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ABSTRACT

This study aimed to characterize the conception rate (CR), litter size, piglet survival rates, of sows subjected to
natural service versus artificial insemination (Al) in swine breeding within the Northern Province of Rwanda.
Pig farming in Rwanda is mainly small-scale, with few medium-sized operations. A total of 583 sows gilts,
representing four breeds namely Landrace (n = 188), Landrace x Pietrain (n = 330), Large White (n = 26),
local breed (n = 39) was monitored from March to December 2019 across three agricultural seasons. The sows
varied in age from 0.7-4.3 years. Data collected included estrus type (induced, 252; natural, 331), mating type
(A1, 266; natural service, 317), number of mating (one service, 359; two services, 164, three services, 60), age,
parity, CR, gestation length, litter size, and piglet survival rate. Using descriptive statistics, Chi-square and
analysis of variance tests, the study analysed effects of breed, age, farm, season, service type and number on
CR, litter size, and weaning rate. Results showed that CR (90.2%) was not affected by sow parity but
significantly influenced by boar age and number of services. Mean litter size, born alive were 8.70 £ 3.90, 8.60
+ 3.90 piglets per sow, respectively, with a survival rate of 94%. In conclusion, boar age, mating frequency,
farm type, boar and sow breed influence conception rates, litter size, and piglet survival. The study highlights

AI potential to improve CR and effectively manage litter sizes.
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INTRODUCTION

Artificial insemination (Al) technology allows pig
farmers to cut production costs by maintaining fewer
breeding boars and enhancing genetic progress by
diluting semen doses and shortening the generation
interval within swine herds (Parkinson and Morrell,
2019). In large-scale farming, swine Al has mostly
replaced natural mating (Ronald et al., 2013). This
shift reduces labor costs by increasing the efficiency
of boar utilization (Ichikawa and Koketsu, 2011).
Recent reports indicate that the global pig
population stands at 778 million, with China
accounting for 434.22 million of these (Gale ef al.,
2023). China is also the leading producer of pork,
with 57.94 million tons, which represents 50% of
global annual pork production and was ranked
number 3 in annual pork consumption per capita at
39.90 kg/capita, coming behind the EU and Korea,
with 42.70-41.50 kg per capita, respectively (Kim
et al., 2024). In sub-Saharan Africa, Malawi leads in
per capita pork consumption with 12 kg (FAO,
2020). Consequently, there should be increased
efforts to boost pork production and consumption
across the continent. Recent reports in Rwanda put
the national pig herd at 1,441,000 animals
(MINAGRI, 2022) and contribute 12% of the
Rwandan GDP, and significantly 32% to the

agricultural GDP (National Institute of Statistics of
Rwanda, 2017). Pigs are often raised on small plots
of land in Rwanda, where feed availability and high
lack of quality pig genetics pose significant obstacles
for smallholder farmers (Adesehinwa et al., 2024).
Moreover, the Al in pig breeding and other non-
bovine livestock is quite limited in Rwanda (FAO,
2023). The primary goal of Al is to spread superior
genes throughout a population at an affordable cost
(Mbuza et al., 2016). The main benefit of promoting
Al is that it enables the extensive use of exceptional
breeding sires, facilitating the dissemination of
valuable genetics to both large and small-scale
farms, which accelerates the genetic improvement of
the national pig herd (Gerrits et al., 2005). In
northern Rwanda, AI technology has been
implemented on private farms, but its community-
level application remains untested, as small to
medium-scale farmers continue to use boars from
neighbouring farms for breeding sows (Niyiragira
et al, 2018). Consequently, this practice of
communal boars promotes the spread of diseases
especially African swine fever (ASF) and various
reproductive diseases because of the movement and
contact between animals (Bellini ez al., 2021). Also,
sharing boars among farmers may lead to overuse,
potentially causing small litter sizes and fewer

Please cite as: Makuza J., Bizimana F., Hirwa C.A., Bége R. and Ntawubizi M. (2024). Conception rate and litter size of

sows subjected to natural service versus artificial

https://dx.doi.org/10.4314/as.v23i2.9

insemination in Rwanda. Agro-Science, 23 (2), 67-73.


https://dx.doi.org/10.4314/as.v23i2.9
mailto:ferdinandbizimana77@gmail.com

Conception Rate and Litter Size of Sows under Natural Service and Artificial Insemination in Rwanda 68

piglets per sow annually, resulting in economic
losses (Niyiragira et al., 2018). Pig Al involves
collection of semen from a boar and introduce it into
a sow or gilt using a catheter (Broekhuijse et al.,
2012). This method differs from natural service,
where a boar mounts the sow and deposits semen
through copulation (Am-in et al., 2010).

Recent estimates suggest that over 19 million
artificial insemination operations are performed on
pigs globally each year, with almost all of them
(99%) using boar semen stored at temperatures
between 15-20°C (Mellagi ef al., 2023). In Rwanda,
the pig breeds reared include Large White on 22.9%
of pig farms, Landrace on 37.7%, and Pietrain on
7.3%. Duroc (1.6%), Local (2.3%), and nondescript
crossbred (28.1%) pigs (Mbuza et al., 2016). Local
pigs are either black or a mix of black and white
(Jackline et al., 2023). They have low productivity,
with low birth weight, small litter sizes, and slow
growth rates. Sows usually have their first farrowing
between 18 and 24 months, producing 8-10 piglets
per litter, and mature pigs reach 120 kg by 18
months (Nwakpu and Ugwu, 2009; Mbuza ef al.,
2016). In Rwanda, Large White pigs reach an
average weight of 70 kg by five months, with first
farrowing at 12 months and litter sizes of 10-12
piglets. Landrace pigs reach 100 kg in five months,
with an average of 9-10 weaned piglets per litter.
Pietrain pigs grow more slowly, have low
conception rates, smaller litter sizes, but produce
primarily lean carcasses (Niyiragira et al., 2018).
During each natural mating, the boar deposits more
than 50 x10° spermatozoa in the cervical canal
(Baishya and Biswas, 2022). On the other hand, Al
can offer more substantial services, being used
whenever needed and with relatively important
semen dilution, inseminated at only 3-4 x10° sperm
by service (Namuncura ef al., 2020). Besides those
unparallel advantages, Al in pigs remains relatively
unknown to farmers in small scale production
systems, and policy making still needs evidence of
its efficacy and comparative cost effectiveness for
its wide promotion (Sharma ef al., 2020). Therefore,
the present study aimed to investigate the conception
rate and litter size of sows subjected to natural service
versus artificial insemination in swine breeding across
all five districts in the Northern Province of Rwanda.

MATERIAL AND METHODS

Area and Duration of the Study

The study was carried out in the five districts of the
Northern Province: Musanze, Gakenke, Rulindo,
Burera and Gicumbi. In total, five farms have been
selected by convenience to participate in the study,
where a total of 583 breeding sows and gilts
subjected to AI services have been monitored
between March and December 2019, on three
agricultural seasons: long rainy-season (March-
June), long dry-season (June-August), and short
rainy-season (September-December). Details on the
study area are highlighted in Figure 1.
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Figure 1: Geographical representation of the study
area (Northern Province of Rwanda)

Farms and Animals

In this study, pig farms were classified into two
categories: four large farms (A, B, C, and D), each
with more than 45 sows and gilts, and a fifth
category (SHF) consisting of 86 smallholder farms,
each with 1-44 sows and gilts. The distribution of
these five visited farms across five districts, along
with the observed animals, is summarized in Table
1. Animals (sows and gilts) were distributed among
4 breeds; Landrace (n = 188), Landrace x Pietrain
(n = 330), Large White (n = 26) and Local breed
(n = 39). The observed females were aged between
6.6 months and 4.3 years (1.28 years on average).

Artificial Insemination and Data Collection

On the participating farms, artificial insemination
(AI) and natural mating were routine practices, with
Al conducted by trained public and private
technicians. Farmers, assisted by Al technicians,
maintained  daily records of reproductive
performance. They regularly communicated with
the technicians via phone, prompting them to order
and transport fresh extended semen from a local
private farm as needed. The boars used for both Al
and natural mating were categorized into six
different breed genotypes: Landrace, Landrace x
Pietrain, Large White, Pietrain, Landrace x Local,
and Local breeds. Approximately 12 hours after the
onset of estrus, a single Al procedure was performed
using the intra-cervical (intra-CAI) technique
(Kaysen, 2013). Depending on the technician's and
farmer's judgment, the procedure could be repeated
once or twice at 12-hour intervals if deemed
necessary. Pregnancy was confirmed by the absence
of a return to estrus after 21 days. The collected data
were pertaining to various parameters including
estrus type: induced (n = 252), natural (n = 331);
mating type: Al service (n = 266), natural service (n
= 317); number of mating services: one service (n =
359), two services (n = 164), three services (n = 60);
others included age of animals, parity, conception
rate, gestation length (days), litter size (number of
born alive plus stillborn piglets) and number of
weaned piglets per sow (piglet survival rate).
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Table 1: Distribution of the five observed farms
by districts and the number and proportion of
sows and gilts

Farm Location Sowand  Sow and
(station) gilts (n) gilts (%)
A Gicumbi 88.00 15.00
B Rulindo 235.00 40.30
C Rulindo 46.00 7.90
D Gicumbi 128.00 22.00
Smallholder ~Musanze, Gakenke 36.00 14.80
farms and Burera

Total 583.00 100.00

Data Analysis and Interpretation

Data were collected and processed using Excel
Workbook (Windows descriptive statistics were
performed, while fixed effects of boar and sow breed
and their age, farm (station), service (type and
number) and season on the conception rate, litter
size, weaning rate (piglet survival rate) were
analysed using one-way ANOVA and Chi-square
statistical tests in SPSS Statistics, version 23, with
significance determined at p < 0.05.

RESULTS

Statistical Description of Various Parameters
Results from 583 observed sows and gilts were
statistically described and summarized in Tables 2,
3, 4, and Figures 2, 3, 4, and 5.

Number of services

During the study period most of sows were recorded
as having received only one Al or natural service.
This category represents 359 (61.6%) of total
observations. On the other side, 164 (28.1%)
services were recorded as doubled, while only 60
(10.3%) sows received three consecutive services.

Parity
As highlighted in Figure 2, most of the observed sows
were gilts at their first mating and primiparous sows.

Gestation length

As indicated in the Figure 3, most of sows (92.2%)
were gestating between 114-118 days. It was
however indicated that 40 (6.9%) sows did not
conceive after Al or natural mating, while eight
(1.3%) sows aborted during the study period.

Litter size and weaned piglets (survival rate)

The results on litter size and piglet weaned per sow
are presented in Figures 4 and 5. The observed data
show notable variation in both parameters across the
farms. The litter sizes ranged from a minimum of
one piglet per sow to a maximum of 18 piglets per
sow, with an average of approximately 8.3 piglets
per sow. Similarly, the number of piglets weaned per
sow showed high frequencies between 5-13 piglets,
with a peak at 10 piglets per sow.

Key factors influencing the conception rate
Table 3 summarizes the findings on the variation in
conception rates in sows following insemination or
natural service. The results indicate that both the age
of the boar and the number of services significantly
affected conception rates. However, there was no
significant effect of sow age or parity on the
likelihood of successful insemination.

Key factors influencing litter size

and piglet survival in sows

As shown in Table 4, the results revealed significant
variations between farms, with notable effects on
litter size (p < 0.01) and weaned piglets per sow (p
< 0.01), while other factors such as breed, estrus
type, and season of service also influenced these
outcomes to varying degrees.

Table 2: Statistical description for sow and boar age, parity, services, conception rate, liter size and weaned piglets

Parameters Minimum Maximum Sum Median Mean Standard deviation
Age of sow (years) 0.70 4.30 1.20 1.28 0.64
Ageof boar (years) 0.80 4.00 2.00 2.05 0.98
Parity 0.00 8.00 1.00 1.26 1.39
Number of services 1.00 3.00 867.00 1.00 1.49 0.68
Gestation length (days) 0.00 118.00 114.00 106.68 29.03
Number of abortions 2.00 13.00 59.00 6.50 7.38 4.00
Number of stillborn 0.00 6.00 20.00 0.00 1.33 1.84
Born alive 0.00 18.00 5,028.00 9.00 8.62 3.98
Litter size 0.00 18.00 5,048.00 9.00 8.66 3.94
Weaned piglets 0.00 18.00 4,729.00 9.00 8.22 3.71
Table 3: Influence of key factors on the DISCUSSION

conception rate of sows

Conception rate (%)

Factors Mean géi?i?;ﬂ p-value
Age of sow (year) 1.28 0.63 0.26
Age of boar (year) 2.05 0.98 0.05
Number of parity 1.26 1.39 0.96
Number of services 1.49 0.68 0.03

The estimated conception rate was 0.93 + 0.25,
showing considerable variation among sows, which
is consistent with findings from Roca et al. (2006),
where Al resulted in conception rates ranging from
80-90%. Other studies, such as those by Am-in et al.
(2010), Visalvethaya et al. (2011), and Kadirvel et
al. (2013), have suggested that AI may yield higher
farrowing rates and larger litters compared to natural
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Table 4: Influence of key factors on the litter size and number of weaned piglets per sow

Litter size Weaned piglets
Factors n Mean =+ standard error p-value Mean =+ standard error p-value
Farm (station) <0.01 <0.01
A 88.00 6.70 +1.03 6.59 +0.96
B 235.00 8.97 £ 0.89 7.88 +0.83
C 46.00 7.91+0.94 7.40 +0.88
D 128.00 12.98 £1.01 12.97£0.94
Smallholder farms 86.00 7.36+0.93 5.89+0.87
Sow breed 0.19 0.02
Landrace 188.00 7.91+0.59 6.68 +0.55
Landrace x Pietrain 330.00 8.95+0.53 8.01+0.49
Large White 26.00 8.60+0.83 8.04+0.77
Local 39.00 8.18+0.85 7.56 +0.79
Boar breed 0.14 <0.01
Landrace 192.00 8.98+0.70 8.77 £ 0.65
Landrace x Local 4.00 10.88 £ 1.72 10.98 £ 1.60
Landrace X Pietrain 24.00 8.93+£0.94 8.86+0.88
Large White 3.00 6.78 +1.93 3.90+1.80
Local 360.00 8.36 +0.67 8.20+0.63
Estrus type 0.84 0.88
Induced 252.00 8.71+0.87 8.10+0.81
Natural 331.00 8.86+0.94 8.19+0.87
Service 0.02 0.03
Artificial insemination 266.00 8.41+0.85 7.80+0.79
Natural mating 317.00 9.16+0.84 8.49+0.78
Season 0.54 0.76
Long dry-season 101.00 8.73+0.88 7.99+0.81
Long rainy-season 268.00 8.65+0.83 8.19+0.78
Short rainy-season 214.00 8.98 £0.84 8.25+0.78
Parity Distribution
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0.00 210.00 36.00
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Figure 2: Distribution of the observed sows per their parity numbers

mating, aligning with our results. A significant farm
effect on piglet survival rate was observed in this
study, echoing the findings of Baxter et al. (2024),
who reported that piglet mortality was significantly
influenced by farm management practices. The
importance of proper farm management to minimize
factors like sow anestrus, abortions, and stillbirths,
as discussed by Rutherford ez al. (2013) and lida et
al. (2016) cannot be overstated. Such management

practices play a crucial role in optimizing both
conception rates and litter sizes. Regarding parity,
this study did not find significant effects of sow
parity on conception rate, litter size, or piglet
survival rate. However, previous research presents
differing results. For example, Celestin et al. (2019)
found higher conception rates and larger litters in
sows with more than two parities in Rwanda.
Similarly, Klimas et al. (2020) observed an increase
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Figure 5: Number of weaned piglets per sow during the study period

in litter size up to parities 5 and 6 in Large White
and Landrace sows. Koketsu et al. (2017) also
reported high conception rates in gilts and young
sows, with optimal reproductive performance in
sows between parities 2 and 5. Additionally, a study
by Koketsu and Dial (1998) noted that younger

sows, particularly gilts, might experience lower
pregnancy rates due to reduced feed intake during
lactation under certain environmental conditions,
which could impact reproductive performance. The
study also examined the number of services per sow,
with 61.58% of the total observations receiving
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either one Al or natural service, while a smaller
portion received double or triple services. Research
by Soede et al. (1995) and Nissen et al. (1997)
highlighted the importance of service timing and
frequency in influencing pregnancy rates. In regions
such as Western Europe and North America, a high
percentage of female pigs and gilts are artificially
inseminated, with Al generally not showing
significant differences in conception rates compared
to natural service (Kadirvel et al. 2013). However,
factors such as awareness, access to Al, and varying
farming practices may contribute to differences in
results, as noted by Mbuza er al. (2016) and
Niyiragira et al. (2018) in the context of Rwanda.
The study found that the maximum recorded litter
size was 18 piglets per sow, with an average of 8.7
piglets per sow, demonstrating considerable
variability across farms (standard deviation = 3.9).
This variation in litter size, along with significant
differences in weaned piglets per sow across farms
(Table 4), highlights the importance of farm-
specific factors in reproductive performance. The
piglet survival rate was estimated at 93.7%,
suggesting overall good health and management
practices. Notably, most sows had gestation periods
ranging from 114 to 118 days, although 40 sows
failed to show gestation signs after insemination,
and 8 sows experienced abortions. This is consistent
with reports of Johnson et al. (1999) and Hanenberg
et al. (2001), indicating a normal gestation length
of 114 days + 2 days with litters born before the
112th day considered as abortions.

CONCLUSION

Overall, this study highlights the critical role of farm
management, parity, service type, and breed in
influencing sow reproductive performance in
Rwanda. While Al appears to offer comparable
results to natural service, the observed farm effects,
as well as the importance of proper management
practices, underline areas for improvement to
optimize reproductive outcomes in swine breeding.
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