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Effect of Dry Season Supplement Feeding
of Malawi Zebu Cows on Reproductive
Performance, Lactation and Weight Gain
in Calves
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A. Chikaonda, D. C. Jansen, S. Klevar, T. B. Klem, M. Stokstad,
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Abstract Climate change affects food security and livelihood in Malawi, and the Food
and Agricultural Organization emphasises the intensification of milk and meat produc-
tion to reduce greenhouse gas emissions. Measures to increase the robustness of small-
holder dairy production to better cope with the new challenges are urgently needed. A
field experiment was therefore conducted to investigate the effect of supplementing
lactating Zebu cows on performance of the cows and their offspring in Malawi.

A total of 98 cows were included and allocated to experimental and control groups
matched by parity, age of calves and geographical location of farm. The intervention
was additional feeding during the dry season with 2 kg extra maize bran per cow per
day and leguminous leaves (Gliricidia sepium). The experimental group in year one
of the study (n = 28) received in total 114 kg additional leaves, and the experimental
group (n =21) received 240 kg extra leaves during the second year of study. The cows
were followed for 15 consecutive months (experimental period). The outcome was
reproductive performance, length of the lactation period and weight gain in calves.

The Kaplan-Meier survival estimator was used to compare calving interval and
lactation period between experiment and control groups. Additional feeding did not
stimulate reproduction efficiency in this trial. However, it promoted the length of the
lactation period. Multivariable linear models predicted increased growth in calves of
cows fed the higher quantity of leguminous leaves. Body girth was numerically lower
in male compared to female calves. This study reveals a potential for intensified and
more sustainable meat and milk production through changes in feeding regimes.
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1 Introduction

Intensification of livestock production is necessary to decrease greenhouse gas
emissions and improve farmers’ economic situation and food security in Africa. The
livestock sector contributes 14.5% of greenhouse gas emissions worldwide.
Reducing the unproductive part of the herd by improving health, weight gain and
reproductive performance is the most important contribution for reducing the car-
bon footprint from this sector (Gerber et al. 2013b).

Malawi has a cattle population of 1.5 million, dominated by the indigenous Zebu
cattle (Nandolo et al. 2015). The Malawi Zebu cattle depend mainly on natural grass
and crop residues, which most often have low nutritive value. Usually, there is no
supplemental feeding with concentrates or legume crop. During the rainy season,
cattle grazing is restricted to the hill and roadsides as the arable land is used for
growing crops while the dambo (wetland) is unsuitable because of high prevalence
of worms and liver flukes.

Malawi has a tropical climate with two distinct seasons, which are rainy (November
to April) and dry (May to October) seasons, with annual rainfall ranging from 700 to
2400 mm (Banda et al. 2012). Climate change effects have become visible in Malawian
livestock farming. Erratic rainfalls and prolonged dry season may further decrease fod-
der availability (Morton 2007), which severely affects production and reproduction of
the livestock (Thornton et al. 2009). Since grazing lands are shrinking due to increased
incidences of drought, farmers migrate into traditional grazing areas for cattle
(Akinnagbe and Irohibe 2014). During the dry season, both the quality and quantity of
pasture diminish, and the livestock struggle to maintain body condition; hence, repro-
duction may be compromised (Klinedinst et al. 1993). Particularly, the onset of ovarian
activity after calving may be delayed, leading into longer calving intervals, fewer
calves per cow and reduced herd growth and health (Chauhan and Ghosh 2014).
Previous studies from Malawi have shown significant potential for increased reproduc-
tive efficiency by improved availability of bulls and better care of primiparous Zebu
cows (Bhatti 2016). Also, improved calf survival and enhanced milk production will
decrease the carbon footprint of milk and meat production (Gerber et al. 2013b).

Leguminous plants have been used to improve protein content in cattle feeding
in several African countries. Gliricidia sepium leaves comprise of 21% crude pro-
tein, 23.8% crude fibre and 21-34% dry matter (Ministry of Agriculture and Fishries
2013). The high content of protein makes Gliricidia an excellent protein supple-
ment to grass and other basal feeds. Numerous reports conclude that supplementing
feeding with these leaves gives the cows increased weight gain and milk production
(Aye and Adegun 2013). Therefore, the overall objective of this investigation was to
study the effect of supplementing lactating Malawi Zebu cows during the dry season
on reproductive performance and lactation in cows and weight gain in the offspring.
Specifically, our first aim was to study the impact of supplemental feeding of legu-
minous leaves and maize bran on the calving interval. Our second aim was to study
the association between supplemental feeding and the length of the lactation period
and lastly to study the association between supplemental feeding and body girth
circumference as a proxy for body weight attainment in the offspring.
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2 Materials and Methods

In order to assess the association between the outcome variables and the interven-
tion, a field experimental study was conducted in Bolero EPA, Rumphi district,
Malawi. The outcomes were calving interval (days), length of the lactation period
(days) and body weight attainment in calves (cm changes in body girth); and the
intervention was supplemental feeding of the dam. Herds from seven agricultural
sections were represented: Bolero, Bata, Chozoli, Chikwawa, Chirambo, Mjumba
and Jalir.

A total of 98 cows were included in the study. They were enrolled at calving and
followed for 15 months. The study was conducted for two consecutive years. The
first trial (n = 56) commenced at calving between August 15th and September 12th
in 2015 and ended on December 22nd in 2016, and the second trial (n = 42) started
at calving between August 1st and September 19th in 2016 and ended on December
22nd in 2017. Half of the cows (n = 49) were assigned to a control group with no
additional feeding, and the other half (28 in 2015 and 21 in 2016) were assigned to
an experimental group receiving supplementary feeding. The extra feeding con-
sisted of Gliricidia sepium leaves and maize bran and was given only during the
driest months of the year: October, November and December. For both experimental
groups, 2 kg maize bran was given per cow per day. In the first year of the study,
each of the experimental cows was fed 114 kg leguminous leaves during the dry
period (experimental group 1). The quantity of leaves was increased to 240 kg per
cow for experimental cows in the second year of the study (experimental group 2).
This gave us a total of four experimental groups: experimental group 1 (low-level
additional feeding), experimental group 2 (high-level additional feeding), and two
control groups for years 1 and 2, respectively (Table 1). Each pair of control and
experimental cows was matched according to calving date (+15 days), parity of the
dam (first, second and third parity and older) and within one out of the seven agri-
cultural sections.

The feed was analysed for dry matter, ash (oven drying) and crude protein by
Kjeldahl using the AOAC (2000) procedures at the Animal Science Department,
Lilongwe University of Agriculture and Natural Resources, Malawi. Gross energy
was calculated using 6100 Oxygen Bomb Calorimeter (Yan and Kim 2011). The
acid detergent fibre was analysed by using an Ankom fibre analyser and Ankom
(xt10) extractor as described by (Cao et al. 2009).

Reproductive outcome was measured as time from recruitment at calving in
2015 or 2016 and until next calving occurred within 15 months (calving interval).
The follow-up period in each of the years ended on December 22nd the year after
(2016 and 2017). Data from both years were collated (n = 98), and calving (n = 58)

Table 1 The study design for supplementary feeding in years 2015 and 2016

Year | Supplementary feed group (n) | Control group (n) | Supplementary feed offered (kg/cow)
2015 |28 28 114
2016 |21 21 240
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was the event of interest (failure). Cows that had not delivered a calf before
December 22nd 2016 or 2017 were right censored (n = 28). Cows that were excluded
from the study (before the study period ended) were left censored (n = 12).

Milk samples were obtained two times weekly for progesterone assessment dur-
ing the first year of the study (results reported in another publication included in this
book), such that frequent visits by the field technician enabled an accurate determi-
nation of the lactation period in 56 cows, and cessation of milk production (n = 42)
was the event of interest (failure). Cows that were still lactating at the end of the
milk sampling period were right censored (n = 14). The last day of milk sampling
was used as the day of censoring in these cows. None of the cows were left censored
before cessation of milk yield.

The calves (n = 98) were subject to body girth measurements in October,
November, December, January and March. The difference in body girth between
October and January the following year, and between October and March the fol-
lowing year, was used to assess associations between body girth change (weight
gain) and supplemental feeding of the dams. The age of the calf at the day of body
girth measurement in October, January and March and sex of the calves were
recorded for inclusion in statistical models.

3 Statistical Analyses

The statistical software package Stata 14 (StataCorp LLC, Texas, USA) was used in
all statistical analyses. Statistical significance was considered with a P-value less
than 0.05 in all models. Univariable Kaplan-Meier (K-M) estimators were used to
assess relationships between calving interval and supplemental feeding (feeding,
1/0). Differences in survival functions between feeding groups were tested sepa-
rately for each cohort and for the two cohorts joined. Similarly, the association
between lactation period and feeding, 1/0, was assessed for the first year of the
study. Difference between the groups was assessed by the log-rank test for equality
of survivor functions.

Separate generalised multivariable linear regression models were run for the
assessment of associations between body weight attainment and the explanatory
variables: feeding, 1/0, gender (sex) and age of the calves in January and March.
Initially, univariable associations between the two outcome variables, body girth
attainment from October through January and October through March, and the
explanatory variables were explored by analysis of variance (feeding, 1/0, and sex)
or linear regression (age). Univariable associations with a P-value of less than 0.15
for the two-directional association with the outcome qualified for inclusion in a
separate multivariable linear regression analysis. A backward selection procedure
was employed, and explanatory variables with a P-value of less than 0.10 were kept
in the final model. This resulted in two models explaining the body weight attain-
ment for the two periods. The first model assessed body weight attainment for the
period from October through January and included the explanatory variables: feed-
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ing, 1/0, and age of the calves in January. The second model estimated body weight
attainment from October to March and included the explanatory variables: feeding,
1/0, and sex of the calves. Overall statistical significance of the models was assessed
by the type III F-test in Stata. Homoscedasticity and normality of the residuals were
assessed using plots of standardised residuals.

4 Results

The composition of feed shows that crude protein value of mixed supplement feed
(Gliricidia and maize bran) is up to the recommended level (17-19%) for dairy
cattle (Colmenero and Broderick 2006). The feed nutrient composition is presented
in Table 2.

Altogether, 58 cows calved within the 15-month observation periods when the
2 years were collated. The reasons for left censoring were mortality (n = 4), sold for
slaughter (n = 5), non-compliance (n = 1) and abortion (n = 2). Cows that had not
delivered within the 15-month observation period were right censored (n = 28).

Feeding was not associated with calving interval in any of the three analyses
conducted (separately for each experimental group and collated for both groups).
For the assessment of both groups simultaneously (Fig. 1), the log-rank chi-square
statistic was 0.21 (P = 0.64). The median number of days to the next calving (calving
interval) was predicted to be 372 days with the upper and lower confidence interval
(CI) of 322 and 415 days, respectively.

The length of the lactation period was associated with supplemental feeding for
experimental group 1 of the study (log-rank statistic, 4.70, P = 0.03) (Fig. 2). The
median number of days to cessation of milk yield was 133 days (CI: 125-158). This
period was extended to a median value of 158 days in cows receiving supplemental
feed versus 127 days in the control group that were subjected to pasture feed-
ing only.

Supplemental feeding was significantly associated with body girth attainment in
the calves in experimental group 2 (body weight) (P < 0.01) not only for the shorter
period until January (Table 3), but also a prolonged effect of feeding was apparent
until March in the second year of the study (Table 4).

These associations were not significant for experimental group 1 when cows
were fed a markedly lower quantity of leguminous leaves (114 kg). P-values for the

Table 2 Nutritional composition of the supplemental feed

Crude protein | Dry matter | Ash Crude fibre | Fat Energy
Sample (%) (%) (%) | (%) (%) | (Callg)
Gliricidia sepium 19 87 8.5 16.7 11.2 6934
Maize bran 13 90 4.6 17.1 149 | 7258
Total supplemental | 16 88.5 6.5 16.9 13.1 | 7096
feed
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Fig. 1 Kaplan-Meier plot of proportion of calvings distributed by cows (n = 98) that received

additional feed (n = 49) and a control group (n = 49) that were subjected to pasture feeding only.
The time variable is days since the previous calving
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Fig. 2 Kaplan-Meier plot of the length of the lactation period distributed by cows (n = 56) that
received additional feed (n = 28) and a control group (n = 28) that were subjected to pasture feed-
ing only. The time variable is days since the previous calving

association between additional feeding and body weight gain in univariate tests dur-
ing the October to January period were 0.37 and 0.49 for both years pooled and for
the first year, respectively. Corresponding P-values for the October to March peri-
ods were 0.25 and 0.98.
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Table 3 Associations between body girth attainment of offspring from October to January and
additional feeding of maize bran and 240 kg leguminous leaves for the dams, adjusted for the
difference in age (range 127-183 days)

Explanatory variable Body girth attainment (cm) S.E. P-value

Feeding No |- 1.83 <0.01
Yes 5.35

Age in January 0.13/day 0.06 0.04

Intercept -7.47 9.63 0.44

Table 4 Model assessing associations between body girth attainment from October to March and
additional feeding of maize bran and 240 kg leguminous leaves for the dams adjusted for sex of the
calves

Explanatory variable Body girth attainment (cm) S.E. P-value

Feeding No 1.94 <0.01
Yes 5.42

Sex Female | --—--—-- 2.10 0.08
Male -3.8

Intercept 213 10.87 <0.01

The October—January model for experimental group 2 showed a positive linear
relationship between body girth attainment and age of the calves, showing a more
substantial body weight attainment for calves born early during the calving season.
This model explained 24% of the variation (R? = 0.24) in body weight attainment
(F-statistic: 6.04, P < 0.01) (Table 3). The mean age of the calves at the start of the
study was 19.9 days in the group that received additional feeding (experimental
group) and 19.2 days in the control group.

The effect of age was not apparent in the October to March model (Table 4).
However, a numerical association between body weight attainment and sex becomes
apparent when the calves were followed until March. The model assessing live
weight from October through March explained 21% of the variation (R*> = 0.21) in
body weight attainment (F-statistic 5.27, P < 0.01) (Table 4).

5 Discussion

It has been stated that greenhouse gas emission from livestock production can be
reduced by almost one-third if the practices currently applied by the producers with
the lowest emission rate were widely adopted. This reduction can be achieved with-
out changes in the production systems (e.g. from smallholder to industrial). The
most significant decreases in the emission rate are associated with practices that
improve efficiency at farm and animal level. They include better health and repro-
duction management and better feeding practices, such that the unproductive part of
the herd decreases in number (Gerber et al. 2013a).
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To our knowledge, it is the first Malawian study where nutritional regimes for
cattle have been studied to meet the challenges that climate change represents for
animal production in northern Malawi. The results in the present study show that
supplementing lactating cows during the dry months when feed is scarce and of low
quality is a manageable way of increasing body weight attainment in their calves.
Calves from dams receiving supplemental feeding had 5 cm more body girth after
adjustment for gender and time of birth in multivariable generalised linear models.
These findings are in agreement with Maphane and Mutshewa (1999) who demon-
strated that growth and body weight are profoundly affected by supplementation of
feeding in dry season.

Body weight was greater in female calves in March. It is also reflected in previ-
ous investigations, revealing that female calves are better cared for than male calves.
This is probably because they represent greater value for the farmer. These findings
are in line with previous results (Chang’a et al. 2012; Young 1972) that found that
predicting cattle live weights can be influenced by sex, environment, production
system, animal husbandry practices and other factors. Increased food production
and decreased environmental impact from livestock production require that the
meat production potential in male calves is exploited in a more efficient matter than
is currently the case.

Prolonged lactation periods may very well explain why the body weight
attainment was greater in calves from experimental cows as compared to calves
from cows in the control group in this study, although this was not measured dur-
ing the same 2nd year. However, length of the lactation period was positively
influenced by a relatively low quantity of leguminous leaves (114 kg) during
experiment 1. Due to resource demanding work in the field, it was not possible to
determine accurately when the lactation stopped during experiment 2. This was
only possible during experiment 1 when the field assistant collected milk sam-
ples from all 56 cows twice weekly in 36 different farms. We were also not able
to obtain accurate measures of milk yield, so lactation length was chosen as a
measure for increased milk yield.

This study showed that feeding supplementation of lactating Malawi Zebu
cows during the dry season did not influence reproductive outcome in this popu-
lation of Zebu cattle. Another publication included in this book shows a rela-
tively low incidence of some common infectious diseases in this population of
Zebu cattle. The most important means of increasing reproductive efficiency in
these 36 farms is therefore related to bull management and herd composition.
Processing of feed ingredients and incorporation of leguminous leaves result in
higher quality and digestibility of feed (Mekoya et al. 2008). It has previously
been shown that an increase of feed digestibility has been associated with
marked decreases in age at first calving. This is because feed digestibility is
related to growth rate in animals (Keady et al. 2012), and the assumption is that
growth rate and age at first calving are closely associated (Gerber et al. 2013a).
However, the period of the current study did not allow for comparisons of age at
first delivery.
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6 Conclusion

Milk and meat production in indigenous Zebu cattle can be intensified by supple-
mental feeding of leguminous leaves during the dry period. Implementing such
practices would reduce greenhouse gas emissions per unit of produced food and
represents a potential for improved livelihood of smallholder farmers in Malawi.
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