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AbstRAct
Pasture bloat is a major deterrent to the grazing of alfalfa (Medicago sativa L.) pastures by ruminants, despite the high growth 
rates that are obtainable. Sainfoin (Onobrychis viciifolia Scop.), a condensed tannin-containing legume, is known to reduce 
alfalfa pasture bloat in mixed stands. Experiments were conducted in 2010 to 2012 at Lethbridge, AB, using two sainfoin/cul-
tivar AC Blue J alfalfa mixed pastures originally seeded as 50:50 mixes in 2008 and rotationally grazed by steers (Bos taurus). 
New sainfoin population cultivar LRC-3519 specifically selected for improved performance under a multi-cut system, persisted 
better (29% of total herbage dry matter [DM]) compared to cultivar Nova (5%) after two cycles of rotational grazing in each 
year. Bloat incidence and severity in steers were reduced (P < 0.001) by 98% in LRC-3519 mixed stands compared to Nova 
mixtures when Angus steers grazed sainfoin/alfalfa mixed pastures under conditions for maximizing bloat occurrence. In a 
separate crop preference study during 2011–2012, eight steers were randomly paired and assigned to four alfalfa and sainfoin 
strip pastures to determine DM utilization and time spent grazing the two forages. Steers spent more time (55%) in alfalfa strips 
compared to sainfoin and grazed more (P < 0.05) alfalfa (2048 kg DM) than sainfoin (1164 kg DM). In spite of higher prefer-
ence for alfalfa, a high proportion of new sainfoin in mixed alfalfa stands reduced risk of bloat substantially in cattle grazing 
mixed alfalfa/sainfoin pasture.
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Alfalfa	is	one	of the most important forage legumes grown 
in western Canada. Beef cattle weight gains on alfalfa pastures 
under proper management are comparable to those achieved 
in confined feedlot systems (Popp et al., 2000). Live weight 
gains of 1.0 to 1.5 kg d–1 (Popp et al., 1997) and gains of 
440 to 820 kg ha–1 (Burris et al., 1993) have been reported 
for steers grazing alfalfa. However, the risk of frothy bloat is 
a major deterrent to the grazing of pure alfalfa pastures by 
cattle (Dahlberg et al., 1988). The protein in alfalfa is rapidly 
fermented in the rumen and contributes to the formation 
of stable foam that is indicative of pasture bloat (Wang et 
al., 2012). Bloat is often responsible for mortalities in cattle 
grazing alfalfa (Wang et al., 2012) as well as those in feedlots 
(Nagaraja et al., 1998) and is recognized as an important 
digestive disorder. The potential occurrence of bloat has lim-
ited the use of pastures containing more than 30% alfalfa and 
other bloat-causing legumes (Veira et al., 2010).

Legumes that contain condensed tannins (CT) such as sain-
foin and birdsfoot trefoil (Lotus corniculatus L.) do not cause 
bloat in ruminants (Berg et al., 2000). The CT bind to proteins 
through hydrophobic and hydrogen bonding in a pH-depen-
dent/reversible manner (Min et al., 2003), reducing the forma-
tion of stable foam and the incidence of bloat in ruminants (Li 
et al., 1996; McMahon et al., 1999). Condensed tannins can 
also improve the nutritional value of forage protein and has 
been reported to improve milk production in grazing ewes and 
dairy cows fed fresh forage (Wang et al., 1996, Woodward et 
al., 2000). However, high levels of CT may lower forage intake 
and digestibility (Barry and McNabb, 1999).

Li et al. (1996) found that as little as 1.0 g CT kg–1 DM is 
needed in forage legumes to prevent pasture bloat. McMahon 
et al. (1999) reported that about 10% of sainfoin DM fed as 
hay, pellets, or fresh herbage in a fresh alfalfa diet was sufficient 
to reduce bloat incidence by 45 to 93% in Jersey steers that were 
confined and fed in pens. When consumed with alfalfa, the 
presence of CT from sainfoin reduces the proteolysis of alfalfa 
and increases protein absorption and utilization by ruminants 
(McMahon et al., 1999). Wang et al. (2006) recorded a 77% 
reduction in the incidence of bloat in cattle grazing alfalfa/
sainfoin mixed pasture containing 35% sainfoin. Acharya 
(2000) observed that the palatability of sainfoin was com-
parable to alfalfa while other studies have suggested that 
alfalfa is more palatable than sainfoin (Gesshe and Walton, 
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1981; Marten et al., 1987). Average daily gains of 0.80 and 
0.86 kg d–1 have been measured for steers grazing pure sainfoin 
pastures (Mowrey et al., 1992; Marten et al., 1987), which 
are comparable to gains in cattle grazing alfalfa pastures. The 
problem with sainfoin is its low persistence under grazing and 
in mixtures with alfalfa as well as poor regrowth after graz-
ing (Mowrey and Matches, 1991). New sainfoin populations 
including LRC-3519 had been developed at the Lethbridge 
Research Centre (LRC), AB, Canada, for their enhanced 
ability to regrow after cutting and have been shown to persist 
in mixed alfalfa stands in western Canada (Acharya et al., 
2013). However, the bloat-reduction/prevention properties of 
these new populations needed to be evaluated. Our working 
hypothesis was that the new populations developed through 
selection for a multiple cut system and tested for improved 
performance in mixed stands would persist better in mixtures 
with alfalfa than the cultivar Nova and reduce pasture bloat in 
cattle grazing alfalfa/sainfoin mixed stands. Nova was used for 
comparison as this cultivar is a registered cultivar used for com-
mercial production in Canada and presently it is the standard 
check cultivar in western Canada.

The objectives of this study were: (i) to evaluate the perfor-
mance of a new sainfoin population (LRC-3519) in mixed 
alfalfa stands compared to check cultivar Nova; (ii) to assess 
anti-bloat efficacy of alfalfa–sainfoin mixtures containing the 
new population compared to cultivar Nova when mixed with 
alfalfa in their naturally-occurring proportions; and (iii) to 
determine the feed preference of cattle for alfalfa and sainfoin 
when both are available for grazing at the same time.

MAteRiAls And Methods
The study was conducted in 2010, 2011, and 2012 grazing 

seasons at the LRC, Lethbridge, AB, Canada, at 49°42¢ N, 
112°47¢ W with an altitude of 899 m above sea level. Alfalfa–
sainfoin mixed pastures were grown on a dark brown Cher-
nozem soil that is a slightly alkaline clay loam (Larney and 
Janzen, 2012). Lethbridge has a semiarid climate with an aver-
age maximum temperature of 12.3°C and an average minimum 
temperature of –1.1°C with precipitation averaging 365 mm yr–1 
(Environment Canada, 2013).

determination of bloat occurrence and 
Ruminal Fermentation Parameters of cattle 

Grazing Alfalfa/sainfoin Mixed Pastures

Pasture establishment

Pastures established on 19 June 2008 for a grazing study 
were used for the purpose. The two mixed pasture treatments 
consisted of the cultivar Nova sainfoin (Hanna, 1980), pres-
ently used as check cultivar in western Canada, and a newly 
developed population LRC-3519 with a high yielding AC Blue J 
(ABJ) alfalfa (Acharya et al., 1995). LRC-3519 was developed at 
LRC using selections based on enhanced ability to regrow in a 
multiple cut system and persistence in mixed alfalfa stands under 
irrigated growing conditions. The two pasture mixes (Nova/ABJ 
and 3519/ABJ) were organized in a randomized complete block 
design (RCBD) with four replications. Mature (3–4-yr old) 
ruminally-fistulated Angus steers were grazed on these mixed 
pastures and observed for the occurrence of bloat.

The alfalfa/sainfoin mixed pastures were seeded with plot 
sizes of 4050 m2. All pastures were seeded with alfalfa and 
sainfoin in alternate rows with 18 cm row spacing (except in 
the preference study) using a 5 m wide no-till press-wheel type 
drill seeder (John Deere, Moline, IL) at 5 and 15 kg ha–1 pure 
live seed for alfalfa and sainfoin, respectively, to achieve a 50:50 
herbage density. Alfalfa and sainfoin seeds were inoculated 
using their respective inoculants before seeding. At the time 
of seeding, N and P fertilizers were applied at the rate of 10 
and 60 kg ha–1 respectively to aid in pasture establishment. 
Perennial and grassy weeds were controlled using glyphosate 
[N-(phosphonomethyl) glycine] before seeding and annual 
weeds were controlled by mowing the crop twice during the 
establishment year. In 2009, the pastures were cut twice on 
11 June  and 19 July using a forage harvester with sickle bar 
mower and the forage baled and removed from the paddocks.

Before the bloat studies, the pastures were rotationally grazed 
twice in each of 2010 (28 June –31 August) and 2011 (19 June–
29 August) using steers at a stocking rate of 4.0 AUM ha–1 yr–1 
(season-long stocking rate of 8.6 steers ha–1). To maximize bloat 
occurrence this study was performed from 29 September to 
21 October  in 2010 and 26 September  to 19 October in 2011 
on the second re-growth of the pastures when both alfalfa and 
sainfoin were in vegetative growth stage. At the time of study, 
the mean proportions of sainfoin (on a DM basis) in the pastures 
were 7 and 29% in 2010; and 5 and 28% in 2011 for Nova and 
LRC-3519, respectively.

Forage samples were collected in both study years by clipping 
plants with shears within a 0.36-m2 quadrat at four different 
locations in each plot at a height of 5 cm aboveground before 
steers were allowed to graze the pastures in both primary 
growth and re-growth cycles. These samples were manually 
separated into alfalfa and sainfoin and dried in a forced-air 
oven at 55ºC for 72 h to determine DM yield and proportion 
of sainfoin and alfalfa in pasture on a DM basis.

Animals were cared for according to the guidelines of the 
Canadian Council on Animal Care (CCAC, 1993).

Assessment of Pasture bloat

Pasture bloat was assessed using the procedure described 
by Majak et al. (1995) and Veira et al. (2010). The study was 
conducted using 10 Angus steers (615 ± 36 kg) fitted with 
ruminal cannulae. The steers were adapted in a separate alfalfa/
sainfoin mixed pasture for 7 d before the start of the experi-
ment. Steers were randomly divided into two groups of five 
and assigned to two treatments in a crossover design with each 
group being exposed to both treatments. The length of each 
crossover test continued until the sum of incidences of bloat 
from both groups reached a minimum of 24. To ensure daily 
exposure to fresh pasture, plots were divided into 14 paddocks 
using electric fence and each paddock was grazed for 1 d only. 
One pasture plot per treatment was used at a time and when 
the minimum incidences of bloat were recorded, steers were 
switched over to the other treatment. The steers were allowed 
to graze the pastures for 6 h d–1 from 0800 to 1400 h, and 
were held in a fenced area with access to water, but no feed each 
night. This management approach maximizes the risk of bloat 
in cattle grazing alfalfa (Majak et al., 1995).
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The steers were observed and scored for bloat using visual 
scoring of 0 to 3; employing the system of Paisley and Horn 
(1998). Scores 1 and 2 were classified as sub-acute bloat and 3 
as acute bloat. Any steer with a bloat score of 3 was haltered 
and its cannula opened to relieve pressure. At the end of the 
daily grazing period, the cannula of each steer was opened and 
rumen condition was scored to document the degree of frothi-
ness of the rumen contents. Multiple bloats on the same day by 
the same animal were considered as one case of bloat although 
the number of distensions per animal-day was recorded. 
Immediately after completion of the 6-h grazing period and 
when bloat occurred, rumen fluid was collected from four 
locations within the rumino-reticulum of each steer, and was 
prepared by straining the rumen contents through four layers 
of cheesecloth. The rumen fluid was measured for pH using 
a portable laboratory pH meter (Hach Company, Loveland, 
CO), subsampled and processed for determination of ammonia 
nitrogen, and volatile fatty acids as described below.

samples Analysis

The dried forage samples were ground to pass a 1-mm screen 
of a Wiley mill and were analyzed for N by combustion-mass 
spectrometry (NA 1500, Carlo Erba Instruments, Milan, 
Italy), acid detergent fiber (ADF) and amylase-treated neutral 
detergent fiber (aNDF) were analyzed by Ankom fiber Ana-
lyzer 200 (ANKOM Technology Corp., Macedon, NY) using 
procedure described by McGinn et al. (2004), organic matter 
(OM) by ashing samples at 550ºC for 6 h (AOAC, 1999; no. 
943.01), and extractable condensed tannins (ECT) by the 
procedure described by Terrill et al. (1992). Purified ECT 
from whole plant sainfoin in the vegetative stage of growth 
was used as a reference standard in the determination of ECT. 
Determination of ECT for each forage sample was performed 
in duplicate using a 500 mg oven-dried ground forage sample. 
Samples were extracted three times with a 20 mL solution of 
7:3 (vol/vol) acetone/water solution containing 0.1% ascorbic 
acid and 10 mL diethyl ether [4.7:2.0:3.3 acetone/water/diethyl 
ether (vol/vol)]. Solutions were vortexed and centrifuged. 
A mixture of butanol/HCl [95% butan-1-ol/5% HCl (36%) 
(vol/vol); 6 mL] was added to the solution and incubated in a 
boiling water bath for 75 min. Solutions were cooled on ice and 
immediately read at 550 nm using a spectrophotometer (Ultra-
Spec Plus 4054, Pharmacia, Baie d’Urfe’, QC, Canada).

Concentrations of ammonia in rumen fluid were determined 
by the phenol-hypochlorite method (Weatherburn, 1967). 
Volatile fatty acids were analyzed by gas chromatography using 
a Hewlett-Packard Model 5890 series Plus II gas-liquid chro-
matograph equipped with a 15 m by 0.53 mm i.d. NUKOL 
fused silica capillary column (Supelco Canada, Mississuauga, 
ON, Canada).

determination of Forage Preference by cattle 
Grazing Alfalfa and sainfoin Pastures

Alfalfa and LRC-3519 sainfoin monoculture strips were 
seeded in spring 2010 leaving a 36-cm gap between strips. Each 
strip consisted of 10 rows of alfalfa next to 10 rows of sainfoin 
48 m long and 3.6 m wide using 36 cm row spacing, and the two 
crop strips were arranged randomly. The field was divided by 
electric fencing into four pastures of 48 by 7.6 m each consisting 

of one strip of alfalfa and sainfoin. Forage DM yields were 
determined before and after each grazing as described below. 
Each pasture was divided into five paddocks and each paddock 
was grazed for a single day. In the summers of 2011 and 2012, 
eight Angus steers fitted with permanent ruminal cannulae 
were randomly assigned in pairs to each plot at the vegetative 
stage of growth from 0800 to 1030 h for 5 d to estimate forage 
preference. Four trained observers were assigned to observe steers 
grazing the two forages within each paddock. The location of the 
steers (i.e., alfalfa or sainfoin) was recorded every 10 min.

After each grazing day, three 0.36-m2 herbage samples were 
clipped from each plot from both the grazed and adjacent 
enclosed areas to a height of 5 cm aboveground. Forage produc-
tion was calculated as the total dry weight of each clipped 
species in the enclosed area and the amount of forage used was 
estimated as the difference between the total forage clipped 
from the ungrazed area and corresponding grazed area. Forage 
samples were dried at 55ºC in a forced-air oven for 72 h to 
determine DM yield and the amount of forage consumed by 
steers. Subsamples were also used for the determination of N, 
ADF, aNDF, and OM as described above. Time spent on for-
age and amount of forage consumed were recorded and used to 
determine forage preference. Degree of preference was based on 
the level of consumption (Chavez, 2011) and time spent graz-
ing (Veira et al., 2010) each of the two forages. Preference rat-
ing was calculated as ratio of alfalfa DM consumed to sainfoin 
DM consumed by cattle (Gesshe and Walton, 1981).

statistical Analysis

Data for DM yield and sainfoin proportion were analyzed 
using SAS PROC MIXED procedure using replication as ran-
dom effect to evaluate the main effects of year, pasture (Nova/
ABJ or 3519/ABJ), and growth period (primary, first regrowth, 
or second regrowth) and all possible interactions (SAS Insti-
tute, 1999). Since the year ´ pasture ´ growth period effect 
was significant, means for each year and growth period were 
presented and discussed. Comparisons of feed value among 
the three forages were made using analysis of variance followed 
by least square significant difference test for mean separation 
(LSMEANS with the PDIFF procedure of SAS) when the 
treatment effect was significant. Data for rumen fermentation 
characteristics were analyzed separately for each year using SAS 
PROC MIXED procedure. Preference for forage was analyzed 
using SAS PROC MIXED procedure. Bloat occurrence were 
tested using the Chi-square test to test the hypothesis that 
there were no significant differences between the observed 
bloat incidences among treatments. Treatment effects were 
considered significant at P < 0.05.

Results
Mean total pre-grazing DM yield of LRC-3519/AC Blue J 

was higher (P < 0.01) in primary growths than that of Nova/
AC Blue J in 2010 and 2011, but not in 2009 (Table 1). Propor-
tions of LRC-3519 sainfoin was higher than that of Nova in the 
mixed stands at first and second regrowth in 2009 and at all 
three growth cycles (primary and regrowths) in 2010 and 2011 
(Table 2). Proportions of LRC-3519 sainfoin was higher than 
that of Nova in the mixed stands at first and second regrowth 
in 2009 and at all three growth cycles in 2010 and 2011 
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(Table 2). Proportions of Nova sainfoin in pastures dropped 
rapidly and by the second year at the first regrowth stage it was 
only 8% compared to 30% for LRC-3519.

AC Blue J alfalfa had higher (P < 0.05) CP concentration 
than both Nova and LRC-3519 sainfoin in 2010 and 2011, 
but lower OM concentration (P < 0.05) when samples from 
the bloat study were analyzed (Table 3). The ADF and aNDF 
concentrations were similar between the two forage species. 
An interesting observation was that the sainfoin population 
used in the study flowered about 10 d earlier than alfalfa in the 
spring but, the ADF and aNDF concentrations were similar 
between the two species during grazing at the vegetative stage. 
The mean ECT concentration of Nova and LRC-3519 sainfoin 
did not differ (P > 0.05) (Table 3). Extractable condensed 
tannins were not detected in alfalfa. In the preference study 
samples, AC Blue J had higher (P < 0.05) CP in 2011 and 
2012; and higher aNDF in 2011 but lower (P < 0.05) OM and 
similar ADF in both years (Table 3).

In 2010, the total number of steers experiencing bloat (bloat 
incidence) was about 90% (43 out of 48 bloat incidences) 
in Nova/alfalfa mixed pastures a level that was significantly 
higher (P < 0.001) than in LRC-3519/alfalfa pastures, which 
had only 10% of the incidences (5 out of 48 bloat incidences) 
(Table 4). The highest bloat score (severity) recorded on Nova/
alfalfa plots was 3, which was an acute form of frothy bloat 
while the highest score on LRC-3519/alfalfa plots was 2. In 
2011, 98% of the recorded bloat incidence in all steers occurred 
in those grazing Nova/alfalfa plots with the highest severity 
being 3 compared to a bloat incidence of 2% in steers grazing 
LRC-3519/alfalfa with the severity score not exceeding 1 in this 
treatment. There were 12 and 17% multiple bloats per steer d–1 out 
of the total incidences of bloat that occurred in steers on Nova/
alfalfa plots in 2010 and 2011, respectively (Table 4). About 
80% of bloat incidences were recorded within 3 h after the 
steers were released into pastures (Table 4) and most bloat inci-
dences were observed within the first 6 d of the trials in Nova/
alfalfa plots in both years (Fig. 1 and 2). Incidences of bloat 
became less frequent as the trial continued. The bloat incidence 
that occurred in LRC-3519/alfalfa plots also occurred within 
the first 6 d of the study.

Table	1.	Mean	pre-grazing	herbage	dry	matter	of	two	sainfoin/AC	Blue	J	
alfalfa	(ABJ)	mixed	pastures	at	Lethbridge,	AB,	Canada,	over	three	pro-
duction	years.

Year	and	harvest

Nova/
ABJ 3519/ABJ

SE P	valueDM	yield
–––––		kg	ha–1 –––––

2009†
			Primary	growth	(11	June) 6289 6456 361 0.88
			First	regrowth	(19	July) 5803 6604 348 0.46
			Year	total 12092 12760 466 0.63
2010
			Primary	growth	(28	June) 8638 9730 311 <0.01
			Firstst	regrowth	(6	August) 1302 1575 82 0.72
			Year	total 9939 11305 368 <0.01
2011
			Primary	growth	(19	June) 6573 7903 418 <0.01
			First	regrowth	(2	August) 1512 2005 159 0.07
			Year	total 8085 9908 536 0.03
†	Dry	matter	(DM)	yields	were	means	of	samples	collected	immediately	before	
mowing	in	2009	and	the	initiation	of	grazing	in	2010	and	2011	on	the	rotational	
stocking	paddocks.	Samples	were	collected	on	the	days	steers	were	put	on	pas-
tures.	DM	yields	are	means	of	samples	collected	from	four	different	locations	in	
each	pasture	plot.	Pastures	were	not	grazed	in	2009,	just	mowed	and	baled.

Table	2.	Mean	percentage	of	Nova	and	LRC-3519	(3519)	sainfoin	dry	
matter	(DM)	in	pre-grazed	sainfoin/AC	Blue	J	(ABJ)	mixed	pastures	under	
rotational	grazing	at	Lethbridge,	AB,	Canada,	over	three	production	years.

Year,	harvest,	and	(date)
Nova 3519

SE P	valueMean	percent
––––––  % ––––––

2009†
			Primary	growth	(11	June) 55 55 2 0.97
			First	regrowth	(19	July) 44 52 3 0.01
			Second	regrowth	(15	September) 25 45 2 <0.01
2010
			Primary	growth	(28	June) 43 53 4 0.01
			First	regrowth	(6	August) 8 30 3 <0.01
			Second	regrowth	(29	September) 7 29 3 <0.01
2011
			Primary	growth	(19	June) 30 49 3 <0.01
			First	regrowth	(2	August) 5 30 2 <0.01
			Secnd	regrowth	(26	September) 5 28 2 <0.01
†	Pastures	were	not	grazed	in	2009	but	were	harvested	and	baled.	Data	pre-
sented	are	means	of	forage	samples	collected	from	four	different	locations	in	
each	pasture	plot	immediately	before	first,	second,	and	third	harvests	in	2009	
and	before	initiation	of	grazing	in	2010	and	2011.

Table	3.	Mean	crude	protein	(CP),	amylase	treated	neutral	detergent	fiber	(aNDF),	acid	detergent	fiber	(ADF),	organic	matter	(OM),	and	extractable	
condensed	tannin	(ECT)	concentration	of	AC	Blue	J	alfalfa	(ABJ)	and	Nova	and	LRC-3519	(3519)	sainfoin	samples	collected	from	pastures	used	for	the	
bloat	study	in	2010	and	2011	and	the	preference	study	in	2011	and	2012	at	Lethbridge,	AB,	Canada.

Study ABJ Nova 3519 P	value ABJ Nova 3519 P	value
2010 2011

Bloat study
			CP,	g	kg–1 264a† 220b 217b 0.02 262a 218b 221b 0.01
			aNDF,	g	kg–1 326 310 326 0.06 293 283 269 0.04
			ADF,	g	kg–1 265 269 272 0.52 255 251 249 0.62
			OM,	g	kg–1 884b 909a 917a 0.03 892b 910a 915a 0.04
			ECT,	g	kg–1 0 30.4 29.0 0.07 0 30.6 29.2 0.06

2011 2012
Preference	study
			CP,	g	kg–1 247a 221b 0.03 239a 224b 0.04
			aNDF,	g	kg–1 359a 303b 0.02 332 326 0.61
			ADF,	g	kg–1 298 294 0.86 287 278 0.23
			OM,	g	kg–1 904 910 0.43 895b 912a 0.04
†		Values	are	means	of	three	0.36-m2	samples	taken	every	3	d	during	the	bloat	study	and	every	day	on	preference	study.	Values	within	a	row	followed	by	different	letters	
are	significantly	different	at	P	=	0.05.
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Rumen fluid obtained from cattle grazing Nova/alfalfa 
pastures had higher (P < 0.05) ammonia but similar VFA 
concentration and molar proportions of individual VFA as 
compared to that of cattle grazing LRC-3519/alfalfa pasture in 
both years (Table 5).

The mean rumen pH of bloated steers was slightly lower than 
that for the non-bloated steers (Table 6). Similarly, the rumen 
pH of Nova/alfalfa steers was lower than that for LRC-3519/
alfalfa steers but, the differences were not significant (P > 0.05).

In the preference trial where alfalfa and sainfoin were 
seeded in 3.6 m wide strips, steers consumed higher (P < 0.05) 
amounts (DM) of alfalfa than sainfoin (Table 7) and spent 
more time (57%) grazing alfalfa than sainfoin (Fig. 3a and 3b). 
Steers spent about 55 to 80% of total grazing time on alfalfa 
during the first 2 d of grazing but this dropped to about 50 to 
60% from the third day onward. In both 2011 and 2012, mean 
DM of alfalfa consumed (2492 and 2048 kg ha–1, respectively) 
was higher (P < 0.05) than the amount of sainfoin consumed 

Table	4.	Total	bloat	incidence,	number	of	multiple	distensions,	and	highest	bloat	score	in	grazing	steers	in	2010	and	2011	observed	in	two	alfalfa/sain-
foin	mixed	pastures	containing	~6	and	30%	sainfoin	at	Lethbridge,	AB,	Canada.

Parameter

2010 2011
Percent	sainfoin

P	value
Percent	sainfoin

P	valueNova(7)† 3519(29)† Nova(5) 3519(28)
Total	no.	of	bloat	incidences 43 5 <0.01 48 1 <0.01
No.	of	multiple	distensions,	steer	d–1 5 0 <0.01 8 0 <0.01

Total	no.	of	steers	with	bloat	score
   1 28 4 <0.01 32 1 <0.01
			2 10 1 <0.01 8 0 <0.01
			3 5 0 <0.01 8 0 <0.01

Bloat	incidence	h–1	over	a	6-h	grazing	period
   0–1 4 2 <0.01 7 0 <0.01
			1–2 15 3 <0.01 20 1 <0.01
			2–3 16 0 <0.01 12 0 <0.01
			3–4 5 0 <0.01 6 0 <0.01
			4–5 2 0 <0.01 3 0 <0.01
			5–6 1 0 <0.01 0 0
†	Values	in	parenthesis	under	Nova	and	3519	represent	percent	composition	(dry	matter	basis)	of	the	two	sainfoin	populations	in	the	mixtures	with	alfalfa	immediately	
before	the	bloat	study.	Significance	of	bloat	incidence	and	number	of	multiple	distensions	were	determined	using	Chi-square	tests.

Fig.	1.	Number	of	bloat	incidences	observed	daily	in	10	steers	grazing	
Nova	and	LRC-3519	(3519)	sainfoin	in	mixtures	with	AC	Blue	J	alfalfa	in	
2010	during	grazing	periods	(a)	1;	from	29	September	to	9	October	and	
(b)	2;	from	10–21	October	at	Lethbridge,	AB,	Canada.

Fig.	2.	Number	of	bloat	incidences	observed	daily	in	ten	steers	grazing	
Nova	and	LRC-3519	(3519)	sainfoin	in	mixtures	with	AC	Blue	J	alfalfa	in	
2011	during	grazing	periods	(a)	1;	from	26	September	to	6	October	and	
(b)	2;	from	7–19	October	at	Lethbridge,	AB,	Canada.
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(1915 and 1164 kg ha–1). Steers consumed about 14 and 26% 
more alfalfa than sainfoin in 2011 and 2012, respectively 
(Table 7). Preference (ratio of DM forage used) of alfalfa to 
sainfoin was 1.0:0.8 and 1.0:0.6 for 2011 and 2012, respec-
tively (Table 7). Sainfoin pre-grazing DM yield in this study 
was not different (P = 0.06) than alfalfa in 2011 but was lower 
(P = 0.04) in 2012 (Table 7). In 2011 preference was observed 
on first growth of plants for both forages while in 2012, the 
forages were cut after the first growth as sainfoin flowered quite 
early and our objective was to test the steers’ preference for the 
crops when both crops were in the vegetative stage. The yields 
recorded in 2012 were for 5 wk of re-growth.

discussion
Higher DM production and proportion of the new sainfoin 

population in the mixed stand (Tables 1 and 2) was expected as 
the new population (LRC-3519) was developed using germ-
plasm selected for survival and growth in mixed alfalfa stands 
under a multiple cut systems. This was observed earlier in 
LRC-3519 and other sainfoin populations developed at LRC 
using similar selection criteria in both pure and mixed stand 
tests in western Canada (Acharya et al., 2013). In that study, 

pure LRC-3519 stands had 11 and 35% higher DM yields than 
pure Nova stands under rain-fed and irrigated conditions, 
respectively.

Even though bloat could occur in all seasons, to maximize 
chances of bloat occurrence these trials were performed in the 
fall when cool overnight temperatures (0–10°C), in combi-
nation with moderate daytime temperatures (15–20°C) are 
known to increase the risk of bloat (Majak et al., 1995; Berg 
et al., 2000). At this time, cool temperatures also delayed 
maturation and extended the vegetative growth phase of the 
forage crops to build up organic reserves in the roots needed for 
winter survival and initiation of spring growth (Frame, 2005). 
These conditions optimized conditions for pasture bloat as 
observed earlier by Majak et al. (1995) in Kamloops, BC.

All steers bloated on Nova/alfalfa plots in both years except 
one steer in 2010 that never bloated on either pasture, suggesting 
that physiological differences among animals is also a factor that 
determines their susceptibility to bloat. This type of variability 
for susceptibility to bloat was observed earlier among individual 
animals and among different forage species (Ayre-Smith, 1971; 
Clarke and Reid, 1974). Out of the five bloat cases (10%) recorded 
on LRC-3519/alfalfa plots in 2010, all were observed in one steer 

Table	5.	Fermentation	characteristics	of	steer	rumen	fluid	when	grazing	in	Nova/AC	Blue	J	(ABJ)	and	3519/ABJ	mixed	sainfoin/alfalfa	pastures	in	2010	
and	2011	at	Lethbridge,	AB,	Canada.

Fermentation	characteristics
2010† 2011

Nova/ABJ 3519/ABJ SE P	value Nova/ABJ 3519/ABJ SE P	value
pH 6.0 6.1 0.1 0.08 5.9 6.1 0.2 0.06
NH3–N,	mM 24.6 20.7 1.3 0.04 24.7 20.6 1.1 0.04
Total	VFA‡,	mM 110.9 106.3 1.4 0.39 112.0 108.3 0.9 0.41
Molar	proportion,	%	of	total	VFA
			Acetic	acid 64.3 64.3 0.3 0.38 64.6 64.4 0.4 0.30
			Propionic	acid 20.7 21.4 0.4 0.73 21.1 21.4 0.3 0.72
			Butyric	acid 10.7 10.5 0.4 0.52 10.5 10.6 0.4 0.86
			Isobutyric	acid 1.0 0.8 0.2 0.43 0.9 0.9 0.3 0.79
			Acetate:Propionate 3.2 3.2 0.2 0.87 3.1 3.1 0.3 0.87
†	Values	for	each	year	are	means	(n	=	24)	of	samples	collected	for	the	two	periods	during	the	bloat	study.
‡	VFA	=	volatile	fatty	acids.

Table	6.	Mean	rumen	fluid	pH	of	bloated	and	non-bloated	steers	grazing	on	Nova/AC	Blue	J	(ABJ)	and	LRC-3519/ABJ	sainfoin/alfalfa	mixed	pastures	in	
2010	and	2011	at	Lethbridge,	AB,	Canada.

Rumen	pH†‡
Year Nova/ABJ 3519/ABJ SE P	value Bloated Non-bloated SE P	value

2010 6.0 6.2 0.2 0.06 6.0 6.1 0.2 0.09
2011 5.9 6.1 0.2 0.07 5.8 6.0 0.3 0.08
†	pH	values	were	recorded	immediately	after	steers	were	taken	off	pasture	(after	6-h	grazing)	and	whenever	any	steer	was	relieved	after	an	acute	bloat.
‡	Rumen	fluid	pH	were	recorded	from	all	steers	on	the	two	treatments	during	the	last	4	d	of	each	grazing	period	and	in	30	bloated	and	30	non-bloated	steers.

Table	7.	Mean	forage	dry	matter	(DM)	yield	(kg	ha–1),	DM	used	by	steers,	and	percent	time	spent	by	these	animals	on	alfalfa	and	sainfoin	pure	strip	
pastures	in	2011	and	2012	in	the	forage	preference	study	at	Lethbridge,	AB,	Canada.

Parameter
2011 2012

Alfalfa Sainfoin SE P	value Alfalfa Sainfoin SE P	value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––		kg	ha–1 ––––––––––––––––––––––––––––––––––––––––––––––––––––––

DM	yield,	kg	ha–1 7554 9577 306 0.06 4994 3297 128 0.04
DM	used,	kg	ha–1 2492(57)† 1915(43) 79 0.04 2048(63) 1164(37) 84 0.03
Percent	time	spent	
grazing 58 42 3 0.04 55 45 2 0.04

Preference	rating‡ 1.0 0.8 0.2 <0.01 1.0 0.6 0.2 <0.01
†	Values	in	parenthesis	under	forage	dry	matter	(DM)	used	represent	the	percentage	of	alfalfa	and	sainfoin	used	of	total	DM	intake.
‡	Preference	rating	is	the	ratio	of	DM	used	by	steers	for	alfalfa	and	sainfoin.
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during the first period of grazing. The same steer had three out 
of the five multiple distensions on Nova/alfalfa plots during the 
second period of grazing. This steer was likely a chronic bloater 
(Cockrem et al., 1987) for some undefined physiological reason, 
although there is evidence that susceptibility to bloat may be heri-
table (Cockrem et al., 1983; Howarth et al., 1984).

About 30% (DM basis) sainfoin in the mixed sainfoin/alfalfa 
stand reduced bloat incidence up to 98%. This contrasts with 
observations of Wang et al. (2006) who recorded 77% bloat 
reduction in steers grazing an alfalfa/sainfoin mixed pasture 
with 35% sainfoin in the mixture. The reduced control of bloat 
in Wang et al. (2006) may have been due to preference of steers 
for either alfalfa or sainfoin as the two crops were seeded in 
monoculture strips. In the present study, forages were seeded 
in alternate rows so that steers had access to both forages in 
close proximity. This may have contributed to the steers grazing 
adequate quantity of sainfoin needed to reduce bloat incidence. 
Higher preference for alfalfa (55–80% time spent) observed 
in this study also may explain why higher bloat incidence were 
observed by Wang et al. (2006). The reduction in bloat incidence 
in LRC-3519/alfalfa vs. Nova/alfalfa plots (Table 6) may indicate 
that the higher proportion of sainfoin and consequently higher 
amount of condensed tannin in the diet was able to bind to the 
soluble protein of alfalfa in the rumen in a manner that pre-
vented bloat (Waghorn and Jones, 1989; McMahon et al., 1999).

In this study, the earliest incident of acute bloat occurred 
in Nova/alfalfa plots 38 min after steers were released into the 
pasture. The early onset of bloat may be due to the rapid release 
of plant cell contents in the rumen (McArthur and Milti-
more, 1969). Reid et al. (1962) indicated that about 65% of the 

soluble protein in the feed can be released during mastication 
hence the possibility that formation of stable foam could occur 
quickly in the rumen. About 80% of bloat cases were recorded 
within the first 3 h after steers were released into pastures in 
the morning (Table 4). After 3 h, both the incidence and sever-
ity of bloat decreased. This was similar to observations made by 
Hall and Majak (2000). All steers that experienced acute bloat 
(bloat score of 3) and were relieved, bloated again (multiple 
distension) the same day. About 90% of the steers experiencing 
acute bloat received a bloat score of 1 or 2 (sub-acute) while 10% were 
assigned an acute bloat score of 3 by end of the 6-h grazing period.

The limited bloat incidences that occurred in cattle on 
LRC-3519/alfalfa plots were scored sub-acute during the 6-h 
observation period. On the other hand, 16% of all the bloat 
incidences recorded in cattle that grazed Nova/alfalfa plots 
progressed to acute level during that period. This suggests that 
the new sainfoin population LRC-3519 that persisted better 
in alfalfa mixtures and produced a higher (~30%) proportion 
of DM compared to Nova (5–7%), also prevented 90 to 98% of 
bloat incidences in steers grazing in 2010 and 2011, respectively.

The pH of rumen fluid in this study (Table 6) was similar to 
those recorded by McArthur and Miltimore (1969) in cattle 
grazing alfalfa and ladino clover. These researchers recorded 
pH before grazing and at a 6-h interval, and observed a decline 
in rumen pH over time with those that bloated exhibiting a 
slightly lower pH as compared to those that did not. These 
values fall within the range of normal rumen pH values mea-
sured in cattle consuming forage, indicating that acidosis does 
not play a role in pasture bloat. Rumen pH is often lower with 
feedlot bloat (Berg et al., 2000) and higher when grasses are fed 
as compared to legumes (McArthur and Miltimore, 1969).

Reduction in the ammonia nitrogen concentration in the 
rumen of steers grazing LRC-3519/alfalfa than those grazing 
Nova/alfalfa plots may be due to higher amounts of condensed 
tannins as the greater proportion of sainfoin (about five times 
more) in the LRC-3519/alfalfa pastures may have inhibited 
proteolytic bacteria or resulted in an increase in the forma-
tion of CT-protein complexes. It may also suggest that amino 
acids from sainfoin protein were less available for deamination 
or for direct incorporation into microbial cells (McMahon et 
al., 1999). This implies more plant protein will escape rumen 
degradability by rumen microorganisms and will be made 
available in small intestines for utilization by the host.

Plant preference varies between animal species and even 
individual animals (Ivins, 1952). Some forage species are used 
well by cattle if they are provided as a sole choice but are dis-
criminated against or even rejected if offered in combination 
with other forages (Vallentine, 2001). Preference of ruminants 
for forages has been defined as their degree of utilization 
(Chavez, 2011) and time spent grazing (Veira et al., 2010); 
increased utilization and greater time spent grazing meant 
increased preference for the forage. The time spent grazing 
and amount of forage used in this study indicate that alfalfa 
was preferred to sainfoin. The preference rating of 1.0:0.8 or 
1.0:0.6 for alfalfa and sainfoin in this study is similar to results 
reported by Gesshe and Walton (1981). In their study they 
compared the preferences of six grasses and three legumes and 
found that alfalfa was preferable to sainfoin over a range of 
growth stages. At the vegetative, flowering, and seed set stages, 

Fig.	3.	Mean	percent	time	spent	grazing	alfalfa	and	sainfoin	(±	SE)	by	
steers	in	(a)	2011	and	(b)	2012	at	Lethbridge,	AB,	Canada.
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relative preferences were 1.5:0.5, 1.5:0.7, and 1.3:0.8 for alfalfa 
and sainfoin, respectively. The steers observed in this study 
preferred to graze alfalfa first when released into the pasture, 
followed by sainfoin. They spent 55 to  80% of the total graz-
ing time on alfalfa during the first 2 d of grazing but from the 
third day onward, time spent grazing sainfoin increased from 
an average of 20 to 45%. Although the relative palatability of 
these two species was different, both forages would have been 
readily used by cattle if they were the sole feed source for cattle 
(Marten et al., 1987). It is possible that steers that bloated 
during grazing of LRC-3519/alfalfa pasture did not use suf-
ficient sainfoin in the first 2 d of grazing to enable the associated 
condensed tannins to prevent bloat.

The diurnal effect (Fisher et al., 2002) of cattle preference 
for these forages was not considered in this study. The grazing 
time chosen for this study was morning hours when the risk 
of bloat was the highest. There is anecdotal information of low 
bloat incidence if cattle are released to pastures in the afternoon. 
Therefore, it is possible that the preference for the crops may have 
been different if cattle had been released into pastures at a differ-
ent time of the day. In the future, a study should be undertaken 
with the time of day as a variable to examine its impact on forage 
preference. The higher preference for alfalfa also indicates that 
the mixed stands will produce rapid gain in grazing cattle while 
presence of sainfoin will reduce the risk of pasture bloat.

conclusion
This multi-year study was initiated to determine if a new 

sainfoin populations developed for its ability to survive under 
a multi-cut system with alfalfa can be used in alfalfa pastures 
to prevent bloat under a rotational grazing system. Yield 
from pastures decreased over time for mixed alfalfa/sainfoin 
pastures for both new and old sainfoin populations. But, yield 
performance of the mixed alfalfa stand with new sainfoin 
population was significantly higher than Nova sainfoin in 
second and third year stands. The proportion of new sainfoin 
in the mixed stand remained >20% higher than proportion of 
Nova, although in the beginning both had similar proportions. 
Bloat incidence and severity of bloat in alfalfa mixed stands 
with new sainfoin (LRC-3519) was much less (~95%) than for 
cultivar Nova when observations were made on these stands 
providing unequal proportions of sainfoin. Since the nutri-
tional value including the CT levels were not different between 
the two sainfoin populations, higher proportion of DM from 
new sainfoin in the mixed stand during grazing (two cycles per 
year) probably was instrumental in the significant reduction 
in bloat. This study suggests that the new sainfoin population, 
capable of providing 25 to 30% biomass for 3 yr, can be used to 
reduce the risk of bloat in cattle grazing alfalfa pastures even though 
steers appeared to prefer alfalfa to sainfoin.
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