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Abstract: The vagaries of Climate Change variability need to be addressed and as climatic conditions change at
particular experimental sites and maize producing regions, mega-environment assignments will need to be re-
assessed to guide breeders to appropriate new germplasm and target environments . The development of improved
germplasm to meet the needs of future generations in light of climate change and population growth is of the upmost
importance . Evaluation of the inbred lines from diverse ecosystems would be effective for production of lines with
resilience towards climate variability. Hence, with this objective diverse set of inbred lines sourced from all over India
were characterized and were evaluated with DIVA-GIS for diversity analysis of maize inbred lines. Grid maps gener-
ated for these maize inbred lines for eleven quantitative traits indicated that these lines can be sourced from North
and South India. High Shannon diversity index with maximum range of 2.17-3.0, 2.25-3.0, 2.36-3.0, 2.4-4.0, 2.0-
3.0, and 2.2-3.0 were recorded for the traits viz; plant height, ear height, grain weight, grain yield, kernel row and
protein content respectively indicating the high response of these traits to ecosystem. However, inbred lines were
found to be diverse for all the traits except for ears plant® (EPP) and they have been sourced from Northern and
Southern parts of India while for EPP recorded less diversity index range of 0.4-1.0 indicating source from South
India. Interestingly, less diverse inbred lines for all the eleven quantitative traits have been sourced from Indo-
gangetic plains as indicated in diversity grid maps. Maximum diversity indices were recorded for anthesis silking
interval (ASI), days to silking, days to tasseling, which are in the range of 0.97-2.0, 1.528-2.0, 1.516-2.0 and 1.528-
2.0 respectively. Hence, DIVA-GIS enabled identification of diverse sources from varied ecosystems which can be
used for developing improved lines/ cultivars with greater resilience towards climate change.
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INTRODUCTION last decade. This increase in yield has been mainly
achieved by increase in the area under high yigldin

. - varieties mostly single cross hybrid technology and
crops globally after wheat and rice and holds &jueii 5 4ahation of recommended technologies developed by
position in world agriculture as food, feed andrsewf  gpare-kashmir University of Agriculture Sciences
diverse industrially important products. It is grownder and Technology of Kashmir (SKUAST-Kashmir).

wide range of cIimatic_ conditions, mostly in warrperts However, the genetic potential of the improved geno
of the temperate region and areas of humid sulizabp types is at least three times of the present aeecdg

cllrgate. dln I_nd|a,_ maize has sze_n SteadY INCMBBBEEA  — the state (Anonymous, 2015). Major constraint & |
and production since 1950 and it occupies an Iraport productivity in Kashmir province is the predominanc
plage asitis U.S?d for food, fe_ed and_lndustmht_aluon. of landraces adapted to local environmental coorasti
Maize producﬂwty_ has been Increasing steadily hﬂg other being non-availability of vital inputs, &ecessi-
recorded impressive growth rate in t.he Iast_deoade bility, scattered and small land holding and cuaition
country as a whole, because of adoption of Singis< of maize over a wide range of environmental condi-

Hybrid technology. In Jammu and Kashmir Statenef | tions ranging from approximately 1550 m to above

dia, Maize is the major crop grown over an area1&.8 2 600 metres above mean sea level (m.a.m.s.) vnostl
thousand hectares with a production of 633.2 thwlisa |,,4or rainfed environments (Anonym(ou.s' 201;;”]

tones and a productivity of 20.04 Qts per hecti@ze 01 Sher-e-Kashmir University of Agriculture Sci-

is grown in the state duringharief (rainy) season and ences and Technolo -
N gy has developed technologies (
about 85 % of the cropped area is rainfed. Theageer 9 Composites and Two Single Cross Hybrids) in the

yield levels of this crop have also nearly doubitedhe last five years. However, development of adaptet-co

Maize ¢ea maysL.) is one of the most important cereal
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posites/hybrids for these environmental conditionsjority of the people) in those areas which had adés
with diverse eco-geographic and environmental condi irrigation facilities and dominated by maize in tlaén-
tions is a challenge and a continual activity. Alsbe  fed areas. The peculiar physical character andatéim
vagaries of climate change/ variability needs tade  has from times past been a serious handicap to-inte
dressed and as climatic conditions change at péatic sive farming and diversification of crops in thdlew.
experimental sites and maize producing regions,amneg As the land remained under snow for 4-5 months a
environment assignments will need to be re-assdssed year, therefore, Rice and Maize are the nigharief
guide breeders to appropriate new germplasm anrd taricrops of the valley. Recent climatic pattern of tad
get environments (Cairngt al., 2012). The develop- ley has witnessed more of dry spells during major
ment of improved germplasm to meet the needs ofnaize growing season particularly during early juve
future generations in light of climate change angup nile and pre flowering phase. Genotypes of diverse
lation growth is of the upmost importance (Easterli  origins with inbuilt tolerance withstanding various
et al., 2007). Evaluation of the inbred lines from di- climatic challenges are being channeled in the core
verse ecosystems might be good source for productivresearch programmes to end up with promising result
lines with better adaptation to the climate vatigbi DIVA-GIS is a recently updated technology that sup-
With this in view diverse set of inbred lines sadc ports the analysis of exploration, gene bank and he
from all over India were characterized and evatlated  barium databases to elucidate genetic, ecological a
an attempt has been made to use the DIVA-GIS for th geographic patterns in the distribution of cropsl an
diversity analysis of inbred lines of maize thatevehar-  wild species (Hijmanst al., 2001). DIVA-GIS version
acterized and evaluated under local conditions. 7.5, free downloadable software was used for mappin
diversity and statistical analyses of select quatiie
MATERIALSAND METHODS traits of maize inbred linegz., plant height, days to 50
The present study was conducted on a diverse set §b silking, days to 50 % tasseling, days to matyrity
seventy eight inbred lines of maize for three yeans ~ ASI, ear height, EPP, grain weight, grain yield e
ing 2012-14 at Dryland Agriculture Research Stationrow and protein content recorded on maize inbreeksli
having coordinates of 74°4&nd 34°3 and an eleva- Which were sourced from various agro-ecological re-
tion of 1560 metres above mean sea level (m.a)m.s.| 9ions of India. The geographical coordinates t(lat
These lines were both indigenous developed in the2nd longitude) of the source sites of maize intirezs
Research Station programme as well as lines prdcureWere assigned using Google Earth and DIVA-GIS. The
from various sources like Indian Institute of Maize inbred lines source sites are mapped using DIVA-GIS
Research, New Delhi, Haryana Agriculture University (Fig- 1). The mapped points were analyzed with the
Hissar, International Maize and Wheat ImprovementSoftware in an effort to know the spatial distribnt
Center (CIMMYT), Mexico and others. The procured @nd assessment of variability for each of the afice
lines were subjected to stringent selfing and sielec ~ Plant traits recordecPoint-to-grid option usingircu-
for their local adaptive traits for four seasonte3e & neighborhood method on theAnalysis Menu” was
inbred lines were planted in three replications eeed ~ US€d to get “grids” over the points of maize inbred
ommended package of practice was adopted in termidn€s sourced. The output variabiliversity was se-
of plant geometry, nutrient inputs and managementected for getting the output files. Undeiversity op-
practices. The maize growing cropping systems of dion Shan_non diversity mdex was picked. From this
region are decided by and large, by a number df soioutput grid maps, the diversity patterns for ale th
and climatic parameters which determine overalbagr €l€ven quantitative traits studied on maize intieels
ecological setting for nourishment and appropriessn ~ Were generated.
of a n_1aize crop.. Nevertheless, at the farmer’sl,leve RESUL TS AND DI SCUSSION
potential productivity and monetary benefits act as
guiding principles while opting for a particularogy All the maize inbred lines showed good expression
cropping system. Characterized by mountainous andinder the new production ecologyz. temperate con-
undulating terrain, the state of Jammu and Kashasr ~ ditions of the Kashmir valley. The days to tasslin
micro-level variations in the agro-climatic condits. ~ ranged from 73-84 days, days to silking ranged from
Consequently, the cropping patterns and crop combi78-90 days with a ASI interval ranging from 3-7 slay
nations differ significantly at the macro and miteg-  The plant height of the maize inbred lines recorded
els. Despite the fact that the agro-climatic visia¢ ~ Wwas in the range of 105- 120 cm and the ear plaseme
supported different types of cropping patternstia t Or ear height varied between 52-66 cm. The genstype
state, however, it was the availability or unavzilly ~ matured between 143 to 155 days, which is vesy lat
of irrigation facilities which played a key role iteter- ~ No. of kernels per row were from 22 to 34. 1004grai
mining the cropping structure in the state. Nopsgr ~ Weight ranged from 24 to 32 g. Grain yield of these
ingly, therefore, the cropping pattern of the stasel ~ maize inbred lines per plot ranged from 295 to 861
been dominated by paddy (the staple food of the maand the protein content recorded was 5 to 7.6 %. An
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Fig. 2. Diversity analysis on maize inbred using DIVA-GIS.
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Fig.3. Diversity analysis on maize inbred using DIVA-GIS.

mation System (GIS) which is designed to assist the
plant genetic resources and biodiversity commusitie
to map the range of distribution of species (Hijsen

al.,, 2000). However, it is less used for plant genetic
resources management in India. DIVA-GIS enable us
to understand and comprehend the distribution of di
versity on the geographical scale. The source sites
maize inbred lines from India are presented in Fig.
Grid maps generated for diversity analysis of the
eleven quantitative traits (Table-1) in maimdred
linesviz., plant height, days to silking, days to tassel-
ing, ASI, days to maturity, ear height, EPP, grain
weight, grain yield, Kernel row and protein content

understanding of diversity among elite breedinganat
rials has a significant impact on the improvemeit o
maize crop (Hallauest al., 1988). Cairngt al (2013)
perceived the importance of Geographic information
systems (GIS) in targeting breeding programs by pre
dicting regions of vulnerability, targeting germga
movement and identifying future climates for agkcu
tural production environments. The diversity of the
inbred lines was studied using the DIVA-GIS tool,
which enables us in the identification of the daeer
sources and help in the identification of the pussi
regions or areas from we can further source our in
breds to used in the crop improvement using thglesin X

cross hybrid technology. Geographical Information (_Flgs. 2A B, C, D; SA' B, C, D A.'A' B, C respec-
System has been a valuable tool in natural reseurcet'vely)’ indicated that diverse maize inbred for all the_se
management in Indiaiz, watershed management, traits can be s_ourced _from _North and South In_d|a.
land use planning etc. DIVA-GIS, a Geographic Infor These inbred lines which might have been derived
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Fig.4. Diversity analysis on maize inbred using DIVA-GIS.

through various meangz. selections from landraces,
exotic sources, hybrids etc. have been made alailab
to the specific ecosystems based on the needs and
adaptability of the local farmers and/or ecosystems
The need for such monitoring of the patterns ohglea
both at the spatial and temporal level have beentid
fied as priority area and key challenge for int¢iorel
community (Prasanna, 2012).

Colours of the grids are indicative of the extehtlib
versity in the maize inbred lines. High Shannorediv
sity index with maximum range of 2.17-3.0, 2.28;3.
2.36-3.0, 2.4-4.0, 2.0-3.0, and 2.2-3.0 have been r
corded for the traits plant height, ear height,igra
weight, grain yield, Kernel row and protein content
respectively. This shows us the highly responsiaitst

to ecosystem. However, inbred lines were foundeo b
diverse for all the traits except for EPP and thaye
been sourced from Northern and Southern parts of
India while for EPP which has recorded less divgrsi
index range of 0.4-1.0 is sourced from South India.
Interestingly, less diverse inbred lines for aél #leven
guantitative traits have been sourced from Indo-
gangetic plains as indicated in diversity grid maps
Maximum diversity indices recorded for ASI, days to
silking, days to tasseling, maturity are in thegarof
0.97-2.0, 1.528-2.0, 1.516-2.0 and 1.528-2.0 respec
tively. Grid maps further indicated that diverséred
lines for the trait ASI had been sourced from Nerth
most regions also.

Similar observations were made in black gram (Babu
et al., 2010), linseed (Sivaragt al., 2009, 2012) and
onion (Kamaleaet al., 2011) germplasm. Interestingly
days to 50% tasseling, days to 50% silking and days
maturity have generated similar maps (Fig. 2B,C)& D
pointing towards a trend in the genotypes-late pw
ing lines taking more time to mature. This trendyma
be under threat under the climate change conditions
when the increase in temperatures may hasten up the
maturity of the late tasseling and silking lineds@
ASI and ear height (Fig. 3A & B) data have genetate
similar maps, which appears to be not of much- sig
nificance. Similarly, not much can be read into the
same maps generated for grain yield and protein con
tent (Fig. 4 A & C).The analyses indicate thatttrai
specific diverse accessions of inbred lir@cur in
various regions of India. The diversity pattermudize
inbred lines (grid maps) revealed that a good armoun
of diversity existed for all the 11 traits studiercept

for ears per plant. DIVA-GIS mapping may be effec-
tively used diversity analysis, identifying gapsdal-
lection, distribution pattern and for developingwne
strategies for conservation, particularly in thekevaf
recent international developments related to food a
nutritional security. GIS mapping has been success-
fully used in assessing biodiversity and in ideytif
areas of high diversity iRhaseolus bean (Jonest al.,
1997); wild potatoes (Hijmanst al., 2000, 2003);
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Table 1. Data (Pooled) of the inbred lines used to genehatgrid maps using DIVA-GIS software.

Inbred line DT DS AS PH EH DM EPP KR 100-Gw GY Pr
CM-129 76 80 4 118.7 65.6 145 1 32.2 30.78 359.7 6.73
CM-135 80 85 5 108.6 55 150 1 26.4 26.17 332.3 6.17
CML-72 81 86 5 105.4 53.8 151 1 28.2 24.33 324.8 5.98
CML-128 80 85 5 109.8 56.8 150 1 24.8 28.24 317.8 5.76
CML-139 82 87 5 112.6 59.2 152 1 24.6 27.26 326.6 5.35
CML-334 84 90 6 113.2 60.8 155 1 28.8 26.88 302.8 5.89
CML-414 82 88 6 111 58.2 153 1 22 24.78 312.1 541
CML-491 80 85 5 114.6 61.9 150 1 26.6 25.03 3345 6.21
CML-502 78 83 5 111.5 58.2 148 1 28.4 28.66 304.4 5.49
HK-1040-4 84 90 6 113 60.2 155 1 24.4 28.88 305.6 6.22
HKI-586 82 86 4 114.7 61.6 151 1 24.8 27.2 323.8 6.23
KDM-323A 84 89 5 113.2 60.6 154 1 28.8 25.24 305.2 5.95
KDM-331 74 78 4 117.2 64.7 143 1 30.8 29.87 360.8 7.29
KDM-332A 80 85 5 1105 57.2 150 1 26.2 28.67 314.9 5.73
KDM-332B 78 83 5 114 61.6 148 1 26.6 28.94 336.5 5.33
KDM-339 84 90 6 112.6 59.6 155 1 26.4 27.06 328.4 5.49
KDM-340A 82 86 4 113.2 60.5 151 1 28.2 26.6 305.2 6.22
KDM-343A 76 80 4 116.6 62.5 145 1 32.6 29.67 359.9 7.65
KDM-344 80 85 5 114.7 60.3 150 1 28.4 28.94 311.1 5.33
KDM-347 81 86 5 105.3 53.8 151 1 24.4 24.78 299.4 6.12
KDM-351 73 78 5 119.6 66.5 143 1 30.8 30.56 360.3 6.89
KDM-356A 80 85 5 111.6 58.6 150 1 24.2 27.12 324.7 6.87
KDM-361A 78 83 5 114 61.3 148 1 26 26.52 3144 5.35
KDM-362A 84 90 6 111.5 58.6 155 1 24.4 24.83 325.2 5.89
KDM-362B 76 79 3 118.2 65.8 144 15 33.8 31.67 359.1 7.07
KDM-370 82 86 4 112.4 58.8 151 1 24.4 27.2 302.8 5.65
KDM-372 80 85 5 114.7 62.5 150 1 28.8 26.08 312.1 6.14
KDM-375 78 83 5 108.6 55.9 148 1 26.2 24.8 3345 5.95
KDM-381A 84 90 6 105.4 53.8 155 1 26.6 25.06 304.4 5.73
KDM-381B 82 86 4 108.6 55 151 1 26.4 28.56 3015 5.33
KDM-382A 76 80 4 117.4 64.8 145 1 33.4 30.66 358.9 7.24
KDM-400 84 89 5 112.6 59.7 154 1 28.8 26.1 304.4 5.95
KDM-402 74 78 4 116.8 63.8 143 1 31.8 30.45 360.1 7.24
KDM-404 80 85 5 113.2 60.1 150 1 26.2 24.12 325.6 5.73
KDM-415 78 83 5 110.5 58.6 148 1 26.6 28.34 313.8 5.35
KDM-429 82 86 4 108.7 53.5 151 1 26.6 26.52 324.2 541
KDM-431 81 86 5 107.5 52.4 151 1 28.4 24.83 323.6 6.21
KDM-439 80 85 5 1135 60.4 150 1 24.4 25.23 328.2 5.49
KDM-440 82 87 5 114.6 61.3 152 1 24.8 28.39 317.8 6.22
KDM-443 84 90 6 111.5 57.5 155 1 28.2 28.08 326.6 6.23
KDM-445A 76 80 4 117.2 64.1 145 1 30.6 29.98 360.9 7.05
KDM-456A 78 83 5 114 59.7 148 1 28.4 28.66 317.8 5.89
KDM-463 84 90 6 111.5 58.6 155 1 24.4 28.88 326.6 6.92
KDM-716 82 86 4 113 59.7 151 1 24.8 27.2 302.8 6.2
KDM-717 81 86 5 114.7 60.4 151 1 28.2 26.08 312.1 5.65
KDM-720 76 81 5 109.8 55.7 146 1 24.4 24.87 3345 6.14
KDM-724 73 78 5 116 63.3 143 1 33.7 31.19 361.2 7.22
KDM-741 80 85 5 1135 60.4 150 1 26.4 24.8 307.7 5.03
KDM-892A 82 87 5 114.6 61.3 152 1 28.2 25.06 294.8 5.25
KDM-895A 82 89 7 112.4 58.8 154 0.75 24.8 24.78 325.2 5.11
KDM-899A 80 85 5 114.7 62.5 150 1 28.2 25.03 324.8 6.51
KDM-909A 76 79 3 116.6 62.5 144 15 32.6 31.25 360.9 6.89
KDM-911A 76 81 5 113.2 60.1 146 1 24.4 25.23 304.4 6.23
KDM-912A 84 89 5 110.5 58.6 154 1 28.8 28.39 305.6 5.65
KDM-913A 80 85 5 1135 60 150 1 26.2 28.08 323.8 6.14
KDM-914A 78 83 5 108.7 53.5 148 1 26.6 27.2 311.6 5.95
KDM-915 84 90 6 107.5 52.4 155 1 26.6 26.08 324.2 5.13
KDM-916A 76 79 3 116.8 63.3 144 15 32.4 28.03 359.6 6.56
Contd......
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Contd......

KDM-917A 78 83 5 113 59.7 148 1 28.4 28.34 326.6 5.65
KDM-918A 84 90 6 114.7 60.4 155 1 24.4 27.12 302.8 6.71
KDM-921A 82 86 4 109.8 55.7 151 1 24.8 26.52 312.1 55
KDM-924A 81 86 5 112.6 59.7 151 1 28.2 24.83 3345 6.22
KDM-926B 75 79 4 117.2 64.7 144 1 31.8 29.66 359.1 6.89
KDM-930A 80 85 5 1115 58.6 150 1 26.6 24.12 317.8 5.29
KDM-932A 82 87 5 113.2 60.4 152 1 22.8 25.23 296.2 6.52
KDM-935A 76 79 3 117.7 64.7 144 15 32.2 30.78 361.5 7.54
KDM-940A 81 86 5 113.2 60.8 151 1 24.6 24.54 305.6 6.43
KDM-940B 76 81 5 111 58.2 146 1 26.4 25.65 311.8 6.74
KDM-957 80 85 5 108.6 55.4 150 1 24.4 25.76 322.7 6.21
KDM-958 76 80 4 116.7 63.4 145 1 33.8 29.67 358.9 6.94
KDM-961 82 86 4 113.2 60.5 151 1 28.2 26.6 305.2 6.22
KDM-969 81 86 5 111.6 58.6 151 1 26.8 24.38 297.8 6.23
KDM-1016 80 85 5 114 61.3 150 1 24.8 25.11 312.1 5.65
KDM-1051 82 86 4 1125 59.7 151 1 24.8 25.23 301.8 5.41
KDM-3001 84 90 6 113.2 60.8 155 1 26.8 26.08 305.6 5.65
KDM-3006 78 83 5 111 58.2 148 1 24.8 27.12 321.8 6.14
KDM-3007 84 90 6 114.6 61.9 155 1 26.2 26.52 318.6 5.95
KDM-3008 82 86 4 1115 58.2 151 1 26.4 24.83 328.2 5.13
KDM-914 81 86 5 113 60.2 151 1 24.2 25.23 317.8 5.03
horse gram (Sunit al., 2008);Jatropha curcas (Sunil tial losses under climate change. Our present study

et al., 2009); linseed (Sivaragt al., 2009); black highlights the use of DIVA-GIS tool to be employied
gram (Babu Abrahanet al., 2010); Canavalia fatty  the identification of diverse sources from variem-e
acids (Sivaragt al., 2010); onion (Kamala Venkates- systems which can be used for delivering improved
waranet al., 2011); medicinal plants (Varaprased cultivars in general and more so in the light ofleh
al., 2007), and agro biodiversity (Varaprasidal., lenge due to climate change.

2008). However, the present study is a maiden attem
towards the study of genetic diversity of maizeréth
lines. Molecular markers have been used to assess DIVA-GIS is a tool designed to assist the plantegan
genetic diversity in maize inbred lines in receastp resources and biodiversity communities to map the
(Li etal., 2002; Liuet al., 2003; Jambroviet al.,2008;  range of species distribution. Grid maps generfited
Yadav and Singh, 2010). diversity analysis of the eleven quantitative &rait
The targeted ecosystem is known for cultivatindyesrd ~ maizeinbred linesindicated that diverse maize inbred
extra early duration genotypes, however sourcegtdl® for all these traits can be sourced from North and
have recorded duration of 143-155 days to maturitySouth India. Grid colours are indicative of theest
which falls under the late maturity gropgr sethe set of  of diversity in the maize inbred lines. High Shanno
inbred lines may not be useful for the target esiesy  diversity index with maximum range of 2.17-3.2%.
but traits like ASI which have shown a range of63- -3.0, 2.36-3.0, 2.4-4.0, 2.0-3.0, and 2.2-3.0 Hasen
(only one genotype recorded 7 days) even in the newecorded for the traits plant height, ear heighgirg
ecosystem, which could face similar temperatures anweight, grain yield, kernel row and protein content
other climatic variables as the sourced inbreds)inlethe  respectively indicating the highly responsivetgdb
days to come need to be furthered in the breediog p ecosystem. However, inbred lines were found to be
gramme as it has been reported that increasedaim@e  diverse for all the traits except for EPP and thaye

are set to shorten the length of the growing cyldereas-  been sourced from Northern and Southern parts of
ing opportunity to capture more radiation and réguc India while for EPP which has recorded less divgrsi
total CO2 assimilation, and reducing total biomasd  index range of 0.4-1.0 is sourced from South India.
grain yield as suggested by previous studies (Tao &nterestingly, less diverse inbred lines for a# teven
Zhang, 2011). Tao and Zang (2010) had also sugbestequantitative traits have been sourced from Indo-
testing with such adapted cultivars and to ascedaito  gangetic plains as indicated in diversity grid maps
what fraction of the yield variation was contribaitey life Maximum diversity indices recorded for ASI, days to
cycle length compared to other direct effects ofdera-  silking, days to tasseling, maturity are in thegamof

ture on assimilation and grain-set. Howden et2fl0{)  0.97-2.0, 1.528-2.0, 1.516-2.0 and 1.528-2.0 respec
have identified that adaptation to climate changké w tively. Hence, DIVA-GIS enabled identification of
require cross-disciplinary solutions and also Gaiet  diverse sources from varied ecosystems which can be
al. (2013) underscored the urgent need to idetitid  used for developing improved lines/ cultivars with
most vulnerable regions so that the breeding progra greater resilience towards climate change.

are able to deliver improved genotypes to offsééipo
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