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SILAJLIK SORGUMDA FARKLI SULAMA SIKLIGI VE
SEVIYESININ VERIM VE VERIM OZELLIiKLERINE ETKISi

OZET

Bu calisma, silajlik sorgum bitkisine uygulanan farkli sulama siklig1 ve seviyelerinin,
verim ve kalite tzerindeki etkisini belirlemek amaciyla yapilmistir. Calisma, 2022 yilinda
Bingdl Universitesi Tarimsal Arastirma ve Uygulama Arazisi'nde yiiriitiilmiis ve bitkisel
materyal olarak sorgum-sudan otu melezi olan Master BMR ¢esidi kullanilmistir. Caligsma,
tesadlif bloklarinda bdoliinmiis parseller deneme desenine gore ii¢ tekerriirlii olarak
yiirtitiilmiis ve dort sulama seviyesi (%25, %50, %75 ve %100) ile dort sulama siklig1 (5,
10, 15 ve 20 giin) ¢alisma konusu olarak ele alinmistir. Calismada; yesil ot verimi, kuru ot
verimi, ham protein orani, ham protein verimi, asit deterjanda ¢oziinmeyen lif (ADF), nétr
deterjanda ¢coztinmeyen lif (NDF), sindirilebilir kuru madde, kuru madde tlketimi ve nispi
yem degeri ile ilgili dzellikler incelenmistir. incelenen tiim 6zellikler arasinda istatistiksel
olarak 6nemli farkliliklar oldugu belirlenmistir.

Calismada; en yiiksek yesil ot verimi, kuru ot verimi ve ham protein verimi 5 giinliik
sulama siklig1 ve %100 sulama seviyesinden elde edilmistir. En yiiksek ham protein oran
5 giinliik sulama siklig1 ve %25 sulama seviyesinden, en diisiik ADF orani ile en yiliksek
sindirilebilir kuru madde oran1 20 giinliik sulama siklig1 ve %25 sulama seviyesinden, en
diisitk NDF orani ile en yiiksek kuru madde tiiketimi ve nispi yem degeri de 10 ve 20
giinliik sulama sikliklart ile %25 sulama seviyesinden alinmistir.

Sonug olarak; silajlik sorgumdan ytliksek oranda verim elde etmek i¢in 5 giinliik sulama
sikliginda ve %100 sulama seviyesinde sulama yapmak gerektigi anlagilmistir. Ancak, bir
miktar verim diistikliigline ragmen 10 giinliik sulama siklig1 ve %25 sulama seviyesi ile
kaliteli iirlin elde edilebilecegi anlagilmistir.

Anahtar Kelimeler: Sulama, yem kalitesi, BMR silajlik sorgum.
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EFFECT OF IRRIGATION FREQUENCY AND LEVEL OF YIELD AND
QUALITY CHARACTERISTICS OF SILAGE SORGHUM

ABSTRACT

This study was carried out to determine the effect of different irrigation frequency and
levels applied to the silage sorghum plant on yield and quality. The study was carried out
at the Bingol University Agricultural Research and Application Field in 2022 and Master
BMR variety, which is a Sorghum-Sudan grass hybrid, was used as planting material. The
study was carried out in randomized blocks according to the split-plots experimental design
with three replications; four irrigation levels (25%, 50%, 75% and 100%) and four
irrigation frequencies (5, 10, 15 and 20 days) were considered as the treatments of the
study. In the study; The properties related to green forage yield, dry matter yield, crude
protein ratio, crude protein yield, acid detergent insoluble fibre (ADF), neutral detergent
insoluble fibre (NDF), digestible dry matter, dry matter consumption and relative feed
value were investigated. It was determined that there were statistically significant
differences between all the examined features.

In the study; the highest green forage yield, dry matter yield and crude protein yield were
obtained from 5-day irrigation frequency and 100% irrigation level. Highest crude protein
ratio from 5-day irrigation frequency and 25% irrigation level, lowest ADF rate and highest
digestible dry matter rate from 20-day irrigation frequency and 25% irrigation level,
highest dry matter intake (DMI) and relative feed value (RFV) with the lowest NDF rate
were observed from 25% irrigation level with 10 and 20-day irrigation frequencies.

In conclusion; it can be stated that, to obtain high yield from silage sorghum, it is necessary
to irrigate at a frequency of 5 days and at 100% irrigation level. However, despite recording
low yield, it has been observed that, a high-quality product can be obtained with a 10-day
irrigation frequency and a 25% irrigation level.

Keywords: Irrigation, feed quality, BMR silage sorghum.



1. INTRODUCTION

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 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. Fermentation processes such as
silage has been proposed by de Morais et al. (2017) as a means to increase digestibility
twice the current level. 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. 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 also improved its usability as a forage crop under water stress conditions.

There exists a plethora of evidence to the fact that the climatic situation of the earth is
changing (IPCC, 2014). 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). Akin 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), a more reason supporting the significance of researching 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 crop with minimum

demands, which may result in the optimal use of water resources.

1.1. Irrigation of Sorghum in Limiting Condition

Sorghum is a crop with limited demand for agronomic resources such as moisture, nutrition
and protection. However, it must be understood that the information is based on its relative
performance with crops of similar production demand or post-harvest usage. For optimum
yield, sorghum thus demand some level of inputs from the farmer. The BMR sorghum

varieties are more resources demanding than their male parent, the Sudangrass.

Irrigation is the artificial technique of supplying crops with water in the event of moisture
deficit, to enable crops grow productively (Reddy, 2010). There are many aspects to
irrigation ranging from methods to water management. Frequency and amount (level of
irrigation) contribute significantly to the effectiveness of the irrigation process. These
factors are influenced by crop, soil and environmental factors (Ali, 2010). Different crops
have different water requirements at different levels of their development as a result of
physiological, botanical and biochemical differences. Soil type and profile also determines
the amount and frequency of irrigation. Clay minerals such as Kaolinites and
Montmorillonites for instance, swell during the irrigation process and thus limit the amount
of water which could be supplied (Uddin, 2018). Sandy soils on the other hand will require
frequent irrigation due to their high number of pores. A soil profile with high water table
will require less amount of water per unit time compared to one with deeper table.
Temperature, wind speed, precipitation among other weather factors affect soil moisture

availability, thus, the frequency and amount of irrigation (Ali, 2010).

Moisture demands up to the booting stage of a sorghum plant is very crucial (New, 2021).
Any drought during this stage significantly affects the yield of the crop. During the early



growing stages, the crop produces leaves in response to moisture availability. The number
of leaves produced by a plant affect the aggregate amount of photosynthates produced,
which further influences the crop yield (Stichler and Fipps, 2021). Any additional moisture
after the developmental stage will not offset the losses incurred during the growth stage. It
is thus very prudent to manage the availability of moisture to sorghum crops up until the
booting stage. Irrigation during dry seasons has been observed to produce corresponding
higher yields as compared to wet seasons (Currie and Kisekka, 2014). This places sorghum
as a crop of choice for production in a climate variant scenario. The challenge, when it
comes to forage production, is to have an appropriate timing for harvesting so as not to

trigger lignification; which is a common occurrence in high temperature seasons.

Sorghum has been identified by researchers as an alternative for maize in the animal
production system with the additional advantage of tolerance to low nutrition and moisture
availability (Neto et al. 2017). Neto et al. (2017) unlike Hossain et al. (2022) concluded
that sorghum silages have high dry matter digestibility in their in vitro studies. The
evidence in practical feed usage supports the opinion of Hossain et al. (2022), to the fact
that digestibility of conventional sorghum is lower compared to maize (De Morais et al.
2017; McCary et al. 2020). Higher digestibility is an important quality component of
animal feed. Energy supplying components of animal feed (ruminants in particular) make
up more than 80%, a greater portion being of grass derivative (Hanapi et al. 2012).
Sorghum, having the advantage of low nutrients requirement during production, and with
the looming climatic impacts expected, becomes an important crop for sustainable animal

production if its nutritional characteristics are improved.

1.2. Sorghum Domestication and Cultivation

Sorghum, of the family Poaceae, is reported to have been domesticate somewhere 3000
BP in the Sudan region of Sub-Saharan Africa though its cultivation is distributed over all
continents especially arid and semiarid regions of the world (Jardim et al. 2020; Taylor and
Duodu 2019). According to Taylor and Duodu (2019), there is a disagreement on the region
of domestication, with most of the observed evidence pointing the Sudan region. This

notion was agreed with by Assefa et al. (2014) in a prior publication. Cultivation of



sorghum, thus, diffused from the horn of Africa to other parts of the globe, making it the
first point of domestication. Due to its richness in carbohydrate, identified as the fifth most
important cereal (Hossain et al. 2022) and the second in the Poaceae family (Assefa et al.
2014), sorghum received wide acceptance for cultivation to supply the energy needs of
humans, animals and industry. Taylor and Duodu (2019) indicated that, the bicolor race is
probably the primary race for the diversity of the species of the sorghum crop. This
diversity, as expressed by them, arose from the point of domestication in the Sudan-

Ethiopian region to India and then to Indonesia and China.

Though several sorghum species exist in natural reserves, most of the cultivated ones are
of the bicolor race. Based on the end usage, the sorghum crop can be divided into four
groups; grain sorghum, forage sorghum, sweet sorghum and biomass sorghum. Diversities
of such nature resulted from the continuous interaction with other races (wild species and
weeds included) and breeding programs (Taylor and Duodu, 2019). Cultivation of sorghum
is dominantly concentrated in arid regions of the globe due to it adaptive superiority in such
regions compared to its competitor, maize (Assefa et al. 2014). It has been reported to do
better in water-stressed and saline soils compared to other carbohydrate rich cereals (Jardim
et al. 2020).

Sorghum crops can grow to the height of almost 3 m in some varieties (Keskin et al. 2018)
with yield of more than 8 tonnes green matter and 3 tonnes dry matter on a hectare, and up
to 13 leaves per plant. Some varieties have been reported to possess up to 30 leaves per
plant (Jardim et al. 2020). With a root system like that of maize i.e., a fibrous primary root
system brunched by finer secondary roots, sorghum root system can penetrate up to 3 min
the soil (Assefa et al. 2014). Of course, this is influenced by soil characteristics, tillage
practices and moisture availability. As a crop with a perfect flower, sorghum is seen as a
self-pollinated crop though depending on the variety, crossing can be observed (Assefa et
al. 2014). Self-pollination is a characteristic which increases the chances of pollination in
drought conditions when pollen viability is reduced but can be a hurdle in a crossbreeding
program. Due to its ability to draw water deep into the soil and higher number of stomata,
sorghum can maintain relatively stable rate of photosynthesis in a water and CO. stressed

environment.



Under CO: stress condition with increasing temperatures, a favourable condition for
photorespiration, sorghum, being a C4 photosynthetic pathway crop does excellently well
(Wasilewska-Debowska et al. 2022) in as much as the intensity of light is not compromised
even if moisture stress exist. It is due to this characteristic coupled with its ability to thrive
under saline soils with significant reduction in productivity which made sorghum a crop of
choice. Sorghum is standing as an alternative not only for maize but also for sugarcane in
the production of ethanol, syrup and sugars (Jardim et al. 2020). The potential of the crop
affords it the wide adoption for cultivation to feed the growing population in developing
countries and to produce silage, hay and other forms of animal feed (De Morais Cardoso
et al. 2017).

The production of Sorghum has dropped by almost 10 million tonnes from the data in 2014
(> 68 million tons) as published by the FAO (Taylor and Duodu, 2019). Cultivated area
has also dropped by about 5 million ha over same period. The factors accounting for the
decrease are not yet clear but probably due to lack of farmer interest in the crop or
preference of the market for other crops. Compared to maize, wheat and barley, sorghum
is still a minor crop in terms of production, research and consumption globally. Marsalis
(2011) in prior research concluded that, adoption of sorghum for cultivation will not see
significant increment now or the near future except in areas of aridity or when irrigation
establishments are unable to supply the needed moisture for especially maize production.
A similar conclusion was arrived at by Keskin et al. (2018). Production in Africa, especially
in Nigeria, continuous to be a main source for food whilst the over 10 million tonnes
produced in North America are mainly used in the feed industry. Recent research, mostly
focused on building adaptive capacities towards climate change or finding alternatives for
healthy human nutrition, have considered the potential of sorghum to be of great
importance (De Morais Cardoso et al. 2017; Jardim et al. 2020; Hossain et al. 2022). It is
on this background that sorghum will regain attention in terms of it usage with the expected

climate impacts.



1.3. Usage and Nutritional Characteristics of Sorghum

As stated above, sorghum has been usage in human nutrition, animal feed and energy
production. Different parts of the sorghum plant from various varieties are applied not only
in nutrition and medicine, but also in research as alternatives for environmentally
unsustainable chemical products. Syrup produced from sweet-sorghum, waxes on various
part of the sorghum plant, pigments from sorghum leaves and seed, fibre from the stalk
among others are some of the products currently being studied as the Sorghum crop is

portrayed to be a crop of the future (Meena et al. 2022).

New cultivars of sorghum are genetically bred to rival the performance of popular cereals
in animal nutrition. An example can be given of the Brown Midrib (BMR) varieties which
have so far rival the performance of maize silage in terms of NDF (McCary et al. 2020).
Sorghum is widely employed in the feeding of dairy cows and animal of low energy
requirement in areas where maize-silage yield is below the productivity belt. Its low
resource demand alongside suitability for adjustment of planting dates, make sorghum
ideal for feeding of animals (Pupo et al. 2022). This position was previously shared by
Bhattarai et al. (2020) in research in Texas, indicating that under limited irrigation,
sorghum has the capacity to produce higher yield. Sorghum is fed to animals as green feed,
hay or silage mostly depending on the season and the geographical area. In some part of
Africa, crop waste is left on the field for nomadic herds to feed on (Erramouspe, 2021).
This type of feed has very low nutritive value, however, more research must be done to
ascertain how animals utilise them to produce energy. In other studies, the selection
between silage and hay can be determined with consideration to the final product in mind
(Serrapica et al. 2020). Generally, cold climate farmers prefer silage while warmer climate
farmers produce hay. In the production season and after harvesting the forage, animals can
be fed green forage or grazed on the field; this is mostly in late spring to early autumn/fall.
The disadvantage of using Sorghum compared to other forage crops such as maize is the
fact that it possesses higher NDF and lower DNDF (McCary et al. 2020) which lowers its
nutritive value and animal intake for that matter (Pupo et al. 2022). Lower DNDF content
of sorghum forages are attributed to lignification which kicks in as the plant matures.
Lignin is an NDF which resists digestion by rumen microbes. Another problem

encountered while feeding animals with sorghum forage is the low protein digestibility, a



problem attributed to the levels of kafirin proteins it contains. These problems are,
however, been solved using feed treatment methods and on the genetic scale, release of
lysine-rich cultivars. The BMR cultivars among others are by far showing promising traits

considering DNDF and protein digestibility.

Sorghum has been used as food since time immemorial from the point of domestication
and it still serves as a security crop for some regions within African (Erramouspe, 2021).
In West Africa, a popular beer, Pito, is brewed using sorghum. This beer has significance
in nutrition, tradition and belief systems of the region (Zaukuu et al. 2016). According to
Erramouspe (2021), researchers are working on developing varieties which can replace
popular ingredients in the urban food market of East Africa. Recent studies are also focused
not only on the nutritive qualities of the crop, but also on the health properties. Sorghum is
reported to aid in the management of non-communicable diseases such as diabetes, obesity,
hypertension, oxidative stress, inflammation and cancer (de Morais Cardoso et al. 2017).
This property has been attributed to the ability of sorghum crops of all variety to produce
immense levels of phenolic compounds such as tannin and 3-deoxyanthocyanidins, high
starch content, unsaturated fat among others compared to other crops (Meena et al. 2022).
Kafirins, unlike glaidin, secalin and hordein which are prolamines capable of triggering
allergic response, make sorghum-based foods safe for consumers with celiac disease
conditions (De Morais Cardoso et al. 2017). Over the years however, cultivation and
consumption of sorghum have shifted to other high yielding palatable crops rendering it
less popular (Meena et al. 2022). Consumption in areas with marginal condition has not
been affected much. Sorghum is the crop which ensures food security in those areas
Erramouspe (2021). Kunun-Zaki, sorghum-ogi and sorghum-pastries are currently being

widely consumed and promoted as probiotic foods (Rashwan et al. 2021).

Research into sorghum is not limited to its use as food or source of nutrients. Its application
in the field of energy production and laboratory chemicals among others have been studied.
Comparing sorghum to maize in ethanol production, Szambelan et al. (2020) concluded
that sorghum is a good alternative for maize in the production of ethanol. In another
research, up to 89% of the theoretical maximum in terms of ethanol production was
recorded using milling waste (El-Imam el al. 2019). Ethanol is not only a source of energy

for machine usage, but also important in laboratory sanitation and other scientific usages.



Recent studies are focused on improving technologies for the optimum production of
ethanol from sorghum (Joy and Krishnan, 2022). It is obvious that these studies are focused
on the use of sorghum as an efficient alternative to the current crops to produce bioethanol
envisaging the impacts of the changing climate. Another industry worth mentioning is the
dye industry. Synthetic production and utilization do pose a climate mitigation problem,
propelling the search for alternatives which are environmentally safe. It has been
established that, extracts from sorghum can be used in cytoplasmic counter staining
(Krampah et al. 2021). Results from the studies indicated no significant difference with the
synthetic stains. Sorghum leaves application as dyes have been reported in the food
industry as well. The use of sorghum as a food dye was found to increase the polyphenol
and antioxidants content of the final dish (Tugli et al. 2019). A similar finding was reported
earlier by Kayodé et al. (2012), indicating that sorghum leaf extracts contain high amounts

of antioxidants.

Studies were also carried out testing the effect of sorghum in weed management. According
to Raza et al. (2021), sorghum extracts combined with allelopathic rhizobacteria was
effective in the control of some selected weeds on a wheat field. The research further
indicated a relative boost in the yield of the wheat crop, concluding that the use of sorghum
extract could be an alternative to the use of synthetic herbicides. As the crop of the future,
sorghum has received a lot of attention in recent times. A lot of research has been carried
out to test its uses in other fields including the production of Nano-fibre and adhesives (Li
et al. 2020; Pennells et al. 2021). These and many other potentials of sorghum avails it for

further research.

1.4. Statement of Problem

Global food resources will be significantly affected by the envisaged climatic impacts as
well as increasing global population which will further increase the demand for food. The
current production systems are not robust in absolute terms to withstand the impacts,
calling for alternative to production, more so in the feed industry. Sorghum comes up as an

alternative to current forage crops due to its low demand on agronomic resources. It is



important to note that, low demand does not imply lack of demand. Thus, optimum levels
need to be established for the efficient production of feed even with a low demanding crop.

1.5. Objectives of the study

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:

1. Determine the most effect irrigation frequency for silage sorghum crop.
2. Determine the optimum irrigation level demand of silage sorghum crop.

3. Assess the quality of silage sorghum produced under irrigation.

1.6. Scope of Studies

The scope of this study was limited to the climatic condition in Bingol, using the BMR

Sudangrass-Sorghum hybrid as a plant material.
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2. LITERATURE REVIEW

This chapter will try to collate information from published previous relevant studies to
highlight the knowledge gap as it establishes a map to blend the findings of this research
into climate adaptation measure generally and improve forage production system
specifically.

2.1. BMR Trait in Sorghum Cultivars

Cultivation and improvement of sorghum varieties for forage production were common in
the 20" century. Most of these programs then were focused on the agronomic
characteristics of the forage crop as compared to its nutritional differentiation (Sanderson
et al. 1995). Sudan-grass variety of sorghum was known for multi-tillering, resistances to
environmental stress and fast growing (Armah-Agyeman et al. 2002). Later assessments
consider it less nutritive due to its high content of lignin and ADF. The discovery of Brown
Midrib traits of some cultivars, an indication of less lignification or less resistant lignin,
issued in a new line of breeding program (USDA, 2000). While some cultivars with the
BMR trait were reported not to express any significant improvement (Ledgerwood et al.
2009), others had undesirable agronomic traits (Bhat, 2019) and yet other cultivars resulted
in superior improvements (Pupo et al. 2022). Early breeding of the BMR trait face
challenges including reduced yield, lower resistance to diseases and lodging. These
challenges were smoothed following identification of new loci and comprehensive

understanding the mechanism of action of the genes responsible for the trait.

In sorghum, two (BMR6 and BMR12) of the four BMR (the other two are BMR2 and
BMR19) loci identified are receiving significant attention. BMRG6 codes for the enzyme
cinnamyl alcohol dehydrogenase 2 (CAD 2), capable of blocking the synthesis of all three
lignin forms while BMR12 encodes caffeic O-methyltransferases (COMT) capable of
limiting the synthesis of basically S-lignin, produced as the plant ages (Sattler et al. 2010).

Introduction of the BMR trait in forage sorghum has been reported to have superior forage
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quality in all fronts, especially digestibility, intake and resulting animal product
(Ledgerwood et al. 2009). This agrees with report of Bean et al. (2013) that, the BMR trait
reduces lignin content and resulting in higher digestibility in all tested cultivars. Reduced
lignin content has earlier been attributed to unfitness of plants for agronomic traits as stated
above (reduced yield, lodging and reduced resistance to pathogens). Absence of lignin were
understood to affect the integrity of cell walls of resulting plant, which are sensitive to gene
background and location (Pedersen et al. 2005). According to Sattler et al. (2010), new
hybrids of the BMR cultivars competed with the wild sorghum types in terms of yield,
disease resistance and resistance to lodging, with the dual-purpose varieties even doing
great. Furthermore, existence of certain lignin precursors was reported to inhibit fungal
growth but agreed however with the environmental sensitivity of the cultivars. Generally,
BMR cultivar trials reported diverse results. However, it is apparent that, the trait,
especially BMR6 and BMR12, have significantly improved sorghum cultivars (Miller and
Stroup, 2003), making them cultivars of choice with regards to high quality forage

production.

2.2. Feed Quality Measure

Research into forage sorghum tend to focus on forage quality compared with maize, a more
favourable alternative. The proposition is that similar forage quality parameters result in
similar productivity, with the Sorghum having an added advantage of less production cost
(Li et al. 2020). Forage quality is thus, an important factor to consider for researchers,
farmers and animal producers. According to Ball et al. (2001), forage quality is the capacity
of the forage to support the production of the animal product in question. Palatability,
intake, digestibility, nutrient content, anti-nutrient factors and animal performance are the
factors they considered to influence quality of a forage material. Forage quality has also
been defined as the expression of the features affecting intake, nutrient content and
performance of the animal (Fulgueira et al. 2007). Accordingly, crop species, soil
characteristics, maturity stage, harvest and post-harvest technologies, and environment
were recognised as the factors influencing the quality of forage. Stated definitions above
are partly consistent with the practical understanding of forage quality i.e., “milk in the
bucket”, “pounds on the scale” or “calves on the ground” (Newman et al. 2013). Thus, if

the proposition of Li et al. (2020) holds right, nutritional value and quality of forages, which
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are the other aspect of the previous definition, are indicated for in the resulting animal
performance. This agrees with the understanding of (Newman et al. 2013).

Several factors influence forage quality of its suitability for use as stated above. While
some are as a result genetic makeup of the forage material, other factors are due to
environment or techniques in production. Soil characteristics and climate factors are the
environmental factors affecting final forage quality, and maturity, harvest and post-harvest
techniques are farmer-dependent factors which influence the resulting quality of the forage.
Soil characteristics primarily influence the yield of crops. However, presence/absence and
quantities of certain soil components may change the forage quality. This is very
pronounced when carbohydrate/protein relationship is considered for silage production
(Fulgueira et al., 2007). Soil factors can also affect the levels of anti-quality factors. When
plants take up undesirable element from the soil with potential to poison animals, the

resulting forage quality reduces (Ball et al. 2001).

Environment and stage of maturity, as stated above, influence forage quality in several
ways. Temperature is probably the aspect of the climate with the most significant impact
on forage quality. It has the capacity to bleach forage parts, ending in reduced protein
content (Moore et al. 2020) as well as increase lignification (Fulgueira et al. 2007).
Lignification, which is generally undesirable in forages, is also increased as a plant
matures. Studies on specific forages crops often recommend stages for harvesting so as to
balance yield and forage nutritional quality. It is recommended to harvest forage sorghum
at the dough stage (DS) to minimise lignification and make it adequate to ensilage (Atis et
al. 2012). This stage is around 55 days after planting (Philp and Harris, 2010). Digestibility
at this stage is a little above 50%. Depending on type of feed to produce (silage or hay),
harvesting can be done earlier to keep higher digestibility and protein content. Postharvest
handling of forage affects quality. Exposure to rainfall especially depreciates forage quality
significantly in a short time (Ball et al. 2001). Continuous respiration, exposure to light and
heat, microbial activities are some postharvest factors which must be taken care of. Both
silage and hay forages require a certain dry matter content for processing or storage.

Harvesting time can be adjusted to meet this stage so as to limit deterioration of forage.
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Finally, and important to this study is the genetic makeup of a forage crop. Clear difference
exists between legumes and grasses. While legumes are rich in crude protein (CP), grasses
have high fibre contents (Fulgueira et al. 2007). Differences in species, varieties and
cultivars also exhibit significant difference regarding forage quality. In sorghum, marketed
BMR cultivars have been reported to possess superior fibre content with increased intake
and digestibility compared to non-BMR varieties (Wedig et al. 1987; Miller and Stroup,
2003; Reich, 2005; Ledgerwood et al. 2009; Sattler et al. 2010; Bean et al. 2013). Very few
reports in this regard showed no significant difference (Ledgerwood et al. 2009). Sattler et
al. (2010) explained that observation to be a result of breeding with different allele not the
BMR6 or BMR12. The science behind the BMR trait clearly predicts superiority with
regards to digestibility and intake since it demotivates the progress of lignification. BMR
sorghum varieties have also been reported to compete favourably with maize in terms of
yield and digestibility (Marsalis, 2011). Generally, current data shows that maize forage is
superior in quality characteristics compared to sorghum of all types. However, sorghum

has an advantage of low resource requirement and adaptable for a climate stress condition.

Quality characteristics of forages are mainly assessed based on dry matter (DM) parameters
i.e., Crude Protein (CP), Crude Fibre (NDF, ADF), Mineral content, and other derivative
parameters such as Relative Feed Value (RFV), Dry Matter Digestibility (DMD) and Dry
Matter Intake (DMI).

2.2.1. Forage Fibre Characteristics

Forage fibre is basically the structural carbohydrate component of cells building up the
feed material. Their relevance in animal nutrition is basically concerned with their
digestibility to contribute to the nutritional component of the forage as well as their bulking
effect which correlates negatively with the amount of feed intake. Digestibility can be
measure in vivo, however, common in recent times is the in-situ method of acid and neutral
detergent fibre determination (Mertens and Grant, 2020). The choice could be attributed to
convenience and accuracy of results, though chemical characteristics may influence the
quality of results. Neutral Detergent Fibre (NDF), which constitute all the structural

carbohydrates; cellulose, hemicellulose and lignin, is positively correlated with the bulk
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density of the forage, thus, used in the determination of feed intake. Acid Detergent Fibre
(ADF) constitute the indigestible components of the forage material including ash, thus,
used in the calculation of dry matter digestibility (Morrison et al. 2009). The quality and
characteristic of forage fibre is influence by season and agronomic practices such as tillage,
seeding rates and pest and weed treatment (Diepersloot et al. 2021). The article further
discussed the effect of irrigation on improvement of DM vyield which subsequently

influenced the fibre characteristics.

Lignin, a major component of ADF can make other nutritional structural-fibres unavailable
thereby reducing the value of the feed (Stokes and Prostko, 1998). This notion was agreed
with by an earlier work where low content of lignin in BMR hybrid varieties reported
increase digestibility (Wedig et al. 1987). It is important thus, to limit the lignin content of
a forage material using production methods necessary. According to Diepersloot et al.
(2021), reducing time taken to reach relative maturity for harvest can increase the
digestibility of a forage material. This goes to confirm the fact that, as plants develop, more
lignin is produced to keep the upright structure of the plant, also, increased production time
increases exposure to stress factors thereby increasing the production of structural
molecules, such as lignin, which are indigestible to the rumen ecosystem. Depending on
the quality of NDF and ADF, the value of forage is determined using a full bloomed Alfalfa
as the yardstick (Morrison et al. 2009). NDF range of 10-80% and ADF range of 3-50%
have been reported with the higher values recorded by warm season/climate crops
(Newman et al. 2013). Temperature and moisture are the main factors influencing climatic
or seasonal variations in forage yield and quality. The literature is very clear with regards
to effect of temperature on grass forage quality and yield due to its influence on
biochemical and physiological development of the crop (Pupo et al. 2022). Due to its
efficient water utilisation capacity, Sorghum has been reported to do better than maize
under water stressed condition (Bhattarai et al. 2020). Furthermore, BMR trait containing
varieties performed better than non-BMRs under similar conditions with regards to yield
and fibre digestibility and intake. Research on sorghum as a forage crop with season as a
factor often recommended spring season for cultivation rather than summer due to the
milder stress conditions (Pupo et al. 2022). With increasing variability in global
precipitation patterns, choice of a crop such as Sudangrass-Sorghum with efficient water

utilisation is eminent (Bhattarai et al. 2020).
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2.2.2. Forage Crude Protein Characteristics

Proteins are very important in the animal diet as they contribute to the healthy activity of
rumen microbes, overall animal development and productivity. Crude protein in forage is
measured by determining the total nitrogen in the forage material (Newman et al. 2013). It
is understood that nitrogen makes about 16% of total tissue protein. Multiplying the result
by a factor of 6.25 results in the determination of forage crude protein content. Crude
protein content differs depending on species, season and production factors. Generally,
leguminous crops and crops at the early development stages possess higher crude protein
contents (Ball et al. 2001). With regards to effect of season, Pupo et al. (2022) indicated
that, warmer conditions yielded higher crude proteins, which they attribute to the plant
response to increasing stress factors. The BMR trait in sorghum cultivars has been reported
to yield high CP content than the non-BMR varieties (Reich, 2005; Sattler et al. 2010).
Earlier research however reported a non-BMR variety yielding slightly higher CP
compared to their BMR counterpart (Wedig et al. 1987). This observation was also reported
by Bean et al. (2013) on photoperiod sensitive cultivars. However, same reported that the
Sudangrass-Sorghum hybrid yielded higher CP on a similar cultivation condition. Unlike
Pupo et al. (2022)’s report, Bean et al. (2013) observed that, moisture stress yielded less
CP as they compare the yields of four consecutive years with climatic variability. Knowing
the effect of moisture deficit is prudent in production of forage crops for a variable climate

where optimization is a necessity.

Fibre characteristics as well as protein content are very significant in determining the
suitability of a forage material for feeding animals and ration regime (Serrapica et al. 2020).
Relative Feed Value (RFV), DMI and DMD, as important as they are in determining the
quality of forage material, depend on the characteristics of the fibre characteristics. Since
moisture availability affect the quality of forage quality, it is hence eminent to determine
the optimum demand of moisture for important crop which can serve as food security

sources (Hossain et al. 2022).
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2.3. Choice of irrigation method

Irrigation, which in simple terms mean the application water to crops to facilitate their
effective growth, is very important with the advent of sustainable and precision agriculture.
Optimal application of water ensures that crops are efficiently productive. Sorghum crops
have severally been reported to do better under water stress condition than other crops in
their class such as maize (Currie and Kisekka, 2014). It is however important to note that
tolerance to stress offsets some yield factors and product quality. Aydinsakir et al. (2021)
presented the fact several studies have been undertaken in regards Sorghum irrigation with
the finding stating that 100% irrigation yielded significantly higher compared to other
levels. Hossain et al. (2022) postulated that, moisture stress in sorghum crops reduces leaf
and tiller size and counts, a response feature capable of reducing forage yield and quality.
Vigorous leaf growth begins immediately after the seedling development stage which is
about four weeks into the production duration. Demand for moisture is very critical at this
stage as productivity is chiefly determined at this stage (Stichler and Fipps, 2021). New
(2021) agrees with this observation, stating that water demand is the highest just before the
booting stage, about 35 days after emergence. In a three-year irrigation field trial, Garofalo
and Rinaldi (2013) using four levels of irrigation in the Mediterranean region concluded
that, sorghum does well when provided with above 300 mm of water over the growth period
which falls between 50 and 75% Evapotranspiration replacement. At 100% drip irrigation,
Gultekin et al. (2022) reported an increase in greenhouse emission. Instead of building
adaptive capacity, irrigation may thus increase the amount of emission. The choice of a
suitable irrigation method at this point is very crucial in a minimum irrigation regime, to

build adaptive capacity as well as offset any mitigation problems which may arise.

Depending on several factors such as water availability, soil type, crop type and available
resources, a suitable method can be adopted to optimize irrigation returns. Among the four
fundamental methods of irrigation (Surface, Subsurface, sprinkler and drip irrigations),
drip irrigation is the most economical in terms of water use efficiency. Reddy (2010) stated
an efficiency of more than 90% of applied water. Drip irrigation is most suitable for
orchards crop; however, its application can be employed in trying to determine optimum
water use efficiency of arable crops such as sorghum. According to Ali (2010) identifying

a method capable of efficiently using water under diminishing/deficit supply is the first
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step towards conservation. The arguments which will arise from this selection are that
sorghum is not a high value crop, drip irrigation may impede agronomic practices and the
cost of establishment. Morden agriculture has applied drip irrigation technologies with
promising results. In a comparative study between surface and drip irrigation, Moursy et
al. (2022) reported that drip irrigation, despite yielding lower that surface irrigation, is more
economical for barley production. They further quoted a result which recorded higher yield
in a previous trial. On an aerobic rice field trial, Samoy-pascual et al. (2022) reported no
difference in crop yield. However, water use efficiency and economic value was higher
than the surface irrigation. On a wheat field however, an inhibition in leaf development
was reported though grain production increased by more than 10% over a four-year trial
(Yang et al. 2022). With the water use efficiency of sorghum as a crop, different results
may be recorded. Drip irrigation was used on a sorghum trial with an observed increment
in yield on a saline soil (El-mageed et al. 2022). Recent studies have established the
suitability and economic viability of the use of drip irrigation for not only high value crops,

but arable crops including sorghum.

In trying to determine the optimum water demand under deficit/limited irrigation, soil and
plant factors are important to consider. El-mageed et al. (2022) determined water
replacement levels using evapotranspiration. According to Ali (2010), soil field capacity
can be used in determining the amount of water to replace. This was applied by Liu et al.
(2022) in determining the amount of water to apply on a six-replication deficit irrigation
trial. The use of evapotranspiration is particularly easier due to the availability of daily
meteorological data on a specific site. Furthermore, a special tool is necessary for
calculating soil moisture content for each field several times in the trail season as compared
to the evapotranspiration data which can easily be summed up to obtain the needed water
to replace lost moisture in the soil. According to Patias et al. (2022), the use of field
capacity to determine the irrigation demand over the growing season can be flawed because
plant root systems grow and may go beyond the level measured for field capacity in the
initial recordings. Furthermore, estimation using field capacity could be complex and
expensive for a resource poor farmer (Phogat et al. 2023). Recent research is however
trying to simplify methods used for the estimation of irrigation requirement using field
capacity (Robertson et al. 2021). Owning to the fact that sorghum roots could penetrate up

to 3 m below surface (Assefa et al. 2014), it is obvious to conclude that accurate moisture
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uptake may not be accounted for if only the first few centimetres are used in the calculation
of soil field capacity. The formula used by Aydinsakir et al. (2021) in calculating captures
losses accrued due to deep percolation and runoff of moisture. Evapotranspiration
measures the amount of moisture lost from both the soil and plant thereby giving an almost
accurate quantity to be replaced (Ali, 2010) without regards to the weather, stage of growth
or management practices. With deeper roots as recorded in sorghum crops, most of the
infiltrated moisture could be accounted for in determining the amount of moisture to
replace. Furthermore, the fact that drip irrigation encourages the development of lateral
roots may favour the use of soil field capacity for the determination of moisture

requirement.

It is clear from the literature that drip irrigation is the best irrigation methods for water-use
efficiency. Taking records of evapotranspiration gives a near accurate result for
determining the amount of water to replace especially for a deficit irrigation program. In
addition, crop moisture demand variation over the growth stage makes it necessary to apply
the evapotranspiration method in determining soil water requirement for an irrigation
program whose sole aim is to determine the optimum irrigation level and frequency for
deficit irrigation. Aydinsakir et al. (2021) stated that most of the previous research on
sorghum irrigation were concentrated on finding an alternative for maize in ethanol
production. Studying the forage characteristics of irrigated sorghum thus, presents novelty

in the field of adaptation building.

2.4. Sorghum in Climate Adaptation Strategies

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). This is in
line with the most recent IPCC report, stating with high confidence that drought has played
arole in food unavailability in the past decade (Bezner Kerr et al. 2022). The report further
indicated that developing water conservation strategies in crop production possess with
high confidence the ability to stabilize productivity and yield. 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). Genome sequencing for drought
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tolerance showed that Sorghum is superior to its counterpart cereal crops in terms of
resistance to changes in climate variables (George et al. 2022). Sorghum presents a
continuum of drought and heat tolerance which are among the chief impact of the changing
climate. To build adaptive capacity especially for resource poor farmers, it is prudent to
consider the performance of climate-tolerant crops, more so in the production of animal
feed.

Chen and Gong (2021) stated in their review studies that adaptation measures in the past
have influenced yield sustainability in current production and as such recent developments
will have significant impact in the future. Adaptation is viewed as a process of adjusting to
obvious or envisaged climate and its impacts. In human systems, adaptation seeks to
moderate or avoid harm or exploit beneficial opportunities. In some natural systems, human
intervention may facilitate adjustment to expected climate and its effects (IPCC, 2014).
Adaptation measures are thus not only limited to developing impact mitigation strategies
but may also seek to take advantage of developing situations. Adaptation measures are
currently at play in various agricultural niches. These measures are sometimes limited in
distribution and adoption due to lack of access, which can be set off if farmers workers of
different walks of life interact (Dun et al. 2022). That notwithstanding, studies need to be
undertaken to tailor adaptation strategies to specific cultivation programs.

Using the CSM-CERES-Sorghum model, Singh et al. (2014) predicted that incorporating
drought and heat tolerant sorghum in the production process could increase yield by about
17%; a simulation of India and Mali farm fields. 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. With an
irrigation system in place, sorghum has been forecasted to have a yield increase towards
the end of this century when climate impacts may be severe (Arumugam et al. 2022). In
Ethiopia, models showed that irrigation as an adaptation strategy increased yield by an
average of a tonne per hectare (Getachew et al. 2021). Kothari et al. (2020) concluded that
improved sorghum varieties cultivated under irrigation have the potential to increase in
yield when drought impacts increase. They further indicated that, higher root density
provides effective potential for moisture utilization in sorghum. Improved production

practices need to be researched and implemented to build and improve adaptive capacity
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for all agricultural ecosystems especially that of resources poor farmers (Araya et al.,
2022). This agrees with the assessment of Srivastava et al. (2020), when they stated that
more economical adaptation strategies should be researched into to support sorghum
production over the coming years with envisaged climatic impacts. For forage sorghum,
the strategies may differ from grain sorghum since sorghum respond to moisture stress by
altering its leaf structure which is the main source of nutrition in the forage (Choudhary et
al. 2020). Irrigation has been identified as one of the strategies to improve forage sorghum

production in an arid or drought condition (Paye et al. 2022).

It is clear from the literature that measures are being taken to build adaptive capacity by
researchers, policy makers and producers alike. The BMR Sudangrass-Sorghum hybrid,
bred to take advantages of the forage characteristics of the parent plants, if provided with
less moisture stress could play well in the animal feed production industry. The quality of
the BMR trait cannot be over emphasized in terms of competitive performance for fibre,
protein and other feed quality parameters. It is therefore in time to evaluate for the optimum
irrigation needs of this cultivar so as to add to the body of knowledge for climate change

adaptation.



3. MATERIAL AND METHOD

3.1. Research Site

21

This thesis was carried out in 2022 in Bingdl University Agricultural Research and

Application land, which is approximately 15 km away from the city centre of Bingol.

Master BMR variety of Sorghum-Sudan grass hybrid was used as plant material in the

thesis study. According to the data of the General Directorate of Meteorology, the annual

average temperature in Bingol is 12.1 degrees. Annual precipitation amount is 873.7

mm. The number of days with snow is 24.5 days and the number of days with frost is 94.1

days (Bingol Valiligi, 2018). In general, the experimental soils have clay-loam texture,

neutral or near neutral in reaction (pH), without salt, low and moderate level calcareous,

low organic matter. Most analysed soils were found to be deficient in terms of phosphorus

and sufficient in terms of potassium (Ates and Turan, 2015).
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Figure 3.1. 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
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3.2. Experimental Design

The research was carried out in the field of Agricultural Application and Research Centre
in the summer season of 2022 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 (Figure
3.1).

3.3. Crop Establishment

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 (Figure 3.2).

3.4.Agronomic Practices

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 fertilizer

later in the season.
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Figure 3.2. A=Row broadcasting of seeds; B=Perforating holes for irrigation line; C=Main irrigation
valve; D=Plot layout; E=Row valve installation
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Figure 3.3. F=Green forage weight measurement; G=Dry matter weight measurement; H=Forage
grinding; 1=Packaged and labelled grinded dried forage ready for quality analysis

3.5. Data Collection

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
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randomly selected plants from each row in order to determine the yield 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 (Figure 3.3).

3.5.1. Green Forage Yield (kg/da)

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.

Figure 3.4Pictorial view of the field. Top-left = 20 days irrigation; top-right = 15 days irrigation; bottom-
left = 10 days irrigation; bottom-right = 5 days irrigation
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3.5.2. Dry Matter Yield (kg/da)

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. Then, they were 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.

3.5.3. Crude Protein Ratio (%)

Nitrogen content of the grounded dried matter samples were determined using the Near

Infrared Reflectance Spectroscopy (NIRS) as described by Corson et al. (1999).

3.5.4. Crude Protein Yield (kg/da)

Crude protein yields per decare were found by multiplying crude protein ratios in dried

matter by dried matter yields per decare.

3.5.5. ADF (Acid Detergent Fibre) Ratio (%)

Acid detergent insoluble fibre (ADF) ratios was determined using the Near Infrared
Reflectance Spectroscopy (NIRS) as described by Corson et al. (1999).

3.5.6. NDF (Neutral Detergent Fibre) Ratio (%)

Neutral detergent insoluble fibre (NDF) ratios were determined using the Near Infrared

Reflectance Spectroscopy (NIRS) as described by Corson et al. (1999).

3.5.7. Digestible Dry Matter (DDM) Ratio (%)

Digestible dry matter was calculated using the formula: DDM = 88.9 - (0.779 x ADF%)
(Morrison et al. 2009).
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3.5.8. Dry Matter Intake (DMI) Ratio (%0)

Dry matter consumption was calculated using the formula: DMI = 120 / NDF% (Morrison
et al. 2009).

3.5.9. Relative Feed Value (RFV)

Relative feed values were calculated using the formula: RFV = (SKM x KMT) / 1.29
(Morrison et al. 2009).

3.6. Statistical Evaluation of Data

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 LSD test.
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4. RESULTS AND DISCUSSION

This aspect of the thesis presents the results of the field work in a summary and considering
other previous studies. Questions raised from the objectives of the study will be address
within the context of the findings of the studies and as much as practically viable, the

scientific foundations of the observations will be highlighted.

4.1. Green Forage Yield

The results of Table 4.1 show that, at (P < 0.01), irrigation frequencies, levels and
interactions between various irrigation levels and frequencies yielded significantly
different outputs with regards to green herbage yield. The reported CV of 3.126% indicate
that data collection was very precise, showing that variability can be attributed to
treatments as against attribution to data collection. From Table 4.2, it can be observed that,
average treatment means are 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 4.1. The result of variance analysis of green herbage as influenced by irrigation frequency and level

Source of variation DF  Sum of squares Mean square F value
Replication 2 17803.1 8901.6 1.2932
Irrigation frequency (IrrF) 3 4466134.9 1488711.6 216.2810**
Irrigation level (IrrL) 3 4840834.9 1613611.6 234.4265**
IrrF * IrrL 9 417288.0 46365.3 6.7360**
Error 30 206496.9 6883

C. Total 47 9948557.8

cVv 3.126

F values with ** are statistically significant at 1% (P<0.01).
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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). The lowest green forage yield was
recorded with 25% irrigation level at 20-day frequency, with 25% irrigation level at 15-
day frequency slightly above it with significant difference. It can be observed from Table
4.2 that irrespective of the irrigation frequency, 100% irrigation levels produced

appreciable green herbage yield.

Table 4.2. Average values of sorghum green forage yields (kg/da) at different irrigation frequency and
irrigation levels

— =
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 2683 d 2850 ¢ 3260 b 3455a 3062 A
10 2502 e 2800 cd 2832 ¢ 3133 b 2817 B
15 2030 ¢ 2312 f 2542 e 2933 ¢ 2454 C
20 1722 h 2207 f 2270 f 2925 ¢ 2281 D
Mean 2234 D 2542 C 2726 B 3112 A

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.

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
increase with increasing irrigation frequency, green forage yield is reported to increase.
The evidence in this study agrees with this assertion, considering that observed yields

increased significantly above 15 days irrigation frequency.
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4.2. Dry Matter Yield

The results as shown on Table 4.3 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). Furthermore, a lower CV of 6.495% indicates that the data
was less variable in term of collection method, showing that differences observed were
largely as a result of variability in treatment outcomes. Table 4.4 shows the mean values
for dry matter yield as affected by irrigation levels, frequencies and the interactions
between irrigation levels and frequencies. Just as recorded for dry matter yield, 5 day
irrigation frequency yielded the highest 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 4.3. The result of variance analysis of dry matter as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 940.1 470.05 0.1326
Irrigation frequency (IrrF) 3 420956.2 140318.7 39.5909**
Irrigation level (IrrL) 3 1269209.1 423069.7  119.3691**
IrrF > rrl 9 123263.8 13695.98 3.8643**
Error 30 106326.5 3544.217

C. Total 47 1920695.7

cVv 6.495319

F values with ** are statistically significant at 1% (P<0.01).

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) LSD. The lowest dry matter yield was recorded

for 25% irrigation level at 20 days irrigation frequency. With the exception of irrigation at
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5 days frequency, all the 75% irrigation levels showed similarity in term of dry matter yield
as can be observed on Table 4.4.

Table 4.3. Average values of sorghum dry matter yields (kg/da) at different irrigation frequency and irrigation
levels

— o
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 897 def 1010 bc 1177 a 1183 a 1067 A
10 696 g 868 ef 978 cd 1137 a 920B
15 6539 824 f 930 cde 1025 bc 858 C
20 448 h 810 f 933 cde 1095 ab 821D
Mean 674 D 878 C 1005 B 1110 A

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.

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 Yyield 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 & Rinaldi (2013) reported 1800 kg/da dry matter yield. The above yield
difference can 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 conclusion, observing that, with increasing
frequency and level of irrigation, consistent and significant increment of dry matter yield

has been recorded.

4.3. Crude Protein Ratio

From Table 4.5, we observe that significant differences existed for crude protein ratios

based on irrigation levels and irrigation frequencies. Furthermore, interaction between
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levels and frequencies of irrigation produced variation which from Table 4.5 can be
observed to be significant at (P < 0.01). Precision in data collection was high based on the
observed low CV value (3.070%) indicating that variation in data collected was low. Table
4.6 shows the means of crude protein ratios as affected by irrigation levels and frequencies.
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 4.6 that, 5 days irrigation frequency, recoding 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 as can be observed on Table 4.6 at (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.

Table 4.5. The result of variance analysis of crude protein ratio as influenced by irrigation frequency and
level

Source of variation DF Sum of squares Mean square F value
Replication 2 0.078079 0.03904 0.7959
Irrigation frequency (IrrF) 3 10.796540 3.598847 73.3733**
Irrigation level (IrrL) 3 3.962123 1.320708 26.9266**
IrrF * lrrL 9 19.528502 2.169834 44.2386**
Error 30 1.471454 0.049048

C. Total 47 35.836698

CV (%) 3.07

F values with ** are statistically significant at 1% (P<0.01).

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;
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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.

Table 4.4. Average values of sorghum crude protein ratio at different irrigation frequency and irrigation
levels

— e
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 7.16¢€ 7.81cd 8.1bc 8.23Db 7.83 A
10 6.11 hi 6.98 ef 6.63 fg 7.32¢ 7.528B
15 7.34¢e 6.14 hi 7.13¢e 6.36 gh 6.76 C
20 9.2a 599i 7.73d 7.17e 6.74 D
Mean 745 A 6.73C 740 A 7.27B

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.

4.4. Crude Protein Yield

As can be observed from Table 4.7, 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). 6.91% CV shows a high precision with
regards to data variability. Table 4.8 shows the mean of crude protein yields for the

irrigation treatments.
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Table 4.7. The result of variance analysis of crude protein yield as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 7.4901 3.74505 0.1797
Irrigation frequency (IrrF) 3 5276.4541 1758.818 84.372**
Irrigation level (IrrL) 3 7583.3365 2527.779 121.2597**
IrrF * IrrL 9 831.9806 92.44229 4.4345%*
Error 30 625.3800 20.846

C. Total 47 14324.6410

cv 6.90

F values with ** are statistically significant at 1% (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 4.8. 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.

Table 4.8. Average values of sorghum crude protein yield at different irrigation frequency and irrigation levels

Irrigation Frequency (days)

Irrigation Levels (%)

25 50 75 100 Mean
5 64.26 e 78.83 bc 95.35a 97.41a 83.97 A
10 42719 60.59 e 64.93 de 83.1b 62.83 B
15 47.84 fg 50.57 f 66.34 de 65.27 de 5751C
20 4126 ¢ 48.45 fg 72.21 cd 78.47 bc 60.10 BC
Mean 49.02D 59.61C 7471 B 81.06 A

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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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.

4.5. Acid Detergent Fibre (ADF)

Table 4.9 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. A lower CV (2.188%) further strengthens the precision of the data, indicating
that little variability existed between recorded data, and thus, the differences observed can
be attributed to effects of irrigation treatment. On Table 4.10, the means of ADF values as
affected by irrigation treatments and their interactions have been presented. 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).
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Table 4.9. The result of variance analysis of ADF as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 0.81714 0.40857 0.7125
Irrigation frequency (IrrF) 3 185.54550 61.8485 107.8548**
Irrigation level (IrrL) 3 37.69637 12.56546 21.9123**
IrrF * IrrL 9 16.43373 1.82597 3.1842**
Error 30 17.20326 0.573442

C. Total 47 257.69600

cv 2.18

F values with ** are statistically significant at 1% (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).

Table 4.10. Average values of sorghum ADF at different irrigation frequency and irrigation levels

1 i 0,
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 37.24b 37.82ab 37.92ab 38.86 a 37.96 A
10 32.87 ef 33.51 def 33.81 cdef 34.43 cd 33.65B
15 32.59f 33.91 cde 34.78 ¢ 34.48 cd 33.94B
20 30.01¢g 33.14 ef 34.77 cd 33.72 cdef 3291C
Mean 33.18C 3459 B 3532 A 3537 A

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.

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
& 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-
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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.

4.6. Neutral Detergent Fibre (NDF)

Table 4.11 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). CV percentage shows a high precision in
data values, indicating that the means did not deviate far from the standard deviation. On
Table 4.12, the means for NDF value of the irrigation treatments can be observed. 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 vyielded 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.
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Table 4.11. The result of variance analysis of NDF as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 6.76489 3.382445 1.9194
Irrigation frequency (IrrF) 3 289.76356 96.58785 54.8110**
Irrigation level (IrrL) 3 78.24251 26.08084 14.8002**
IrrF * IrrL 9 38.20437 4.24493 2.4089
Error 30 52.86591 1.762197

C. Total 47 465.84123

CV (%) 2.10

F values with ** are statistically significant at 1% (P<0.01).

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 4.12. Average values of sorghum NDF at different irrigation frequency and irrigation levels

1 i 0)
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 65.08 65.55 67.53 69.65 66.95 A
10 59.7 60.92 62.4 62.38 61.35C
15 62.45 63.07 64.79 62.34 63.17B
20 57.81 60.09 63.54 ¢ 60.95 60.60 C
Mean 61.26 C 62.41B 64.57 A 63.83 A

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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4.7. Digestible Dry Matter (DDM) Ratio

Table 4.13 shows variations of digestible dry matter (DDM) ratio as affected by irrigation
levels and frequencies and their interactions. Significant differences were observed at (P <
0.01) for irrigation levels, irrigation frequencies and the interaction between irrigation
levels and frequencies. With a CV value of less than 1%, the precision of the data can be
said to be very high. On Table 4.14, 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 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.

Table 4.13. The result of variance analysis of DDM as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 0.49587 0.247935 0.7125
Irrigation frequency (IrrF) 3 112.59662 37.53221 107.8548**
Irrigation level (IrrL) 3 22.87570 7.625233 21.9123**
IrrF * IrrL 9 9.97266 1.108073 3.1842**
Error 30 10.43965 0.347988

C. Total 47 156.38050

cv 0.95

F values with ** are statistically significant at 1% (P<0.01).

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.
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Table 4.14. Average values of sorghum DDM at different irrigation frequency and irrigation levels

— o
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 59.89 f 59.44 g 59.36 fg 58.63 ¢ 59.33C
10 63.29 bc 62.8 bcd 62.56 bcde 62.08 de 62.68 B
15 63.51b 62.49 cde 61.8e 62.04 de 62.46 B
20 65.52 a 63.09 bc 61.81 de 62.63 bcde 63.26 A
Mean 63.06 A 61.95B 61.39C 61.34 C

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.
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 NDFson 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; Pupo et al. 2022) when the yield of other cultivars was reported.

4.8. Dry Matter Intake (DMI) Ratio

The variance analysis of dry matter intake (DMI), as affected by irrigation levels and
frequencies and their interactions, presented on Table 4.15 shows significant difference
with irrigation levels and irrigation frequencies, however, no significant difference was
observed with their interactions at (P < 0.01). Higher precision was as well recorded in
terms of data variation when the CV value (2.14%) was considered. On Table 4.16, the
means of DMI as influenced by irrigation treatment are presented, showing statistical

differences produced as result of the treatments. A decreasing can be observed as irrigation
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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.

Table 4.15. The result of variance analysis of DMI as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 0.005848 0.002924 1.7487
Irrigation frequency (IrrF) 3 0.253319 0.08444 50.5034**
Irrigation level (IrrL) 3 0.073506 0.024502 14.6545**
IreF * IrrL 9 0.033922 0.003769 2.2543
Error 30 0.050159 0.001672

C. Total 47 0.416753

cv 2.14

F values with ** are statistically significant at 1% (P<0.01).

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
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may be with dairy cattle which require higher DMI values due to their higher energy

requirement.

Table 4.16. Average values of sorghum DMI at different irrigation frequency and irrigation levels

— 5
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 1.845 1.832 1.777 1.723 1.794C
10 2.012 1971 1.924 1.925 1958 A
15 1.921 1.903 1.853 1.925 1901 B
20 2.076 1.998 1.889 1.969 1.983 A
Mean 1.963 A 1.926 B 1.861C 1.886 C

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.

4.9. Relative Feed Value (RFV)

On Table 4.17, 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). Considering the CV
value, it can be said that precision was high owning to the fact that data points were not too

far from the standard deviation.

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.
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Table 4.17. The result of variance analysis of RFV as influenced by irrigation frequency and level

Source of variation DF Sum of squares Mean square F value
Replication 2 21.6618 10.8309 1.5324
Irrigation frequency (IrrF) 3 1533.6996 511.2332 72.3305**
Irrigation level (IrrL) 3 399.9440 133.3147 18.8617**
IrrF * IrrL 9 161.8617 17.98463 2.5446
Error 30 212.0405 7.068017

C. Total 47 2329.2149

CcVv 2.89

F values with ** are statistically significant at 1% (P<0.01).

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.

Table 4.18. Average values of sorghum RFV at different irrigation frequency and irrigation levels

1 i 0,
Irrigation Frequency Irrigation Levels (%)

(days) 25 50 75 100 Mean
5 85.63 84.40 81.78 78.32 82.53C
10 98.72 95.94 93.32 92.70 95.17 A
15 94.60 92.19 88.76 92.59 92.04 B
20 105.45 97.73 90.51 95.60 97.32 A
Mean 96.10 A 92.56 B 88.59 C 89.80 C

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.

Whereas sorghum is a warm season crop, grasses reported by Ball et al. (2001) are cool-
season crops. 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
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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.



5. CONCLUSION AND RECOMMENDATION

This section of the study will try to answer the research questions posed in the introduction
as derived from the research objectives. Furthermore, recommendations will be deduced

with regards to the results of the analysis of data.

5.1. Conclusion

This thesis 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 thesis sort
to evaluate the yield characteristics of sorghum silage in response to frequency and levels
(amount) of irrigation. This is to help build adaptive capacity for the changing climate
especially for regions of high expected impacts. With the climate tolerance of the sorghum
crop (Hossain et al. 2022) along with the superiority of the BMR trait in terms of forage
quality (Bean et al., 2013; Ledgerwood et al., 2009; Miller and Stroup, 2003; Sattler et al.,
2010), an irrigation program may add significantly to the feed production industry and

science of field crops management.

Irrigation frequency has been observed to affect sorghum yield and quality across all
parameters. 10 days irrigation frequency yielded the highest RFV, DMI and the second
highest DDM, being significantly different from other treatments. The 10 days irrigation
frequency also consistently recorded on average the second highest values with regards to
green forage yield, dry matter yield, crude protein ratio, crude protein yield, ADF and NDF
contents. The 5 days irrigation frequency yielded about 147 kg/da on average more dry
matter than the 10 days irrigation frequency. However, this led to a relatively lower forage
quality compared to lower frequencies, a difference with statistical significance. Fibre
characteristics were affected by the growth rates of plants as affected by changes in

moisture stress due to difference in irrigation frequency. With increasing stress, sorghum
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plants were observed to decrease robustness, which further limited the production of
structural carbohydrates, as a result, higher quality parameters were observed.

This study therefore concludes that, after observing the effect of moisture stress on yield
and forage characteristics, 10 days irrigation frequency is the most effective. This is due to
the observation that, superior forage characteristics were recorded amidst a lower yield
loss. Furthermore, lower frequencies were unsuitable, though with higher forage quality,

since dry matter yields were significantly affected.

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 yield statistically

different outcomes as affected by the treatments.

Finally, after evaluating the results of the yield and forage quality characteristics

parameters from this study, it can be concluded that, both irrigation frequency and level
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have effect on the yield and forage quality characteristics. Furthermore, slight moisture
stress yielded the optimum outcome, balancing yield and quality characteristics.

5.2. Recommendations

As a way of recommendation after considering the results of this study;

e Green herbage yields and dry herbage yields were highest at max irrigation both in
terms of irrigation amount and irrigation interval. Reducing irrigation interval
increased green and dry herbage yields under all irrigation water amounts (levels).
This result shows that the crop may respond better under more luxury conditions
untested in this study such as %125 irrigation level under 5 days interval with more
nitrogen fertilizer. Future studies in Southeast Anatolia conditions of Turkey might

include higher amounts of water and nitrogen fertilizer applications.

e Also, 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 levels as water penetrated more with high irrigation levels and

frequency.

e More irrigation water with more nitrogen under deep ploughed soil (1-1.5 m depth)

may increase both yields and quality of sorghum under Bingdl conditions.

e Irrigating at 25% level with 10 days frequency will produce a high-quality forage

though there will be significant loss in yield.

e Further studies should be conducted to ascertain the true digestibility of the BMR

trait in vivo.
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