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Abstract

Up to 80% of the world's organic cotton is produced in India. However, involved
producers are facing increased difficulties to find suitable cultivars. F1 hybrids selected for high
input farming and genetically-modified (GM) cotton, which is explicitly excluded in organic
farming, are presently dominating the Indian seed market (> 90%). As hybrid seed needs to be
purchased each season farmers have lost their traditional knowledge on seed production.
Moreover, there is a large risk of contamination with GM cotton and the loss of locally adapted
genetic resources. Therefore fast action is needed to re-establish a GM-free seed chain and
breeding programs to support organic and low input cotton farmers in India. Participatory plant
breeding (PPB) offers a great opportunity for developing locally adapted cultivars as well as for
maintaining and increasing genetic diversity. The close collaboration of farmers, extension
agents and breeders allows for identification of cultivars that suit the circumstances of resourcepoor farmers in marginal environments.
A long-term cotton breeding project was initiated by FiBL, bioRe (Ltd.) an organic cotton
producer in Central India and the University of Agricultural Sciences (UAS) Dharwad with the
main aim to safeguard the heritage of Indian Desi cotton, maintain genetic diversity, avoid GM
contamination and support the organic farmers with suitable cotton cultivars. This study
represents the first year of the long-term cotton breeding project and has as main objectives (i)
to introduce participatory breeding approaches by combining knowledge and expertise of
researchers and farmers, (ii) to test improved cotton cultivars in smallholders' organic cotton
fields and (iii) to gain information about the suitability of different species and cultivar types of
cotton for organic and low input farming in Central India. The study should help to determine
changes and challenges of participatory cotton breeding in Central India, as well as generate
trend-setting data for futher trials.
The study included several experiments on-station and on-farm and was conducted with
a transdisciplinary approach involving the joint expertise and knowledge of organic farmers and
breeders. On-station, seven different cultivars, including different species and plant types were
tested under conventional high and organic low input conditions for genotype x management
interaction (trial 2.2.1). Due to delay in sowing and waterlogged situation in early crop stage
experiment conditions were suboptimal and actually no interaction was observed. However, the
conventional high input treatment showed significantly higher yield per plant (35.51 g) compared
to the organic low input treatment (18.20 g) across all genotypes. This result was also supported
by an increased number of bolls and boll weight of cotton plants under conventional high input
management. In addition, 14 cultivars, including different species and plant types were tested
on-station under organic low input conditions (trial 2.2.2.1). Best performing cultivars were G.
arboreum varietal lines ARV1 and ARV2, which were superior in regards to yield per plant and
fiber quality compared to all others, including commercial G. hirsutum hybrids. These results
may however also be attributed to the cultivars' robustness to deal with waterlogged situations
as encountered on-station in early crop stage. On-farm, 49 cultivars of different species and
cultivar types received from UAS Dharward were examined at bioRe for their suitability under
VI
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organic and low input farming (trial 2.2.2.2). G. arboreum varietal lines AR1-5 showed good
vegetative growth and yield per plant, however rather low fiber quality on average, especially
reduced fibre length. G. hirsutum varietal lines DV1-20 showed in general high yield per plant,
and one third of these cultivars reached bioRe's fibre quality requirements. Moreover, in farmers'
fields five commercial G. hirsutum hybrids and five G. hirsutum varietal lines were tested among
18 and 4 organic farmers, respectively, in irrigated and rainfed conditions representing different
soil fertility levels for the determination of genotype x environment interaction (trial 2.2.3). The
yield per plant varied among G. hirsutum hybrids and individual farmers' fields, and only a soil
type effect was observed. In heavy soils (Vertisol) yield per plant was significantly higher (66.72
g) compared to light soils (Inceptisol) with 30.64 g. Furthermore, selection in five F2:3
populations (trial 2.2.4) was conducted independently by researcher, breeder and five
enthusiastic farmers on-farm. Out of a total of 5000 single plants 150, 54, 136 plants were
selected by researcher, breeder and farmers, respectively. Moreover, farmers expressed their
preference for cultivars as well as contributed to the characterization of suitable cultivars for
organic and low input farming. Cultivars' preference varied among different environmental
conditions and farm management strategies. In light soils under rainfed conditions farmers were
more particular about early maturing cultivars to avoid terminal water stress. Farmers also
preferred known over newly introduced cultivars. Furthermore farmers showed high interest as
well as participated actively throughout the study. Decentralized PPB can thus contribute
substantially to locally adapted cultivars, as well as to a better adoption of cultivars in the longterm.
Moreover a significant and negative rankcorrelation (rs = -0.477) was observed between
fibre length and finesse for the cultivars tested on-farm (trial 2.2.2.2). This result presents one
major difficulty in breeding, since both quality parameters are of crucial importance to the textile
industry. Fibre quality aspects should be incorporated better into participatory breeding
approaches and best management strategies towards improved fibre quality should be
identified for different environmental conditions and farm management strategies.
This study obtained first trend-setting data about suitable cultivars for organic and low
input farming in Central India, including farmers' preference. However, these yield and quality
data is based on small plot size in a one year trial and needs to be verified in larger plots in
farmers' fields in the coming years. Specific breeding projects for organic and low input cotton
farming in different environmental conditions and farm management strategies have to be
developed to maintain the organic cotton sector in India.
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1 Introduction

1.1 Cotton
Cotton is produced in more than 100 countries over all continents. It is one of the major
agricultural crops as it represents the backbone of the world's textile industry. India is the
second largest cotton producer just after China, accounting for 21% of world production. Cotton
is a cash crop in India, accounting for a substantial portion of the rural economy and livelihood
for six million farmers, mostly smallholders. In addition, the adjacent textile industry provides
direct employment to over 36 million people and the export of textiles make up nearly one third
of all foreign exchange earnings of India (CICR 2010).

1.1.1 Cotton crop
Cotton (Gossypium spp.) belongs to the Malvaceae family and its genus Gossypium
includes 45 diploid (2n=2x=26) and five allotetraploid (2n=4x=52) species. The four species in
cultivation are Gossypium herbaceum and G. arboreum, both diploid and originally from the Old
World and tetraploid G. hirsutum and G. barbadense from the New World. India is unique in the
sense that it grows all four cultivated species, whereas worldwide only G. hirsutum dominates
production (BRUBAKER ET AL. 1999).
The history of cotton cultivation goes back thousands of years in India, where indigenous
short-staple1 cultivars (G. arboreum and G. herbaceum), so called Desi cotton, were cultivated
providing sought-after characteristics such as hardiness, pest resistance and drought tolerance.
During British colonial times long-staple cultivars from the New World (G. barbadense and G.
hirsutum) were introduced to India, being more suitable for the new spinning mills. With the
release of the first cotton hybrids in the early 1970s and the subsequent boom of high-yielding
G. hirsutum hybrids, the area under indigenous Desi cotton reduced dramatically in India.
Furthermore in 2002 the Indian government approved genetically-modified (GM) cotton, which
within a few years totally revolutionised the Indian cotton sector (M ENON 2003). Currently 93% of
the cotton in India is G. hirsutum, mostly hybrids (95% of the cotton area) as well as GM cotton
(over 90% of the cotton area) (CICR 2010).
The four cultivated cotton species show high diversity in traits. Long-staple G. hirsutum
has high yield potential and a wide range of adaptation, whereas long-staple G. barbadense
1

short-staple (less than 24.6 mm), medium-staple (24.6 – 30.9 mm), long-staple (more than 30,9 mm) and extra long-staple
(more than 33.4 mm) fibre length (Source: OCCW 2012)
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meets higher fibre quality. However, both long-staple species are more susceptible to pests and
diseases compared to Desi cotton (CICR 2010). Short-staple Desi cotton is not only more tolerant
to pests and diseases, but also to drought and therefore more suitable for rainfed areas
(EYHORN ET AL. 2005b). However, its boll size is small and the fibre coarse and short (CICR 2010).
Cotton is a crop sensitive to frost that requires warm temperatures between 18°C and
30°C for optimal vegetative growth. Naturally it is a perennial plant although it is now usually
cultivated as an annual crop. The vegetation period is rather long with around 175 to 225 days,
ideally with ample sunshine and fairly dry conditions. Due to the fact that a minimum of 500 mm
water is necessary during vegetative growth, cotton is often irrigated (O CCW 2012). In India,
approximately 35% of cotton is cultivated under irrigation whereas the rest is rainfed (CICR 2010).
The conditions best for cultivation are deep and well-drained soils with good nutrient contents,
since waterlogging can critically affect the crop's performance (OCCW 2012). Furthermore, the
high number of insect pests are one of the main limiting factors in cotton cultivation. Among the
important pests are jassid (Amarasca bigutulla), aphid (Aphis gossypii), white fly (Bemisia
tabaci), spotted bollworm (Earias vitella), pink bollworm (Pectiniphora gossypiella), American
bollworm (Helicoverpa armigera), various feeding caterpillars and also increasingly the mealy
bug (Phenacoccus solenopsis) (MoEF undated). Due to the high yield losses occurred by the
severity of these pests, conventional cotton cultivation consumes high amounts of chemical
pesticides (21% of all pesticides used in India), presenting huge implications for the
environment as well as the health of the producers (CICR 2010).

1.1.2 Organic cotton
Organic cotton production is a healthy and viable alternative to conventionally grown
cotton, because it forgoes the use of external inputs like synthetic fertilizers and toxic chemicals.
Soil fertility management and crop nutrition under organic management are based on crop
diversification and organic inputs such as manure, compost and mulch. Pest management
focuses essentially on pest prevention through a balanced agroecosystem achieved with crop
rotation, mixed cultivation, trap crops and, if needed, the curative use of natural pesticides
(OCCW 2012). Furthermore, organic certification (IFOAM norms) strictly disapproves of the use of
GM products and preferentially, or if available, organic seeds have to be used in cultivation.
Currently, organic cotton production takes place in 23 countries by an estimated 275,300
farmers. India is the biggest producer of organic cotton, accounting for 81% of world production
(TRUSCOTT ET AL. 2010). The market for organic cotton products, driven by consumer interest in
green and healthy products, as well as the increasing number of organic brands and the range
of products which they sell has rapidly expanded in the last few decades (PAY 2009).
Nevertheless, organic cotton accounts today only for 1.1% of global production, even though
production is quickly increasing (15% increase from 2008/09 to 2009/10) (TRUSCOTT ET AL. 2010).
A study by Eyhorn shows that organic cotton farmers in India achieve cotton yields that
are on par to those in conventional farms, although nutrient inputs are considerably lower. With
less production costs and a 20% organic price premium, gross margins from cotton are thus
substantially higher than in the conventional system. The study indicates that organic cotton
2
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farming can be a viable option to improve incomes and reduce the vulnerability of smallholders
in the tropics (EYHORN ET AL. 2007). The study concludes that organic cotton production
combined with fair trade enhances sustainability of production, improves income security and
strengthens farming communities, and therefore promotes rural development ( EYHORN ET AL.
2005a, 2007). However, while considerable efforts are made to improve the organic cotton
production along the whole market chain, little attention has been paid so far to the source of
seeds.

1.2 Cotton breeding
India has always been a major player in cotton breeding. In 1970 the Gujarat Agricultural
University in Surat released the world's first intra-specific (G. hirsutum x G. hirsutum) hybrid (H4) and in subsequent years further intra- as well as inter-specific (G. hirsutum x G. barbadense)
hybrids were released (CICR 2010). These new hybrids being high-yielding experienced an
incredible boom in Indian cotton cultivation. However, farmers become dependent on
purchasing new seeds each season, since hybrid seed needs to be produced every year from
two parental lines. The demand for external inputs, such as synthetic fertilisers, pesticides and
irrigation water also increased due to the higher needs of hybrid seed, boosting the upcoming
green revolution in India also in the cotton sector. The heavy and indiscriminate use of
pesticides over decades alongside the huge increase in the area under conventional cotton
hybrids, not only entailed serious environmental implications and health problems of farm
workers, but also first resistances in pests. Biotechnological solutions as already available in
other countries became important in India as well. In 1995 the Indian government approved the
import of GM cotton seeds for research purposes (M ENON 2003). The transgenic Bt-cotton which
contains the Cry 1Ac gene of the soil bacterium Bacillus thuringiensis (Bt) is resistant to
bollworms through the release of toxins by the cotton plant that kill the feeding pest ( EYHORN ET
AL. 2005b). The newest GM cotton under development combines Bt-genes and herbicide
resistance genes (LibertyLink Cotton). GM cotton, mostly Bt-genes introduced in the
background of tetraploid interspecific G. hirsutum hybrids, were approved for cultivation in India
in 2002. After that the Indian government set a minimum retail price for the, until then, high
priced GM seeds, an unprecedented quick adoption of GM cotton took place across the country
(NEMES 2010). With hybrids and GM seed entering the market, both very expensive in
production, in the last years the cotton seed market in India has completely eroded. Private
seed companies rapidly took over the market, showing very little interest to maintain the
existence of non-GM seeds. Today, non-GM farmers, which includes by default all organic
farmers, have therefore increasing difficulties to find suitable cotton seeds (NEMES 2010).
Another major threat has become the contamination of non-GM seeds with GM genes.
Cotton is a self-pollinating crop, although at least 5% to 25% cross-pollination occurs in most
environmental conditions (up to 50% with high insect population) (KURUGANTI ET AL. 2008).
Contamination with GM genes however is mainly a problem within same ploidy levels.
Therefore, diploid Desi cotton is not yet directly threatened. Nevertheless, the fast increase in
3
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high-yielding hybrids and GM cotton goes along with a fast reducing area under Desi cotton.
Safeguarding the heritage of Indian Desi cotton, maintaining genetic diversity of cotton species
and avoiding GM contamination is critical and should be given priority in future (NEMES 2010).
In India, breeding has always focused on increasing yields. Before the green revolution
in 1961 seedcotton yields were rather modest with 357.9 kg ha -1, however they steadily
increased and reached on national average 1617.9 kg ha-1 today (FAO STAT). Breeding for high
fibre quality to meet the need of the textile industry has also been of big concern. Medium- to
long-staple cotton is preferred by the textile industry and presently the cotton market requires
37% long- and extra-long staple, 53% medium-staple and the rest as short-staple cotton (C ICR
2010). In addition, breeding for resistance to pests and diseases has been crucial to avoid high
yield losses, and the best achievements so far were made through biotechnological solutions.
Today, Indian breeders are highly credited for their achievements in the development of highly
adaptable, early maturing and sucking-pest tolerant cotton cultivars. They also made important
contributions towards disease resistance, high yields and superior fibre quality in Desi cotton,
besides their impact on inter-specific as well as intra-specific hybrid cotton, high yielding G.
hirsutum and finest quality G. barbadense cultivars (CICR 2010). Nevertheless, breeding in India
has always focused on conventional cotton production with high inputs of synthetic fertiliser and
pesticides, thus not necessarily suitable for organic and low input farming systems.

1.3 Participatory breeding
Organic production depends often on the use of conventional seeds, because organic
seeds are not always available. However, organic certification (IFOAM norms) disapproves few
conventional breeding techniques such as genetic-modification of crops, which presently
dominate the Indian cotton sector. In addition, conventional breeding focuses on high input
agriculture as well as broad adaptation of cultivars. These cultivars show high average yields in
agrochemical intensive systems over a wide range of environments, however they may not be
suitable for organic or low input systems (MURPHY ET AL. 2004).
Organic and low input systems often include a wide range of environments and farm
management strategies and depend on considerably lower external inputs. Therefore, in these
systems specific or local adaptation of cultivars becomes more crucial since it is not possible to
compensate with agrochemical inputs (CECCARELLI 1996). In addition, maintaining genetic
variation to cope with heterogeneous environmental stress situations presents another
important strategy in organic and low input farming systems. Cultivars that meet the diverse
needs of farmers, besides showing traits such as yield stability, resistance to pathogens and
adaptation to low fertility levels should be promoted in organic and low input systems (MURPHY
ET AL. 2004). In the case of cotton in India, where a high percentage of cotton is still cultivated in
rainfed conditions, drought tolerant cultivars will also play a major role (EYHORN ET AL. 2005b).
Breeding for local adaptation is best achieved by decentralisation of selection
environments (DAWSON ET AL. 2008). Decentralised selection is often realised through the
participation of farmers in the breeding process, achieved through approaches such as
4
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Participatory Plant Breeding (PPB). Decentralised selection and PPB present separate ideas,
however in practice they are difficult to distinguish and also include various approaches and
degrees of farmer cooperation (DAWSON ET AL. 2008).
PPB is not a new approach in India as various studies show (e.g. participatory rice
breeding by VIRK ET AL. 2003). Nevertheless, until now no participatory cotton breeding project
has been conducted in India. However, a participatory cotton breeding project in Benin shows
promising results to improve cotton cultivars with the expertise and knowledge of local farmers
(LANÇON ET AL. 2004). Including farmers in the breeding process not only ensures that cultivars
are adopted by farmers (DAWSON ET AL. 2008), but studies also show that promising cultivars
were selected earlier and were better adapted to local conditions (SPERLING ET AL. 1993; DAWSON
ET AL. 2008). Many organic breeding projects therefore involve farmers to set priorities, evaluate
cultivars or select promising plant types in early generations to breed for specific adaptation and
cultivars that are suitable for organic and low input farming.

1.4 Background and justification
Over 80% of the world’s organic cotton is produced in India with an increasing number of
organic cotton projects throughout the country. Conversely in 2011, more than 90% of India’s
cotton area is grown with GM cotton. Since the market for non-GM seed has completely eroded,
there is little interest by private seed companies to further invest in this sector. On the other
hand, farmers have lost their traditional knowledge on seed production. Hybrid seeds have to be
purchased each season and therefore organic cotton farmers depend today on a diminishing
supply market of non-GM cotton seed. Recent experience has been that available non-GM seed
is of dubious quality (expired, chemically pre-treated, segregating) and based on only a few
hybrids selected for responsiveness to fertilizer and chemical pest control that might not be
adapted to rain-fed and low input conditions (FELKL ET AL. 2010). While new cultivars are tested
routinely under conventional growing conditions (SURULIVELU 2011 and RATHORE ET AL. 2011), no
systematic cultivar trials were conducted for organic and low input farming. Moreover, there is a
big risk of physical and genetic contamination of organic cotton with GM cotton and the loss of
locally adapted genetic resources.
Stakeholders of the organic movement are highly concerned about this recent
development in the cotton sector in India. Organic farming can only present a viable alternative
to conventional production if farmers have access to suitable cultivars. A national workshop on
'Disappearing non-GM cotton – ways forward to maintain diversity, increase availability, and
ensure quality of non-GM cotton seed' initiated by bioRe India (Ltd.), the Research Institute of
Organic Agriculture (FiBL) and the University of Agricultural Sciences (UAS) Dharwad presents
a first agreement (Dharwad Declaration) towards safeguarding the heritage of Indian Desi
cotton, maintaining genetic diversity, avoiding GM contamination as well as supporting the
organic farmers with suitable cultivars. This study on participatory cotton breeding for organic
and low input farming is the first step of implementation towards the goals set in the Dharwad
Declaration and represents the first year of a long-term breeding project.
5
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1.5 Aim of the study
1.5.1 Objectives
The main goals of this study are (i) to introduce participatory breeding approaches by
combining knowledge and expertise of researchers and farmers, (ii) to test improved cotton
cultivars in smallholders’ organic cotton fields and (iii) to gain information about the suitability of
different species and cultivar types of cotton for organic and low input farming in Central India.
This study represents the first year of a long-term breeding project with main objective to
safeguard the heritage of Indian Desi cotton, maintain genetic diversity, avoid GM contamination
and support organic farmers with suitable cultivars. This study helps to determine changes and
challenges of participatory cotton breeding in Central India, as well to generate first trend-setting
data for future trials in participatory cotton breeding for organic and low input farming.

1.5.2 Research questions
i) Test performance of different species and cultivar types of cotton under high and low
input conditions
ii) Compare on-station cultivar trials with on-farm trials and experience of smallholder
farmers
iii) Identify plant characteristics that are suitable for organic and low input farming under
Central Indian climate
iv) Compare selection criteria of researchers with farmers' preferences

1.5.3 Hypotheses
i) Improved diploid Desi cotton shows higher yield under low input conditions, while new
tetraploid G. hirsutum hybrids are superior under high input conditions
Bt cotton is less advantageous under low input conditions than under high input
conditions
ii) Does the ranking of the cultivars based on replicated on-station trials corresponds
better to the on-farm trials when testing was conducted under same environmental and
farm management conditions?
iii) Certain plant characteristics are essential for its performance under low input
conditions
iv) Farmers have different priorities for the selection of cotton cultivars than researchers

6
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2 Material and Methods

2.1 Study sites
The study was conducted in collaboration with bioRe, an organic cotton producer in the
Nimar valley in Madhya Pradesh. The study included on-station and on-farm trials. The onstation trials were set up on bioRe's own research station known as Long-Term Experiment
(LTE) site (GPS coordinates: 22°8’30.3”N, 75°4’49.0”E). The on-farm trials were further
distinguished into bioRe farm and farmers' fields. bioRe farm acts as a demonstration farm for
farmers interested in organic cotton cultivation and is situated next to LTE site. The on-farm
trials in farmers' fields were carried out with 22 progressive farmers from bioRe's established
Participatory Technology Development (PTD) network in six surrounding villages. An overview
of the Nimar valley and all study sites is given in Figure 1.

Figure 1: bioRe farm, LTE site and the six study villages Amlatha, Badi, Choli, Gawla, Pipalzopa and
Tangyaplot in Madhaya Pradesh, India are marked by red points

2.1.1 Local cotton farming
Cotton is an important cash crop in the Nimar valley involving low and high casts, as well
as tribal people. Most cotton farmers today (around 90%) cultivate GM-cotton, whereas the rest
is largely represented by organic farmers. Cotton is usually sown with the onset of the monsoon
7
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rains after mid June, or if irrigation water is available as early as May (summer sowing). By
October, cotton bolls mature and harvest season starts. Some farmers with good irrigation
facilities uproot cotton already by November to grow wheat as second crop, whereas others
harvest cotton until plants dry off as late as March. Cotton is typically cultivated in rotation,
mainly with soybean and wheat or sugarcane, and usually monocropped even though organic
farmers practice intercropping with mung beans, pigeon pea and other crops. Farming
operations include ploughing and blade harrowing by bullock, sowing, resowing, weeding and
harvesting by hand. Plant protection is performed by regular spraying with knapsack sprayers,
whereas organic farmers substitute chemical pesticides with natural substances like neem oil as
protection against insects. Moreover, in organic farming compost (around 12.355 t ha-1) is used
instead of synthetic fertilisers for plant nutrition. Compost (1% N, 0.25% P, 1.5% K) in the region
is usually made by cotton, pigeon pea and sugarcane straw, dry biomass (weeds), Gliricidia
sepium leaves, soil and Farm Yard Manure (FYM), usually composted for around four months
from January to April. Cotton fields are preferably irrigated, however access to irrigation water is
limited in the Nimar valley and depends strongly on field location. In general water from
Narmada river or another nearby river is pumped to water reservoirs near to the fields. The
cotton fields are then flooded through furrow irrigation. Access to a water source as well as
electricity to run the pumps are the main limiting factors for irrigation. However, currently around
15% of the cotton farmers also use drip irrigation. Among the organic farmers participating in
this study some have good irrigation facilities like bioRe farm, whereas others depend on
rainfed fields (for details see Annex 1). Soils in the Nimar valley can be characterised as blackcotton soils. Depending on their location they are deep and heavy (Vertisol), or medium to light
(Entisol to Inceptisol) (EYHORN ET AL. 2005a). Deep and heavy Vertisols are found in the valley
plain around the river belt of Narmada. These soils are rich in clay (35-50%) and show high
fertility, however they are often poor in phosphorus, nitrogen and organic matter (D AC 2011). The
surrounding upland of Nimar valley includes more sandy and shallow soils (Inceptisols),
however in depressions heavy soils are also found (E YHORN ET AL. 2005a). The bioRe farm and
LTE site are situated near Narmada river on a heavy and deep Vertisol, whereas farmers' fields
vary from heavy Vertisol to light Inceptisol depending on their location (see also Annex 1).
Organic farmers of bioRe cultivate on average around 3 acres (= 1.21 ha) of cotton.
They sell their seedcotton harvest direct to bioRe ginnery near Kasrawad, the point where the
cotton enters the organic textile chain. In cropping season 2011/12 cotton prices ranged
between 400 to 450 INR per quintal (= 100 kg). Additionally, bioRe farmers receive a premium
(15% of the last five years average price per quintal) for organic cultivation as well as benefit
from various projects of the bioRe association to improve the livelihood situation locally.
Moreover, bioRe is very particular regarding fibre quality to produce high quality organic textiles.

2.1.2 Local weather
The study region has a semi-dry climate. Spring months are hot and dry with the highest
temperatures, followed by a hot and humid summer due to the monsoon, usually lasting from
June to September. Winter months are again dry and temperate with considerably lower
8
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temperatures. Average lowest temperature is generally reached in January with 10°C and the
highest being in May with 40°C (W WO 2012). Total annual precipitation averages approx. 800
mm, all during a single peak monsoon season. Monsoon rains are unequally distributed in the
study region and often irregular with occasional dry periods of several weeks in-between. Heavy
rainfall also occurs during monsoons often leading to superficial flow off, erosion, waterlogging
and crop damage. On the other hand, the study region also experiences occasional droughts
(EYHORN ET AL. 2005a).
Detailed weather during crop season 2011/12 (June to February) is shown in Figure 2
and 3. Temperature data was received by the local government in Kasrawad, and daily rainfall
data was measured by bioRe research staff. Monsoon rains started late by end of June and
were rather irregular. End of August was accompanied by heavy rainfalls causing several
flooded areas in the region, often intensified by bad drainage situations. The LTE site at bioRe
was flooded for approx. two weeks at the end of August, severely affecting the small and
emerging cotton plants of the on-station trials. Some farmers, mainly those with heavy soils and
good irrigation facilities such as at bioRe, experienced the same waterlogged situation as the
LTE site. This situation was mostly exacerbated to reduced drainage of water. Farmers reported
heavy rainfall as main constrain in cotton cultivation for cropping season 2011/12, whereas
farmers in rainfed situations named more often the irregular monsoon rains as their biggest
challenge.

60
50
40
30

30
25
20
15

20

10

10

5

0

J

J

A

0

S

J

J

A

S

O

N

D

J

F

Figure 3: Maximum and minimum temperature during
cropping season 2011/12 in Kasrawad, Madhya
Pradesh, India

Figure 2: Monsoon rains from June to September
2011 at bioRE near Kasrawad, Madhya Pradesh, India

2.2 Experimental design
The trials were distinguished in 1) genotype x management interaction, 2) testing of
different species and cultivar types and 3) genotype x environment interaction. An additional
experiment was selection in 4) segregating F2:3 populations. A major part of the study was also
the introduction of participatory plant breeding approaches and farmers' selection criteria of
suitable cultivars on-farm as well as within segregating F2:3 populations.
9
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2.2.1 Genotype x management interaction
Genotype x management interaction was tested in a high and low input trial on-station.
Seven genotypes were tested in two different input treatments with four replications. The seven
genotypes included two commercial G. hirsutum hybrids (JKD and Rasi2) with and without an
implemented Bt-gene (GM cotton), one G. hirsutum varietal line HV1 (R-22-(102)), one G.
arboreum varietal line ARV1 (504-48-91) and an interspecific hybrid HxB1 (RAHB-1) (Tab. 2). A
varietal line is an inbred line in contrast to a hybrid. The two input treatments were high input, as
per conventional farming practices and low input, representing organic farming. The two
treatments were based on LTE input levels (long-term farming systems comparison, FiBL),
which resemble government recommendations, local farming practices as well as FiBL
experience. In the high input treatment 568.2 kg compost ha-1, 426.2 kg urea ha-1, 417.6 kg
Single Super Phosphate (SSP) ha-1 and 34.7 kg Muriate of Potash (MOP) ha-1 were applied.
Regarding
plant
protection,
one
Confidor/Imidacloprid
(227
ml
ha-1),
three
-1
-1
-1
Curacron/profenofos50Ec (3 x 1.136 l ha ), one Tonic (1.989 l ha ), one NPK (1.42 kg ha ) and
one Cypermethrin (1.136 l ha-1) spray were applied. In the low input treatment 14.943 t compost
ha-1 were applied as the only fertiliser input. Furthermore, plant protection was conducted by the
spraying of separate application of three neem oil (3 x 1.419 l ha-1), two top-ten (2 x 28.410 l ha1
), four neemazal (4 x 0.712 l ha-1), one garlic-onion-chilli (GOC) (14.2 l ha-1), one cow urine
(7.074 l ha-1), two biodynamic preparations BD 500 (2 x 61.8 g ha-1) and one BD 501 (4.82 g ha1
) sprays. Details about crop management and a description of all inputs are given in Annex 2.
Table 1 summarises nutrient inputs (NPK) for the high and low input treatment.
The trial was conducted in two plots at the LTE site, both sized 16 m x 11 m resulting in
2
176 m . The genotypes were sown rather late on the 7th of July 2011. Each genotype x
replication included one row of six plants, resulting in 1.00 m inter-row and 0.92 m intra-row
distance (one border row on both plot sides). Farm management was performed according to
local practice (see 2.1.1 Local cotton farming) and the trial was conducted under irrigation,
which included regular furrow as well as drip irrigation (for more details see Annex 2).
Table 1: Nutrient inputs (kg ha-1) in the conventional high and organic low input
treatment on-station in trial 2.2.1
N to tal

N available

P2 O 5

K 2O

High input (conventional)

200.63

197.56

69.38

31.06

Low input (organic)

121.04

40.35

67.24

306.34

2.2.2 Testing of different species and cultivar types
Testing of different species and cultivar types was conducted on-station as well as onfarm. The low input trial was set up on-station as an extended cultivars trial of the high and
low input trial (see 2.2.1 Genotype x management interaction). The cultivar trial on the bioRe
farm was established to evaluate different species and cultivar types under local organic
10
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farming practices. These two trials included a high number of cultivars and represented the
mother trials of the participatory approach (see 2.3 Participatory approach).
2.2.2.1 Low input trial on-station
The low input trial on-station represented an extended cultivar trial under organic low
input conditions. In addition to the seven tested cultivars in the high and low input trial on-station
(see 2.2.1 Genotype x management interaction), seven cultivars were tested in a bordering plot
in four replications under organic low input management. The seven additional cultivars
included four commercial G. hirsutum hybrids (Ankur-651, H-6, H-10, H-12 and JKD), one G.
hirsutum varietal line HV2 (ZCH-8), one G. arboreum varietal line ARV2 (320-5) as well an
interspecific hybrid HxB2 (RAHB-2) (Tab. 2). The trial was set up at the LTE site including the
same low input (organic) treatment as in the high and low input trial as well as being managed
the same with 6 plants per cultivar x replication which were sown on the 7 th of July 2011 (see
2.2.1 Genotype x management for more details).
Table 2: List of cultivars tested on-station in trial 2.2.1 and 2.2.2.1
Trial

Code

Name/No

Species

Ploidy level

Cultivar type

2.2.1

JKD

JK Durga

G. hirsutum

Tetraploid

Hybrid

BtJKD

JK Durga

G. hirsutum

Tetraploid

Hybrid

Rasi

Rasi 2

G. hirsutum

Tetraploid

Hybrid

BtRasi

Rasi 2

G. hirsutum

Tetraploid

Hybrid

R-22-(102)

G. hirsutum

Tetraploid

Varietal line

UAS Dharwad, Dharwad, KA

A (504-48-91)

G. arboreum

Diploid

Varietal line

UAS Dharwad, Dharwad, KA

(RAHB-1)

G. hirsutum x

Tetraploid

Hybrid

UAS Dharwad, Dharwad, KA

HV1
ARV1
HB1

GM

Source
JK Seeds (P) Ltd., Hyderabad, AP

x

JK Seeds (P) Ltd., Hyderabad, AP
Rasi Seeds (P) Ltd., Attur, TN

x

Rasi Seeds (P) Ltd., Attur, TN

G. barbadense
2.2.2.1

H6

H-6

G. hirsutum

Tetraploid

Hybrid

Gujarat State Seed Corporation Ltd., GJ

H10

H-10

G. hirsutum

Tetraploid

Hybrid

Gujarat State Seed Corporation Ltd., GJ

H12

H-12

G. hirsutum

Tetraploid

Hybrid

Gujarat State Seed Corporation Ltd., GJ

A651

Ankur-651

G. hirsutum

Tetraploid

Hybrid

Ankur Seeds (P) Ltd., Nagpur, MH

HV2

ZCH-8

G. hirsutum

Tetraploid

Varietal line

UAS Dharwad, Dharwad, KA

B (320-5)

G. arboreum

Diploid

Varietal line

UAS Dharwad, Dharwad, KA

G. hirsutum x

Tetraploid

Hybrid

UAS Dharwad, Dharwad, KA

ARV2
HB2

RHB-2

G. barbadense

2.2.2.2 Cultivar trial on-farm
The cultivar trial on-farm was carried out at the bioRe farm. In this trial different species
and cultivar types were tested under local organic farming practices. In total 2.778 t compost ha1
were applied. Consequently, total NPK input was measure at 22.5 kg N total ha-1, 7.5 kg
Navailable ha-1, 12.5 kg P2O5 ha-1 and 56.94 kg K2O ha-1. Plant protection was performed through
the application of 4 x top-ten and 2 x neem oil sprays and irrigation by regular furrow irrigation
and in part by drip irrigation. The cultivars trial included six interspecific hybrids HxB1-6, five G.
hirsutum hybrids HxH1-5, 20 G. hirsutum varietal lines DV1-20 (early and late sown), five G.
arboreum varietal lines AR1-5, eight G. barbadense varietal lines DB1-8 and five G. hirsutum
compact lines CO1-5. In addition, G. hirsutum varietal lines Demo1-5 (= five of the G. hirsutum
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varietal lines DV1-20) and the commercial G. hirsutum hybrid JKD were sown as demonstration
purposes for farmers, whereas JKD also represented the control cultivar. The three G.
arboreum varietal lines (RASS, DAS, DSLA) were not only sown too late, but also placed next to
the tree alley and therefore were highly affected by shadowing effects, thus excluded from the
main study. All material was received from UAS Dharwad to test under organic conditions and
was selected by Prof. Dr. S.S. Patil, senior cotton breeder at UAS Dharwad, with particular
attention paid in regards to high fibre quality. Table 3 summarises all tested cultivars on the
bioRe farm with sowing date and planting details. Some cultivars were sown rather late, mainly
due to delays in seed supply. Furthermore plant spacing was 3ft x 1ft, which approximates to
0.9 m x 0.3 m.
Table 3: Overview of cultivars and planting details on bioRe farm in trial 2.2.2.2
Cultivar

Rep.

Sowing date

6 Inter-specific hybrids HxB1-6

2

07/07/11

Sowing details
3 Rows of 19 Plants, Spacing: 3ft x 1ft

5 G. hirsutum hybrids HxH1-5

2

07/07/11

3 Rows of 19 Plants, Spacing: 3ft x 1ft

20 G. hirsutum varietal lines DV1-20

4

27/06/11

1 Rows of 19 Plants, Spacing: 3ft x 1ft

20 G. hirsutum varietal lines DV1-20*

2

09/07/11

3 Rows of 19 Plants, Spacing: 3ft x 1ft

5 G. arboreum varietal lines AR1-5

2

07/07/11

3 Rows of 19 Plants, Spacing: 3ft x 1ft

8 G. barbadense varietal lines DB1-8

4

27/06/11

1 Rows of 19 Plants, Spacing: 3ft x 1ft

5 G. hirsutum compact lines CO1-5

2

07/07/11

3 Rows of 37 Plants, Spacing: 3ft x ½ ft

1 G. hirsutum hybrid JKD (Control)

-

08/07/11

10 Rows of 35 Plants, Spacing: 3ft x 1ft

5 G. hirsutum varietal lines Demo1-5

-

08/07/11

10 Rows of 35 Plants, Spacing: 3ft x 1ft

3 G. arboreum varietal lines**

2

16/07/11

10 Rows of 19 Plants, Specing: 3ft x 1ft

* late sowing
** RAS, DASS, DSLA excluded due to late sowing and shadow effects

2.2.3 Genotype x environmental interaction
Genotype x environmental interaction was tested through a set of baby trials as part of
the participatory approach (see 2.3 Participatory approach). The baby trials were conducted in
collaboration with 22 farmers in six villages in the Nimar valley (as shown in Figure 1). The baby
trials included the same cultivars as in the mother trial, but the number of cultivars was reduced
to five to keep it manageable for the farmers. Environmental conditions as well as farm
management strategies varied among baby trial sites regarding soil characteristics, fertiliser
inputs, plant protection inputs, irrigation facilities and sowing dates. Table 4 shows the range of
environmental conditions and farm inputs on farmers' fields (for more details see Annex 1).
Table 4: Range of farm inputs and environmental conditions in farmers' fields (trial 2.2.3)
Fertiliser input

Plant protection inputs

Farmers own compost,

Cow urea, neem oil

bioRe compost and

GOC, sweet milk

rockphosphat compost

and top-ten

1.435 – 15.309 t ha-1

No – spraying of 3 products

Soil type

Irrigation facilities

Sowing date

heavy (Vertisol) -

Irrigated

23/06/11

to

to

to

light (Inceptisol)

rainfed

06/07/11
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Two different baby trials were carried out. In the hybrid trial, 18 farmers from five
villages evaluated five different commercial G. hirsutum hybrids (Ankur-651, H-6, H-10, H-12
and JKD) in two replications on their own fields (Tab. 2). Each replication consisted of one row
of 25 plants for each cultivar. In the varietal line trial, 4 farmers from two villages evaluated five
G. hirsutum varietal lines (Demo1-5) from UAS Dharwad without replication in their fields (Tab.
3). This trial also consisted of one row of 25 plants per cultivar. Due to different plant spacings
the plot sizes differed among sites. Table 5 summarises the two genotype x environmental
interaction trials in farmers' fields.
Table 5: Overview of the hybrid and varietal line trial in farmers' fields (trial 2.2.3)
Trial

Cultivars

Hybrid trial

5 G. hirsutum hybrids:

Rep.
2

No of farmers Villages
18

A651, H6, H10, H12 and JKD
Varietal trial

5 G. hirsutum varietal lines:

Amlatha, Badi, Choli, Piplazopa
and Tangyaplot

-

4

Gawla and Pipalzopa

Demo1-5

2.2.4 Segregating F2:3 populations
In total, five F2 derived F3-progenies (F2:3) from UAS Dharwad were received for
selection in F3 generation. The F2:3 populations consisted of 50 cotton bolls each, which were
sown in separate rows on the 08th of July 2011 on the bioRe farm. The spacing was 3ft x 1ft with
20 plants per row, while farming parctices followed those of the bioRe farm management (see
2.2.2 Cultivar trial on-farm).

2.3 Participatory approach
All on-farm trials described above were conducted in a participatory approach involving
farmers from bioRe's PTD (participatory technology development) network. In 2010, PTD
farmers brought up the idea to test different cultivars in their own fields. After several meetings
in 2011 with researchers, local extension staff and farmers, the first cultivar trials were finalized
for 2011/12. Organic farmers not only made thus the first step, but were also involved from the
very beginning in cotton breeding for organic and low input farming in Central India.
This study focuses on a participatory breeding approach described by Snapp as mother
and baby trials. The mother trial is set up and managed by researchers either on-station or onfarm and includes all entries in randomized replicated trials. The baby trials are set up in
farmers' fields including only a subset of the entries and managed by the farmer. Each baby trial
site represents a replication, enabling one to cross check data from both the mother and baby
trials (SNAPP 2002).
Farmers participated actively in selection workshops to identify suitable cultivars for
13
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organic and low input farming as well as managed and evaluated cotton cultivars in their own
fields (baby trials). In addition, five enthusiastic farmers participated in the evaluation of the
segregating material on the bioRe farm. All farmers participated in the cotton cultivar trials in
2011/12 out of own interest and also showed very high interest in cotton breeding during the
whole collaboration (Fig. 4). This study served as an introduction for farmers to participatory
breeding methods, allowing farmers to share their vast experience and knowledge towards
suitable cotton cultivars for organic and low input farming in Central India.

2.3.1 Instruction of farmers
The baby trials were set up in farmers' fields in collaboration with local extension staff
starting in mid June after seeds were distributed to farmers. Researchers of bioRe were
involved as much as possible in the trial set up, however due to time restrictions not all farmers
could be visited. Farmers and extension staff set up the trials as discussed beforehand in
several meetings to the best of their knowledge (for details see trial 2.2.3).
Before harvest started, bioRe researchers visited all baby trials. Besides getting to know
all sites, the trial set up was verified and the five different cultivars were marked with different
coloured ribbons. Furthermore, short individual interviews were conducted with the involved
farmers to learn more about their farm management strategies. Farmers were asked about their
perception of soil type and details of irrigation facilities, farm inputs and sowing dates.
Additionally, the number of plants in each baby trial was counted to calculate and compare later
on with yield data.
In a second step, group meetings were held in three villages where farmers were trained
about the harvest of the baby trials. Each farmer was provided with bags that were marked with
the same coloured ribbons as the cultivars to facilitate the harvest of the cultivars separately. In
each village, one extension agent was elected to assist the farmers during harvest as well as to
measure exact yield data of each picking. Simple balances were provided to all involved
extension staff, and additionally plastic bags to take small cotton samples for quality analysis.
Moreover, researchers were always in close contact with extension staff, who were in touch with
farmers to enforce and encourage good exchange and communication during the collaboration.

2.3.2 Selection workshops
Two selection workshops were conducted on the bioRe farm to evaluate all material
received from UAS Dharwad in a participatory approach. The evaluated material included all
varietal lines of the cultivar trial on the bioRe farm (see 2.2.2.2 Cultivar trial on-farm) as well as
the five segregating F2:3 populations (see 2.2.4 Segregating F2:3 populations).
2.3.2.1 Cultivar trial on-farm
The first workshop was conducted in collaboration with all participating farmers to
14
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evaluate all varietal lines on the bioRe farm. In the first step, after a short welcome and
introduction to workshop objectives, farmers were divided into two groups in regards to their
irrigation facilities. These groups were separated because irrigation is critical in cotton farming
and cultivar performance depends strongly on water availability.
The morning session included participatory identification of important cotton traits for
organic cultivation, either in good irrigation or in rainfed conditions (as the two groups). The
group used brainstorming tools to identify cotton traits, which were then displayed on a board.
The researchers also introduced few additional traits before all identified traits were discussed
among all farmers. Finally, every farmer, according to their own opinions, selected the most
important traits using three stickers. This enabled a scoring of the identified traits for both
groups.
In the afternoon, all cultivars from UAS Dharwad were introduced to the farmer during a
short visit on the bioRe farm. In addition, different species and cultivar types, as well as some of
the named traits, were shown to farmers directly on-farm. Then, in the same groups as in the
morning session farmers were asked to select their favourite cultivars within the 20 G. hirsutum
varietal lines. Every farmer received five stickers to mark the cultivars he liked most or the ones
he wished to plant next year in his own field. The selected cultivars were discussed within the
group and farmers were asked to finalize 4-5 cultivars to grow next year by group discussion. In
addition, farmers looked at the G. barbadense varietal lines, G. arboreum varietal lines and G.
hirsutum compact lines from UAS Dharward and discussed within the group which of these
materials they could also imagine to try in their own fields.
2.3.2.2 Segregating F2:3 populations
On a different day, same venue was also used to conduct evaluations of the five
segregating F2:3 populations with five enthusiastic farmers. In the morning session, farmers did
the same exercise to identify cotton traits for organic cultivation, however, these farmers
recieved a more detailed introduction to cotton breeding and every farmer contributed his own
ideas about important traits. All named traits were discussed by the group.
In the afternoon, farmers went through all five segregating F2:3 populations and selected
by coloured ribbons all plants they liked or found to have good traits. Due to the high number of
materials (1000 plants per population), two farmers selected what they viewed as best single
plants in populations 2 and 3, and three farmers in populations 1, 4 and 5. However all selected
plants were finally discussed among all farmers.

2.3.3 Farmers' evaluations
Researchers realised during field visits that large differences existed among baby trial
sites and therefore they visited all trials again for visual scoring of the plots during harvest. Each
plot was scored by a set of parameters that enabled the justification of yield data later on.
Furthermore, sketches of each field were drawn to document plot position, field slope and
irrigation inlet.
15
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Besides yield and quality analysis, another important aspect was the farmer's personal
perception of the five cotton cultivars. Each farmer evaluated the five cultivars in his field by
three stickers, resulting in a scoring of the cultivars for each baby trial site. For all selected
cultivars farmers discussed in a second step with the researchers the reasons for their choice,
which was carefully documented.

2.3.4 Final group session
A final group session was conducted with all participating farmers. In a first session, all
results from the baby trials were presented to the farmers, including yield data and farmers
personal evaluation of the five cultivars. Results were discussed in general and distinguished by
groups depending on irrigation facilities and soil type. In a second session, the whole cultivar
trials 2011/12 were evaluated by the participating farmers. Afterwards, farmers and extension
staff were acknowledged for their participation in the cotton cultivar trials of 2011/12.

Figure 4: Collaboration with farmers in selection workshops and cultivars' evaluation on-farm
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2.4 Data collection
The assessment was conducted on either cultivar, plot, row or single plant basis. Cultivar
based assessments included one genotype (all replications together), whereas plot based only
included one single replication. Row based assessments included one single row, however in
trials with only one row it resembled a plot based assessment. For the evaluation on a single
plant basis on-station (trial 2.2.1 and 2.2.2.1), three random plants were selected per genotype
and replication for assessment. On the bioRe farm, for cultivars with four replications (20 G.
hirsutum varietal lines DV1-20 and 8 G. barbadense varietal lines DB1-8), four random plants,
and for all others with three rows, two random plants per row, resulting six plants in total were
selected for assessment. Single plants were selected randomly before harvest without using
border corps as well as only selecting plants with neighbouring cotton plants to rule out all kinds
of border effects.
Various sets of parameters were assessed for the different trials. The list of parameters
was finalised with the kind support of Prof. Dr. S.S. Patil from UAS Dharwad as well as bioRe
experience and FiBL support. The final parameters can be distinguished in morphological traits,
earliness, yield data, pest and disease resistance and fibre quality and are described in detail in
the following sections. Additionally photo monitoring as well as visual observations were
conducted for a more comprehensive assessment. Table 6 summarises all parameters
assessed for each trial.

2.4.1 Morphological traits
The morphological traits were either assessed on single plant basis or on row basis. The
number of plants in a row was counted twice, once before harvest at 92-102 days after sowing
(DAS) and a second time during harvest at 167-187 DAS. Homogeneity of a genotype was
assessed on plot basis with a 1-5 scale (1 = homogeneous, 3 = medium, 5 = heterogeneous) at
harvest start between 135-160 DAS. The number (no) of monopodia, defined as the number
of vegetative branches, was counted on single plant basis during harvest between 167-187
DAS. In parallel, the number of sympodia or number of fruiting branches was assessed.
Furthermore, plant height, the height from base to plant tip, was measured on a single plant
basis in inches as well as sympodial length at 50% plant height, which is the average length of
the two sympodial branches at half plant height from stem to apex.

G. barbadense

G. hirsutum

G. arboreum

Figure 5: Leaf shape of the different Gossypium species (Source: MoEF undated)
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Moreover, stem diameter was measured in centimetres on a single plant basis at 5 cm
above ground at 167-187 DAS. Finally, compactness, the width of a cultivar was assessed in
inches on a row basis at the largest spot on the ground. In addition, leaf shape was assessed
by a 1-9 scale (1-3 = G. hirsutum alike, 4-6 = G. barbadense alike, 7-9 = G. arboreum alike, see
Fig. 5), as well as hairiness of leafs by a 1-5 scale (1 = very hairy, 3 = medium, 5 = not hairy)
both on a single plant basis at 135-160 DAS.

2.4.2 Earliness
Earliness, referring to early maturation is an important trait for cotton, especially in
rainfed conditions. Early cultivars mature faster, for example, only shortly after monsoon rains
stop and therefore present an ideal cultivar for rainfed conditions where terminal water stress
frequently occurs. In this study, cultivars were harvested on time, meaning cotton was picked
when bolls were mature (Fig. 6). The date of each picking (1st, 2nd, 3rd and 4th picking) was
assessed for all cultivars on a plot basis. This enabled identification of early cultivars by date of
1st picking.

2.4.3 Yield data
All yield parameters were assessed on a single plant basis, along with yield per plot in
grams, which was assessed on a plot basis. All the yield parameters were measured
continuously throughout harvest for each single picking (1st, 2nd, 3rd and 4th picking) and included
number (no) of pin heads, number of flowers, number of closed bolls, number of open
bolls and number of harvested bolls. Figure 6 presents the named yield parameters or boll
formation stages as per this study. However, the analysis focused mainly on number of bolls
as the sum of the number of harvested bolls across all pickings.

Figure 6: Definition of yield parameters or boll formation stages in this study
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Table 6: Parameters assessed in trial 2.2.1, 2.2.2.1, 2.2.2.2 and 2.2.3
On-station
Parameter

Basis

Unit

Time

High and

On-farm

Low input

low input

bioRe

Farmers'

farm

fields

2.2.1

2.2.2.1

2.2.2.2

2.2.3
x***

Morphological No of plants

row

number

92 -102 DAS

x

x

x

traits

row

number

167-187 DAS

x

x

x

No of plants
Homogeneity

plot

Score 1-5**

135-160 DAS

x

x

x

No of monopodia

single plant

number

167-187 DAS

x

x

x

No of sympodia

single plant

number

167-187 DAS

x

x

x

Plant height

single plant

inches

167-187 DAS

x

x

x

Sympodial length

single plant

inches

167-187 DAS

x

x

x

Stem diameter

single plant

cm

167-187 DAS

x

x

x

Compactness

row

cm

167-187 DAS

Leaf shape

single plant

Score 1-9+

135-160 DAS

x

x

x

Hairiness

single plant

Score 1-5++

135-160 DAS

x

x

x

x

Earliness

Date 1st picking

plot

date

-

x

x

x

Yield data

No of pin heads

single plant

number

at each picking

x

x

x

No of flowers

single plant

number

at each picking

x

x

x

No of closed bolls

single plant

number

at each picking

x

x

x

No of harvested bolls

single plant

number

at each picking

x

x

x

plot

g

once

x

x

x

Max. Boll length

single plant

mm

at each picking

x

x

x

Max. Boll width

single plant

mm

at each picking

x

x

x

plot

g

at each picking

x

x

Boll weight

Yield per plot

x

x

Ginning

GOT

cultivar

%

harvest end

x

x

x

x+++

output

Seed index

cultivar

g

harvest end

x

x

x

x+++

Lint index

cultivar

g

harvest end

x

x

x

x+++

Alternaria blight

plot

Score 1-5*

135-160 DAS

x

x

x

Bacterial blight

plot

Score 1-5*

135-160 DAS

x

x

x

Rottening

plot

Score 1-5*

135-160 DAS

x

x

x

Jassid

plot

Score 1-5*

135-160 DAS

x

x

x

Aphid

plot

Score 1-5*

135-160 DAS

x

x

x

White fly

plot

Score 1-5*

135-160 DAS

x

x

x

Thrips

plot

Score 1-5*

135-160 DAS

x

x

x

Spotted bollworm

plot

Score 1-5*

135-160 DAS

x

x

x

American bollworm

plot

Score 1-5*

135-160 DAS

x

x

x

Pink bollworm

plot

Score 1-5*

135-160 DAS

x

x

x

Leaf damage

plot

Score 1-5*

135-160 DAS

x

x

x

Mealy bug

plot

Score 1-5*

135-160 DAS

x

x

x

Yellowing

plot

Score 1-5*

135-160 DAS

x

x

x

Reddening

plot

Score 1-5*

135-160 DAS

x

x

x

UhmL

cultivar

mm

harvest end

x

x

x

x+++

Finesse

cultivar

mic

harvest end

x

x

x

x+++

Strength

cultivar

g/tex

harvest end

x

x

x

x+++

MI

cultivar

value

harvest end

x

x

x

x+++

UI

cultivar

value

harvest end

x

x

x

x+++

SFI

cultivar

value

harvest end

x

x

x

x+++

Diseases

Pests

Deficiencies

Quality

* 1 = little, 3 = medium, 5 = plant almost killed
** 1 = homogeneous, 3 = medium, 5 = heterogeneous
*** before harvest start
+ 1-3 = G. hirsutum like, 4-6 = G. barbadense like , 7-9 = G. arboreum like
++ 1 = very hairy, 2 = hairy, 3 = medium, 4 = less hairy, 5 = not hairy
+++ only selected baby trials
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Furthermore, the average boll weight, measured by the weight of 20 randomly collected
bolls on a plot basis once during 2 nd and 3rd picking, was assessed. In addition, maximum boll
size (boll length and width) was measured on both sides in centimetres on the biggest present
boll on a single plant basis.
Mixed samples (all replications together) on a cultivar basis of 500g seedcotton of 1 st
and 2nd picking were ginned at the LTE site by a mini ginnery and seedcotton weight, lint weight
and the weight of 100 seeds (= seed index), all weighted in grams, was assessed to calculate
Ginning Out Turn (GOT) and lint index by equations (2) and (3), listed below. Both seed as
well as lint index are an expression for the weight of seed respective lint on 100 seeds. The
obtained lint samples were additionally used for quality analysis (see 2.4.5 Fibre quality)
eq. (2) GOT (%) = lint yield / seed cotton yield x 100
eq. (3) lint index (g) = weight of 100 seed x ( GOT) / ( 100 - GOT)

2.4.4 Pest and disease resistance
Various pests and diseases as well as nutrient deficiencies were assessed between 1 st
and 2nd picking at 135-160 DAS. For all pests, diseases and deficiencies a 1-5 scale (1 = little, 3
= medium, 5 = plant almost killed) was used. The assessment was done on a plot basis, while
all marked plants were always examined for symptoms of pest, disease or deficiency. The
assessment was fully based on symptoms identified by the author through the assistance of
various literature. With the assistance from literature and by bioRe research experience the
following diseases, pests and deficiencies were finalized for assessment. These diseases
included Alternaria blight (Alternaria macrospora), bacterial blight (Xanthomonas
axanopodis) and all kinds of rottening of plants. Pests were more prominent, including jassid
(Amarasca bigutulla), aphid (Aphis gossypii), white fly (Bemisia tabaci), thrips (Thrips tabaci),
spotted bollworm (Earias vitella), American bollworm (Helicoverpa armigera), pink
bollworm (Pectiniphora gossypiella), various feeding caterpillars in the form of leaf damage
and mealy bug (Phenacoccus solenopsis). Deficiencies included all kinds of yellowing and
reddening of leaves. The symptoms to identify pest and diseases used in this study are best
summarised by Ministry of Environment and Forests (MoF undated).

2.4.5 Fibre quality
The obtained lint samples were sent to Ahmedabad Textile Industry's Research
Association (ATIRA) for high-volume Instrument (HVI) testing (for details see C SITC and ICCTM
2012). The following cotton parameters were assessed by ATIRA; fibre length as Upper half
mean Length UhmL (mm), fibre finesse (micronaire), fibre strength (g/tex), Maturity Index (MI),
Uniformity Index (UI) and Short Fibre Index (SFI). Fibre length as Upper half mean Length
(UhmL) is the average length of the longest half of the fibre (S FP 2005). Spinning mills require
long fibres, since they are better suited to produce high quality textiles. Moreover, fibre length is
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classified as short-staple (less than 24.6 mm), medium-staple (24.6 – 30.9 mm), long-staple
(more than 30,9 mm) and extra long-staple (more than 33.4 mm) fibres (OCCW 2012). bioRe sets
a minimum fibre length target at 28mm. However, temperature extremes, inadequate fertility
and water stress reduce fibre length (SFP 2005). Uniformity Index (UI) is the ratio between
UhmL and the overall mean length of the fibre and thus correlates with fibre length UhmL. A low
UI indicates that more short fibres are present in the fibre (S FP 2005). Moreover, Short Fibre
Index (SFI) is an indicator of the amount of short fibres in the fibre. Fibre finesse is the fibre
thickness, and the lower the micronaire value the thinner the fibre. Fibre finesse is important to
spinning mills since it determines how dye is taken up, thus a certain range, mostly between
micronaire value 3.7 to 4.2 is preferred (S FP 2005). bioRe sets a fibre finesse target at minimum
3.4 micronaires, but best above 4 micronaires. Fibre finesse is related to fibre maturity,
measured as Maturity Index (MI). Finally, fibre strength (g/tex) defines the strength of the
fibre which is increasingly important to spinning mills to produce high quality textiles.

2.4.6 Photo monitoring and visual scoring
For a more comprehensive assessment, all cultivars on-station and on-farm were
visually scored by the researcher, as well as by Prof. Dr. S.S. Patil during one of his field visits.
Visual scoring enables a more qualitative comparison of cultivars. Photo monitoring was
conducted as a documentation and demonstration tool for farmers which enables the
visualisation of results.

2.5 Data analysis/statistics
For all parameters, first average plot values were calculated and converted to metric
units. Furthermore, yield data was summed over all pickings and yield per plant was calculated.
All data was first analysed for normality by the Shapiro-Wilk test. If this test was negative,
different transformations were tested to obtain normal-distribution. For all normal-distributed
parameters, an analysis of variance (ANOVA) followed by Tukey's HSD (Honestly Significant
Difference) tests for multiple comparisons were conducted. Non-normal distributed parameters
where no useful transformation could be found were analysed by non-parametric Kruskal–Wallis
one-way analysis of variance, and multiple comparisons were conducted by Pairwise Wilcoxon
Rank Sum test. In addition, a multiple regression model for yield per plant was conducted
stepwise (stepAIC function) to identify parameters related to yield per plant. Moreover,
Spearman's rank correlation coefficients were assessed between important parameters to
identify dependencies. All statistical analysis was conducted using RStudio (Version 0.95.265).
For the analysis of quality parameters OpenOffice.org3.2.0 was also partly used. Results form
the participatory part of this study are summarised descriptively. Moreover, to analyse farmers
preferences in a more sophisticated way repertory grid method described by Jankowicz (2004)
was performed by Robert Home via principle component analysis using Repgrid4.
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3 Results and Discussion

3.1 Genotype x management interaction
The seven genotypes that have been tested under conventional high input and organic
low input management (trial 2.2.1) were on average not as vital as the cotton plants of the onfarm trial at bioRe due to delay in sowing and waterlogging in August 2011. This resulted in
reduced growth and low yield compared to commercial cotton production and must be taken
into consideration for the interpretation of the data. Data was analysed by ANOVA [model: y ~
genotype + management + genotype x management]. Due to limited sample size, ginning
output and fibre quality parameters could only be assessed on mixed samples across
replications and were therefore only suited for non-replicated ANOVA [model: y ~ genotype +
management] analysis. While genotype showed significant effects on almost all traits,
management showed a significant effect on only few traits such as stem diameter, earliness,
yield and some pest and diseases and no significant genotype x management interaction was
actually observed. These results may be attributed to the suboptimal experiment conditions due
to delay in sowing as well waterlogged situation in early crop stage. Significant effects of the
ANOVA analysis are summarised in Annex 3. In the following subchapters significant effects
among the two management levels (high versus low input) will be presented and discussed.
Significant effects among genotypes are only discussed casually, since they will be discussed in
detail in the next chapter (see 3.2.1 Low input trial on-station).

3.1.1 Morphological traits and earliness
The stem diameter differed significantly (P = 0.016) between the high and low input
level and was larger for the conventional high input treatment compared to the organic low input
treatment (Tab. 7). The stem diameter however did not differ significantly among genotypes. All
other morphological traits showed no significant effect between the two management levels.
Earliness, defined as the date of 1st picking showed no significant effect among the
conventional high and organic low input level. Nevertheless, the first yield (% of total yield),
defined as the percentage yield of the 1st picking to the total yield of all pickings, showed
significant management effects (P = 0.003). The organic low input treatment showed a higher
first yield (% of total yield) than the conventional high input treatment over all tested genotypes
(Tab. 7).
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Table 7: Results for morphological traits, earliness, yield data and pest and
disease resistance of the organic low input and conventional high input
treatment in trial 2.2.1 * indicates significant effects among management levels
Parameter
Morphological traits

Conventional

5.79

5.5

Homogeneity

3.04

3.39

No of monopodia

13.73

13.65

No of sympodia

5.54

5.63

Plant height

66.93 cm

62.23 cm

Sympodial length

14.19 cm

13.4 cm

Stem diameter

0.88 cm

1.02 cm

4.2

4.37

Hairiness

2.85

2.8
155.11 DAS

39.65%

37.44%

*

Total harvest

18.2 g

35.51 g

2nd picking

7.74 g

10.82 g

14.43

18.94

*
*
*
*

Yield per plant

No of bolls
Boll weight

1.45 g

2.01 g

Max. Boll length

3.73 cm

3.75 cm

Max. Boll width

2.71 cm

2.63 cm

GOT

33.86%

32.25%

Seed index

6.06 g

6.11 g

Lint index

3.07 g

2.86 g

Pest and disease

Jassids

2.04

2.29

resistance

Leaf damage

1.79

1.11

Mealy bugs

2.04

1.04

Reddening

1.07

1.29

27.19 mm

27.84 mm

Fibre quality

*

156.61 DAS

Date 1st picking
First yield

Yield data

High input

Organic
No of plants

Leaf shape
Earliness

Low input

UhmL
Finesse

2.69 mic

2.62 mic

Strength

27.03 g/tex

27.03 g/tex

MI

0.82

0.82

UI

77.94

77.94

SFI

12.41

12.41

*

*
*

* Significant effects (see Annex 3.1)

3.1.2 Yield data
The yield per plant differed significantly (P < 0.001) between the two management
levels. The conventional high input treatment showed an increased yield per plant compared to
the organic low input treatment (Tab. 7). Among genotypes, G. hirsutum hybrid Rasi2 and interspecific hybrid HxB1 achieved significantly lower yields compared to G. hirsutum hybrid JKD,
and together with G. hirsutum varietal line HV1 also compared to highest yielding G. arboreum
varietal line ARV1. Nevertheless, there was no significant interaction between genotype x
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management, even though genotypes showed a bigger variation under conventional high input
conditions (Fig. 7).
Figure 7 shows the yield per plant, divided into the three single pickings, 1 st, 2nd and 3rd
picking for the low and the high input level. Total yield per plant was always higher in the
conventional high input level for all seven tested genotypes. In both input levels, G. arboreum
varietal line ARV1 achieved highest yield per plant, followed by G. hirsutum hybrid JKD.
Furthermore, Figure 7 shows clear differences in yield per plant of 2nd picking. The yield per
plant of 2nd picking differed also significantly (P < 0.001) among the two input levels. The high
input treatment showed an overall mean across all tested genotypes of more than double
compared to the low input treatment (Tab. 7). The yield of 2nd picking was also significant (P <
0.001) among the seven tested genotypes. G. arboreum varietal line ARV1 showed a significant
higher yield per plant of 2nd picking compared to G. hirsutum hybrid Rasi2 and inter-specific
hybrid HxB1 (Fig. 7).

Figure 7: Yield per plant [g] of the seven tested cotton genotypes (Tab. 2) in trial 2.2.1 for the organic low input and
conventional high input treatment divided in yield per plant of 1st (dark grey), 2nd (grey) and 3rd (white) picking

The number of bolls showed significant (P = 0.026) effects among input levels. The
conventional high input treatment showed an increased number of bolls compared to the
organic low input treatment (Tab. 7). In addition, boll weight was also significantly different (P =
0.002) between the high and low input treatment. The boll weight was higher for the high input
treatment compared to the low input treatment (Tab. 7). Maximum boll length and boll width
however showed no significant effects among input levels.
The Ginning Out Turn (GOT) differed significantly (P = 0.011) among input levels. The
conventional high input treatment showed a lower GOT than the organic low input treatment
(Tab. 7). Moreover, seed and lint index showed no significant management effect.

3.1.3 Pest and disease resistance
Only such pests, diseases and deficiencies where the assessment reached at least a
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level of 3 (on scale 1 = little to 5 = plant almost killed) for an individual observation were further
analysed. For all other pests and diseases, the pressure was too low to allow a good
differentiation between genotypes or treatments. For the high and low input trial this resulted in
jassid, leaf damage, mealy bug and reddening. Leaf damage (P < 0.001) and mealy bug (P
< 0.001) differed significantly between the high and low input treatment. The organic low input
treatment showed higher incidences for both pests (Tab. 7). Between genotypes no significant
effect was observed for leaf damage and mealy bug incidence.

3.1.4 Fibre quality
Significant effects (P = 0.010) among management levels were only found for
Uniformity Index (UI) (see Annex 3.2). The conventional high input treatment achieved
significant higher UI compared to the organic low input treatment (Tab. 7).

3.1.5 Comparison between management levels
Table 8 summarises the most important cotton traits, namely date of 1 st picking as
earliness, yield per plant, GOT, fibre length UhmL and finesse for all tested genotypes in both
input treatments. The most early genotype in both input treatments was G. hirsutum hybrid BtJKD, followed by G. hirsutum hybrid Bt-Rasi2, varietal line HV1 and G. arboreum varietal line
ARV1. Latest maturing genotypes were G. hirsutum hybrid Rasi2 and inter-specific hybrid HxB1.
Interestingly, G. hirsutum hybrid JKD and Rasi2 were earlier mature in the conventional high
input compared to the organic low input treatment, whereas Bt-JKD was earlier mature in the
organic low input treatment. (Tab. 8)
G. hirsutum hybrids JKD and Rasi2 and their GM-counterparts behaved differently in the
high versus the low input treatment in regards to yield per plant. G. hirsutum hybrid JKD showed
higher yield than Bt-JKD in both input treatments, and in comparison higher in the conventional
high input treatment. G. hirsutum hybrid Rasi2, however, showed lower yield than Bt-Rasi2 in
the high input treatment, and Bt-Rasi2 higher yield compared to the low input treatment. G.
arboreum varietal line ARV1 showed highest yields in both input treatments, but in comparison
the superiority in yield was much more pronounced under the high input level. G. hirsutum
control hybrid JKD showed the second highest yields in both input treatments, while G. hirsutum
hybrid Rasi2, varietal line HV1 and inter-specific hybrid HxB1 showed the lowest yields in both
input treatments. (Tab. 8) However, due to delay in sowing and waterlogging event in August the
experiment conditions were suboptimal, thus especially under conventional high input level
genotypes could not tap their full potential as under optimal conditions. This may also be the
reason that no genotype x management interaction was observed.
Highest GOT achieved G. hirsutum varietal line HV1, followed by G. arboreum varietal
line ARV1 and G. hirsutum hybrid JKD all in the low input treatment. Lowest GOT showed for
both input treatments G. hirsutum hybrid Rasi2 and the inter-specific hybrid HxB1. (Tab. 8)
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Table 8: Date 1st picking [DAS], yield per plant [g], GOT [%], UhmL [mm] and finesse [mic] for the seven tested
genotypes (Tab. 2) in the organic low input and conventional high input treatment in trial 2.2.1
Cultivar
JKD

Date 1st picking [DAS]

Yield per plant [g]

GOT [%]

UhmL [mm]

Finesse [mic]

High input Low input

High input Low input

High input Low input

High input Low input

High input Low input

G. hirsutum (4x) hybrid

152.50

161.00

45.26

25.22

34.12

34.91

26.37

27.01

2.24

2.49

BtJKD G. hirsutum (4x) hybrid

141.50

132.75

23.35

18.71

34.44

34.49

26.51

25.97

2.82

3.33

Rasi

G. hirsutum (4x) hybrid

162.50

174.50

13.83

13.37

32.04

33.54

27.19

25.85

2.52

2.48

BtRasi G. hirsutum (4x) hybrid

152.25

152.00

38.61

17.08

33.51

34.44

24.03

27.08

2.46

2.50

HV1

152.50

152.00

21.50

15.63

32.26

35.81

27.70

24.61

2.54

2.53

ARV1 G. arboreum (2x) varietal line

152.50

152.00

92.78

28.16

32.53

35.17

29.42

28.13

3.36

3.04

HB1

172.00

172.00

13.22

9.26

26.83

28.65

33.65

31.66

2.43

2.48

G. hirsutum (4x) varietal line
Inter-specific (4x) hybrid

In both input treatments, the highest fibre length UhmL was achieved by inter-specific
hybrid HxB1 and interestingly G. arboreum varietal line ARV1. Both achieved longer fibres in the
high input treatment compared to the low input treatment. The other genotypes did not reach the
minimum fibre length requirement of 28mm, and did not show any specific behaviour regarding
low and high input level. The fibre finesse was for all tested genotypes in cropping season
2011/12 very low, and none of them reached the required micronaire value of 3.4. Best finesse
however was shown by G. arboreum varietal line ARV1 and G. hirsutum hybrid Bt-JKD in both
input treatments, however with changing ranks. (Tab. 8)
To sum up, the most promising genotype in both input treatments was G. arboreum
varietal line ARV1, showing the overall best performance. These results surprise, because G.
arboreum varietal line ARV1, a Desi cultivar was not only highest yielding cultivar in both input
levels, but also showed a high GOT in the low input level as well best fibre quality in terms of
fibre length and finesse in both input treatments. Moreover, G. arboreum varietal line ARV1 was
medium early, and clearly outperformed the commercial G. hirsutum hybrids.

3.1.6 Discussion
Interestingly, the stem diameter was the only morphological trait differing significantly
among input treatments, but not among genotypes, however. Nevertheless, a study by MéndezNatera indicates that fertilization levels (250 and 500 kg of 12-24-12 ha -1) did not effect stem
diameter of three cotton species in Venezuela, but rather plant height which increased with
increased fertiliser input (MENDEZ-NATERA 2001). Moreover, Bibi et al. (2011) support that
increased nitrogen levels (0, 50, 100 and 150 kg N ha-1) increased plant height as well as
number of sympodia among G. hirsutum genotypes.
The study by Bibi et al. (2011) indicates furthermore an increase in number of bolls, boll
weight and seedcotton yield with higher nitrogen applications. Our study shares these findings,
since number of bolls, boll weight and yield per plant increased in the high compared to the low
input treatment. Interestingly, the first yield (% of total yield) was higher in the low input
treatment, leading to the interpretation that mainly yield of second picking contributed to total
yield per plant. Yield per plant can either be increased by an increase in number of bolls or boll
weight or by a combination of both. The number of bolls correlated very positively (r s = 0.773)
with yield per plant. Same was also true for boll weight (r s = 0.435), however to a lesser extent
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than for number of bolls.
Controversially, Blaise found for rainfed situations an increased number of bolls and
seedcotton yield for organic compared to modern methods of cultivation (B LAISE 2006). The main
arguments were the improved physical soil properties through long-term application of manure,
thus a better water retention and nutrient status in organic cultivation. However, Rajendran
showed lower seedcotton yields in the organic compared to the modern methods of cultivation
for the first six study years (RAJENDRAN ET AL. 2000). Blaise argues that cumulative effects of
manure application, thus better nutrient status in organic cultivation, became only visible in
study year seven and eight (BLAISE 2006). Furthermore, Blaise showed significant differences for
seedcotton yield among the three years of study, mainly due to variability in rainfall (BLAISE
2006). The on-station trials at the LTE site are normally conducted under irrigation, however
adverse climatic conditions are encountered occasionally due to heavy rainfalls. bioRe
expresses big variation in seedcotton yields over years with heavy rainfall occasionally causing
waterlogged situations. For cropping season 2011/12, the average seedcotton yields were
rather low, especially if compared with season 2010/11. G. hirsutum control hybrid JKD yielded
2010/11 1368.96 kg ha-1 in the high and 1183.63 kg ha -1 in the low input treatment, whereas BtJKD yielded slightly lower with 1341.78 kg ha -1 in the high, compared to 1131.74 kg ha -1 in the
low input treatment. In cropping season 2011/12, JKD reached only 541.31 kg ha -1 in the high
versus 279.26 kg ha-1 in the low input treatment, and Bt-JKD 301.63 kg ha -1 in the high
compared to 223.77 kg ha-1 in the low input treatment. The cultivars behave similarly in regards
to the implemented Bt-gene as well as management level, being always higher for JKD
compared to Bt-JKD and for the high compared to the low input management. However, the
yield in cropping season 2011/12 was very low, especially if compared to the previous year. The
very low yields in crop season 2011/12 can be attributed on the one hand to the rather late
sowing date (7th July 2011). Various studies indicate a reduction in yield with later sowing dates.
For example Ali et al. (2009) reported a significant yield reduction with delayed sowing. On the
other hand, one major effect contributing to reduction in yield may also have been the
waterlogged situation in August 2011. The on-station trials were waterlogged for around two
weeks at the end of August which was especially detrimental to the young cotton plants. Bange
et al. (2004) showed that yields were reduced by waterlogging via a reduction in number of bolls
as a general reduction in plant dry matter. Moreover, waterlogging was found to be stage
specific, and cotton plants are most sensitive at early seedling stage compared to flowering and
boll formation stage (HEBBAR 2003). In his study, Hebbar tested eight G. hirsutum and three G.
arboreum varietal lines and showed that G. hirsutum varietal lines were less affected by long
duration waterlogging and showed a smaller reduction in yield compared to G. arboreum
varietal lines. G. hirsutum varietal lines showed faster recovery of leaf area and biomass after
the waterlogged event compared to G. arboreum varietal lines. (HEBBAR 2003) This is in contrast
to our findings, where the G. arboreum lines were superior to the G. hirsutum lines. However,
the small number of genotypes tested on-station does not allow to draw general conclusions
about the tolerance to waterlogging for the different species and cultivar types.
The higher pest symptoms of jassid (Amarasca bigutulla) and mealy bug (Phenacoccus
solenopsis) in the low input treatment may be attributed to less efficient plant protection
according to organic standards compared to synthetic insecticides and/or to a higher
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susceptibility of cotton plants due to higher stress levels under organic and low input farming.
However, pesticides applied in the high input treatment have shown to be effective to control
jassid and mealy bug. Confidor/Imidacloprid is recommended to use against sucking pests, and
a study by Aslam et al. (2004) in Pakistan showed that Confidor/Imidacloprid was effective in
reducing jassid population in cotton. Another study in Pakistan showed that
Curacron/Profenofos50Ec was effective against mealy bug in cotton (AHEER ET AL. 2009).
Interestingly, no significant effect regarding fibre quality was observed in our study.
These findings are supported by Swezey, who showed in his study that there was no change in
fibre quality after conversion to organic farming (SWEZEY 2002). However, Blaise showed greater
GOT and UI in farm yard manure (FYM) amended plots compared to plots without FYM. (B LAISE
2005) This study partly supports our findings since significant effects among the two input
treatments were also observed for GOT and UI. GOT was found higher in the low compared to
the high input treatment, but UI behaved exactly opposite. FYM was however not applied
directly, but was included in the organic compost and thus the results of both studies are not
directly comparable. Furthermore, in another study for rainfed conditions Blaise found greater
fibre length and strength in the organic versus the modern method of cultivation due to
improvements in soil environment. (BLAISE 2006). Interestingly, Davidonis et al. (2004) observed
a decrease in fibre length and finesse in late compared to early planted cotton. Ali et al. (2009)
confirmed these findings and also showed a decrease in fibre quality with delay in sowing.
Since Bange did not show significant effects of waterlogging on fibre quality (B ANGE ET AL. 2004),
the overall low fibre quality in cropping season 2011/12 observed in the on-station trials may be
attributed to the late planting.
Seedcotton yield was, in general, very low in cropping season 2011/12 as an effect of
late sowing, and was also intensified by the waterlogged situation. Moreover, the organic
respective low input treatment showed reduced yield in comparison to the conventional high
input treatment. Furthermore, late sowing may also be responsible for the very low overall fibre
quality observed in cropping season 2011/12. These results stress that, in the future it is
important to pay more attention to early sowing to tap the full potential of seedcotton yield as
well as improved fibre quality.

3.2 Testing of different species and cultivar types
3.2.1 Low input trial on-station
An ANOVA analysis [model: y ~ cultivar] was performed for the 14 cultivars tested
on-station under organic low input management (see 2.2.2.1 Low input trial on-station). ANOVA
results are summarised in Annex 4. In the following subchapters results of the low input trial onstation are presented and discussed, whereas G. hirsutum commercial hybrid JKD represents
the control cultivar.
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4.05

12.60

0.82

79.60

10.90

MI

UI

SFI

79.10

27.30

Strength [g/tex]

a

ab

ab

bc

ac

ad

ab

ad

b

ab

ab

# no statistical analysis

0.81

29.20

2.40

2.78

25.53

27.19

2.00

2.25

2.00

2.00

2.94

4.78

38.06

2.65

4.05

1.69

22.31

29.23

33.02

144.50

2.50

3.18

1.15

18.63

72.93

Finesse [mic]

1.25

Reddening

ab

ab

bc

bc

ab

ab

cd

b

ab

b

a

15.43

2.75

5.75

H6

UhmL [mm]

2.25

3.70

Lint index [g]

2.25

6.08

Seed index [g]

Mealy bugs

37.86

GOT [%]

Leaf damage

2.58

Max. Boll width [cm]

2.00

3.98

Max. Boll length [cm]

Jassids

1.70

30.65

First yield [%]

9.87

131.00

Date 1st picking [DAS]

Boll weight [g]

2.93

Hairiness

No of bolls

3.50

Leaf shape

16.67

0.93

Stem diameter [cm]

Yield per plant [g]

12.68

Sympodial length [cm]

* Significant effects (see Annex 4.1)

Fibre quality

Resistance

Yield data

Earliness

3.68

51.63

10.83

No of monopodia

Plant height [cm]

3.00

Homogeneity

traits

No of sympodia

6.00

Morphological No of plants

A651

10.30

80.60

0.82

30.80

2.97

26.84

1.50

2.25

2.50

2.00

3.61

6.40

36.07

2.58

4.38

1.76

13.25

27.32

22.66

137.75

2.85

3.85

1.03

21.78

66.68

5.83

14.43

3.25

6.00

H10

a

ab

b

c

bc

ab

ab

bcd

bc

a

ab

10.30

81.30

0.82

33.20

2.95

26.44

1.75

2.00

2.25

1.75

3.31

5.83

36.22

2.80

3.90

1.57

16.15

31.22

32.66

141.25

2.78

3.20

1.25

18.60

74.10

5.10

15.00

3.00

6.00

H12

a

ab

ab

ac

ab

ac

ab

bcd

b

ab

ab

11.80

78.30

0.81

26.10

2.49

27.01

1.25

2.25

2.50

2.50

2.87

5.36

34.91

2.90

3.53

1.75

13.63

25.22

39.02

161.00

2.85

3.50

0.88

16.18

60.13

4.78

12.43

3.00

6.00

JKD

a

ab

b

ab

ab

ab

ab

bcd

b

ab

ab

13.40

76.30

0.84

22.60

3.33

25.97

1.00

1.75

2.25

2.25

3.46

6.58

34.49

2.75

3.98

2.00

9.62

18.71

29.33

ab

ab

bc

bc

ab

ab

bcd

b

b

b

a
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132.75

2.85

3.68

0.88

12.15

56.53

4.50

11.68

2.75

5.75

BtJKD

14.30

76.90

0.81

25.00

2.48

25.85

1.00

1.75

1.75

2.00

3.07

6.08

33.54

2.85

3.98

1.45

12.01

13.37

25.28

174.50

3.08

3.15

0.80

15.35

71.15

5.50

12.15

4.00

6.00

Rasi

a

ab

ab

bc

ab

bcd

ab

ce

b

ab

ab

12.30

78.10

0.81

26.70

2.50

27.08

1.00

1.75

1.50

2.25

3.06

5.83

34.44

2.73

3.73

1.36

14.32

17.08

49.71

152.00

3.08

3.58

0.93

16.60

68.38

5.60

14.70

2.00

6.00

BtRasi

a

ab

ab

ac

ab

ab

ab

ce

b

ab

ab

14.30

76.70

0.81

24.30

2.53

24.61

1.25

2.50

1.75

2.00

3.16

5.66

35.81

2.58

3.43

1.10

15.99

15.63

40.70

152.00

2.43

3.25

0.78

13.78

58.45

3.68

12.10

4.00

5.00

HV1

a

ab

ab

ab

ab

ab

ab

ad

b

ab

ab

17.80

74.80

0.81

27.90

2.35

24.15

1.50

1.50

2.00

2.50

3.09

4.29

41.86

2.60

3.30

1.45

13.63

14.62

41.75

160.50

2.65

3.08

0.98

12.30

58.83

6.40

11.10

3.50

5.75

HV2

a

ab

ab

a

bc

bcd

ab

ade

b

b

ab

11.50

77.30

0.82

30.30

3.04

28.13

1.00

1.25

1.25

1.00

2.71

4.99

35.17

2.48

3.40

1.07

28.08

28.16

37.19

152.00

2.35

7.45

1.08

15.65

84.48

6.25

22.10

3.50

5.75

ARV1

a

ab

ab

a

ab

ab

ab

a

ab

a

a

15.00

78.80

0.87

27.80

5.28

28.02

1.00

1.25

1.00

1.00

2.80

4.79

36.89

2.50

3.78

1.70

18.68

34.66

20.86

151.00

2.15

8.40

0.98

15.53

71.55

6.10

16.58

4.50

5.75

ARV2

a

a

a

ac

ab

a

a

a

a

ab

ab

9.30

82.00

0.81

34.20

2.48

31.66

1.00

3.00

1.50

2.25

3.18

7.93

28.65

2.70

4.05

1.39

7.37

9.26

56.30

172.00

3.30

4.78

0.85

9.63

69.40

8.50

10.98

2.00

6.00

HB1

a

b

ab

bc

b

b

b

c

c

b

ab

9.60

78.60

0.80

29.50

2.31

30.39

1.00

2.00

2.00

2.50

4.00

7.44

34.98

2.58

4.25

1.31

8.17

10.91

41.48

170.00

4.00

3.93

0.98

12.80

75.55

4.18

19.93

3.00

5.25

HB2

ab

ab

c

bc

bd

ab

f

bc

ab

ab

a

#
#
#
#
#
#

*
*
*

*
*
#
#
#

*
*

*
*
*
*

*
*
*

Table 9: Results of morphological traits, earliness, yield data and pest and disease resistance for the 14 cultivars tested on-station (Tab. 2) under organic low input conditions in trial
2.2.2.1

3.2.1.1 Morphological traits and earliness
The number of plants, homogeneity, number of monopodia and stem diameter
showed no significant difference among the 14 tested cultivars under low input management.
The number of sympodia differed significantly (P = 0.023) among the cultivars. Highest
number of sympodia showed inter-specific hybrid HxB1 and lowest G. hirsutum hybrid Ankur651 and G. hirsutum varietal line HV1 (Tab. 9). Moreover, plant height also differed significantly
(P = 0.006) among the 14 tested cultivars. G. arboreum varietal line ARV1 was significant taller
compared to G. hirsutum hybrid Bt-JKD and Ankur-651 (Tab. 9). Furthermore, sympodial
length differed significantly (P = 0.003) between the cultivars. G. hirsutum hybrid H10 was
found to have significantly longer sympodia than inter-specific hybrid HxB1, G. hirsutum varietal
line HV2 and G. hirsutum hybrid Bt-JKD (Tab. 9). The leaf shape varied significantly (P < 0.001)
as expected among Gossypium spp. The two G. arboreum varietal lines ARV1 and ARV2
differed significantly from all others. Furthermore, all G. hirsutum hybrids and varietal lines,
besides G. hirsutum hybrid H-10, differed significantly from inter-specific hybrid HxB1 (Tab. 9).
Higher means in leaf shape were expected for the inter-specific hybrids due to the cross with
one G. barbadense parental line (see Annex 6.3). Hairiness also differed significantly (P <
0.001) among the 14 tested cultivars. As expected the two most hairy cultivars were G.
arboreum varietal lines ARV1 and ARV2, while the least hairy were both inter-specific hybrids
HxB1 and HxB2 (Tab. 9).
The 14 tested cultivars showed significant (P < 0.001) effects regarding date of 1st
picking, referred to as earliness. G. hirsutum hybrid Ankur-651 and Bt-JKD showed the earliest
date of 1st picking, followed by the G. hirsutum hybrids H-10, H-12 and H-6. Late maturing
cultivars were, as expected, the inter-specific hybrids HxB1 and HxB2, however also G.
hirsutum varietal line HV2 and hybrid Rasi2 were very late maturing (Tab. 9). The first yield (%
of total yield) also differed significantly (P = 0.029) among cultivars. Inter-specific hybrid HxB1
showed a significantly higher first yield than G. arboreum varietal line ARV2 as presented in
Figure 8.

Figure 8: First yield (% of total yield) of the 14 cultivars tested on-station (Tab. 2) under organic low input
management in trial 2.2.2.1
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3.2.1.2 Yield data
The yield per plant differed significantly (P < 0.001) between tested cultivars. G.
arboreum varietal line ARV2 reached highest yield per plant, and thus significantly differed from
the two inter-specific hybrids HxB1 and HxB2, G. hirsutum varietal line HV2 and G. hirsutum
hybrid Rasi2 (Tab. 9). Interestingly, none of the cultivars reached the average yield per plant of
40g. The inter-specific hybrids HxB1 and HxB2, G. hirsutum varietal lines HV1 and HV2, G.
hirsutum hybrid Rasi2 with and without implemented Bt-gene, as well as G. hirsutum hybrid BtJKD and Ankur651 yielded even less than half of the average yield per plant. Nevertheless, G.
hirsutum hybrids H-6, H-10 and H-12, as well as both G. arboreum varietal lines ARV1 and
ARV2 achieved higher yields compared to G. hirsutum control hybrid JKD as presented in
Figure 9. The number of bolls showed significant (P < 0.001) differences among cultivars. G.
arboreum varietal line ARV1 showed significantly more number of bolls per plant than interspecific hybrid HxB1 and HxB2, and G. hirsutum hybrid Bt-JKD, H-10, Rasi2 and Ankur-651.
Whereas, on the other hand, G. hirsutum hybrid H-6 showed significantly more number of bolls
than inter-specific hybrid HxB1 (Tab. 9). Surprisingly, boll weight did not show significant
differences among cultivars. However, maximum boll length differed significantly (P < 0.001)
among the 14 tested cultivars. G. hirsutum hybrid H-10 and inter-specific hybrid HxB2 showed
significantly longer bolls than G. arboreum varietal line ARV1, G. hirsutum varietal line HV1 and
HV2 as well as G. hirsutum control hybrid JKD. G. hirsutum varietal line HV2 instead showed
significant shorter bolls than the inter-specific hybrids HxB1 and HxB2, G. hirsutum hybrid H-6,
Bt-JKD, Rasi2 and Ankur-651 (Tab. 9). Maximum boll width also differed significantly (P =
0.012) among cultivars with G. hirsutum control hybrid JKD achieving widest boll size (Tab. 9).

Figure 9: Yield per plant [g] of the 14 cultivars tested on-station (Tab. 2) under organic low input management in trial
2.2.2.1

Figure 10 presents the GOT of mixed samples for the 14 cultivars tested on-station
under low input management. G. hirsutum varietal line HV2 shows, in comparison to all others,
a very high GOT. G. hirsutum hybrids Ankur-651, H-6, H-10 and H-12, as well as both G.
hirsutum varietal lines HV1 and HV2, G. arboreum varietal lines ARV1 and ARV2 and interspecific hybrid HxB2 are at least on pair with G. hirsutum control hybrid JKD.
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Figure 10: GOT [%] of mixed samples of the 14 cultivars tested on-station (Tab. 2) under organic low
input management in trial 2.2.2.1

3.2.1.3 Pest and disease resistance
Only pests, diseases and deficiencies with a minimum level of three (on scale 1 = little to
5 = plant almost killed) for an individual observation were further examined. For the others
pressure was too low to allow differentiation between cultivars. The three pests, jassid, leaf
damage and mealy bug, as well as the deficiency reddening were analysed in detail among
the tested cultivars. Jassid attack was significantly (P < 0.001) different between the cultivars,
with G. arboreum varietal line ARV1 and ARV2 showing the lowest pest attack (Tab. 9). Leaf
damage was also significantly (P = 0.015) different among cultivars (Tab. 9). G. arboreum
varietal line ARV2 showed significantly less leaf damage than G. hirsutum hybrid H-10 and JKD.
Moreover, pest attack of mealy bug was significantly (P = 0.014) exhibited, with G. arboreum
varietal line ARV1 and ARV2 being significantly less attacked than inter-specific hybrid HxB1
(Tab. 9).
3.2.1.4 Fibre quality
Figure 11 presents the results of the quality analysis of mixed samples for the 14
cultivars tested on-station under organic low input conditions.
36

Fibre length [mm]
Fibre strength [g/tex]

34
32
30
28
26
24
UhmL
Strength

22
20
A651

H6

H10

H12

JKD btJKD RASI btRasi HV1

HV2 ARV1 ARV2 HB1

HB2

Figure 11: Fibre length UhmL [mm] and strength [g/tex] of mixed samples of the 14 cultivars
tested on-station (Tab. 2) under organic low input management in trial 2.2.2.1

32

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor

Minimum fibre length UhmL of 28mm was achieved by both inter-specific hybrids HxB1
and HxB2 and also unexpectedly by both G. arboreum varietal lines ARV1 and ARV2, whereas
both G. hirsutum varietal lines HV1 and HV2 as well hybrid H-6 showed very low fibre length.
Regarding fibre strength, all 14 tested cultivars besides G. hirsutum hybrid Bt-JKD reached at
least 24 g/tex. (Fig. 11) Fibre finesse was lower than the required micronaire value of 3.4 for all
cultivars, besides for G. arboreum varietal line ARV2 (Tab. 10).
3.2.1.5 Discussion
The following discussion will focus on the cultivars that yielded over G. hirsutum control
hybrid JKD, since they present the most promising cultivars for organic and low input farming in
Central India. Two groups can be distinguished among these cultivars. One group includes
tetraploid G. hirsutum hybrids H-6, H-10, H-12, with the exception of Ankur-651, Bt-JKD, Rasi2
and Bt-Rasi2. The other group includes the two diploid G. arboreum varietal lines ARV1 and
ARV2, representing indigenous Desi cotton.
Table 10: Date of 1st picking [DAS], yield per plant [g], GOT [%], UhmL [mm] and finesse [mic] combined with ranking
of the 14 cultivars tested on-station (Tab. 2) under organic low input management in trial 2.2.2.1
Cultivar

Date 1st picking

Yield per plant

GOT

UhmL

Finesse

DAS

Rank

g

Rank

%

Rank

mm

Rank

mic

Rank

131

1

16.67

9

37.86

3

27.19

5

2.78

6

A651

G. hirsutum (4x) hybrid

H6

G. hirsutum (4x) hybrid

144.5

5

29.23

3

38.06

2

25.53

12

2.40

12

H10

G. hirsutum (4x) hybrid

137.75

3

27.32

5

36.07

6

26.84

8

2.97

4

H12

G. hirsutum (4x) hybrid

141.25

4

31.22

2

36.22

5

26.44

9

2.95

5

JKD

G. hirsutum (4x) hybrid

161

11

25.22

6

34.91

10

27.01

7

2.49

9

BtJKD

G. hirsutum (4x) hybrid

132.75

2

18.71

7

34.49

11

25.97

10

3.33

2

Rasi

G. hirsutum (4x) hybrid

174.5

14

13.37

12

33.54

13

25.85

11

2.48

10

BtRasi

G. hirsutum (4x) hybrid

152

7

17.08

8

34.44

12

27.08

6

2.50

8

HV1

G. hirsutum (4x) varietal line

152

7

15.63

10

35.81

7

24.61

13

2.53

7

HV2

G. hirsutum (4x) varietal line

160.5

10

14.62

11

41.86

1

24.15

14

2.35

13

ARV1

G. arboreum (2x) varietal line

152

7

28.16

4

35.17

8

28.13

3

3.04

3

ARV2

G. arboreum (2x) varietal line

151

6

34.66

1

36.89

4

28.02

4

5.28

1

HB1

Inter-specific (4x) hybrid

172

13

9.26

14

28.65

14

31.66

1

2.48

10

HB2

Inter-specific (4x) hybrid

170

12

10.91

13

34.98

9

30.39

2

2.31

14

Interestingly, both GM cultivars (Bt-JKD and Bt-Rasi2) did not perform very well under
low input management, thus supporting the fact that GM cotton is not well suited for organic and
low input farming. Nevertheless, Bt-JKD was the second earliest cultivar and also came second
in finesse ranking, but performed rather poor in terms of yield per plant, GOT and fibre length.
(Tab. 10) Regarding Rasi2, both the Bt- and, even more so, the non-Bt cultivar did not perform
convincingly overall. Moreover, Ankur-651 also performed poorly in terms of yield per plant.
(Tab. 10) However, Ankur-651 is, in regards to its company Ankur Seeds Pvt. Ltd., more suited
for dryland and semi-irrigated conditions clearly not encountered at the LTE site with its good
irrigation facilities and waterlogging problems. Ankur-651 will be discussed in more detail in
chapter 3.3 Genotype x environment interaction. Moreover, both G. hirsutum varietal lines HV1
and HV2 also showed in cropping season 2011/12 an overall poor performance. G. hirsutum
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varietal line HV2 showed highest GOT, but was very low yielding. (Tab. 10) Nevertheless, in
prospect to seed security, G. hirsutum varietal lines are important in comparison to hybrids,
since farmers do not depend on purchasing new hybrid seed every year, but can rather use
farm saved seeds of preferred cultivars. Improved G. hirsutum varietal lines should be further
tested for their suitability under organic and low input farming in Central India. Last, but not
least, the two inter-specific hybrids HxB1 and HxB2 are according to bioRe experience not well
suited to the circumstances in the Nimar valley, even though they rank best in terms of fibre
length. In general, inter-specific hybrids did not show good performance, being especially late
maturing and also heavily attacked by sucking pests. (Tab. 10)
The bad performance of some of the cultivars may also be attributed to the waterlogged
situation which occurred near the end of August 2011, seriously affecting the small and
emerging cotton plants on-station. Waterlogging may affect some species and cultivar types
more than others. Hebbar, for example, showed that G. arboreum varietal lines showed an
increased reduction in yield compared to G. hirsutum varietal lines with long-term waterlogging
(HEBBAR 2003). Moreover, the on-station trials were sown rather late (7th July 2011). Late sowing
may also have contributed considerably to the bad performance of some of the tested cultivars.
Considering the different cultivar types tested on-station under organic low input
management, tetraploid G. hirsutum hybrids were more homogeneous compared to the two
diploid G. arboreum varietal lines. Furthermore, the two G. arboreum varietal lines ARV1 and
ARV2 showed increased number of monopodia compared to the G. hirsutum hybrids. G.
arboreum varietal lines showed also an increased number of sympodia, as well as plant height
compared to the G. hirsutum hybrids. To sum up, both G. arboreum varietal lines showed more
vegetative growth in comparison to G. hirsutum hybrids, but were rather heterogeneous (see
Annex 6.1). Within the G. hirsutum varietal lines, ARV1 showed more sympodia and also
increased plant height over ARV2.
Interestingly, the earliest cultivars were G. hirsutum hybrid Ankur-651 and Bt-JKD, the
two smallest cultivars in terms of plant height. The G. hirsutum hybrids were maturing earlier
than the G. arboreum varietal lines, with G. hirsutum hybrid H-10 ranking as the third earliest
cultivar, followed by H-12 and H-6. G. hirsutum control hybrid JKD was rather late maturing,
being later than G. arboreum varietal lines ARV1 and ARV2, which were classified as being
medium-early. (Tab. 10)
Highest yield was achieved by G. arboreum varietal line ARV2, followed by G. hirsutum
hybrid H-12, H-6, G. arboreum varietal line ARV1 and G. hirsutum hybrid H-10 (Tab. 10). G.
arboreum ARV1 showed not only the highest vegetative growth, but also an increased number
of bolls. This may support the hypothesis that G. arboreum varietal line ARV1 is more tolerant to
waterlogging than all others. Boll length, as well as boll width, was higher for the G. hirsutum
hybrids compared to the G. arboreum varietal lines, however both G. arboreum varietal lines
achieved longer bolls than G. hirsutum control hybrid JKD. In contrast, JKD achieved the
highest boll width.
Regarding pest and diseases, G. arboreum varietal lines ARV1 and ARV2 showed less
jassid, leaf damage and mealy bug incidence as compared to G. hirsutum hybrids. This may be
correlated to the fact that both G. arboreum varietal lines ARV1 an ARV2 were found to be more
hairy compared to the G. hirsutum hybrids. Hairs on cotton leafs are known to reduce sucking
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pest incidence, especially jassid and white fly adults as reported by Mustafa et al. (2010). In
addition, G. arboreum varietal lines are generally reported to be more robust to pests and
diseases (EYHORN ET AL. 2005b).
Regarding fibre quality, both G. arboreum varietal lines ARV1 and ARV2 showed
surprisingly longer fibres than G. hirsutum hybrids. All three G. hirsutum hybrids showed shorter
fibre length than control hybrid JKD. G. hirsutum hybrid H-10 and H-12 however showed the
highest fibre strength. Fibre finesse was generally low for all cultivars tested on-station. This
may be due to late sowing as already discussed earlier. However, G. arboreum varietal line
ARV1 achieved as only cultivar fibre finesse above minimum micronaire value of 3.4. The value
of 5.28 micronaire may however also be already too high for the spinning mills.
To sum up, the most promising cultivar was identified as G. arboreum varietal line ARV2.
Not only did it achieve the highest yield per plant, but it also exhibited high fibre finesse as well
as a fibre length above 28mm. G. arboreum varietal line ARV1 was also good in its
performance, however its ranking always fell short of those of ARV2. G. hirsutum hybrid H-6, H10 and H-12 outyielded the control hybrid JKD and were among the early maturing cultivars and
showed comparably high GOT, however they performed rather poor in terms of fibre quality.
Among these hybrids, H-10 showed the best fibre quality, whereas H-6 performed rather poor in
both fibre length UhmL and finesse.
Cultivar testing for organic and low input farming should continue over multiple years to
better account for adverse climatic conditions such as waterlogged situations due to heavy
rainfall. Best performing cultivars may vary over years in their performance because of different
degrees of tolerance and resistance to various biotic and abiotic stresses. For cropping seasons
like that of 2011/12, with its waterlogged situation on heavy soil, improved G. arboreum varietal
lines might be promising cultivars for organic and low input farming in Central India. However, in
the future more care should be given to soil conditions and farm management, such as early
sowing dates to tap the full potential of cultivars in terms of yield and fibre quality. Also, the size
of each plot should be increased for a more reliable sampling of cotton fibre for fibre quality
assessment. This is due to the fact that separate samples per replicate are required for
achieving a more powerful statistical analysis.

3.2.2 Cultivar trial on-farm
The cultivar trial on bioRe farm was analysed by a hierarchical ANOVA (model: y ~
cultivar type/cultivar). ANOVA results are presented in Annex 5.1. In the following chapters
significant effects among different cultivar types are presented and discussed. Significant effects
between cultivars are mentioned, however not discussed in detail. Nevertheless, the best
performing cultivars will be highlighted.
3.2.2.1 Morphological traits and earliness
All morphological traits were highly significant between the different cultivar types.
Homogeneity differed significantly (P < 0.001) between different species and cultivar types. G.
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hirsutum varietal lines DV1-20 were significantly more homogeneous than inter-specific hybrids
HxB1-6 and G. arboreum varietal lines AR1-5. Furthermore, G. hirsutum varietal lines DV1-20
showed significantly (P < 0.001) less number of monopdia compared to G. arboreum varietal
lines AR1-5 and G. barbadense varietal lines DB1-8. G. hirsutum varietal lines DV1-20 and G.
arboreum varietal lines AR1-5 showed a significant (P = 0.003) larger number of sympodia
compared to G. hirsutum hybrids HxH1-5 and G. barbadense varietal lines DB1-8. Plant height
also differed significantly between (P < 0.001) different species and cultivar types. G. hirsutum
varietal lines DV1-20 and G. arboreum varietal lines AR1-5 were significantly taller than G.
barbadense varietal lines DB1-8. In addition, sympodial length differed significantly among (P
= 0.046) different species and plant types, shortest were G. barbadense and longest G.
arboreum species. The same was true for stem diameter, which also differed significantly
among (P = 0.020) different species and cultivar types. G. hirsutum varietal lines DV1-20 and
inter-specific hybrids HxB1-6 showed strongest stem diameter.
Table 11: Results of morphological traits, earliness, yield data, pest and disease resistance for the cultivar types
tested under organic farming on bioRe farm in trial 2.2.2.2 * indicates significant effects among cultivar types
Parameter

Inter-specific

G. hirsutum

G. hirsutum

G. arboreum

G. barbadense

hybrids HxB1-6

hybrids HxH1-5

varietal line DV1-20

varietal line AR1-5

varietal line DB1-8

Morphological

Homogeneity

3.83

b

3.30

ab

2.60

a

3.90

b

3.13

ab

*

traits

No of monpodia

6.48

ab

6.35

ab

5.43

b

8.46

a

7.73

a

*

No of sympodia

10.88

ab

9.81

b

12.93

a

13.08

a

8.71

b

*

Plant height [cm]

65.65

ab

60.28

ab

72.47

b

72.05

b

58.36

a

*

Sympodial length [cm]

14.75

a

14.16

a

14.63

a

14.90

a

12.67

a

*

Stem diameter [cm]

1.08

a

0.94

a

1.09

a

0.99

a

1.03

a

*

Leaf shape

4.85

a

3.37

b

2.98

b

7.66

c

4.69

a

*

Hairiness

3.96

a

2.86

bc

3.21

c

2.54

b

4.17

a

*

Compactness [cm]

44.31

c

45.89

bc

65.37

d

59.77

ad

53.58

ab

*

Date 1st picking [DAS]

199.33

c

159.30

b

167.05

b

154.30

a

225.22

d

*

First yield [%]

45.00

a

24.40

b

19.98

b

19.33

b

47.91

a

*

Yield per plant [g]

8.44

a

21.24

b

26.10

b

24.85

b

6.71

a

*

No of bolls

7.21

ac

10.97

bc

17.01

d

17.53

bd

5.41

a

*

Boll weight [g]

1.59

bc

2.28

a

2.03

a

1.81

ab

NA

c

*

Max. Boll length [cm]

4.45

d

4.25

bd

3.89

c

3.37

a

3.87

bc

*

Max. Boll width [cm]

2.63

ad

2.86

b

2.80

bd

2.47

a

2.16

c

*

Pest and disease

Alternaria blight

1.00

a

1.10

ab

1.36

b

1.00

a

1.00

a

*

resistance

Bacterial blight

2.00

Rottening

1.00

a

1.00

ad

1.14

a

1.00

ab

1.38

bd

*

Jassid

3.08

c

2.20

b

1.93

b

1.00

a

1.22

a

*

White fly

1.00

a

1.00

a

1.09

a

1.00

a

2.53

b

*

American bollworm

1.75

a

1.80

a

1.01

b

1.20

a

1.00

b

*

Pink bollworm

1.00

Leaf damage

1.42

d

2.50

c

1.34

abd

1.00

a

1.50

b

*

Mealybug

2.33

a

1.50

bc

1.65

c

1.50

bc

2.16

ab

*

Reddening

1.00

a

1.20

a

1.30

b

1.00

a

1.00

a

*

Earliness

Yield data

1.80

2.10

1.00

2.10

1.03

2.00

1.00

1.00

* Significant effects (see Annex 5.1)
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Leaf shape also showed significant differences between species (P < 0.001). The interspecific hybrids HxB1-6 with G. barbadense varietal lines DB1-8, as well as G. hirsutum varietal
lines DV1-20 with hybrids HxH1-5, and G. arboreum varietal lines AR1-5 differed significantly
compared to all other species. This clearly shows the typical leaf shape of each Gossypium
spp. (see Annex 6.3). Hairiness was also significant among species and cultivar types (P <
0.001). As expected G. barbadense varietal lines DB1-8 and the inter-specific hybrids HxB 1-6
were significantly less hairy than all others. G. arboreum varietal lines AR1-5 were most hairy,
also significantly hairier than G. hirsutum varietal lines DV1-20. Compactness, defined as the
width of a cultivar, was significant (P < 0.001) among species and cultivar types. G. hirsutum
varietal lines DV1-20 were less compact than G. barbadense varietal lines DB1-8, G. hirsutum
hybrids HxH1-5 and inter-specific hybrids HxB1-6, whereas the latter ones were also
significantly less compact than G. arboreum varietal lines AR1-5 and G. barbadense varietal
lines DB1-8. (Tab. 11)
The date of 1st picking was highly significant (P < 0.001) among the different cultivar
types. Interestingly, G. arboreum varietal lines AR1-5 were earliest, albeit significantly earlier
than G. hirsutum hybrids HxH1-5 and varietal lines DV1-20, which were earlier than the interspecific hybrids HxB 1-6, and subsequently earlier than the G. barbadense varietal lines DB1-8.
(Tab. 11). Furthermore, the first yield (% of total yield) was significant between (P < 0.001)
different species and cultivar types. G. barbadense varietal lines DB1-8 and inter-specific
hybrids HxB1-6 showed significant, around double the amount of first yield (% of total yield)
compared to all other cultivar types as shown in Figure 12.

Figure 12: First yield (% of total yield) of the cotton cultivars tested on-farm (Tab. 3) at bioRe in trial 2.2.2.2. The red
line represents the first yield (% total yield) of G. hirsutum control hybrid JKD

3.2.2.2 Sowing date
The cultivars on the bioRe farm were not sown on the same date. G. hirsutum varietal
lines DV1-20 and G. barbadense varietal lines DB1-8 were sown 10 days earlier than interspecific hybrids HxB1-6, G. hirsutum hybrids HxH1-5, G. arboreum varietal lines AR1-5 and G.
hirsutum compact lines CO1-5, as well as 12 days earlier than G. hirsutum control hybrid JKD
(see 2.2.2.2 Cultivar trial on-farm). The effects of this delay in sowing can not be evaluated.
However, for G. hirsutum control hybrid JKD potential yield by early sowing was calculated as
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presented in the following paragraph.
The G. hirsutum varietal lines DV1-20 were sown on two dates on the bioRe farm (see
2.2.2.2 Cultivars trial on-farm). First sowing was just after the onset of the monsoon (27 th June
2011) and second sowing was performed 12 days later (9th July 2011). The sowing date
significantly influenced yield per plant. The non-parametric Kurskal test (model: y ~ sowing date)
showed significant (P < 0.001) differences in yield per plant. G. hirsutum varietal lines DV1-20
sown with the onset of the monsoon rains yielded in average 26.10 g per plant, whereas the
same cultivars sown 12 days later only 18.41 g per plant. This represents an overall yield
reduction of 29.46% per plant with 12 days delay in sowing. Therefore, it was possible to
evaluate the potential yield of G. hirsutum control hybrid JKD if it were to be sown 12 days
earlier (multiplication with 129.45%). However, for all other late sown cultivars it is important to
also consider the effects of a late sowing date.
3.2.2.3 Yield data
Yield per plant differed significantly (P < 0.001) among species and cultivar types. G.
hirsutum hybrids HxH1-5, G. hirsutum varietal lines DV1-20 and G. arboreum varietal lines AR15 showed significant higher yield per plant compared to G. barbadense varietal lines DB1-8 and
inter-specific hybrid HxB1-6 (Tab. 11). Both species respective cultivar types are not well suited
for the local conditions in the Nimar valley. Furthermore, none of the tested cultivars reached the
average yield per plant of 40g. In addition, G. arboreum varietal line AR1, G. hirsutum varietal
lines DV10 and DV16 as well as G. hirsutum hybrids HxH1-3 yielded rather low. When
comparing all other cultivars' yields with that of G. hirsutum control hybrid JKD, with its yield per
plant of 22.73 g, other cultivars yielded in a similar range unless yield of JKD is corrected by
estimating an earlier sowing date (see 3.2.2.2 Sowing date), which in this case would be a
potential yield of 30.56 g (Fig. 13).
The number of bolls showed significant (P < 0.001) effects among species and cultivar
types. G. hirsutum varietal lines DV1-20 showed a significantly larger number of bolls than G.
barbadense varietal lines DB1-8, inter-specific hybrids HxB1-6 and G. hirsutum hybrids HxH1-5.
G. arboreum varietal lines AR1-5 showed however significant more bolls than G. barbadense
varietal lines DB1-8 and inter-specific hybrids HxB1-6 (Tab. 11).

Figure 13: Yield per plant [g] of the cotton cultivars tested on-farm (Tab. 3) at bioRe in trial 2.2.2.2. The red line
represents the yield per plant and the potential yield per plant (see 3.2.2.2) of G. hirsutum control hybrid JKD
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Boll weight differed significantly (P < 0.001) among species and cultivar types. G.
barbadense varietal lines DB1-8 showed significantly lower boll weight than all other species
and cultivar types besides inter-specific hybrids HxB1-6. G. hirsutum hybrids HxH1-5 and G.
hirsutum varietal lines DV1-20 showed significantly higher boll weight then the inter-specific
hybrids HxB1-6. (Tab. 11). Maximum boll length was also significant (P < 0.001) among
species and cultivar types with G. arboreum varietal lines AR1-5 showing shorter bolls
compared to all others, and G. hirsutum varietal lines DV1-20 having shorter bolls than G.
hirsutum hybrids HxH1-5 and inter-specific hybrids HxB1-6. Additionally, G. barbadense varietal
lines DB1-8 showed significantly shorter bolls than inter-specific hybrids HxB1-6. (see Annex
6.4) Maximum boll width also differed significantly (P < 0.001) among species and cultivar types.
G. hirsutum hybrids HxH1-5 and G. hirsutum varietal lines DV1-20 showed significantly wider
bolls than all others, and inter-specific hybrids HxB1-6 yielded significantly wider bolls than G.
barbadense varietal lines DB1-8. (Tab. 11)
The GOT of mixed samples is presented in Figure 14. G. hirsutum varietal lines DV1-20,
G. hirsutum hybrids HxH1-5 and G. arboreum varietal lines AR1-5 showed comparably high
GOT, also higher than G. hirsutum control hybrid JKD, while G. hirsutum varietal lines DV4 and
DV5 achieved the highest GOT of above 40% (Fig. 14).
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Figure 14: GOT [%] of mixed samples of the cotton cultivars tested on-farm (Tab. 3) at bioRe in trial 2.2.2.2

3.2.2.4 Pest and disease resistance
All pests, diseases and deficiencies with a minimum level of three (on scale 1 = little to 5
= plant almost killed) for an individual observation were further assessed. The disease
Alternaria blight was significant (P < 0.001) among species and cultivar types, with G.
hirsutum varietal lines DV1-20 showing highest attack (Tab. 11). Rottening differed significantly
(P = 0.018), where G. barbadense varietal lines DB1-8 showed highest incidence (Tab. 11).
Concerning pests, jassid (P < 0.001), white fly (P < 0.001), American bollworm (P <
0.001), mealy bug (P < 0.001) and leaf damage by foliar caterpillars (P < 0.001) were
significant among species and cultivar types. Inter-specific hybrids HxB1-6 showed highest
jassid and mealy bug incidence. G. hirsutum hybrids HxH1-5 showed highest American
bollworm and leaf damage, while G. barbadense varietal lines DB1-8 showed highest incidence
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of white fly (Tab. 11). In addition, for plant reddening significant (P = 0.004) differences among
species and cultivar types were observed, with G. hirsutum varietal lines DV1-20 representing
highest reddening occurrence (Tab. 11).
3.2.2.5 Fibre quality
Regarding quality parameters G. hirsutum varietal line DV16, G. barbadense varietal
lines DB4-8 and inter-specific hybrids HxB3-6 were not sent for analysis due to their bad
performance in the field. Figure 15 presents fibre length UhmL and fibre strength based on
mixed samples for all cultivars on-farm. G. hirsutum varietal lines DV7-9 and G. hirsutum hybrid
HxH1 reached at least 28mm fibre length UhmL, besides all tested G. barbadense varietal
lines DB1-3, inter-specific hybrids HxB1-2 and G. hirsutum control hybrid JKD (Fig. 15). Among
the G. arboreum varietal lines, AR4 is with 27.36 mm the only cultivar worth considering
regarding fibre length. Fibre strength was generally good for all tested cultivars (above 24
g/tex) except for G. hirsutum varietal line DV5 and G. arboreum varietal line AR5 (Fig. 15).
36
34
UhmL [mm]
Fibre strength [g/tex]

32
30
28
26
24
22
20

UhmL
Strength
HxH1-5

DV1-20

AR1-5

DB1-8 JKD

Figure 15: Fibre length UhmL [mm] and strength [g/tex] of mixed samples of the cotton
cultivars tested on-farm (Tab. 3) at bioRe in trial 2.2.2.2

Furthermore, Figure 16 presents fibre finesse for all cultivars tested on-farm at bioRe.
Fibre finesse was very poor among all cultivars tested on-farm. Only single cultivars reached
the required micronaire value of four, such as G. hirsutum varietal line DV20, hybrid HxH5 and
all G. arboreum varietal lines besides AR4 (Fig. 16). In comparison to G. hirsutum control hybrid
JKD, it becomes clear that in terms of fibre length and strength only inter-specific hybrids HxB12 and G. barbadense varietal lines DB1-3 achieve better fibre quality. While it is not true for fibre
finesse where G. arboreum varietal lines AR1-5 and G. hirsutum hybrids HxH1-5 showed better
fibre quality.
The three G. arboreum varietal lines RASS, DAS and DSLA, which were highly affected
by late sowing and shadow effects and thus excluded form the trial, were also analysed for fibre
quality by using material from the seed multiplication (see 2.2.2.2 Cultivars trial on-farm). All
three cultivars achieved high fibre quality, with fibre length UhmL of 27.29 mm, 27.49 mm and
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28.77 mm and fibre strength of 32.7 g/tex, 30.9 g/tex and 31 g/tex. Moreover, fibre finesse was
good with 4.45 micronaires, 3.77 micronaires and 3.22 micronaires. This is an important result
that supports the high quality potential of Desi cotton (G. arboreum spp.) as also observed
already in the on-station trials (see. 2.2.1 and 2.2.2.1).
7
6

Finesse [mic]

5
4
3
2
1
0

HxH1-5

DV1-20

AR1-5

DB1-8 JKD

Figure 16: Fibre finesse [mic] of mixed samples of the cotton cultivars tested on-farm (Tab.
3) at bioRe in trial 2.2.2.2

3.2.2.6 Drop in fibre quality

36

4

34

3.8
3.6

32

3.4

30

Finesse [mic]

UhmL [mm]
Fibre strength [g/tex]

To test for the drop in quality during the harvest period two cultivars, G. hirsutum control
hybrid JKD and G. hirsutum varietal line DV18 (sown as Demo4), were analysed for quality
parameters at each single picking (see 2.2.2.2 Cultivars trial on-farm). The fibre length UhmL
drops for both cultivars over harvest, however more for the varietal line compared to the hybrid.
G. hirsutum varietal line DV18 showed overall shorter fibres than hybrid JKD. (Fig. 17) In
addition, fibre strength drops consistently for the varietal line through out harvest, whereas for
the hybrid the strength was lowest at 2nd picking (Fig. 17).

28
26
24
22

JKD UhmL
Demo4 UhmL
JKD strength
Demo4
strength

20
1st pick.

3.2
3
2.8
2.6
2.4
2.2

2nd pick.

JKD
Demo4

2
1st pick.

rest pick.

Figure 17: Fibre length UhmL [mm] and strength [g/tex]
for JKD and DV18 (Tab. 3) at 1 st, 2nd and rest picking on
bioRe farm in trial 2.2.2.2

2nd pick.

rest pick.

Figure 18: Fibre finesse [mic] for JKD and DV18 (Tab. 3)
at 1st, 2nd and rest picking on bioRe farm in trial 2.2.2.2
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Lastly, fibre finesse drops for both cultivars significantly between 1st and 2nd picking, but
afterwards remains more or less constant. G. hirsutum hybrid JKD drops form a higher level to a
lower, compared to the G. hirsutum varietal line DV18. (Fig. 18)
3.2.2.7 Compact types
A compact cultivar is characterised by its smaller plant size, therefore it possesses a
shorter plant height and a more compact sympodial length. Nevertheless, compact types should
not compromise in yield, since plant spacing can be reduced and thus yield ha -1 maintained.
Furthermore, inter-branch distance is smaller and thus the number of bolls per plant not
reduced. Hence, compact types are bred especially for machine picking, mainly because of their
synchronous flowering and absence of vegetative monopodia. However, compact types mature
earlier due to a reduction in size, and therefore present an interesting alternative for rainfed
conditions with terminal water stress.
Table 12: Results of morphological traits, earliness, yield data, pest and
disease resistance for normal and compact G. hirsutum varietal lines on bioRe
farm in trial 2.2.2.2
Parameter
Morphological traits

Earliness

Yield data

G. hirsutum

G. hirsutum

compact type

normal type

Homogeneity

2.7

2.6

No of monopodia

3.94

5.43

*

No of sympodia

6.44

12.93

*

Plant height

43.48 cm

72.47 cm

*

Sympodial length

11.46 cm

14.63 cm

*

Stem diameter

0.69 cm

1.09 cm

*

Leaf shape

3.56

2.98

*

Hairiness

3.2

3.21

Date 1st picking

155 DAS

167.05 DAS

*

First yield

28.83%

19.98%

*

Yield plant

63.5 g

93.66 g

*
*

No of bolls

6.3

17.01

Boll weight

1.82 g

2.03 g

Max. Boll length

3.66 cm

3.86 cm

*

Max. Boll width

2.51 cm

2.83 cm

*

Pest and disease

Alternaria blight

1.2

1.36

resistance

Bacterial blight

2

2.1

Rottening

1

1.14

Jassid

2.3

1.93

Pink bollworm

1

1.03

Leaf damage

1.6

1.34

Reddening

1.1

1.3

Mealy bug

2

1.65

*

* Significant effects (see Annex 5.2)
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A hierarchical ANOVA (model: y ~ cultivar type/cultivar) analysis was performed
comparing G. hirsutum normal lines DV1-20 with compact lines CO1-5 (see 2.2.2.2 Cultivar trial
on-farm). The ANOVA results are summarised in Annex 5.2.
G. hirsutum compact lines CO1-5 showed significantly less number of monopodia (P =
0.003) and number of sympodia (P < 0.001) compared to G. hirsutum normal lines DV1-20.
Furthermore, plant height (P < 0.001) as well as sympodial length (P = 0.004) were reduced
for the compact lines. In addition, G. hirsutum compact lines CO1-5 showed a smaller stem
diameter (P < 0.001) and interestingly their leaf shape (P < 0.001) also differed significantly
from G. hirsutum normal lines DV1-20. However, homogeneity and hairiness showed no
significant effects for the normal compared to the compact types. G. hirsutum compact lines
CO1-5 matured significantly (P < 0.001) earlier than the normal lines DV1-20 and showed a
higher first yield (% of total yield) (P < 0.001) as well. (Tab. 12)
The yield m-2 differed significantly (P = 0.002) among the two types, showing on average
a significantly lower yield for the compact lines in comparison to the normal lines, as presented
in Figure 19. However, yield m-2 showed big variation among cultivars. The number of bolls
also showed significant effects (P < 0.001) among the two types. G. hirsutum normal lines
showed increased number of bolls compared to the compact lines. Furthermore, the compact
lines also showed significantly smaller bolls as maximum boll length (P = 0.005) and boll
width (P < 0.001). (Tab. 12)
The GOT of mixed samples, however, was comperable for both cultivar types. On the
other hand, G. hirsutum compact lines also showed significantly higher mealy bug (P = 0.047)
attack compared to the G. hirsutum normal lines (Tab. 12). Regarding quality parameters, only
G. hirsutum compact lines CO1, CO2 and CO4 were sent for analysis. Fibre length (UhmL)
showed in average an increased length for the normal lines compared to the compact lines.
Moreover, normal lines show in average stronger fibre strength than the compact lines.
Comparatively, however the compact lines showed in average better fibre finesse in relation to
the normal lines.

Figure 19: Yield [g m-2] of G. hirsutum compact and normal lines (Tab. 3) on bioRe farm in trial 2.2.2.2

3.2.2.8 Preference of farmers
During a selection workshop on bioRe (see 2.3.2 Selection workshops), farmers chose,
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based on their own opinions and criteria, the cultivars they preferred and would like to grow in
their own fields. This selection workshop was conducted in two groups in relation to the farmers'
respective irrigation facilities. One farmers' group represented those farmers cultivating under
irrigated (n = 9) conditions. This group selected G. hirsutum varietal lines DV6, DV11, DV19 and
DV20. Furthermore, they also preferred the G. hirsutum compact line CO2 among the rest of
the cultivars on the bioRe farm. The other group represented rainfed (n = 9) conditions, and
preferred G. hirsutum varietal lines DV1, DV3, DV6, DV17 the most. In addition, they were also
in favour of G. arboreum varietal lines AR2 and AR3 among the cultivars on the bioRe farm.
3.2.2.9 Discussion
All inter-specific hybrids HxB1-6 and G. barbadense varietal lines DB1-8 have been
excluded in the following discussion due to their bad performance in terms of yield per plant.
This underlines their unsuitability for the local conditions in the Nimar valley. The three
remaining cultivar types, G. hirsutum hybrids HxH1-5 and varietal lines DV1-20, as well as G.
arboreum varietal lines AR1-5 are discussed in detail in order to draw conclusion on the
suitability of hybrids versus varietal lines in G. hirsutum as well as of G. hirsutum versus G.
arboreum species.
Regarding morphological traits, G. hirsutum varietal lines were more homogeneous than
the hybrids and G. arboreum varietal lines. They also showed less number of monopodia than
the hybrids and significantly less compared to the G. arboreum varietal lines. However, most
number of sympodia were found with G. arboreum varietal lines, followed by G. hirsutum
varietal lines and lastly with the hybrids. The tallest cultivar type in terms of plant size, as well as
longest sympodial branches and increased stem diameter was observed for G. arboreum
varietal lines, followed by G. hirsutum varietal lines. Moreover, both varietal lines species were
less compact than G. hirsutum hybrids. Thus, G. arboreum varietal lines showed, in general, the
highest vegetative growth, although they were rather heterogeneous compared to both types of
G. hirsutum species. Furthermore, G. hirsutum varietal lines showed improved growth
compared to G. hirsutum hybrids (see Annex 6.2).
G. arboreum species matured surprisingly earlier in comparison to G. hirsutum species.
Within the G. hirsutum cultivar types the hybrids matured earlier than the varietal lines.
However, it is important to consider that G. arboreum varietal lines and G. hirsutum hybrids
were sown 10 days later than the G. hirsutum varietal lines. This delay in sowing might have
reduced the days from sowing till beginning of harvest as cotton is generally a short day plant
converting to the generative phase with reduced day length.
Highest yield per plant was exhibited in average by the G. hirsutum varietal lines,
followed by the G. arboreum varietal lines and lastly by the G. hirsutum hybrids. On a single
cultivar basis, the highest yielding cultivar was G. arboreum varietal line AR3 and G. hirsutum
varietal lines DV14, DV15, DV18 and DV19, which also outyielded the commercial G. hirsutum
control hybrid JKD. The number of bolls was significantly higher in the G. hirsutum varietal lines
than in the hybrids, however the hybrids showed increased boll length and width compared the
varietal lines. Number of bolls had a strong positive correlation (r s = 0.806) with yield per plant,
as well as boll weight, but to a lesser extent (rs = 0.545).
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Also noteworthy was that the G. hirsutum hybrids were more hairy than the varietal lines,
whereas G. arboreum varietal lines were the most hairy cultivar type. Nevertheless, G. hirsutum
hybrids showed highest American bollworm and leaf damage incidence, whereas G. hirsutum
varietal lines were more affected by Alternaria blight and reddening.
In this study, G. arboreum species were in general most tolerant towards biotic stresses
as has been described earlier (EYHORN ET AL. 2005b). Therefore are G. arboreum species of
special interest for commercial organic and low input production as well as breeding programs
aiming at more resilient cotton genotypes.
No general conclusion can be drawn regarding fibre quality for the different cultivar
types. Only few cultivars achieved the quality requirement of bioRe. Fibre length above 28 mm
was obtained by G. hirsutum varietal lines DV7, DV8 and DV9, as well as hybrid HxH1 and
commercial control hybrid JKD. However, G. hirsutum varietal lines DV2, DV6, DV11, DV13 and
G. arboreum varietal line AR4 showed tolerable fibre length above 27 mm. Fibre strength was
for most cultivars above the required 24 g/tex, and is hence of no particular concern. However,
fibre finesse was very low for all cultivars on the bioRe farm, and only two cultivars, namely G.
hirsutum varietal line DV20 and hybrid HxH5, achieved minimum finesse of four micronaire.
However, G. hirsutum varietal lines DV1, DV2, DV8, DV10, DV18, DV19, DV20 and hybrids
HxH2, HxH3, HxH5 as well as all G. arboreum varietal lines showed finesse above minimum
acceptable micronaire value of 3.4. However, of these cultivars only G. hirsutum hybrid HxH2,
HxH5 and varietal line DV20 as well as G. arboreum varietal line AR4 showed a fibre length of
at least above 26 mm. G. hirsutum varietal line DV8 and DV2 therefore showed an overall high
quality in terms of fibre length and finesse. Additionally, G. arboreum varietal line AR4 showed
acceptable fibre length and finesse.
Considering farmers' cultivar preferences, interestingly none of the highest yielding
cultivars were preferred by farmers, with the exception of G. hirsutum varietal line DV19 by the
irrigated group and G. arboreum varietal line AR3 by the rainfed group. However, both cultivars
did not performed convincingly in regards to fibre quality. Both cultivars did, on the other hand,
show acceptable fibre finesse, however very low fibre length. The irrigated group also selected
DV20, one of few cultivars which showed fibre finesse above four micronaire, but this cultivar
also lacked a sufficient fibre length. The rainfed group selected DV3 and DV17, but both
cultivars showed particularly low fibre quality, which does not fit with bioRe's quality
requirements. Nevertheless, DV11 selected by the irrigated group showed acceptable fibre
length and fibre finesse. G. hirsutum DV6 was selected by both groups, and showed also
acceptable fibre length and finesse.
In conclusion, G. arboreum varietal lines showed good vegetative growth, tolerance
against pests and diseases, and early maturity, besides being rather heterogeneous. The four
G. arboreum varietal lines AR2-5 showed comparably good yield per plant as well as very good
fibre finesse, however, with the exception of AR4, they also showed very low fibre length. G.
arboreum varietal line AR4 is thus the only cultivar worth considering for futher testing. Among
G. hirsutum hybirds, only HxH4 and HxH5 performed acceptable in terms of yield per plant,
however possessed very low fibre length. Best overall performance was exhibited among G.
hirsutum varietal lines. Considering fibre length and finesse and yield per plant, the two best
varietal lines were DV8, followed by DV2. Regarding fibre length DV6, DV7, DV9, DV11 and
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DV13 performed quite well, whereas in regards to finesse, the best varietal line was DV20,
followed by DV1, DV18, DV19 with acceptable fibre finesse.
The common drop in fibre quality during the harvest period was observed for both the G.
hirsutum hybrid JKD as well as varietal line DV18. In general, G. hirsutum hybrid JKD showed
better fibre length and finesse than the varietal line DV18. Regarding drop in quality,
interestingly the two cultivars changed ranks. The drop in fibre length was stronger for the
varietal line DV18, whereas with finesse it was the hybrid JKD that saw a more drastic
decrease. In addition, we were able to compare the quality parameters of G. hirsutum varietal
line DV18 that was included twice on the bioRe farm (once sown in the cultivar trial and once
sown 12 days later in the so called Demo mother trial). Surprisingly, neither fibre length nor
finesse were comparable for the same varietal line DV18 grown on the same field. Based on our
own data and the information from the literature, it was expected that the early sown plot would
reveal better fibre quality. However, fibre length was higher in G. hirsutum varietal line DV18
sown as Demo4 12 days later. Fibre length of Demo4 was slightly above 28 mm at 1 st picking,
while at 2nd picking it was just below, whereas fibre length was much lower, around 26 mm, for
1st and 2nd picking of G. hirsutum varietal line DV18 in the cultivars trial. For fibre finesse, the
exact opposite was observed, with late sown DV18 showing a finesse of just above three
micronaires in first picking, and below 2.6 in second picking, whereas fibre finesse for early
sown DV18 of the cultivars trial reached finesse higher than 3.4 micronaires for 1 st and 2nd
picking. The correlation of fibre length and finesse, as well along with earliness, will be
discussed more in detail in 3.2.3.2 Relationship of cotton traits. One reason for the different
quality parameters could also be the different sample size available for determination of fibre
quality parameters. For the late sown DV18 (Demo4), more bulk quantity for quality analysis
was achieved due to bigger plot size and therefore the sample processing could be perfomred
easier and was more representative than for a small sample size. The effect of sample
processing will be tested in future trials.
The G. hirsutum compact lines did not convince in their performance. Although, the yield
of the compact lines may be underestimated, not only due to delay in sowing, but also due to
suboptimal inter-spacing distance. Although their plant distance within rows was reduced, the
distance between rows was identical to the other cultivar types for crop management reasons.
According to breeders' recommendations, the compact lines should have been given smaller
inter-spacing distance to tap the full yield potential. Nevertheless, G. hirsutum compact lines
showed very poor fibre quality. In addition, fibre length was very low for all three tested compact
lines. Even though fibre finesse was acceptable none of the cultivars meets bioRe's quality
requirements. However, compact cultivar types form an interesting new approach to increase
yield ha-1, especially for rainfed conditions with terminal water stress. Unless improved G.
hirsutum compact lines with higher fibre quality are available, they will not be of interest for
bioRe.
In conclusion, G. arboreum varietal lines seem suitable for organic and low input
farming, however they often do not reach the quality requirements of bioRe. Improved G.
arboreum varietal lines should be further tested under organic and low input farming. Moreover,
some of the G. hirsutum varietal lines seem like promising cultivars for organic and low input
farming and can definitely substitute commercial hybrids, thus contributing substantially to seed
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security of organic cotton farmers in Central India in the long-term. However, further cultivars
should be tested over multiple years. In the long term, breeding programs should try to combine
the quality traits of tetraploid G. hirsutum with the high resilience of the diploid G. arboreum
cotton.

3.2.3 Cotton ideotype
This chapter tries to identify an ideotype of cotton for organic and low input farming in
Central India by looking at traits named by farmers as important as well as by multiple
regression and rank correlation analysis among the cultivars tested on the bioRe farm (trial
2.2.2.2).
3.2.3.1 Farmers' ideotype
Table 13: Important cotton traits identified by different farmers' groups of the two workshops
conducted at bioRe (see 2.3.2). In bold are parameters which are newly introduced by farmers
Group

Parameter

Morphological

Homogeneity

traits

More branches*

Farmers seg.

Irrigated

Rainfed

material

n=9

n=9

n=5

1
2

Long branches**

1

Plant height

1

2

Strong plant***

1

Hairiness

1

Root system

6

Germination

4

Earliness

Early mature

Yield data

More squares

5

2

10
1

Regular flowering

4

Good boll opening

4

1

13

More bolls°

5

Big bolls°°

2

More bracts

1

More seeds

1

1
1

2
1

More yield

1

Easy to pick

1

Pest and disease

Pests

resistance

Sucking pests

8

Mealy bug

6
5

1

1

Caterpillars

Environment

3

1

Diseases

1

Tolerate flood

2

1

Tolerate high rainfall

1

Locally adapted

2

Fibre quality

Length UhmL

1

* No of sympodia

° No of bolls

** Sympodial length

°° Boll length and width

1
2

*** Stem diameter
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Table 13 summarises farmers' perceptions of important cotton traits. The wording is kept
true to the original wording used by the farmers. When comparing preferences among the
irrigated and rainfed group (see 2.3.2 Selection workshops), clear differences in desired cotton
traits become visible. The irrigated group found resistance to sucking pests as the most
important trait, followed by a good root system, increased number of bolls and resistance to
mealy bug. To a lesser extent they also found good germination and regular flowering as
important cotton traits. The rainfed group however named good boll opening, and second
earliness as most important cotton trait. Moreover this group found general resistance to all
pests, as well as good germination, important and to a lesser extent, regular flowering. Looking
at the preferred cotton traits identified individually by five farmers involved in the segregating
material selection workshop (see 2.3.2 Selection workshops), the importance of cotton traits
was more balanced among all named traits. Most important was plant height, followed by
increased number of sympodia, good germination and finally bigger bolls, which were the traits
named by more than one farmer. (Tab. 13)
Interestingly, farmers brought up new traits such as a good root system, good
germination, regular flowering, good boll opening, more bracts, more seeds and easy to pick,
which were not important to breeders. Possession of a good root system was an important
cotton trait for the irrigated group, whereas good germination was seen as important for both
groups. It is therefore important to note that good germination was among the trait named most
often by all three groups. Furthermore, regular flowering was important to both farmer groups,
whereas good boll opening was of most concern within the rainfed group. Lastly, plant height
was important for all farmers, as they dislike picking cotton bolls from shorter plants.
3.2.3.2 Relationship of cotton traits
A multiple regression analysis [linear model: lm (yield per plant ~ homogeneity + no of
sympodia + no of monopodia + plant height + symodial length + stem diameter + leaf shape +
hairiness + compactness + date of 1st picking + max. boll length + max. boll width + boll weight
+ mealy bug + Alternaria blight + bacterial blight + rottening + jassid + white fly + American
bollworm + pink bollworm + leaf damage + reddening)] including all morphological traits,
earliness, pest and disease resistance parameters was conducted stepwise for the cultivar trial
on the bioRe farm (see 2.2.2.2 Cultivar trial on-farm excluding the compact G. hirsutum types)
to identify the most important traits in regards to
Table 14: ANOVA (Pr(>F)) effects of a multiple
yield per plant. Best model, explaining 73.94% (Adjregression and rank correlations with yield per
R2 = 0.7394) was achieved with [lm (yield per plant
plant for the cultivars on bioRe farm in trial 2.2.2.2
~ no of monopodia + plant height + sympodial
Parameter
ANOVA (Pr(>F) Yield per plant
length + compactness + date of 1st picking + boll
No of monopodia
< 0.001
-0.196
weight + white fly + mealy bug]. The ANOVA
Plant height
< 0.001
0.523
significance level for the resulting parameters and
Compactness
< 0.001
0.602
Date 1st picking
< 0.001
-0.593
the rank correlations (rs) with yield per plant are
Boll weight
0.002
0.545
summarised in Table 14. Number of monopodia
Mealy bug
0.064
-0.329
showed significant (P < 0.001) effects with yield per
White fly
0.109
-0.521
plant, however had only a slight negative correlation
Sympodial length
0.627
0.312
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(rs = - 0.196) with yield per plant. Monopodial branches are vegetative branches and thus not
contributing directly to yield per plant. Plant height showed also significant (P < 0.001) effects
with yield per plant and was positively correlated (r s = 0.523) with the named. Same was also
true for compactness (P < 0.001). Thus, taller and wider plants in terms of plant height and
compactness showed higher yield per plant. The date of 1st picking showed significant (P <
0.001) effects and was negatively correlated (rs = - 0.593) with yield per plant, which means that
early mature cultivars showed increased yield per plant. Furthermore, boll weight was significant
(P = 0.002) and positively correlated (rs = 0.545) with yield per plant. Meaning that the heavier
bolls, the higher the yield per plant. Mealy bug, white fly and sympodial length did not show
significant correlation with yield per plant, but nevertheless helped to explain the model. (Tab.
14)
Table 15: Rank correlations (rs) of the fibre quality parameters based on the cultivars trial 2.2.2.2.
on bioRe farm. In bold are given the significant (P < 0.05) rank correlations
UhmL

Finesse

Strength

MI

UI

SFI

Quality Index

Finesse

-0.477

Strength

0.615

MI

-0.515

0.963

-0.193

UI

0.788

-0.491

0.505

-0.499

SFI

0.267

-0.020

0.138

-0.021

0.374

Quality Index

-0.021

0.841

0.177

0.761

-0.127

0.011

Date of 1st picking

0.388

-0.663

0.266

-0.655

0.576

0.328

-0.514

Yield per plant

-0.346

0.203

-0.355

0.237

-0.282

0.326

0.045

-0.143

Additionally, rank correlations were assessed among the quality parameters as
presented in Table 15. For this purpose, a quality index was defined. The quality index is the
sum of the fibre length UhmL and finesse divided through their average value over all cultivars
tested. Fibre length (UhmL) was strongly and positively correlated with uniformity index (UI) (rs =
0.788) as well as with fibre strength (rs = 0.615). However, fibre length was also negatively
correlated with maturity index (MI) (rs = -0.515) and with finesse (rs = -0.477). The fact that fibre
length (UhmL) and finesse correlate negatively is undesirable, since these two parameters are
most important for bioRe in regard to fibre
quality. Figure 20 presents fibre length (UhmL)
plotted against finesse. No outliers can be
identified, thus none of the cultivars showed
good fibre length as well as good finesse.
Finesse however is strongly correlated with MI (rs
= 0.963) as well as the quality index (rs = 0.841)
and to a lesser extent negatively with UI (rs =
-0.491). UI is positively correlated with fibre
strength (rs = 0.505), but negatively with MI (rs =
-0.499). Furthermore MI is positively correlated
with the quality index (rs = 0.761). (Tab. 15)
Figure 20: Negative correlation between fibre length
Earliness, defined as the date of 1st picking, is
UhmL and finesse in the cultivars trial 2.2.2.2 on
bioRe farm
very negatively correlated with finesse, MI and
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quality index. Thus, early maturing cultivars show higher finesse, MI and quality index. Earliness
was however positively correlated with UI, and to a lesser extent also with fibre length, as well.
The yield per plant did not highly correlate with any of the quality parameters, however to some
extend negatively with fibre length (UhmL) and fibre strength. (Tab. 15)
3.2.3.3 Discussion
The findings drawn from farmers evaluations of cotton traits stress the importance of
including farmers more into objective setting in breeding projects for organic and low input
farming in Central India. This would not only help to identify an ideotype of cotton suitable for
organic and low input farming, but would also support farmers adaptation of cultivars in a later
stage. A good example of cotton traits important to farmers, but overlooked by breeders is that
of good boll opening. Because labourers are becoming more scarce in India, manual cotton
picking is increasing in economic burden also for smallholder farmers. Furthermore, focus
should also be given to germination. Germination was not only of big concern among farmers,
but also big challenges in regards to poor germination were observed. However, one has to
consider that the germination rate does not only depend on genotypic effects but also on the
quality of the seed. Since it became more and more difficult to obtain GM-free cotton seed, the
quality and thus the germination rate of these seeds were often below expectations in recent
years due to improper storage or over-aged seeds. In addition, a good root system was of major
importance for the irrigated group. Interestingly, during a group discussion rainfed farmers
advocated for wider plant spacing. This is due to the fact that cultivars adapted to rainfed
conditions tend to need more space due to bigger and deeper roots which improve water
uptake. This stresses the need to pay more attention towards root systems of cultivars,
something which is often neglected during selection process as these are very difficult to access
for many genotypes.
Considering the multiple regression as well as the rank correlations, four parameters are
most dominant in correlation to yield per plant, namely plant height, compactness, earliness and
boll weight. Plant height, compactness (i.e. the width of a cultivar) and boll weight all have a
strong correlation with yield per plant. Thus, plants showing improved vegetative growth were
also the highest yielding cultivars. This, on the other hand, does not support the idea of reducing
plant spacing to increase the yield m2 for compact type cultivars under organic and low input
farming. In this study, all cultivars were given the same plant spacing (3ft x 1ft) and visual
observations showed clearly that improvements can be done in cultivar dependent plant
spacing, since some cultivars did not make use of the whole space provided. However, farmers
could not reach an agreement towards reducing plant spacing. Most of the farmers practice a
standard spacing (3ft x 3ft), however they claim that this spacing is needed in irrigated
conditions due to increased vegetative growth of cotton plants. The same is claimed by the
farmers with rainfed conditions, but rather the spacing is needed to improve water uptake by the
root system. Farmers do however support research trials in regard to plant spacing in order to
identify best farming practice for irrigated and rainfed conditions. In addition, earliness
correlated negatively with yield per plant, which is a promising result in promoting early maturing
cultivars. However, the regression and rank correlations were conducted over all cutlivars on the
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bioRe farm. A suggestion for further study would be to conduct multiple regressions and rank
correlations only among same species or cultivar types to identify dependencies within species
and cultivar types for a larger number of genotypes.

3.3 Genotype x environment interaction
In the following section the results of the two baby trials, the hybrid and varietal line trial
in farmers' fields will be presented separately. The discussion will include both trials, however
the hybrid trial forms major part.

3.3.1 Hybrid trial
In the following section the ANOVA effects for genotype x environment interaction are
presented for yield and quality parameters of the G. hirsutum hybrid trial (see 2.2.3 Genotype x
environment interaction), following by the results of farmers' fields compared to on-station data
and farmers' preferences of cultivars. Farmers' baby trials were divided into four groups
regarding their soil type and irrigation facilities, resulting in the following groups a) heavy soil
irrigated (trials = 11, farmers = 6), b) heavy soil rainfed (trials = 2, farmers = 1), c) light soil
irrigated (trials = 11, farmers = 7) and d) light soil rainfed (trials = 8, farmers = 4) (see Annex 1).
Group a) and b) present favourable environments in terms of soil type, and a) and c) in terms of
irrigation, whereas the others always present the contrasting poor environments.
3.3.1.1 Yield data
The number of pickings was significant as per Kruskal test (P = 0.009) among soil type,
with heavy soil (mean = 3.00) showing one additional picking compared to light soil (mean =
2.05). However, no significant effect was detected for the irrigation level.
Table 16 presents the ANOVA effects (log(yield per plant) ~
Table 16: ANOVA effects for yield per
soil + irrigation + cultivar + soil x irrigation + soil x cultivar +
plant of G. hirsutum hybrid trial in
irrigation x cultivar + irrigation x soil x cultivar) for yield per
farmers' fields (trial 2.2.3)
plant. The yield per plant was significantly influenced by soil
ANOVA effects Pr(>F)
type as well as the interaction of soil x irrigation as presented
Soil
< 0.001
in Table 16. Figure 21 shows the mean yield per plant for the
Irrigation
0.094
four groups. Group a) heavy soil irrigated showed a mean
Cultivar
0.621
Soil x Irrigation
0.020
yield per plant over all cultivars of 60.59 g, where highest
Soil x Cultivar
0.931
yield achieved H-12 followed by JKD. Group b) heavy soil
Irrigation x Cultivar
0.941
rainfed achieved even higher yields with an average yield per
Soil x Irrigation x Cultivar
0.916
plant of 100.43 g. Highest yielding was H-10, and second as
in group a) heavy soil irrigated JKD. However, group b)
presents only two baby trials managed by one single farmer and results have therefore to be
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interpreted carefully. Both groups in light soil (mean = 30.64 g) achieved significantly lower
yields, less then half compared to heavy soil (mean = 66.72 g). In group c) light soil irrigated
average yield per plant was 34.61 g. Highest yield was achieved by JKD, followed by H-6.
Group d) light soil rainfed showed lowest average yield per plant of 25.18 g. However, highest
yielding cultivar was H-12, and second also H-6. (Fig. 21)

Figure 21: Yield per plant [g] of the five tested G. hirsutum hybrids A651, H6, H10, H12 and JKD (Tab. 2) for the four
groups a) heavy soil irrigated, b) heavy soil rainfed, c) light soil irrigated and d) light soil rainfed in trial 2.2.3

The yield per plant also showed significant ANOVA effects (model: y ~ soil + irrigation + soil x
irrigation) if considering the cultivars individually. Four out of the five cultivars, namely G.
hirsutum hybrid Ankur-651, H-10, H-12
Table 17: ANOVA effects (Pr(>F)) of genotype x environment
and JKD showed significant effects at soil
interaction for each single G. hirsutum hybrid (Tab. 2) in trial
type, always reaching higher yields in
2.2.3
heavy soil compared to light soils (Tab.
Soil
Irrigation
Soil x Irrigation
17). However, none of the cultivars
Yield per plant*
JKD
0.019
0.860
0.127
showed significant effects regarding
H6
0.060
0.253
0.272
H10
0.005
0.259
0.240
irrigation or soil x irrigation interaction as
H12
0.002
0.594
0.593
presented in Table 17, although the
A651
0.012
0.462
0.480
ranking of the cultivars changed between
* Log Transformation
groups.
The ginning output was analysed for only a
selected number of farmers with ANOVA (model: y ~
soil + irrigation + cultivar + soil x cultivar + irrigation
x cultivar) as presented in Annex 4.2. Farmers'
fields which represented different environmental
and farm management strategies as well with
sufficient seedcotton quantity were selected. The
ranking of the groups was as following a) heavy soil
irrigated (samples = 4), c) light soil irrigated
(samples = 4) and d) light soil rainfed (samples = 4).
GOT showed significant (P = 0.039) effects among
soil type, showing higher GOT in the lighter soils,
compared to heavy soils, however no other
significant effect was observed. Lint and seed index

Table 18: Results of ginning output and fibre
quality for heavy soil and light soil in farmers'
fields in trial 2.2.3 * indicates significant
effects among soil types

GOT

heavy soil

light soil

Vertisol

Inceptisol

34.51%

35.74%

Seed index

7.06 g

6.69 g

Lint index

3.7 g

3.68 g

27.99 mm

27.09 mm

UhmL

*

Finesse

3.21 mic

3.25 mic

Strength

31.34 g/tex

28.38 g/tex

MI

0.824

0.826

UI

82.14

80.81

*

8.68

10.36

*

SFI

*

* significant effects (see Annex 4.2)
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showed no significance effects (Tab. 18).
3.3.1.2 Fibre quality
A selected number of 12 farmers' fields (see above group a, c and d) were analysed for
quality parameters with ANOVA (model: y ~ soil + irrigation + cultivar + soil x cultivar + irrigation
x cultivar) also summarised in Annex 4.2. Fibre strength showed significant (P = 0.011) effects
among soil types. Fibre strength was increased in the heavy soils compared to the light soils.
The UI (P = 0.044) and SFI (P=0.006) were also significantly affected by soil type, however no
other gentoype x environment interaction was observed. The heavy soils showed a higher UI in
comparison to the light soils, and light soils showed a higher SFI than the heavy soils (Tab. 18).
3.3.1.3 Comparison between mother and baby trials
Table 19: Yield per plant [g], GOT [%], fibre length UhmL [mm] and finesse [mic] on-station (LTE) and for the four
groups for the five G. hirsutum hybrids (Tab. 2) in trial 2.2.1
Yield per plant [g]
Cultivar

LTE

a

b

c

GOT* [%]
d

LTE

a

b

A651

16.67 54.07 85.10 34.91 26.35

37.86 34.63

-

H6

29.23 53.26 98.79 36.23 28.24

38.06

H10

27.32 50.81 114.70 30.79 22.92

36.07 34.54

-

-

H12

31.22 81.64 95.38 32.91 29.31

36.22

-

JKD

25.22 63.17 108.20 38.19 19.07

34.91 34.37

-

-

UhmL* [mm]
c

d

36.99 37.12
-

-

35.93 33.80
-

-

36.12 34.50

LTE

a

b

27.19 27.91

-

25.53

-

-

26.84 27.66

-

26.44

-

-

27.01 28.40

-

Finesse* [mic]
c

d

26.16 27.21
-

-

27.50 25.58
-

-

27.80 28.26

LTE

a

b

c

d

2.78

3.36

-

3.02

3.63

2.40

-

-

-

-

2.97

3.24

-

3.17

3.49

2.95

-

-

-

-

2.49

3.03

-

2.85

3.33

* assessed only for group a,b and c as well as cultivars A651, H10 and JKD

In comparison of on-farm (baby trials) and on-station (LTE, mother trial) trials, it becomes
clearly visible that yields on-station were rather low for crop season 2011/12. Actually, the trials
on-station are situated on heavy soils with good irrigation facilities and therefore should
represent a similarity to group a) heavy soil irrigated. However, yields on-station were rather in
the range of the group c) and d) in light soil. Reasons for the low yields on-station have been
discussed in chapter 3.1 and 3.2.1. Ankur-651 yielded very low on-station, whereas the other
cultivars yielded in between group c) and d). On-station, the highest yield achieved was by H12, followed by H-6 and H-10. In group a) highest yield showed also H-12, and second JKD.
Interestingly, in group d) the highest yielding cultivar was also H-12, followed by H-6. H-12 was
thus the highest yielding cultivar on-station, but also in group a) heavy soil irrigated and group
d) light soil rainfed, which are in both aspects contrasting environments. In addition, H-6 was the
second highest yielding on-station as well as in group d) light soil rainfed. (Tab. 19)
GOT showed no particular pattern among groups or cultivars. Ankur-651 showed highest
GOT on-station, followed by light soil group d) rainfed and c) irrigated. H-10 showed highest
GOT also on-station, however followed by group c) light soil irrigated. JKD however showed
highest GOT in group c) light soil irrigated, followed by group d) light soil rainfed and on-station
which were very similar. (Tab. 19)
Regarding fibre length UhmL longest fibres were achieved in group a) heavy soil
irrigated for all three cultivars. For Ankur-651 and H-12, second longest fibres were achieved in
the contrasting environment group d) light soil rainfed, whereas for H-10 in group c) light soil
53

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor

irrigated. On-station trial showed rather low fibre length for all three tested cultivars. Comparing
among cultivars, JKD showed the longest fibres in all three groups, with the exception of Ankur651 which achieved the longest fibres on-station. H-10 always had the shortest fibres except for
group c) light soil irrigated. Surprisingly, finesse behaved very homogeneous among all sites.
Highest finesse was achieved for all three tested cultivars in group d) light soil rainfed, followed
by group a) heavy soil irrigated, c) light soil irrigated and lastly on-station. On-station achieved
very low fibre finesse. Comparing cultivars within group a) heavy soil irrigated and d) light soil
rainfed, Ankur-651 showed highest finesse, while H-10 was second and JKD last, whereas
within group c) light soil irrigated and on-station highest finesse was achieved by H-10, followed
by Ankur-651 and JKD. JKD possessed lowest finesse at all sites. (Tab. 19)
In conclusion, best cultivar in terms of yield in group a) heavy soil irrigated was H-12.
However, H12 was unfortunately not analysed for ginning output nor quality parameters.
Nevertheless, second highest yielding was JKD. JKD also had the highest fibre length, however
it also possessed the poorest GOT and fibre finesse. Ankur-651 showed highest GOT and fibre
finesse, second highest fibre length and also came third in yield ranking. In group c) light soil
irrigated highest yield was achieved by JKD. JKD also showed second highest GOT after Ankur651, as well as best fibre length, however it did on the other hand have poor fibre finesse. The
second highest yielding cutlivar was H-6 for group c) light soil irrigated. Interestingly, Ankur-651
was third highest yielding cultivar, and also showed highest GOT, however poor fibre length and
finesse. Group d) light soil rainfed was highest yield for H-12, followed by H-6 and then Ankur651. Furthermore, Ankur-651 showed highest GOT and fibre finesse, and also came second
after JKD in terms of fibre length.
To conclude, in heavy soils under irrigated conditions, G. hirsutum hybrid H-12 seems to
be a promising cultivar, but should be tested for quality parameters in further trials. In irrigated
conditions, on both heavy and light soil, G. hirsutum hybrid JKD performed well. However, it did
show very low fibre finesse which may present a burden towards bioRe's fibre quality
requirements. For light soil under rainfed conditions highest yields were found with H-12 and H6 cultivars. These two G. hirsutum hybrids should also be tested for fibre quality in further trials.
No conclusion can be drawn on best suited cultivars for various environmental and farm
management strategies, but the findings suggest to focus increasingly on effects of different
environmental and farm management strategies on cotton quality.
3.3.1.4 Preference of farmers
Table 20 presents the total selection results of farmers' cultivar preference, by village,
and by group. Ankur-651, H-10 and H-12 were, in general, preferred over H-6 and JKD,
accounting together for more than 75% of the votes. According to the individual villages, Choli
village preferred H-12 and Ankur-651, whereas Tangyaplot had a higher preference for the
cultivar H-10. H-10 was also strongly preferred by the farmer in Pipalzopa. Amlatha however
showed a strong preference for H-12, whereas Badi for Ankur-651. Considering the preferences
based on groups, group a) heavy soil irrigated preferred the cultivars H-10 and H-12, whereas
group b) heavy soil rainfed heavy soil rainfed strongly preferred JKD, followed by Ankur-651.
Group c) light soil irrigated showed highest preference for H-10, and rather low preference for
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JKD. Group d) light soil rainfed strongly preferred Ankur-651, ahead of H-10 and H-12.
Table 20: Farmers' preference (score by three stickers) in percent [%] as total, by
village and by groups for the five G. hirsutum hybrids (Tab. 2) tested in trial 2.2.3
A651

H6

H10

H12

JKD

Total (n = 18)

25.51

11.22

27.55

25.51

10.20

Village

Choli (n = 5)

29.63

11.11

18.52

33.33

7.41

Tangyaplot (n = 4)

14.29

19.05

33.33

14.29

19.05

Pipalzopa (n = 1)

0.00

0.00

83.33

0.00

16.67

Amlatha (n = 3)

5.88

23.53

23.53

47.06

0.00

Badi (n = 5)

48.15

0.00

22.22

18.52

11.11

a ( n = 6)

15.63

6.25

34.38

31.25

12.50

b (n =1)

33.33

0.00

0.00

16.67

50.00

c (n = 7)

22.22

19.44

27.78

22.22

8.33

d (n = 4)

41.67

8.33

25.00

25.00

0.00

Group

good size

good height

good growth

quality

15

good germination

for all conditions
less diseases

10
deep roots

5

less pests

0

more branches

greenness

-5
good flowering

less irrigation

less flower shedding

early mature

regular flash

easy picking

good second flash

H10
H12
Ankur-651

good boll opening
more bolls

small internode distance
big bolls

boll weight

Figure 22: The frequency of reasons farmers named for their preference of cultivar H-10, H-12 and
Ankur-651 (Tab. 2) in trial 2.2.3

Figure 22 summarises the reasons farmers preferred certain cultivars over others for the
three most preferred cultivars overall, namely H-10, H-12 and Ankur-651. Good plant height was
the most important reason for preferring H-10, followed by more bolls, good flowering and good
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boll opening. For H-12, first and foremost, was good plant height, followed by good boll opening,
more bolls, big bolls and more branches as the desirable preferences. Comparing H-10 with H12, H-10 was chosen more often due to its good plant height and more bolls. In regards to
cultivars Ankur-651, the most important reasons for preferring it was more bolls, followed by less
irrigation and good flowering. Comparing to the two other cultivars, H-10 and H-12, for Ankur651 additional reasons, such as less diseases, less irrigation as well as early maturing were
named.
4.3.1.5 Ideal cultivar
Moreover repertory grid, a method from psychology was conducted by R. Home to
express farmers' preferences and to identify an ideal cotton cultivar for each group. The
repertoire of farmers was rather narrow, as few reasons formed the most named reasons for
preferring a cultivar. The repertory grids are presented in the following figures separately for
group a) heavy soil irrigated, c) light soil irrigated and group b and d jointed to group d) rainfed.
Moreover, it is important to note that only reasons that were named more than twice were
analysed with the repertory grid method. Group a) heavy soil irrigated shows that H-12 and H10 were closest to the ideal plant type defined by axis 1. The first axis mainly accounts for
earliness, less irrigation, easy picking and few diseases explaining its 86.4%. H12 was superior
to H-10 despite not being as tall, showing less bolls and being more difficult to pick in
comparison. However, H-12 has many redeeming factors such as less pests and diseases,
having more branches, larger bolls and good opening bolls, as well as being more early mature
and needing less irrigation. Moreover, H-12 was more similar to all other cultivars than H-10.
(Fig. 23)

Figure 23: Repertory grid of cultivars' preference in group a) heavy soil
irrigated (trial 2.2.3)

Group c) light soil irrigated shows H-10 as closest to the ideal plant type defined by axis
1 (earliness, less irrigation, easy picking, few diseases and many branches) explaining 80.9%.
H-10 was taller, showed good opening bolls and large bolls compared to all other cultivars. (Fig.
24) Group d) rainfed clearly showed Ankur-651 as the most ideal plant type defined by axis 1
(easy picking, few diseases, earliness, few pests, less irrigation) explaining 75.2%, mainly due
to good flowering, large bolls, many bolls, early mature, low irrigation and few pests and
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diseases. (Fig. 25)

Figure 24: Repertory grid of cultivars' preference in
group c) light soil irrigated (trial 2.2.3)

Figure 25: Repertory grid of cultivars' preference in
of group d) rainfed (trial 2.2.3)

The results of the repertory grid method complement the results described above. Group
a) heavy soil irrigated most preferred H-10, followed by H-12. In comparison to H-12, H-10 was
taller, showed more bolls and better flowering. Group c) light soil irrigated most preferred H-10,
being a tall cultivar with good flowering and more bolls. However, group d) rainfed mainly
preferred Ankur-651 which showed early maturity, less irrigation and less diseases.

3.3.2 Varietal line trial
The G. hirsutum varietal line trial (Demo1-5; see 2.2.3 Genotype x environment
interaction) is summarised in the following chapter. Table 21 summarises yield per plant, GOT,
fibre length (UhmL) and fibre finesse for the four demo farmers as well as in comparison to the
bioRe farm. The same groups as in the hybrid trial were finalized, resulting in group a) heavy
soil irrigated (farmer = 2), c) light soil irrigated (farmer = 1) and d) light soil rainfed (farmer = 1).
Both farmers within group a) heavy soil irrigated achieved very high yield per plant. However,
the number of pickings differed with one farmer completing eight pickings while the other only
completed three. Interestingly, the farmer with only three completed pickings showed higher
yield per plant (115.62 g) compared to the bioRe farm (19.73 g) across all five G. hirsutum
varietal lines regardless of having one less picking. The yield per plant on the bioRe farm was
rather low, while even being lower than group c) light soil irrigated, with the exception of cultivar
Demo3. Farmer d) light soil rainfed achieved very poor yields. He suffered not only from
waterlogging, but also by terminal water stress.
In group a) heavy soil irrigated highest yield was reached by Demo5, followed by Demo2
in Pipalzopa village, whereas in Gawla, highest yield was achieved by Demo2, followed by
Demo1 and Demo5 with almost identical yields. The farmer in Pipalzopa preferred Demo2 over
Demo5 due to its good plant height, big bolls and easy picking. Interestingly, the farmer in
Gawla also showed a greater preference for Demo2, also due to good plant height, more
branches and more bolls, but also found Demo4 suitable due to its good picking, good boll
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opening and early maturation. Demo4 was the lowest yielding cutlivar with the farmer in Gawla,
however due to non-yield related reasons it was preferred by this farmer. In group c) light soil
irrigated Demo4 showed the highest yield. This farmer from Pipalzopa preferred Demo2, Demo3
and Demo4. Preference for Demo2 was due to more bolls, while Demo3 for its good plant
height, less irrigation and less pests and Demo4 for its good picking. On the bioRe farm, the
highest yielding cultivar was also Demo4.
Table 21: Yield per plant [g], GOT [%], UhmL [mm] and finesse [mic] for the G. hirsutum Demo lines (Tab. 3) in
farmers' field and on bioRe farm in trial 2.2.3
Yield per plant [g]

GOT [%]

UhmL [mm]

Finesse [mic]

pickings

No of
Demo1

Demo2

Demo3

Demo4

Demo5

Demo4

Demo4

Demo4

bioRe

4

20.67

19.24

19.99

22.81

15.94

31.29*

28.35*

3.08*

a Pipalzopa

8

167.71

183.48

155.45

175.71

190.91

34.88

30.96

3.29

A Gwala

3

117.92

144.78

99.20

98.70

117.50

34.26

28.83

3.36

C Gwala

1

4.56

2.40

2.71

2.15

3.47

-

-

-

D Piplazopa

2

26.00

25.71

17.50

35.60

20.42

31.14

27.08

3.62

* 1st picking

Comparing Demo4, GOT was highest with group a) heavy soil irrigated. The GOT was
highest for this same group in the hybrid trial as well. Furthermore, in group a) heavy soil
irrigated longest fibre length UhmL was achieved for Demo4. Shortest fibre length was observed
in group d) light soil rainfed. Fibre length behave similar in regards to environmental and farm
conditions as in the hybrid trial. Best fibre finesse was found in group d) light soil rainfed.
Interestingly, fibre finesse behaved same among the groups as in the hybrid trial. To sum up,
group a) heavy soil irrigated achieved highest GOT and fibre length UhmL, whereas the
contrasting group d) light soil rainfed highest fibre finesse.

3.3.3 Discussion
Soil type showed significant effects for yield per plant, and except for H-6, also when
considering the cultivars separately. Both groups in heavy soils always showed higher yield per
plant compared to light soils. These results contrast the findings by Eyhorn, who found organic
farmers' highest yields to be in sandy light soils (EYHORN ET AL. 2005a). Venugopalan et al.
(2007) also showed with their study that G. arboreum cultivars showed higher yields in shallow
soils than in deep soils. However, the amount of fertiliser input varied strongly among baby
trials, which may also have influenced yield data. Although no significant genotype x
environment interaction could be detected for the most important traits (maybe the small
number of genotypes and relatively large environmental error), the ranking of the five G.
hirsutum hybrids changed for the different groups. This was also demonstrated in the
preferences of farmers before they obtained the results of yield and quality parameters.
Therefore, these results stress the need to test cultivars in heavy and in light soils
simultaneously, to better account for the specific adaptation to soil type, and thus to the specific
adaptation of cultivars suited for organic and low input farming in Central India.
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In addition, no irrigation effect was observed, but rather a significant soil x irrigation
interaction among all cultivars was found. Surprisingly, group b) heavy soil rainfed reached
highest yields, higher than group a) heavy soil irrigated. However, group b) has to be interpreted
carefully since only two trials managed by one single farmer were involved. Nevertheless group
a) heavy soil irrigated, reached higher yields than both groups c) light soil irrigated and d) light
soil rainfed. Some farmers reported waterlogged situations, which may have reduced the overall
yield per plant, thus narrowing the irrigation effect among irrigated and rainfed fields. Farmers
from Choli village, for example, reported waterlogged situation in heavy and in light soils,
whereas rainfed farmers reported very adequate rains which also supported high yields in
rainfed conditions.
Furthermore, GOT, fibre strength, UI and SFI index showed significant effects among soil
type. Interestingly, GOT and UI were also significantly effected by management levels (see
2.2.1 Genotype x environment interaction). The high input treatment showed higher yield, but
lower GOT compared to the low input treatment. The same was observed for heavy soil with
higher yield per plant, but lower GOT than in light soils. This shows a clear negative correlation
among yield per plant and GOT in prospect to management level as well as soil type. Exactly
the same was observed for UI, however with a positive correlation among yield per plant and UI
between management level and soil type.
Looking at the four baby trials reaching highest yields (> 100 g per plant), no particular
pattern was observed. Among these trials, two farmers were from Badi village, while the other
two baby trials were managed by a single farmer in Pipalzopa. One farmer in Badi belonged to
group c) light soil irrigated, the other to b) heavy soil rainfed, whereas the farmer in Pipalzopa
belonged to group a) heavy soil irrigated. The farmer in Pipalzopa applied 3.827 t compost ha -1.
The farmer from group c) in Badi applied 5.741 t compost ha -1, while the farmer in group b)
applied 2.870 t compost ha-1. The farmer in light soil applied more compost than the two farmers
in heavy soil. Furthermore, both farmers in Badi did not apply any plant protection and all
farmers used 3ft x 3ft spacing. In addition, the farmer in group b) in Badi sowed very early, while
the other two sowed rather late at 11-13 days later the farmer of group b) in Badi. Pipalzopa
village is known for very fertile soils, and farmers do not only have good access to irrigation
facilities, but also have good water drainage. Furthermore, the concerned farmer in Pipalzopa
explained that his successful year was due to the fact that he owns good cattle and put a
particularly good amount of compost on his baby trial. No comparison can be drawn with the
farmer of group b) heavy soil rainfed in Badi. However, this farmer explained that he
purposefully sowed one day before monsoon rain started, in order to achieve a good
germination. Furthermore, as by his opinion, the regular weeding he performed contributed
mainly to his success. Cotton is known to be very sensitive concerning germination conditions
as it needs warm soil temperature, sufficient water but also a good aerated soil, which can be
improved by harrowing.
It is important to note that culivars preferred by farmers were not necessarily the highest
yielding. In group a) heavy soil irrigated H-12 was highest yielding, and only after H-10, also
most preferred by farmers. However, H-10 was the most preferred cultivar by farmers of this
group, regardless of the fact that it was the lowest yielding cultivar for the respective group.
Group b) heavy soil rainfed most preferred JKD, followed by Ankur-651. JKD was the second
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highest yielding cultivar, whereas Ankur-651 was the lowest yielding cultivar. Furthermore, group
c) light soil irrigated preferred cultivar H-10 over all others, however H-10 showed the lowest
yield among all cultivars. The overall highest yielding cultivars, JKD and H-6, were interestingly
the least preferred by this group. Moreover, group d) light soil rainfed strongly preferred Ankur651 which yielded third after H-12 and H-6. H-12 was only the third preferred cultivar by farmers
of this group, while H-6, although the second highest yielding, was not particularly favoured by
these farmers. When asking the farmers why they did not prefer H-6, the main argument was
that H-6 was newly introduced to farmers and farmers had therefore no experience with it.
Farmers argued that H-6 looked rather like a low yielding cultivar, since it did not show many
bolls nor good plant height. Moreover, farmers explained that cultivar H-10 was preferred over
all others since it is a very well known cultivar and farmers had good experiences with H-10 in
the past. Ankur-651 was preferred due to its earliness, as well as because it needs less
irrigation and shows less pest attack. Thus, farmers preferred well-known cultivars over newly
introduced cultivars, as well as no particular preference for high yielding cultivars.
In conclusion, testing the effects of soil type should be continued, for example, through
simultaneous trials in heavy and light soils. This would better enable identification of the effect of
soil type towards specific adaptations of cultivars, especially considering similar fertilisation
levels. Moreover, even though irrigation showed no significant effect in cropping season
2011/12, it still represents an important aspect towards specific adaptation of cultivars to
irrigated and rainfed conditions. This study clearly showed that farmers observe cultivars
carefully and set preferences, not only in regard to yield, but also towards specific traits
important to them. Furthermore, the results of this study revealed a heterogeneous farmers'
group with individual preferences for certain cultivars. This stresses decentralised selection of
cultivars over multiple environments, as well as over multiple years to better account for
environmental conditions through farmers knowledge and experience. Decentralised selection
of cultivars will help to identify locally adapted cultivars for specific environments and farm
management strategies, which are suitable for organic and low input farming, as well as
adopted by organic farmers in the long-term.

3.4 Selection of F2:3 segregating material
The results of the selection in F2:3 populations are summarised in the following chapter.
In general, two of the five F2:3 populations were adequate (population 1 and population 3).
Population 1 showed good growth as well as healthiness in comparison to the others, and an
increased plant height. Population 3 showed a rather poor germination, however it was very
green and therefore showed increased resistance to sucking pests. On the other hand,
population 3 was rather late compared to the other populations and also showed smaller boll
size. The three other populations, 2, 4 and 5 all showed very poor germination and high sucking
pest attack resulting in a yellow-reddish appearance. Population 2 however, was earlier
maturing and showed acceptable plant height compared to all other populations.
Farmers selected first, shortly before harvest started, within the F2:3 populations, and
the researcher followed around one week later. Table 22 summarises the percentage of plants
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selected by the farmers' group in comparison to the researcher. The farmers' group selected
most plants in population 3, followed by population 1, whereas researchers selection was
exactly the opposite. Although, when looking at the plants selected by the farmers' group and
the researcher together, highest percentage of overlapping selections was in population 3,
followed by population 1 (Tab. 22).
The selection was rather distinct, and only 4.32% of the total number of plants were
selected. Researchers selected slightly more plants ( = 3%) than group of farmers ( = 2.7%),
while 1.4% was selected by both groups' overlapping sections.
Table 22: Plants selected [%] in the five F2:3 populations in trial 2.2.4

Pop
1 (n =1000)
2 (n =1000)
3 (n =1000)
4 (n =1000)
5 (n =1000)
Tot (n = 5000)

Total
8.1
1.7
7.8
2.5
1.5
4.32

Farmers'
group
3.9
1.5
5.9
1.6
0.7
2.7

Researcher

both

6.5
0.6
5.4
1.3
1.2
3.0

2.3
0.4
3.5
0.4
0.4
1.4

Furthermore, senior cotton breeder Prof. Dr. S.S. Patil form UAS Dharwad, in a later
stage, also selected within the five F2-progenies, mainly based on criteria of earliness and
compact type (i.e. small plant width). He selected an additional 54 plants (population 1 = 22,
population 2 = 1, population 3 = 17, population 4 = 4, population 5 = 10, total 1.1%) in all five
populations. Prof. Dr. S.S. Patil selected in a similar pattern to the researcher, with highest
selection in population 1, followed by population 3.
Among all selected plants, plants with a rather high yield were analysed by hand for
cotton quality. This enabled to further select in regards to yield per plant and quality parameters,
whereas the main selection criteria were based on bioRe's requirements of minimum fibre
length 28 mm and fibre finesse of 3.4 mic. Finally, selection were focused to 30 plants (=0.6%)
which are to be planted next year for continuous selection.

3.5 Implementation of participatory breeding approaches
One main objective of this study was to introduce participatory breeding approaches into
smallholder organic fields in Central India. In the following subchapters, the feedback of
farmers, changes and challenges, as well as recommendations for future improvements are
shortly discussed.

3.5.1 Feedback of farmers
The feedback of farmers was very positive. Besides one farmer, all farmers found the
cotton cultivars trials of 2011/12 very interesting and were enthusiastic in their participation. The
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topic was also, for most farmers, understandable, even though some farmers expressed
difficulties to understand all approaches and methods introduced in regards to the PPB
appraoch. Interestingly, most of the farmers also expressed that the time consumed for the
cotton cultivars trials of 2011/12 was not sufficient. However, this should not be misinterpreted
since whole day meetings at bioRe where somewhat of a burden for many farmers considering
that they were sometimes conducted during times of increased farm work. However, all farmers
found the work in the farmers' group as very helpful and felt that they would like to continue with
the collaboration in farmers' fields compared to on bioRe farm. Furthermore, with the exception
of two farmers, most expressed satisfaction when collaborating with the bioRe team (including
extension staff) and all farmers showed their willingness to participate in next year's study.

3.5.2 Chances and Challenges
A major advantage of involving farmers in an early stage of breeding, such as achieved
through PPB approaches, is that farmers share their valuable knowledge and expertise, and
that farmers' perceptions and objectives are identified and better incorporated into the project.
This study showed that farmers not only selected promising cultivars, but also identified cotton
traits that researchers were not aware of. Moreover, farmers present a very heterogeneous
group in regards to farm conditions, as well as in regards to cultivar preferences. Breeders and
researchers should not see this heterogeneity as a constraint, but use it as a major chance
towards specific adaptation of cultivars to various environmental conditions as well to achieve a
better adoption of cultivars by the farmers in the long-term. Furthermore, this will also contribute
substantially to maintaining cotton diversity on-farm.
Farmers showed high interest as well as participated actively in the cultivar trials of
2011/12. Farmers learnt to carefully observe cultivars as well as were made aware of
differences in cotton species and cultivar types. Furthermore, farmers considerably improved
their observational skills, as well as strengthened their self-confidence through discussions.
These farmers present an opportunity towards breeding for organic and low input farming, as
more responsibility can be given to them, enabling to set up seed multiplication on-farm which
will contribute substantially to farmers' seed security in the future. In this sense, farmers will play
a central role in re-establishing a GM-free seed chain in India.
A major challenge which however remains is the threat of contamination by GM cotton.
Over 90% of the farmers in the Nimar valley work with GM cotton, as do all neighbouring
farmers of the LTE site and the bioRe farm. Thus biological contamination via pollen flow is
critical, especially considering 5% to 25% cross-pollination of cotton. Furthermore, maintaining
varietal lines and seed multiplication increases the chances of contamination. A study by
Mahyco showed that cross-pollination of cotton was detected up to a distance of 15m, however
frequency was low with only 2% (KURUGANTI ET AL., 2008). Nevertheless this problem exists and
more care has to be taken in the future to establish effective GM boarders or defined GM-free
areas.
Another challenge that exists regards sampling for cotton quality. Bulk quality samples
have shown different results in fibre quality in comparison to small samples. More attention
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should be paid to quality analysis, especially to defining sample collection. Moreover, due to
bioRe's particular interest in high quality cotton, quality aspects should be incorporated more
effectively into the PPB approach to make farmers more aware of quality requirements. One
major objective could be to identify best farm management strategies towards improved cotton
quality.
Finally, it is recommendable to introduce databank tools to better deal with the increasing
amount of data, as well as to work more transparently with the obtained data and feed back
results and information more effectively to interested farmers, extension staff, as well as to the
staff of bioRe and/or similar organisations. Active discussions are the best way to detect further
changes and challenges towards breeding for organic and low input farming in Central India.

3.5.3 Recommendation for improvements
Regarding baby trials, more care has to be given to trial layout in the future. In cropping
season 2011/12, large differences in baby trial layout were observed, contributing strongly to
heterogeneity of trial sites. Environmental and farm management heterogeneity represents the
base of decentralised breeding, however it also makes it more difficult to detect significant
effects. In future studies, the layout can be decided by group discussion among researchers,
extension agents and farmers and should consequently be more strictly enforced among all
sites. Baby trial layout should optimally include a border row of a different crop (e.g. pigeon
pea), so that farmers and especially farm workers can easily identify the baby trial site within the
cotton field, which has to be harvested separately. Furthermore, baby trial location in the cotton
field should be selected more carefully. In this regard, more attention has to be paid to irrigation
inlet and field slope as well as having replications to be placed next to each other. In addition,
baby trials should not be placed at the edge of a field, to avoid border effects of the field.
Moreover, it is best to plant an additional cotton row next to the border crop (if different crop), so
that all tested cultivars are bordering a cotton crop and border effects are thus fully nullified.
Concerning the trial design, researchers argued that it would be, in general, more
convenient to have more, but shorter rows of the same cultivar. This would enable a better
visual scoring of cultivars. However, farmers could not reach an agreement about this point,
some preferring to continue with one row per cultivar since harvest is then easier to handle.
Furthermore, gap filling is not done consistently, neither in farmers' field nor on the bioRe
farm. Farmers use various crops for gap filling, such as maize, okra, pigeon pea, and chilli,
among others. Optimal gap filling would be by a competitive plant, such as cotton of a different
species (G. arboreum in G. hirsutum and vice versa). However, this is more difficult to
implement in farmers fields due to seed shortage, but farmers could decide on one crop (e.g.
chilli) as a consistent gap filling crop for the baby trial sites.
Finally, extension agents should be more involved in the cotton breeding project, and not
only act as a liaison between farmers and researchers. Extension agents can play a crucial role
and therefore interested extension agents should be trained specifically for the cotton breeding
project. This would also strengthen the cotton seed issue among extension staff, and thus within
all organic farmers in the Nimar valley.
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4 Conclusion

The hypotheses in regard to the performance of different species and cultivar types
under high and low input conditions could not be confirmed. Both tested GM cultivars (Bt-JKD
and Bt-Rasi2) achieved higher yields in the conventional high input treatment compared to the
organic low input treatment, however effects were not significant, therefore neither supporting
the superiority of GM cultivars under conventional high input conditions. Moreover, all tested
cultivars were superior in the conventional high input treatment and, unexpectedly, improved
diploid Desi cotton (G. arboreum varietal line ARV1) showed the highest yield per plant in both
input treatments, but was substantially higher with increased fertiliser input. Furthermore, in the
conventional high input treatment, differences among cultivars were more prominent than in the
organic low input treatment. However, the fact that there was no management x genotype
interaction may also be due to the adverse climatic conditions, mainly the incidence of severe
waterlogging in 2011, which may have adversely affected cultivars.
In addition, the ranking of the cultivars under same environmental and farm
management conditions did not correspond, since cultivars in the mother trial, tested on-station
and on the bioRe farm, did not show similarities with cultivars tested in farmers' fields (baby
trials), although they possessed similar conditions, such as heavy, irrigated soil. However, this
may also be due to overall low yields on-station due to a rather late sowing and a waterlogging
event. Nevertheless, soil type showed significant effects and in heavy soils higher yield per plant
was achieved in comparison to light soils, stressing to focus in further trials more on
environmental effects.
Regarding plant characteristics, yield per plant was significantly correlated with plant
height, compactness and boll weight. Thus, tall and broad plants with heavy bolls showed
increased yield. Interestingly, plant height and “big bolls” were among the most important criteria
for farmers in selecting cultivars. Moreover, early maturity was significant and negatively (rs =
-0.593) correlated with yield per plant, supporting the use of early maturing cultivars in cotton
cultivation. Regarding fibre quality, the two most important parameters for bioRe, namely fibre
length and finesse were found to correlate negatively with each other, implementing a serious
trade off in breeding. Moreover fibre quality was not correlated with yield per plant.
Relationships between cotton traits should be further tested, along with a better inclusion of
farmers' preferences into objective setting. Farmers also added additional criteria for the
selection of cotton cultivars, which are more relevant to the practical conditions and constrains
of the farmer, such as adequate height for cotton picking by hand.
The cultivar trials of 2011/12 were a great success and trend-setting effects of
management and environment, as well as species and cultivar types suited for organic and low
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input farming could be identified. However, further research is needed to verify these results in
the next seasons, especially in order to avoid adverse results from unpredictable climatic
conditions such as waterlogging due to heavy rainfall, as well as to better utilize the knowledge
of farmers and their preferences for cultivars. This will help to identify suitable cultivars adapted
to various environmental conditions as well as farm management strategies, but also to a better
adoption of cultivars in the long-term.
This study showed that improved G. arboreum varietal lines have potential for organic
and low input farming, as they clearly outperformed commercially available hybrids in the onstation trials which were nevertheless stressed by late sowing and waterlogging. As expected,
the conventional high input treatment showed increased yield over the organic low input
treatment. Best overall performance on-farm was found among G. hirsutum varietal lines. Both
results are promising and stress the need to focus more on varietal lines in the future. Varietal
lines can be easily maintained by the farmers themselves, hence contributing substantially to
seed security on-farm as well as to maintaining genetic resources over time. However,
strategies to avoid contamination with GM genes should be carefully implemented to reestablish a GM-free seed chain in India.
Finally, improved farm management strategies should be tested for their effects on
cotton yield and fibre quality in combination with breeding efforts. Cultivars suited for organic
and low input farming, in combination with best management strategies specifically designed for
different environmental and farm management conditions, will help to maintain the organic
cotton sector in India. In addition, it will also support smallholder cotton farmers with a viable,
productive alternative.
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Group Name of farmer

Pipalzopa

Neembedi

Gawla

Gawla

Badi

Badi

Badi

Badi

Badi

Badi

Badi

Badi

Badi

Amlatha

Amlatha

Amlatha

Amlatha

Amlatha

Amlatha

Pipalzopa

Pipalzopa

Tangyaplot

Tangyaplot

Tangyaplot

Tangyaplot

Tangyaplot

Tangyaplot

Choli

Choli

Choli

Choli

Choli

Choli

Choli

Choli

Choli

Village

30kg bioRe compost, 35 kg own compost

Fertilisation input per trial*

15kg own compost

30kg bioRe compost, 30 kg own compost

30kg bioRe compost, 20 kg own compost

30kg bioRe compost, 20 kg own compost

30kg bioRe compost

30kg bioRe compost, 20 kg own compost

30kg bioRe compost, 20 kg own compost

15kg own compost

15kg own compost

60kg bioRe compost

30kg bioRe compost

30kg bioRe compost, 5 kg own compost

30kg bioRe compost, 5 kg own compost

60 kg bioRe compost

30kg bioRe compost

30kg bioRe compost

30kg bioRe compost

30kg bioRe compost

30kg bioRe compost, 15 kg rockphosphat compost

30kg bioRe compost, 15 kg rockphosphat compost

30kg bioRe compost, 25 kg own compost

60kg bioRe compost

60kg bioRe compost, 15kg own compost

60kg bioRe compost, 40kg own compost

60kg bioRe compost, 100kg rockphosphat compost

light

light

heavy

20kg own compost

20kg own compost

heavy

heavy

heavy

medium 30kg bioRe compost, 25 kg own compost

light

medium 30kg bioRe compost

heavy

light

light

light

light

light

heavy

heavy

heavy

heavy

medium 30kg bioRe compost, 10 kg own compost

medium 30kg bioRe compost, 10 kg own compost

medium 40kg bioRe compost, 20kg own compost

light

light

light

light

light

light

medium 30kg bioRe compost, 30 kg own compost

light

heavy

heavy

medium 15kg own compost

light

medium 30kg bioRe compost, 35 kg own compost

light

Soil

Annex 1: List of farmers and baby trial sites as part of trial 2.2.3

Top-ten 2x, neem oil

no

goc, top-ten

no

no idea (wife)

no idea (wife)

top-ten, neem oil

top-ten, neem oil

no

no

sweet milk, tamarind acid (soil)

sweet milk, tamarind acid (soil)

no

no

no

cow urea, neem oil, sweet milk

cow urea, neem oil, sweet milk

neem oil

neem oil

Top-ten

Top-ten

cow urea, top-ten

neem oil, top-ten

cow urea

cow urea

cow urea, sweet milk, top-ten

cow urea, sweet milk, top-ten

cow urea, sweet milk

cow urea, neem oil

cow urea, neem oil

neem oil, goc

neem oil, goc

cow urea, neem oil

cow urea, neem oil

cow urea, neem oil

cow urea, neem oil

Spraying input

good

rainfed

good

medium

good

good

rainfed

rainfed

rainfed

rainfed

rainfed

rainfed

good

rainfed

rainfed

medium

medium

good

good

medium

medium

good

good

medium

medium

good

good

good

good

good

good

good

rainfed

rainfed

good

good

Irrigation

24/06/11

28/06/11

26/06/11

04/07/11

01/07/11

01/07/11

03/07/11

03/07/11

23/06/11

23/06/11

27/06/11

27/06/11

04/07/11

25/06/11

25/06/11

24/06/11

24/06/11

24/06/11

24/06/11

06/07/11

06/07/11

29/06/11

03/07/11

03/07/11

03/07/11

01/07/11

24/06/11

25/06/11

05/07/11

05/07/11

24/06/11

24/06/11

01/07/11

01/07/11

24/06/11

24/06/11

Planting Date

3ftx3ft

2.5ftx2.5ft

3ftx3ft

3ftx2.5ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

2.5ftx1ft

2.5ftx1ft

3ftx3ft

3ftx3ft

2.75ftx2.75ft

3ftx3ft

2.5ftx2.5ft

2.5ftx2.5ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

3ftx3ft

Spacing**

3

2

8

1

3

3

2

2

4

4

2

2

2

2

2

2

2

2

2

5

5

3

3

2

2

3

3

2

2

2

2

2

2

2

1

1

No picking

117.92

26.00

167.71

4.56

Demo1

39.05

58.95

32.69

32.80

51.80

118.41

21.58

18.33

103.33

27.89

24.58

59.47

78.46

19.55

22.27

99.58

121.82

32.73

45.22

12.63

5.56

47.73

48.00

17.39

59.76

29.38

43.48

19.44

22.92

30.00

7.27

7.73

A651

144.78

25.71

183.48

2.40

Demo2

50.00

21.43

35.42

34.00

75.83

121.75

22.94

22.50

126.47

29.35

21.11

41.50

24.47

15.45

20.00

145.60

99.20

17.50

155.45

2.71

Demo3

60.00

85.94

23.04

24.17

88.96

140.43

12.00

15.42

101.88

41.52

19.02

33.86

25.00

18.33

22.37

110.00

115.21

31.25

57.60

3.50

4.67

25.00

47.92

21.00

40.82

22.37

33.04

23.91

22.27

25.95

6.09

7.89

H10

H12

28.70

42.00

10.48

11.25

31.25

65.91

27.50

42.41

26.18

40.91

32.50

41.25

35.00

13.64

13.81

98.70

35.60

175.71

2.15

Demo4

62.50

71.76

25.20

23.04

53.75

137.00

22.67

17.27

77.62

41.75

28.33

65.79

71.54

13.85

41.67

211.67

257.14

Yield per plant [g]

176.19

26.67

18.18

10.00

16.00

56.82

58.33

25.88

46.53

29.17

40.00

24.58

23.00

37.62

5.00

6.19

H6

117.50

20.42

190.91

3.47

Demo5

25.20

76.67

15.83

20.00

69.40

147.00

18.75

16.80

146.43

22.61

16.09

37.25

22.86

9.58

27.14

204.58

200.00

24.09

46.19

10.00

10.43

35.42

58.70

17.14

51.73

30.36

42.73

24.76

18.75

23.75

6.00

7.65

JKD

Annex 2: Details about the management of the conventional high and organic low input treatment in trials
2.2.1 and 2.2.2.1
Trial 2.2.1
Date

Work

Input

Quantity per ha

Tool/Method

02/06/2011

Ploughing

-

-

03/07/2011

Compost application

Compost*

03/07/2011

Compost application

04/07/2011
06/07/2011

Trial 2.2.2.1

Low input

High input

Low input

By bullock

x

x

x

12.102 t ha-1

Broadcasting

x

Compost*

568.2 kg ha-1

Broadcasting

Blade Harrowing

-

-

By bullock

x

x

x

Layout work

-

-

By hand

x

x

x

07/07/2011

Cotton sowing

-

-

By hand

x

x

x

20/07/2011

Resowing/gap filling

-

-

By hand

x

x

x

26/07/2011

Neem oil spray

Neem oil**

1.419 l ha-1

By sprayer pump

x

26/07/2011

Pesticide spray

Confidor/Imidachloprid

By sprayer pump

x

12/08/2011

Fertilizer application

Urea, SSP+, MOP++

0.227 l ha-1
227.3 urea, 417.6 SSP and
34.7 MOP kg ha-1

x

17/08/2011

BD 500 spray

BD 500 cow dung manure**

61.8g ha-1

By hand
By bucket and
broom

x

x

18/08/2011

BD 501 spray

BD 501 silica powder**

4.82g ha-1

By sprayer pump

x

x

23/08/2011

Neem oil spray

Neem oil**

1.419 l ha-1

By sprayer pump

x

x

30/08/2011

Top-ten spray

Top-ten**

28.410 l ha-1

By sprayer pump

x

x

02/09/2011

Neem oil spray

Neem oil**

1.989 l ha-1

By sprayer pump

x

06/09/2011

Pesticide spray

Curacron/profenofos50Ec

1.136 l ha-1

By sprayer pump

07/09/2011

Weeding

-

-

By hand

10/09/2011

Fertilizer application

Urea

198.9 kg ha-1

By hand

14/09/2011

Blade Harrowing

-

-

By bullock

15/09/2011

Tonic spray

Tricontranol

1.989 l ha-1

By sprayer pump

15/09/2011

Top-ten spray

Top-ten**

28.410 l ha-1

By sprayer pump

16/09/2011

Curacron/profenofos50Ec
Compost**+ trichoderma

1.136 l ha-1
28.4 kg ha-1 trichoderma,
2.841 t ha-1 compost

By sprayer pump

17/09/2011

Pesticide spray
Compost + trichoderma
application

Broadcasting

x

21/09/2011

Neemazal spray

Neemazal

0.712 l ha-1

By sprayer pump

x

22/09/2011

Pesticide spray

Curacron/profenofos50Ec

1.136 l ha-1

By sprayer pump

23/09/2011

Weeding

-

-

By hand

x

x

x

29/09/2011

Transplanting

-

-

By hand

x

x

x

01/10/2011

Drip layout

-

-

By hand

x

x

x

01/10/2011

GOC spray

GOC**

14.2 l ha-1

By sprayer pump

x

04/10/2011

Drip irrigation

-

-

By pump

x

14/10/2011

NPK spray

NPK

1.42kg ha-1

By sprayer pump

15/10/2011

Neemazal spray

Neemazal

0.712 l ha-1

By sprayer pump

x

20/10/2011

Flood irrigation

-

-

By pipe

x

-

-

By pipe

23/10/2011

x
x

x

x
x

x

x

x

x
x

x

x

x
x

x
x
x
x
x

x
x

x

x
x
x
x

07/11/2011

Blade Harrowing

-

-

By bullock

x

x

x

08/11/2011

Weeding

-

-

By hand

x

x

x

09/11/2011

Drip layout

-

-

By hand

x

x

x

11/11/2011

Pesticide spray

Cypermethrin

1.136 l ha-1

By sprayer pump

11/11/2011

Neemazal spray

Neemazal

0.712 l ha-1

By sprayer pump

x

12/11/2011

Drip layout

-

-

x

13/11/2011

BD 500 spray

BD 500 cow dung manure**

61.8g ha-1

By hand
By bucket and
broom

20/11/2011

Drip irrigation

-

-

By pump

x

22/11/2011

Cow urea spraying

Cow urine

7.074 l ha-1

By sprayer pump

x

25/11/2011

Drip irrigation

-

-

By pump

x

x

x

08/12/2011

Drip irrigation

-

-

x

x

x

02/01/2012

BD 500 spray

BD 500 cow dung manure**

61.8g ha-1

By pump
By bucket and
broom

03/01/2012

BD 501 spray

BD 501 silica powder**

4.82g ha-1

By sprayer pump

x

12/01/2012

Drip irrigation

-

-

By pump

x

x

x

x

x

x

08/02/2012
Flooding
By pipe
* Compost: 0.8% N total, 0.27% Navailable, 0.45% P2O5, 2.05% K2O (for more details on compost see 2.1.1 Local cotton farming)
** A description of these natural sprays is given by Eyhorn et. Al (2005)
+ Super Single Phosphat
++ Muriate of Potash

x
x
x

x

x
x

x

x
x

x

x
x
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Annex 3.1: ANOVA analysis (model: y ~ genotype + management + genotype x management) for
morphological traits, earliness, yield data and pest and disease resistance in trial 2.2.1
Parameter

Genotype

Management

Morphological traits No of plants*

0.027

0.075

Homogeneity

0.008

0.239

0.965

No of monopodia

0.008

0.876

0.070

No of sympodia

< 0.001

0.938

0.871

Plant height

< 0.001

0.114

0.682

Sympodial length

0.061

0.465

0.887

Stem diameter

0.184

0.016

0.989

Leaf shape

< 0.001

0.058

0.068

Hairiness

< 0.001

0.416

0.606

< 0.001

0.587

0.011

0.003

0.189

total harvest**

< 0.001

< 0.001

0.192

2nd picking**

< 0.001

< 0.001

0.102

No of bolls

< 0.001

0.026

0.178

Boll weight*

0.008

0.002

Max. Boll length

< 0.001

0.664

Max. Boll width*

0.001

0.114

st

Earliness

Date 1 picking*
First yield

Yield data

Genotype x Management

Yield per plant

Pest and disease

Jassids*

< 0.001

0.124

resistance

Leaf damage*

0.518

< 0.001

Mealy bugs*

0.503

< 0.001

Reddening*

0.013

0.068

0.270

* Kruskal-test (y ~ genotype, y ~ management) for non normal-distributed variables
** Log transformation

Annex 3.2: ANOVA analysis of non-replicated parameters (model: y ~ gentoype + management) for
ginning output and fibre quality in trial 2.2.1
Parameter
Ginning output

Fibre quality

Genotype

Management

Seed index

0.025

0.900

Lint index

0.551

0.208

GOT

0.002

0.011

UhmL

0.022

0.422

Finesse

0.018

0.508

Strength

0.014

0.378

MI

0.055

0.289

UI

0.007

0.010

SFI

0.102

0.085
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Annex 4.1: ANOVA analysis (model: y ~ cultivar) for morphological traits, earliness, yield data and pest
and disease resistance in trial 2.2.2.1
Parameter

Cultivar

Morphological traits No of plants*

0.125

Homogeneity

0.091

No of monopodia

0.165

No of sympodia

0.023

Plant height

0.006

Sympodial length

0.003

Stem diameter

Earliness

< 0.001

Hairiness

< 0.001

Date 1st picking*

< 0.001

First yield
Yield data

0.092

Leaf shape

0.029

Yield per plant

< 0.001

No of bolls

< 0.001

Boll weight

0.217

Max. Boll length

< 0.001

Max. Boll width*

0.012

Pest and disease

Jassid*

resistance

Leaf damage

< 0.001
0.015

Mealy bug**

0.014

Reddening*

0.083

*Kruskal-test (y ~ cultivar) for non normal-distributed variables
**Log transformation

Annex 4.2: ANOVA analysis (model: y ~ soil type + irrigation + cultivar + soil x cultivar + irrigation x
cultivar) for ginning output and fibre quality in trial 2.2.3
GOT

Lint index

Seed index

Soil type

0.039

0.941

0.459

Irrigation

0.077

0.271

0.190

Cultivar

0.067

0.809

0.871

Soil x Cultivar

0.313

0.899

0.705

Irrigation x Cultivar

0.348

0.427

0.842

UhmL

Finesse

Strength

MI

UI

SFI

Soil type

0.124

0.880

0.011

0.749

0.044

0.006

Irrigation

0.839

0.122

0.854

0.158

0.470

0.424

Cultivar

0.146

0.630

0.986

0.669

0.260

0.457

Soil x Cultivar

0.803

0.980

0.529

0.971

0.786

0.920

Irrigation x Cultivar

0.169

0.923

0.801

0.917

0.474

0.348
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0.020

Stem diameter

< 0.001

0.224

< 0.001
0.938
< 0.001

White fly*

American bollworm*

Pink bollworm*

Leaf damage*

° Log+1 transformation

*** 1/(y+1) transformation

** Log transformation

*Kruskal-test for non-normal distributed variables

Reddening*

0.004

< 0.001

Jassids*

Mealybug**

0.018
< 0.001

Rottening*

0.607

< 0.001

Bacterial blight*

< 0.001

Max. Boll width*

Alternaria*

< 0.001

resistance

< 0.001

< 0.001

< 0.001

< 0.001

Max. Boll length*

< 0.001

No of bolls**

< 0.001

0.004

< 0.001

< 0.001

0.003

Cultivar type

Boll weight*

< 0.001

Yield per plant°

First yield***

< 0.001

< 0.001

Compactness**

Date 1st picking*

< 0.001

Hairiness

0.027

0.009

< 0.001

0.590

< 0.001

Cultivar

0.041

0.069

0.802

< 0.001

< 0.001

< 0.001

0.006

0.066

0.091

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.602

Cultivar

Kruskal (p-value)

Pest and disease

Yield data

Earliness

0.046

Sympodial length

Leaf shape*

< 0.001

< 0.001

< 0.001

Cultivar type

ANOVA Pr(>F)

Plant height

No of sympodia*

No of monpodia**

Morphological traits Homogeneity

Parameter

Annex 5.1: ANOVA analysis (model: y ~ cultivar type/ cultivar) for morphological
traits, earliness, yield data and pest and disease resistance in trial 2.2.2.2

Mealy bug*

Reddening*

Leaf damage*

Pink bollworm*

Jassids*

Rottening*

Bacterial blight

Alternaria*

Max. Boll width

Max. Boll length

Boll weight*

No of bolls***

Yield plant*

First yield

0.593

< 0.001

0.005

< 0.001

< 0.001

0.925

Hairiness
Date 1st picking*

< 0.001

Leaf shape

*** Log transformation

** 1/(y+1) transformation

*Kruskal-test for non- normal distributed variables

resistance

Pest and disease

Yield data

Earliness

0.004
< 0.001

Stem diameter

< 0.001

Plant height
Sympodial length

0.003
< 0.001

No of sympodia**

0.735

Cultivar type

0.026

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.033

0.002

< 0.001

0.069

0.083

0.003

Cultivar

ANOVA Pr(>F)

No of monopodia

Morphological traits Homogeneity

Parameter

0.047

0.280

0.170

0.724

0.071

0.373

0.368

0.252

0.002

< 0.001

Cultivar type

0.039

0.102

0.307

0.609

0.001

0.002

0.224

< 0.001

0.002

0.002

Cultivar

Kruskal (p-value)

Annex 5.2: ANOVA analysis (model: y ~ cultivar type/ cultivar) for morphological traits, earliness, yield data and pest and disease resistance
comparing compact and normal G. hirsutum types in trial 2.2.2.2

Annex 6.1: G. hirsutum hybrid JKD, inter-specific hybrid HxB1 and G. arboreum varietal line ARV1 onstation in trial 2.2.1

Annex 6.2: G. hirsutum, G. barbadense and G. arboreum spp. on bioRe farm in trial 2.2.2.2

Annex 6.3: Leaf shape of G. hirsutum, G. barbadense and G. arboreum spp
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Annex 6.4: Closed boll of G. hirsutum, G. barbadense and G. arboreum spp
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