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GROWTH CURVE AND NUTRITIVE VALUE OF FORAGE SORGHUM IN THE TROPICS

E A Pizarrols 4, R R veral: 4y L C Liseu3

field trial located in the region of the "cerrados” of Brazil was carried out to study the
growth curve and nutritive value of forage sorghum under tropical conditions. Three cur-
rently recommended sorghum cultivars (Sart, BR601.and Santa Eliza) were studied in two consec
utive years. The first cut was made when the crop reached 80-9%0 ecm high; subsequent cuttings
wvere made at intervals of 14 days, well into the dry_ieason. Pecak yields were cbtained at
120-150 days of age, and varied from 17-20 ton PM.ha ~ .~ Stems represented 50% or more of the
crop while the contribution of leaves varied between 10 and 25%. The majority ¢f leaves
dried out as the crop matured and represented only 15-20% of totsl yield at silage harvert.
The contribution of panicles at ensiling time varied between 10 and 25%; The overage ratio
of grainirachis was 2:1 in BR601,Crude protein{CP)in whole plant was similar in all wvarieties
decreasing cxponeatially from about 4% at 40-50 days of age and stabilizing in 3-3Z. At
engiling time (115-130 days) protein in the stalks represeated only 2-3% of DM, while that of
leaves was three times higher. Panicles contsined a constant proportion of CP, at about 10%.
The digestibility of the crop decreased linearly with time at a rate of 0.13%/day fdx cv.Sart
and BR601, while that of Santa Eliza remained constant throughout the  oxperimental  period
(mean of 52.48% + 0.50). 1t concluded that sorghum has high potential growth and relatively
high nutritive value under tropical conditicas, although its protein content can be & Limfdng!
factor.
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Sorghum herbage yields vary within very on limits, from 9 tc 20 ¢t
DM/ha in the wet-dry tropics of Brazil (Anon., 1981), depending on the
variety, soil moisture regime, fertilizers used, the stage of growth at
which the plants are harvested and some other less important factors.
Although good yields can be expected in farm practice, forage quality is
low (Paiva et al 1978).

In the wet and dry tropics an important alternative is the use of
deferred forages and other crops {(Vera et al 1981; Pizarro, 1980} and
since comparable results for forage sorghum were not available, the
present study was carried .out in order to estimate the growth curve of
sorghum, yield components, nutritive value and digestibility.

Materials and Methods

Three currently recommended sorghum cultivars (Sorghum bicofor (L.)
Moench.) (Sart, Santa Eliza and BR60l) were studied in two consecutive
years, in the same soil and with similar management. Planting date was
in the first week of November of each year, at a rate of 18-20 seeds per
meter, in lines spaced at 70 c¢m, which resulted in a final population of
222300 plants.ha~l., The soil was a red-yellow latosol, characteristic
of the "Cerrados" of Brazil (EPAMIG, Faz. Exp. "Santa Rita", 19028's
and 44915'W), and was fertilized with 200 kg.ha‘1 of 4-14-8; in the
second year, an additional 40 kg N were applied 50 days after sowing. A
complete description of the area and local climate is given by Liseu
(1981).

7 EPAMIG. Sete Lagoas, M.G., Brasil.
!'uﬂb,amhaﬂwuzmuz,lLG” Bras.il.
3 tatituto de Zooteenia, UFRI, RJ, Brasil.
"Plch_oit addness:  CIAT, Cati, Cofombia.
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For determination of the growth curve, the first cut was made when
the crop reached 80~90 cm high; subsequent cuttings were made at
intervals of 14 days, well into the dry season. Dry matter yields were
determined in five randomly chosen sites within the crop (2 ha); ten
linear meters were cut in each place, weighed, chopped and sampled for
dry matter (DM) determination at 1059C. In each site, six plants were
harvested for separation of plant parts (green and dry leaf blades, stems
plus sheaths, and panicles respectively); their contribution was
expressed on a DM basis. Samples were analysed for crude protein (CP),
soluble carbohydrates (CHO) by the Munson and Walker (1906) method for
¢v. Sart and Santa Eliza and by the techniques of Clegg (1956) and MacRae
et al (1974) modified by Vera (1979) for cv. BR60L and in vitro dry
matter digestibility (IVDMD) by the Tilley and Terry method (1963).

A comparison of in vitro and in vivo digestibility for the standing
crop was made with cv. Sart. The latter was a continuous digestibility
trial with six wethers, beginning at 50 days of age, and until 180 days
old. The same cultivar was ensiled at 103 days (28.5%Z DM), in a 24 ton
subterranean silo and its in vivo digestibility determined with six
wethers after 9.5 months of storage. Also, to estimate the drop in
quality due to ensiling, cv. Santa Eliza was ensiled at 176 days of age
(30.48% DM) in a 24 ton subterranean silo and its in vivo digestibility
estimated as for cv. Sart after 17 months of storage.

Results

DM yields are presented in Figure 1. Ppeak yields were obtained at
120-150 days of age, and varied from 17-20 ton DM/ha. These were
followed by a linear decrease of 0.33%/day in cv. BR601, 0.45%/day in cv.
Santa Eliza, and 0.53%/day in cv. Sart. Peak yields (Figure 1) did not
coincide with 30% DM (Figure 3¢) in the whole plant, a criterion
generally adopted for ensiling.

Stems represented 50% or more of the crop (Figure 2a), while the
contribution of leaves varied between 10 and 25 % throughout most of the
growing period. The majority of leaves dried out as the crop matured
(Table 1) and represented only 15-20% of total yield at silage harvest
(Figure 2b). The contribution of panicles at ensiling time wvaried
between 10 and 25%, depending on the variety, and thereafter there was a
steady decline in yield of heads (Figure 2¢). The average ratio of
grain: rachis was 2:1 in cv. BR601.

CP in the whole plant (Figure 3b) was similar in all varieties,
decreasing exponentially from about 14% at 40-50 days of age and
stabilizing in 3-5%., A similar tendency was shown by CP in stems.(Figure
4a). At ensiling time (115-130 days) protein in the stalks represented
only 2-3% of DM, while that of leaves was three times higher (Figure
4b).  Panicles contained a constant proportion of CP, at about 10%
(Figure 4c).

The digestibility of the crop decreased linearly with time {(Figure
3a), at a rate of 0.13%/day for cv. Sart and BR601, while that of Santa
Eliza remained constant throughout the experimental period (mean of
22.48% = 0.50).
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Figure 1:
Sorghum yield
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Differences in composition between green and dry leaves were only
studied in cv. BR60I (Table 1 and 2). The results showed that although
green leaves were high in N and IVDMD, their contribution to DM yield
decreased very rapidly with age, followed by a slower increase in dry
leaves. CP of the latter remained constant up to the end of the
experiment . '

At all ages studied, the IVDMD of stems was very similar to that of
green leaves (Table 2, cv. BR601), and higher than that of green + dry
leaves. As shown in Table 2, the digestibility of grain is much higher
than that of rachis. At similar ages, the content of soluble CHO was
similar in cv. Sart and BR601 and much higher than that of Santa Eliza

(Table 3).
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Figuhe 2:
Vield componcnis
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To check the in vitro results, a comparison with in vivo dig -

bility was made with cv. Sart.

Agreement between both technique.

good (Figure 5) except in the latter part of the season, which roinc. . -

w th physiological maturity of the grain.
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Fercentage and crude protein content of green and dry Leaves in cv. BREOT.

: Ape, days
€3 78 93 1038 123 1318 153 168 202 238 274

Creen leaves: .

Coutribution to yield, & 57 a8 T4 19 11 7 1 1 - -

Crude protein conteac, ¥ 17.4 4.0 12,3 12.2 11,2 9.8 - - - -
Dry leaves:

Contribution to yield, X - - 4 5 11 11 i2 i4 17

Crude protein content, % - - 4.6 5.5 5.2 4.2 4.1 .9
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Table 2
Pexcentage TVOMD ir soaghum plant components.

IVDHKD, 2

Age . days
: 176 187 200
Santa Eliza:
Leaf - 44,59 44.79  40.96
Stems + gheaths. 53.84 51.60 54.86
Panicles . 53,25 61.97 60.60
Age, days
89 103 115 137 145 158
Sart:
Leaf 54.02 49.05 42,61 43.05 40.44 32,80
Stems + sheatha 62.35 61.22 55.68 60.30 60.90 55.06
Panicles 64,30 71,38 70.72 72.23 77.62 72.98
Age, days
63 78 53 108 123 138 153 168 202 238
BR601:
Leaf, green 67.23 64.B3 66.95 66.38 £3.39 63.51 59.46 56.05 56.69  60.36
Leaf, dry - 44.78  49.13 0 50.27  43.13 33,44 31.01

Stems + gheaths 67.98 60,29 59,40 64.72 64.63 64.32 60.93 53.14 41,25 38.63
Rachis - - - - - - 33.89 39.36 34.34 29.65
Panicles - - 54,52 63.36 71.99 70.92 60.94 58.85 37.26 35.45
Crain - - - : - 72.64 717,13 77.30 -

The in vivo DM digestibility of sorghum cv. Sart ensiled at 103 days
of age was 55.28%, which compares with an in vivo digestibility of 56.9%
for the standing crop at the same age. On other hand, the standing crop
of cv. BSanta Eliza at 176 days of age had an inp vitro digestibility of

51.5%2, while the ensiled crop had, after 17 months of storage, an in vi-
vo digestibility of 47.10%,

Discussion

»

Sorghum DM yields were generally very high, and comparable to that of
other crops used for conservation. Pizarro and Vera (1980) reported a
range of yields for tropical maize of 10-18 tons DM.ha~l depending on
the year considered. Regional trials have indicated a slightly higher
yield of sorghum than of maize (Anon., 1981). The other major crop for
ensilage in tropical regions is elephant grass which showed a DM yield of
12-15 tons DM.ha-l over an equivalent growth period (Andrade and
Gomide, 1972).

In the wet and dry tropics an important economic alternative use of
sorghum and maize is the deferred use of the crop for the dry season.
Previous experiments with maize have. shown that losses in quality of the
deferred standing crop are minimal during the dry season (Pizarro, 1980).
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Since comparable results were not available, the study of the growth
curve of sorghum was continued up to 280 days-of age. This showed that
there was a steady loss in yield (Figure 1), no apparent loss of CP
(Figure 3b) and a slight decrease in grain content (Figure 2c). The
latter was due mainly to bird attack. The occasional regrowth regulting
from scattered showers occurring during the dry season did not result in
an improved N content of IVDMD, despite the maintenance of a Iési DM
content (Figure 3c) and slight increase in leaf percent (Figute 2b) in
all cultivars. Still another alternative use is grazing the sorghum
stover after grain harvesting. 1In this case, the major plant part left
in the field is the stems (Figure 2a) whose quality in.-terms of CP
(Figire 4a) and INMDMD (Table 2) is fairly stable.

Figure 3:
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The possible existence of differences in quality between stems of
different cultivars (Table 2 and Hanna et al 1977) is an important
consideration and deserves further research, since they make a ma jor
contribution to yield (Figure 2a).

Contrary to what happens with maize (Pizarro and Vera, 1980) or
elephant grass (Andrade and Gomide, 1972), sorghum can be ensiled over
extended periods of time since its DM content remains stable at around
30% for many weeks (Figure 3c). Nevertheless this will be generally
accomplished at the expense of nutritive value (Figure 3a and b). The
quality of the crop at 30% DM is similar or slightly higher than that of
tropical maize {(Pizarro and Vera, 1980). The wvariability in IVDMD
between cultivars at ensiling time was about 15 units, several times
higher than that observed between varieties of maize (Vera and Pizarro,
1981). The daily rate of decrease in IVDMD varied significantly between
cultivars, except in cv. Santa Eliza in which digestibility remained
constant, an observation also reported by Fernandes (1978) for a range of
ages from 112 to 217 days. This constancy in digestibility is consistent
#ith that observed in terms of soluble carbohydrates (Table 3), which are
also lower in c¢v. Santa Eliza relative to the two other sorghums under
study, Still another possible explanation for the differences in IVDMD
between cultivars is the observed disparity in the nutritive value of
panicles (Table 2). It is clear that panicle quality is related to the
ratic of grain: rachis, as the former has a much larger IVDMD (Table 2)
and CP content (12% wvs 7%) than that of rachis. As the season
progressed, loss of grain by bird attack reduced panicle digestibility,
which approached that of the rachis.

Table 3:
Percentage soluble carbohydrates in songhum,
: Age, days
45 59 75 89 103 115 137 145 ‘158
Sart 20,65 27.72 26.!5 34.53 39.51 40,52 36.77 35.06 34.07
Age, days
45 59 74 88 102 114

Santa Eliza 18.72 27.88 25.70 23.63 24.10 25.76

Age, daye
63 78 93 108 123 138 153 168 202 238

BREOL 14.64 23.11  30.30 29.67 39.64 40.91 29.86 24.56 11.52 7.79
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Such variability between cultivars was not observed in terms of CP
(Figure 3b). Nitrogen content of the crop was slightly lower than that
of tropical maize at a similar DM content (Miller and Blair-Rains, 1963;
Thomas, 1979;.Pizarro and Vera, 1980) and higher than in elephant-grass
(Andrade arnd Gomide, 1972; Silveira et al 1976).

In temperate sorghum and maize, leaf blades make an important
contribution to DM yield (Schmid et al 1976; Fribourg et al 1976;
Thomson and Rogers, 1968; Perry and Compton, 1977; Bunting, 1976) but not
so under tropical conditions (Table 1). Nevertheless, differences in CP .
(Table 1) and IVDMD (Table 2) between green and dry leaves are large. A
similar tendency has been found for leaves of tropical maize (Pizarro,
Marques and Vera, unpublished}.

A significant difference between in vitro and in vivo digestibility
of the mature plant of c¢v. Sart was observed (Figure 5). 1In these three
stages of growth, DM percent of grain was 80% or highet indicating
physiological maturity. It is possible that the fine grinding of the
sample unduly increased IVDMD (Tilley and Terry, 1963) since it has been

shown that processing of the sorghum grain significantly increases in vi-
vo digestibility (Armstrong, 1972).

Figure 4:
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The fall Tn digestibility (2.86% after 285 days' storage) was very
small for cv. Sart and higher (8.56% after 503 days) for Samta E11§a:.
Results from a comparative trial with maiz? silage wunder .s1m1lar
conditioMs showed a decrease of 6% in maize silage, compared with the
standing crop ﬂ.(Pizarro and Vera, 1980).

\
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