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Abstract

Eight sheep of average live weight of 22, 3kg were used in a completely randomized
block design to study the effect of levels (0, 2, 4, 6 %) of molasses with urea
treated straw (4 %) on dry matter intake (DMI), digestible crude protein (DCP),
digestible dry matter intake (DDMI), digestible acid detergent fiber (DADF),
rumen pH, rumen total volatile fatty acid (T~ VFA), rumen ammonia (NH;-N),
blood urea nitrogen and nitrogen balance, Each of the four levels of supplementation
were tested with 4 sheep, Daily DMI was calculated by recording the amount fed and
the refusals, Rumen fluid was taken through a stomach tube and blood samples from
jugular vein, Dry matter intake was increased by addition of molasses up to 4 %

(from 534 to 638 g /d). Dry matter digestibility (DMD), organic matter digestibility

(DOM), DCP and DADF were not affected significantly by the levels of molasses.
Rumen pH showed a decreasing trend with increasing molasses levels, No significant
change in the rumen NH, -~ N was noted. The rumen T — VFA content increased by
about 2 mmol,/dl with 4 % molasses level compared to 3, 9mmol,/dl at no molasses
addition, Hence, the molasses addition above 4 % increased the readily available
energy. Blood urea nitrogen didn’t vary and were found to be far below the fatal
values reported, Hence, 4 % urea can safely be used to treat rice straw and be fed to
sheep. Molasses addition at4 and 6 % increased both the intake and faecal nitrogen,
Retention of nitrogen increased up to 4 % molasses level and dropped at 6 % level,
Hence, in view of the retention of nitrogen, 4 % molasses level is believed to be benefi-
cial. It is concluded that addition of 2 % molasses is not suffcient to cause a beneficial

change in any of the measured parameters. 4 % level cause considerable benefit,
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Introduction

A large portion of the world crop-by products
are not used efficiently, Experiments are carried
out to use rice straw, the major crop-by products
in Asia, as a base feed for ruminants,

However, the low digestibility, low TDN and
CP and the imbalance of minerals are identified
to be the major constraints in the use of rice
straw as a feed for ruminants, Physical, chem-
ical, physicochemical or biological treatment are
being adapted to enhance the feeding values of
rice straw,

Urea-ammonia treatment of rice straw has been
widely recognized as an effective mean to over-
come the major deficiencies in the rice straw as
a ruminant feed in tropical countries!®  Urea-
ammonia treatment of rice straw while giving
physical effects, such as the degradation of the
fibrous components, also provide non-protein
nitrogen (NPN) to the ruminal microbes which
in turn provides protein to the ruminants in the
form of undegraded microbial proteins!®  The
water soluble carbohydrate content which is criti-
cally low in treated rice straw, reduces efficiency
of organic matter digestion in the rumen!- 3- 12 14

Supplementation of ingredients (such as rice
bran) with high soluble carbohydrates has been
demonstrated to increase the efficiency of the
utilization of both untreated and treated rice
straw in the rumen,

The objective of this study was to investigate
the effect of levels of molasses as a source of
soluble carbohydrate utilization of urea treated

rice straw fed to sheep,
Materials and Methods

Place and Perid : This experiment was carried
out at the University of Peradeniya, Peradeniya,
Sri Lanka from October 24, 1990 to January 10,
1991,

Animal : Eight crossbred (Dorset Horn x

Bikenary) sheep with an average body weight of

22. 3kg were used at test animals,

Feed : Rice straw was used for this experiment,
The rice straw was sun-dried for two days and
stacked loosely.

Urea treatment : Standard method of urea
treatment as recommended in Sri Lanka was
used, Chopped straw (approx, 10cm) was thor-
oughly mixed with 4% (w.v) of urea in water
at 1 : 1 ratio of straw : water (w./v). Treated
straw was packed under air - tight condition in
polyethylene bags and stored for 7 days before
use!®  Treatment was done until the 7th day
before the end of the experiment,

0, 2, 4 and 6

9% molasses (DM basis) was added to the straw

Molasses supplementation :

just before feeding, Molasses, water solution
was sprayed onto the straw using a hand sprayer,
and mixed thoroughly, Feeding was done twice
daily at 8 : 00 a. m. and 4 : 00 p. m. Feed was
removed after 2 hr in both feedings.

Feeding : This experiment consists of 10-day
adaptation period, followed by a 7-day prelimi-
nary period and 10 - day total collection period.
Animals were grouped according to their body
weight, Randomized complete block design was
used with 4 replications,

Data : Daily DMI was taken by recording daily
feed offered and refusals, Rumen fluid was taken
through a stomach tube for the analysis of rumen
VFA, rumen NH; =N and pH. Blood samples
were taken from the jugular vein and analysed
for blood urea nitrogen, During the total collec-
tion period, DMD, OMD and nitrogen balance
was calculated.

Laboratory analysis : Feed and faecal samples
collected daily were analysed for OM (draft
oven), CP? and ADF!?  Urea was analysed for
nitrogen? . Rumen fluid samples were analysed
for pH (electrometrically), NHy;—-N'® and T
~VFA!®  Blood plasma was used to determine
blood urea nitrogen®

Statistical analysis : All data were statistically

analysed by analysis of variance® and means
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were separated by Duncan’s multiple range test®
Results and Discussion

Table | . shows the DMI of the treatment groups,
Except for the 2 % molasses diet, which showed a
slight but non-significant decrease, all other
levels of molasses supplementation increased the
DMI, Kunju (1986)'" reported a 103% increase
in the DMI of straw in sheep by supplementation
with urea-molasses lick block, However, on
differences were observed in the DMI between 4
% and 6 % molasses groups. Hence, additions
of molasses increase the intake, But this effect
could be seen only up to 4 % level, The absence
of an effect on intake at 6 % molasses over 4 %
indicates addition of molasses at 4 % levels would
be ideal to cause an increase in intake, Such dif-

ference in DMI in g /d were not significant when

the refusals were converted into intake per kg
body weight or intake per kg metabolic body
weight, The values of DMI per kg body weight
per day in this study is consistent with the report-
ed range or intake for treated straw, However,
on reported data are available to compare the
absence of a change in DMI per kg body weight
per day with various levels of molasses. Though
not significant, the 2 % molasses caused a de-
crease in intake, This effect may partly be attri-
buted to randomization of animals among treat-
ment groups, The same animals in period [ have
fallen into the same group in period [I. Such
longer period of eating the same diet by these
animals was not the case with the other animals,
[t may also be interpreted as a negative effect of
molasses at as little as 2 % level, or intake or

palatability,

Table 1. Intake of Urea Treated Straw.

Level of Molasses in the Diet (% DM basis) Lev{el
o
0 9 1 6 Significance
DM Intake
G/d 5344 486 638¢ 635°¢ 1%
G/kg BW/d 24.4 21.6 29:2 27.1 N S
G/kg BWo 73/d 52.5 47.1 56.4 39.6 NS

Means with dissimilar superscripts are significantly different.

Results of the chemical analysis of the diet is

shown in Table 2,

Table 2. Chemical Composition of Urea Treated Straw

Level of Molasses in the Diet

Component (% DM basis)

’ 0 2 4 6
DM 46.9 48.8 48.6 51.1
oM 89.4 89.7 89.8 89.1
Cp 8.5 9.5 9.0 8.4
ADF 60.0 38.5 57.8 57.0

Cellulose 49.6 49.7 47.5 46.4

The digestibility of various molasses supple-
mented treatment groups are listed in Table 3,
No significant changes in the DMD was observed
in this trial between the molasses levels, However,
the digestibility values are consistent with most
reported datat ™ '™ In this trial, at 4 % molas-
ses level the digestibility of treated straw (4 %)
is 45% while in a trial of Djajanegara (1986)7,
a value of 49% was observed with 1, 5% urea treat-
ed straw, 42 g molasses and 33 g minerals, Higher
values of DMD in Djajanegara’s trial might have
been caused by the addition of minerals, In an-
other trial with cattle, Schieve et al, (1987) ',

— 13—
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Table 3. Digestibility of Different Fraction of Urea Treated Straw

S Level of Molasses in the Diet (% DM basis) Leovfe[
0 9 4 6 Significance

Digestibility (%)
DM 4.2 43.0 45.2 45.5 NS
oM 52.9 52.3 53.0 53.1 NS
CP 47.3 50.0 49.1 47.1 NS
ADF 49.1 45.5 47.9 48.5 NS
Cellulose 49.5 46.4 47.5 48.6 NS

found no increase in the DMD on treated straw
with supplementation of urea-molasses lick block,
(+17.4%) by
an addition of 400 g wet molasses was observed
by Elliott (1986)%

A significant increase in DMD%

No significant difference

were caused by any of the molasses levels in the
digestibility of any of the chemical components
of the feed, Thus, the effect of addition of mo-
lasses up to 6 % levels is mostly increasing the

intake and not changing the digestibility,

Table 4. Rumen Parameter and Blood Urea Nitrogen of Sheep Fed Urea Treated Straw.

Level of Molasses in the Diet (% DM basis) Level
Component of
0 9 4 6 Significance
Rumen pH 7.8° 7.8° 7. 7% 758 5%
Rumen NH,;-N (mg / df) 12.6 17.0 13.1 18.1 NS
Rumen T-VFA  ( mmol/ d¢) 3.9¢ 4.0¢ 5.0° 5:6¢ 1%
Blood Urea Nitrogen (mg/ df) 0.284 0.089 0.048 0.001 NS

Means with dissimilar superscripts are significantly different.

The rumen parameters like pH, rumen NH,—N
and rumen T—VFA, and the blood urea nitrogen
are listed in Table 4, The average rumen pH of
all the diet was 7, 7. This pH value is surprisingly
high. However, the high NH; —N in the rumen
could be attributed to this, As the pH could vary
with time after feeding and the rate of change
varies with type of feed? '’ it is difficult to
draw a conclusion from the difference in pH,
However, the pH slightly decreased when the level
of molasses is increased 7.5 at 6 % molasses vs

7.8 at 2 % molasses, However, no significant

changes in the rumen pH is seen up to the level
of 4 % molasses addition, The rumen NH; — N
contents appear to be higher than normal report-
ed values!'? . This might be responsible for the
higher values of rumen pH in this study, Kunju

(1986)'" demonstrated an increase in the rumen
NH; —N after feeding, when compared to before
feeding (195 vs 112 mg/ £) of rice strawand urea
-molasses lick block, As Kunju in the same study
reported greater changes in the NH;-N contents
throughout the hours of a day, with a single
sample of rumen fluid taken after 4 hrafter feed-
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ing, the NHj; — N values in this study are close
to those of Kunju's post feeding values, The
rumen T—VFA showed an increasing trend with
increase in molasses level, Kunju (1986)'" dem-
onstrated an increase in the rumen VFA was
concentrated by urea-molasses lick block, But
significance in this increase is observed above 4
9% molasses levels, This indicates an increase 1n
readily available energy in the rumen with the
addition of molasses, However, the soluble car-
bohydrate in the molasses was not found to help
to increase the cellulose digestion as expected.
No significant difference in the level of blood
urea nitrogen was found. This suggests that
addition of molasses up to 6 % did not cause any
changes in the transfer of urea in the diet into
microbial protein in the rumen, However, the
decreasing trend in the blood urea nitrogen, with
increasing levels of molasses gives an encouraging
indication that some influence is there in the
transfer of urea nitrogen of the diet into microbial
protein , The blood urea nitrogen levels in this
study are far below the fatal levels reported!'®

Results of the nitrogen balance analysis is listed

in Table 5. Molasses addition at 4 and 6 %
increased the intake and faecal excretion of ni-
trogen, However, significant increase in the
excretion of urinary nitrogen occured only at 6
% molasses level,

Retention of nitrogen tended to incerease at up
to 4 % molasses level and significantly dropped
at 6 % level, This trend was also observed in
nitrogen retention expressed as percent of intake
and percent of absorbed. Addition of molasses
at and above 4 % level increased both the nitrogen
intake and excretion, Regarding the retention of
nitrogen, 4 % molasses showed a very beneficial
effect and above 4 % this effect was not found.
In all the diets 1n this study, a positive nitrogen
balance was observed. The reduction in the re-
tained nitrogen is brought about by an increase
in both faecal and urinary nitrogen losses, How-
ever, Gupta (1986)° observed a negative nitrogen
balance with 5 % molasses and straw impregnat-
ed with 1% urea, In the same study of Gupta, a
positive nitrogen balance was observed when

molasses level was raised to 10%,

Table 5. Nitrogen Balance of the Sheep Fed Urea Treated Straw.

— Level of Molasses in the Diet (% DM basis) Lz\;el
0 4 6 Significance
Intake (g/d) 7.2% 9.2¢° 8.9 1%
Excretion (g/d)
Faecal 3.8¢ 3.7¢ 4.7° 4.7° 1%
Urinary 1.1% 1.0¢° 0.8° 1.4¢ 1%
Total 4.9¢ 4.6° 5.4° 6.1¢ 1%
Retention
G/d 2.4° 2792 3.8¢ 2.9 3%
Percent of intake 31.7¢ 36.72%¢ 40.4¢ 32.0¢° 5%
Percent of absorbed 66.5¢ 73:28%@ 82.0¢ 68.0¢° 5%

Means with dissimilar superscripts are significantly different.



346 Vasaaki NAKANISHI -Nimal PERERA «Meiji OKAMOTO «Norihito YOSHIDA

Conclusion

[t can be concluded that addition of molasses
at 2 % level is not sufficient to cause a beneficial
effect in the efficiency of use of urea-ammonia
treated rice straw, At 6 % level very little increase
in this efficiency was found. Hence, 4 % level of
molasses would be an appropriate addition to
cause a considerable benefit in the efficiency of
urea-ammonia treated rice straw in sheep, It is
also suspected that the effect of supplementation
may vary between species and production levels
of the animals, Positive effects of supplementation
has been mostly reported with high producing
animals, as production is confounded to intake

and digestibility.
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Fig. 9A-D. Development of the nitrate content in different plant organs. A Atriplex high N set; B Amaranthus high N set; C Atriplex
low N set; D Amaranthus low N set. o laminae, o midribs + petioles (+ branches of the shoot axis, in the case of Atriplex), m branches
of the shoot axis (in the case of Amaranthus), x shoot axis, a roots, + reproductive organs, 1 fertilization of the high N sets

whereas Amaranthus exhibited higher mean nitrate values
in the roots.

Nitrate reductase activity

At the first and second samplings the young plants of
Atriplex and Amaranthus evidenced high NRA values
(Atriplex 11.5-15.7 ymol NOj /g dry wtxh, Amaranthus
19.0-21.1 pmol NO; /g dry wt x h), and the enzyme activi-
ties of the low N plants even exceeded those of the high
N plants in some cases (Fig. 10). During this period the
NRA of Amaranthus was on an average 28% higher than
that of Atriplex. From the second to the third harvest a
considerable decrease in NRA in both species was observed,
and the NRA of high N and low N plants began to differ
significantly (Fig. 10). During the following growth period
the NRA per total plant showed continual slight decrease.
At the end of the experiment minimal values of 0.7 pmol

NO; /g dry wtx h for both species were determined. The
continually decreasing enzyme activity was negatively lin-
early correlated with the development of the dry weight
in all series (Table 3). A significant correlation between
NRA and the corresponding nitrate content of the plants,
however, was only evident in the low N sets of both species
(Table 3).

In both species the dominant proportion of the nitrate
reduction took place in the leaves (Fig. 11). At the onset
of flowering the reproductive organs — especially those of
Atriplex — also exhibited considerable NRA. On the other
hand, nitrate reduction in roots only played a minor role
in all series, especially in plants of advanced age. The NRA
of the shoot axis decreased drastically during plant growth
and lignification. According to Pate’s classification (1980),
both species examined belong to the group of plants which
reduce nitrate chiefly in the leaves. in young plants Atriplex
had less NRA than Amaranthus in the laminae, but with
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Fig. 10A, B. Development of the NRA in the total plants. A Atrip-
lex; B Amaranthus. e high N set, o low N set, * P<0.05, ** P<
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Table 3. Linear correlations between dry weight and NRA and
nitrate content and NRA with Atriplex hortensis and Amaranthus
retroflexus of various ages

Correlated ~ Series r Slope y- df P<
parameters inter-
cept
Dry weight/ Atriplex
NRA High Nset —0.9368 —0.339 1198 4 0.01
Low Nset —0.9431 —0.968 1533 4 0.01
Amaranthus
High Nset —0.9964 —0.331 19.80 3 0.001
Low Nset —0.9938 —1.209 2045 3 0.001
Nitrate Atriplex
content/ High N set 0.5144 0.010 279 4 ns.
NRA Low Nset  0.9991 0.038  0.96 4 0.001
Amaranthus
High N set  0.6465 0.028 216 3 ns.
Low Nset  0.9455 0.057 1.50 3 0.05
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advancing age high N and low N Atriplex plants were able
to maintain higher NRA in this important organ (Fig. 11).
The late fertilization of Amaranthus resulted in only a slight
increase of NRA in the laminae.

Transpiration

With the exception of the early morning (6°° and 8°° h)
and the late evening hours (22°° h), substantially lower
transpiration values were determined for the youngest fully
developed leaves of the C, plant Amaranthus than for those
of the C; plant Atriplex during the course of a day (Fig. 12).
When the measurement at 22°° h is disregarded, no signifi-
cant differences between the high N and the low N set
of Amaranthus were observed. On the other hand the tran-
spiration of the low N Atriplex was clearly and in most
cases significantly higher than that of the corresponding
high N plants. This result was verified in several repetitions
(not illustrated).

The above results are confirmed by 6'3C data obtained
from the high N and low N plants of both species. The
average 6'3C values of the leaves in the high N and the
low N set of the C, plant Amaranthus were exactly identical
(—12.97%,; high N set s: 0.16; low N set s: 0.19). With
Atriplex a C; plant-typical increased '*C discrimination
was observed, i.e. more negative 6'3C values, and further-
more a significant difference between the high N set (6'3C =
—28.01%,; s: 0.33) and the low N set (6!3C= —28.95%,;
s: 0.40) of the C; plant was evident. The more negative
6'3C value of the low N Atriplex indicates a more intense
transpiration (i.e. reduced stomatal diffusion resistance and
thus increased internal CO, concentrations) of the C; plant
under low N conditions integrated over the growing season.

As indicated in Fig. 13, Atriplex leaves of various ages
also usually reflected the distinct transpiration patterns of
high N and low N plants. In both sets increasing transpira-
tion values were observed to progress from the oldest
(storey 1) up to the youngest fully developed leaves (storey
6). Not fully developed leaves (storeys 7 and 7 and 8, respec-
tively), however, showed reduced transpiration rates.
Whereas the mean radiation level available to the upper-
most leaf storeys of the high N and low N plants was equal,
the average radiation reaching the lower storeys decreased
more pronouncedly with the high N plants, due to the
denser leaf cover resulting intensified self-shading (Fig. 13).
For the same reason the transpiration gradient from storey
to storey was steeper with the high N plants than with
the low N plants.

Discussion

As previously observed in competition experiments with
the monocotylous C; plants Hordeum vulgare and Avena
sativa and the C, plants Panicum miliaceun and P. crus-
galli (Gebauer et al. 1987), the dicotylous C; plant Arriplex
hortensis was also better able tolerate low N nutrition levels
than was the C, plant Amaranthus retroflexus under our
experimental conditions. This superiority of the C; plant
in pure culture was enhanced under the competitive strain
of mixed culture. During no phase of the plant growth
period were any pronounced differences found respective
of the organic N or the total N content in corresponding
sets of the two species. The roots of the C, plant Amaran-
thus even tended to possess higher total N contents, a phe-
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nomenon also observed by Oztiirk et al. (1981). A depen-
dence of the organic N content in plants on the nitrogen
nutrition status and decreasing organic N concentrations
during advancing plant age, as documented for Atriplex
and Amaranthus in the present study, have also been de-
scribed respectively of other species in similar orders of
magnitude (Medina 1970; Janiesch 1973; Mooney et al.
1981; Rehder 1982; Field and Mooney 1983). Both the
better tolerance of the C; plant of nitrogen starvation and
the nearly identical organic N contents of the two species
contradict the hypothesis of Brown (1978), according to
which C, plants should have lower organic N contents and
a competitive advantage under low N conditions due to
their lesser investment in RuBP carboxylase. Thus once
more the hitherto unresolved question arises as to the rea-
son for the discrepancy between Brown’s (1978) theoretical
considerations and the results of our previous studies (cf.
Gebauer et al. 1987). Schmitt and Edwards (1981) and Su-
giyama et al. (1984) have forwarded the opinion that the
comparatively low investment in the enzyme RuBP carbox-
ylase of C, plants (10-35% of the soluble protein fraction
in C, plants, but up to 50% in C, plants: Bjérkman et al.
1976; Ku et al. 1979; Sugiyama et al. 1984) might be com-
pensated for by the characteristic investment of C, plants
in the enzyme PEP carboxylase, which accounts for up to

15% of the soluble protein in these species (Hague and
Sims 1980). Thus under comparable conditions and consid-
eration of a species-specific degree of fluctuation, C; and
C, plants might contain protein or nitrogen contents of
the same order of magnitude. This argument might explain
the nearly identical contents of organic N and total N ob-
served in the case of Atriplex and Amaranthus, but not
the competitive advantage of the C; plant under low N
conditions.

The nitrate content and NRA of A4triplex and Amaran-
thus were comparable in magnitude to those described for
other nitrophilous species (Austenfeld 1972; Janiesch 1973;
Lee and Stewart 1978; Rehder 1982; Melzer et al. 1984).
As could be shown here, however, the two species could
be distinguished with respect to their nitrate distribution
inasmuch as Amaranthus evidenced higher nitrate concen-
trations in the roots and Atriplex in the laminae. In addi-
tion, under conditions of marked nitrate starvation Atriplex
— but not Amaranthus — was able to stabilize the nitrate
content in the laminae at a low, but constant level. For
this reason the C; plant maintained a higher activity of
the substrate inducible enzyme nitrate reductase in the la-
minae under low N conditions. The better nitrate supply
and the resulting higher NRA of Atriplex leaves under low
N conditions may be related to the higher transpiration
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rates typical of C; plants (cf. review by Osmond et al. 1982)
and as a consequence to an elevated xylem transport of
nitrate from the source (i.e. the soil or the roots) to the
sink (i.e. the leaves). The comparatively higher transpiration
rate of the low N plants — only detected in the case of
Atriplex — appears to represent a further adaptation to min-
eral starvation, with which the C; plant Atriplex is better
equipped to deal than the C, plant Amaranthus, at least
under conditions of sufficient water supply. A similar adap-
tation of the transpiration rate to the level of nitrogen sup-
ply has also been described by Schulze and Ehleringer
(1984) for xylem-tapping mistletoes on nitrogen-fixing trees
(with a high N content in the xylem sap) and non-nitrogen-
fixing trees (with an essentially lower N content in the xylem
sap). The lower transpiration rate of C, plants, regarded
as a competitive advantage under low water conditions (Oz-
tiirk et al. 1981), is revealed to be detrimental to C, plants
competing with C; plants under low N conditions when
sufficient water is available. Further competition experi-
ments incorporating C; and C, plants would be of great
interest with respect to elucidation of the question as to
which combination of the two factors N nutrition and water
supply turns disadvantages into competitive advantages and
vice versa. The comparatively low transpiration rate of C,
plants also may lie at the root of the results of Christie
and Detling (1982) and Edwards et al. (1985) to the effect
that C; plants are indeed superior to C, plants under low
N conditions and low temperatures, but are less competitive
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at high temperatures (see introduction). As transpiration
responds to — among other things — temperature (cf. Os-
mond et al. 1982), the possibility cannot be excluded that
only at comparatively high temperatures can C, plants at-
tain transpiration rates sufficient to guarantee an optimum
nitrate supply of the leaves, especially under low N condi-
tions.

The shift of the shoot/root ratio in favour of the root
proportion observed with Atriplex as well as with Amaran-
thus under low N conditions is interpreted by Davidson
(1969) to represent an adaptation of the plants to mineral
nutrient starvation. In our experiments the root length
showed greater changes than did the root dry weight. This
result indicates the tendency of low N plants to root the
soil more intensively, and it may be that they partially coun-
teracted the effects of nitrogen starvation by means of a
greater root surface (cf. Robinson and Rorison 1983). The
tendency to develop longer roots under low N conditions
was more pronounced with Atriplex than with Amaranthus.
Possibly this result is related to the different transpiration
rates of the high N and the low N Atriplex plants. Further
investigations are required, however, in order to thoroughly
answer this question.
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