


Impact of Crop Residue on Milk Yield and Methane Emissions in Dairy Cows: Evidence from Arusha City

ABSTRACT
Smallholder dairy farming in urban areas utilize the crop residues as part of the basal diet. However, the quality of the feed materials is said to have greater contribution on cows’ productivity and methane emission. The current study examined the effects of crop residue supplement on methane emission from lactating dairy cows.  56 crossbred lactating dairy cows were investigated on the effect of four different crop residues feeds for a period of 90 days. The study had three cycles of farm visits of which each cycle had a period interval of 30 days. The feed intake was monitored in a last 30 days of the study where by feed offered and refusal were measured to quantify the amount ingested by the animal. There were four dietary treatments grouped according to the types of crops remains fed to animal (GM-for the cows fed on grass mixture only, MSM-for the cows fed on maize stover mixture, RSM-for the cows fed on rice straw mixture and BRM-for the cows fed on bean resides mixture).  Methane emissions were measured directly from the lactating dairy cows nostril using laser methane detector (LMD) technique. Body weight and milk samples were collected simultaneously with methane measurement. Milk yield was obtained from the AADGG database. The data was analyzed by using JMP® Pro 18 version 2024 of SAS.   The feed in the treatment of BRM showed higher nutritional value in terms of CP, NDF, ME and INVDMD with 8.78%, 51.74 %, 8.22 MJ/kgDM, 57.252%, respectively, than other treatment at P<0.05. The BRM had higher DMI, CP, NDF and ADF intake in KgDM than those of treatment of GM, MSM and RSM (P<0.05). Milk yield and weight change from cows fed with BRM cows had greater performance with (14.5l/day/cow and 0.928kg/day) than other treatment at P<0.05. The measured mean methane concentration (ppm), due to respiration and due to eructation were lower in dairy cows fed with BRM (22.754,14.072 and 72.75 ppm) at P<0.05. The study concluded that use BRM improves cattle diet and increase animal productivity as well as reduce methane emission. Therefore, the study recommends further research on dairy cows fed crop residues treated with additives and enzymes on productivity and methane emission.
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1.0. Introduction 
Dairy production is dominated by small dairy farms taking advantage of the higher demand for dairy products and the higher purchasing power of the urban population encouraging urban dairy farming. However, urban farming is highly constrained by the scarcity of feed access attributed to the shortage of lands for grazing cattle and pasture establishment due to urbanization leading to the limited area allocated for livestock farming. This causes farmers to depend on the cut and curry of native pasture on the sideroads, river sides, railways, and farm boundaries (Maleko et al., 2018). Thus, driving smallholder dairy farms in urban areas to utilize crop remains sources from agricultural production area such as peri-urban and rural areas (Maleko et al., 2018). The use of agricultural leftovers is becoming a popular mechanism for most dairy farmers to reduce the problem of feed shortage, which increases the dual-purpose emphasis of crop production for both human food and livestock feeds and reduces their wastage in the field (Berhanu et al., 2019). 
Crop residues are the remnants obtained in the field after harvesting the main products. The common crop residue materials obtained after harvesting include stalks, leaves, and seed pods. In Tanzania, massive crop leftovers utilized as ruminant feeds are mainly produced from maize, paddy, and common bean crops with 5.33-15.4, 3.81-7.4, and 0.89Mt./Ha respectively (Alphonce.2017). The crop leftover materials are classified with higher amounts of carbohydrates in the form of cellulose and hemicellulose (Van Kuijk et al.,2015). The usage of crop residues as livestock feeds is cited with minimal productivity associated with low nutritive value in terms of energy and nitrogen content, low intake and low digestibility (Maleko et al.2018). Additionally, different types of crops have different nutritional qualities and features that could have variations in the fermentation process depending on their harvesting times, varieties, baling season Massawe and Mrutu, (2005), climate conditions and soil type (Mtengeti et al., 2025). Maize stover has crude protein (CP) ranging from 4 to 9%, neutral detergent fibre (NDF) up to 75% acid detergent fibre (ADF) of 49.6% and metabolizable energy (ME) of 6.37MJ/kgDM. The nutritional content of rice straw has CP of 3.86%, NDF of 75.78%, ADF of 43.5% and ME of 5.61MJ/kg, bean residues have CP of 8.79%, NDF of 61.8%, ADF of 48.5% and ME of 8.90MJ/kgDM (Kimario. 2003; Alphonce.2017). 
Furthermore, rumen fermentation enables ruminants to change inedible poor quality feed materials, such as crop remains, into high-quality products of protein in the form of milk and meat in which humans can utilize (Beauchemin et al., 2020). However, methanogenesis bacteria named Archaea overlap in the natural digestion process to produce methane gas (Rooke et al., 2016). Methane gas is largely produced (87-90%) in the rumen and a small amount (13-10%) is produced in the large intestine (Dini et al., 2012) and is taken out from the animal to the atmosphere via the nostrils by 89% and faeces through the anus by 11% (Murray et al. 1999).  Methane is the second largest global warming gas after carbon dioxide released in the atmosphere from various sources, mainly from cattle production by 17% and 3.35% of the global CH4(Knapp et al., 2014).  Production of CH4 in the rumen is mainly determined by the amount and composition of the forage ingested by the animal. However, cattle feeding forage materials rich in native pastures and crop remains that are of poor quality are reported to produce a higher amount of CH4 than cattle fed on high-quality dietary materials by 9kg CO2.eq./kg of milk vs 1.6kgCO2.eq./kg of milk (Mushi et al.,2015). Moreover, methane emissions signify a loss of up to 15% of the digested energy to the animal which degrades the environment (Makkar and Vercoe. 2007).
On the other hands, the increased number of smallholder dairy farms in urban areas and their nature of feeding systems, the contribution of dairy cattle to greenhouse emissions is projected to be higher than what is known. The scenario is contributed by the increased demand for dairy products, the number of dairy cattle is likely to increase and the emission of CH4 from cattle is rising considerably (Thomton and Herrero. 2010). However, limited information exists on CH4 emission from dairy cows fed on different crop residues under smallholder dairy farmers. Understanding the productivity and methane emission from dairy cows fed with different crops after harvesting is paramount for a sustainable crop-livestock integration system in the cities. The information is useful to climate change policy to have mitigation on CH4 emissions through proper nutrition strategies for dairy cattle.
The study hypothesized that differences in rumen morphology and crop composition alter the normal energy production and output yield mainly milk and methane production. Therefore, the current study aimed to examine the effect of feeding crop residues on amount of CH4 emitted and the milk production and body weight change from dairy cows in smallholder farmers under an intensive production system. Thus, the investigation will help to impose new dairy cattle management strategies to increase their productivity and provide the amount of methane data that is produced from lactating dairy cows in the country. The information is valuable to researchers, dairy farmers, livestock nutritionists and the national methane monitoring and inventory experts. 
2.0 Material and methods.
2.1 Research area. 
Arusha City was selected as the research area for this study, which is the capital town of the Arusha region found in northern Tanzania.  Arusha City is located at latitude 3°21'43.68' and longitude 36°42'33.35'E in the Arusha region. At an elevation of 1500 meters above sea level, the area is located beneath Mount Meru and has an average temperature of between 21°C and 24°C and receives 800mm to 1000mm of rainfall annually. The city is among the significant Urban Centres in Tanzania connected to the world by Kilimanjaro International Airport (KIA) located about 45 km away. The City was selected based on higher number of urban dairy farmers as well as its involvement in the Enviro-Cow project. Enviro-Cow Project is a research program aimed at tackling the feeding efficiency and climatic change problem of African dairy breeds in sub-Saharan Africa using AADGG database.
2.2 Experimental design 
Fifty-six non-pregnant lactating cross-bred cows at 45 days post-calving with a parity of 2 to 5 dairy cows were selected for this study. The cows selected were identified using national tagging system as part of condition in the Enviro-Cow program where their production and productivity records are longitudinally captured each month. The study was conducted for a period of 90 days from February, 2024 to April, 2024. Dairy cows were divided into four groups based on the types of crop residues fed to their cows during the whole period of research. Cows fed with grass mixture only were named GM, cows fed with maize stover and grass mixture were termed (MSM), cows fed with rice straw and grass mixture were termed (RSM) and cows fed with bean residues and grass mixture were termed (BRM). Each group were termed as a treatment consisting of 14 lactating dairy cows. All dairy cows grouped according to their forage feeding system were supplemented with common concentrates.
2.3 Source and management of animals and feeds.
Lactating dairy cows from smallholder dairy farmers among those monitored by the Enviro-Cow project under the AADGG database (https://portal.adgg.ilri.org/) were selected for this study. Concentrates, grass mixtures and crop residues derived from maize, paddy, and bean crops were purchased by farmers themselves from the agricultural production areas nearest to the City.  The grass mixture used in the study area was cut and curry from railroads, riverways, and sideroads consisting of natural grass and edible weeds. Farmers selected had piles of different crop residues stored around their farm feed stools in the form of hay bales for their cows. The concentrates used were common concentrates that comprised of the homemade mixture and compounded dairy meal made using available raw materials as the source of ingredients purchased by farmers from the agro-processing industry found in the study area. Animals were fed with crop remains during the morning from 7:00 am to 09:00 am and evening from 03:00 to 06:00 pm after milking. The grass mixture (cut and curry forages) was offered between 10:00 am and 14:00 every day.  The crops, such as maize stover, rice straw , and beans residues were cut manually with a machete and occasionally by machine to reduce the size of forage to less than 3.5 cm. This was done to encourage feed intake to reduce wastage by animals by providing more surface area for microbial digestion of ingested materials. Dairy cows were supplied with an average of 75 litres per day of clean water at noon and sometimes mixed with concentrates to encourage intake.
2.4 Body weight, feed intake, milk yield and methane emission measurements. 
A total of 30 days were used for monitoring feed intake whereby 12 selected households were given weighing scales for monitoring feed intake. Forage mixtures supplied to cows from morning to evening were pooled in a sacks or bags and weighed using hanging digital scale to measure the weight. refused materials of the day were collected and measured in the morning before next offering which were then used to estimate the amount of forage ingested by subtracting with the amount offered. The common concentrates were offered twice a day by dividing into two equal portions of the day in every milking session conducted in the morning and evening.  Farmers and their cattle guardians were trained and instructed to use weighing scales to enable recording of all amounts of feed offered, eaten and leftovers were measured during the monitoring periods. The body weight of the cow was obtained by measuring the heart girth using a weighing band behind the shoulder at the fourth ribs and the rear side of the front legs. The live body weight was obtained by converting heart girth using the equation established by Lukuyu et al., (2016). Milk yields were obtained from farmers' record books and the project server where cows' productive records are kept. The amount of methane gas was measured three times in different cycles during field visits using the device called the laser methane detector (LMD). The LMD is a portable device that uses the principles of infrared spectroscopy absorption to detect methane gas leaks from the potential source to the atmosphere (Sorg. 2021).  The technique is simple to operate, non-invasive, less labourious and provides quick results compared to methods used to estimate the amount of methane from ruminants.  The amount of methane was measured in parts per million-meter concentration (PPM*M) and changed into ppm as explained by Wu. (2016). The measurements were conducted following the procedure described by Chagunda et al., (2009). Methane data processing was conducted due to procedure established by Wu. (2016): Trincavelli et al. (2012). Mean methane, eructation and respiration methane was differentiated using an Algorithmic for Automatic Peak Detection procedure described by Scholkmann et al., (2012).
2.5 Feed and milk sample collection
A total of 84 feed samples (42 forage samples and 42 concentrate samples) were three times per household or farm during the during the research period. A total of 14 households grouped according to types of feeding practices mainly crop residues were identified as farms. An average of 500-gram feed samples were packed in an envelope which was labelled on top with the types of forage mixture, concentrate, time of collection and weight of the sample collected using a digital weighing scale. A total of 112 samples of milk were collected from 56 cows each with two samples during the study period. A sterilized 50 ml milk collecting vial was used to collect milk from the cow's teats directly by a Performance Recording Agent (PRA)) and recorded by the researchers on top of the vial with a cow's identification number. All milk samples collected were kept under a cold chain. The cool box were used during transportation of milk sample to the laboratory to maintain the cold chain. The milk samples were collected twice per cow following the second and third farm visits separated by 30 days during methane measurements.


2.6 Laboratory analyses of feed and milk samples.
The dry matter content (DM) of forage materials was determined initially by using air-dried samples were obtained by drying the samples in a fresh air-dried room where were then weighed before being further analysed at the Tanzania Veterinary Laboratory Agency using near-infrared spectrophotometry (NIRS) at Dar es Salaam. All feed samples underwent further analyses of DM, crude protein (CP), ether extract, Ash, neutral detergent fibre (NDF) and acid detergent fibre (ADF) using NIRS as described by Corson et al., (1999). The samples were sent to the Department of Animal, Aquaculture and Range Sciences (DAARs) laboratory for invitro digestibility analyses. Before analysis samples were grinded into 2, and 1mm sieve samples for invitro dry matter digestibility (INVDMD) and invitro organic matter digestibility (INVOMD) using a two procedure of Tilley and Terry as described in 1963. The rumen liquor was obtained from a well-maintained crossbred Friesian steer at the Magadu dairy modelling training farm at the Sokoine University of Agriculture. The INVOMD was used to estimate metabolizable energy (ME MJ/kg) using the equation established by MAFF. (1975). Milk samples were analysed at the National Artificial Insemination Center -User River Arusha using Lactoscan 300MT. Parameters analysed were protein content, milk fat, lactose, solid not fat and Solids. Lactoscan 300MT is a digital machine capable of examining milk quality parameters at 39 to 40 °C and has ability to operate under environmental temperatures of up to 50 °C following the protocol established by Neubaerer. (2022).
2.7 Statistical analysis
Results were analysed to the Fit model whereby dependent variables (feed intake, milk production, live body weight change and methane concentration) and the independent variable were feed type (GM, MSM, RSM and BRM) as treatment using a JMP®, Pro Version 18, SAS Institute Inc, Cary, NC, 2024. Significant differences were declared when p<0.05.
3.0 Results 
Chemical composition, dry matter digestibility and metabolizable energy (ME MJ/kgDM) of dietary treatment.
The results of the chemical composition, dry matter digestibility and metabolizable energy of the dietary treatments are presented in Table 1. The treatment of rice straw mixture (RSM) had a higher value of dry matter (DM) content similar to that of bean straw mixture (BSM), followed by the grass mixture (GM) with a smaller value of treatment (MSM) at (P<0.05).  The treatment of BSM had a higher value of CP similar to that of treatment of GM followed by that of the treatment of MSM and smaller in treatment of RSM (P<0.05).  The treatment of RSM had a higher value of NDF content similar to that of the MSM than that of the GM and BRM(P<0.05). However, the ADF values were higher in the treatments of RSM and MSM than those of GM and BSM (P<0.05). The metabolizable energy (ME) of the BSM had a higher value similar to that of the GM than those of the MSM and RSM(P<0.05). The INVITRO DM digestibility had a higher value on the BSM similar to that of the GM followed by that of the MSM and a smaller value in the RSM(P<0.05).


	Parameter %
	Treatments
	SEM
	P-Value
	Concentrate

	
	GM
	MSM
	RSM
	BSM
	
	
	

	DM
	63.575b
	39.348c
	86.133a
	84.82a
	2.992
	0.0001
	89.055

	CP
	6.925ab
	4.675bc
	2.2c
	8.78a
	0.984
	0.0028
	11.845

	Crude fat
	2.05
	1.37
	1.9
	1.88
	0.697
	0.059
	8.0725

	ash
	5.6
	4.6
	5.2
	6.5
	1.128
	0.637
	10.1875

	NDF
	51.475b
	58.715ab
	65.767a
	51.74b
	1.858
	0.0086
	27.218

	ADF
	28.8b
	32.52a
	34.3a
	28.68b
	0.793
	0.0001
	13.163

	Estimated ME MJ/kgDM 
	6.954ab
	6.192b
	4.0b
	8.228a
	0.598
	0.0346
	12.067

	In vitro DM Digestibility (%)
	47.409ab
	41.43b
	28.246C
	57.252a
	3.391
	0.0174
	81.69

	
	
	
	
	
	
	
	
	


Table 1: Chemical composition (%), dry matter digestibility (%) and metabolizable energy (ME MJ/kg DM) of the dietary mixtures. 
In this and subsequent table: GM-grass mixture; MSM-grass and maize stover mixture; RSM-rice straw mixture; BSM-bean straw mixture; SEM-standard error of the mean; DM- dry matter; CP-crude protein; NDF-neutral detergent fibre; ADF-Acid detergent fibre; ME-metabolizable energy; a,b different letters within each row differ significantly at P<0.05.
 Effect of dietary treatment on total dry matter intake, CP intake, NDF intake and ADF in Kg DM.
The result of dietary treatment on total dry matter, CP, NDF and ADF intake in KgDM is presented in Table 2. The cows fed in the treatment of BSM had higher value of Kg DM intake than those of GM, MSM and RSM (P<0.05). The value of CP intake was higher in the BSM compared to those of GM, MSM and RSM. The BSM had a higher value of NDF intake similar to that of GM than those of the MSM and RSM(P<0.05). However, the ADF intake was higher in the BSM than that of the RSM, GM and MSM(P<0.05).
Table 2: Effects of crop residues on feed intake (kg DM/cow)
	Parameter
	Treatments
	SEM
	P-Value

	
	GM
	MSM
	RSM
	BSM
	
	

	Intake Kg Dm
	8.428b
	8.561b
	9.568b
	13.385a
	0.58681
	0.0001

	CP Intake
	0.731b
	0.744b
	0.958b
	1.8437a
	0.13654
	0.0001

	NDF Intake
	5.102ab
	3.983b
	4.981b
	7.628a
	0.58471
	0.0006

	ADF Intake
	2.827b
	2.357b
	2.862b
	4.371a
	0.31615
	0.0004



Milk production and change in live weight of the dairy cows
The result showing the effect of dietary treatment on milk yield, milk quality and change in the live weights of the cows is presented in Table 3. The dairy cows in the treatment of BRM had a higher value of milk yield (P<0.05) similar to MSM than that of RSM and GM. Despite being insignificant the milk fat, protein, lactose, solid not fat and solids parameters were equal across the treatment group(P>0.05). However, the live weight change was higher in BSM but similar to MSM and GM than that of the RSM(P<0.05)

Table 3: Effects of dietary treatment on milk yield, milk composition and change in live weight of cows.
	Parameter
	Treatments
	SEM
	P-Value

	
	GM
	MSM
	RSM
	BSM
	
	

	Milk Yield
	9.331b
	12.563ab
	9.55b
	14.713a
	0.953
	0.0023

	Fat
	1.939
	2.44
	2.074
	1.7636
	0.328
	0.435

	Protein
	3.623
	3.431
	2.786
	2.888
	0.229
	0.108

	Lactose
	4.616
	4.782
	4.45
	4.258
	0.171
	0.126

	Solids
	10.15
	11.136
	9.405
	9.18
	0.697
	0.183

	Solids Not Fat
	8.606
	8.65
	7.615
	7.501
	0.394
	0.157

	Liveweight change (kg/day)
	0.576ab
	0.704ab
	0.0167b
	0.928a
	0.306
	0.045



Effects of dietary treatments on methane emission
The effect of dietary treatment on mean methane, mean eructation and respiration with their intake was presented in Table 6. The treatment of RSM had a higher value of mean CH4 concentrations similar to that of the MSM than those of the GM and BSM (P<0.05). The value of mean CH4 concentration for kg DM intake was higher in the RSM than in the MSM, GM and BSM (P<0.05). However, the mean CH4 concentration due to NDF kg DM intake was higher in RSM similar to that of the MSM and BSM than that of the GM(P<0.05). The treatment of RSM had a higher value of mean CH4 due to respiration than those of the MSM, GM, and BRM (P<0.05). The treatment RSM had a higher value of CH4 concentration due to respiration in Kg DM intake similar to that of MSM than those of the GM, and BSM(P<0.05).  Mean CH4 due to eructation had a higher value in the RSM similar to that of the MSM than those of the GM and BSM (P<0.05). The RSM had a higher value of mean CH4 due to eructation per kgDM intake similar to those of MSM and GM compared to that of the BSM 
Table 4: Effect of dietary treatment on methane emission (ppm/cow) of crossbred lactating dairy cows. 
	Items
	Treatment 
	SEM
	P-value

	
	GM
	MSM
	RSM
	BSM
	
	

	Mean Methane
	
	
	
	
	
	

	Mean CH4
	26.545b
	50.035ab
	83.682a
	22.754b
	8.887625
	0.0003

	Mean CH4 ppm/KgDM intake
	2.3686b
	5.3587b
	7.2364a
	1.7507b
	0.945963
	0.0022

	Mean CH4/NDF Kg DM Intake
	5.1027b
	6.1456ab
	7.7661a
	5.9498ab
	0.53158
	0.006

	CH4 From Respiration
	
	
	
	
	
	

	Mean resp
	15.941b
	18.898b
	33.122a
	14.072b
	3.3698
	0.0028

	Mean resp/Kg DMI
	1.428b
	1.873ab
	2.957a
	1.032b
	0.333
	0.0023

	Mean CH4/NDF kg DM Intake
	3.1138
	3.0794
	4.7804
	2.4001
	0.662675
	0.0833

	CH4 From Eructation
	
	
	
	
	
	

	Mean Eruct
	82.34b
	116.75ab
	154.97a
	72.75b
	15.0645
	0.0042

	Mean Eruct/KgDMint
	7.555ab
	12.612ab
	13.313a
	5.539b
	1.80595
	0.0282

	Mean Eruct/NDF kg DM intake
	16.318
	20.935
	20.593
	13.23
	3.392875
	0.408



4.0 Discussion 
The objective of this study was to investigate the effects of crop residues on milk production, body weight change and methane emission in the form of mean, respiration and eructation methane from lactating dairy cows. The result of this study revealed that the observed dry matter intake in Kg DM by the cows in treatment BRM was contributed by the higher nutritional value of bean residue sources in terms of CP and lower NDF content compared to those of treatment in MSM and RSM. This is because including a diet rich in CP and lower fibre content tends to increase nutrient uptake and the passage of materials by the feeds that empty the rumen than materials with higher NDF content with lower nutrients that slows the passage rate. Our result was similar to that of Mekuriaw et al. (2020) who reported the variation in dry matter intake of grass hay and Eragrostis tef straw fed to dairy cows is related to dietary composition. The palatability of materials from legume sources reflects increased feed intake in cross-bred dairy cows (Magori 2016). The observed lower intake of DM kg, CP and NDF in RSM and MSM was due to the higher NDF content of rice straws and maize stover which has a negative association with voluntary intake. This is because most of the rice and maize are harvested when they are more than 80 percent of their maturity and left in the field unpreserved before harvesting for storage in their hay ban. This increases the lignin content in their cell wall which lowers their digestibility level (28.246%) for RSM and 41.3% for MSM for feeding animals. According to Alphonce, (2022), the lower digestibility of maize stover and rice straws fed to cows was attributed to the time of harvesting, post-harvesting storage, and level of lignification. The complementary mixing effect of bean straw with grass mixture could be the reason for the greater INVDM digestibility in BRM and ME(MJ/kgDM) in Table 1. Despite the lower fibre content in legume straw, mixing them with grass forage improves digestibility and nutrient utilization in dairy cows (Baley 2020).  This higher nutritional value of bean residues had a significant impact on the observed higher milk yield on the BRM treatment group in Table 3. The result was consistent with previous findings of Alphonce (2020) reported an average of 11.2 litre/day of crossbred cows that had an option of grazing and selecting more palatable parts on crop residues in the Babati district. Centrally the findings reported higher milk yield (14.5l/day/cow) from dairy cows fed on treated rice straws with additives and enzymes which increase CP content and digestibility on rice straw (Sarnklong et al., 2010). The higher nutrient utilization caused the increases in the nutritional partitioning into body tissues for growth resulting in greater liveweight body change in the BRM treatment. The result of the study highlights the nutritional potential of incorporating legume crops into a dairy diet owing to their nutrient utilization benefits to improve milk yield and body weight from lactating dairy cows.
In this study, the LMD technique managed to detect the differences in CH4 concentration from lactating dairy cows fed on various types of forage intake. Cows fed with different types of crop residues leads to differences in the amount of intake that may alter the enteric CH4 production in cows' rumen (Beauchemin et al.,2008). This was well narrated with previous study that the greater amount of fibre in the cattle diet rises the synthesis of acetate in the rumen, which favours the production of hydrogen (H2). Janssen, (2010) commented that higher accumulation of H2 concentration in the rumen results in increased CH4 production. Other study concluded that DMI is the main factor affecting the enteric CH4 production in dairy cows (Lee et al., 2012). Similarly, in this study, the DMI(KgDM) (Table 2) had a higher influence on the observed higher CH4 concentration in RSM for both mean CH4, due to respiration and due to eructation concentration (Table 4). The values of methane reported in this study were higher compared to that reported by Kang et al., (2022) with mean enteric CH4 concentration due to respiration and eructation of 20.6 to 24.5 ppm and due eructation of 120.9 to 145.2 ppm for high fibre diet and for the lower fibre content diet reported 16.4 ppm for respiration and 92.6 ppm due to eructation for Honwoor steer. The variations in CH4 concentration between the treatment group in this study were due to forage DMI that was accompanied by the differences in concentration of CH4 per DMI in ppm/Kg for the treatment and dietary NDF and ADF concentration of the dietary DM. Furthermore, the differences in NDF content of the crop residues could be another factor for the observed variations in CH4 concentration between treatment groups. A higher concentration of NDF and ADF in kgDM reduces digestibility and increases material retention time in the rumen. It slows down digestion, which promotes the methanogenesis of microbial communities. This, in turn, accelerates the production of acetate into H2 concentration, which is then converted into enteric CH4 (Soder and Brito. 2023). High NDF, however, contains higher structural carbohydrates, which are fermented by microbes, resulting in methane as a byproduct of the fermentation process (Santander et al.,2023).

5.0 Conclusion and recommendation 
Conclusively, the study showed a critical contribution of crop residues as part of the basal diet in dairy cows in urban areas for feeding dairy cows. However, BRM has a greater contribution to reducing methane production from dairy cows owing to the nutritional value of the bean residues that led to increased milk output and live body weight change. Furthermore, smallholder dairy farmers could apply forage mixing with legume residues from crop remains to feed their cows with optimal productivity while reducing methane production. Therefore, the study recommends further study on the effect of crop residues when treated with additives to dairy cows on productive parameters and methane emissions.
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