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a  b  s  t  r  a  c  t

A  total  of 10  maize  stovers  from  two  open  pollinated  varieties  (OPV’s),  four hybrids  (one  grown  in two  dif-
ferent  seasons,  Kharif  and  summer)  and  at two different  locations  and  two  parental  lines  were  tested  for
a range  of  laboratory  fodder  quality  traits  and  for in vivo digestibility  and  voluntary  feed  intake  in sheep.
Laboratory  stover  fodder quality  traits  measured  were  nitrogen  (N),  neutral  (NDF)  and  acid  detergent
(ADF)  fiber,  acid  detergent  lignin  (ADL),  in  vitro  organic  matter  digestibility  (IVOMD)  and  metabolisable
energy  (ME)  content.  Highly  significant  (P < 0.0001)  differences  among  the stovers  were  observed  for
all laboratory  fodder  quality  traits  and for dry matter  digestibility  (DMD),  dry matter  intake  (DMI)  and
digestible  dry  matter  intake  (DDMI)  with  DMD  (%)  DMI  (g/d)  and DDMI  (g/d)  ranging  from  53  to  65,  325
to 635  and  194  to  382,  respectively.  The  total  amount  of  stover  refused  (DMR)  by  the sheep  did  not  differ
significantly  (P  =  0.67)  among  the stovers,  however  when  DMR  was  expressed  relative  to  DMI  significant
differences  (P  =  0.0007)  were observed.  Laboratory  fodder  quality  traits  most  closely  correlated  to  the
in vivo  measurements  were  ADF  with  r = −0.83,  r =  −0.92 and  r =  −0.93 for  DMD,  DMI  and  DDMI,  respec-
tively,  and ME with  r =  0.77,  r = 0.94  and  r =  0.94  for DMD,  DMI  and  DDMI,  respectively.  Applying  statistical
cross-validation  procedures  where  the  predicted  values  were  not  used  for  the  development  of  the  regres-
sion  equations  (“blind-predictions”), DMD,  DMI  and  DDMI  could  be predicted  by ADF  with  resulting  R2

for  good-of-fitness  between  observed  and  predicted  values  of 0.46,  0.76  and  0.79,  respectively.  Similarly
DMD, DMI  and  DDMI  could be predicted  by ME  with  resulting  R2 for good-of-fitness  between  observed
and  predicted  values  of  0.40, 0.83  and 0.83, respectively.

© 2013  Elsevier  B.V.  All  rights  reserved.

1. Introduction

As a result of expanding area being used for maize cropping,
maize stover has become more important in the feed resource
budget of mixed crop livestock farmers (Joshi et al., 2005). In
response, maize improvement programs have started exploring
ways of including stover maize fodder quantity and quality traits in
breeding and selection programs (Berhanu et al., 2011; Erenstein
et al., 2011). Such multidimensional crop improvement requires
simple yet meaningful laboratory fodder quality traits to differen-
tiate and rank cultivars reliably for stover quality (Ramakrishna
et al., 2010; Ravi et al., 2010). Many laboratory traits have been
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analysis systems.
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proposed by livestock nutritionists for fodder quality assessments,
but validation of these indicators through actual livestock produc-
tivity trials are limited, and frequently only applied to the higher
quality feed stuffs used in industrialized livestock feeding systems,
such as maize silage. Given the far reaching consequences of breed-
ing and selection for certain traits, an initial investment in trait
validation seems prudent (Sharma et al., 2010). The present work,
therefore, investigated the relationship between a wide range of
predicted chemical (nitrogen, neutral and acid detergent fiber, acid
detergent lignin) and biological (in vitro organic matter digestibility
and metabolisable energy) traits with the dry matter digestibility
(DMD), dry matter intake (DMI) and digestible dry matter intake
(DDMI) of 10 maize stovers fed to sheep ad libitum.

2. Material and methods

2.1. Maize stovers used

A total of 10 maize stovers from 8 genotypes were evalu-
ated: two  open pollinated quality protein maize varieties (QPM;
Obatampa White-IQ 84 and Yellow-IQ 297), four hybrids (CP 808,
CP 818, 30V93 and NK 6240) and two parental lines (PL 894 and PL
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Table  1
Stover nitrogen (N), neutral (NDF) and acid detergent (ADF) fiber, acid detergent lignin (ADL). In vitro organic matter digestibility (IVOMD) and metabolizable energy (ME)
content  in ten maize stovers (LSD = least significant difference).

Cultivar Season N (%) NDF (%) ADF (%) ADL (%) IVOMD (%) ME  (MJ/kg)

NK 6240 (Syngenta1) Summer 1.47 68.0 33.8 2.6 57.6 8.8
NK  6240 (Syngenta2) Summer 1.60 64.4 34.1 3.3 56.1 8.2
PL  894 (Syngenta1) Summer 1.64 65.3 30.2 2.4 60.3 9.2
PL  766 (Syngenta1) Summer 1.61 63.0 30.8 2.3 60.9 9.2
30  V 92 Summer 0.96 69.0 39.6 3.9 50.1 7.5
CP  808 Kharif 1.02 78.9 43.4 5.3 43.1 6.2
CP  818 Kharif 0.72 79.6 46.6 5.8 41.3 6.0
NK  6240 Kharif 0.92 78.6 38.3 4.1 45.9 6.7
IQ  84 Yellow Kharif 0.80 68.7 39.2 5.2 50.1 7.4
IQ  297 White Kharif 0.67 71.4 41.9 5.5 46.1 6.8

P  > F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
LSD  0.11 1.7 1.3 0.39 1.87 0.26

Syngenta 1 and 2 denote two locations of the seed company.

766) of NK 6240 (see Table 1 for origin of each of these 10 stovers).
Four stovers were obtained from farmers’ fields, four from seed
industry fields (Syngenta) and two from research fields after full
grain maturity and machine-chopped to about 1.5–2.5 cm parti-
cle size (Hardcase Engineering Hyderabad), sun-dried and stored
in burlap bags. Maize in India has 2 cropping seasons, Kharif,
(June/July to September/October) and summer (December/January
to April/May) that differ in rainfall, temperature and growing
period. Half of the stovers types were from Kharif season and the
other half were from summer season.

2.2. Stover laboratory fodder quality traits

Stover fodder quality traits such as dry matter (DM), nitro-
gen (N), neutral detergent fiber (NDF), acid detergent fiber (ADF),
in vitro organic matter digestibility (IVOMD) and metabolizable
energy (ME) content were predicted by near infrared spectroscopy
(NIRS; see Ramana Reddy et al., 2013).

2.3. Feeding trials

The studies were carried out at the livestock experimental facil-
ities of the International Livestock Research Institute (ILRI) hosted
by the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) at Patancheru, India. Male growing Deccani sheep
of mean live weight of about 19.04 ± 0.32 kg were used for the in
vivo experiments. The sheep were housed in metabolic cages in fan-
ventilated barns with provision for measurement of feed intake and
fecal collection for feed digestibility measurements. Before stover
feeding, the sheep were offered 50 g of concentrate (27% sorghum
grain, 70% cotton cake and 3% mineral-vitamin mix) from 08:30
to 09:30 h in the morning to balance the relatively low levels of
critical nutrients such as energy, protein and mineral/vitamins con-
tent of maize stover. This level of concentrate was not expected to
affect the intake of maize stover. Concentrate was  for all practical
purposes completely consumed. Each stover was fed to six sheep
randomly allocated according to live weight (i.e. sheep groups were
balanced according to live weight). The sheep were accustomed to
their stover diet for two  weeks, followed by a 10-day fecal collec-
tion period for estimation of DMD, DMI  and DDMI. All stovers were
offered aiming at a refusal rate of about 15%.

2.4. Statistical analysis

The statistical package of SAS 9.2 (2008) was  used for analy-
sis of variance by general linear model (GLM) (SAS PROC GLM)
and for comparison of means between treatments using Fisher’s
least significance difference (LSD) test at 5% level of significance.

Simple correlations among laboratory-based traits and in vivo mea-
surements were calculated using PROC CORR. Simple regressions
between laboratory-based traits and in vivo measurements were
calculated using PROC REG. Cross validation procedures (PROC REG)
were used for predictions of in vivo variables by laboratory traits
as leave-one-out-cross-validation (LOOCV) where the observations
from a specific treatment were not included in the development of
the regression equation. In other words, out of treatment 1–10 a
regression equation was  established using treatments 2–10 with
which values for treatment 1 were predicted and so on. A paired
T-test (PROC TTEST) was used for comparisons between laboratory
traits of stover offered and refused.

3. Results

3.1. Laboratory fodder quality traits in maize stover

Highly significant (P < 0.0001) differences for all laboratory fod-
der quality traits were observed among the 10 maize stovers
(Table 1). While overall trait variations in the stovers were enlarged
by cropping seasons (Kharif vs summer) all traits also varied
substantially within a cropping season (P < 0.0001 to P = 0.0006,
statistical data not reported). For example within Kharif maize
stovers, N content varied among cultivars from 0.67 to 1.02% and
IVOMD varied from 41.3 to 50.1%. Differences of similar order were
observed in stover grown in the summer season (Table 1).

3.2. Digestibility, intake and possible selection of maize stovers
tested with sheep

Highly significant (P < 0.0001) differences in DMD, DMI  and
DDMI measurements among the stovers were observed (Table 2).
Absolute amount of stover refused (DMR), i.e. stover that was  not
eaten by the sheep, did not vary among the stovers, however, DMR
relative to DMI  was  significantly different among the stovers. The
level of refusals in the fecal collection phase of the digestibility trials
was lower (5.1–12.4) than the originally intended 10–15%.

Stover N, NDF, ADF, ADL, IVOMD and ME  content of the part of
the stovers refused are reported in Table 3. As in stovers offered
there were highly significant (P < 0.0001) differences for all labora-
tory fodder quality traits among the maize stover parts refused.

Except for N content, laboratory fodder quality traits in the
refused stovers were inferior to those in the offered stovers
(Table 4). The differences between laboratory-based traits in
offered and refused stovers were significant for ADF, ADL and ME.

Regression equations and correlation coefficients between
stover N, NDF, ADF, ADL, IVOMD and ME  and DMD, DMI  and DDMI
are reported in Table 5. With a single exception (NDF correlations
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