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ABSTRACT

Nutritive value and yield of kenaf, sesbania and okra, 
(nonconventional forages) were estimated over six harvest 
dates and compared with data from forage sorghum, sorghum X 
sundagrass. and sudangrass (conventional forages). The for
ages were harvested at 15 day intervals beginning 3 0 days 
post-planting.

Nonconventional forages had higher (P<.05) crude pro
tein content than conventional forages at all harvest dates.

In vitro dry matter disappearance (3VDMD) of kenaf was 
higher (P<,-05) than the conventional forages at 3 0 and 45 
days, but by 9 0 days it was lower. The IVDMD of sesbania was 
lower (P<.05) than any other forage from 45 to 105 days and 
okra was similar to or higher than the other forages at all 
harvest dates.

Dry matter yields increased (P<,05) with time for all 
forages with kenaf and okra consistently producing the lowest 
•yields. The lower dry matter yields of kenaf and okra re
sulted in similar or lower nutrient yields per unit of land' 
while sesbania. was similar to or higher in nutrient yield 
than the conventional forages,



INTRODUCTION

There is a need for short season or annual plant types 
with flexibility in crop rotations and high nutritive value 
for livestock. In the irrigated Southwest a crop that could 
follow the small grain season, be productive over the hot sum
mer months, and be harvested prior to the next small grain 
planting season would meet this need. Such a crop would in
crease the tonnage for roughage available for livestock feed
ing without reducing acreage available for grain production,
It would also decrease dependence of livestock producers on 
crops that compete directly with small grains for available 
land and would increase productivity per unit of land.

Because of their rapid growth, rates in high environ
mental temperatures, kenaf, sesbania, and okra are potential 
crops to meet these conditions.

Kenaf (Hibiscus Cannabinus L .), a crop traditionally 
grown to maturity as a source of fiber for the manufacture of 
cloth, twine, and other similar products has also shown 
promise as an annual pulp crop for production of paper in the 
United States (Killinger. 1967 ). Interest in kenaf as a feed 
for livestock was generated when it was noted that leafy 
residues remaining after harvest of mature stems for paper 
pulp contained up to 30% crude protein (Killinger 1969).
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Preliminary studies.at The University of Arizona have es
tablished that kenaf can be successfully grown in the Yuma 
area following harvest of winter wheat and that the forage 
produced has definite potential as a feedstuff for ruminants 
(Swingle et a l . 197 8 and Urias et al, 1978).

Sesbania is a tall, fast growing annual legume belong
ing to the genus Sesbania of the natural order Leguminoseae. 
It is mainly utilized as a green manure crop, but has also 
shown potential as a source of industrial gums, fiber, and 
pulp for paper production. Hussain et al. (1965) reported
that the species Sesbania Aculeata has been used at early 
stages of maturity as a forage crop for cattle in Pakistan.

Okra (Hibiscus Esculentus) is an annual plant of the
cotton family. It is utilized as a domestic food source, the 
pods being produced and eaten in an immature stage.

There is currently little information on the nutritive 
value and yield potential of these plant types grown as short 
season forage crops. Information is especially needed on the 
relationship between stage of maturity and nutritive value 
on the relative usefulness of these crops in comparison with 
conventional annual forages.

Therefore, in this study nutritive value and yield 
of kenaf, sesbania and okra were estimated oyer six harvest 
dates and compared with data, from three conventional forages -
produced under the same conditions.



LITERATURE REVIEW

, K’e'n'af
Introduction

Kenaf .(.Hibiscus Cannabinus L.) is a plant native to 
India and Africa which for centuries has been an important 
fiber crop throughout the world. It was domesticated for 
this purpose by, the negroes of western Sudan around 4000 B.C. 
Wild forms of kenaf grow throughout west Africa and it is 
used for a number of purposes ranging from a fiber and vege
table source to medicinal uses. (Wilson and Menzel 1§64 and 
Killinger 1967).

The bast fiber, which accounts for about 25% of the 
plant weight, is stripped, retted, decorticated, and made 
into yarn, cloth, twine, rope, rugs and other products 
(Killinger 1967 and Whitely 1971b).

Kenaf was recognized as a possible source of pulp for 
paper production in 1957. The bast fibers from the stalk are 
long and short, woody fibers make up the thick inner cores. 
Both of these types are suitable for making pulp (Whitely 
1971b). Therefore, much interest has been shown in the 
United States in the use of kenaf as an annual pulp crop for 
the production of paper (Nieschlag et al. 196 0 and Miller 
1965).

' 3
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Interest in kenaf as a possible feedstuff for animals 

developed when it was noted that leafy residues remaining 
after processing of pulp for paper contained up to 3 0% crude 
protein and were low in fiber (Killinger 1969 and Knowles 
et a .1. 197 4). The leafy residues have potential as feed and 
the whole plant could possibly be utilized as a silage crop, 
(Wing 1967 and Killinger 1969). Limited animal studies have 
confirmed the potential of kenaf as a feed for livestock . 
Wing 19 6 7, Suriyajantratong et al. 1973, Swingle et al. 1978 
and Urias et al. 1978).

Nutritive Value
Nutrient composition of kenaf varies depending on 

whether analysis is on leaves and tops or on whole plants. 
Stage of maturity of the plant also markedly affects n u t r i - , 
tive value. Results indicate that kenaf leaves contain ap
proximately 2 5-3 0% crude protein, 2-3% ether extract, 8-11% 
crude fiber, 5-10% ash and 5 0-55% nitrogen free extract 
(Cahilly 1967, Killinger 1969 and Suriyajantratong 1973). 
Kenaf stems contain approximately 10% crude protein and 35% 
crude fiber and subsequently lower the nutritive value of 
the whole plant.

A study by Knowles et a,l, (19 74) showed that kenaf 
tops removed prior to harvest of mature stems for pulp con
tained 4 0% leaves, 14% crude protein and 2 5% crude fiber, 
Kenaf plants harvested as sun-cured, baled hay after 130
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days’ growth averaged 10% crude' protein, 5 5% neutral deter
gent fiber, 43.7% acid detergent fiber, 11% ash, 2.9% ether 
extract and 33% nitrogen free extract (Swingle et a l . 1978).

Killinger (1969) reported crude protein content of 
whole kenaf plants decreased from 23.6% to 12.6% as plant 
height increased from 6 to 8 feet. There was a rapid de
crease in leaf to stem ratio as kenaf plants increased in 
maturity which resulted in a decrease in nutritive value of 
the plant and an increase in dry matter yield. Four vari
eties of kenaf (Everglades 41, Everglades 71, Cuba 2032 and 
Guatemala 4) averaged 41% leaf after 55 days' growth, com
pared to 9% leaf after 210 days' growth. Leaves from these 
plants ranged from 24% to 29% crude protein at 55 days' 
growth and whole plants harvested as silage averaged 16 to 
17% crude protein. Everglades 41 had the highest crude pro
tein content (28.8%), and Cuba 2032 had the highest leaf 
percent (52.0%). This data Suggests that cert'ain varieties 
of kenaf may be more desirable than others as livestock 
feed.

Wing (.1971) evaluated whole kenaf plants as a possible 
silage crop in Florida, Kenaf was harvested at 100 days' 
growth and ensiled alone or with addition of 150 lb of shelled 
corn per ton of forage. After 60 days' ensilage period, the 
silage was fed to 1000 pound dairy heifers. The silages com
pared favorably with most presently used silage crops in



ensilability. Kenaf silage contained approximately 16% crude 
protein and was consumed at slightly lower amounts than the 
silage with added grain. Digestibilities for dry matter, 
energy and crude protein were 58, 61 and 5 9%, respectively 
for the kenaf silage and 64, 65 and 56%, respectively for the 
silage with grain added.

Killinger (.196 9) recommended that kenaf cut for silage 
should be at the 55 to 65 day growth stage since lower leaves 
are rapidly shed by the plant after this stage.

Suriyajantratong et a l . ( 197 3 ) compared dehydrated 
kenaf leaf meal with alfalfa meal as a protein supplement for 
sheep. Kenaf was included as 43.5% in a diet containing 
approximately 4 0% rice straw. The control diet contained 5 5% 
dehydrated alfalfa leaf meal. Because of the high protein 
content of the kenaf leaves, 10% corn cobs were added to the 
kenaf diet to make both diets.isonitrogenous. Wethers con
sumed the kenaf supplemented diet without difficulty, but a 
definite preference for the alfalfa supplemented diet was 
demonstrated. Digestibility coefficients for energy and all 
chemica.1 fractions of the diet except ether extract were 
significantly higher for the kenaf supplemented diet. Meta- , 
bolizable energy intake (.2088 kcal/day vs. 1970 kcal/day) 
and percent TDN in the diet (55% vs. 47%) were significantly 
higher in kenaf diets, although nitrogen retention was sig-. 
nificantly greater in the alfalfa supplemented diet (3.32 vs



2.05 g/day). The lower nitrogen retention in the kenaf diet 
was attributed to its higher soluble protein content (29.4% 
vs 23.7%),

Swingle et al, (1978) determined chemical composition 
and digestibility of kenaf forage harvested as sun-cured baled 
hay after 13 0 days' growth. Ground kenaf hay was compared 
with ground alfalfa hay in a digestion trial with pari-fed 
lambs. Kenaf had less crude protein (11.0% vs 17,5%), 
more NDF (52.0% vs 39.2%) , ADF (41.2% vs 28.4%), and other 
cell wall components than alfalfa. Daily feed intake averaged 
3% of body weight, and was limited by lambs consuming kenaf 
hay. Gross energy and all chemical fractions except ADF, 
crude protein, and ether extract were less digestible (P <.0 5) 
in the kenaf rations than the alfalfa rations. Digestible 
energy was 2 0 2 8 kcal/kg for kenaf compared with 2 7 2 7 kcal/kg 
for alfalfa (P < .05). Samples of kenaf forage were also taken 
at 6 5 and 8 0 days' growth to determine the effect of plant 
maturity on nutritive value. The 6 5 and 8 0 day samples had 
more crude protein (23 and 19% vs 11%), less NDF (29 and 3 5% 
vs 52%), and less ADF (24 and 29% vs 41%), respectively 
than hay harvested at 13 0 days. In vitro dry matter disap
pearance of the 65 and 80 day samples was 78 and 72%, respec
tively compared to 63% for an alfalfa hay standard. Signifi
cant differences in chemical composition and IVDMD between 
65 and 8 0 day samples were also observed. Limitations of 
kenaf noticed in this study were the coarseness of the kenaf



stalks (which made it necessary to fine grind the feed to 
eliminate sorting) and low nutrient density, voluntary intake 
and digestibility relative to alfalfa hay.

Urias et a l . (197 8) evaluated kenaf hay to determine - 
its acceptability and digestibility by steers. Kenaf hay 
from the crop evaluated in the previous lamb trial (Swingle 
et a l . 1977) was evaluated in two digestion trials with grow
ing steers. Kenaf was included as 100 , 50 or 0% of the • 
roughage in all roughage (Trial 1) or 60% roughage (Trial 2) 
diets, with the remainder of the roughage being alfalfa hay 
in each case. Kenaf hay was lower in crude protein (9 vs 
17%), and higher in NDF (59 vs 50%) and ADF (46 vs. 41%) and 
other cell wall components than the alfalfa hay. In Trial 1,
daily dry matter intake of kenaf hay was lower (66 vs 89 

7 5g/kg* ) than for alfalfa hay. Daily dry matter intake of
the kenaf alfalfa mixture was not significantly different
from either roughage fed alone. In Trial 2, daily dry matter

.75intake averaged 101 g/kg" and was not affected by soupce of 
roughage. Digestibilities of dry matter, organic matter, 
gross energy and crude protein were higher (P<,05) for alfalfa 
hay than kenaf hay in Trial 1, Digestible energy was higher 
(P <, 0 5) in the alfalfa hay than the kenaf hay (.2,49 mcal/kg 
vs 2.1 mcal/kg). In Trial 2, digestibilities followed the 
same pattern as in Trial 1 with the exception that crude pro
tein digestibility was higher (P<,05) in the kenaf diet



(probably due to the addition of urea to this diet), and 
cell wall component digestibilities were significantly higher 
in the alfalfa diets , For all parameters in both trials, 
values for diets containing the kenaf alfalfa mixtures were 
intermediate to those for the kenaf and alfalfa diets alone.

Urias et al. (197 8) concluded that hay of the maturity 
evaluated could be a useful ingredient in livestock rations 
when a high level of performance is not required. Kenaf 
harvested at earlier stages' of maturity might be useful over 
a wider range of performance levels.

Agronomic Aspects and Yield
The extensive research which has been conducted on 

the production of kenaf has dealt primarily with its culti
vation for fiber and pulp production. Fast growing, high 
yielding varieties of kenaf have been developed through ex
tensive breeding programs in Cuba and Florida during and 
after World War II (Wilson and Menzel 19 6 4).

Kenaf is highly susceptible to root knot nematodes 
and other associated root diseases (Meloidgyne Spp.). Most 
varieties of kenaf have not shown good genetic resistance to 
root know nematodes, but differences in the degree of resis
tance have been observed (Wilson and Menzel 1964, and Prine 
1972), Some species of the genera Hibiscus have shown a 
high degree of resistance, but attempts to transmit this
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resistance to kenaf have been unsuccessful (Wilson and Menzel 
1964 and Prine 1972).

Kenaf varieties vary in day length response from short- 
day varieties to day-length insensible varieties (Whitley 
1971a). However, a study dealing with eight varieties of 
kenaf showed no significant variety X planting date inter
action even though four of the varieties used were daylight 
insensitive (Whitely 1971b).

Time required for flowering and seed production also 
varies among varieties. Some Russian varieties flower, pro
duce seed and die within 100 days while other varieties have 
still not flowered after 210 days' growth (Killinger 1969).

Kenaf is usually planted in rows and cultivated in 
the same manner as corn (Wing 1967). Heavy duty choppers 
are required for harvesting of kenaf due to the thickness of 
the stalks. Row spacings of 18 to 36 inches are generally . 
recommended since these result in optimum yields and will 
fit most available mechanical harvesting equipment (Burmistcya, 
et a l . 1956 and Higgins et al, 197 0).

Yields of kenaf vary greatly depending on variety, 
growing conditions during the year, planting date, harvesting 
date and fertilization regime (Killinger 1967). Most of the 
research has dealt with yields of mature stems for use as a 
source of pulp for paper production.

Killinger (1969) studied stem yield of six varieties 
of kenaf planted in Florida on March 27 and April 5 in two



consecutive years. Dry weight of kenaf stems was determined 
at 210 days after planting when plants were 5-6 meters in ' 
height. The yield of oven dry stems, was 18 ,000 to 19,000 
kg/ha. Kenaf cut as silage after 55 days’ growth yielded 
25,000 kg/ha, but was only 15 to 17% dry matter. Everglades 
71 and Everglades 41 consistently had the highest yields, 
probably due to a later flowering date than the other varie
ties "studied.

In variety and fertilizer trials conducted in Florida 
since 1960, dry stem yields of 5000 to over 30,000 kg/ha were 
noted depending on variety, fertility, season and other 
factors (Killinger 1969).

Whitely (1971b) studied the effect of planting date 
.on yield of several varieties of kenaf planted semi-monthly 
from March to July in Texas. Average dry matter yields of 

' 4727 kg/ha to 12,999 kg/ha were obtained over a period of 
three years. In general, the earlier planting dates, (late 
March), within each year resulted in the highest yields. In 
two years of the study, length of growing season was deter
mined to be the limiting factor in kenaf production. In a 
third year it was determined that a long growing season is 
not required providing moisture and light are adequate in 
late summer and early fall. Irrigated plantings would be 
better at later planting dates when soil temperatures are 
more advantageous. Guatemala 41 and Guatemala 71 were the .
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highest yielding varieties. There were significant differ
ences in yields of some varieties from year to year. For 
example, Guatemala 4 5 yielded' 5927 kg/ha in 1968 and 13,335 
kg/ha in 19 6 9,

Whitely (1971a) also evaluated the effect of date of 
harvest on yield of several varieties of kenaf. Kenaf was 
planted on May 1 and harvested at five dates with yields in
creasing as harvest was delayed in all cases. Average 
yields ranged from 3400 kg/ha on July 6 to 11,600 kg/ha on 
November 1 in 1967 with similar ranges observed in 1968 and 
1969. Highest yields were obtained from late October har
vests in all three years and yields decreased after a killing 
frost in each year. Cuba and Guatemala varieties produced 
the highest yields in earlier harvests, but Everglades 71 
produced the highest yield in two out of three years of the 
study.

Higgins et a l , (197 0) studied the effects of four 
plant populations and five harvest dates on stem yield and 
other growth components of kenaf. Kenaf was planted at 
Glenndale, Maryland in early May and maximum dry matter yields 
were obtained from the October 4 harvest (13,500 kg/ha) in 
1966 and the November 7 harvest (11,700 kg/ha in 1967, Popu
lations of 99, 198, 2 97 and 3 95 thousand plants/ha had no 
effect on stem yield in either year. This was due to an in
crease in stem diameters and considerable branching in the 
lower populations. In the higher populations many plants
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were small and lodged badly, resulting in their loss during 
harvesting. Results of this study indicate that populations 
of 200 to 300 thousand plants per' hectare harvested at about 
the time of killing frost result in the highest stem yields 
of kenaf.

Forage Sorghum, Sorghum X Sudangras.s %• *. " 
ah d Sud an gr as s

Introduction !
Common sudangrass (Sorghum Sudanense) was introduced 

into the United States in 19 0 9. Selections and crosses have 
been made to improve yield, leafiness and disease resistance. 
With the development of male sterile lines of sorghum, crosses 
with sudangrass were made possible, and increased interest in 
the forages as feed for livestock was generated. These 
forages are generally utilized as pasture, greenchop, or 
silage to minimize harvesting and processing costs. Extensive 
research has been conducted on the influence of plant maturity 
on nutritive value and on the overall potential of the sor
ghums, sorghum X sudangrass crosses and sudangrasses as feed 
for livestock.

Nutritive Value and Yield
Circular 547, California Agricultural Experiment 

Station (.Sumner et al. 19 6 8 ) reports extensive information on 
nutritive value and yield, of sudangrass and sudangrass cul- 
tiyars (hybrid sudangrass and sorghum X sudangrass crosses).



As these cultivars increase in maturity, percent crude pro
tein and digestibility decrease and percent fiber and lignin 
increase with corresponding increases in yield and decreases 
in voluntary animal intake. Results of trials with sheep 
indicate that dry matter from sudangrass harvested up to the 
boot stage of development provide nearly twice the energy 
required for maintenance, while later harvested sudangrass 
provides energy at near maintenance levels. Application of 
4 0 to 5 0 pounds of nitrogen preplant and an equal amount 
after each pasturing or cutting will maximize dry matter and 
protein yield of the cultivars within the vegetative stages 
of growth. Data in this circular indicate that the sorghum 
X sudangrass crosses generally outyield the sudangrasses in 
the early harvests of the season. The sudangrass then tilled 
profusely and the crosses develop larger stems resulting in 
approximately equal yields between the two under frequent har
vest conditions. From a practical standpoint these results 
would indicate that when four or more cuttings are made per ' 
year, sorghum x sudangrass crosses are equal to the best 
sudangrass varieties, Cuttings of three times per year or 
less result in superiority of the crosses over sudangrass, 
When these cultivars are harvested at later stages of maturity, 
(.late boot, heading and flowering) , the hybrids and crosses 
greatly outyield the' common sudangrass (Sumner et al, 19 6 8 ) „ 

Ademosum et al, (.1968) determined the nutritive value 
of a sorghum-sudangrass hybrid at several stages of maturity.



The hybrid was planted May 20 in Madison, Wisconsin and plants 
were harvested every three days beginning 5 2 days after plant
ing and continuing through 8 5 days after planting (12 har
vests). Crude protein declined linearly from 20% to 10% at 
Harvest 10. Acid detergent fiber, cellulose, and other cell 
wall constituents increased slightly through Cut 9 and then 
increased sharply through Cut 12 . Results of a digestion 
trial with goats showed no decrease in digestibility of dry 
matter, energy, crude protein, acid detergent fiber, cell 
walls and cellulose through the first four cuttings. The 
forage contained approximately 71% digestible dry matter 
(DDM) through the first four cuttings and markedly declined 
from the fourth through the twelfth cuttings (67.7% to 55.8% 
DDM). The digestibility coefficients compared favorably 
with those for perennial forages, but because of low volun
tary intake of the sorghum-sudangrass, its nutritive value 
was limited.

Worker et a l . (1968) evaluated yield and chemical com
position of three types of forage (sudangrass, sorghum- 
sudangrass hybrid and sorgo) at four stages of maturity 
(pasture, boot, flowering and soft dough). The study was 
conducted over a 7 month growing season (March 15 to October 
15) for two years in El Centro, California, The three forage 
were approximately equal in chemical, composition at any har
vest stage. Percent ash, crude protein and fat decreased and 
nitrogen free extract and total sugar percentage increased as
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harvest was delayed. Percent crude fiber increased slightly 
through the flower stage and then decreased due to grain 
production. The high sugar content in sorgo resulted in a- 
steady increase in TDN over the four harvests, while TDM de
creased for the sudangrass and the hybrid over the same 
period. Dry matter production varied by forage type and har
vest. Greatest increases in yields resulted between the 
pasture (.5 2 to 61 days) and boot (64 days) stages. At the 
pasture stage, sudangrass and sorghum-sudangrass yielded 
equally (18 ,400 kg/ha), and sorgo yielded less (15 , 250 kg/ha) ,
Idue. to its lower tolerance to frequent clippings. The 
sorghum X sudangrass was higher yielding than the other two 
forages at the boot and flower stage with sudangrass becoming 
significantly inferior to the other at the flower and soft 
dough stage. Dry matter production varied considerably by 
forage type and stage of harvest indicating the use of sudan
grass as pasture or green chop, sorghum X sudangrass as 
pasture, green chop or silage, and sorgo as silage (Worker 
et al. 1978).

Reid et al. (.19 64) examined factors that influence 
nutritive value of sudangrass when fed to ruminant animals. 
Digestion trials were conducted, to study the effect of stage 
of growth and nitrogen fertilization on nutritive value of 
forage fed in the green form to sheep. Dry matter digesti
bility decreased from 7 9% to 63% over 12 harvests ranging



from the vegetative growth stage through the seed stage.
Different rates of nitrogen fertilizer had little effect
on dry matter digestibility. Protein digestibilities ranged
from 83% to 55%, declining with advancing maturity. Higher
levels of nitrogen fertilization, (300 vs 100 lbs), resulted
in significant increases in protein digestibilities
(85% through 39%, respectively). As the sudangrass increased

7 5in maturity, voluntary intake decreased (73.3 g/kg‘ ' to 
7 553.8 g/kg‘ ) and closely paralleled declines in dry matter

digestibility. Nutritive value index calculated as the 
product of intake and percent digestible dry matter indicated 
a great effect of stage of growth on feeding value. Sudan- ■ 
grass harvested at the vegetative and boot stage calculated 
to meet the energy requirements of sheep at approximately 
twice the maintenance level while forage harvested at later 
growth stages supplied the requirements at the maintenance 
level.

Burns et al. (1964) studied the effects of three summer
management systems on the yield and chemical composition of 
sudangrass and forage sorghum for late fall green feed utili
zation. The managements used were: (a) pasture (3 summer
cuts, plus 3 cuts after frost ranging from late October to 
late November); (b) ha,y (one summer cut with the sajne after 
frost cuts); (c) stockpiled (no summer cuts with the same 
after frost cuts). Pasture managed forage sorghum yielded



33 68 kg/ha, compared to 6040 kg/ha for sudangrass over the 
summer. After frost yields were extremely low for both 
forages, (approximately 561 kg/ha). Hay.managed forage 
sorghum yielded 6556 kg/ha in the summer, compared to 6511 
kg/ha in the after frost harvests, Sudangrass yielded 7 387 
kg/ha in the summer and 3368 kg/ha after frost under the hay 
management system. Under the stockpiled management system, 
seasonal yields were 17,490 kg/ha for forage sorghum and 
6 040 kg/ha for sudangrass. Percent crude protein in sudan
grass and forage sorghum after frost regrowth averaged 14.8% 
for the pasture management, 6.5% for the hay management, and 
4.4% for.the stockpiled management. These results were at
tributed to a more immature forage following a shorter re
growth period under the more frequent cutting system. For 
all management systems, forage sorghum was significantly 
higher in crude protein than sudangrass. Forage sorghum was 
lower in crude fiber than sudangrass for all cuttings and 
systems of management. Sudangrass increased from 2 5.5% to 
40.0% crude fiber as number of summer cuttings increased. 
Forage sorghum increased slightly from 23.8% to 27.5% under 
the pasture and hay managements, but decreased to 20.9% crud 
fiber under the stockpiled management. This reduction was 
probably due to grain development. Problems with high 
purssic acid content were noticed with forage sorghum under 
pasture and hay managements, while sudangrass was safe in 
this regard under all management systems.



Webster (1963) determined the yields and chemical 
composition of four forage sorghums harvested at weekly 
intervals from first bloom to maturity. Two fertile (seed 
producing) varieties, Rox and Atlas, and two male sterile 
(non-seed producing) hybrids, RS301F and RS303F were used 
with the sterile hybrids allowed to set seed by cross polli
nation in some cases. It was assumed that nutrients being 
spared from seed production in the sterile varieties would 
result in higher nutritive value of these plants. The 
average weekly accumulative yield increases in varieties ' 
which set seed were 27, 41, 59, 72, 76, 97, and 104%. 
Increases in yields of the sterile hybrids were 15 , 36 ,. 44 , 
48, 54, 62 and 77% with final yields being 10 to 15% less 
than for those varieties allowed to set seed. Protein con
tent decreased with advancing maturity with protein content 
in the sterile varieties being 1 to 2% higher than in the 
seed producing varieties. Protein contents ranged from 9.0 
to 8.3% in the fertile varieties and 10.0 to 8.8% in the 
sterile varieties. Refractometer readings indicated higher 
soluble sugar content in the sterile varieties. Although 
there was an increase in nutritive value in the sterile 
varieties, it was not great enough to offset the reduction 
in yield.

Beaty et al . (1965) studied the effect of varying, cut 
ting height and frequency of cutting on forage production of



sudangrass, millet and sorghum - sudangrass. The forages 
were harvested at 2, 3, 4 and 5 week intervals and at 1/3, 
1/2, 3/4 and 7/8 of existing height. Annual average yields 
of all forages were 9482, 2693 and 7239 kg dry forage per 
hectare, respectively for three years of the study. The 
low yields in the second year were due to low rainfall and 
intermediate yields in the third year were due to uneven 
rainfall. Millet and sudangrass were similar in average 
production (.7112 and 6908 kg/ha) , while sudangrass was sig
nificantly lower in yield averaging 5450 kg/ha per year over 
the three year period. Forage production increased as har
vest frequency was extended with the 5 week harvests pro
ducing 46% more forage than the 2 week harvests. Highest 
yields were obtained from removal of 3/4 of the plant height 
(.6954 kg/ha vs 5917 kg/ha for 1/3 removal). Removing 7/8 
of the existing plant slightly decreased yields, probably 
due to less area left for tiller production. The height x 
frequency interaction indicated that, in general, as clippin 
interval increases more plant material should be removed and 
vice versa. Data in this study indicate.that high quality 
grazing with high yields could be obtained by grazing 50% 
of the forage every 2 weeks. Silage harvests would be best 
by removal of 3/4 or 7/3 of the forage at 5 week intervals.

Peters (1964) evaluated sudangrass and sorghum - 
sudangrass hybrids for greenchop and pasture. Forage yield, 
plant height, percent dry matter, and prussic acid content



were determined on four sudangrass varieties and two sorghum 
sudangrass hybrids. The four sudangrass varieties ranged 
from 8Q42 to 5397 kg/ha in. total yields over five harvests, 
(July 9, July.29, August 18, September 10 and October 21).
The sorghum - sudangrass crosses ranged from 8588 to 6973 
kg/ha over the five harvests. The sorghum - sudangrass 
crosses were generally higher in prussic acid content than . 
sudangrass, but in this, study one of the hybrids, (DeKalb 
SX-11) was low enough to still be recommended for grazing 
purposes.

Another study at Nebraska (Peters 1964) evaluated two 
sudangrass varieties, one sudangrass hybrid, and seven 
sorghum - sudangrass crosses. The average yield of oven-dry 
forage increased 3143 kg/ha by decreasing the frequency of 
harvests from six to four in 12 inch row spacings. Yields of 
sudangrass and sorghum - sudangrass varieties ranged from 
10,329 kg/ha to 11,676 kg/ha. A management system utilizing 
4 0 inch row spacings and three green chop harvests resulted 
in lower yields for the sudangrass varieties than a 12 inch 
row spacing, four harvest system. The green chop system 
resulted in increased yields with the sorghum - sudangrass 
crosses over the four harvest system (14,595 kg/ha vs 
13,248 kg/ha, respectively),

Farhoomand et a l , (.1968) evaluated sudangrass and 
forage sorghum at different stages of maturity for chemical 
composition and percent leaves, stems and heads. The forages



were planted on June 3 and harvested under three management 
systems: (a) stockpiled (no summer cut); (b) hay (one summer 
cut); and (c) pasture (three summer cuts). Forage samples 
were taken at 15 day intervals during the summer for the 
pasture management and in August and early fall in the hay 
and stockpiled managements. Significant differences were 
noted in percent dry matter, crude protein and crude fiber, 
due to species, plant parts within species and maturity. In 
the hay and pasture management system, sudangrass developed 
more rapidly than forage sorghum, indicating its quick re
covery and regrowth following defoliation. Percent dry ,
matter increased in all forages with advancing maturity. In 
both forages, heads were highest in dry matter with leaves 
intermediate and stems lowest. Forage sorghum was higher 
in crude protein than sudangrass. The leaves of both forages 
were highest in crude protein content with heads intermediate 
and stems lowest. Forage sorghum leaves were considerably 
higher in crude protein than sudangrass leaves under the hay 
and stockpiled management systems, The total decrease in 
crude protein with advancing maturity was much greater in the 
forage sorghum than in the sudangrass in the pasture, manage
ment. The opposite result was noticed under the hay manage
ment , again indicating rapid recovery of sudangrass after 
defoliation. Sudangrass wa,s higher in crude fiber than forage, 
sorghum with the opposite trend occurring in sudangrass. This
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was probably a result of greater tillering in the sudangrass 
and higher sugar accumulation in the stems of forage .sorghum.

Agronomical Aspects
. Agronomical practices involved with the establishment 

of a successful stand of sudangrass, sudangrass hybrids, and 
sorghum - sudangrass crosses are discussed in detail in 
Circular 547 of the California Agricultural Experiment 
Station (Sumner et a l , 1968), Seeding should be delayed 
until soil temperatures at seeding depth (1 - 2  inches) are 
about 6 5 F , At this soil temperature and late spring plant
ing, 30 inches of growth can be produced in 2 4 to 36 days. 
Drill seeding generally results in more uniform stands and 
higher production than broadcast seeding. Wider row spacings 
(18 to 20 inches vs 12 inches) usually produce greater dry 
matter yields and result in more regrowth after harvest. 
Seeding rates should be approximately 15 to 20 lbs/acre for 
sudangrass and 20 to 30 lbs/acre for crosses under irrigated 
conditions and drill seeding. Slightly higher amounts are 
required for broadcast seeding, Larger seed size and less 
tillering are the reasons for the larger amounts of seed 
required. In fertilizer trials in California with Piper 
sudangrass, application of 50 lbs of nitrogen per acre pre
plant and after each harvest (.2 0 to 2 5 day intervals) resulted 
in maximum dry matter and protein yield without accumulation 
of excess nitrate in the plants.
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Sudangrass cultivars. develop deep, extensive root 

systems that are curtailed by frequent cutting. The top 
2 - 2.5 feet of soil contain approximately 8 0% of the root 
system and should be kept moist. Cultivars utilized for 
early greenchop or pasture will require more frequent irriga
tion than later maturity harvest plans.

Control of broadleaf weeds is important, because of 
accumulation of nitrates in them.

Prussic acid (hydrocyanic acid) poisoning is a problem 
under certain conditions in sudangrass and sudangrass culti
vars, The potential prussic acid content for all cutltivars 
decreases with increase in plant height and maturity.
Sorghum - sudangrass crosses are higher in HCN content than 
sudangrass. To eliminate this problem, original growth or 
any regrowth of sudangrass should be at least 18 inches in 
height and sorghum - sudangrass crosses 25 to 30 inches in 
height before using. In addition, hungry animals should 
not be turned out on short pasture, and pastures recovering 
from drought or frost should not be used.

Sesbania
There are about 20 species of sesbania originating 

in sub-tropical and tropical areas of the world, Sesbania 
is .mainly utilized as a green manure crop, but has also 
shown potential as a source of industrial gums, fiber, pulp 
for paper production, fodder, culture media and colloids.
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Hussain et al. (19 6 5) evaluated agronomic practices 

and potential uses associated with sesbania in Pakistan. 
Sowing time extends from the last week of March to late 
June and 30 to 40 lbs of seed per acre should be used with 
boradcast seeding. When utilized for seed production, 
sesbania is harvested in late November with yields of about 
1500 lb of seed per acre. These seed yields are obtained 
after two top cuttings so that pods are formed on side 
branches as well as heads of the plants.

The species, Sesbania Aculeata, has shown the greatest
industrial potential and most work on potential uses has been 
done with it. This species is very useful as a green manure 
crop, because like other legumes, it is capable of fixing 
atmospheric nitrogen in the soil. It has also been observed 
to have the ability to generate hydrogen sulfide which in
creases acidity of the soil and results in better plant 
growth conditions.

Sesbania aculeata has been used as a forage crop for 
cattle in Pakistan because at early stages of growth it con
tains 12 - 14% crude protein and 45% TDN. Bullocks fed
40 lbs of green tops per day gained 2 lb/day.

Sesbania has shown potential as a source of industrial 
gums which are used as sizing agents in textile and paper 
production and as solution stabilizers. Stalks contain ap
proximately 9% fiber and can be used as a fiber source. Pulp



from stalks can also be utilized in paper production. Meal 
obtained from sesbania has been evaluated as a culture media 
similar to.peanut meal for growth of penicillium in the 
production of penicillin. Sesbania has also shown some 
potential as a source of colloids presently obtained from
marine algae and some land plants.

There have been no other studies to evaluate nutritiv 
value, yield or performance of livestock on rations contain
ing sesbania, to date.

Okra
According to Watt and Merril (1963), okra (Hibiscus 

Esculentus) is an annual plant of the cotton family. It 
is utilized as a domestic food source with the pods being 
produced and eaten in the immature state.

No information on nutritive value, yield, or accepta
bility by livestock of okra could be found in the literature



METHODS AND MATERIALS 

2Four replicate plots (54 m ) of kenaf (Everglades 71),
forage sorghum (DKES 25A), sudangrass (Calif, no. 23),
sorghum x sudangrass (DK SK 17), sesbania and okra (Climeson -
spineless) were planted June 29 and grown under irrigation
at Yuma, Arizona. At 15 day intervals beginning 3 0 days post
planting and extending through six harvests (105 days), ap-

2proximately 3 m  of each plot were harvested.
Dry matter yields (kg/ha) of the forages were calcu

lated. from plot yields. Samples obtained at each harvest 
were dried to constant weight at 50 C and ground through a 
1 mm screen in a Wiley mill. Duplicate determinations of 
final dry matter, crude protein, and ash were made according 
to A.O.A.C. (1970). Total cell walls and cell wall consti
tuents were determined in kenaf samples as described by 
Goering and Van Soest (1970). In vitro dry matter disappear
ance (IVDMD) was determined using a modification of the two 
stage technique described by Tilly and Terry (1963). Runs 
were conducted by field replicate. Duplicate 0,5 g aliquots 
of each forage sample and of an alfalfa hay standard and 
wheat straw standard were digested. . Samples were incubated 
with 20 ml of artificial saliva buffer (McDougall 1949) and 
10 ml of rumen fluid inoculum in 50 ml polyethelene test
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tubes equipped with gas release valves. Tubes containing 
only artificial saliva and rumen inoculum were also incubated 
for use as blanks in calculating dry matter disappearance.
The inoculum was prepared from whole rumen contents obtained 
3-hr post feeding from a steer maintained on a cubed alfalfa 
hay diet. Rumen contents were strained through four layers 
of cheesecloth; the filtrate was retained, and the solid 
portion was resuspended in a volume of warm (39 C) carbon 
dioxide saturated phosphate buffer (1,05 9 g NagHPO^ and 
0.436 g of KHgPO^ per liter of distilled water) equal to the 
volume of the original filtrate. The resuspended pulp was 
then filtered through four layers of cheesecloth. Both 
filtrates were combined and filtered through eight layers of 
cheesecloth, flushed with carbon dioxide, and allowed to 
stand at 39 C until two distinct layers formed. The lower 
layer (inoculum) was removed by aspiration, flushed again with 
carbon dioxide and dispensed into the tubes using an auto
matic syringe. Following a 48 hr incubation period with the 
buffered inoculum, 4 drops of iso amyl alcohol (anti foaming 
agent), 2 ml of 2.2 N hydrochloric acid, and approximately ,1 
g of pepsin (1 :1 0 ,0 0 0 ) were added to each tube and the incu
bation continued for another 48 hr. Digested samples were 
filtered through tared E and D 515 filter papers and the 
results expressed as percent dry matter disappearance.

The forages were compared at each harvest date on the 
basis of percent crude protein, TVDMD, and yields per hectare
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of total dry matter, digestible dry matter, (estimated from 
percent IVDMD) and crude protein. Analysis of variance for 
a split plot design with four replicates per forage was 
used for statistical treatment of the data. Duncan's new 
multiple range test was used to locate differences among 
treatment means (Steel and Torrie 196 0 ). Statistical 
analyses were conducted using the Statistical Package for 
Social Sciences (.Nie et al. 1975 ) and appropriate subprograms .



RESULTS

Dry matter and ash contents of the forages are shown 
in Tables 1 and 2, respectively. Dry matter increased 
(P<.05) and ash decreased (P< ,05) linearly w i t h .increasing 
maturity. ' Sesbania and sudangrass consistently had higher 
percent dry matter than other forages from 60 to 105 days.
Ash content of kenaf, forage sorghum, sorghum x sudangrass, 
and sudangrass at all harvest dates ranged between 6 and 14%. 
Okra contained higher levels of ash (ranging from 10 to 21%) 
than the other forages at all harvest dates while sesbania 
contained the least ash (from 4 to 7%) from 6 0 to 105 days. 
Differences in dry matter and ash content among forages were 
considered relatively unimportant nutritionally.

Crude protein content of all forages decreased linear
ly (P<.05) with increasing maturity (Table 3). The nonconven- 
tional forages contained more protein (P<.05) than the con
ventional forages at all harvest dates. Crude protein con
tent for nonconventional forages were greater than 17% 
through 45 days and in excess of 10% through 60 days. Among 
the nonconventional forages, sesbania consistently had the 
highest protein content, falling below 1 0 % for only one 
harvest (9.5% protein at 75 days). The conventional forages
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Table 1. Dry matter content of annual forages as six harvest dates.-

Sorghum X
Sudangrass Sudangrass

% Dry Matter
30 12.9d ’W 13,4e,V,W 10,4d ’X 15.3° ,U 14.4C,U,V 15.3d *U
45 13.5d ’W 17.8d ’U 1 1 .5d ,X . 15.2° >V 14.3C?V,W 15.8c *d ’v
60 1 4 i?c,d,w,x 2 2 . 8 C ’U 12 . 4 C ’d ’■X 19.8b’C,U’V 17.1 C,V,W 19 . 9° ,U ’V
75 15.9C ’W 29.7b?U 17.5b,C,W 2 3:. 2a,b,V 22.9b -V 27.9b,u

. 90 ■2 0 .2b,X,y 32.3a,U 17.0b ’y 22 g^,b,w,x 25.8a ’b>v>" 27.7b,v
105 . 2 4 . 2 a ’V 33.3a,U 23.la,V 25.4a,V 26.4a,V 3 2 . 3 3 ’U

. Forage
Harvest, — ■— »— — •—— —----   —-----------—---      —
days post- Forage
planting Kenaf Sesbania Okra Sorghum

a, b, c ,d, e^eans on sante line with different superscripts are different (P< . 05 ) .

u , v,w,x ,yjujeans -(-̂ g same column with different superscripts are different (P<, 05) .



Table 2„ Effect of maturity on ashi content of annual forages.

Harvest, Forage
days post 
planting Kenaf Sesbania Okra

Forage
Sorghum

Sudan X 
Sudangrass Sudangrass

% cisl~l .
30 13.6b >u 13.2b,u 21.3a,u 1 2 .1°'U 1 2 .1C,U 1 1 .1C,U
45 12.3b,v 9.4d,V •19.2a,V 11.4b,C,U ' 1 1 .2b,C,u,v 10.9C,U,V
60 1 1 .2b,v 6.9C?W 16 . 3 a ’W 9.8b »V io.ib,v 9.7b,V ’w

75 9.5b -w 5.1C,X 13.9a,x 9 . 3 b ’V 8 .7b 5W 8 .6b,W,x
90 8.3b ’u 4.6C ’X ’y 1 1 .9a,y 8 . -9 b ’V ’W 9.6b,W 7.9b,X

105 6.5C,X 3 , 7 d 17 1 0 .ia,y 7.8b,C,W 8 .2b,C’W p ^a,b,w,x

a,k ,C’̂ Means on the same line with different superscripts are. different (P<.05).

u ’V,w,x’Yneans in the same column with different superscripts are different (P<.05).

CON3



Table 3. Crude protein content of annual forages at six harvest dates.

Forage
Harvest, — — :----   — ------------— >—  --------—---    —
days post Forage Sorghum X
planting; Kenaf Sesbania Okra Sorghum Sudangrass Sudangrass

% crude protein
■ 30 24.6b,U 29,6a,U 24.3b,U 15,2d,U 16.5d ’U 2 0.5° ,u
45 19.2a,V 19.8a,V 16.9b,y 8.0°,d ,V 7 . 3 d 5 V 9.8C,V
60 ' 12.2b ’W 14.4a ’w 11.9b ’W 5.1C ,W 4.4C »W 5.6C,W
75 8.0a,X 9 . 5 a 5 y 9.3a,X 3 .7b,X 3.5b,X 4.1b »x
90 6 .5c ’x ’y n.oa,x,y 8.0b ,X 3.4d ,X 3. 5d,X 4.2d ’X

105 4.7C,y 12.la ’W,x 8.9b,X 3.4C ’X 2 . 9C,X 3 . 3 G ’X

a ’c ’dneans on the same line with different superscripts are different (P<.05). 

u ,v,w,..,yMeans .̂|ne same Coiumn with different superscripts are different (P< „ 05) .

CO
CO
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contained more than 10% protein only at 3 0 days and all fell 
below 6% protein for all harvests 60 days or more post
planting.

In vitro dry matter disappearance (IVDMD) data are in 
Table 4. Alfalfa hay and wheat straw included in each in 
vitro run averaged 64 and 52% IVDMD, respectively. Among 
the nonconventional forages, okra had the highest IVDMD 
ranging from 77% at 30 days to 60% at 105 days. Sesbania 
consistently had the lowest IVDMD, falling below alfalfa hay 
for all harvests except at 30 days post-planting and below 
wheat straw for all harvests'60 days or more post-planting. 
Kenaf had higher IVDMD values than alfalfa through 6 0 days 
post-planting, but was approximately equal to wheat straw by 
90 days. Okra was superior or approximately equal to the 
conventional forages at all harvest dates, while kenaf was 
superior to Sudangrass at all harvests and superior, or equal 
to forage sorghum; and sorghum x sudangrass through 60 days' 
growth. Among the conventional forages, there was little 
difference in IVDMD through 6 0 days; however, from 60 to 105 
days sorghum consistently had the highest IVDMD and sudangrass 
the lowest..

Dry matter yields increased (P<.05) with time for all 
forages (Table 5). In general, the conventional forages were 
higher yielding than the nonconventionals. The exception was 
sesbania, the highest yielding of the nonconventional forages, 
which was generally superior to sudangrass. Kenaf produced



Table 4, In vitro dry matter disappearance of annual forages at six harvest dates.

Harvest, ---— -
days post
planting Kenaf

Forage

Sesbania Okra
Forage
Sorghum

Sorghum X 
Sudangrass Sudangrass

--------  % IVDMD
30 82.2b ’U 7 0. ld >u 76.6 ° ?U 66 , 0d ,e »U 6 3 .3 6 ’U 69.5d ’U
45 73.9b,V 5 7 . 8 d »v 74.4b,U 6 3.6° 64.0C ’U 64.7°,U’V
60 64.6b ’C ’W 45 .2 6 , w 67.4b ’V 6 5 . 3 b ) w 61.7° ,d ’U ’V 59.9d,V
75 56,lC ’d 37.16 ,x 6 6 .0b,V 60.6b 5 8 . 7 C ’d ’V ’W 52 .7d,W
90 51.0C ’X 3 9. 4d , w , X 6 2 .lb ’V ,W 61. 2b ,y 57.0b,W 5 0.8°’w

105 . 5 3 . 5 C ’d ’X 39.6e ,w,x 59.7b ,c,w 62.5b 56.9b ’C,W 48.6d,W

Determined by a two-stage technique, the IVDMD of standard alfalfa hay and wheat 
straw were 64% and 52%, respectively,

b,c,d,e^eans on same line with different superscripts are different (P<.05).

U ’V,w,x ,y’zMeans in the same column with different superscripts are different (P<.Q5)
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Table 5. Dry matter yields of annual forages at six harvest dates.

Forage
Harvest,  ---- —  ----—---- -— :-- -— ---- ——— —  ---------— ---- — ----     —  ------ ---------
days post- Forage Sorghum X
planting Kenaf Sesbania Okra Sorghum Sudangrass Sudangrass

kg per hectare
30 IB2° ,U 416b ’U 3g3b ,c,u 6 8 6 a ’U • 644a,U 2 55b ,c,u

45 1123C,U 2540b,U ,V 13 7 6° ’U ,V 2716a »u 313 9a,b,U 2441b,v
60 3009° ,V 5321b,V,W 2777° :> v t w 8 5 04a ^ 6 14 3 b ’V 5051b,W
75 4426C’d,V 7204b,W 4132d,W 10335a,V',W 8 810a,b,V,W 6901b,C,W,x
90 8196a,b,W ' 11318a,X 5839b,X 11107a,W 10905a,W,X 7215a,b,X

105 9442b,W 13464a,X 5968C,X 15 3 9 8 a ’X . 13327a,X 9725b,y

a ’b ’c ’d]v[eans on the same line with different superscripts are different (P< . 05) .

U 5 V ’w,x ?yMeans in the same column with different superscripts are different (P< . 0 5 .) .

GO
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less dry matter/ha than forage sorghum and sorghum x sudan- 
grass at all harvests and less than sudangrass at all har
vests except 90 and 105 days. Okra was consistently the 
lowest yielding of the forages, frequently yielding only one- 
third to one-half as much as the conventional forages.

Crude protein yields (calculated from percent crude 
protein) increased with time for all forages (Table 6 ). 
Sesbania frequently yielded 2 to 3 times as much protein 
(P<.05) as the other forages from -45 to 105 days post-planting. 
All other forages were similar in protein production except • 
at the first harvest when forage sorghum and sorghum x sudan
grass yielded twice as much (105 kg/ha) as kenaf and sudan
grass.

Digestible dry matter yields (DDM) (calculated from 
IVDMD) increased with time for all forages (Table 7). Forage 
sorghum and sorghum x sudangrass generally produced more DDM . 
than the other forages from 6 0 to 105 days. Forage sorghum 
was the highest yielding, ranging from 445 kg/ha at 3 0 days 
to 9681 kg/ha at 105 days post-planting. The nonconventional 
forages were similar in DDM production and all were lower 
(P<.05) than forage sorghum and sorghum x sudangrass from 
60 to 105 days and similar to sudangrass at all harvests. 
Sesbania was the highest yielding nonconventional forage, 
producing from 291 kg/ha DDM at 3 0 days to 5 315 kg/ha DDM 
at 105 days.



Table 6. Yield of crude protein from annual forages at six harvest dates.

Forage
Harvest ' —  -—— ———  --------——— ——— ■— -     —--- —— -— ■— ■— —̂  ---- --------- :— i-
days post- Forage ■ Sorghum X
planting Kenaf Sesbania Okra Sorghum Sudangrass Sudangrass

kg per hectare
3 0 45C,U 123a,u 85a ’b ’U 105a,U 10 5 a ’U 5 2 b ̂ a 5 a
45 215 b ’U 5 v 504a,u 2 3 1 b,u,v 217b,u 2 2 gb,u,v 2 39b ’V
60 374b ’V ’W 755a ,u,v 331b,V,W 434b 'v,w 266b ’u,v 288b,V
75 3-61b,V ,W 6 9 9 a ’U ’V 3 8 2b ’V 315b ’V 283b,V
90 552b,W 1270a,V,W 466b,W,X 3 7 5b ’V 3 8 7 b ’V 305b,V

105 4 4 4 ^ ’v ’w 1650a,W 526b,X 520b,W 395b,v 328b,v

b c5 Means on the same line with different superscripts are different (P< .05) .
v ,w ,xMeans in the same column with different superscripts are different (P<.05) .

CO
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Table 7, Yield of digestible dry matter3 from annual forages at six harvest dates.

T P V  P  ° *t" - -r - - -
Forage

1 IdJL V  C  O  L

days post
planting Kenaf Sesbania

Forage 
Okra Sorghum

Sorghum X 
Sudangrass Sudangrass

kg per hectare
3 0 149d ’U 291C ’d ’U 279°,d ,U 455b ’U 407b ’C ’U 176d,U
45 ' 830d,U 1466C,U,V 1027d,U,V 1722b,C,U 2019b,U 1583C,V
60 1943d 5V 2387d,V 1867d,V,W 5513b,V 3 7 7 8 C ’V 3015C,d,W
75 2486d,V 27 2 9d ’V 2 715 d ’W ? x 6316b,V 516 5b ’C,V,W 3609C,d,W
90 4228d,W 4496C,d,W 3627d?y 6802b,V 6200b,C’W,X 3649d,W

105 5039d ,W 5315d ,w 3524d ’X ’'y 9681b,W 17 6 01° ,X 4705d,X

^Estimated from % IVDMD,

k ’C ’̂ MeanS on the same line with different superscripts are different (P<,05). 

u,v,w,x,yMeans £n î_ie same column with different superscripts are different (P<. 05) ,

GO
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DISCUSSION

The protein and IVDMD data in this study confirm 
earlier observations that kenaf has considerable potential 
as a feedstuff for ruminants if harvested at an early stage 
of maturity (30 to 60 days) (Suriya j antratong et a l 1973 , 
Swingle et al. 1978 and Urias et al. 197 8 ). Crude protein 
content and IVDMD were higher (P<.05) for kenaf harvested at 
30, 45 or 60 days than at 75 to 105 days or more after 
planting. Neutral detergent fiber (NDF), acid detergent 
fiber (ADD), and other cell wall components were lower (P<.05) 
at the 30, 45 and 6 0 day harvests than at the later harvests 
(Table 8 ). These results are in good agreement with those of 
other studies (Cahilly 1967 , KilTinger 1969 and Suriyaj an
tratong 19 73).

In an earlier study at the Arizona Station (Swingle 
et al. 1978), kenaf planted in late March and harvested, after 
80 days' growth, contained 19% crude protein, 35% NDF, 29%
ADF and 7 2% IVDMD. In the present study, kenaf planted June 
29 and harvested after 45 days' growth had similar composition 
(crude protein, 19.2%; NDF, 32%; ADF, 26.1%; and IVDMD, 73.9%) 
as the 80 day samples from the earlier study, These data 
indicate that the 4 5 day samples from the currrent study were
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Table 8. Cell wall components in kenaf forage at six harvest dates.

Harvest 
days, post- 
planting

Component, % of Dry Matter
Neutral Detergent 

Fiber
Acid Detergent 

Fiber
. Kmno4
Lignin Cellulose Hemicellulose

3 0 22.4* 17 , 6 a 4.5a 1 2 . 6a 4. 9a
45 32 ,lb 26.lb 6 .6b 19 . 5b 5. 9a
6 0 42.6° 3 3 , 4C' 8.3° 24. 8C 9. lb

• 75 52.8d 41.9d 10. 6 d 31,ld 1 0 .9C
90 ' 5 8 . 2 6 46. 3e 1 1 .6e 34. 8e‘ 11.9C,d

105 55,ld,e 41.9d 1 0 .8d,e 31.0d 13 . 3d

^ k ’C ’d^eans in the same column with different superscripts are different (P< . 05) .
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at a similar stage of physiological maturity as the 8 0 day 
samples and that the later planting date was superior in 
terms of plant development.

It appears that kenaf planted in the southwestern 
United States after harvest of winter wheat and grown for 
45 to 6 0 days would be approximately equal to alfalfa hay and 
superior to the conventional annual forages in nutritive value 
(Tables 3 and 4). At later maturities kenaf would still be 
competitive with sudangrass and forage sorghum x sudangrass. • 

It is apparent, however, that kenaf is not competitive 
with the conventional forages in terms of yields. In this 
study, kenaf consistently produced lower yields than the 
conventional forages (Table 5). At the early harvests (30 
through 60 days) yields of the conventional forages were 
approximately two to four times greater than for kenaf. The 
lower dry matter yields of kenaf resulted in lower nutrient 
yield per unit of land than for the conventional forages 
(Tables 6 and 7). These results are consistent with those of 
similar studies. Worker et al. (1968) reported yields of 
sorgo of 13,010 kg/ha and 41,490 kg/ha at the pasture and 
soft dough stages of maturity, respectively, compared to 
yields of 2,780 kg/ha and 15,620 kg/ha of kenaf at 67 and 154 
days of growth, respectively, reported by Whitely et a l .
(1971a).

>
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Additional research is needed to determine the yield 

potential of other varieties of kenaf and to define agro- * 
nomic practices for optimum production of kenaf for forage. 
Additional performance data is also needed on animals fed 
kenaf.

Results of this study indicate that sesbania has 
potential as a feedstuff for ruminants. Crude protein con
tent of sesbania was higher (P<.05) than the conventional 
forages at all harvest dates and was 1 0 % or higher at all 
harvest dates. However, sesbania was not competitive with the 
conventional forages in terms of IVDMD. Sesbania showed a 
steeper rate of decline and was lower (P<.05) in IVDMD at all 
harvest dates except the first (30 days) than any of the other 
forages. Dry matter yields of sesbania were similar to those 
of the conventional forages at all harvest dates and superior 
to those of the nonconventional forages. Sesbania was the 
only nortconventional forage that was competitive in the yield, 
with the conventionals. Because of higher. (P<.05) crude pro
tein content and competitive dry matter yields, protein yields 
of sesbania were similar to or higher (P<.05) than those for 
all forages. Sesbania was similar to or lower (P < ,05) in 
digestible dry matter yields than the conventional forages' at 
all harvest dates because of low IVDMD. This disadvantage in 
digestibility appears to be the major drawback in the utili
zation of sesbania as a feedstuff for ruminants.
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Information on nutritive value of sesbania and its 

acceptability by livestock is limited. Hussain et a l .
(1965) reported that sesbania has been used as a forage at 
early stages of growth for cattle in Pakistan. Bullocks 
fed 40 pounds of green tops per day gained 2 pounds per day 
in those studies. Additional research is needed on nutritive 
value of sesbanis and performance of animals fed sesbania.

As with kenaf, the protein and IVDMD data in this 
study indicate that okra may have potential as a feedstuff 
for ruminants. Okra was higher (P <.05) in crude protein con
tent and similar to or higher in IVDMD than the conventional 
forages at all harvest dates. IVDMD Of okra did not show the 
steep decline with advancing maturity as that of kenaf did.

Results of this study indicate that okra planted in 
the southwestern United States and grown for 4 5 to 6 0 days 
would be equal to alfalfa hay and superior to the convention
al annual forages in nutritive value. At later maturities 
okra would still be equal to or superior to the conventional 
forages.

i, Again, the main problem with okra was that of total dry 
matter yield. Okra consistently produced lower (P<.05) dry 
matter yields than the conventional forages and tended (P>.05) 
to be the lowest yielding of all forages in this study. The 
low dry matter yields again resulted in low nutrient yield of 
land.
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No other information on nutritive value, yield or 

acceptability of okra by livestock was found in the litera
ture. Additional research to determine the yield potential, 
and acceptability by livestock of okra is needed to fully 
define its potential as a feedstuff for livestock.



SUMMARY

Nutritive value and yield of kenaf (Everglades 71), 
sesbania, and okra (Climeson Spinelsss) were estimated over 
six harvest dates and compared with data from forage sorghum 
(DKFS 25A) , sorghum x sudangrass (DK SK 17), and sudangrass 
(Calif. No. 23) produced under the same conditions. The 
forages were planted in Yuma, Arizona on June 29 and harvest
ed at 15 day intervals beginning 3 0 days post planting and 
extending through six harvests (105 days).

The nonconventional forages (kenaf, sesbania and okra) 
had higher (P<.05) crude protein content than the convention
al forages at all harvest dates. Protein content of kenaf, 
sesbania and okra ranged from 24.6%, 29.6%, and 24,3%, respec
tively, at 3 0 days to 4.7%, 12.1%, and 9.9%, respectively, at 
105 days.

In vitro dry matter disappearance (IVDMD) of kenaf 
decreased from 82% at 30 days to only 54% at 105 days. At 
30 and 4 5 days kenaf had higher (P<„05) IVDMD than the con
ventional forages, but by 9 0 days it was lower, although sta
tistically different only from forage sorghum. The IVDMD of 
sesbania decreased from 7 0% at 3 0 days to 3 9.6% at 105 days 
and was lower (P<.05) than any other forage from 45 to 105 
days. IVDMD of okra ranged from 76,6% at 30 days to 59.7%
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at 105 days and was the most consistent of the nonconvention- 
al forages at all harvest dates.

Dry matter yields increased linearly with time for 
forages, but kenaf and okra consistently produced lower yields 
than the others. Dry matter yields of kenaf and okra ranged 
from 182 kg/ha and 363 kg/ha, respectively at 30 days to 9442 
kg/ha and 5968 kg/ha, respectively at 105 days. Sesbania was 
the only nonconventional forage that was competitive with 
the conventionals in yield. Dry matter yields of sesbania 
at 30 and 105 days were 416 kg/ha and 13 ,464 kg/ha,- respec
tively compared to 686 kg/ha "and 15,398 kg/ha at the same 
harvests for forage sorghum which was the highest yielding of 
the conventional forages. Because of the low dry matter 
yields of kenaf and okra, estimated per hectare yields of 
protein were similar to the conventional forages and diges
tible dry matter yields (estimated from IVDMD) were highest 
(P<.05) for forage sorghum and sorghum x sudangrass. Because 
of the high dry matter yields of sesbania, it was higher 
(P<.05) include protein yield than any other forage at all 
harvests except 3 0 days post-planting. However, because of 
low IVDMD, sesbania was similar to or lower (P<.05) in diges
tible dry matter yields than the conventional forages at all 
harvest dates.



LITERATURE CITED

Ademosum, A, A., B . R . Baumgardt and J. M. Scholl. 1968.
Evaluation of a sorghum-Sudangrass hubrid at various 
stages of maturity on the basis of intake. digestibi
lity and chemical composition, J. Anim. Sci. 27:818.

A.O.A.C. 197 0, Official methods of analysis, (11th Ed.).
Association of official analytical- chemists, Washing
ton, D.C,

Beaty, E. R . , Y , C, Smith, R . A. McCreery, W; J. Ethridge, 
and K, Beasley. 1965. Effect of cutting height and
frequency on forage production of summer annuals.
Agron. J . 57:277.

Burmistova, M. F ., I. V, Komol’kova, N , V. Klemm, M. T. 
Panina, I. M, Plounochev, A. I. P 1Yankov, A. F . 
Sokolov, N. G. Tetyanko, V. M. Chaus and E. G. Eglit. 
1956. Physiomechanical properties of agricultural 
croups, National Science Foundation, Washington, D.C.

Burns, J . G. and W. F . Wedin. 1964. Yield and chemical
composition of sudangrass and forage sorghum under 
three systems of summer management for late fall in 
situ utilization. Agron. J. 5 6:457.

Cahilly, G. M . 1967. Potential value of kenaf tops as a.
livestock feedstuff. First conference on kenaf for 
pulp proc., Gainesville, FL, p. 48.

Farhoomand, M. B . and W. F . Wedin. 196 8 . Changes in compo
sition of sudangrass and forage sorghum with maturity. 
Agron. J . 6 0:459.

Goering, H . K. and P. J , Van Soest. 1970. Forage fiber 
analyses (apparatus, reagents, procedures and some 
applications). Agricultural research service, U . S .  
Dept. of Agr., Agriculture Handbook No, 37 9,

Higgins, J. J. and G. A, White. 1970. Effects of plant
population and harvest date.on stem yield and growth 
composition of kenaf in Maryland, Agron. J. 62:667.

Hussain, A,, F . and M .. Ahmad. 196 5 . Sesbama aculeata —
A promising new crop in West Pakistan. World Crops, 
p. 28.

48



49
Killinger, G. B. 1967. Potential uses of kenaf (Hibiscus 

Cannabinus L .). Proc. Soil and Crop Sci. of Fla,
27:4.

Killinger, G . B„ 1969. Kenaf (Hibiscus Cannabinus L .), A 
multi-use crop. Agron. J. 61:734.

Knowles, R . E ., A. L. Livingstone, R , H . Edwards and G . 0. 
Kohler. 197 4. Ammon'iation of kenaf tops prior to
dehydration. J. Sci. Food Agr. 25:491.

McDougall, E. I., 1949. Studies on ruminant saliva. 1 .
The composition and output of sheep saliva. Biochem.
J. 43:99.

Miller, D . L , 1965. Kenaf - A potential papermaking raw
material. Tech. Ass. of the Pulp and Paper Ind.
48:455.

Nie, H . H ., C. H . Hull, J. G. Jenkins, K . Steinbrenner and
D . H, Bent. 197 5. SPSS: Statistical Package for the
Social Sciences (Ed. 2). McGraw-Hill Inc., New 
York.

Nieschlag, H . J., G. H. Nelson, I. A. Wolf and R. E. Purdue,
Jr. I96 0.- A search for new fiber crops. Tech.
A s s . of the Pulp and Paper Ind. 43:193.

Peters, L . V. 1964. Hybrid sudangrass for forage? Nebraska
Agric. E xp. Q. 11:8.

Prine, G. M. 197 2 . Sorghum, corn, kenaf, and their mixtures 
for silage. Soil and Crop Sci. of Florida Proc. 31:51,

Reid, R. L., B , Clar, and G. A. Jung. 19 64. Studies with 
sudangrass. IT. Nutritive evaluation by in vivo 
and in vitro methods. Agron. J, 56:537,

Steel, R. G. D . and J. H. Torrie. 196 0. Principles and pro
cedures of statistics. McGraw-Hill Book Co.* Inc.,
New York. _

Sumner, D . C ., H. S. Etchegaray, J . E. Gregory and W . Lusk.
1968. Summer pasture and greenchop from sudangrass, 
hybrid sudangrass and sorghum x sudangrass crosses. 
California Agric, Exp. Sta. Ext. Serv, Circular 547.



50
Suriyajantratong, W . , R . E. Tucker, R. E. Sigafus and G . E.

Mitchell, Jr. 1973 , Kenaf and rice straw for sheep.
J. Anim. Sci. 37: 1251.

Swingle, R. S., A. R. Urias, J. C. Doyle and R. L. Voight.
1978. Chemical composition of kenaf forage and its
digestibility by lambs and in vitro. J . Anim. Sci. 
46:1346.

Tilley, J. M . A. and R. A. Terry. 1963. A two-stage tech
nique for the in vitro digestion of forage crops. J. 
British Grassl. Soc. 18:104.

Urias, A. R ., S. Swingle and R. L. Voight. 1978. Accepta
bility and digestibility by steers of diets containing
kenaf hay. Proc. West. Sec., Amer. Soc. Anim. Sci. 
29:456.

Watt, B . K . and A, L . Merril. 1963. Composition of foods. 
Agricultural Research Service. U . S. Department of 
Agriculture, Agriculture Handbook No. 8 .

Webster, 0. J . 196 3. Effect of harvest dates on forage
sorghum yields, percentages of dry matter, protein, and
soluble solids. Agron. J. 55:174.

Whitely, E. L. 1971a. Influence of date of harvest on the
yield of kenaf (Hibiscus Cannabinus L .). Agron. J . 
509:10.

Whitely, E. L. 1971b. Influence of date of planting on the
yield of kenaf (Hibiscus Cannabinus L .). Agron. J. 
63:135.

Wilson, F . D. and M . Y . Menzel. 1964, Kenaf (Hibiscus Canna- 
binus), Roselle (Hibiscus Sabdaritta). Econ. Bot. 18:

Wing, J. M . 1967. Ensilability, acceptability and digesti
bility of kenaf. Feedstuffs 39:(29)26.

Worker, G . F ., Jr., V. L. Marble. 1968 . Comparison of
growth stages of sorghum for types as to yields and 
chemical composition. Agron. J. 60:669.



L

■ ■ a


