
genes. Community composition was investigated by next generation sequencing using an Illumina
platform. Obtained sequenced were then quality filtered and matched against NCBI Refseq data
base in order to find closest related taxa. For statistical analysis of treatment and sampling time
effects on community composition of N,O reducers “vegan” and “indicspecies” packages of the
statistical software R were used.

Results

Impact of biochar on biological nitrogen fixation

Generally pyrochars increased soil pH and available K and P. In turn hydrochars decreased mineral
soil N but increased available soil S. Effects were weaker for biochars from wood feedstock
compared to maize feedstock. S availability increased by 179% in the soil amended with hydrochar
derived from maize. Although pyrochars and hyrdochars increased plant nutrient uptake, plant dry
matter as well as root and shoot dry matter were mainly driven by soil and soil amendments had a
minor effect. Nodule dry matter increased after addition of hydrochar and pyrochar, while the effect
was much more pronounced for hydrochar. Nodule dry matter correlated with BNF across all soils
and amendments. Across all soils and soil amendments BNF was positively correlated with
availably S while a negative correlation was found to mineral N contents. Again hydrochar had the
greater effect on BNF compared to pyrochar. Across soil BNF increased by a factor of 2.3 and 1.2,
respectively.

Impact of biochar on N>O emissions and N>O reducing microbial communities

Across a whole vegetation period biochar amendment decreased N,O emission by 52 % compared
to the control. The pH effect of biochar on N;O emissions could not be fully resolved since spatial
variability in N,O emissions in the lime was extremely high. Most N,O emissions occurred in the 6
weeks after fertilization. After harrowing the community size of typical and atypical N,O reducers
did not differ in between the treatments. Yet, after fertilization increased abundance of atypical and
especially typical N,O reducers was detected in the biochar treatment. After harvest, however, the
difference faded and no significant treatment effect of biochar on community size of typical and
atypical N,O reducers could be observed. For community composition of N,O reducers sampling
time greatly affected relative abundance of identified taxa. After fertilization community
composition of atypical N,O reducers showed a differentiation in between biochar, lime and control
treatment. This effect was still visible at harvest but lost statistical significance. Main taxa driving
treatment effects included Melioribacter roseus and Flavobacteriaceae bacterium 1519-10. The
specialized N,O reducer Melioribacter roseus, which metabolism relies on external N,O, was
associated with the biochar treatment, while Flavobacteriaceae bacterium 1519-10, which can
perform all denitrification steps, showed increased relative abundance in lime and control treatment.
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Discussion

Increased BNF after pyrochar addition were already observed in recent studies and mainly
explained by decreased N availability (Rondon et al., 2007) or interference with the nodulation
pathway (Quilliam et al., 2013). Increased nodulation after hydrochar addition has been previously
described but analysis of possible mechanisms is still lacking (George et al., 2012). The fact that
nodulation and BNF correlated positively across all soil samples and soil amendments suggests
mature and active nodules. This is also supported by negative correlation of BNF with soil mineral
N contents. Furthermore, positive correlation of BNF with S suggests this element to play a crucial
role of increased nodulation and BNF. In soybean fertilization with S is typically applied to increase
yields (Scherer and Lange, 1996). S availability is known to have a strong influence on BNF, as it
shows a more sensitive response to S deficiency compared to other plant physiological processes
like e.g. photosynthesis (Scherer et al., 2008). The fact that the functionality of the nitrogenase, the
enzyme responsible for nitrogen fixation, relies on Fe-S or Mo-Fe-S complexes as reactive centre
underpins the importance of S availability for nitrogen fixation (Fisher and Newton, 2002).
Increased S availability after pyrochar addition was already reported by Uchimiya et al. (2010).and
might be explained by enrichment of S during pyrolysis. Since production of hydrochars requires an
acidification step with sulfuric acid which explains even further increased S contents in this
biochar-type. Although detailed mechanisms still need to be elucidated, we hypothesize increased S
availability after biochar addition to be a major driver for enhanced BNF.

Biochar's potential to decrease N,O emissions has been regularly reported in field an incubation
trials (Cayuela et al., 2013b). Although several mechanisms were proposed to explain the impact of
biochar on N,O emissions still a clear picture is lacking. While increased pH decreasing N,O
emissions and sorption of nitrate reducing denitrification rates were the most recent theories
discussed in the scientific community also other hypothesis gained attention (Cayuela et al., 2013a).
The fact that biochar can act as a catalyst for microbial metabolism (Kappler et al., 2014) and
increased abundance of N,O reducing bacteria were repeatedly observed (Harter et al., 2014; Van
Zwieten et al., 2014) lead to the theory that increased bacterial activity around the biochar particle
lead to local anoxia forming microsites in which complete denitrification (complete reduction of
N,O to N,) can decrease N,O emissions (Hagemann et al., 2016). Additionally it was shown that
biochar has the potential to absorb N,O (Cornelissen et al., 2013), which might lead to longer
retention times and increased in situ reduction of N>O. In accordance with this a recent incubation
study showed that community composition of NO reducers after biochar addition shifted in favour
of specialized N,O reducing bacteria (Harter et al., 2016). Our data suggest that this hypothesis
which was developed under artificial conditions also holds true under field conditions.
Nevertheless, we have seen the effect of biochar on community composition fading at the end of the
vegetation period and it remains unclear whether long term mitigation due to biochar amendment
can be expected. Given the hypothesis of N,O retained by biochar in the soil also hold true under
field conditions we would expect large N>O pulse emissions during soil tillage. Before biochar can
be recommended as mitigation option for N,O both questions need to be assessed by future
research.

By discussing potential mechanisms we contribute to a detailed understanding of how biochar as
soil amendments affects two key processes in N cycling. For organic farmers this knowledge is of
special interest, because crop yield in organically managed soils strongly depends on soils ability to
provide N without additional mineral N inputs. Furthermore, decreased emission of climate relevant
N,O due to the use of biochar as soil amendment could further improve climate friendly
performance of organically managed systems.
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Abstract

As complex systems, agroforestry systems are more knowledge-intensive than other agricultural
systems, site-specific adaptations of practices are crucial to success. Farmer education and
experimentation leading to system modification plays an important role in agroforestry
development. Working with silvoarable and silvopoultry farmers in the UK, we aimed to identify
key challenges and potential innovations to improve their systems. Increased complexity of the
systems was identified as having both positive (e.g. safety through diversity) and negative (e.g. need
for more planning and labour) implications for production and management. Managing the
interactions among trees, crops, pasture and livestock was also identified as a key challenge by
both groups. Innovations in design and management of the systems included trialling of
agroforestry-adapted cereals and grass swards on research farms while two silvoarable farmers
instigated their own trials of new tree understorey crops. This research contributes to the Organic
3.0 aim of enabling widespread uptake of truly sustainable farming systems by involving producers
in innovation processes to make their systems better.
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Introduction

The integration of trees and shrubs with crops and/or livestock, agroforestry, has been identified as
a ‘win—win’ multifunctional land-use approach that integrates the production of commodities (food,
feed, fuel, fibre, etc.) with non-commodity outputs such as environmental protection and cultural
and landscape amenities (IAASTD 2008). Following the increasing evidence that agroforestry in
temperate, developed countries is a sustainable approach to balancing productivity with
environmental protection (Smith ez al. 2012, Toralbo et al. 2016), the European Union is promoting
wider adoption of agroforestry by enabling member states to provide financial support for the
establishment and management of new systems. As with organic systems, the complexity of the
ecological and economic interactions among, in this case, trees, crops and livestock (Lundgren
1982), implies that such systems are highly knowledge-intensive, which means that site-specific
adaptations of novel practices are crucial to success. Farmer education and experimentation leading
to system modification should play an important role in agroforestry development (Scherr 1991).
Within Europe, the AGFORWARD project (www.agforward.eu) has adopted a participatory
research approach to utilise the knowledge and experience of farmers of their own multifunctional
systems to identify key challenges and potential innovations to improve their systems. In the UK,
we have been working with organic arable and vegetable producers, and organic and non-organic
poultry producers. This paper reports on the process followed from initial workshops to field-testing
innovations, and also addresses the question “How does this research contribute to Organic 3.07"

1 . . L. .
Organic Research Centre, UK, www.organicresearchcentre.com,email: jo.s@organicresearchcentre.com
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Material and methods

In 2014, 42 stakeholder groups were established, involving about 820 stakeholders across 13
European countries, to develop and field-test innovations in (i) high nature and cultural value
systems, (ii) high value tree systems, (iii) silvoarable systems (crops and trees) and (iv)
silvopastoral systems (livestock and trees) (Burgess et al. 2016). Workshops were organised with
the stakeholder groups and a participatory research and development protocol was developed to
ensure a common framework for the workshops (Bestman et al. 2014). Within the workshops,
participants were asked to identify which production, management, environmental and socio-
economic aspects they perceived as the most positive or negative features of agroforestry. As a
group, the key challenges were discussed and possible solutions identified. Where solutions didn’t
exist, potential innovations were suggested, and as a final step, participants were asked to rank the
innovations in order of importance for trialling, and to indicate their willingness to be involved
with trials.

In the UK, the Organic Research Centre worked with two groups — silvoarable and silvopoultry
stakeholders. Silvoarable stakeholders included organic arable farmers who had an interest in
establishing agroforestry on their farms, as well as those with existing silvoarable systems, and staff
from the Woodland Trust, a UK-based charity that supports woodland establishment. The workshop
was held at Wakelyns Agroforestry, an organic silvoarable farm in East Anglia on 18th November
2014, and was attended by 18 participants. The silvopoultry group were organic and non-organic
meat bird and egg producers who were part of the Sainsbury’s Woodland Chicken Development
Group. All the Woodland brand farms must be planted with trees that cover at least 20% of the
range area. Also involved were representatives from the food company supplying poultry to
Sainsbury’s, the agriculture manager for Sainsbury’s and two people from animal welfare
organisations. Two workshops were held in collaboration with Sainsbury’s and the Woodland
Trust. The first on 6th May 2014 on a meat bird farm in south-west England attended by 28
stakeholders, the second was on 10th June at an egg producer in eastern England attended by 17
stakeholders.

Results and Discussion

Table 1 summarises the most prominent issues and challenges to the sector identified by the two
stakeholder groups. As with other stakeholder groups in the project (Burgess et al. 2016), several
production, environmental and societal benefits of agroforestry were recognised. The increased
complexity of the systems had several implications for production and management, such as the
need for more labour (more jobs=positive; increased labour costs=negative), and the diversification
of crops (risk spreading=positive; complexity of planning and management=negative). Managing
the interactions among the trees, crops, pasture and livestock was also identified as a key challenge
by both groups.

Innovations in design and management of the systems were identified by both groups. The
silvoarable group proposed trialling new tree species, including nitrogen-fixers, the development of
agroforestry-adapted cereal populations, the establishment of new crops in the tree understorey, and
investigating effective combinations of components in terms of productivity, market value and
labour needs. The silvopoultry group proposed the development of better range design, with trees
planted directly outside the henhouses to encourage ranging, the development of grass mixtures that
can tolerate shade and poultry foraging, as well as methods of grass restoration, multipurpose use of
the range by integrating cattle and sheep, and the use of woodchip from the trees for energy supply
and mulch.
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Table 1: Benefits and challenges identified by silvoarable and silvopoultry stakeholders.

Aspect

Key Issues

Silvoarable stakeholder group

Production
and
management

Benefit

Multi-crop approach reduces risk, diversifies income, higher overall
productivity, reduced evapotranspiration, lower disease/pest
pressure

Challenge

Lower crop yield; tree product quality and productivity; weed
migration from tree rows; needs agroforestry adapted crops; higher
labour costs; coordinating harvesting and marketing; managing trees
in open system; tree pests and diseases; mechanical challenges
during harvest; complexity and time for planning and management
(over-diversification)

Environmental

Benefit

Carbon storage, increased biodiversity, habitat creation,

microclimate regulation, nutrient recycling

Challenge

Impact of climate change on crops and trees unknown

Socio-
economic

Benefit

More jobs, community involvement, human health: mental and
physical, opportunity for new farmers

Challenge

Farmer attitudes, lack of evidence/information, land tenure, lack of
policy support

Woodland Chic

ken Development Group

Production
and

Benefit

Increased activity and ranging of chickens, cover from predators,
environmental credentials good for marketing

management

Challenge

Fruit from trees compromises chicken feed intake with impact on
egg production; reduced light and ventilation; management cost and
increased labour for trees; increased weeds; build-up of disease; no
grass growth under tree canopy; getting birds in at night; tree roots
damage drains and leaves block gutters.

Environmental

Benefit

Increased insect populations (possible benefit for production as
additional feed for chickens)

Challenge

Soil erosion

Socio-
economic

Benefit

Meeting consumer pressure for environmental credentials; higher
animal welfare; aesthetics

Challenge

Tree planting impact on land value; land locked up in trees affects
future use of land
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Knowledge gaps and information sharing, particularly regarding tree management, was also
identified by both the silvoarable and silvopoultry groups as a need. Environmental impacts were
highlighted by the silvoarable group, with innovations that targeted maximising carbon
sequestration over the system lifespan (and investigating the potential for carbon rewards),
maximising biodiversity and reducing pesticide use. Developing marketing and branding for
‘agroforestry cereals’ was also proposed by the arable group; the silvopoultry groups already
benefit from a price premium for their “‘Woodland’ eggs or meat.

Stakeholders were asked to rank the proposed innovations. Not all proposed innovations were
suitable for two to three year on-farm research trials, however, therefore stakeholder preferences
were reviewed for feasibility. It was decided to focus on two innovations within the silvoarable
group — the development of agroforestry-adapted wheat populations, and establishing new crops in
the tree understorey; and one innovation in the silvopoultry group — the development of shade-
tolerant swards. Trials of agroforestry wheat populations and silvopoultry swards are currently
being performed in two replicated trials on research farms. In addition, two silvoarable farmers
have instigated their own trials of new tree understorey crops, and have planted rhubarb and
daffodils; these systems will be monitored for production and impacts on biodiversity, economics
and labour. The final outcomes of the trials will be developed into technical notes and reviewed at
follow-up workshops in 2017.

This research contributes to the Organic 3.0 aim of enabling widespread uptake of truly sustainable
farming systems by involving producers in innovation processes to improve their systems. It is
helping to support a culture of innovation and progressive improvement towards best practice, and
is building up evidence to promote organic agroforestry as a sustainable and holistic system for
temperate farming systems.
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Abstract

Organic cropping systems are often identified as a solution to reduce environmental issues resulting
from over-simplified cropping systems relying on a high amount of external inputs. Since in organic
cropping systems legume crops are often included to provide nitrogen to the cropping system, they
also provide more local proteins in dense animal production areas. We set up a cropping system
experiment, located in Brittany, France, to evaluate the following hypothesis: organic cropping
systems reduce environmental impacts of agriculture while ensuring an acceptable profit to farmers.
It consists in a comparison of three cropping systems, an organic and two low-input ones. Main
results of the first three years show that the absence of pesticide use is compatible with a higher
profitability for farmers (of 17% to 25%), as well as not much more fieldwork (0.7 more h.ha-1).
However yields are reduced (by 18% to 54%) and nitrogen losses during winter are not significantly
different than those of low-input cropping systems.
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Introduction

Nowadays, there are major environmental threats due to 1) an intensive use of external inputs
(chemical fertilizers and pesticides) in cropping systems 2) a simplification of cropping systems by
decreasing the diversity of crops and 3) a concentration of animal production in certain parts of the
world. This is locally the case in Brittany, an intensive animal production region of France where
there is a concentration of dairy, pig, and poultry farms as well as short and over-simplified
cropping systems. When no temporary grassland is included in the rotation, then for a majority of
farmers, a two years maize — wheat rotation is dominant. This contributes to surface water pollution
by pesticides and algae blooms are frequent (Cellier et al, 2014). There is also locally a challenge to
increase plant protein production to feed animals instead of relying on soybean importations.
Organic cropping systems with diversified crops (cereal and legume crops) appear to be an answer
to these environmental and production issues (Pimental et al, 2005). To test this hypothesis, in
Brittany, we set up a cropping system experiment to compare the sustainability of an organic
cropping system and two low-input ones.
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Material and methods

The experiments are located in Brittany, Western France, on two sites: Kerguehennec
(47°52'59.4"N, 2°43'50.4"W) where both low input (K-LI) and organic (K-O) cropping systems are
present; Crecom (48°19'08.1"N, 3°12'25.1"W) with a second low input cropping system (C-LI).
Table 1 gives the main environmental characteristics of the two sites.

Table 1: Environmental characteristics of the two experimental sites

Kerguehennec Crecom
Soil Loamy sandy clay
Mean rainfall (1993-2013) 1 000 mm 1 150 mm
Mean temperature 11.6°C (1993-2013) 11.2°C (1999-2010)
Average fiels size 1 ha 1.8 ha

Table 2 summarizes the main agronomic characteristics of the three cropping systems tested. On
each site, each crop of the rotation is cultivated each year and we present in this paper data collected
during three cropping years from fall 2012 to summer 2015.

Table 2: Agronomic characteristics of the three experiments (S for spring crops and W for
winter crops or intercroping)

Experiment C-LI (low-input) K-LI (low-input) K-O (organic)
Grain maize (S) Wheat | Grain corn (S) Wheat (W) | Fava beans (S) Triticale (W) Grain maize
Rotation (W) Rapeseed (W) Fava beans (S) Wheat (W) (S) Wheat/Fava beans intercrop (W)
Triticale (W) Rapeseed (W) Triticale Buckwheat (S) Peas/Triticale intercrop
(W) (W)
Plowing Every year 2/ 6 years Every year
Mechanical 3 /4 years Every year Every year
weeding
Cover Crop Only long fallow period Long and shor.t fall(?w Long and short fallf)w period - species
- Oat period — species mix mix
Intercropping No No Yes
Mean N 141 kg N.y! 139 kg N.y"! 15kg N.y"
fertilization organic and mineral organic and mineral organic and mineral

In order to evaluate the sustainability of the three cropping systems we calculated indicators related
to the the three dimensions of the sustainability (table 3): 1) economic dimension (GP, OC, MC,
Ma), 2) environmental dimension (TFI, WNL) and 3) social dimension through on farm labor (WD,
NFO). We also measured the yield (t ha-1).

Results

We could not compare yield (table 4) for the three cropping systems in their totality since different
crops are cultivated in each one. However, maize and triticale are present in the three experiments
and fava bean in two of them. 3 years yield average differences between the organic and low-input
sites vary from 18% less to 54% less. In the organic experiment, cereal-legume intercrops increase
the yield compared to sole crops (4.4 t ha-1a-1 versus 3.1 and 2.9 for triticale and fava bean).
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Table 3: Indicators used to assess cropping systems' sustainability

Variables | Description
GP Gross product (€.ha™"): based on mean local selling price 2012-2015
oC Operating cost (€.ha™"): based on input prices of experimental station
MC Machinery cost (€.ha™'): French references (APCA, 2015); it includes depreciation, maintenance and
machinery operating expenses but no workforce wages
Ma Margin (€.ha™): [GP minus (OC and MC)]
TFI Treatment frequency index: ratio of pesticide standard concentration to pesticide concentration
actually sprayed(’
WNL Winter N-NO3 and N-NH4 losses (kgN.ha™'): based on N-soil content over a 90-cm depth at the
beginning (October / November) and the end of the leaching period (February, March)
WD In field work duration (h.ha™): based on French references (APCA, 2015)
NFO Number of field operations per year

Table 4: Average yield (2012-2015) in t ha-1a-1

Experiment | Maize Wheat Rapeseed Triticale | Fava beans Buckwheat Ceziiiﬁ%’;me
C-LI 74 6.8 32 7.1 - - -

K-LI 7.7 6.9 2.1 6.3 3.7 - -

K-O 6.1 - - 3.1 2.9 0.8 44

Average margin over the 3 years shows a profitability of the organic cropping system 17% to 25%
higher than profitability of the two low-input cropping systems, linked with a higher gross product
and lower operating and machinery costs. Regarding the environment, no pesticides are sprayed for
the organic cropping system and nitrogen winter losses are in between those of the two low-input
cropping systems. Concerning on-farm work, the organic cropping system requires 0.7 hours more
per hectare and per year but 1.5 to 2.5 fewer field operations.

Table 5: Indicators calculated over the three year experiment (3 years average except WNL calculated
for 2 years)

. GP oC 1 Ma (€.ha WNL WD
Experiment (€.ha'1) (€.ha'1) MC (€.ha™) 1) TFI (ng.ha"l) (h.ha"l) NFO
C-LI 1125 396 303 426 1.8 25 5.4 10.9
K-LI 1183 308 260 571 1.8 18 5.4 9.9
K-O 1201 260 253 688 0 23 6.1 8.4
Discussion

The experimental organic cropping system improved by at least 17% the margin per hectare
compared to two low-input cropping systems. This confirms results obtained in other environmental
conditions (eg. Mahoney et al, 2004 in Minnesota, US). This is the consequence of a higher market

® Detailed explanation of TFI: each pesticide has a standard concentration (SC) above which it can not be sprayed, but
it can be sprayed to smaller concentration (FC for field concentration). So for each pesticide applied to a field we can
calculate the ratio SC/FC. Then for a field we sum all the ratios for each pesticide sprayed.

105



Rahmann et al.(2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
Organic World Congress 2017 in New Delhi, India, November 9-11, 2017

price for organic crops. Required field work is not significantly higher; moreover, spraying
pesticides in low-input cropping systems required additional time, not included in our indicator, to
prepare and wash the sprayer. These results are very relevant since fear of additional work and of
reduced income are two reasons mentioned by farmers for not applying organic standards
(Schneeberger et al 2002). However, reducing pesticides use or no using them required more fields
monitoring which increases equally work in the three cropping systems experiments. Regarding the
impact on the environment, by using no pesticides at all, the organic cropping system is healthier.
But, despite a low use of organic fertilizer (15 kg N.y-1 versus 140 kg N.y-1), it does not show any
benefit regarding winter nitrogen losses. This is due to a very high mineral N-soil content in fall
after harvesting legume crops, which has not been efficiently caught by the following cover crop.
Particularly, between fava beans and triticale in 2015, 118 kg of nitrogen have been lost. Lastly, the
yield of the organic cropping system was lower, especially for pure small grain cereals (e.g.
Triticale) which questions the ability of such organic cropping systems to provide enough food if
they are scale up. However, cereal-legume intercrop is a possibility to increase yield of organically
grown crops (Bedoussac et al, 2015) which still has to be confirmed by our experiment. Lower
yield can also be partially offset by reducing food losses which vary from 20% to 45% (FAO,
2016).

Conclusion

Organic cropping systems appear to be an opportunity for the future of Brittany to produce cash
crops in a sustainable way. They are a good option for farmers regarding profitability and work, and
also for the environment by not using pesticides. However, nitrogen needs to be better managed
which may also improve yields. Our results, by proving the benefits of organic cropping systems
and identifying points to pay attention to, will contribute to helping farmers adopt such practices on
a wider scale, which is in-line with Organic 3.0. Benefits of organic cropping system is related to a
diversified rotation with cereal/legume intercrop, long and short fallow period and no pesticide

spraying.
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Abstract

Organic farming already meets multiple sustainability goals, and factors limiting its mainstreaming
are social rather than technical. What is the next step for organic farming? To date, both organic and
industrial agriculture have been based on the particle-matter approach within the disciplines of
chemistry and biology. This review paper argues that the logical next step is to embrace Quantum-
Based Agriculture (QBA) that draws from the theories and concepts of quantum physics and
biology and takes a wave-based approach. The paper outlines how modern medicine, and many of
our communication technologies, already apply quantum science, it explains the nature of QBA, its
potential, and how commercial agricultural projects in the EU are already integrating quantum
theories. Finally the paper notes that QBA is not new; it also may explain the mechanisms by which
indigenous and Biodynamic farming practices work.

Introduction

Organic farming, done well, already meets multiple sustainability goals, and factors limiting its
mainstreaming are arguably social rather than technical. So whilst on the one hand, IFOAM’s
Organic 3.0 rightly attempts to take organic to the mainstream, let us not forget — nor lose - the
pioneering nature of the organic movement. What is the next step for organic farming, to boldly go
where few people have gone before? To date, both organic and industrial agriculture have been
based on the particle-matter approach within the disciplines of chemistry and biology. This
approach focuses on the nature of individual components of physical systems, be they atoms, plant
genes, soil-borne diseases or water pollutants. In contrast, Quantum-Based Agriculture (QBA)
draws from the theories and concepts of quantum physics and biology that take a particle-wave-
based approach. Only features of biodynamic agriculture, along with more indigenous farming
approaches, could claim to be synonymous with QBA.

Rationale

Recent years have seen an unprecedented increase in knowledge and understanding of quantum
theories. Quantum theory (aka quantum physics or quantum mechanics) is one of the two main
branches of modern physics. While general relativity provides a picture of the macro (space-time
and gravity), quantum theory addresses the micro, including subatomic particles. Today, quantum
theory is used in a huge variety of applications in everyday life, including lasers, CDs, fibre-optics,
digital cameras, bar-code readers, fluorescent lights, computer screens, transistors, super-
conductors, spectroscopy, MRI scanners, and so on.

! Centre for Agroecology, Water and Resilience, Coventry University, England. www.coventry.ac.uk/cawr email
J.wright@Coventry.ac.uk

2 Independent researcher, Netherlands email kieftetcetera@ gmail.com
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Most recently, 2014 saw the publication of the first book on quantum biology, which concerns the
applications of quantum mechanics and theoretical chemistry to biological objects and problems
(Al-Khalili and McFadden, 2014). However, the integration of quantum principles in agricultural
science has, to date, been negligible. Yet one practitioner-based farming book (Lovel, 2015)
suggests that the application of quantum principles in farming techniques increases input efficiency
and animal welfare, while reducing the negative environmental side-effects of farming. This
situation suggests that any positive developments in this area hold high potential for an early
impact, and the urgent challenge for research is to deal with a growing set of questions for farm
practice about emerging new technologies based on wave-principles and information techniques.

Results

Review of the literature

Aside from the seminal and inspirational work of Peter Tomkins and Christopher Bird in the 1980s
(the Secret Life of Plants, and The Secrets of the Soil, both 1989), and some early articles in the
journal Biological Agriculture and Horticulture®, research into QBA has been relatively sparse, and
much of what exists has been undertaken in Soviet countries that has not yet been accessed or
translated. Some research has been undertaken on the general relationship between quantum theory
and agriculture, including wavelengths and agriculture (Callahan, 1994), effects of sound in
agriculture (Doorne, 2002), crop sciences and quantum theory (Fernandez, 2009), quantum physics
and biology (Cannenpasse-Riffard, 2011) and photons in biology (van Wijk, 2014). In terms of crop
and livestock health, studies have looked at the response of bacterial cells to sound (Matsuhashi et
al., 1988), the relationship between infrared light and insect control (Callahan, 2001), effects of
magnetised water on pot plants (Kamminga, 2004), and the effects of electromagnetic stimuli on
livestock and fish (Cuppen et al., 2007). Studies on food nutritional quality have focused on the
nutritional quality of apples (Bloksma et al., 2001), general nutrition and soil health (Sait, 2003),
and the energetic quality of milk (Woestenburg et al., 2005).Crop and livestock productivity
research has looked at the effects of sound and electromagnetic frequencies on wheat (Katsenios et
al., 2015; Measures & Weinberger, 1970), on plants’ stomata (Oliver 2002) and on dairy herds
(Kieft et al., 2008). In particular, a study by Souza et al. (2006) on the effects of magnetic treatment
of tomato seeds is one of the few review papers and identifies a wide range of physiological effects
in response to magnetic fields, including positive impacts on plant growth and development,
enzyme activity, protein synthesis, auxin content, water uptake, seed germination, fruit ripening,
crop yield and plant nutrient element composition. This paper also identifies difficulties in
performing controlled experiments with reproducible results and proposes possible mechanisms
behind the influence yet notes that no single hypothesis could explain these effects.

The quantum concept of entanglement offers explanation for the emerging field of research into
intuitive farming, in which two of the authors of this article are involved. Intuitive farming incorporates
the use of telepathic interspecies communication and/or the intuitive capacity, with cognitive abilities
and experience, in making practical management decisions on farms. William J. Long first described
telepathic interspecies communication in an academic context in 1919 and there have been numerous
studies that provide evidence for this phenomenon since then, as reviewed by Erickson (2011).

* http://www.tandfonline.com/toc/tbah20/currentSee for example: Knorr D (1982) Use of a Circular
Chromatographic Method for the Distinction of Collard Plants Grown under Different Fertilizing Conditions.
Vol. 1,1Iss. 1

Scofield A.M (1984) Homoeopathy and its Potential Role in Agriculture—A Critical Review.Vol. 2, Iss 1

Speiss H. (1990). I. Experiments with Seeding Dates to Ascertain the Effects of Lunar Rhythms on the Growth of
Winter Rye (Secale cereale, cv. Nomaro). Vol. 7, Iss. 2
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Whereas telepathy occurs when a message is received from another organism, intuition arises within the human
body, particularly the heart (McCraty et al., 2004), arising as a ‘knowing’ without knowing how one knows
(Erickson, 2011). As part of an ongoing study initiated by Kieft (2006), surveys and interviews with intuitive
farmers who communicate directly with the animals and plants show that they report higher outputs in terms of
yield, crop quality, shelf life and calf survival, while inputs such as nutritive ameliorants, irrigation, measures
taken against pathogens and pests, and veterinary costs are decreased. Numerous organisations have been
founded on the ability of humans to integrate their interspecies communication with everyday decisions,
including Findhorn Foundation (Scotland), Tamera (Portugal), Perelandra Garden (USA), Damanhur (Italy) and
Cooperative Biobalance (USA). Nuthall (2012) describes how the most successful New Zealand stock cattle
farmers have developed a personalised expert system, with intuition being the primary driver, and rely less on
the formal technological tools that were designed to aid their practical decision-making. According to Nuthall,
the development of this ability is a practical approach for helping farmers make customised decisions for
increasing efficiency. However, despite the growing body of empirical and anecdotal evidence that intuitive
farming is effective in improving the production and resilience of agroecological systems, the understanding of
the mechanism in terms of its scientific basis, the effects and the transfer of the skills required for intuitive
farming are still in its infancy and require far more research.

The potential and current application of QBA

Overall, QBA holds the potential to address specific challenges in the agricultural sector. This is not all
conjecture; a number of existing innovation and technology projects in Europe are already underway
although they have not yet been fully documented. These include the use of ultrasound to control blue-green
algae (funded by the EU 7" Framework Programme), the use of music based on wine protein and played to
vines with beneficial effects, the disinfection of potato and onion from bacteria through ultraviolet light, the
use of biophoton techniques to test product quality through shelf life of fruit, eggs and flowers, the creation
of a horse health treatment center based on electromagnetism, the application of low frequency electro
magnetic fields on dairy cow to lower mastitis rates, and treating water with electromagnetic frequencies.

Discussion

The need for alternative methodologies and methods

Multi- and trans-disciplinary approaches will be required to take this forward, bringing on board a range of
disciplines through which quantum physics cross-cuts, including mathematics, music, ethnobotany,
philosophy, psychology and sociology. Key knowledge holders of traditional and biodynamic agriculture
that have affinity with the science of quantum physics and biology will need to take centre stage, such as
indigenous farming cultures sharing their experiences with researchers and vice versa. For example, modern
sound techniques mimic tacit knowledge in many older cultures that used sound in crop and animal
husbandry. In the words of Eve Balfour, a founder of the organic movement: “It is the unscientific mind—
possessed, alas, by too many selfstyled scientists!/—that instantly dismisses as superstition, magic, or even as
non-existent, happenings brought about through the operation of some natural law which we do not yet
understand....We should examine again the beliefs of our forebears and study the observations on which they
were based, and we should use our new scientific knowledge to interpret those observations and to sift those
beliefs.” (Pfeiffer, 1947). This in turn implies the need for development of a new set of methods that are
better able to explore the phenomena involved in QBA. In fact, several of the ‘fathers’ of modern
reductionist science, such as Boyle and Newton, also pursued alchemical study with its corresponding non-
standard methods (Principe, 2011).

If we want to forge further steps along the trajectory of an authentic and expansive alternative to industrial
agriculture, then this is arguably the direction of choice. Following the agroecologist Miguel Altieri’s
postulation that “if the scientific basis for industrial agriculture is chemistry, then the basis for sustainable
agriculture is agroecology” (Altieri, 1995), we propose that an agriculture for the future may be based on, or
at least be aided by, the science of quantum theory.
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conventional foods? Evidence from the long term Nafferton Factorial
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Abstract

Recent systematic literature reviews and meta-analyses have demonstrated that there are substantial
and nutritionally relevant composition differences between conventional and organic crops. This
included higher antioxidant/(poly) phenolic, but lower cadmium, protein, nitrate and nitrite
concentrations and a 4 time lower frequency of pesticide residues in organic crops.  However,
there is a more limited understanding on the agronomic parameters responsible for these
composition differences. = The Nafferton Factorial Systems Comparison (NFSC) trials were
established in 2001 to identify and quantify the effects and interactions between rotation design,
fertilisation, crop protection, tillage and variety choice impact with respect to yield and the
nutritional quality parameters in arable and vegetable crops.

Similar to recent systematic literature reviews/meta-analyses results from the first fifteen years of
the NFSC trials also show that organic crops contain higher levels of antioxidants/poly/phenolics,
certain minerals such as Zink and lower levels of many nutritionally undesirable compounds
(heavy metals, pesticides, glycoalkaloids and Fusarium mycotoxins). Differences in crop
composition were linked primarily to differences in fertilisation (e.g. cadmium, protein,
nitrate/nitrite and antioxidant concentrations) and crop protection (e.g. pesticide residues and
glycoalkaloid concentrations) regimes between organic and conventional systems, but variety
choice and rotation design were also shown to have significant effects in some crops.

Introduction

A series of recent systematic reviews and meta-analyses have shown that there are significant
differences in the concentrations of nutritionally relevant compounds between organically and
conventionally foods (Baranski et al. 2014, Srednicka Tober et al 2016a, Srednicka Tober et al
2016b). Specifically, these studies demonstrated that: organic crops were estimated to have 17%
higher antioxidant activity and between 18% and 69% higher concentrations of a range of
individual antioxidants, while conventional crops were estimated to have 15%, 10%, 30%, and 87%
higher concentrations of protein, nitrogen, nitrate, nitrite, respectively, and 48% higher levels of the
toxic metal cadmium, and were 4-times more likely to contain detectable pesticide residues.
Pesticide residues are found in approximately 50% of conventional, but only 10% of organic crops.
Also, studies which compared pesticide concentrations in positive samples, found that pesticide
levels in organic crops were 10-100 times lower than in conventional crops, suggesting that residues
in organic crops were mainly due to cross-contamination from neighbouring farms (Baranski et al.
2014).

'Nafferton Ecological Farming Group (NEFG); School of Agriculture, Food and Rural
Development; Newcastle University; Nafferton Farm, Stocksfield, NE43 7XD, UK; Email:
Leonidas.rempelos @ncl.ac.uk
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However, there is amore limited information on which of the agronomic parameters (rotation
design, fertilisation, crop protection, tillage and variety choice) that might differ between organic
and conventional crop production systems are responsible for these composition differences. This
is mainly because very few of the published studies that have reported composition differences
between organic and conventional crops provide sufficient detail on the agronomic
methods/protocols use in either system to allow the effects of specific agronomic drivers to be
identified by redundancy analyses (RDA). Also there are very few factorial field experiments that
allow interactions between agronomic drivers to be identified/quantified.

The aim of this study was therefore to use a series of factorial field experiments to identify and
quantify the effect of, and interactions between, the main agronomic factors (that differ between
organic and conventional systems) with respect to crop yield and the nutritional quality parameters.
This is an important step towards identifying the yield and quality limiting factors and the design of
organic crop production with increased yields and/or further enhanced nutritional quality.

Nafferton Factorial Systems Comparison (NFSC) trials

To achieve this, the Nafferton Factorial Systems Comparison (NFSC) trials were established in
2001 at the Newecastle University’s Nafferton Experimental Farm, near Stocksfield,
Northumberland. In the NFSC experiments the effects of crop rotation, crop protection and fertility
management were studied using a split-split-split plot design. Crop rotation is the main plot with
two levels, organic (diverse, rich in leguminous crops) and conventional (arable crop-dominated
rotation typical for conventional systems). Each main plot is divided into two crop protection
subplots (6 x 48 m) in which crop protection is carried out according to conventional farming
practice (FAB — British Farm Assured; CON CP) or to organic crop protection standards (Soil
Association organic farming standards (Soil Association 2016); ORG CP). Each of these subplots is
divided into two fertility management sub-subplots (6 x 24 m) in which fertilization is either carried
out according to conventional farming practice (CON FM) or organic farming standards (ORG
FM). The arrangement of crop protection subplots and fertilization sub-subplots within sub-blocks
is randomised. 10 m unplanted separation strips were established between crop protection subplots
and 5 m unplanted separation strips between fertilization sub-subplots. There are four experiments
following this design within the NFSC experiments, each starting at a different stage in the crop
rotation, so that a diversity of crops can be studied in the trial each year. A diversity of crops
including grass/clover, pure rye grass, wheat, potatoes, barley, cabbage, faba beans, onions and
lettuce were included in the rotation.

Agronomic factors responsible for differences in nutritionally desirable
compounds

Significantly higher levels of antioxidants, vitamins and/or other nutritionally desirable
phytochemicals (e.g. glucosinolates in cabbage) were detected in a range of organic field vegetable
crops (cabbage, lettuce, potato) when compared to conventionally grown crops (Rempelos et al.
unpublished a, c). In most crops, the increase in phytochemical content was linked to the
fertilisation regimes (composted manure instead of mineral fertilisers) used in organic production
systems. Fertilisation regimes were also shown to affect gene expression, protein profiles and the
concentrations of resistance compounds (e.g. phenolic acid, flavonoid and caffeic acid derivative
concentrations) in crop plants, indicating that the impact of using organic matter recycling rather
than mineral fertiliser based fertility management practices on crops has been underestimated
(Lehesranta et al. 2007, van Dijk et al. 2012, Rempelos et al. 2013, Tetard Jones et al. 2013a, Tetard
Jones et al. 2013b, Shepherd et al. 2014). For some crops (e.g. lettuce) significantly increased
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vitamin levels in organic crops were also linked to the crop protection regimes (non-use of
herbicides and fungicides) used in organic systems. These data indicate clearly that the non-use of
chemosynthetic mineral fertilisers (and in some cases pesticides) can increase concentrations of
nutritionally desirable phytochemicals in a range of crops.

Figure 1 associations between

1.0 s agronomic  (fertilisation and
crop protection regimes),
macronutrient supply

(estimated based on flag leaf
NPK concentrations) and
climatic (radiation, air and soil
temperature, and relative
humidity) drivers, and phenolic
compounds in flag leafs.

Most variation (64%) is explained
by axis 1 and a further 5% by axis
2. PFertilisation regime (OFT:
F=91; P=0.002), radiation (RA:
F=48; P=0.002), P-supply (P:
F=15; P=0.002); Air-temperature
(GDD: F=33; P=0.002) and N-
supply (F=3; P=0.064) were
identified as the strongest drivers.
F1 to F13: individual flavonoids;
CfA: cafeic acid ClA, nCIlA:
-0.8 chlorogenic  acid  derivatives
(Rempelos et al. unpublished a).

Studies also showed that the lower nitrate and nitrite concentrations in organic crops and protein in
wheat are linked primarily to the non-use of mineral N-fertilisers, but the nutritional impact of these
differences is less clear, since increased protein, nitrate and nitrite intakes have been linked to both
positive and negative impacts on human health (discussed in Baranski et al. 2014).

Results from the NFSC trials confirm the results of previous studies which showed that (i) high N-
availability was shown to reduce the production of a range of secondary metabolites with
antioxidant activity including (poly) phenolics in crop plants (see Figure 1) and increase the
severity of bio trophic diseases such as powdery mildew and yellow rust (Sander et al. 1998,
Gaszotonyi et al. 2011, Rempelos et al. unpublished a-d). (ii) differences in fertilisation practice
were the primary driver for differences in gene and protein expression (including genes for nitrogen
metabolism, phenolic acid, flavonoid synthesis), and metabolic profiles between organic and
conventional crops like wheat and potato (Shepherd et al 2014, Rempelos et al. unpublished a-b).
For potato and wheat significant effects of variety choice and fertiliser input level on phytochemical
concentrations were also detected in supplementary short-term factorial field experiments, in which
variety choice and fertiliser input levels were introduced as additional factors (Rempelos et al.
unpublished c).
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Agronomic factors responsible for differences in nutritionally undesirable
compounds

In the factorial field trials confirmed results from systematic literature reviews/meta-analyses and
individual studies that reported significantly higher levels of the heavy metals cadmium (Cd) and
nickel (Ni) were found in conventionally managed crops) and a 4 time higher frequency of pesticide
residues being present in organic crops. In addition the NFSC trials found higher glycoalkaloid
levels in conventional potato crops (Rempelos et al. unpublished c) confirming similar trends
identified in previous studies reported by Shepherd et al (2014). Higher Cd and Ni concentrations
were associated with conventional fertilisation regimes, while crop protection did not have a major
effect. This confirms previous studies which linked to the use of water-soluble, mineral phosphorus
fertilisers, which contain both cadmium and nickel residues (Cooper et al. 2011, Rempelos et al.
2013). Higher glycoalkaloid concentrations were linked to conventional crop protection regimes,
while fertilisation had no effect on glycoalkaloid levels. This may have been due to the regular
ridging for weed control in organic potato crops, since this is likely to have reduced light exposure
of tubers which is known to increase glycoalkaloid concentrations.

Table 1. Potato tubers aldicarb, metalaxyl and diquat pesticide residues content (Means+ SE) depending
on the crop protection and fertilisation treatment

Aldicarb sulfone ugkg' FW Aldicarb sulfoxide ugkg' FW

2004 2006 2007 2004 2006 2007
OCP OF 0+0 0+0 0+0 OCP OF 0+0 0+0 0+0
CCP OF 0+0 15.8+5.5 14.8+2.8 CCP OF 0+0 20.5+6.1 18.5+3.4
OCP CF 0+0 0+0 0+0 OCP CF 4.5+0.5 0+0 0+0
CCP CF 2+0.8 55.9+20.7 37.8£7.2 CCP CF 10.1+4 71.3+26.8 63.8+14
LOD <1 <1 <1 LOD <1 <1 <l
MRL 0.02mg kg (EU regulation 310/2011) MRL 0.02mg kg (EU regulation 310/2011) |

Metalaxyl ugkg' FW Diquat pug kg’ FW

2004 2006 2007 2004 2006 2007
OCP OF 0+0 0+0 0+0 OCP OF 0+0 0+0 0+0
CCP OF 0+0 0+0 2.9+0.3 CCP OF 0+0 7.4+0 0+0
OCP CF 0+0 0+0 0+0 OCP CF 0+0 0+0 0+0
CCP CF 0+0 0+0 3.1+0.3 CCP CF 0+0 9.4+0 0+0
LOD <4 <4 <1 LOD <5 <5 <5
MRL 0.05mg kg (EFSA 2015) MRL 0.05mg kg (EFSA 2015) |

OCP: organic crop protection; CCP: Conventional Crop Protection; OF: Organic Fertilisation; CF: Conventional
Fertilisation; FW: Calculated on Fresh Weight basis; LOD: Level Of Detection; MRL: Maximum Residue Level
based on UK/EU regulations

Pesticide/growth regulator residues could only be detected in crops under conventional crop
protection, but the concentrations of pesticides differed significantly between fertilisation regimes.
Soil applied products (e.g. the pesticide aldicarp and the herbicide dicarb) were found at
significantly higher concentrations in conventionally fertilised crops, while foliar applied products
(e.g. the growth regulator chlormequat) was found at significantly higher concentrations in
organically fertilised wheat crops (see tables 1 and 2). The lower incidence of pesticide residues in
organic crops is thought to be due to non-use of chemosynthetic pesticides in organic farming
practice (Baranski et al. 2014). The reasons for the effect of fertilisation regimes on pesticide
residues is unknown, but for the soil applied products may have been due to enhanced microbial
breakdown associated the higher microbial activity in compost compared to mineral fertilised soils,
which has been well documented in the past (Dubois et al. 1999).
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Knowledge gaps and future research needs

There is an increasing demand to increase the yield of organic production, while maintaining or
increasing environmental sustainability and/or crop quality levels. Results from the NFSC trials and
other studies indicate that both the (a) development of “precision”, recycled organic waste-based
fertilisers and (b) breeding/selection of more efficient crop genotypes adapted to organic production
systems may contribute to this goal. However, further studies are required to study the effects of
contrasting N- availability pattern from different types of organic fertilisers (e.g. green manures,
farm yard/ straw bedding-based manure, compost made from animal manure and/or organic wastes,
biogas digestate) during the growing season on crop yield, health and nutritional composition.

Table 2. Wheat grain Chlormequat growth regulator residues content
(Means+ SE) depending on the crop protection and fertilisation treatment

Chlormequat grain pg kg‘l DW
2004 2005 2007 2008
OCP OF 0+0 0+0 5.842.2 1.6+1.2
CCP OF 262.8+26 459.3+40.5 285.4+18.5 330.4+19.1
OCP CF 0+0 0+0 1.8+0.8 1.4+1
CCP CF 77.5%£7.5 111.8+13.9 82.1+9.4 152+15.1

OCP: organic crop protection; CCP: Conventional Crop Protection; OF:
Organic Fertilisation; CF: Conventional Fertilisation; DW: Calculated on Dry
Weight basis
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Profitability of cacao agroforestry systems and monocultures under
organic and conventional management

Laura Armengot!, Pietro Barbieri'?, Christian Andres!-*, Monika Schneider!

Key words: productivity, by-crops, return on labour, banana, costs, labour demand

Abstract

The demand for cacao has increased. The implementation of more sustainable agricultural practices

for cacao production such as organic farming and agroforestry systems depends on the profitability
of such practices for the farmers. The productivity and profitability of agroforestry and full-sun
monocultures under organic and conventional farming are compared for the first five years of a newly
established long-term trial in Bolivia. Cacao yields were higher in the monocultures and no
differences were found between organic and conventional management in the agroforestry systems.
The sales of by-crops of the agroforestry systems economically overcompensated for the difference
in cacao yield between agroforestry and monoculture systems. The costs were lower in the
agroforestry systems and under organic management. Organic management was not more work
demanding than the conventional management. Overall, the return on labour was almost the double
in the agroforestry systems.
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Introduction

Over the last decades the global demand for cacao (Theobroma cacao L.) has drastically increased
(Vast and Somarriba 2014). The cultivated area has been expanded in tropical forest areas and
production has been intensified by replacing traditional agroforestry systems with full-sun
monocultures at high-input levels. To guarantee a further extension of more sustainable agricultural
practices such as agroforestry systems and organic management, such systems need to be profitable
for the farmers.

In this study we compare the agronomic and economic performance of four different cacao production
systems, i.e. agroforestry and full-sun monocultures under organic and conventional management
during the first five years of a newly established field trial. Cacao and by-crops (plantain/banana)
yields, costs, revenues, and labour demand were registered, and the return on labour, i.e. the return
per working day, were estimated for each system.

Material and methods

The experimental trial was located in Sara Ana (390 m a.s.l.), Alto Beni, in the department of La Paz,
Bolivia. The climate is tropical humid with dry winters; the average annual precipitation and
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2INRA, UMR 1391 ISPA, CS 20032 33882, Villenave D’Ornon, France
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temperature are approximately 1’540 mm and 26.6 °C, respectively. The soils are Luvisol and
Lixisols. The natural vegetation is composed of nearly evergreen humid forests.

The establishment of the plantation finished at the beginning of 2009. From 2010 to 2014 the
productivity and profitability of the 4 different production systems were assessed. Cacao tree spacing
was 4 m x 4 m. In the agroforestry systems, cacao trees were complemented by timber, palm and
leguminous trees. Plantain was planted in both monocultures and agroforestry systems as temporary
shade for the cacao trees, but they were removed at the end of 2011 in the monocultures and replaced
by banana trees in the agroforestry systems, according to local practices (Schneider et al. 2016).

The organically managed systems followed the EU regulations. A perennial legume cover crop was
sown. Compost was used as fertilizer and weeding was done manually and with brushcutters. In the
conventional managed systems, mineral fertilizer was applied and weeding was done by means of
both herbicides and manual weeding and brushcutters.

The annual yield of cacao and banana and plantain was calculated as the sum of all of the single
harvests. Revenues derived from cacao were calculated for each year using annual average sales
prices of each category of beans: first-quality conventional beans (average price across years = SE:
20.95 +£2.75 Bs Kg'!), second-quality conventional beans (11.93 + 0.93 Bs Kg'!), and organic beans
(23.99 + 2.25 Bs Kg!). The exchange rate of one US dollar and Euro to Bs is about 6.8 and 7.5,
respectively.

The cost calculation included the costs of tools and materials for pruning, weeding, fertilizing and in
the organically managed systems, the cost of certification. The transport costs for purchasing the
materials were also considered.

The working time devoted to each single agronomic activity in the field was registered. Additionally,
the working time of the activities performed outside the plots was also considered, such as the
compost preparation, herbicide applications preparation, cacao and banana post-harvest process and
purchasing tools and materials. The return on labour, i.e., the benefit per 8 hours’ labour, was
calculated by dividing the annual gross margin (revenues minus costs) by the total annual working
days.

Results

The cumulative cacao yields were higher in the monocultures compared with the agroforestry systems
(Figure 1). No differences were found between organic and conventional management in the
agroforestry systems, but higher yields were obtained under conventional management in the
monocultures. As expected, the agroforestry systems achieved higher plantain/banana yields across
the years, since plantains were replaced by banana trees only in the agroforestry systems.

The sales of banana of the agroforestry systems economically compensated for the difference in cacao
yield between agroforestry and monoculture systems, which highlights the role of by-crops to the
contribution to farmer’s income during the establishment phase of the cacao plantation (Figure 1).
The costs were lower in the agroforestry systems and also under organic management.

Agroforestry systems were more work demanding than the monocultures (Figure 2). However, no
differences in the total working time between organic and conventional management were detected
in the monocultures. This result contrasts those of previous studies claiming that organic farming is
more laborious than conventional farming (Jansen 2000). In the case of the agroforestry, conventional
management was less work demanding, but only because of the lower time spent for applying
synthetic fertilizer compared with the compost under organic farming.

119



Rahmann et al. (2017) Proceedings of the Scientific Track
“Innovative Research for Organic Agriculture 3.0”,
Organic World Congress 2017 in New Delhi, India, November 9-11, 2017

Overall, the return on labour was almost the double in the agroforestry systems (Figure 2). This is
explained by the fact that the working time was an average of 16 % higher in the agroforestry systems;
on the other hand, the gross margin was, on average, 51 % higher compared with the monocultures.
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Figure 1. Mean (+ SE) cacao and plantain/banana yields, revenues from cacao (in black) and
plantain/banana (in white) sales and total costs per ha and year for the different production
systems: Afc: agroforestry conventional, Afo: agroforestry organic, Mc: monoculture
conventional and Mo: monoculture organic.
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Figure 2. Mean (= SE) working days per ha and year and return on labour for the different
production systems: Afc: agroforestry conventional, Afo: agroforestry organic, Mc:
monoculture conventional and Mo: monoculture organic.

Discussion

Premium prices for organic cacao did not compensate for the yield gap between the organically
managed monocultures compared with the conventionally managed. The premium prices obtained on
organic cacao were lower than the often reported premium gain (Crowder and Reganold 2015). Even
though both the yields and the revenues of cacao were higher in the monocultures, the revenues
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obtained from the sales of plantain/banana in the agroforestry systems overcompensated for the lower
cacao revenues. Indeed, plantains and bananas were not sold as organic products because of the lack
of access to the organic market. Organic markets in rural areas in Bolivia hardly exist and the access
of potential markets in big cities like La Paz is a challenge due to deficient road-transportation, and
for other not so common by-crops, not being able to constantly supply the market and a low demand
might difficult the sales of organic by-crops.

The lower costs in the agroforestry systems were due to the lower cost of the fertilizer and weeding,
related to the lower presence of weeds in the agroforestry systems. When comparing organic and
conventionally managed systems, the costs were higher under conventional management because of
the higher cost of synthetic fertilizers. The lower costs in the agroforestry and organic systems may
have a strong implication for smallholder farmers, as they usually hold limited savings and access to
credits.

Agroforestry systems under organic farming meet the challenges of having ecological sound and
economically viable systems according to new framework of Organic 3.0. However, research on how
to increase cacao yields under this production systems is critical to be able to meet the growing
demand of cacao in a sustainable way.
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Abstract

Sustainable agricultural intensification in the tropics is imperative, but how to achieve it is a matter
of debate. Here we highlight the major knowledge gaps in agricultural research and policy that must
be addressed to develop adequate governance and regulatory frameworks which can facilitate this
transformation. Furthermore, we discuss the potentials and synergies of agro-ecology and organic
agriculture to transform our food systems, and highlight the importance of controlling food demand
through societal (behavioural) and political (structural) changes in agricultural value chains. Finally,
we review sustainability standards and participatory guarantee systems in developed and developing
countries, respectively, and argue that exemplars from developed countries could provide inspiration
to adapt governance and regulatory frameworks in developing countries.

Sustainable intensification: a primer

How to achieve greater production of food, fibre and fuel in the near future is a matter of debate, as
“conventional intensification” implies intensive use of inputs (seeds, fertilizers and pesticides) to
maximize productivity, whereas “ecological intensification” refers to alternative farming systems that
respect and conserve natural resources while generating acceptable farm income (SCAR, 2011;
Malezieux, 2012; Bommarco et al., 2013). In recent years, the term “sustainable intensification” has
been on the agenda of agricultural research and policy. However, interpretations of “sustainable
intensification” differ substantially, and the discussion often focuses on production, neglecting the
consumption end of value chains (Garnett and Godfray, 2012; Loos et al., 2014). In this paper, we
adopted Pretty and Bharucha’s (2014) definition of sustainable intensification as: “a process or
system where agricultural yields are increased without adverse environmental impact and without
the conversion of additional non-agricultural land”.

The quest for the Holy Grail: sustainable intensification in the tropics

In order to address the multitude of challenges smallholders are facing in the tropics, food sufficiency
at local levels is pivotal (Tittonell and Giller, 2013). Farmers need agro-ecosystems which
simultaneously ensure food security, cash income and maintenance of natural resource capitals. To
achieve this, alternative farming strategies such as agro-ecology and organic agriculture are becoming
more popular in different parts of the world. Their objective is to minimize external inputs, enhance
system-internal self-regulation and increase the net returns to society.

While agro-ecology aims at designing innovative agro-ecosystems using a landscape approach and
focusing on social innovations in institutions through dialogues of wisdom (Altieri and Nicholls,
2012; Tittonell, 2013), organic agriculture focuses on a standardized framework for production and
marketing which is defined by IFOAM, the International Federation of Organic Agriculture
Movements (Paull, 2010).

Agro-ecology
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Despite producing lower yields of the main crop, diversified agro-ecological systems are
characterized by resilience to climatic extremes (Berg, 2002) and high total productivity (Schneider
et al., 2016), which minimizes risks associated with price fluctuations (Andres et al., 2016). In
addition, they contribute to pest control by increasing the abundance of natural pest antagonists (Wyss
and Pfiffner, 2008; Forster et al., 2013a).

However, the complex nature of diverse agro-ecosystems makes them more labour-intensive
compared to mechanized cultivation in monocultures. In developed countries with vast acreage and
relatively few people employed in agriculture, engaging enough manual labour may lead to costs that
are too high to bear. Hence we argue that the feasibility of agro-ecology on larger scales in developed
countries is yet to be proven. In developing countries, however, the potential of agro-ecology seems
to be relatively greater, because 1) there is no shortage of cheap manual labour, ii) mechanization is
lacking, and 1ii) large acreages demanding mechanization are rare.

Organic agriculture

The main critique of organic agriculture is lower productivity; opponents claim that organic
agriculture needs more land than conventional agriculture to produce the same amount of food, and
thus adoption on large scales may threaten the world’s forests, wetlands and grasslands (Trewavas,
2001; Avery, 2006; Pickett, 2013). Studies report the organic-conventional yield gap to range from -
25% to zero or even higher yields in organic (Tuomisto ef al., 2012; de Ponti ef al., 2012; Seufert et
al., 2012; Ponisio et al., 2015). Since organic systems typically become competitive only after the
initial conversion period of three years (Panneerselvam et al., 2012), long-term studies showed
comparable yields and higher yield stability (Lotter et al., 2003; Forster et al., 2013b; Ponisio ef al.,
2015).

A major plus of organic systems is their economic advantage; organic agriculture is significantly
more profitable and has higher benefit/cost ratios than conventional agriculture when premium prices
are considered (Crowder and Reganold, 2015). Besides, they exhibit many ecological advantages,
e.g. long-term improvement of soil fertility (Reganold et al., 2001; Mader et al., 2002; Hepperly et
al., 2006; Fliessbach et al., 2007; Teasdale et al., 2007; Birkhofer et al., 2008). Although it is
generally established that organic farms show significantly higher biodiversity, the extent to which
this contributes to overall conservation efforts is yet to be quantified (Birkhofer et al., 2014; Tuck et
al., 2014). A meta-analysis of European studies by Tuomisto et al. (2012) showed that organic
agriculture has positive impacts on the environment per unit area of production, but not necessarily
per unit of produce, which again highlights the need to close the organic-conventional yield gap.

The majority of the research comparing organic and conventional agro-ecosystems has been carried
out in temperate environments, and the number of similar studies from the tropics is limited. In order
to obtain the required evidence, the Research Institute of Organic Agriculture (FiBL) established four
long-term field trials in Kenya, India and Bolivia (Forster et al., 2013b). Initial results suggest a high
potential of organic agriculture for ecological intensification of tropical agro-ecosystems (own
unpublished data). However, there are major research gaps regarding organic crop production in the
tropics, especially regarding pest control and soil fertility maintenance.

Agro-ecology or organic agriculture?

When comparing the two approaches, we notice that agro-ecology has a stronger focus on system-
internal self-regulation and social institutions, while the main strengths of (certified) organic
agriculture are channelized market access and regulatory frameworks. However, similarities among
the two approaches abound: 1) promotion of “closed (cyclic) systems”, ii) use of multiple and diverse
crops and animals, iii) capitalizing on biological processes for pest control and soil fertility
maintenance, and iv) support of transition pathways towards ecological intensification of agriculture.
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Both approaches combine research with practice (Bellon ef al., 2009) and strongly advocate societal
change, particularly in consumer behavior. Hence we argue that agro-ecology and organic agriculture
are complementary, and should be combined to address the challenge of food insecurity in the tropics.
By capitalizing on synergies, many issues of agro-ecosystems could be addressed simultaneously, be
it at the research — policy interface or on the production and consumption end of value chains.

Drivers of transformation — governance and regulatory frameworks

While there is an urgent need to address the research gaps highlighted above, policy action is even
more crucial for the required transformation towards higher sustainability of food systems and supply
chains. To make progress towards sustainability parameters and indicators outlined in Figure 1,
research and policy priorities need to be addressed together, some of which are discussed here.

Research priorities S inability par ters and indicators l

* Participatory technology development
with local stakeholders
* Farming practices with minimal

environmental costs = w0 @
P g2 £
 Improved resource use efficiencies [\ % % Al
i \ Bl 75 S
* Waste recyclin < @
e e % %S

* Storage and post-harvest losses

Improved welfare
of rural

of sufficient
nutritious

« Institutional changes for social
Jjustice

¢ Transparent agricultural value
chains

« Certification standards and PGS

* True cost accounting

* Promotion of healthier food choices

Policy priorities I

Figure 1: Research and policy priorities for sustainable intensification of agro-ecosystems and
supply chains. Inner circle: sustainability indicators; outer circle: sustainability parameters.

Consumer preferences and cost internalization

The combination of higher consumption of energy dense but nutrient poor foods (“empty calories”)
and sedentary lifestyles has created the pandemic of obesity in developed countries, which is a major
economic burden to health and social systems. (Albritton, 2009; Wang ef al., 2011). The Standing
Committee on Agricultural Research of the European Commission emphasizes that, in order to stay
within the capacity of system ‘Earth’, increasing food demand needs to be mitigated through
behavioural change and structural changes in food systems and supply chains. We need to 1) educate
and motivate consumers to opt for healthier and sustainably produced food, ii) implement governance
structures that enhance access to, and affordability of, healthier foods, and iii) address the disruptive
effect of unregulated trade which could facilitate the behavioural change on the consumer side
(SCAR, 2011).

The recent boom in the consumption of sustainable/organic produce in developed countries (Niggli
et al., 2014) provides opportunities to market niche products to prosperous consumers, but it is
certainly insufficient with regard to the mainstreaming of sustainable production at larger scales.
After all, the amount of subsidies to foster sustainable production to the same extent which has been
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the case in some developed countries may not be available to developing countries. Therefore, we
argue that developing countries should target the consumption side of value chains to create positive
drivers for sustainable intensification: as consumer preferences are highly price- sensitive, making
conventional produce more expensive by increasing their production costs may increase market
demand for sustainable produce.

Current policies favour unsustainable production of commodities in large quantities, which are sold
at distortedly low prices at the cost of the environment and ultimately humankind. Pretty (2000), for
instance, reported total external costs of UK agriculture in 1996 to be 208 £ per ha of arable
land/permanent pasture. Another study concluded that the non-monetarized costs of pesticide use in
Switzerland amount to at least 50-100 Mio Swiss Francs per year (Zandonella ef al., 2014). If these
costs would be internalized, conventional produce would become more expensive and sustainable
produce more competitive. This may translate into a shift towards higher sustainability of agricultural
production (Fry and Finley, 2005; Reisch and Gwozdz, 2010). ‘True cost accounting’ (internalization
of external costs) could help to achieve this objective (Pretty et al., 2001; Tegtmeier and Dufty, 2004).
However, there are major research gaps in the quantification of the true environmental, social and
health costs of different agricultural production systems. Furthermore, the practical implementation
of such accounting systems is understandably complex and requires dedicated efforts by policy
institutions based on comprehensive research findings.

Farming systems naturally involve trade-offs among competing economic and environmental goals.
Therefore, it is important to create the necessary frame conditions that allow the farmer to prioritize
both ecosystem services and economic benefits. Switzerland’s ‘multifunctional farmland’ approach
(adopted after the 1996 referendum) could serve as an exemplar in this regard (Baumgartner, 2000).

Sustainability standards and participatory guarantee systems

Certification standards integrate sustainable production practices with biodiversity conservation and
protection of social rights. Generally, certification seems to work best when supply/demand ratios in
commodity markets are low, and price premiums high. However, as the supply/demand ratios
increase, sustainability standards lose their attractiveness because the prices of certified products also
decrease. This puts a question mark behind the long-term sustainability of certification standards.

Consumers who are willing to share these responsibilities by paying higher prices for sustainable
produce appreciate quality and truthfulness. Despite the tremendous progress sustainability standards
have made across various sectors, control mechanisms remain weak in some cases, and there were
media reports accusing certification schemes of being prone to fraud (Neuendorff, 2012), or even of
cheating producers and consumers (Etahoben et al., 2012). Therefore, assuring integrity and
trustworthiness of sustainability standards is of crucial importance, and research and policy should
join hands to implement appropriate ‘checks and balances’.

Generally, farmers profited from sustainability standards by gaining access to international markets
and receiving training, which improved product quality and helped to conserve natural resources.
However, the expected impact on rural livelihoods has been limited, particularly in the case of
smallholders (COSA, 2013; Potts ef al., 2014). Owing to their stronger bargaining power, processors,
traders, retailers and other value chain players fetch relatively larger benefits compared to
smallholders (Bjorndal et al., 2014; Meybeck and Redfern, 2014). Moreover, the mandatory
conversion periods may discourage conventional farmers to join certification schemes. Therefore,
subsidies or incentives for ‘in-conversion phase’ farmers could encourage the adoption of sustainable
practices by larger numbers of smallholders. Furthermore, the additional costs for inspection and
certification remain a serious hurdle. Often, smallholders can only benefit via group certification, for
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which they need to form cooperatives. Against this backdrop, the alternative certification scheme
‘Participatory Guarantee Systems (PGS)’ was explored. By putting a focus on smallholders and local
consumers, PGS was successful in different parts of the tropics (Zanasi et al., 2009; Nelson et al.,
2010), and local governments are starting to recognize its’ role.

Nonetheless, as long as viable governance and regulatory frameworks are not in place yet, case-by-
case decisions about appropriate certification systems are needed, especially because their success is
context-dependent (farm holdings, cropping systems, target markets and social organization of local
populations have to be considered). Countries which were at the forefront of sustainability standards
development (e.g. Austria and Switzerland, where 19.5 % and 12.2 % of the agricultural land is under
certified organic agriculture, respectively (Willer and Lernoud, 2015)) could provide role models and
assist in the development of appropriate governance and regulatory frameworks in developing
countries.

In conclusion, we emphasize that in order to achieve sustainable intensification of (tropical) agro-
ecosystems and transform our food systems, the major knowledge gaps outlined in this paper need to
be addressed. We need 1) methods to quantify the value of ecosystem services and the costs to
maintain them ii) to know how to adapt alternative farming strategies to ensure their feasibility at
global scale, and iii) to quantify the true costs of different types of agriculture. While this knowledge
is crucial to formulate appropriate governance and regulatory frameworks to trigger the developments
outlined in this paper, we must not forget that research, education, practice and policy frameworks
need to be adapted to local contexts. Finally, we think that advocates of agro-ecology and organic
agriculture should join hands to tackle this huge challenge.
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To what extent does land use differ between organic and conventional
farming? A global scale analysis
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Abstract

Agricultural land-use is a key factor that drives many services provided by agroecosystems. As such,
the differences of land-use between organic and conventional farming are of critical importance.
However, such differences have been poorly investigated so far. Here, we provide an analysis of land-
use under organic and conventional production at the global scale. Results show that land-use differs
between the two production systems and that such difference depends on global climatic regions.
Organic agriculture is characterized by more export commodities (i.e. fruits) in tropical and
subtropical countries and by more arable crops (e.g. pulses) in European countries. These results
suggest that the differences in land-use between organic and conventional farming may result from
agronomic, economic, market and trade factors. These results help to better understand organic
farming expansion at the global scale and could improve future scenarios of organic production.
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Introduction

Agricultural land-use is a key driver of many services provided by agroecosystems, in particular in
terms of food provisioning, carbon sequestration, nutrient supply and pest regulation. In a context of
strong organic farming development at the global scale, differences of land-use between organic and
conventional farming are of critical importance (De Ponti 2012, Connor 2013). However, beyond
limited local studies, such differences have been poorly investigated so far in the literature. To help
overcome this limitation, this paper characterises land use (in terms of share of agricultural area under
the different crop species) in Organic Agriculture (OA) vs Conventional Agriculture (CA) at the
global scale. In particular, we aim to 1) quantify to what extent land-use differs between OA and CA,
i1) estimate how such differences depend on global climatic regions, and iii) identify key drivers of
such differences.

Material and methods

Statistical data on organic and conventional agriculture land-use for the years 2010-2014 were
obtained from the Research Institute of Organic Agriculture (FiBL, 2015) and from FAOSTAT,
respectively. Land-use data were expressed by the following crop categories: berries, cereals, citrus
fruits, coconut, pulses (including soybeans), temperate fruits, tropical and subtropical fruits, grapes,
nuts, oilseeds, olives, root crops, strawberries, tea/mate, textile crops, tobacco, and vegetables. The
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CA data retrieved from FAOSTAT was corrected by subtracting the respective organic surfaces. No
information on temporary fodders was available.

Data was filtered by removing countries whose share of organic vs. total agricultural land was under
0.5 %. Overall, land-use of 55 countries was compared. Countries were then grouped according to 1)
their respective FAO global region and ii) their climatic zone (FAO et al. 2007). For large countries,
the predominant climate was chosen. Climatic zones may be relevant since climate represents the
main physical factor influencing crop localisation.

A descriptive analysis was computed by comparing the crop composition of the two production
systems. Different global regions were compared by clustering countries belonging to each region.
Shannon Index was calculated to assess crop diversity (Peet, 1975, Spellerberg and Fedor 2003). The
Shannon Index provides an estimation of the land use diversity in terms of cultivated crop categories.
Finally, to identify the main drivers that determine land-use differences between organic and
conventional farming differ among countries, a Principal Component Analysis was performed. The
PCA dataset was built including the following indicators for each country: 1) the difference between
organic and conventional share of the each crop categories, ii) the share of total agricultural land
under organic production, iii) the domestic per capita consumption of organic products, iv) the net
number of exporters, and v) the organic countries exports values standardised on the total organic
agricultural land. All analysis were computed using the R 3.2.5 (R Development Core Team 2016).

Results

We found that land-use (in terms of share of the different crop categories) strongly differs between
conventional and organic systems (Figure 1). At the global scale, the main differences relate to
cereals, root crops, and oilseeds: these crops exhibit a lower share in organic land-use in most regions.
At the regional scale, we found some big variations among regions. For instance, we found that
exported commodities are over-represented in organic land-use in the Global South (especially
coconut, tropical and subtropical fruits, fiber crops, and vegetables in tropical and subtropical
regions). We also found that pulses were over-represented in organic vs conventional land-use in
Europe but the contrary was true in Americas. Similar Shannon and equitability Indexes were found,
on average, in OA compared to CA, meaning that organic farming does not necessary lead to a higher
land use diversification.

The PCA helped to classify countries according to the share of total agricultural land under organic
production, the internal domestic consumption of organic products, and the difference between
organic and conventional share of cereals (axis 1, 25 % of the variance) and the difference between
organic and conventional share of temperate fruits, root crops, and vegetables (axis 2, 15 % of the
variance). In particular, three main clusters are recognisable, 1) a cluster of countries in the top left
quadrant, ii) a cluster in the top right quadrant and iii) a cluster in the bottom quadrants. The first
group is characterised by more OA land dedicated to tropical and subtropical fruits compared to CA
and high exports of Organic products. The second group by more pulses in OA, a high share of OA
land, and a relative high domestic consumption of organic products. The third group is characterised
by more temperate fruits, root crops, and cereals in OA compared to CA. Geographically, these three
categories correspond respectively to tropical and subtropical countries, western European countries
and continental/Mediterranean countries belonging to different global areas. Considering the relations
between variables, a negative correlation between OA shares of tropical fruits and cereals is present.
On an economic level, countries with a higher share of OA are positively correlated with a higher
organic domestic consumption; and negatively correlated with countries with higher organic exports.
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Figure 1. Conventional (conv) and organic (org) land use composition. Bars show the cumulative shares
of the different crop categories (ordered according to the legend) in the different global regions: Europe
(EU), North and Latin America (NA, LA), Africa and West Asia (AFWA), Asia (AS), and Oceania (OC).
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Figure 1. Results of the Principal Component Analysis. Arrows indicate the PCA variables; the variables
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Discussion

Organic land-use is driven by a set of factors. From an agronomic point of view, organic land-use
reflects the solutions that organic farmers have adopted to avoid synthetic inputs. In particular, the
bigger share of pulses in Europe and the more diversified land-use in OA suggest that farmers have
adapted their rotations, to harness the benefits of legumes symbiotic fixation and enhanced pest
regulation by more diversified landscapes.

Although data availability represents a limitation to this assessment, especially regarding information
on organic markets at the country level, our results demonstrate the key role played by economic and
market forces in land-use construction. Indeed, Organic products are mostly consumed by Western
countries (Agence Bio 2014). These countries, by having a strong demand for some tropical organic
products, drive organic production towards exported commodities. Hence, the creation of organic
local markets might help the expansion of organic arable systems in tropical areas.
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Abstract

About one fifth of world’s agriculture area i.e. drylands is still fairly untouched from green revolution
happened with the use of chemicals. These areas receives small amount of rains that restricted the
use of chemicals and become a boon rather than curse, that maintained their purity of products and
conserved ecosystem. These areas the hope spots for conservation of agro-biodiversty and cultural
heritage of farming that otherwise know as default organic are having low productivity. A model of
sustainable intensification in this system and scaling up with ‘Like and Follow’ approach has been
developed at Central Arid Zone Research Institute (CAZRI), found very useful in improvement and
up-scaling of traditional default organic system of the drylands of India.

Introduction

Traditionally, in low rainfall areas (rainfall below500mm/yr) of India multi-component default
organic farming systems are prevalent which include annuals, perennials and livestock. Such
systems have very low external inputs and rely heavily on recycling of local resources in order to
cope up with the risk of rainfall uncertainty. Although these systems have sustained reasonable yield
under the prevailing climatic uncertainties, their productivity may be improved through enhanced
efficiency of resources and incorporation of modern ecofriendly technologies.

To design this default system for sustainable intensification with all possible agro-ecological
approaches and incorporation of modern eco-technologies an attempt has been successfully done at
CAZRI, Jodhpur. Some of the opportunities available in this region like abundance of neem tree,
traditional eco-wisdom, high value monopoly native crops like cumin, psyllium, pulses and
other spices have been used in development of model and up-scaling in the region.

Material and methods

For improvement in the default organic system of this tropical region with the approach of sustainable
intensification a Model Organic Farm(MOF)established in 2008 in 2.0 ha area at Central Farm
CAZRI(26.24° N, 72.99° E), Jodhpur and got status of certified in 2011. All the required facilities
like bunding, keeping buffer zone, rainwater harvesting, preparation of inputs e.g.compost,
biopesticides, etc. and use of pheromone traps and beneficial microorganism have been developed
at farm. A variety of trees/shrubs for fruit and other use were planted on the farm to ensure an
income from diverse sources, material for biopesticides and to increase biodiversity on the farm.
Information boards are places at various places in the field so any visitor can read about and
understand different aspects of the system. The entire farm has been set-up around three main
branches of sustainability: rain water; waste utilization and field education. For scientific and
certification purposes records are maintained about input use, farming practices, produce storage etc.

8 Central Arid Zone Research Institute(CAZRI),Jodhpur, INDIA , Email: arun.k_sharma@yahoo.co.in, Web:
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Results

A rotation of four high-value crops, including cluster bean and sesame in the rainy and cumin and
psyllium in winter season were selected for the study. Seven years after establishing the farm there
has been an overall improvement in soil health and agro- diversity that is helping to make the system
more resilient to climatic extremes such as drought, long dry spells or heavy rains in few hours. The
population of beneficial fauna has also increased and is controlling pest incidence. More details are
given below.

Improved soil properties

The use of compost (made with animal and farm waste)has led to an observable increase in soil
water retention(from 8.43%to 8.92%)that has helped in better growth and crop yields. Similarly an
increase in soil organic carbon content from 0.23%to 0.32% has been observed after seventh years
of applying compost at a rate of 5 metric tonnes/ha/year. Biological activity, measured in terms of
Dehydrogenase enzyme activity, has also improved from 1.06to 2.36(pKat g-1),showing that the soil
is becoming more alive.

Crops are more resilient to climatic variability and provide a better yield

Crop resilience to climatic variability has been enhanced by the use of compost. This is observed in
sustained crop growth, lesser incidence of pests and diseases and sustained yield during climatic
extremes, compared to conventional farms. Yields increased significantly with an increase in the
dose of compost(from 2.5to 5 tons/ha) for all the crops. Legume cultivation in the rainy season
contributed an average 25-30% increase in yield in the subsequent crops of cumin and psyllium.

Disproved the widely held view that organic systems are poor yielder

There is a widely held view that organic systems give poor yields. However, the findings at the MOF
show that,while during the initial developmental stage of an organic system there may be slightly
lower yield than that of in a conventional one, after 2-3 years once the system is developed the yield
levels are comparable to the conventional (chemical input based)system. In the sixth year
(2014)yields of 917.5kg/ha for sesame,1122.2kg/ha for cluster bean, 830.9kg/ha for cumin and
856.4kg/ha for psyllium were recorded with the application of compost @ 5.0 t/ha. This is
comparable to the average yield of a conventional system. Since most of the inputs are being
prepared on-farm the cost of production was reduced by30-70%, depending upon the crop.

Increasing the density and diversity of farmer’s friends (beneficial insects)

Round the year availability of water (harvested rainwater) and nectar and no use of chemicals led to
an increase in the diversity and density of beneficial fauna, which has almost tripled in seven years.
Syrphid flies, wasps of different types, honey bees, bumble bee, ground bee and geocorid bugs are
major beneficial insects on Zizyphus. Besides insects,13 species of predatory birds have been seen
including crow, prinia, babbler etc. at MOF and help in controlling insect pest.

Up-scaling with ‘like and follow’approach

People or organizations present their profiles and work through the social media, and those who like
them can then follow them. The same is true for organic farming, if all the possibilities are displayed
and the outcomes can be seen, a famer just needs to ‘like’it and prepare himselfto  ‘follow’(adopt)
it. In the second phase the farmer will need technical and to some extent, financial support for
adoption, the CAZRI staff will do ‘follow’ up action time to time to bring it upto success level.

Farmers groups (a total of 500-600farmers/year) frequently come to visit this farm and get hands-on
training. Many of them have adopted these technologies because using local resources makes it into
a cost effective and affordable system for drought prone marginal farmers. Yet they often have
questions and doubts about the organic approach, which we listen to carefully and give customized
reply to every farmer based on his socio-economic condition and resource management skill. A
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village ‘Dantiwara’ has been adopted to transfer the organic farming technology developed at
CAZRI and organic seeds produced at MOF are being given to the farmers of this village

Policy suggestions for upscaling of organic farming in drylands

Considering the export demand and contribution in the sustainability and economy of this default
organic region; it is need of the hour to do integrated efforts for quantity as well as quality organic
production . These efforts are need to be done at all level i.e. policy, research, marketing etc.
Integration of technologies and programmes and coordination among various agencies is the prime
requirement. For example, development of package of organic production may not be much effective
until and unless promotion policies and good market facilities are not available. Integrated action
plan at policy and research level are required. Some of the policy suggestions are-

1. Priority to organic farming in ongoing programs: Organic farming need not to be
promoted as a new program that may cause overburden of additional program, rather priority is
given to it all the ongoing program for agriculture running by Govt.

2. Popularization of organic farming without compulsion of certification: In dryland areas
farmers are very poor and unable to afford the cost of certification. Instead, at initial stage organic
farming should be promoted for improving soil fertility, reducing cost of production,production
resilience and other environmental advantages.

3. Dissemination of organic farming in holistic manner: Most of the agencies promoting
organic farming in piecemeal approach e.g. .only vermi-compost, only Integrated Pest
Management, only Integrated Nutrient Management etc. this makes confusion among the farmers.
While organic farming is an integrated approach for nutrient recycling, conservation of natural
resources, water conservation, crop rotation / diversification etc. Therefore, it must be inclusion
of all these aspects which can make a sustainable organic farming in real term.

4. Adoption of improved methods of composting: Majority of the farmers in the rainfed areas
apply animal and crop waste in sundried un-decomposed form to the soil, as a result the
availability of nutrients to the plants decreases and also invites several pests. It would be better to
apply these materials after composting them with any of the suitable methods. These methods can
be popularized and financially. supported under the "Clean Village Scheme" of the central
governments or by increasing technical and financial support for biogas plants that gives both
energy and compost.

5. Development of organic clusters of villages: Available clusters of villages of watershed
programs ( mainly running in drylands)may be converted into organic cluster of villages by
providing technical support. This will be cost effective and make easier the group certification
process of organic produce.

Future of organic farming in drylands

Water scarcity and light soils in India’s drylands mean that an organic approach is highly suitable and
applicable in these low rainfall areas. These regions have a monopoly on high value crops, such as
oilseeds and spices, which are in great demand internationally, especially if produced organically. In
this way, organic production in low rainfall areas not only boosts the economy but also sustain the
productivity of natural resources. The management system developed at the MOF may also be useful
for drylands in other parts of the world. Further research is needed to economical and ecological
quantification of the contribution that this system makes and a team of devoted trainers is required in
order to up-scale(extend)this system to the interested farmers.
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Abstract

A trial carried out in 2015 at the Irrigation Research farm Kadawa, in the Sudan savannah,
investigated system of rice intensification as it influences rice production at three spacings, using
organic fertilizers only. Soyabean (SB) and cowpea (CP) fodder either incorporated with poultry
manure (PM) or used alone were compared with PM alone and no fertilizer application. Rice
production was best at the PM alone application and exceeded the SB+PM (7.6%) and CP+PM
(11.4%) in grain production, SB alone (14.5%), CP alone (40%) and the control (60.5%,). Improved
grain production was predicated on improved number of tillers and plant dry weight produced at PM
alone application. The spacings used were similar in yield and growth attributes though they
improved at the wider spacings. Improvement in the productivity of rice is therefore possible under
effective water and crop management and the use of organic fertilizers for optimal soil’s physical,
chemical and biological processes.

Introduction

Irrigated rice is produced either twice in a year or after a dry season tomatoes crop in the raining
season. This continuous cultivation with high doses of chemical fertilization and protection lead to
soil and water pollution as well as soil salinity (WWF, Germany, 2013). The unsustainable practices,
contribute to land degradation and are perhaps responsible for the low rice yields often recorded
among farmers. The system of rice intensification has recorded highly improved yields of rice crops
among farmers by managing soil water usage, improvement of the soil’s organic matter and the proper
care for the seedling. Although not fully understood yet, root development is implicated in this
improved production (Kumar, et al., 2004). Seedlings are transplanted immediately after uprooting
and the field is not continously flooded; this together with improved OM results in healthier root
systems and more vigorous crop growth, leading to improved yield.

Material and methods

A field trial, conducted in the 2015 cropping season at the Irrigation Research farm Kadawa
(11°11°N, 07°38’E, 686m above sea level), in the Sudan savannah of Nigeria; investigated early
transplanting of rice seedlings at wider spacing and no flooding of the basin on the performance of
Faro 44 rice crop. Treatments included two types of green manure (GM) - cowpea (CP) and soyabean
(SB) incorporated at maturity and the application of poultry manure (PM). The treatment
combinations were GM alone, CP or SB with PM, PM alone and a control — where no manure was
applied. Where PM was applied alone 9.6kg was used while where PM was added to plots with GM
4.8kg was used. The rice seedlings were transplanted at three (3) spacings — 20cm, 25c¢m and 30cm;
giving a total of 18 treatment combinations in four replications. The plot size was 4m by 4m, while a
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quadrant Im by Im was harvested for the determination of the grain yield. Faro 44 (Sippi 692033)
takes 100 — 120 days to maturity.

The nursery was prepared and planted on July 13, 2015 and PM applied to the field on July 14 and
15, before land preparation. Seedlings were transplanted from August 3 to 10, using the spacings
stated above. Data taken on the rice plant included stand count, plant height, tillers per plant, plant
dry weight and grain weight at harvest. The crop was harvested on December, 02, threshed and
winnowed to obtain the grain yields.

Results
Tillers per plant:

The application of poultry manure alone had the highest number of tillers per plant, and was similar
to both the application of CP+PM and SB+PM but significantly higher than the application of CP
alone and the control (Table 1). Application of fodder and PM were also better than the application
of CP alone and the control. The 30 cm spacing had more tillers than the other spacings and was
significantly higher than at 20cm.

Dry matter:

Application of poultry manure alone resulted in the heaviest dry matter produced and was similar to
the SB+PM application but significantly higher than other treatments (Table 2). Application of
SB+PM was similar in dry matter produced to the CP+PM and CP alone but significantly higher than
the SB alone and the control; while but the control and application of SB alone were similar in dry
matter produced. The spacing used had no significant effect on dry matter produced, though it was
highest at 30cm.

Grain yield:

The grain yield was highest with the application of poultry manure alone and was similar to the
application of CP+PM and SB+PM but significantly different from manure applications (Table 3).
The application of CP+PM and SB+PM had similar grain yield with the application SB alone but was
significantly higher than the application of CP alone and the control; while both the application of
CP alone and the control were similar in grain production. The 25c¢m spacing had the highest grain
weight among the spacing used but they were all similar.

Table 1: Effect of the application of poultry and green manure rates and plant spacing on
number of tillers/plant of rice, using the system of rice intensification

Treatments Spacing (cm)

20 25 30 Mean
No fertilizer 10¢ 14b 16P 14¢
CP +PM 182 173b 192 193b
CP alone 14b 14b 16P 15¢
PM 202 202 202 202
SB + PM 192 173b 16P 18P
SB alone 14b 172b 192 17°
SE + 1.25
Mean / (SE +) 0.51 16¢ 17> 18¢

Means followed by the same letter(s) in a column are not significantly different at P = 0.05 using
DMRT
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Table 2: Effect of the application of poultry and green manure rates and plant spacing on dry
matter per plant of rice, using the system of rice intensification

Treatments Spacing (cm)

Fertilizers 20 25 30 mean
No fertilizer 67.8f 71.41 74.21 71.1¢
CP +PM 145.3¢ 142.0¢ 147.0¢ 144.7°
CP alone 138.0° 122.04 141.4¢ 134.2b
PM alone 177.0P 149.6¢ 195.7* 174.12
SB + PM 134.3¢d 197.22 144.9¢ 158.82
SB alone 81.4f 102.9¢ 104.9¢ 96.4¢
SE + 15.58

Mean / (SE +) 6.52 123.9 130.9 134.7

Means followed by the same letter(s) in a column are not significantly different at P = 0.05 using
DMRT

Table 3: Effect of the application of poultry and green manure rates and plant spacing on
grain yield (gm) of rice, using the system of rice intensification (SRI)

Treatments Spacing (cm) Mean
20 25 30

No fertilizer 437¢d 400¢d 3834 407¢

CP+PM 5473be 6602 6122b 6072

CP alone 459bed 473bd 467bed 467¢

PM alone 6242 668* 6677 6532

SB + PM 5863P 5912b 581abe 5863P

SB alone 5663b¢ 578abe 5662b¢ 570P

SE +44.49

Mean / (SE +) 18.16 536.8 562.1 546.4

Means followed by the same letter(s) in a column are not significantly different at P = 0.05 using
DMRT

Discussion
Crop performance:

Crops that had additional nutrients from either green manure, poultry manure or the combination of
green manure and poultry manure performed better than those that did not receive additional
nutrients. This is shown by a 6 — 45% increase in the number of tiller produced, 35 — 145% increase
in plant dry weight and a 9 — 60% increase in the weight of grains produced. This is not surprising as
added manure would have boosted the soil’s organic matter (SOM), and thus nutrients and retained
moisture for a longer time. The plant spacings employed did not have as much influence on the crop
performance but the little increases could be enough to justify spacing crops at more than 20cm.

Effect of manure application:

The application of manure improved the number of tiller per plant by about 6 — 45%, dry matter by
about 35 — 145% and grain yield by about 9 — 60% over the control (where no fertilizer was added).
Of the three manures used the application of poultry manure alone was the most efficient in improving
crop performance; which is not surprising since nutrients from it was more readily available than
from the green manure that would need to be decomposed first before the release of the nutrients
contained in it. The variation in the contributions by the legume crops can be attributed to both the
biomass produced by the legumes and thus nutrient content of the plant, the amount of nitrogen fixed
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into the soil as well as the ease of decomposition. While the amount of nitrogen fixed per hectare for
cowpea is estimated to be 198kg that fixed by soyabean is 88kg (Schroder, 1992). This may have
been responsible for the higher dry matter produced the cowpea alone over soyabean alone among
the green manure alone application. It is also possible that the incorporated soyabean crop
decomposed quicker than the cowpea and that this was responsible for the better grain yield and the
higher number of tillers recorded with soyabean GM alone.

System of Rice Intensification (SRI):

It would seem that the system for rice intensification used in this trial improved the performance of
the rice crop as yields obtained were within the yield range {80 — 106 (75kg) bags ha™!'} for the variety
used — Faro 44. Some attributes of the system that could have made this possible include the
management of the seedlings, use of organic matter and the intermittent supply of water instead of
continuous flooding. The intermittent flooding of the rice crop in the system mimics the deficit
irrigation (FAO, 2002), in which water supply is less than the crop’s full requirement. Like deficit
irrigation, the intermittent flooding could have favoured root development (Barison, 2002);
contributing to more effective water use, and thus nutrient uptake, from deeper soil horizons. The
improved root development and nutrient uptake gave rise to the improved number of tillers and plant
dry weight which translated to the improved yield obtained as the photosynthetic surface was
improved (improved source and sink). In addition, the improved soil environment meant soil moisture
was retained for a longer time thus prolonging the period for photosynthate production and
accumulation and thus yield.

Conclusion:

Given the increasing demand for food with the high rate of land degradation being experienced,
sustainable and viable agricultural systems is critical to food security and poverty alleviation. The
production of rice using organic agriculture methods together with the system of rice intensification
is a win-win situation. Not only are the soil, water and the environment not degraded in this practice,
the farmer’s yield is improved tremendously. Also the technique of intermittent flooding in SRI
means that, like in deficit irrigation, even if rice is to be produced using irrigation alone, less water
will be required, allowing more area to be opened up for irrigated farming and/or more crops to be
planted (Oweis, et al. 1999).
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Agroforestry is more productive than monoculture, and organic
agroforestry is competitive with its conventional counterpart
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Abstract

Cocoa (Theobroma cacao L.) is produced in monocultures (MONQO) or agroforests (AF). Famers have to
decide between two strategies: short-term (rapid incomes by maximizing cocoa yields in MONO) or long-term
(diversified, sustainable production and ecosystem services in AF). More long-term data on the ecological,
economic and social performance of such systems under different management regimes is needed to make
sound recommendations to farmers. Here we describe the only long-term field trial worldwide comparing
MONO and AF under conventional (CONV) and organic (ORG) management (full-factorial, randomized
complete block design with four replications). First results show significantly faster development of trunk
circumferences in MONO compared to AF (+21 %). In MONO, cocoa yields were 47 % lower in the ORG
compared to the CONV system. In the AF, however, the ORG — CONV yield gap was smaller (-16 %) and
statistically insignificant. The cumulative yields of all harvested products were significantly higher in AF
compared to MONO (+161 %). The productivity of cocoa by-crops in AF may contribute to local food security
and risk distribution in smallholder contexts.

Introduction

Assuming you are a smallholder in the tropics and you want to produce cocoa (Theobroma cacao L.), you are
confronted with the following question: “Should I go for agroforestry (AF) or for a monoculture (MONO), for
conventional (CONYV) or organic (ORG)?” Regardless of ORG or not, MONO means maximizing income
from cocoa in the first two to three decades after setting up your plantation, which happens to often go together
with crop protection using synthetic inputs. In contrast, AF means maintenance of soil fertility, less problems
with pests and diseases, and a continuous supply of a range of products over long periods of time of up to a
century. Or in other words, higher sustainability in ecological and economic dimensions. Sounds perfect, so
where is the problem?

Given that the vast majority of global cocoa production happens in MONO, there must be at least one problem.
There are many in fact, and going into detail about all of them would go beyond the scope of this paper. Only
so much: there is virtually no long-term data on the performance of MONO and AF under CONV and ORG
management. If we are to put the ideological debate around cocoa production on a solid evidence base, and if
we want to make sound recommendations to farmers, we have to address this.

Material and methods

It would be beyond the scope of this paper to explain everything we did in order to enable somebody to repeat
our work. For the purpose of this paper, we only provide a general description of the trial. However, a very
detailed description of the whole experimental setup and management practices can be found in Schneider et
al. (2016). The five different cocoa production systems under comparison include two MONO and two AF,
one under CONV and one under certified ORG management, as well as a dynamic agroforestry with zero
external input under certified organic management (SFAS). The experiment is set up as a full-factorial,
randomized complete block design with four replications. The factors tested are: 1) crop diversity (MONO vs.
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AF), and ii) management practice (CONV vs. ORG). The combination of the two factors make up the system
effect. Figure 1 shows example plots of a MONO CONYV and a SAFS four years after planting the cocoa trees.

R . s e

Figure 1: Left panel: young MONO in Bolivia. Right panel: young SAFS after shade tree pruning in Bolivia.
Pictures were taken four years after cocoa tree planting. Source: own research.

Results
Productivity of cocoa trees (2011 —2013)

Mean cocoa dry bean yields in 2013 (5th year after planting) ranged from 587 kg ha™! in MONO CONV to 105
kg ha'! in SAFS (Figure 2, data refer to marketable beans only). MONO CONV showed significantly higher
yields than all the other systems (+153 %), followed by MONO ORG which, in turn, achieved significantly
higher yields than the two agroforestry systems (+33 %). The two agroforestry systems showed no significant
difference between each other, yet they attained significantly higher yields compared to SAFS (+136 %). The
percentage of diseased fruits in the total amount of harvested fruits was low, ranging from 0 to 6 %, and did
not significantly differ between the systems (data not shown).
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Figure 2: Development of cocoa dry bean yields 2011 — 2013 [kg ha™']. Production systems: (A) full-
sun monoculture under conventional management (MONO CONYV), (A) full-sun monoculture under
organic management (MONO ORG), (0) agroforestry system under conventional management (AF
CONYV), (e) agroforestry system under organic management (AF ORG), (#) successional

agroforestry system under organic management (SAFS, dynamic multi-strata, zero external input
system.
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Table 1: Cumulative dry matter yields [kg ha!] of marketable products harvested in five different cocoa production systems from 2009 to 2013.

Factor Cocoa beans full stock yields' Cocoa beans current stock Plantain bunches (2009 — Banana bunches (2012 — gDrl;flrgf(‘l; (()109 Elll;/:rrsilf(‘l; (()iogrults andTotal (current stock yields
_ ; 2 _ — _ A
(2011 -2013) yields® (2011 —2013) 2011) 2013) 2013) 2013) 2009 —2013)

Post-hoc comparison of Crop

diversity and Management Mean sem  Mean sem  Mean sem Mean sem Mean sem Mean sem Mean sem

practice analysis

AF 598° 48 498° 45 3'568* 902 8'036* 841 - - - - 12'101* 1'720

MONO 1'012* 155 756* 110 3'874* 921 0° 0 - - - - 4630° 1'002

CONV 1'0094 157 7674 109 44694 930 4'478% 1'738 - - - - 9'7144 1'914

ORG 6018 45 487" 38 219724 802 3'558% 1'496 - - - - 70174 1'940

ANOVA of Crop diversity and Management practice analysis

Source of variation numDf denDf F value p valuenumDf denDf F value p value numDfdenDf F P numDfdenDf F P - - - numDf denDf F value ©
value value value value value

Crop diversity (D) 1 9 26.209 0.001 1 9 20.778 0.001 1 9 0.151 0.706 1 9 91.440;001 - - - 1 9 24.430 0.001

Management practice (M) 1 9 27.516 0.001 1 9 24376 0.001 1 9 3.618 0.090 1 9 1.200 0.302 - - - - 1 9 2.591 0.142

DxM 9 11.373 0.008 1 9 11.347 0.008 1 9 0.320 0.5851 9 1.200 0.302 - - - - 1 9 0.076  0.789

Land preparation 1 2 5.467 0.144 1 2 4.000 0.184 1 2 17.8350.052 1 2 0.610 0.517 - - - - 1 2 7.870 0.107

fg;:;’l;?sc comparison of System Mean sem  Mean sem  Mean sem Mean sem Mean sem  Mean sem Mean

AF CONV 658" 53 542° 53 4'093* 1'410 8'957° 853 - - - - 13'5922 2'183

AF ORG 538° 74 453° 73 3'042° 1'275 7'115* 1'416 - - - - 10'610% 2'749

MONO CONV 1'360° 173 991* 139 4'845* 1'398 - - - - - - 5'837¢ 1'521

MONO ORG 665° 35 521° 26 2'903° 1'172 - - - - - - 3'424¢ 1'183

SAFS 239°¢ 30 195¢ 34 11230° 795 99° 99  1'750 104 5'118 562 8'392° 796

ANOVA of System analysis

Source of variation numDf denDf F value p valuenumDf denDf F value p valuenumDfdenDf F P numDfdenDf F P - - - numDf denDf F value *
value value value value value

System 4 12 34.969 ;OO] 4 12 30.905 <0.0014 12 3.551 0.0394 12 35.1 15;001 - - - 4 12 8.617 0.002

Land preparation 1 2 5.079 0.153 1 2 3.978 0.184 1 2 14.645 0.062 1 2 0.713 0.487 - - - - 1 2 7.663 0.101

!Cocoa dry bean yields after fermentation and drying (water content: 8 %), full stock yield = current stock yield standardized with number of trees > three years; sem: standard error of the mean; 2current stock yield = actual surface
yield; 3diversified grains included maize, rice, pigeon pea and achiote (for details see Schneider et al. (2016)); “diversified fruits and tubers included cassava, hibiscus, pineapple, tannia, ginger and turmeric (for details see Schneider
et al. (2016)); MONO CONV: Monoculture under conventional management, MONO ORG: Monoculture under organic management, AF CONV: Agroforestry system under conventional management, AF ORG: Agroforestry
system under organic management, SAFS: Successional agroforestry system under organic management (dynamic multi-strata, zero external input system); different superscript letters indicate significant difference between mean
values (multilevel modelling approach according to Gelman ez al. (2012), P(Diff>0) < 0.05 p value and degrees of freedom (numDf: nominator Df, denDf: denominator Df) of fixed effects in linear mixed effect models, random

factors in the model: Block (n=4).

144



Scientific Conference “Innovative Research for Organic Agriculture 3.0”
19" Organic World Congress, New Delhi, India, November 9-11, 2017
Organized by ISOFAR, NCOF and TIPI

Total system yields (2009 — 2013) and ecological benefits

In the AFs, substantial amounts of banana were harvested in 2012 and 2013 (8’036 kg ha!). In SAFS, considerable
amounts of diversified fruits and tubers were harvested between 2009 and 2013 (5’118 kg ha'!, Table 1). SAFS
was the only system in which these crops were cultivated. The MONOs achieved both the highest cocoa dry bean
yields, and MONO CONYV additionally exhibited the highest plantain yields (4’845 kg ha™!, harvested from 2009
to 2011) compared to all the other systems (+72 %). Despite this, the cumulative yields of all marketable products
in MONO CONV and MONO ORG could not reach the level of the three agroforestry systems (Table 1).

Total system yields ranged from 13’618 kg dry matter ha! in AF CONV to 3’464 kg dry matter ha™! in
MONO ORG (Table 1). The AF CONV showed significantly higher values than SAFS and the
MONGOs (+131 %), followed by AF ORG and SAFS which were significantly higher than the MONOs
(+105 %) but did not differ significantly from each other. The MONOs ranged lowest (-57 %
compared to the other three systems) and were not significantly different from each other.

Discussion

Did we succeed in providing long-term data on the performance of MONO and AF under CONV and
ORG management? Partly. One would not typically call results from the establishment phase of a cocoa
plantation “long-term”. So we have a way to go. But the fact that we dispose of this unique long-term
trial described in this paper makes us optimistic that we will be able to do so in the future. The results
we showed in this paper underline the reported potential of AF to contribute to local food security and
risk distribution in smallholder contexts, and call for the elaboration of sound management
recommendations in ORG cocoa production. Given the projected price increases for cocoa on the global
market in the coming decades, the economic evaluation of our findings (addressed in a separate
publication) is of utmost importance. Future research on trade-offs in ecological, economic and social
dimensions may eventually allow for a holistic assessment of the different cocoa production systems.
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Abstract

The potential contribution of Organic Agriculture to feed the world in the next decades is a controversial
question. In this context, it is of critical importance to assess the factors that may limit organic farming
expansion. In particular, due to the ban of chemical sources, nutrient availability for organic farming
may fall short if organic farming strongly expands at the global scale. This study makes a first step into
exploring the consequences of organic farming expansion on nitrogen (N) and phosphorus (P) balances.
To do so, we tested the feasibility of organic farming expansion by calculating N and P budgets under a
set of production assumptions, using a spatially explicit approach. A conversion to organic agriculture
of 30 % and 100 % of the global crop and livestock production was simulated. Results in the 30 %
organic world scenario showed a predominance of areas with a positive nutrient budget. Contrastingly,
in the 100 % organic world scenario budgets in areas of intensive crop production became negative.
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Introduction

The potential contribution of Organic Agriculture (OA) to feed the world in the coming decades is a
highly controversial question. Answering this question requires exploring scenarios of OA expansion at
the global scale. One of the central issues is whether nutrient resources in compliance with OA
requirements can support organic crop demand if organic production strongly expands. An eventual
decrease in nutrients availability would create a vicious circle, leading to a decrease of crop yields,
livestock numbers and, consequently, available organic fertilisers. Interactions in terms of nutrient
exchanges between OA and Conventional Agriculture (CA) exist through material exchanges and might
play a substantial role in supporting this expansion. To address this question, we developed a spatially
explicit modeling approach to calculate N and P budgets for both CA and OA agricultural area under
different scenarios of organic farming expansion.

Material and methods

Overall, we calculated spatially explicit soil N and P budgets for both CA and OA at the grid cell scale
(5 min resolution, equivalent to 10 x 10 km at the equator) for the whole planet. Budgets were calculated
as the difference between soil nutrients inputs (livestock manure, N fixed by legumes, N atmospheric
depositions, and CA synthetized fertilisers) and outputs (crops exports) for each grid cell. Hence, soil
was not part of the system considered, i.e. land quality differences were not taken into account. Nutrients
flows from CA to OA have been reported (Nowak et al. 2013). Our scenarios will take into account these
interactions. As a matter of fact, we firstly computed CA budgets, and we estimated the eventual animal
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manure surplus available in conventional manure. This manure surplus was considered to be potentially
available as a nutrients source for OA.

Global spatially-explicit datasets on crop production (Monfreda et al. 2008), inorganic fertilisers
application (Mueller et al. 2012), livestock numbers distribution (Robinson et al. 2014), and deposition
of atmospheric nitrogen (Dentener et al. 2006) were collected. In total 164 countries, 46 crops and 5
livestock species were considered.

Budgets were calculated according to the following base equation:
[Eis_iqlff(]-‘i X eik) + 2;1221 Fj + E\laf):l(Aw X fw) + Ndep]'[zgl':zl Aj X Y] X nj][z:ilklii(l’i X eik) + Ej’il F] + Z\}/O:l(Aw X fw) + Ndep] - [ }'ElAj X Y] X TL]-]
where:

e 1, is the livestock heads in each grid cell for the i animal species (cattle, pigs, sheep, goats, and
poultry) and ¢, is the excreta coefficient for each animal species i and each country k;

e £, is the amount of inorganic fertilisers applied in CA to each grid cell for each crop species j;

e 4, is area cultivated under each w legume species and f, is the coefficient of N fixation computed
according to Hegh-Jensen et al. (2004);

® N, is the N total atmospheric deposition;

e 4, v, and n, are the area cultivated under each crop species j, their correspond yield and nutrients
contents, respectively.

Crops’ nitrogen and phosphorus content was collected from literature (Food Standards Agency 2002;
INRA 2007; INRA et al. 2016) while country-specific livestock excreta coefficients were calculated as
proposed by Sheldrick et al. (2003). Crop yields were taken from (Monfreda et al. 2008) for conventional
farming and were then applied a ~ 20 % yield-gap for organic farming (Seufert, 2012, De Ponti 2012,
Ponisio, 2014). In order to account for the respective leakages, inorganic fertilisers as well as the manure
available to fertilise croplands was corrected according to the IPCC guidelines on nutrient losses (IPCC,
2006).

Two scenarios of organic farming expansion (30 % and 100 % of global cropland and livestock
production) were tested. Conventional budgets were calculated under the hypothesis that, where
possible, farmers use organic manure to balance c