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Abstract

Maize is the most cultivated plant for silage making in all over the World due to its many advantages
such as producing high yield, suitable for mechanization and easy to ensile. However, the most important
shortcoming property of maize silage is insufficiency of protein content. This study was planned for resolving
this problem to a certain extent by growing maize with legume in the field as intercrop without any decrease in
maize stand. Silage pH was significantly decreased in all intercropping patterns, regardless to legume,
compared to sole maize, however, all pH values were enough low indicating a sufficient fermentation has
occurred in the silo. Intercropping maize with soybean increased dry matter recovery (DMR), dry matter intake
(DMI) and relative feed value (RFV) compared to sole crop maize. The NDF values of intercropped maize were
better than that of pure maize resulting increases in DMI. Intercropping maize with any legumes caused an
increase in crude protein (CP) content.
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Misir ve Bazi Baklagillerin Birlikte Uretimi ile Silaj Yem Kalitesini Artirma Olanaklari

Ozet

Misir bitkisi yliksek verimliligi, mekanizasyona uygunlugu ve silolanmasinin kolay olmasi gibi birgok
avantajlar nedeniyle diinyanin her yerinde silaj amaciyla en fazla yetistirilen bitkidir. Bununla birlikte, misir
bitkisinin en 6nemli dezavantaji, yetersiz protein icerigidir. Bu ¢alisma, misir bitki sikhigini azaltmadan, karisim
halinde bazi baklagil bitkilerini (mas fasulyesi, sirik fasilye, bérilce ve soya) de yetistirerek, bu sorunu belli
dlglide cdzmek amaciyla yapilmistir. Calismada saf misir ve karisimlar, Kahramanmaras Siitcii imam Universitesi
Ziraat Fakiltesi deneme alaninda yetistirilmistir. Arastirma sonucunda, baklagil bitki tiirine bakilmaksizin tim
birlikte Giretim sistemlerinde silaj pH degerinin saf misira gére 6nemli derecede arttigi, bununla birlikte, tim pH
degerlerinin silo icerisinde iyi bir fermentasyonu isaret edecek sekilde yeteri kadar distigiu gorulmustdr.
Misirin soya fasulyesi ile birlikte yetistirilmesinin, saf misira gore, kuru madde korunumunu, kuru madde
tiketimini ve oransal yem degerini artirdigi belirlenmistir. Birlikte iretimden elde edilen NDF degerlerinin saf
misir degerlerine gore daha disik oldugu ve kuru madde tiketimini olumlu etkiledigi belirlenmistir. Misir
bitkisini herhangi bir baklagil ile birlikte yetistirmenin ham protein iceriginde artislara neden oldugu
saptanmigtir.

Anahtar kelimeler: Silaj, yem kalitesi, kuru madde korunumu, misir.

Introduction feed by their own due to economical and quality

The main problem in animal husbandry concern. Maize is the most popular crop for
especially in developing countries is generally making silage, which plays a vital role as a winter
related to animal feeding activities. In many case, feed in the livestock industries (Geren et al., 2008)
quantity and quality of feed is not enough for for many countries including Turkey (Kizilsimsek et
ruminants. Many growers produce their ruminant al., 2016). Maize crop can produce high yield in a
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single cut (Serbester et al.,, 2015) and is easy to
ensile due to its water soluble carbohydrate (WSC)
content. It also has high energy value as ruminant
feed (Stoltz et al., 2013; Geren et al.,, 2008).
However, the most important handicap of maize is
definitely its low crude protein (CP) content that is
around 6-7% of its dry matter (DM) base. Legume
plants, which can grow on summer period like
maize, could be a good solution for dealing with
this problem due to their high protein content,
which is over 15% in many cases. Intercropping
legumes with maize may not only improve yield
and quality of feed but also may limit the use of
fertilizer, herbicides and insecticides, which are
heavily used in monoculture for high yield anxiety
(Dawo et al., 2007). Growing maize with a legume
may be advantageous for effective using ecological
sources such as soil nutrients and light as well as
preventing erosion. It is also known that maize is
the dominant component crop in determining the
yield compared to legumes in intercrop. So not
decreasing maize plant density in intercrop may be
a good way in order to keep high silage yield
produced.

The fact remains that; there have been
many studies that individual crop of any intercrop
systems were sown or harvested at different time
points (Stoltz et al.,, 2013). However, this is not
applicable for practice for silage production
system. In silage making, the individual crops of
intercropping system should be sown and
harvested simultaneously (Stoltz et al.,, 2013) in
order to avoid high cost and to get a good
fermentation for both component crops. There are
many studies on intercropping systems of maize
with soybean (Carruthers et al., 2000; Martin et al.,
1998; Serbester et al., 2015), cowpea (Geren et al.,
2008; Azim et al., 2000) and bean species (Nurk et
al., 2017; Dawo et al., 2007; Armstrong et al., 2008;
Stoltz et al., 2013) individually however the studies
on comparing legumes are very limited.

The main objective of this study was to
improve feed quality by increasing feed CP content
and reducing dry matter recovery (DMR) of maize
silage by intercropping maize with mung bean,
pole bean, cowpea or soybean and harvest
simultaneously without decreasing maize plant
density in intercrops compared to its sole stand for
producing high yield.

Material and Methods

Sole maize and legume intercrops were
grown during the main crop season in the summer
period of 2019 at the research station of
Agriculture Faculty, Kahramanmaras Sutcu Imam
University, Turkey. The field experiment was
designed as completely randomized blocks design
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with three replications. In the experiment, maize
plant density in intercrop systems were the same
as maize sole stand while legume density in
intercrop was 33% of what they should be in their
sole systems. Maize were sown on 15 cm depart
on the row and 70 cm between rows. Only one
legume seed was planted in between two maize on
the row, so maize and legume plant number per
unit area were the same. The plants were sown on
10" May and harvested when the milk line reached
to 2/3 of the grain at 15" August. Individual crops
in intercrop systems were harvested together at
the same time, chopped theoretically 2-4 cm
length and ensiled by using plastic vacuum packed.
The plastic packed was filled 500 g £50 g with
there parallel for all replications. The initial DM
content of all silage were determined by taking 100
g of chopped samples and dried in an air forced
oven at 78 °C for 48 hours. Silages were opened
after 60 days of ensiling on 15™ October and
analyzed for pH, dry matter (DM), neutral
detergent fiber (NDF), acid detergent fiber (ADF)
and crude protein (CP). Forages were sampled for
all parcels around 50 g and dried at 78 °C for 48
hours for determining initial DM content (To=Time
Zero) of feed before ensiling. Resulted silage
samples were also dried at 78 °C for 48 hours for
determining the DM (Tgo =Time 60 days) then the
samples were ground to pass through 1 mm
screen. Dry matter recovery (DMR) was calculated
by dividing DM Teo to DM To and multiplying by
100. The N content of silage was determined by
using Kjeldahl method then CP was calculated by
multiplying N values with 6.25 coefficient. NDF and
ADF were determined by using Ancom Fiber
Analyser according to Van Soest et al. (1991). In
order to have an idea about feed quality, digestible
dry matter (DDM), dry matter intake (DMI) and
relative feed value (RFV) were calculated.

The variance analysis of the data was made
according to randomized blocks parcel design by
using SAS software. The differences among the
mean values were grouped by using the least
significant difference (LSD) test.

Results and Discussion
Dry matter contents, dry matter recovery and pH
values

The mean values and statistical groups of
initial DM content (DM To,), DM content of resulting
silage (DM (Te), DMR and silage pH were given at
Table 1. Silage To DM content were higher in sole
maize than those of maize intercropped with any
legumes and the differences were significant only
between sole maize and maize intercropped with
soybean. Legumes were caused declining in DM
content of silages, in variable levels depending on
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the legume species in intercrop, compared to sole
crop maize silage. DM content of maize+soybean
intercrop silage were 4.07% lower than that of sole
maize silage due to late maturation of soybean
compared to maize crop. Azim et al., (2000) have
explained that silage DM content was decreased in
intercrop maize with cowpea compared to sole
maize silage. They also found that the DM content
of silages decreased as the proportion of legume in
intercrop increased. Similarly, Nurk et Al. (2017)
stressed that DM concentration of silage decreased
significantly with increasing bean contribution in
silage and suggested that it is necessary to
determine the right proportion of legumes in
intercrop with maize in order to achieve a good
fermentation. There were some contradictory
results in literature related to DM content changes

between sole and intercropped maize. For
example, Sloltz et al.,, (2013), indicated that DM
content of maize+faba bean intercrop silage was
higher than that of sole maize silage regardless of
nitrogen fertilization. Similarly, Serbester et al.,
(2015), found that, DM content of maize
intercropped with soybean is variable depending
on intercropping systems and harvest time. The
DM contents of all applications of present study
were in the range of optimum values, which was
explained by McDonald et al. (1987) as 28 and
32%, for a good fermentation. There were no
significant differences among DM contents of Teo
silages. Armstrong et al. (2008) pointed that DM
contents were not affected in legume and maize
intercropping when legume proportion in the
mixture is low.

Table 1. Dry matter in fresh material (DM TO0) and dry matter (DM T60), dry matter recovery (DMR) and pH

values of resulting silage.

Intercropping DMTO DMT60 DMR pH
Sole Maize 33.88a 31.37 92.57 ab 3.78d
Maize Mung Bean 33.52ab 32.01 95.43a 3.97b
Maize Climbing Bean 33.37ab 30.25 90.67 b 3.88¢c
Maize Cowpea 33.48 ab 32.03 95.68 a 391c
Maize Soybean 32.50b 31.28 96.19 a 4.07 a
Mean 33.35 31.39 94.11 3.92
LSDy0.05) 1.33 n.s. 4.32 0.06

There were significant differences among
DMR values, which were changed from 90.67 to
96.19%. Mung bean, cowpea and soybean
intercropping, except for climbing bean, with
maize improved DMR compared to that of sole
maize silage.

It can be speculated that all silages
fermented well when pH values were taken into
consider which were within the range of 3.8-4.2 for
a good fermentation. Sole maize had the lowest pH
value that is statistically significant compared to all
intercropping systems probably due to its higher
soluble carbohydrate contents. Geren et al. (2008),
concluded that silage pH values were increased
when maize was intercropped with cowpea or
bean compared to sole crop maize silage.
However, Stoltz et al., (2013), stressed that there
were no significant differences between sole or
intercropped maize in terms of pH values.

Silage quality and feed value

The differences in NDF contents of silages
were statistically significant. All legume and maize
intercropping systems had lower NDF contents
than that of sole crop maize silage. In the present
study, even though the differences were not
significant, the ADF values as well as NDF in
intercropping systems were reduced. Our findings
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were similar to Costa et al. (2012) who reported
that there is usually lower concentration of cell
wall fibers in legumes compared to cereals. Also,
Nurk et al. (2017) emphasized that NDF
concentration of maize as a cereal plant was higher
than common bean as a legume. Serbester et al.,
(2015) concluded that silage NDF content in DM
was decreased depending on the increase in
soybean rate in mixture with maize. Accordingly,
Javanmard et al., (2009) and Sanchez et al., (2010)
also stressed decreasing values of NDF in mixed
silage of maize and legumes such as soybean,
vetch, berseem clover and common bean
compared to maize silage alone. They also
reported that NDF concentrations were variable
from one to another ecology. However, Stoltz et al.
(2013) found higher NDF contents in faba bean and
maize intercropping silage than sole crop maize
silage. Nurk et al. (2016) reported that there were
no consistent differences in ADF content of maize
silage when they ensiled alone or mixture with
bean, accordingly to the present study.

The CP contents of all intercropping silages
were higher than that of sole crop maize silage.
Intercropping maize with even a low rate of
legumes at planting increased CP level around
7.51-17.65% compared to sole maize silage. Geren
et al. (2008) reported that CP contents of mixture
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increased noticeably in mixtures compared to
maize alone. Stoltz et al (2013) mentioned an
increase in CP content of maize silage when it was
ensiled as mixture with faba bean. Carruthers et al.
(2000) and Martin et al. (1990) stated higher CP
content for maize and soybean intercrop silage
than for pure maize silage. Putnam et al. (1986)
and Serbester et al. (2015) also reported increased
CP concentration for soybean and maize intercrop
silage than sole maize silage. Accordingly,

Armstrong et al. (2008) indicated that CP
concentrations were greater in corn intercropped
with the lablab bean and velvet bean compared to
corn monoculture.

Silage DDM values were not affected by
intercropping systems. However, DMI and RFV
values were significantly affected by adding
legumes in maize silage. All mixture silage had
grater DMI and RFV values compared to pure
maize silage.

Table 2. Cell wall components (NDF, ADF), crude protein (CP) digestible dry matter (DDM), dry matter intake

(DMI) and relative feed value (RFV) of resulting silage.

Intercropping NDF ADF CcP DDM DMI RFV
Sole Maize 54.82 a 28.82 6.16 ¢ 66.45 2.19b 112.81c
Maize Mung Bean 53.46 ab 30.70 6.66 abc 64.98 2.25ab 113.12 ¢
Maize Climbing Bean 51.89 ab 30.07 7.15ab 65.48 2.31ab 117.41b
Maize Cowpea 50.47 b 28.26 6.51 bc 66.89 2.38a 123.75a
Maize Soybean 50.33b 29.89 7.48 a 65.62 2.39a 121.52 a
Mean 52.19 29.55 6.88 54.08 2.30 117.72
LSD(0.05) 3.28 n.s. 0.86 n.s. 0.15 3.83
Conclusions (Phaseolus vulgaris). Journal of Food and

Intercropping maize with legumes has many
advantageous in silage feed quality. Growing
legumes in maize stands even at a low rate could
improve silage quality in terms of DMR, NDF
content, DDM rate, DMI and especially CP
concentrations. As result of these impacts, animal
feed intake could improve and feed value could be
increased markedly.
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