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a  b  s  t  r  a  c  t

Sixty  elite  maize  inbred  lines  were  selected  from  CIMMYT-Asia  maize  program  for  stover  fodder  quality
analysis.  These  lines  were  selected  based  on  high  per  se  and  cross  performance  across  several  locations  in
the Asian  tropics  and  have  wide  adaptability  across  the region.  The  line  evaluation  trials  were conducted
using  recommended  agronomic  practices  during  the  off-season  of  2009  at  ICRISAT  farm  in  Hyderabad,
India.  Data  were  recorded  on  various  agronomic  traits  including  yields.  At  harvest  the  stover  was analyzed
for  a range  of  fodder  quality  traits.  On the  basis  of high  stover  in  vitro  digestibility  (IVOMD)  (a  trait  chosen
because  it  correlated  well  with pricing  in  fodder  trading  of another  coarse  stover,  namely  sorghum)  and
high  grain  yield,  the  top ranking  10 inbred  lines  were  selected  and  crossed  in  all  possible  combinations
(excluding  reciprocals)  using  diallel  mating  design  in  the rainy  season  of 2010.  A total  of  26  crosses  along
with four  commercial  hybrid  checks  were  selected  and  planted  in  two  replicates  for  evaluation  during
the  dry  season  of 2010.

A  wide  range  in  performance  was  observed  in  grain  and  stover  traits.  Grain  and  stover  yields  ranged
from  0.94  to 7.3  t/ha  (P  <  0.0001)  and  from  2.0 to 8.5 t/ha (P < 0.0001),  respectively.  Stover  IVOMD  ranged
from  46.9  to  55.5%  (P = 0.08).  Grain  and  stover  traits  showed  a considerable  degree  of independency.
Grain  and  stover  yield  were  significantly  positively  correlated  (r  = 0.53;  P = 0.003),  however,  grain  yields
at  around  7.0 t/ha showed  varied  stover  yields  ranges  from  3.5  to  6  t/ha.  No  significant  correlation  was
observed  between  IVOMD  and grain  yield  (r = −0.12,  P =  0.52)  or IVOMD  and  stover  yield  (r  =  0.03; P  =  0.98).
It is  striking  that  the cross  with  the  third  highest  grain  yield  (7.1  t/ha)  had  the  second  highest  stover
digestibility (about  55%).

©  2012  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Maize has been grown in India for centuries and has long been a
popular crop in the low- and mid-altitude areas of the horizon-
tal belt across north-central India (Joshi et al., 2005). In recent
decades, maize has emerged as an increasingly important feed and
food crop in India and its production is increasingly dominated by
high yielding proprietary hybrids from a wide range of large and
small private seed companies (Spielman et al., 2011), primarily to
meet the needs of an expanding poultry feed market. Maize is now
the third most important crop after rice and wheat and it is cul-
tivated on over 8.7 million ha with 20.03 million t of maize grain
produced with an average grain yield of 2.3 t/ha (Directorate of

Abbreviations: ADF, acid detergent fiber; ADL, acid detergent lignin; IVOMD, in
vitro organic matter digestibility; ME,  metabolizable energy; NDF, neutral detergent
fiber.
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Maize Research, 2011). Most of the increase has been recorded in
non-traditional maize growing areas where it is grown as an irri-
gated crop for commercial purpose during the dry season (Joshi
et al., 2005). In these areas maize is largely replacing sorghum, an
important dual-purpose crop, the stover of which is highly valued
by livestock keepers and fodder traders (Blümmel and Rao, 2006;
Sharma et al., 2010).

Given the prevalent fodder shortage in India, maize stover
would need to substitute for the loss in sorghum stover but maize
stover still appears to be underutilized in India (Erenstein et al.,
2011). Farmers in regions, such as Karnataka, consider maize stover
to be wasteful and unpalatable for their livestock and the negative
perceptions about inferiority of maize compared to sorghum stover
is widespread (Biradar, 2004). However maize stover has started
appearing at fodder shops in Hyderabad which traditionally sold
only sorghum stover (Khan et al., unpublished observations). In
addition, on-station livestock productivity trials have shown maize
stover to be generally at par with sorghum when used as major
component (50%) of total mixed dairy rations (Prasad et al., 2007). A
recently completed multidimensional maize improvement project
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in East Africa suggested that grain and stover traits can be improved
simultaneously (Berhanu et al., 2012; Blümmel et al., 2012). Thus
even if stover from modern maize cultivars may  not be at par with
sorghum stover, opportunities still exist to improve maize stover
fodder traits. In the present study we assessed available geno-
typic variability for stover traits in maize, which is prerequisite
for further genetic improvement, to explore the opportunities of
developing maize cultivars with high stover fodder quality along
with improved grain yield of maize cultivars for South Asia.

2. Materials and methods

2.1. Cultivar background and crop management

Sixty elite maize inbred lines from the CIMMYT-Asia maize
program were evaluated for agronomic performance and stover
fodder quality traits during the dry season (Rabi) of 2009 and 10
best performing lines based on in vitro organic matter digestibil-
ity (IVOMD) and grain and stover yields were selected (Table 1)
and crossed using a diallel mating design during the rainy season
(Kharif) of 2010. Twenty-six F1’s formed from these crosses were
planted along with four commercial hybrids for evaluation during
the 2011 Rabi season. The trial was planted following an Alpha-
lattice design with two replications. Each entry was planted in a
single row plot, 4 m long. Before planting 60 kg nitrogen (N) ha−1

in the form of urea, 60 kg phosphorous ha−1 as single super phos-
phate, 40 kg potassium ha−1 as muriate of potash and 10 kg zinc as
zinc sulfate were applied as a basal dose. Second and third doses of
N (each 30 kg N ha−1) were side-dressed when plants were about
knee-high and at tasseling, respectively. Pre-emergence applica-
tion of pendimethalin and atrazine (both at 0.75 kg/ha a.i., tank
mixed) were used for weed control.

Out of the 26 hybrids used in this study, seven top-ranking
crosses in terms of high grain yield and high stover quality were
selected and carried forward as bi-parental breeding populations
to develop new maize inbred lines with combined high yield
and stover fodder quality traits (Table 2). The populations were

Table 1
Description of the selected maize inbred lines with high grain yield and stover fodder
quality.

S. no. Pedigree Description

1 SW92145-2EV-7-3-B*5-5-B-1-B CIMMYT-Asia early yellow line
derived from Population 145

2  SW1-11-1-B-3-BBB-1-B CIMMYT-Asia late yellow line
derived from Suwan1 cycle 11

3  EY-DMR-C5-S2-BB-3-2-B*6-1-B CIMMYT-Asia early yellow line
derived from early yellow
downy mildew resistant
population

4 CML481-B CIMMYT-Asia lines derived
from Suwan1 cycle 11

5  CA14514-7-B-2-B CIMMYT-Asia early yellow line
derived from CIMMYT
Population 145

6  CLRCY038-B CIMMYT-Asia early yellow
recycled line

7  CA14514-8-1-2-B CIMMYT-Asia early yellow line
derived from Population 145

8  CML161 CIMMYT quality protein maize
line derived from pool G25Q
c18

9 CA14514-9-6-3-B CIMMYT-Asia early yellow line
derived from CIMMYT
Population 145

10  SW3-17-BB-2-BBB-2-B CIMMYT-Asia late yellow line
derived from Suwan3
population

Table 2
Selected bi-parental crosses of maize with combined high grain yield and stover
quality traits.

S. no. Pedigree

1 (CML161-BB/CA14514-9-6-3-BB)-B
2 (CML481-BB/CA14514-9-6-3-BB)-B
3 (CML481-BB/CA14514-7-B-2-BB)-B
4 (CLRCY038-BB/CA14514-9-6-3-BB)-B
5 (SW92145-2EV-7-3-B*5-5-B-1-BB/SW3-17-BB-2-BBB-2-B-B1)-B
6 (CML481-BB/CLRCY038-BB)-B
7 (SW92145-2EV-7-3-B*5-5-B-1-BB/CA14514-9-6-3-BB)-B

advanced to F2 stage and planted during the Kharif season of 2012
to extract at least 50 F3 progenies from each population.

2.2. Maize stover fodder quality analysis

Ten maize plants per treatment were sampled for stover fodder
quality analysis, manually chopped and dried at to 60 ◦C for 48 h and
then ground to pass though a 1 mesh. Samples were analyzed using
Near Infrared Spectroscopy (NIRS), calibrated for this experiment
though use of conventional laboratory analysis. The NIRS instru-
ment used was a FOSS Forage Analyzer 5000 with software package
WinISI II. Out of a total of 690 stover samples (from a wider range
than the stover investigated in the present work), 345 each were
selected for calibration and validation procedures using the WinISI
II samples selection programs. Validation procedures were based
on blind-predictions of laboratory measurements by the NIRS equa-
tions developed during the calibration procedures. Relationships
between blind-predicted and measured variables were described
by R2 and standard error of prediction (SEP). Relationships between
laboratory values and NIRS blind-predicted values were R2 = 0.94
(SEP = 0.06) for nitrogen (N) concentration, R2 = 0.94 (SEP = 1.6) for
neutral detergent fiber (NDF), R2 = 0.96 (SEP = 1.2) for acid deter-
gent fiber (ADF), R2 = 0.79 (SEP = 1.6), R2 = 0.82 (SEP = 0.4) for acid
detergent lignin (ADL), R2 = 0.81 (SEP = 2.5) for IVOMD and R2 = 0.82
(SEP = 0.4) for ME  content.

Stover nitrogen (N) was determined (Technicon Auto Analyzer)
in duplicate samples and corrected for percentage dry matter (DM).
For analysis of IVOMD and metabolizable energy (ME) content,
duplicate 200 mg  air-dry stover samples were weighed into 100 ml
calibrated glass syringes (Menke and Steingass, 1988) and incu-
bated according to the procedure of Blümmel and Ørskov (1993).
Rumen inoculum for the incubations was obtained from two rumi-
nally cannulated steers of a local Indian breed maintained on stover
supplemented with concentrate. In vitro digestibility and ME  con-
tent were calculated based on gas volumes produced after 24 h of
incubation according to method of Menke and Steingass (1988).
Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid
detergent lignin (ADL) were analyzed according to Van Soest et al.
(1991).

Table 3
Ranges in grain and stover yields and stover fodder quality traits of 60 inbred maize
lines used in the study.

Trait Mean Minimum Maximum SE

Grain yield (GY: kg/ha) 2753 1440 5834 16.3
Stover yield (SY: kg/ha) 3813 1493 7275 161.3
Nitrogen (N: %) 1.20 0.79 1.64 0.02
Neutral detergent fiber (NDF: %) 73.1 65.3 80.3 0.33
Acid detergent fiber (ADF: %) 35.4 31.3 39.2 0.26
Acid detergent lignin (ADL: %) 4.0 2.9 5.3 0.07
In  vitro digestibility (IVOMD: %) 52.3 44.4 58.2 0.33
Metabolizable energy (ME: MJ/kg) 7.10 5.87 7.91 0.05
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