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1. After a preliminary period of 2 weeks indoor feeding on hay, two groups of wethers
grazed either a timothy pasture or a ryegrass-dominant pasture for 12 weeks. The timothy was
particularly low in sodium and chlorine.

2. Within a week of turning out, saliva sodium fell and potassium increased in the timothy
group, and by the end of the experiment, the sodium:potassium ratio was 1-9: 1. The changes
in saliva were not reflected in blood composition. The rate of live-weight gain was similar in
both groups of sheep.

3. The results confirm those of a previous indoor experiment and show that timothy
supplies insufficient sodium to maintain the normal saliva composition of sheep.

Work at the Welsh Plant Breeding Station has shown that some grasses are charac-
teristically low in sodium, particularly low levels occurring in timothy. In a previous
experiment (Jones, Miles & Sinclair, 1967) feeding a low-sodium timothy hay to
housed sheep caused a marked fall in the sodium content of the saliva and an increase
in potassium content. The experimental conditions did not permit a meaningful de-
termination of weight gain, but at the end of the 6-week feeding period there were no
obvious effects on the well-being of the sheep. As, however, a prolonged period of
grazing a low-sodium pasture is more relevant to current farming practice a further
trial was designed to compare the effects on weight gain, blood and saliva composition
in sheep grazing swards of timothy and ryegrass. The opportunity was also taken to
examine the immediate changes in blood and saliva composition at the time of the
removal of housed sheep to pasture.

MATERIALS AND METHODS

Twenty yearling Clun wethers with an average weight of 34 kg were taken indoors
and fed on hay for a period of 2 weeks. On 26 April 1966 the wethers were divided
at random into two groups of ten, one group being placed on ryegrass pasture and the
other on a S48 timothy pasture. The sheep were weighed weekly before turning out
to grass and subsequently twice weekly until the experiment terminated on 20 July.
Samples of jugular blood and mixed saliva were obtained at 0g-30 h on the same day
each week and determinations made of sodium and potassium in saliva, sodium,
potassium, magnesium and calcium in plasma, and inorganic phosphorus and packed
cell volume in whole blood. The sampling and analytical techniques have previously
been described by Jones et al. (1967).
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The experiment was conducted on two 3-acre paddocks. The timothy paddock was
a ley established the previous year which had been treated in early March with 1-5 cwt/
acre of compound fertilizer containing 15% N, 15% P05, 21%, K;O. The ryegrass
paddock was a perennial ryegrass-dominant permanent pasture which had not been
fertilized. When the sheep were first introduced to the paddocks there was a good
growth on both swards, but after 3 months of continuous grazing it was apparent that
the amount of food available was becoming limiting. The pastures were sampled at
intervals of approximately 1 month, and the chemical composition together with that
of the hay offered before turning out is shown in Table 1. Analysis of the mains water
which was available ad lib. showed it to contain 18 mg sodium/l. Analysis of variance
was carried out for each sampling date and least significant differences between group
means, or mean values with standard errors are shown in the Tables.

RESULTS
Pasture

Table 1 shows that the in vitro digestible organic matter of the timothy tended to
be higher than that of the ryegrass, but both decreased as the experiment progressed.
With the exception of the first samples, there was little difference in the nitrogen

Table 1. Digestible organic matter content and chemical composition of hay
and pasture sampled at different times (%, in herbage dry matter)

20, iv. 66 26. v. 66 28. vi. 66 20. vil. 66
Hay  Ryegrass Timothy Ryegrass Timothy Ryegrass Timothy Ryegrass Timothy

DOM* 53 72 76 67 69 63 69 61 62
N 1°55 423 322 2°14 207 250 246 236 2'45
Na 0'39 0’13 o'14 o'17 008 o018 o008 o016 004
K 2°2§ 383 265 370 2'90 3'35 345 335 315
Ca o6z 048 025 o058 0°29 048 033 049 0'43
Mg o018 o'15 o014 o 17 010 015 o011 oI5 o'I1
P o019 050 037 042 033 033 031 039 032
Cl 129 097 o530 165 o068 1°33 072 122 072

¥ Digestible organic matter determined in vitro.

content, but timothy contained appreciably less calcium, magnesium, phosphorus
and chlorine at all sampling dates and less potassium in the ecarlier samples. In the
sample taken on 20 April, almost a week before the sheep were turned out, there was
no significant difference in the sodium content of the ryegrass and timothy. By the
time of the next sample, however, the sodium content of the timothy had fallen to
0089, and it remained at or below this figure until the end of the experiment. On the
other hand, the sodium content of the ryegrass tended to rise, from o-149%, to 0:189,.
In a recent report of the Agricultural Research Council (1965) the nutrient require-
ments of sheep gaining weight at various rates were stated and it is apparent that,
with normal intakes of herbage, the timothy pasture would provide inadequate
amounts of calcium and sodium. By the same standards, the ryegrass pasture would
be considered adequate. The hay given during the preliminary period was also ade-

ssa.ld Assanun sbpuquied Ag suluo paysiiqnd /200896 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19680077

Vol. 22 Sheep grazing timothy and ryegrass swards 663

quate in most respects, although low in phosphorus and appreciably lower in digestible
organic matter and nitrogen than the pastures.

Saliva

Table 2 shows that within 1 week of turning the sheep on to the timothy pasture
the sodium content of saliva fell and that of potassium increased, giving a fall in the
sodium:potassium ratio from 19-4:1 to 6:8:1. These trends continued to the end

Table 2. Mean sodium and potassium concentration (m-equiv.|l.) in saliva of sheep
during indoor feeding and during grazing on timothy or ryegrass pasture

(Each figure represents the mean value for ten sheep)

Weeks
indoor feeding Weeks at pasture
{_H r A ~
Group 1 2 1 2 3 4 5 6 7 8 9 10

Na Timothy 1736 151°5 1574 129'5 1264 1167 1037 1170 1097 1047 766 973

Ryegrass 167'3 1504 169:6 1435 1524 1600 1519 1480 1389 1389 1139 1261
Least significant difference

(P = 0035) 153 95 190 130 60 179 168 212 146 163 136 221

(P =oor1) 2100 130 261 178 83 246 229 290 205 =224 187 303

K Timothy 127 78 114 191 259 438 3506 433 411 526 628 509

Ryegrass 138 8o 89 78 94 100 122 11§ 117 172 203 207
Least significant difference

(P =o005) 63 o7 40 54 61 11-8 9-8 82 105 136 119 172

(P =o01) 87 10 55 74 83 162 134 113 144 187 163 236

of the experiment, when the sodium: potassium ratio was 1-9: 1. The salivary sodium
and potassium contents of the sheep grazing the ryegrass pasture remained within
normal limits until the last month of the experiment, when a marked fall in sodium
occurred, accompanied by a rise in potassium. The latter change may have been
associated with a shortage of available food. At all sampling dates during grazing,
except the first, there was a significant between-group difference in saliva sodium and
potassium contents.
Blood

The mean values of the constituents determined in plasma and blood during the
period of housing and grazing are shown in Table 3. There was little change in the
levels when the sheep were turned out, except for a transient fall in the inorganic
phosphorus content of blood. Analysis of variance of the results obtained during the
period of grazing showed no significant difference between the groups or between the
individual sheep in any of the constituents examined. On the other hand, the differences
between the sampling dates were significant (P < o-oo1) for sodium, potassium,
magnesium, inorganic phosphorus and packed cell volume. The mean values for these
constituents showed no consistent trend over the grazing period except for a rise in
the packed cell volume. The significant differences noted were therefore attributable
to minor fluctuations between individual sampling dates.
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Live weight

Despite the changes observed in the saliva composition there appeared to be no
adverse effect on the well-being of the sheep and there were no significant between-
group differences in live-weight gain. Table 4 shows the mean weights of each group
when housed and after a grazing period of 4, 8 and 12 weeks. The results in the table
are the means of two successive weighings in 1 week. There was no initial loss of
weight during the first few days at pasture and both groups gained weight rapidly for
the 1st month; thereafter there was little further increase in weight.

Table 3. Composition of blood and plasma of sheep during indoor feeding
and during grazing on timothy or ryegrass pasture

Grazing
~ A Al
Indoors* Timothy group Ryegrass group
Blood
Packed cell volume (%) 2720+ 040 29°40+ 0'45 2890+ 039
Inorganic P (mg/1oo ml) 519+ o012 454+ 011 481+ 009
Plasma
Na (m-equiv./L.) 14830+ 1°17 144-8o+ 057 146-10+ 043
K (m-equiv./l.) 5-85 +0'09 531 +0'05 538+ 005
Mg (mg/100 ml) 2041003 2'33£0'03 228+ o0z
Ca (mg/100 ml) 8-11+009 850+ 006 853+ 003

* Mean and standard error of forty determinations (twenty sheep at two sampling dates).
1+ Mean and standard error of 100 determinations (ten sheep at ten sampling dates).

Table 4. Live weight (kg) of sheep during indoor feeding and during
grazing on timothy or ryegrass pasture

(Mean values and their standard errors for twenty determinations: ten sheep at two weighing dates)
Weeks at pasture

Is A N

Group Indoors 4 8 iz
Timothy 336+ 087 442t 0'8¢g 457 X091 466 £0-87
Ryegrass 35'4+ 098 45-0t 1°07 463+ 093 460+ 1700

DISCUSSION

The most significant result of this experiment was the difference between the saliva
composition of sheep grazing a timothy ley and that of sheep grazing a perennial
ryegrass-dominant pasture. The outstanding difference in chemical composition of
the two herbages was in respect of sodium and chlorine contents. The sodium content
of the timothy varied from 0-049%, to 0-08%, for most of the experimental period of
12 weeks, and chlorine varied from 0-509, to 0729%,. At the end of the experiment
the mean saliva sodium level of the timothy group had fallen to 97:3 m-equiv./l., and
the potassium level had increased to 50-9 m-equiv./l., giving a sodium:potassium
ratio of 1-9: 1. Bott, Denton, Goding & Sabine (1964) quote the normal cation content
of ruminant parotid saliva as 160-175 m-equiv. sodium/l., and 4-6 m-equiv. potas-
sium/l., with a ratio of 25—40:1. The changes in the saliva composition observed in
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the present experiment are similar to those found in a previous study with housed
sheep (Jones et al. 1967) when supplementation with sodium was required to prevent
the fall in saliva sodium concentration. The results of these experiments, taken together,
indicate that timothy given indoors as hay, or grazed, provides an inadequate amount
of sodium to prevent changes in the saliva composition. Factors other than sodium
intake, however, may influence saliva composition; Dobson, Scott & Bruce (1966), for
example, found that a change in diet was accompanied by a rise in saliva potassium
content although the intake of sodium was increased.

In a review of the biological aspects of salivary secretion in ruminants, Blair-West,
Bott, Boyd, Coghlan, Denton, Goding, Weller, Wintour & Wright (1965) have em-
phasized the role of aldosterone hypersecretion in sodium deficiency and have con-
sidered in some detail the mechanism involved. Denton, Goding & Wright (19594, b)
have pointed out that, under some conditions, the ratio of sodium to potassium in
saliva can give an index of aldosterone secretion and can provide a measure of sodium
depletion in the sheep. Dobson, Scott & McDonald (1966) found no correlation be-
tween the concentration of sodium and potassium in saliva and blood, a finding sup-
ported by the results of the present experiment. It appears therefore that changes in
saliva may be more meaningful than those in blood as an indicator of sodium deficiency
in the sheep.

There is evidence that sodium supplementation of a low-sodium diet can lead to
increased animal productivity. Thus McClymont, Wynne, Briggs & Franklin (1957)
found that sodium supplementation of a high-grain ration containing o-01-0-069,
sodium improved the live-weight gain of fattening sheep, although in earlier work,
Briggs, Franklin & McClymont (1957) obtained no response in mature dry ewes.
More recently, Kemp & Geurink (1966) have reported an increase in the milk yield
of cows given a sodium supplement after a period of 5 months on a low-sodium diet.
Devlin & Roberts (1963) estimated the sodium requirement of wether lambs weighing
between 30 and 40 kg to be 1-01 g/day, and a similar figure is quoted in the recent
report of the Agricultural Research Council (1965). With a dry-matter intake of 1 kg/
day this would represent approximately o-19, sodium in the diet. Our results show
that the o-04—0'08%, sodium in the timothy pasture was insufficient to prevent
marked changes in the saliva composition. Nevertheless, the sheep were able to make
weight gains similar to those of sheep grazing a pasture of adequate sodium content.
It appears that the ruminant is able to conserve sodium efficiently and the requirement
reflects the demands for growth and lactation.

Dobson, Scott & McDonald (1966) noted a slight fall in plasma magnesium and an
increase in saliva potassium in sheep grazing a heavily fertilized pasture of low sodium
content, but concluded that sodium deficiency was of minor significance in hypo-
magnesaemia. In the present experiment there was no significant change in the level
of plasma magnesium in the sheep grazing the timothy pasture although the dietary
level of both sodium and magnesium fell when the sheep were turned out. Similarly,
although the level of calcium in the timothy pasture was low, there was no effect on
plasma calcium.

The change in diet which accompanies the turning out of farm animals to pasture
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in the spring is often regarded as a predisposing factor in the occurrence of metabolic
disorders. In the present experiment, a change of diet was not reflected in the levels
of the blood constituents examined except for a transient fall in inorganic phosphorus.
Turning out, however, had a pronounced effect on the saliva composition of the
timothy group while no change was noted in the ryegrass group. This finding empha-
sizes the importance of taking account of the inherent differences in chemical com-
position of grass species and varieties, an aspect often overlooked in the interpretation
of the results of grazing experiments.
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