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Abstract

With rise in demand of organic products because of health benefits and environment concerns, it becomes necessary to
produce sufficiently, but unfortunately due to poor productivity, it is currently not possible to fulfil the future nutritional
demand. The reason behind is using the same plant cultivar for both intensive and organic farming system and expecting a
similar outcome. The major difference lies between the nutrient availability pattern and form in both the cases. The plants
suitable for intensive (conventional) farming get high amount of nutrients at its peak stage whereas in organic farming, the
manure applied needed to be decomposed first by microorganisms and follow mineralization process on which conversion to
available form like NO," and NH,", hence its availability was low when it was highly required. Considering the mentioned
problem it is highly desirable to breed the plants for organic conditions such that it can change the plants’ nutrients
absorption pattern, increase nutrient absorption capacity, reduced root losses due to pathogens, ability to maintain a high
mineralization activity in the rhizosphere via root exudates, increased rooting depth and associated ability to recover N

leached from the topsoil. A considerable approach is urgently required to sustain the rising organic food requirement.
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Introduction

The major challenge of organic farming is to maintain
high yields and excellent quality utilizing farming practices
that have acceptable environmental impacts (Tilman et
al., 2002). The demand for organic food is steadily
increasing both in developed and developing countries
with annual growth rate of 20-25% (Ramesh et al., 2005).
The problem lies with the productivity in the organic farm,
which is giving low yield compared to conventional
farming (farming with high inputs). Also according to an
estimate the rising population will result in 9 billion
populations at the end of the year 2050 with double the
food demand as it is now (Tilman et al.,2002). This raises
questions whether low organic yield can sustain the
growing food demand? Or can high yielding varieties
perform similarly in organic farms?

Several yield trial comparisons between organic and
intensive farming system have shown significantly lower
yield for organic system (Stanhill, 1990; Ryan et al., 2004;
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Seufert et al., 2012). A comparative study of different
crops in the certified organic farms and their productivity
levels to conventional farms are given in fig. 1. Since, the
demand for organic food is rising, thus, to fulfil the growing
demand high productivity is a need in organic farming.
Around the world the crop grown since decades under
the organic farming is mainly dependent on the crops
bred based on high input sector and that didn’t possess
the required important traits needed under organic farming
and low input sector (Lammerts van Bueren et al., 2002;
Murphy et al., 2002; Wolfie et al., 2008). According to
estimation, it almost covers 95 per cent of the total
organically cropped area (Lammerts van Bueren et al.,
2011). It means a huge area cultivated under organic
farming needed to be standardized for better productivity
by cultivating suitable variety. As said organic farming is
devoted to naturalness of its culture which includes non-
chemical, the agro-ecological and integrity approach which
can be fulfilled if the crops fulfil their nutrient requirement
sufficiently in an organic field at all stages of growth.
Since crop bred for intensive agriculture are selected for
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high input sector and does not yield similarly in organic
farming it is required to breed the variety, which is suitable
for the organic farm.

Why organic farming?

Organic farming has been shown to improve many
different environmental and human components of the
agro-ecosystem (Reganold ef al., 2001). A review of over
300 published reported (Stolze et al., 2000) showed that
out of 18 environmental impact indicators (floral diversity,
faunal diversity, habitat diversity, landscape, soil organic
matter, soil biological activity, soil structure, soil erosion,
nitrate leaching, pesticide residues, CO,, N,O, CH,, NH
nutrient use, water use and energy use), organic farming
performed significantly better in 12 and performed worse
in none. There are also high pre-consumer human health
costs to conventional agriculture, especially use of
pesticides (Conwat and Pretty, 1991). Due to such rise
in health consciousness and betterment of environment,
a huge scope can be seen for the future. Currently
cultivated organic agriculture varies from 0.00001% to
35.6% (Anonymous, 2013) where India falls in category
0f 0.49-3% and it is increasing year by year.

Nitrogen as a key factor

The plants responses by the action of their growth
based on factors like the nutrient availability, form of
nutrient available and the rate of nutrient turnover. The
greatest difference between organic and intensive system
relates to soil management practices used and to
processes in the rhizosphere (Baresel et al., 2008). Both
the factors are responsible for uptake of the nutrients
from the soil. Among which nitrogen is the most limiting
factor in organic farming (Madar et al., 2011) as breeding
for intensive fertilizer regimes with abundant N may have
resulted in varieties that are dependent on readily and
consistently available N (Foulkes et al., 1998). When,
we consider organic farming, it is evident that N
availability depends on mineralization of crop residues
and farm yard manures applied on the farm. In early
crop growth stages when demand is low, N is lost while
in later stages the demand from the plant is often much
greater than the supply from mineralization. Matching N
need and mineralization is indeed one of the major limiting
factors in organic agriculture system (Pang ef al., 2002).
In other words, for intensive farming high nitrogen
application with high yielding varieties gives higher yield
(Godfray et al., 2010), which is not the case of organic
farming. Taking the case of white cabbage with overall
treatments with mineral N and for overall treatment with
compost application, shows arise in N uptake and increase
in dry weight content when mineral N is applied, but the
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Fig.1: Productivity of crops (t/ha) in organic versus
conventional farming (Ramesh et al., 2010).

same is not true for compost application as shown in the
fig. 2.

The difference lies in the form of nutrient available
to plant, i.e. in the soil N is available in many forms like
easily soluble nitrate (NO,’), ammonium (NH,") and to a
lesser extent as proteins, peptides or amino acids (Good
et al., 2004; Rentsch et al., 2007). Among these the
available organic nitrogen fraction typically comprises
0.1% to 0.5% of the total soil N (Barbar, 1984) even
though the actual pool size of organic forms of N can be
large in agricultural soils (Mengel, 1996; Matsumoto,
2000). Soil microbes secrete proteases into the soil which
facilitate the breakdown of nitrogen source like proteins
and peptides into their constituent amino acid units (Owen
and Jones, 2001). A range of amino acid transporters
have been identified in roots of some plants (Fischer et
al., 1998) and similarly some more dissolved organic N
constitute the soluble N pool in soil, and plant root have
potential to access some of this pool (Jones et al., 2005).
These amino acids on mineralization release NH," and
then converted to NO,". A simple systematic diagram is
given in the fig. 3. Thus, in other words it can be stated
that for organic farming nitrogen is available but in different
forms, but only a few can be absorbed by it and other are
converted and then it might be possible to absorb. If crops
cultivated can take amino acids by their transporters as
discussed by Salisbury (1992), nitrogen may get more
readily available to organically grown plants.

Environment and genotype

Plant response to its growth is influenced by both
genotype and the environment (Salisbury ef al., 1992).
Inference is drawn from occurrence of interaction of
genotype and N level, which indicate that the best
promising varieties at high N fertilization are not
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Table 1 : General criteria for variety characteristics desired for organic farming systems derived from the agro-ecological approach
(After Lammerts van Bueren et al., 2002)

Variety characteristic Criteria

Adaptation to organic | e Adapted to low(er) and organic inputs; able to cope with fluctuating nitrogen dynamics (growth
soil fertility stability);

Management o Efficient in capturing water and nutrients; deep, extensive root system;

¢ Able to interact with beneficial soil micro-organisms, like mycorrhizae and atmospheric nitrogen-
fixing bacteria;

o Efficient nutrient uptake, high nutrient use efficiency.

Weed suppressiveness | @ Plant architecture for early soil cover and more light competition;
¢ Allelo-chemical ability;
Allowing and resisting mechanical weed control.

Crop health Mono- and poly-factorial, durable resistance;

Field tolerance;

Plant morphology;

Combining ability for crop and variety mixtures;

Capable of interaction with beneficial microorganisms that enhance plant growth and suppress

disease susceptibility.

Seed health e Resistant or tolerant against diseases during seed production, including seed-borne diseases;
¢ High germination percentage;
e High germination rate;
¢ High seedling vigour.

Crop quality o Early maturing; high processing (baking) quality;

Good taste;
e High storage potential.

Yield and yield stability | ¢ Maximum yield level and yield stability under low-input conditions.
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Fig. 2 : White cabbage dry weight (DWt), dry matter (DM) content (%), N uptake (kg ha™') and N content (g kg™') for the overall
treatments with mineral N and for the overall treatments with compost application. Different letters above bars mean
significant differences in cabbage DWt or N uptake (Brito ef al., 2012).
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Fig. 3 : Organic farming VS Intensive farming.

Table 2 : Current breeding programs in different countries.

Kapil Mohan Sharma and Kirti Bardhan

The current modern varieties are adapted to
conventional agriculture that has put in a lot of effort to
minimize or simply overrule diversity in the cultivation
environment, and breeding has mainly been focused on
such relatively standardized farming systems (Jongerden
and Ruivenkamp, 1996). This makes the modern varieties
adapted to high input sector. Thus, suitability of the same
variety in both the condition cannot give similar result.
Improving the different components of nutrient-use
efficiency, like maintenance of photosynthesis under
nutrient stress, nutrient uptake capacity, nutrient-utilization
capacity and translocation efficiency, will contribute to
higher yield and quality under low input conditions. For
organic farming, the adaptation of varieties to efficient
nutrient-use derived from slow-nutrient-releasing organic
fertilizer is of special importance, which is not addressed
in conventional selection programmes with no or less
inorganic fertilizer (Dawson ef al., 2008).

It is quite true to say that at present conventional
farming is more productive, not only with the sense that
it gives higher yield but it also includes environmental

Country Institute/ Company Crop Remarks
Austria SaatzuchtDonau GmbH Wheat e 16 varieties released.
& CoKG (Private) e Found crops grown under organic condition have better
baking quality.
France INRA (Public) Wheat e Proposed a global selection index that takes into account
yield, quality and weed competition to optimize yield.
Switzerland GZPK (Private) Wheat e 10 varieties released
USA Washington State Wheat e Highest yielding genotypes in conventional systems are
University not the highest yielder in organic system.
e Direct selection of varieties gives 5-31 % higher yield than
the yields resulting from indirect system
USA Oregon State University | Tomato e Varieties released which are also resistance to late blight
(Loschenberger et al., 2008; Kempf, 2002; Goyer et al.,
2005; Rolland et al., 2008; Behrendt, 2009)

necessarily the best ones where the supply of N is lower
(Gallois and Coque, 2005). Thus breeding crops
specifically for organic system is gaining attention as
farmers and researchers realize that beneficial traits for
these systems may be very different from produce high
yield in conventional agriculture (Murphy et al., 2007),
for example, genotypic differences were reported in
wheat cultivars for the capacity to the up-take amino
acids and this may certainly affect their performance in
organic farming system (Reeve et al., 2009). Since N is
the most limiting factor, high nitrogen uptake and nitrogen
use efficiency can be the objective for organic agriculture
(Hirel et al., 2011).

factors based on the other cultural practices that are not
similarly or equally followed in organic farming (Lammerts
van Bueren et al., 2002). Cultural practices like weeding,
pesticide application, crop health, seed health directly or
indirectly alters the yield parameter. To overcome each
of the parameter we are using one or the other chemical
under conventional farming but condition is not same for
the organic farming.

Taking care of this parameter it is quite desirable to
select the plants, which acts equally or better to sustain
such parameters and ultimately help to increase the yield.
The criteria needed for a desired organic farming are
mentioned in the table 1.
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Current breeding programmes running in different
countries

The concept of breeding uniquely for organic farming
is quite recent and many agencies in many nations are
engaged to solve the demerits of organic farming
especially the crop productivity. Few of them are
mentioned in the table 2.

Constraints of breeding for organic farming

Organic farming is a good option over intensive
farming by getting good varieties for the same. To breed
a good variety the major constraint lays is the land
availability, budget allocation or land managed to organic
farming standards (Lammerts van Bueren et al., 2011).
Moreover, the time needed to select a desirable trait is
huge. Due to this participation of private agencies are
poor and research in public sector is also not very much
encouraging.

With advancement of molecular biology and
biotechnology, the search to identifying genes that regulate
nitrogen use efficiency of crop plant made progress and
successfully transgenic traits have developed (McAllister
et al.,2012). However, transgenic approach is associated
with problem of expression and nitrogen use efficiency
phenotype development and these approaches also
conflicted with the core concept of organic agriculture
where integrity of plant material is maintained (Lammerts
van Bueren ef al., 2003). Thus, transgenic crop is not the
solution for organic farming.

Conclusion

Organic farming is the need of the future and with
rising demand day by day, it become mandatory to improve
both its stability and productivity. Since the response for
a current plant type sin organic and intensive farming is
different, so there is a need that breeding program for
organic farming to be carried out separately. Moreover,
the variety released for organic should not only be for
high yielding but also have characters that enable the
plant to overcome problem such as weed, pest, diseases,
seed germination, plant health, root architecture etc. as
the plant performance is not only genetic but also affected
by environment and management practices (Genotype x
environment X management practices), which ultimately
alters and hence needed to be taken care of.

References

Anonymous (2013). FAO statistical yearbook 2013: world
food and agriculture. Rome: Food and Agriculture
Organization of The United Nations.

Barbar, S. A. (1984). Soil nutrient availability: a mechanistic
approach. John Wiley and Sons, New York NY.

Baresel, J. P., G. Zimmermann and H. J. Reents (2008). Effects of
genotype and environment on N uptake and N partition in
organically grown winter wheat (7riticum aestivum L.) in
Germany. Euphytica.,163:347-354.

Behrendt, U. (2009). Tomato breeding for taste by Oldendorfer
Saatzucht. In: Oestergard, H., E. T. Lammerts van Bueren
and L. Bouwman-Smits (Eds.), Proceedings Eucarpia-
Bioexploit Workshop on The Role of Molecular Marker
Assisted Selection in Breeding Varieties for Organic
Agriculture. Wageningen, The Netherlands, Bioexploit
Project, Wageningen- The Netherlands.

Brito, L. M., A. L. Amaro, I. Mourao and L. Moura (2012). Yield
and nitrogen uptake of white cabbage (Brassica oleracea
var. capitata) with organic and inorganic fertilizers. Acta
Hortic., 933 : 107-113.

Conway, G. and J. N. Pretty (1991). Unwelcome Harvest :
Agriculture and Pollution. Earthscan Publications,
London.

Dawson, J. C., D. R. Huggins and S. S. Jones (2008).
Characterizing nitrogen use efficiency in natural and
agricultural ecosystems to improve the performance of
cereal crops in low-input and organic agricultural systems.
Field Crops Res., 107 : §9—-101.

Fischer, W.N., B. Andre, D. Rentsch, S. Krolkiewicz, M. Tegeder,
K. Breitkreuz and W. B. Frommer (1998). Amino acid
transport in plants. Trends Plant Sci., 3 : 188—195.

Foulkes, M. J., R. Sylvester-Bradley and R. K. Scott (1998).
Evidence for differences between winter wheat cultivars
in acquisition of soil mineral nitrogen and uptake and
utilization of applied fertilizer nitrogen. J. Agric. Sci., 130
:29-44.

Gallois, A. and M. Coque (2005). Genetic variation for nitrogen
use efficiency in maize: a synthesis. Maydica., 50: 531-
547.

Godfray, H. C. J., J. R. Beddington, I. R. Crute, L. Haddad, D.
Lawrence, J. F. Muir, J. Pretty, S. Robinson, S. M. Thomson
and C. Toulmin (2010). Food Security : The challenges of
feeding 9 billion people. Science, 327: 812-818.

Good, A. G, A. K. Shrawat and D. G. Muench (2004). Can less
yield more? Is reducing nutrient input into environment
compatible with maintaining crop production? Trends Plant
Sci., 9:597-605.

Goyer, S., M. Al Rifai, P. Bataillon, O. Gardet, F. X. Ouryand B.
Rolland (2005). Selection index for bread wheat cultivars
suitable for organic farming, (in): Lammerts van Bueren,
E.T., L. Goldringer and H. Oestergard(Eds), Proceedings of
the COST SUSVAR/ECO-PB Workshop on Organic
Breeding Strategies and the Use of Molecular Markers.
Driebergen, The Netherlands, Louis Bolk Institute,
Driebergen, The Netherlands.

Hirel, B., T. Tetu, P. J. Lea and F. Dubois (2011). Improving
nitrogen use efficiency in crops for sustainable agriculture.
Sustainability, 3 : 1452-1485.



680 Kapil Mohan Sharma and Kirti Bardhan

Jones, D. L., J. P. Healey, V. B. Willett, J. F. Farrar and A. Hedge
(2005). Dissolved organic nitrogen up-taken by plants- an
important N uptake pathway. Soil Bio. Biochem., 37(3) :
413423.

Jongerden, J. and G. Ruivenkamp (1996). Patterns of Diversity.
Rapport No. 1. Werkgroep Technologie en Agrarische
Ontwikkeling (TAO), Wageningen University, Wageningen
(In Dutch).

Kempf, H. (2002). Wheat breeding for organic farming- breeding
and registration of variety Okostar in Germany, (in) :
Rukenbauer P. ez al. (Ed.), Arbeitstagung der Vereinigung
der Pflanzenzuchter und Saatgutkaufleute Osterreichs,
Irding, Austria, Hohere Bundeslehr und
Forschungsanstalt fur Landwirtschaft Raumberg-
Gumpestein.

Lammerts van Bueren, E. T., S. S. Jones, L. Tamm, K. M. Murphy,
J. R. Myres and C. Leifert (2011). The need to breed crop
varieties suitable for organic farming, using wheat, tomato
and broccoli as examples: A review. NJAS- Wageningen J.
Life Sci., 58 : 193-205.

Lammerts van Bueren, E. T., P. C. Struik and E. Jacobsen (2002).
Ecological concepts in organic farming and their
consequenses for an organic crop ideotype. Netherlands
J. Agric. Sci., 50 : 1-26.

Lammerts van Bueren, E. T., P. C. Struik, M. Tiemens-Hulscher
and E. Jacobsen (2003). Concept of intrinsic value and

integrity of plants in organic plant breeding and
propagation. Crop Sci., 43 : 1922-1929.

Lammerts van Bueren, E. T., P. C. Struik and E. Jacobsen (2002).
Ecological concepts in organic farming and their
consequences for an organic crop ideotype. NJAS-
Wageningen J. Life Sci., 50(1) : 1-26.

Loschenberger, F., A. Fleck, H. Grausgruber, H. Hetzendorfer,
G. Hof, J. Lafferty, M. Marn, A. Neumayer, G. Pfaffinger and
J. Birschitzky (2008). Breeding for organic agriculture: the
example of winter wheat in Austria. Euphytica., 163 : 469-
480.

Madar, P., D. Fliessbach, D. Dubois, L. Gurist, P. Fried and V.
Niggli (2002). Soil fertility and biodiversity in organic
farming. Science, 296 : 1694-1697.

Matsumoto, N. (2000). Development of estimation method and
evaluation of nitrogen flow in regional areas. Bull. Natl.
Inst. Agro-Environ. Sci., 18 : 81-152.

McAllister, C. H., P. H. Beattyand A. G Good (2012). Engineering
nitrogen use efficient crop plants; the current status. Plant
Biotech. J., 10 :1011-1025.

Mengel, K. (1996). Turnover of organic nitrogen in soils and
its availability to crops. Plant Soil, 181 : 83-93.

Murphy, K. M., K. G. Campbell, S. R. Lyon and S. S. Jones
(2007). Evidence of varietal adaptation to organic farming
systems. Field Crops Res., 102 : 172-177.

Owen, A. G. and D. L. Jones (2001). Competition for amino
acids between wheat roots and rhizosphere
microorganisms and the role of amino acids in plant N
acquisition. Soil Bio. Biochem., 33 : 651-657.

Pang, X. P. and J. Letty (2002). Challenge of timing nitrogen
availability to crop nitrogen requirement. Soil Sci. Soc.
America J., 64 :247-253.

Ramesh, P, N. R. Panwar, A. B. Singh, S. Ramana, S. K. Yadav,
R. Shrivsatava and A. Subba Rao (2010). Status of organic
farming in India. Current Sci., 98(9) : 1190-1194.

Ramesh, P., M. Singh and A. SubbaRao (2005). Organic farming:
its relevance to the Indian context. Current Science, 88(4)
:561-568.

Reeve, J. R., J. L. Smith, B. L. Carpenter and J. P. Regantld
(2009). Glycine, nitrate and ammonium uptake by classic
and modern wheat varieties in short term microcosm study.
Bio. Fertil. Soils,45(7) : 723-732.

Reganold, J. P, J. D. Glover, P. K. Andrews and H. R. Hinman
(2001). Sustainability of three apple production system.
Nature, 410 : 926-930.

Rentsch, D., S. Schmidit and M. Tegeder (2007). Transporters
for uptake an allocation of organic nitrogen compounds
inplants. FEBS Lett., 581 :2281-2289.

Rolland, B., M. Al Rifai, P. Bataillon, L. Fontaine, O. Gardet and
F. X. Oury (2008). Wheat trials networks for determining
characters for organic breeding, in: 2 Conference of the
International Society of Organic Agriculture Research
ISO-FAR, Cultivating the Future Based on Science.
Modena, Italy.

Ryan, M. H., J. W. Derrick and P. R. Dann (2004). Grain mineral
concentrations and yield of wheat growth under organic
and conventional management. J. Sci. Food Agric., 84 :
207-216.

Salisbury, F. B. and C. W. Ross (1992). Plant Physiology. 4th
Edition. Wadsworth Publishing Co., Belmont, CA.

Seufert, V., N. Ramankutty and A. J. Folley (2012). Comparing
the yield of organic and conventional agriculture. Nature,
485:229-232.

Stanhill, G. (1990). The comparative productivity of organic
agriculture. Agric. Ecosyst. Environ., 30 : 1-26.

Stolze, M., A. Piorr, A. Haring and S. Dabbert (2000). The
environmental impact of organic farming in Europe. In:
Organic Farming in Europe : Economics and Policy.
University of Hohenheim, Hohenheim, Germany.

Tilman, D., K. G Cassman, P. A. Matson, R. Naylor and S.
Polasky (2002). Agricultural sustainability and intensive
production practices. Nature, 418 : 671-677.

Wolfie, M. S., J. P. Baresel, D. Desclaux, I. Goldringer, S. Hoad,
G. Kovacs, F. Loschenberger, T. Miedaner, H. Ostergard
and E. T. Lammerts van Bueren (2008). Developments in
breeding cereals for organic agriculture. Euphytica., 163 :
323-346.



