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This study was carried out to determine the effect of different irrigation frequency and levels on
silage sorghum plant for yield and quality at the Bingdl University Agricultural Research and
Application Field in 2022 using the Master BMR variety as plant material. Randomized complete
blocks applying the split-plots experimental design with three replications was used; four irrigation
levels (25%, 50%, 75% and 100%) and four irrigation frequencies (5, 10, 15 and 20 days) were
considered as treatments. Percentage of moisture replacement was determined using total moisture
loss from evapotranspiration (ET). Amount of water discharged by emitters were predetermined,
hence, time was used to determine the exact amount. Properties related to green forage yield, dry
matter yield, crude protein ratio, crude protein yield, acid detergent insoluble fibre, neutral detergent
insoluble fibre, digestible dry matter, dry matter consumption and relative feed value were
investigated. Statistically significant differences between all the examined features were observed.
The highest green forage yield, dry matter yield and crude protein yield were obtained from 5-day
frequency and 100% level. Highest crude protein ratio from 5-day frequency and 25% level, lowest
acid detergent insoluble fibre rate and highest digestible dry matter rate from 20-day frequency and
25% level, highest dry matter intake and relative feed value with the lowest neutral detergent
insoluble fibre rate were observed from 25% level with 10 and 20-day frequencies. In conclusion;
it can be stated that, to obtain high yield from silage sorghum, it is necessary to irrigate at 5 days
frequencies and 100% level. However, high-quality product can be obtained with a 10-day
frequency and a 25% level with low yield.
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Sorghum (Sorghum bicolor (L.) Moench), referred to
as the crop of the future in animal nutrition, has had myriad
of research conducted on it to determine its suitability as a
replacement crop for maize/corn (McCary et al., 2020). De
Morais Cardoso et al. (2017) identified sorghum as the fifth
most cultivated cereal in the world after its domestication
some 3000 years ago. Sorghum, with its multiple
application, has been preferred due to its tolerance and
adaptive capacity over a large geographical area on
different continents (Hossain et al., 2022). On a marginal
land, sorghum is relatively productive compared to the
other popular cereals. Its complete replacement of maize is
still limited due to several reasons mostly having to do with
digestibility and nutrients availability (De Morais Cardoso
et al., 2017; Hossain et al., 2022; McCary et al., 2020).
Variety, developmental stage, nutritional content, feed
processing among other factors have been identified to

affect the suitability of sorghum as a replacement for maize
in animal nutrition. If the digestibility and nutritional
content of the sorghum crop are improved through genetic
manipulations, cultural practices or postharvest treatments,
sorghum could become a food security crop now and
moving into the future amidst the increasing climatic
impacts. As a response to eminent need, the Sudangrass-
Sorghum hybrid was bred for its medium tillering,
regrowth capacities, and nutritive values as an alternative
to maize/corn in the production of silage and other forage
resources (Bhat, 2019). The discovery of the BMR trait in
Sorghum further improved its usability as a forage crop
under water stress conditions. Over the past decades,
studies assessing water use efficiency and climate
tolerance have seen light in the potential of sorghum
(Pennells et al., 2021; Hossain et al., 2022).
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There exists a plethora of evidence to the fact that the
climatic condition of the earth is changing (IPCC, 2014).
Climate variability is real and the aspect of this variation
which will significantly affect the agricultural industry is
erratic precipitation patterns (Chadalavada et al., 2022).
Reports of growing desertification and reduction of the
amount and frequency of rainfall in various parts of the earth
have been published by seasoned climate scientists (IPCC,
2007). Related to this observed impact of the changing
climate and the fact that the situation will be getting worse,
is the imperativeness to develop a system to salvage the food
production process of the world. Animal feed is an important
part of the food chain since more than 15% of human food
is derived from animal sources (FAO, 2018). Thus, making
it a lot more important to research into effective production
process aimed at building climate adaptive capacity.
Sorghum, as stated above, possesses the additional
advantage suitable for climate stress production. According
to the IPCC (2014) report, there will be significant
variability in the global precipitation system, which brings
to bare the need to develop efficient irrigation measures for
crops with minimum demands, which may result in the
optimal use of water resources. Genome sequencing for
drought tolerance showed that Sorghum is superior to its
counterpart cereal crops in terms of resistance to changes in
climate variables (George et al., 2022). In a review report,
Motsi et al. (2022) presented Sorghum as a crop with
efficient use of water under stress condition, and thus could
be used in building adaptive capacity especially for small
holder farmers. Researchers working on deficit irrigation on
sorghum have preferred the Drip Irrigation method to other
forms of surface irrigation due to its preciseness in
determining water-use efficiency ( El-mageed et al., 2022;
Aydinsakir et al., 2021; Garofalo & Rinaldi, 2013). The
main objective of this study was to evaluate the yield
characteristics of sorghum silage in response to frequency
and levels (amount) of irrigation. The specific objectives
were to: determine the most effect irrigation frequency for
silage sorghum crop; determine the optimum irrigation level
demand of silage sorghum crop; assess the quality of silage
sorghum produced under irrigation.

Material and Method

This study was carried out in 2022 in Bing6l University
Agricultural Research and Application Centre using
Master BMR variety of Sorghum-Sudan grass hybrid as
plant material. In general, the experimental soils have clay-
loam texture, up to 53 % soil Field Capacity, neutral or near
neutral in reaction (pH = 6.68), without salt (0.027 %), low
and moderate levels of Calcium Carbonate (1.7 %), low
organic matter (1.8 %), and most analysed soils were found
to be deficient in terms of available phosphorus (5.5
kgP,0, da*) and sufficient in terms of available potassium
(120 K,0 da) as reported by (Ates and Turan, 2015).

The research was carried out according to the
Randomized Complete Block Design (RCBD) split-plot
experimental design with 3 replications. In the experiment,
4 different irrigation frequencies (5-, 10-, 15- and 20-day
intervals) were applied as main plots and 4 different
irrigation levels (25%, 50%, 75% and 100%) were applied
as sub plots as shown on (Figure 1). The experimental plots
were planted in 4 rows by hand in rows of 5 m in length with

70 cm intervals and sowing was done by hand. In the trial,
the width of the area was determined as 19 m x 56 m = 1064
m?, and the block width was 5 m x 56 m = 280 m?. Sowing
was done at the rate of 4 kg of seeds per decare. Drip
irrigation method was used for moisture replacement. Prior
to sowing of the seeds, the field was marked to indicate the
movement of irrigation lines. Afterwards, water was let
through the emitters and the Rate of Discharge (Rd) was
recorded for each line. Average Rate of Discharge (Rda) for
each subplot was computed and subsequently used along
with total losses due to Evapotranspiration (ETt) over the
duration of the main-plot, to determine amount of moisture
to be replaced depending on the irrigation levels based on
time (Tlrry) using the formulas below.

0.25XETtxA

TIrr0.25 = =————— 1)
TIrr0.50 = 25202 )
Tirr0.75 = 222202 ®3)
TIrr1.00 = 22202 4)

The obtained data were analysed with the help of the
JMP statistical package program, and the differences and
similarities were compared with the LSD test. Weed
control was carried out with hoe during the growth periods
of the plants in the trial plots. With the planting, 15-15-15
compound fertilizer was applied as base fertilizer at a rate
of 10 kg per decare and 22 kg of Urea (46% N) per decare
was applied as top dressing later in the season.

In the plots, after the edge effects were removed when the
vegetative features mentioned below are at the harvest
maturity period, observations and measurements were made
on 10 randomly selected plants from each row in order to
determine the vyield characteristics, and according to the
method specified by Steel & Torrie (1960) and Diizgiines et
al. (1983) as stated below. In addition, quality analyses were
carried out on dried and ground herbage samples.

After removing the edge effect from each plot, the
green parts of the plants harvested from the remaining area
were weighed and the values obtained were converted to
yield in kg per decares. 0.5 kg of the grass cut from each
plot were taken as samples and dried in the drying cabinet
at 70°C for 48 hours. They were then kept for 24 hours,
weighed, and the dry matter weights were obtained. The
obtained dried matter values were then converted to dry
matter yield per decare. Nitrogen content of the grounded
dried matter samples were determined using the Near
Infrared Reflectance Spectroscopy (NIRS) as described by
Corson et al. (1999). Crude protein yields per decare were
found by multiplying crude protein ratios in dried matter
by dried matter yields per decare.

Acid detergent insoluble fibre (ADF) ratios and Neutral
detergent insoluble fibre (NDF) ratios were determined using
the Near Infrared Reflectance Spectroscopy (NIRS) as
described by Corson et al. (1999). Digestible dry matter was
calculated using the formula: DDM = 88.9 - (0.779 x ADF %)),
Dry matter Intake was calculated using the formula: DMI =120
/ NDF% and Relative feed values were computed using the
formula: RFV = (SKM x KMT)/ 1.29 (Morrison et al., 2009).
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Figure 1. Design of the field experiment. Main plots serving as irrigation frequency and sub-plot serving as irrigation
level. The arrow shows the movement of water

The experiment was set up in an RCBD split plot design
with 3 replications. The obtained data were analysed with
the help of the JMP statistical package program and the
differences and similarities were compared with the Tukey
test.

Results and Discussion

This aspect of the research presents the results of the
field work in a summary and considering other previous
studies. Questions raised from the objectives of the study
were addressed within the context of the findings of the
studies and as much as practically viable, the scientific
foundations of the observations were highlighted.

Irrigation frequencies, levels and interactions between
various irrigation levels and frequencies yielded
significantly different outputs with regards to green
herbage yield. Average treatment means were significantly
different at P<0.01. Highest green forage yield of 3062
kg/da was recoded with 5 days irrigation frequency as
compared to the lowest 2281 kg/da for 20 days irrigation
interval. For the irrigation levels, 100% irrigation level
recorded the highest green herbage yield of 3112 kg/da
compared to 2234 kg/da for 25% irrigation level (Table 1).
With regards to the interaction between irrigation levels
and frequencies, the highest green forage yield was
recorded from 100% irrigation at 5 days interval. This was
followed by 75% irrigation level at 5-day frequency and
100% irrigation level at 10-day frequency, which are not
significantly different at P<0.01. A maximum sorghum
yield of 3860 kg/da was reported by El-Mageed et al.
(2022) at full irrigation over the cropping season. This is
more than 400 kg/da compared to what was observed at
100% irrigation with 5 days irrigation frequency. In
another study, Atis et al. (2012) reported an average of
6087 kg/da. With lower irrigation level, an average of 2392
kg/da green forage yield was reported by Bhattarai et al.
(2020). This report is similar to the average yield observed
for 15 days irrigation frequency in this study. At 75%
irrigation, the yield in this study surpasses that reported by
Bhattarai et al. (2020). As irrigation level increases with

increasing irrigation frequency, green forage vyield is
reported to increase. The evidence in this study agrees with
this assertion, considering that observed yields increased
significantly above 15 days irrigation frequency.

The results as shown on Table 1 indicated significant
difference for dry matter yield in terms of irrigation level,
irrigation frequency and the interactions between irrigation
levels and frequencies at P < 0.01.

Just as recorded for green forage yield, 5 day irrigation
frequency yielded the highest dry matter of 1067 kg/da
with significant difference compared to the other
frequencies, and the lowest yield of 821 kg/da was
recorded with the 20 days irrigation frequency. With
regards to levels of irrigation, 100% irrigation level yielded
the highest dry matter yield of 1110 kg/da, which is
significantly different from the other irrigation levels.
Irrigating at 25% produced the lowest dry matter yield of
674 kg/da, in consistence with the observation in green
forage yield. 50% and 75% irrigation levels followed a
similar trend, falling between 25% and 100% irrigation
levels with significant difference observed between them
(Table 1). In terms of the interactions between treatment
levels and frequencies, 100% irrigation level for 5 days, 10
days and 75% irrigation level at 5 days irrigation frequency
are the highest with no significant difference at P < 0.01.
The lowest dry matter yield was recorded for 25%
irrigation level at 20 days irrigation frequency. With the
exception of irrigation at 5 days frequency, all the 75%
irrigation levels showed similarity in term of dry matter
yield. Dry matter yield is a very important yield parameter
especially for farmers. It is used to determine most
nutrition quality. From the work of Kir and Sahan (2019),
a maximum and minimum vyield of 2896 kg/da and 878
kg/da, which are higher than the maximum and minimum
values of this study (1183 and 448 kg/da respectively),
were reported. Another report stated a varied dry matter
yield of 2052 kg/da and 744 kg/da maximum and minimum
respectively for no water stress and high stress level
(Aydinsakir et al., 2021). At 50% ET irrigation, Garofalo
and Rinaldi (2013) reported 1800 kg/da dry matter yield.
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Table 1. Green forage and dry matter yields as affected by irrigation frequencies and levels

Green Forage Yield** Dry Matter Yield**
IrrFq (Days)* IrrLv (% of ET)* IrrFq (Days)* IrrLv (% of ET)*

5 days/25% 3062 A 2234D 1067 A 674 D
10 days /50% 2817B 2542 C 920B 878 C
15 days /75% 2454 C 2726 B 858 C 1005 B
20 days /100% 2281 D 3112 A 821D 1110 A
cv 3.126 6.495

LSD 69.2 49.6

* F values for treatments are statistically significant at 1% (P<0.01); ** F values for treatments interactions are statistically significant at 1% (P<0.01);
Values shown with the same letter(s) are statistically not different from each other according to LSD test within 1% (P<0.01) error limits.

Table 2. Crude protein ratio and crude protein yield a affected by irrigation frequencies and levels

Crude Protein Ratio** Crude Protein Yield**
IrrFq (Days)* IrrLv (% of ET)* IrrFq (Days)* IrrLv (% of ET)*

5 days/25% 7.83 A 7.45 A 83.97 A 49.02D
10 days /50% 7.52B 6.73C 62.83B 59.61C
15 days /75% 6.76 C 7.40 A 57.51C 7471B
20 days /100% 6.74D 7.27B 60.10 BC 81.06 A
CcVv 3.07 6.90

LSD 0.18 3.81

* F values for treatments are statistically significant at 1% (P<0.01); ** F values for treatments interactions are statistically significant at 1% (P<0.01);
Values shown with the same letter(s) are statistically not different from each other according to LSD test within 1% (P<0.01) error limits.

Table 3. Forage ADF and NDF as affected by irrigation frequencies and levels

Acid Detergent Fibre (ADF) ** Neutral Detergent Fibre (NDF)
IrrFq (Days)* IrrLv (% of ET)* IrrFq (Days)* IrrLv (% of ET)*
5 days/25% 37.96 A 33.18C 66.95 A 61.26 C
10 days /50% 33.65B 34.59B 61.35C 62.41B
15 days /75% 33.94B 35.32 A 63.17B 64.57 A
20 days /100% 3291C 35.37A 60.60 C 63.83 A
cv 2.18 2.10
LSD 0.62 1.11

* F values for treatments are statistically significant at 1% (P<0.01); ** F values for treatments interactions are statistically significant at 1% (P<0.01);
Values shown with the same letter(s) are statistically not different from each other according to LSD test within 1% (P<0.01) error limits.

the yield differences could be attributed to the
differences in harvest time. At the booting stage, Lyons et
al. (2019) reported 1110 kg/da dry matter yield similar to
the yield recorded in this study at 100% irrigation level.
Both irrigation level and frequency determine the stress
level a crop is subjected to, thus, affect dry matter yield
(Garofalo and Rinaldi, 2013; Aydinsakir et al., 2021). The
result of this study agrees with that conclusion, observing
that, with increasing frequency and level of irrigation,
consistent and significant increment of dry matter yield has
been recorded.

From Table 2, we observe that significant differences
existed for crude protein ratios based on irrigation levels
and irrigation frequencies. Furthermore, interaction
between levels and frequencies of irrigation produced
variation which are significant at P<0.01.

No significant difference was observed for irrigation
levels 25% and 75%. 50% irrigation level however showed
a lower crude protein ratio which is significantly different
from the other lower irrigation levels. With regards to
irrigation frequencies, it can be observed from Table 2 that,
5 days irrigation frequency, recording 7.83% crude protein
ratio, is the highest and significantly different from other
treatments, followed by 10 days irrigation frequency
(P<0.01). Based on the interactions between levels and
frequencies of irrigation, the highest observed crude
protein ratio was observed with 25% irrigation level at 20
days frequency followed by 100% at 5 days irrigation

frequency (P<0.01). The lowest crude protein ratio was
recorded with 50% irrigation level at 20 days irrigation
frequency. Significant differences were recorded in almost
all treatment combinations. Kir and Sahan (2019) reported
in a cultivar trials, minimum and maximum crude protein
ratios (CP) of 7.8 and 10.5%, respectively. The results of
this study recorded 5.99 and 9.2% minimum and maximum
CP, respectively. At the booting stage, Lyons et al. (2019)
reported CP of 12.9 and 7.6% maximum and minimum CP
similar to that reported by Kir & Sahan (2019). Moisture
and heat stress have been reported to positive affect CP
content; increasing stress increases CP content (Pupo et al.,
2022). Result from this study however have different
response between irrigation level and frequency. While
irrigation level agrees with the previous studies, irrigation
frequency from this study recorded the opposite. In effect,
the result on irrigation frequency from this study agrees
with the findings of Bean et al. (2013). The hypothesis
behind the assertion of Pupo et al. (2022) is that, with
increasing heat and water stress, photosynthetic apparatus
tends to synthesize certain proteins to help in the survival
of the plant. The BMR possessing varieties may respond
differently (Reich, 2005; Sattler et al., 2010). Furthermore,
though the differences are significant, what was observed,
in terms of level and frequency of irrigation interaction,
was about 3% between the highest and the lowest CP
content.
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As can be observed from Table 2, variations of
significant levels have been recorded for crude protein
yield for irrigation levels, irrigation frequencies and the
interaction between levels and frequencies of irrigation at
P<0.01. The highest crude protein yield was recorded with
100% irrigation level, followed by 75%, 50% and 25%
recording 81.06, 74.71, 59.61 and 49.02 kg/da,
respectively, all showing significant differences at P<0.01.
No significant difference was observed between 15- and
20-days irrigation frequencies with regards to crude protein
yield. The highest crude protein yield was observed with 5
days irrigation frequency followed by 10 days irrigation
frequency with significant difference between them. 5 days
irrigation frequency at 100% and 75% irrigation levels
showed no significant difference, producing the highest
crude protein yield with interaction between level and
frequency of irrigation at P<0.01 as can be observed on
Table 2. The lowest observed crude protein yield for
interaction between irrigation levels and frequencies is
recorded with 25% level at 10-, 15- and 20-days irrigation
frequencies. Crude protein yield (CPY) is affected
positively by DM and CP (Kir and Sahan, 2019). It
therefore follows that, increasing levels and frequencies as
affected DM will affect CPY. Interestingly, though
Gonulal (2020) used similar cultivars as done in this study,
far less CPY was recorded in this study. Crude protein is
very important in animal nutrition and forage quality and
pricing. The highest yield in this study was 97.41 kg/da
whereas that reported by Kir and Sahan (2019) and Gonulal
(2020) are 280 kg/da and 253 kg/da, respectively. At the
booting stage, higher CPY is expected (Ball et al., 2001)
compared to the studies above. It thus follows that; some
physiological factors are in play which are affected by the
irrigation treatments.

Table 3 shows that significant variations were observed
in ADF value at P<0.01 for irrigation levels, frequencies
and the interaction between levels and frequencies of
irrigation. With regards to irrigation levels, the highest
ADF value was observed with the 100% and 75% (35.37
and 35.32%, respectively) without any significant
difference between them. The lowest ADF value was
recorded by the 25% irrigation treatment which is
significantly different compared to all other treatments at
P<0.01. At 5 days irrigation frequency, the highest ADF
yield was recorded (37.96%); a value which is significantly
different from the other irrigation frequencies at P<0.01.
The lowest observed ADF value was recorded with the 20
days irrigation frequency (32.91%). There exists no
significant difference between the 10- and 15-days
irrigation frequencies for ADF value at P<0.01. Irrigating
with the 100% level for at 5 days frequency yielded the
highest ADF value which is significantly different
compared to other treatment at P<0.01. The three other
irrigation levels at 5 days irrigation frequency were not
significantly different from each other. At 25% irrigation
level for 20 days interval, the lowest ADF value was
recorded; a value which is significantly different from all
other treatments with regard to ADF value at P<0.01. At
the booting stage, Lyons et al. (2019) reported a maximum
ADF of 32.9% falls within 10 days frequency at 25% level
and 20 days frequency at 100% level. In the work of Kir
and Sahan (2019), a maximum of 37.5% similar to the
value recorded in this study with 5 days frequency at 75%

level. In an earlier study, Bean et al. (2013) reported 36.7%
for non-BMR variety and 26.9% for a BMR variety. With
increasing moisture stress, ADF values are expected to
increase (Bean et al., 2013), however, the results of this
study agrees with the theory which states that, robust
growth leads to increase in ADF, which is a structural
carbohydrate needed to support stem erection (Diepersloot
et al., 2021). The work of Pupo et al. (2022) is in line with
this observation. The stress factors in this study have not
had any effect on ADF content. This observation can be
attributed to the fact that, experimental plants under
increasing stress have slow growth rate at the early stage,
resulting in less demand for structural carbohydrates. Due
to the fact that ADF is a complex of lignin (Bean et al.,
2013), which is almost indigestible, lower levels of ADF is
required for a higher quality feed to release higher energy
levels.

Table 3 shows the NDF value variation for the
treatments of irrigation levels, frequencies and their
interaction. At P<0.01, significant difference was recorded
for irrigation levels and frequencies, such however cannot
be said for the interaction between irrigation levels and
frequencies at P<0.01. At 75% and 100% irrigation levels,
the highest NDF values were recorded. These values were
significantly different from the other treatments at P<0.01.
The lowest NDF value was recorded with the 25%
irrigation level; with 61.26% NDF, irrigating at 25% level
is significantly different from the other higher treatments
at P<0.01. Irrigating at 5 days frequency yielded the
highest NDF value of 66.95% which is significantly
different from the other treatments. Interestingly, the mean
NDF values for 10- and 20-days irrigation frequencies
show no significant difference at P<0.01. Irrigating at 15
days frequency yielded the second significantly higher
mean value of NDF. NDF value of 57% was reported by
Lyons et al. (2019) at the booting stage. This agrees with
the report of Kir and Sahan (2019) when their highest
reported NDF was 57.5%. These reports are similar to the
lowest value recorded in this study. With normal sorghum
varieties, increasing moisture stress increases NDF levels.
In the BMR varieties however, less stress conditions led to
increased NDF levels (Pupo et al., 2022). This conclusion
agrees with the observations in this study. Increasing levels
of irrigation increased NDF values. However, a mixed
result was observed with regards to irrigation frequency in
this study. Bulk of a forage fibre is NDF which
consequently determines the amount of feed an animal can
consume at a time (Bean et al., 2013). Higher NDF
generally implies that less energy will be taken by the
animal. This can be different with the BMR gene in play
(Pupo et al., 2022). As a result, higher NDF values with the
BMR variety does not directly result in poor quality feed.

Table 4 shows variations of digestible dry matter
(DDM) ratio as affected by irrigation levels and
frequencies and their interactions. The averages of DDM
ratio are presented with their statistical differences as
affected by irrigation levels, frequencies and their
interactions. The highest DDM was recorded with 20 days
irrigation frequency (63.26%) and the least was recorded
with 5 days irrigation frequency (59.33%). 10- and 15-days
irrigation frequencies exhibited no significant differences
at P<0.01. With regards to irrigation levels, 25% recorded
the highest DDM followed by 50%. No statistical
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differences were recorded between 75% and 100%. DDMs
of 63.06, 61.95, 61.39 and 61.34% were recorded in order
of increasing irrigation levels. The interaction of 5 days
irrigation frequency at 100% irrigation level yielded the
lowest DDM value, which compared to the other
interactions is significantly different. The highest DDM
value is recorded with the 20 days irrigation frequency at
25% irrigation level. Higher DDMs were observed along
lower irrigation levels as well as higher irrigation
frequencies. At the highest stress level, this study recorded
DDM (65.52%) content similar that reported by Kir and
Sahan (2019), the lowest stress levels in this study recorded
the lowest DDM (58.63%) which is slightly lower than that
reported by Kir and Sahan (2019). These observations were
expected following the increasing ADF content with
decreasing stress of irrigation. It was established that, ADF
is the main variable for determining DDM as presented in
the function employed by Morrison et al. (2009). With
increasing ADF content, DDM content reduces as ADF is
inversely proportional to DDM. This assertion is counter
the observation reported by Pupo et al. (2022). The
difference in reported results may be attributed to the
differences in method of calculating digestibility or
digestible dry matter. Pupo et al. (2022) presented their
data as a percentage of NDF30h whereas, in this study, the
results are presented as a percentage of dry matter. Higher
DDM is expected with the BMR trait. This is evident in
this study compared with the results recorded by Bean et
al. (2013) and Pupo et al. (2022) when the yield of other
cultivars was reported.

The variance analysis of dry matter intake (DMI), as
affected by irrigation levels and frequencies and their
interactions, presented on Table 4 shows significant
difference with irrigation levels and irrigation frequencies,
however, no significant difference was observed with their
interactions at P<0.01. A decreasing can be observed as
irrigation levels increases.

DMI of 1.963, 1.926, 1.861 and 1.886% were recorded
in increasing order of irrigation levels. No significant
differences were observed with 75% and 100% irrigation
levels. Considering irrigation frequencies, the least DMI
was recorded when 5 days intervals were applied. 10- and
20-days irrigation frequencies have no significant
difference statistically. 15 days irrigation frequency
averaged with the second DMI value which is statistically
different from other treatments. An average of 2% DMI is
expected of good quality forage (Government of South
Australia, 2022). This helps to ensure that, the animal fed
ration of such quality gains enough energy and nutrients to

support maintenance and production. In a study, Aydin et
al. (1999) reported 3.7 and 4.2% DMI for the BMR variety.
This is higher than that reported in this study. Due to the
fact that DMI is affected by NDF content, and that slow
development of the plants in this experiment affected the
NDF content with increasing moisture stress, the highest
DMI was recorded by the treatment with the highest stress
values (20 days frequency at 25% irrigation level). Pupo et
al. (2022) reported DMI values similar to that reported by
Aydin et al. (1999). The observed lower DMI values in this
study compared to previous studies may be attributed to the
higher values of NDF; as NDF content directly affects DMI
according to the formula used by Morrison et al. (2009).
Above 50% irrigation levels of this study, approximately
2% DMI was recorded, which agrees with the optimum
values published by the Government of South Australia
(2022). As such, forage crops produced under this study
can be effectively used in the feeding of animals. The
exception may be with dairy cattle which require higher
DMI values due to their higher energy requirement.

On Table 4, the variance analysis is presented for
relative feed value of the sorghum crop as influenced by
irrigation levels and frequencies. Independently, irrigation
levels and irrigation frequencies treatments varied
significantly statistically at P<0.01. No significant
difference was however observed when the interactions
between levels and frequencies of irrigation treatments
were considered at P<0.01. From Table 4.18, we observe
that RFV increases with decreasing irrigation levels and
frequencies. The highest RFV was recorded with 25%
irrigation level (96.1), followed by 50% (92.56). Irrigating
at 75% and 100% levels averaged in no significant
difference at P<0.01. On irrigation frequency, no
significant difference was observed between 10- and 20-
days frequencies, which produced the highest RFVs of
95.17 and 97.32 respectively. RFV is about the ultimate
parameter used in the evaluation of forage quality. A 100%
RFV is the in vitro analysis result of a full-bloom Alfalfa
hay; an interaction of DMI and DDM of a given forage
(Morrison et al., 2009). Results from this study fall within
the third grade of hay quality scale as reported by Cherney
and Parsons (2020), which results in it being a degree lower
than what was reported by Ball et al. (2001) for forage of
similar growth stage. The difference in RFV of this study
compared to that reported by Ball et al. (2001) may be
attributed to the differences in adaptation of the crops to
seasons. Whereas sorghum is a warm season crop, grasses
reported by Ball et al. (2001) are cool-season crops.

Table 4. Effects of irrigation frequency and levels on DDM, DMI and their resulting RFV

D'%‘Esg?\;(; g?{igﬁlitter Dry Mattelgallgtglke (OMI) Relative Feed Value (RFV)
IrrFq IrrLv (% of IrrFq IrrLv (% of IrrFq IrrLv (% of
(Days)* ET)* (Days)* ET)* (Days)* ET)*
5 days/25% 59.33C 63.06 A 1.794 C 1963 A 82.53C 96.10 A
10 days /50% 62.68 B 61.95B 1.958 A 1.926 B 95.17 A 9256 B
15 days /75% 62.46 B 61.39C 1.901B 1.861C 92.04B 88.59C
20 days /100% 63.26 A 61.34C 1.983 A 1.886 C 97.32 A 89.80 C
Ccv 0.95 2.14 2.89
LSD 0.49 0.03 2.22

* F values for treatments are statistically significant at 1% (P<0.01); ** F values for treatments interactions are statistically significant at 1% (P<0.01);
Values shown with the same letter(s) are statistically not different from each other according to LSD test within 1% (P<0.01) error limits.
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Furthermore, owning to the fact that ADF and NDF play
significant role in determining RFV per the formula applied
in its calculation (Morrison et al., 2009), and that this study
recorded higher ADF and NDF values with decreasing
moisture stress, lower RFV were expected for reducing
moisture stress treatment. With the BMR trait, true RFV
may be different from what was reported using in vitro
methods due to the observation that, BMR varieties have
higher digestible NDF as compared to non-BMR varieties
(Cherney and Parsons, 2020). Wedig et al. (1987) in an
earlier study reported an observation similar to this assertion.
Hence, it can be said that forage produced from this study
are all of good quality and differentiation for selection may
be based on individual parameters rather than RFV.

Conclusion and Recommendation

This study was carried out to answer three fundamental
questions; what the most effective irrigation frequency of
silage sorghum is; what the optimum irrigation level is; and
what the quality of silage sorghum produced under drip
irrigation is. Ultimately, the work sort to evaluate the yield
characteristics of sorghum silage in response to frequency
and levels (amount) of irrigation based on loss due to ET
as reported by the neighbouring meteorological station on
daily bases. This is to help build adaptive capacity for the
changing climate especially for regions of high expected
impacts.

The highest yields, both green and dry matter content,
were recorded by 100% irrigation level followed by 75%
irrigation level on average, with differences of statistical
significance. Juxtaposing green-herbage with dry matter
content, relatively lower difference was observed. As such,
though the highest yields were recorded by the 100%
irrigation level, it can be concluded that, the optimum
irrigation level demand for silage sorghum is at 75%. With
regards to forage quality characteristics, irrigating at 75%
recorded a significantly higher CP and similar average
results as 100% for ADF, NDF and their derivatives.
Generally, irrigation levels affected the yield and quality
characteristics of sorghum plants. However, at the lowest
stress level, relatively lower forage characteristics were
recorded due to increase in ADF and NDF. Further studies
may be needed to confirm the DDM at higher irrigation
levels since the BMR cultivars are reported to have higher
DNDF.

Irrigation has been observed to influence fibre
characteristics, protein content and yield, and ultimately
the value of forage. Lower irrigation levels resulted in
higher forage characteristics based on the method used for
computing quality parameters, but with very low yield
parameter. Sorghum crop under slight moisture stress
yielded a higher forage characteristic with a slight decrease
in yield parameters. Interaction between irrigation
frequencies and irrigation levels have consistently been
observed to vyield statistically different outcomes as
affected by the treatments.

It is recommended that:

e Future studies in Southeast Anatolia conditions of
Turkey including higher amounts of water and nitrogen
fertilizer application be conducted to observe the
performance of Sorghum under luxurious condition (up
to 125% moisture replacement in 5 days). Protein yield

per decare was highest under max irrigation (under 100%
level and under 5-day intervals). This was probably due
to more nitrogen scavenging by roots from deep soil
horizons as water penetrated more with high irrigation
levels and frequency.

e  Sorghum should be subjected to some level of stress
in the growth period to allow for build-up of protein
content.

e  Further studies should be conducted to ascertain the
true digestibility of the BMR trait in vivo.

References

Ates, K., & Turan, V. (2015). Some soil characteristics and the
fertility status of agricultural soils in Bing6l central district.
Turk. J. Agric. Res., 2, 108-113.

Atis, I., Konuskan, O., Duru, M., Gozubenli, H., & Yilmaz, S.
(2012). Effect of harvesting time on yield, composition and
forage quality of some forage sorghum cultivars.
International Journal of Agriculture and Biology, 14 (6), 879-
886. https://doi.org/10.1007/s40093-012-0009-2

Aydin, G., Grant, R. J.,, & O’Rear, J. (1999). Brown midrib
sorghum in diets for lactating dairy cows. Journal of Dairy
Science, 82 (20), 2127-2135.
https://doi.org/10.3168/jds.S0022-0302(99)75406-2

Aydinsakir, K., Buyuktas, D., Ding, N., Erdurmus, C., & Bayram,
E. (2021). Yield and bioethanol productivity of sorghum
under surface and subsurface drip irrigation. Agricultural
Water Management, 243 (August), 1-13.
https://doi.org/10.1016/j.agwat.2021.106566

Ball, D., Collins, M., Lacefield, G., Martin, N., Mertens, D.,
Olson, K., Putnam, D., Undersander, D., & Wolf, M. (2001).
Understanding forage quality. American Farm Bureau
Federation Publication 1-01, Park Ridge, IL.

Bean, B. W., Baumhardt, R. L., McCollum, F. T., & McCuistion,
K. C. (2013). Comparison of sorghum classes for grain and
forage yield and forage nutritive value. Field Crops Research,
142, 20-26. https://doi.org/10.1016/j.fcr.2012.12.023

Bhat, B. V. (2019). Breeding forage sorghum. In Breeding
Sorghum for Diverse End Uses (pp. 175-191).
https://doi.org/10.1016/B978-0-12-814332-9.00009-1

Bhattarai, B., Singh, S., West, C. P., Ritchie, G. L., & Trostle, C.
L. (2020). Water depletion pattern and water use efficiency of
forage sorghum, pearl millet, and corn under water limiting
condition. Agricultural Water Management, 238 (November
2019), 106206. https://doi.org/10.1016/j.agwat.2020.106206

Chadalavada, K., Guna, K., Kumari, B. D. R., & Kumar, T. S.
(2022). Drought stress in sorghum: impact on grain quality.
In Climate Change and Crop Stress, p. 113-134.
https://doi.org/10.1007/978-3-030-67746-2_7

Cherney, D. J., & Parsons, D. (2020). Predicting forage quality. In
FORAGES: The Science of Grassland Agriculture, 7th ed., p.
687-699. https://doi.org/10.1016/B978-0-12-814332-9.00026-1

Corson, D. C., Waghorn, G. C., Ulyatt, M. J., & Lee, J. (1999).
NIRS: Forage analysis and livestock feeding. Proceedings of
the New Zealand Grassland Association, 61, 127-132.

de Morais Cardoso, L., Pinheiro, S. S., Martino, H. S. D., & Pinheiro-
Sant’Ana, H. M. (2017). Sorghum (Sorghum bicolor L.):
Nutrients, bioactive compounds, and potential impact on human
health. Critical Reviews in Food Science and Nutrition, 57(2),
372-390. https://doi.org/10.1080/10408398.2013.847082

Diepersloot, E. C., Paula, E. M., Sultana, H., van Santen, E.,
Wallau, M. O., & Ferraretto, L. F. (2021). Effects of seeding
rate and hybrid relative maturity on vyield, nutrient
composition, ruminal in vitro neutral detergent fiber
digestibility, and predicted milk yield of dairy cows in whole-
plant corn forage in subtropical conditions. Applied Animal
Science, 37(2), 106-114. https://doi.org/10.1002/jas3.105

930



Iddrisu et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(6): 924-931, 2024

Diizgiines, O., Kesici, T., & Giirbliz, F. (1983). Statistical
Methods. Ankara University Faculty of Agriculture,
Publication No: 861.

El-Mageed, T. A. A,, Rady, M. O. A,, EI-Wahed, M. H. A,, El-
Mageed, S. A. A., Omran, W. M., Aljuaid, B. S., EI-Shehawi,
A. M., El-Tahan, A. M., El-Saadony, M. T., & Abdou, N. M.
(2022). Consecutive seasonal effect on yield and water
productivity of drip deficit irrigated sorghum in saline soils.
Saudi Journal of Biological Sciences, 29(4), 2683-2690.
https://doi.org/10.1016/j.sjbs.2022.02.028

FAO, (2018). World Food and Agriculture:
Pocketbook. In The Lancet.

Garofalo, P., & Rinaldi, M. (2013). Water-use efficiency of
irrigated biomass sorghum in a Mediterranean environment.
Spanish Journal of Agricultural Research, 11(4), 1153-1169.
https://doi.org/10.5424/sjar/2013114-4545

George, T. T., Obilana, A. O., Oyenihi, A. B., Obilana, A. B,,
Akamo, D. O., & Awika, J. M. (2022). Trends and progress
in sorghum research over two decades, and implications for
global food security. South African Journal of Botany, 151,
960-969. https://doi.org/10.1016/j.sajb.2021.10.010

Gonulal, E. (2020). Performance of sorghum x sudan grass hybrid
(Sorghum bicolor L. x Sorhgum sudanense) cultivars under
water stress conditions of arid and semi-arid regions. J. Glob.
Innov. Agric. Soc. Sci., 8(2), 78-82.
https://doi.org/10.33687/gjnsa.021

Government of South Australia, (2022). Calculating Dry Matter
Intakes for Various Classes of Stock. Retrieved from
https://pir.sa.gov.au/__data/assets/pdf_file/0007/272869/Cal
culating_dry_matter_intakes.pdf.

Hossain, M. S., Islam, M. N., Rahman, M. M., Mostofa, M. G., &
Khan, M. A. R. (2022). Sorghum: A prospective crop for
climatic vulnerability, food and nutritional security. Journal
of Agriculture and Food Research, 8(April), 1-9.
https://doi.org/10.37180/jaf.2022.003

IPCC, (2007). Climate Change 2007: impacts, adaptation and
vulnerability. In M. L. Parry, O. F. Canziani, J. P. Palutikof,
P. J. van der Linden, & C. E. Hanson (Eds.), contribution of
Working Group Il to the fourth assessment report of the
Intergovernmental Panel on Climate Change.

IPCC, (2014). Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group 1l to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (C.
B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D.
Mastrandrea, T. E. Bilir, ... L. L. White, Eds.). Cambridge
University Press, Cambridge, United Kingdom and New
York, NY, USA.

Statistical

Kir, H., & Sahan, B. D. (2019). Yield and quality feature of some
silage sorghum and sorghum-sudangrass hybrid cultivars in
ecological conditions of Kirsehir province. Turkish Journal of
Agricultural and Natural Sciences, 6(3), 388-395.
https://doi.org/10.35229/tjnsci.507643

Lyons, S. E., Ketterings, Q. M., Godwin, G. S., Cherney, D. J.,
Cherney, J. H., Van Amburgh, M. E., Meisinger, J. J., &
Kilcer, T. F. (2019). Optimal harvest timing for brown midrib
forage sorghum vyield, nutritive value, and ration
performance. Journal of Dairy Science, 102(8), 7134-7149.
https://doi.org/10.3168/jds.2018-15126

McCary, C. L., Vyas, D., Faciola, A. P., & Ferraretto, L. F.
(2020). Graduate Student Literature Review: Current
perspectives on whole-plant sorghum silage production and
utilization by lactating dairy cows. Journal of Dairy Science,
103(6), 5783-5790. https://doi.org/10.3168/jds.2019-17941

Morrison, J., Barnhart, S., & Johnson, K. (2009). Hay and
Pasture. In Illinois Agronomy Handbook, p. 65-81.

Motsi, H., Molapo, M., & Phiri, E. E. (2022). A review of the
adaptive capacity of sweet sorghum to improve food security
and poverty alleviation in sub-Saharan Africa. South African
Journal of Botany, 150, 323-329.
https://doi.org/10.1016/j.sajb.2022.01.008

Pennells, J., Cruickshank, A., Chaléat, C., Godwin, 1. D., &
Martin, D. J. (2021). Sorghum as a novel biomass for the
sustainable production of cellulose nanofibers. Industrial
Crops and Products, 171(August).
https://doi.org/10.1016/j.indcrop.2021.113764

Pupo, M. R., Wallau, M. O., & Ferraretto, L. F. (2022). Effects of
season, variety type, and trait on dry matter yield, nutrient
composition, and predicted intake and milk yield of whole-
plant sorghum forage. Journal of Dairy Science, 105(7),
5776-5785. https://doi.org/10.3168/jds.2021-21060

Reich, J. M. (2005). Utilizing the BMR trait in Sudangrass and
sorghums. California Alfalfa and Forage Symposium, p. 12-
4.

Sattler, S. E., Funnell-Harris, D. L., & Pedersen, J. F. (2010).
Brown midrib mutations and their importance to the
utilization of maize, sorghum, and pearl millet lignocellulosic
tissues. Plant Science, 178(3), 229-238.
https://doi.org/.1016/j.plantsci.2009.12.008

Steel, R. G. D., & Torrie, J. H. (1960). Principles and Procedures
of Statistics with Special Reference to The Biological
Sciences. New York, Toronto, London: Mc. Graw Hill Book
Company, Inc.

Wedig, C. L., Jaster, E. H., Moore, K. J., & Merchen, N. R.
(1987). Rumen Turnover and Digestion of Normal and
Brown Midrib Sorghum X Sudangrass Hybrid Silages in
Dairy Cattle. Journal of Dairy Science, 70(6), 1220-1227.
https://doi.org/10.3168/jds.S0022-0302(87)80253-3

931



