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ABSTRACT

Maize (Zea mays L.) has diversified uses in the form of food, feed and fodder. In India green fodder deficit of
61.1 % has been reported. Under this scenario, maize and its wild relatives with its wide adaptability have enormous
potential to serve as nutritious fodder. The annual teosinte, Zea mays ssp. parviglumis, the closest ancestor of modern
maize has good tillering and re-growth ability. In an experiment on parviglumis, the effect of 30 kg higher nitrogen
than recommended dose showed 12.5% and 20% improvement in tiller re-growth ability (multi-cut) and green fodder
yield, respectively. In a pilot trial, fresh cut (first cut) and re-growth (at the second cut) whole/unchaffed fodder
samples of parviglumis were fed to the adult goats and grower kids (9 months old) of beetal breed. Re-growth based
fodder samples were consumed completely (no leftover) by adult goats as well as grower kids, while fresh (first cut)
samples had negligible leftover for adult goats but 32% leftover for grower kids. Goats being selective in feeding
habits tend to eat soft and leafy parts and avoid hard and thick (stem) parts of fodder plants hence leftover might be
lesser if fed to large ruminants. To exploit these traits, parviglumis was crossed to fodder variety, African tall and 11
promising fodder maize inbred lines. The F, generation of different wide crosses exhibited a good amount of tillering
with many tillers ranging from 1 to 15 indicating partial dominant nature of tillering trait and background effect. The
further advancement of promising crosses through backcrossing can help to develop multi-tiller as well as multi-cut
trait possessing fodder maize cultivars. To the best of our knowledge, this is the first study on the systematic use of
Zea mays ssp. parviglumis for harnessing its tillering and re-growth ability in fodder maize breeding programme.
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Maize (Zea mays L.) is the third most important crop
in the world, after rice and wheat (Yadav et al. 2015). It has
diversified uses in the form of human food, animal feed,
poultry, biofuel and industries (Kumar ef al. 2013). Maize
has wide adaptability that enables its cultivation under
diverse agro-ecologies. Maize is having the highest growth
rate (6.7%) amongst cereals in terms of grain yield but it
lags in terms of fodder production. There is a net deficit of
61.1% green fodder and 21.9% dry crop residues in India
(Kumar ef al. 2012). Maize with its wide adaptability has
enormous potential to serve as nutritious fodder as it provides
nearly 30 million tonnes stover biomass per year. There is
extensive demand for quality green fodder for sustainable
dairy farming. Although, maize possesses enormous genetic
diversity relative to other crops, however far lower than its
wild relatives as resultant of its evolution through single
domestication (Vigouroux et al. 2002; Warburton et al.
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2008). Hence, the enormous genetic variation existing in
wild relatives have reduced to a greater extent in modern
maize during the domestication due to breeding bottlenecks
(Tenaillon et al. 2004; Tarter et al. 2004; Le Clere et al.
2005; Liu et al. 2016). The use of limited cultivars in the
derivation of new inbred lines further aggravated to the
cause of genetic diversity reduction (Singh et al. 2017).
Later, this reduction in genetic diversity in maize inspired
the maize breeders to shift their focus back to the wild
relatives for harnessing the wild alleles for improvement
of various traits of economic importance.

The genetic architecture of differences in maize and
teosinte have been well elucidated suggesting the role
of particular genes in imparting particular phenotypic
variation (Weber et al. 2008). Photoperiod sensitivity,
ear morphology and kernel traits are among the most
distinguishing characters between maize and teosinte (Iltis
2000). The difference in tillering is also a distinguishable
feature between maize and teosinte ssp. parviglumis.
However, despite such large phenotypic differences, the
hybridization (sexual compatibility) occurs quite easily
between maize and all of the teosintes (except Z. perennis)
(Wilkes 1977; Doebley 1990). In particular spontaneous
hybridization occurs between Z. mays ssp. mays and teosinte
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ssp. parviglumis (Ellstrand et al. 2007). The earliest efforts
on potential use of teosinte in maize breeding was related
to imparting resistance to various biotic and abiotic stresses
and grain yield (Reeves 1950; Cohen and Galinat 1984;
Casas et al. 2001; Choudhary et al. 2017; Singh et al. 2017,
Mammadov et al. 2018). However, the wild relatives have
not been utilized till date to enhance green fodder maize
yield in fodder maize breeding programmes globally.

The annual teosinte, Zea mays ssp. parviglumis, has
tillering ability, having more than 20 tillers (basal tillers
excluding the main stalk) with tender stem, many small but
long leaves and stalk filled with sweeter sap. The plant is
grown as a multi-cut, high-yielding, excellent fodder and
silage (Corcuera 1991). It is highly palatable to the animals
due to its high nutritive value. In spite of larger genetic
polymorphism in teosinte, limited efforts have been made to
tap the allelic diversity of teosinte species for diversification
(Liu et al. 2016). Recently, Zea mays ssp. luxurians has
been used to develop multi-tiller maize cultivar named as
CRTM-2 (Jyothi Lakshmi et al. 2019). Hence, considering
the good palatability, tillering and re-growth ability of Zea
mays ssp. parviglumis, it can also serve as a good source for
development of multi-tiller and multi-cut ability possessing
fodder maize cultivars.

With elementary initial knowledge, the experiment was
conducted on assessing the effect of nitrogen on tillering and
re-growth ability of Zea mays ssp. parviglumis, exploring
the photoperiod sensitivity as well as testing the preference
of multi-cut (re-growth) fodder samples of Zea mays ssp.
parviglumis for goats. Besides, the present investigation was
planned to attempt the transfer of tillering trait from Zea
mays ssp. parviglumis to promising fodder maize cultivars.
Among these African tall is a tall, single-stemmed, white
seeded cob with maturity duration of 125-130 days in the
spring season. It is highly preferred for green fodder due
to its good biomass and digestibility. In addition to this,
it also has better silage quality. Besides African Tall, 11
promising high biomass containing yellow seeded inbred
lines (including two lines with stay-green trait) identified
under our fodder maize breeding programme were also
included.

MATERIALS AND METHODS

The experiment was conducted in the spring season,
2018 on Zea mays ssp. parviglumis to check the effect of
30% higher nitrogen fertilization than the recommended dose
(100 kg/ha) on re-growth ability of basal tillers (produced in
two subsequent cuts at 15 days interval after two months of
sowing). The sowing was done in two rows of three-meter
length. The nitrogen was applied on the next day of giving
cut. The per cent re-growth of basal tillers (including the
main stalk) after the cut was calculated as the number of
tillers exhibiting re-growth calculated as the number of
tillers re-grown divided by the initial number of tillers. To
study the preference of biomass obtained in this experiment,
a pilot trial was conducted under which first and after re-
growth cut based whole/unchaffed fodder samples of Zea
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mays ssp. parviglumis were offered to the adult goats and
growing kids (~ 9 months old) of Beetal breed at Guru Angad
Dev Veterinary and Animal Sciences University, Ludhiana,
India. The effect of cutting on the flowering and maturity of
Zea mays ssp. parviglumis was also observed by recording
the days to 50% flowering and maturity, respectively. The
crosses of Zea mays ssp. parviglumis were executed with
African Tall and 11 promising fodder maize inbreds in
kharif 2018 (Table 1). The wide crosses (F,) were sown in
four rows of three meter each in spring 2019. The details
on traits like days to 50 % anthesis (DAT), days to 50%
silking (DAS), number of basal tillers, average plant height
of basal tillers, leaves per basal tiller and cobs per basal
tiller were recorded at completion of flowering. Similar
traits were also recorded from three randomly chosen plants
for main stalk. In addition, green fodder weight/plant was
also taken by cutting the basal tillers and main stalk from
the base and weighing separately followed by summing the
weight of both. DAT and DAS were recorded as the number
of days required to complete 50% anthesis and silking from
date of sowing, respectively.

RESULTS AND DISCUSSION

Effect of higher nitrogen dose on re-growth ability of tillers
and green fodder weight

Zea mays ssp. parviglumis exhibited the tillers in
range of 8-10 till the period of cutting, i.e. 60 days after
sowing. The 30% extra dose of nitrogen had a significant
effect (P <0.05) on the re-growth ability as well as green
fodder yield in Zea mays ssp. parviglumis (Table 2). The
higher nitrogen dose of 130 kg/ha showed 12.5% and 20%
improvement in the percent re-growth ability of tillers and
green fodder yield, respectively. Higher nitrogen dose was
found to enhance the re-growth ability in Zea mays ssp.
parviglumis and hence resulting in higher green fodder yield.

Table 1 List of genotypes indicating seed colour, type and days
to 50% anthesis to be used as recipient parent in crossing

with Zea mays ssp. parviglumis

Genotype (F,) Seed Type Days to 50%
colour anthesis
MCFL117 Yellow Inbred 89
MCFL121 Yellow Inbred 92
MCFL141 Yellow Inbred 88
MCFL158 Yellow Inbred 87
MCFL174 Yellow Inbred 89
MCFL177 Yellow Inbred (Stay green) 92
MCFL179 Yellow Inbred (Stay green) 91
MCFL182 Yellow Inbred 90
MCFL185 Yellow Inbred 88
LM13 Yellow Inbred 88
LM14 Yellow Inbred 92
African Tall White Composite 86
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Table 2  Effect of nitrogen on re-growth ability and green fodder
yield in Zea mays ssp. parviglumis

Trait 100 kg N/ha 130 kg N/ha P-value

Per cent re-growth (in tillers) 80% 90% 0.048
after the cut
Weight (15 days after the cut) 15.6 g/ha 18.8 g/ha  0.047

However, main stalk as compared to basal tillers exhibits
less re-growth ability due its relatively harder stem. Its
ability of producing tillers and to exhibit re-growth upon
cutting can be observed in Fig 1 which shows it along with
that in which no cut was given to the plant. It was observed
that re-growth based leaves were found to be soft and
tender and have a reduction in sharp edges of leaf margins
as compared to that of the first cut (non-re-growth based)
as well as non-cut (original with no cut given). Hence the
soft and tender leaves containing re-growth based samples
can be used to feed ruminants.

Pilot Trial on testing the preference of goats for re-
growth and fresh-cut fodder based feeding: The weighed un-
chaffed samples (re-growth based) obtained from treatment
of different nitrogen doses along with freshly cut (first time
cut or not based on re-growth) were given to adult goats as
well as grower kids for testing the irrelative preferences.
The re-growth based samples were fed completely (no
leftover) by adult goats as well as grower kids while first-
time cut (not based on re-growth) fodder samples had
negligible leftover for adult goats but 32% leftover for
grower kids was observed. Goats are more selective in
feeding habits especially high-quality feeds than sheep and
cattle (Domingue ef al. 1991; Hadjigeorgiou et al. 2003;
Moyo and Nsahlai 2017) and tend to eat soft and leafy parts
of fodders and avoid eating thick or hard (stem) parts of
fodder plants. Further, kids need relatively good pasture
(Vincent 2018) than adult goats which could be the reason
for relatively more wastage of first cut fodder in grower
kids. Increase in fodder intake after chaffing too has been
noted in goats (Omokanye et al. 2001, Kumari and Patel

Original (No-cut given)

Fig 1 Tillering and re-growth ability of Zea mays ssp. parviglumis.
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2015). Hence leftover might be much lesser if fed to large
ruminants (cattle and buffalo), however, still confirmation
studies are required.

Effect of cutting in Zea mays ssp. parviglumis on flowering
and maturity

Zea mays ssp. parviglumis, sown in the first week of
February was found to flower in about 235 days (October
first week) as compared to that in 85 days in kharif season
at Ludhiana. This is due to the fact that unlike the almost
day-neutral nature of modern maize especially temperate
maize. Eventually, Zea mays ssp. parviglumis require
short-day period (longer-nights or continuous dark phase
more crucial) to induce flowering (Emerson 1924; Meng
et al. 2011). Hence, due to change in weather condtion
days get shorter (nights get longer) towards the December
in India, Zea mays ssp. parviglumis requires less time to
come to flowering as compared to spring sowing. Spring
sowing does not get a short day to attain flowering as days
get to start shorter after June in India (the shortest day on
22" December). It was quite interesting to note that, no
significant effect of cutting was observed on the flowering
time as well as the maturity of Zea mays ssp. parviglumis,
as both re-growth and original (non-re-growth) based plants
exhibited nearly similar time for flowering and maturity.
This indicates towards the involvement of fixed time frame
mechanism in plants (upon getting favourable photoperiod)
to transit to reproductive phase without getting affected by
the multi-cut nature (Song et al. 2015). Hence, considering
the almost three times of duration taken to initiate flowering
in the spring season as compared to kharif, it is better to
avoid it’s sowing in spring/rabi season in Indian conditions
for execution of crosses. Therefore, breeders engaged in
pre-breeding using Zea mays ssp. parviglumis should target
kharif sowing for the execution of crosses and hence saving
a season as compared to spring sowing. Furthermore, the
photoperiodism in wild relatives can be harnessed through
the use of speed breeding for rapid generation advancement
(Watson et al. 2018).
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Transfer of tillering trait in elite fodder maize lines

The tillering and re-growth ability of Zea mays ssp.
parviglumis can be transferred to the promising fodder
maize inbreds and composites. The seed colour of the F, was
slightly different from the recipient parent (seed parent) and
hence, assisting in the differentiation of true wide crosses
from false crosses (if any) by visual observation (Fig 2). Such
differences in seed colour on crossing with wild relatives
arise due to xenia effect (Waller 1917). The basal tillering
was recorded in F, wide crosses in un-replicated trials
(limited seed) as it was grown for advancement purpose
by backcrossing with recipient parent. The wide crosses
exhibited basal tillers in the range of 1-15 with highest
(15) and lowest (2) tillers observed in the cross MCFL182
x ZMP and African Tall x ZMP, respectively (Table 3;
Fig 3 and 4). However, it was interesting to note that each
plant of MCFL182 x ZMP cross had a minimum of three
basal side tillers as compared to only one in some plants of
remaining crosses. This difference in the number of tillers
in wide crosses can be attributed to the different genetic
background of the recipient parents. The tillering trait as
observed in wide crosses (Fs) indicates towards its partially
dominant nature. This partially agrees with the findings of
Srinivasan and Brewbaker (1999) who noticed the dominant
nature of tillering in crosses of maize with Jutiapa teosinte
and Zea diploperennis. It was interesting to notice that the
inbreds were found to be more responsive to tillering as
compared to composites as evident from the high number

F, Cross

F, Cross MCFL117
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of tillers observed in crosses of parviglumis with inbreds.
It may be due to homozygous nature of inbreds for most
of the genome content as compared to composites as well
as favourable gene interactions. However, it needs further
validation by using more number of composites as only
one composite (African Tall) was used in this experiment.

For flowering traits, most of the crosses were late than
respective recipient parents except MCFL185 x ZMP and
African TallxZMP as both were nearly similar to recipient
parents in days to flowering (Table 1 and 3). However, all
wide crosses exhibited flowering almost before half the
duration of Zea mays ssp. parviglumis. It is quite obvious
to get early flowering in wide crosses, as hybrids exhibit
tendency towards early flowering (Ali et al. 2013). The
wide crosses, MCFL185xZMP and African TallxZMP
came to flowering earlier than respective recipient parents
(MCFL 185 and African Tall) indicating towards the possible
transgressive segregants. The cross, MCFL179%xZMP had
taken about four months for anthesis which was the highest
amongst all crosses attempted in our study. For the average
height of basal side tillers and main stalk, the range was
192.3 (MCFL185xZMP)-255 (MCFL179xZMP) and 186.7
cm (MCFL185xZMP)-275(MCFL179%ZMP), respectively.
Similarly, average leaves in basal side tillers and main stem
ranged from 10.5(MCFL185)-16.3(MCFL179xZMP) and
10(MCFL185)-16(MCFL179%xZMP), respectively (Table 3).

The green fodder weight per plant in crosses ranged
from 1.4 kg to 4.5 kg. The maximum and minimum green

Cross MCFL182 Zea mays ssp. parviglumis

Fig 2 Seed colour variation in F, cross (leff) and inbred parents (right) and Zea mays ssp. parviglumis.

Regrowth after cut

15 side tillers (1 week period) |

Fig 3 Tillers in wide crosses (F,) crosses and re-growth ability.

!

MCFL182 x ZMP
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Tillers in wide crosses with Zea mays ssp. parviglumis (ZMP)
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traits of Zea mays ssp.

parviglumis. The developed
multi-tiller inbreds can be

used to develop multi-tiller

hybrids and composites.

The intervention of nutrient

management practices can
further help in augmenting

13 OMinimum B Maximum E Average
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MCFL117 x ZMP
MCFL121 x ZMP
MCFL141 x ZMP
MCFL158 x ZMP
MCFL174 x ZMP
MCFL177 x ZMP
MCFL179 x ZMP
MCFL182 x ZMP Im

Fig 4 Range of tillers and average tillers in wide crosses with Zea mays ssp. parviglumis.

the green fodder yield in
multi-tiller fodder maize
cultivars. Furthermore,
speed breeding can also
be utilized for better
utilization of wild relatives
by inducing early flowering
and hence achieving rapid
advancement of generations
of wide relatives-based
crosses per year. The use

MCFL185 x ZMP s
LM13 x ZMP |
LM14 x ZMP |

African Tall x ZMP

Table 3 Details of average plant height, number of leaves and cobs per plant and green fodder weight per plant of wide crosses

F, crosses
of tillers/

leaves/

Range Average DAT DAS Average Average Average Average Average Average Average Average Average
height/ height/

leaves/  cobs/ cobs/
BT MS BT BT

weight  weight
of tillers/ of main

weight/
plant

tillers  plant BT MS

(cm) (cm)

MCFLI117xZMP  1-4 3.1 101 104 203.6 226.7
MCFLI121xZMP -3 3 100 104 231.7 230.0
MCFL141xZMP  1-5 4 98 102 214.6 220.0
MCFLI158xZMP  1-5 39 102 107 2183  225.0
MCFL174xZMP  1-5 4.7 101 105 2165 215.0
MCFL177xZMP  1-6 3.7 104 108 238.8 2483
MCFL179%xZMP  1-6 3.8 120 126 255.0 275.0
MCFLI182xZMP 3-15 6.7 100 105 2333 2083
MCFLI185xZMP  1-4 2.8 84 89 1923  186.7
LM13xZMP 1-9 32 101 105 2393  261.7
LM14xZMP 1-5 34 103 108 245.0 216.7
African TallxZMP  1-2 1.5 84 86 2450 265.0

plant stalk/ (kg)

(kg)  plant (kg)
134 15.0 3.3 5.5 35 0.9 44
134 12.5 3.0 3.0 1.9 0.7 2.5
10.0 10.0 3.7 4.0 1.6 0.4 2.0
13.0 12.5 3.3 4.0 1.7 0.7 2.4
12.7 13.0 2.5 6.0 2.3 0.6 2.9
12.5 13.0 2.8 4.5 3.6 0.8 4.3
16.3 16.0 2.8 2.5 2.4 0.9 3.3
14.2 14.0 34 4.5 3.6 0.8 4.5
10.5 10.0 3.0 4.5 0.9 0.6 1.5
13.0 14.0 4.0 9.0 1.6 1.0 2.6
13.2 13.5 3.8 7.5 1.7 0.9 2.6
14.0 15.0 2.0 2.0 0.6 0.8 1.4

BT, Basal Tillers; MS, Main Stalk; ZMP, Zea mays ssp. parviglumis

fodder weight per plant was observed in (MCFL182xZMP)
and (African TallxZMP), respectively. Such a difference
in weight between these two crosses is attributable to the
highest and lowest average tillers, respectively. The average
weight of wide crosses is significantly higher (thrice in
few cases) than that of existing fodder maize cultivars
including African Tall and J-1006 that are being used as a
national check-in fodder maize trials. The cross with highest
tillers, MCFL182xZMP exhibited re-growth on cutting (Fig
3). Thus, wide crosses exhibiting tillering can be tested
for re-growth too once the progenies get fixed. Further
advancement of promising crosses through backcross
breeding will help to harness the fodder yield-enhancing

of molecular markers can also complement the transfer of
tillering which is reported to be governed by major genes
like thal, tlrl and gt1. It can also help in efficient recovery
of recipient background genome and hence saving time and
resources. Hence, Zea mays ssp. parviglumis can serve as
an excellent source to fodder maize breeders to develop
multi-tiller and re-growth ability possessing high biomass
yielding cultivars.
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