Research Article

ISSN: 2643-671X

Journal of Agriculture and Horticulture Research

Innovating Forage Production System in Kuwait Using Locally Adapted Native

Desert Plant Species

Tareq A. Madouh™ and Tareq A. Al-Sabbagh?

1,2 Desert Agriculture Ecosystems Department, Environmental & Life
Sciences Research, Kuwait Institute for Scientific Research, Kuwait

‘Corresponding author

Tareq A. Madouh*, Desert Agriculture Ecosystems Department,
Environmental & Life Sciences Research, Kuwait Institute for Scientific
Research, P.O. Box 24885, Safat 13109, Kuwait

Submitted: 15 Feb 2021; Accepted: 28 Feb 2021; Published: 03 March 2021

Citation: Tareq A. Madouh and Tareq A. Al-Sabbagh (2021).Innovating Forage Production System in Kuwait Using Locally Adapted

Native Desert Plant Species. J Agri Horti Res, 4(1):53-61

Abstract

The native vegetation of Kuwait is well adapted to hyper arid environment and once these naturally vegetated plants are managed
properly these may be considered potential candidates as animal feed. Bringing the neglected and underutilized native plant spe-
cies into animal food chain is promising. Considering the importance of some native plants, five native forage species (Cenchrus
ciliaris, Cenchrus setigerus, Lasiurus scindicus, Panicum turgidum and Pennisetum divisum) were compared to widely used ex-
otic forage species Panicum virgatum to measure the effects of fall (October) vs spring (March) planting on the biomass yield and
the nutritive value. The results indicate that four species, C. setigerus, C. ciliaris, L. scindicus and P. divisum, showed a higher dry
matter production in the spring planting season with relative increase in the nutritive values, i.e., NDFE, ADEF, fat, protein and ash
concentrations as compared to P. virgatum. In general fall season planting, decreased the dry matter production and the nutritive
values compared to the spring season. These findings provided opportunities to utilize the natural resources for increasing and or
improving livestock feed supply. There is potential for growers to integrate these local forage species into their forage production

system.
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Introduction

The impacts of climate change on livestock production as well
as quality of feed are much greater in the Arabian Peninsula and
many arid regions of the world as compared to those in the rest of
the world. Therefore, use of indigenous plant species as alternate
animal feed is the main agronomic goal in this region [1]. During
the latter half of the 20th century, the Arabian Peninsula, including
Kuwait, experienced very rapid economic development that led to
dramatic changes in the traditional agricultural systems with major
implications on the sustainability of the natural ecosystems. Major
limitations for large-scale outdoor production of any crop in this
region are drought, salinity and heat stresses. Therefore, forage
crops from temperate region are not well adapted to this region
due to their lack of tolerance to these abiotic stresses. Availability
of water continues to be a critical factor in the Arabian Peninsu-
la as evident from ‘Extreme Water Scarcity’ classification of this
region, i.e. per capita renewable water resources is less than 500
cubic meters per year [2]. Although efforts are underway to pro-

mote recycling of treated wastewater (TWW) for forage irrigation,
the progress to-date is rather dismal due to infrastructure limita-
tions. Native plants in Kuwait rangelands are well adapted to the
abiotic stresses in this region except for their inherent low biomass
production per unit area in their native status under extreme low
input use. The productivity of these native plants and their feeding
quality need to be assessed under low to moderate input uses to
evaluate their potential as animal feed to substitute heavy reliance
on expensive imported feed.

The native plant biodiversity of the Arabian Peninsula comprises
more than 3500 species [3]. The rangelands of Kuwait constitutes
approximately 70% of total land area with 374 plant species from
55 families that are recognized, these desert species provides an
important source of feed to meet the demands of the livestock
raised by herdsmen and Bedouins[4-5]. However, in recent years,
the growing conditions and productivity of most rangelands in
the country have declined due to over grazing, extreme weather
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patterns impacted by climate change, and land degradation due
to heavy traffic and war activities. Increased biotic stress has dis-
turbed the ecological balance. Increasing aridity is a major factor
limiting the regeneration and production potential of native vege-
tation in Kuwait. In the most recent years a gradual reduction in
rainfall and growing temperatures have been observed which have
further widened the gap between precipitation amounts and water
demand in vegetation [6].

[7-8] prioritized the Arabian Peninsula desert species that have po-
tential for use either for fodder production or for rehabilitation and
restoration, and listed 27 species of high priority for forage pro-
duction. Similarly, [9], in the annual report of 2001/2002 for the
International Center for Agricultural Research in the Dry Areas —
Arabian Peninsula Regional Program (ICARDA-APRP) reported
the importance and priority grass species in most countries of the
Arabian Peninsula to obtain large quantities of seeds from these
species and lay the grounds for mechanized seed multiplication.

The main objective of this investigation is to evaluate the effects
of planting season on the productivity as well as feed quality of
five indigenous plant species as potential forage crops to support
Kuwait livestock industry and other Arabian Gulf countries.

Materials and Methods

Plant Materials

The native grass species Cenchrus ciliaris, Cenchrus setigerus,
Lasiurus scindicus, Panicum turgidum and Pennisetum divisum
as well as an exotic species Panicum virgatum were used in this
experiment. The selected test plants were directly sown in the field
on October 5th, 2017, and March 4th, 2018, under drip irrigation.
The field experiment was designed to investigate the effects of fall
(early October) vs spring (early March) seeding dates on the yield,
nutritive value and dry matter production of different native forage
species.

Plant Establishment

The experiment was conducted in KISR Station for Research and
Innovation (KSRI), Sulaibiya area. The field was tilled and the test
species were randomly planted in prepared pits of 50 x 50 cm in
each plot of approximately 300 x 300 cm. At least six plants were
planted in each pit for each species to ensure maximum survival
rate. All forage species were irrigated daily, except on rainy days,
and were thinned during the fourth leaf stage and the data were re-
corded. Therefore, the experiment was arranged in a randomized,
complete block design with seeding date and species interaction
in a split-split plot design. The seeding dates (fall versus spring
planting) were the main plots and the different forage species were
the subplots.

Plant Growth Parameters

The experimental design consisted of six grass species, two plant-
ing dates with four replications. The response parameters includ-
ed: weekly measurement of plant height, and plant biomass at har-
vest. The feed quality was evaluated by measuring contents of:
ash, crude protein, fat, neutral detergent fiber (NDF), acid deter-
gent fiber (ADF). The biomass samples were ground with a mill
(Thomas Scientific; GE motor industrial system) to pass through

a 1.0 mm screen. The forage quality analytical methods described
by the Association of Official Analytical Chemists were used [10].

Statistical Analyses

All recorded data were subjected to statistical analysis using SAS
(version 9.4) for comparisons across groups. Specially constructed
graphs illustrate the logical manipulation of different treatment ef-
fects across the forage plant species.

Results

Plant Height

Considerable differences in plant height were observed between
all forage species evaluated in this study [Figure 1].
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Figure.1: Plant height measurement of the forage species recorded
for the fall and spring planting treatment on a weekly basis. NB:
Bars(I) represent standard errors of means (SEM) at 95% confi-
dence intervals for comparisons by treatment within species; de-
grees of freedom (df) = 80.

Weekly plant-height measurements were recorded on C. ciliaris,
C. setigerus, L. scindicus, P. turgidum and P. divisum. All varied
in the fall and spring planting treatment under the irrigation system
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when compared to P. virgatum. Plant height increased significantly
(P<0.001) (Table 1) over time in both planting seasons. The plant
height was greater in spring as compared to that in fall planting
across the entire study period across all species. However, signif-
icant difference in plant height between the two planting seasons
occurred: after the 3rd week in C. ciliaris, C. setigerus, and P.
divisum; after the 4™ week in P. turgidum; and after the 6th week in
L. scindicus and P. virgatum
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Table 1. Two way Analysis of Variance on effects of planting season and species on biomass yield and nutritive value of six
forage species.

Variable

Plant Height
Season

Species

Season*Species

Fresh weight
Season

Species
Season*Species

Dry weight
Season

Species
Season*Species

Ash

Season

Species
Season*Species

Fat

Season

Species
Season*Species

Protein
Season
Species
Season*Species

NDF

Season

Species
Season*Species

ADF

Season

Species
Season*Species

DF F value Pr>F
4.1%* 0.0491
5 16.2%** <.0001
4 5.4%%* 0.0005
1 6.5%* 0.0139
5 16.9%** <.0001
4 37 0.0070
1 6.8%* 0.0120
5 12.7%** <.0001
4 3.4%* 0.0102
1 11.0%** 0.0018
5 26.1%** <.0001
4 17.3%%* <.0001
1 3.6*%* 0.0639
5 10.4*** <.0001
4 4 3rk* 0.0025
1 2] .2%** <.0001
5 26.8%** <.0001
4 3. 5%k* 0.0085
1 779.5%*%* | <0001
5 9.9*** <.0001
4 11.1%** <.0001
1 19.1%** <.0001
5 133.1*%** | <.0001
4 1.4ns 0.2471

The plant height was greater in spring as compared to that in fall
planting across the entire study period across all species. Howev-
er, significant difference in plant height between the two planting
seasons occurred: after the 3 week in C. ciliaris, C. setigerus, and
P, divisum; after the 4™ week in P. turgidum; and after the 6™ week
in L. scindicus and P. virgatum. Plant height increase was much
steep after 5 to 6 weeks of planting in all forage species in spring
vs fall planting. The plant height at harvest for fall vs spring plant-

ing were: 37 vs 58, 42 vs 77, 47 vs 63, 23 vs 50, 47 vs 60, and 53
vs 78 cm for C. ciliaris, C. setigerus, L. scindicus, P. turgidum, P.
divisum, and P. virgatum, receptively.

Plant Biomass

The differences in top growth, fresh and dry weight were observed
between all forage species and planting seasons (i.e., fall versus
spring) at the end of experiment [Figure 2].
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Figure 2: Fresh and dry biomass weights for the forage species in fall and spring planting. NB: Bars (I) represent standard errors of
means (SEM) at 95% confidence intervals for comparisons by treatment within species; degrees of freedom (df) = 68, 53
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Four out of six species with the exception of C. setigerus and L.
scindicus tended to show increased fresh and dry weight under
the spring planting season treatment, although differences were
always significant (P<0.05) (Table 1). Nevertheless, the fresh and
dry weight was lower in all of the forage species grown in the
fall season treatment compared to the spring season treatment. The
fresh and dry weight of C. setigerus showed no significant increase
in both planting seasons, i.e., fall versus spring (Figure. 2). Slight
differences in fresh weight occurred in the spring season planting
than in the fall season planting, but the differences were not sig-
nificant. The maximum mean values of the fresh and dry weight
recorded in C. setigerus for the fall planting season were 114.2 and
29.76 g, respectively, and for the spring planting season, 123.9 and
25.64 g, respectively.

A similar trend of fresh and dry weight appeared in L. scindicus,
and the differences were non-significant [Figure 2]. Top growth
was reduced in L. scindicus under both planting seasons. The fresh
weight recorded for the fall and spring planting was 21.46 vs 23.59
g, and the dry matter recorded was 4.88 vs 5.79 g, respectively.

In case of P. turgidum the fresh and dry weight was significantly
greater in the spring season planting compared to that in the fall
season planting (P<0.001) (Table 1) (Figure. 2). However, analy-
sis of the data showed that this species had a poorer fresh and dry
weight for both planting seasons compared with the other forage
species. The maximum mean values of the fresh and dry weight
recorded in P. turgidum for the fall planting season were 4.97 and
1.24 g, respectively, and for the spring planting season, 10.81 and
2.76 g, respectively.

The fresh and dry weight of P. divisum, was significantly greater
(P<0.001) (Table 1) in the spring season planting than that of the
plants grown in the fall season planting (Figure. 2). The maximum
mean values of the fresh and dry weight recorded in P. divisum for
the fall planting season were 14.23 and 3.1 g, respectively, and for
the spring planting season, 42.4 and 10.67 g, respectively.

In P. virgatum only the fresh weight recorded significantly greater
top growth during the spring season planting compared to the fall
planting season with the maximum mean values of 104.9 and 74.8
g, respectively, (Figure. 2). The dry matter showed slight increase
of 20.79 g in the spring planting season over the increase of 16.9
g in the fall planting season, but the difference was not significant.

Feeding Quality of Biomass

Native forage species varied in their nutritive values concentra-
tion when compared to P. virgatum in the fall and spring planting
treatments. The laboratory analysis results of all the investigated
forage species indicate that nutritive values increased significantly
(P<0.001) (Table 1) under different growing seasons, i.e., fall ver-
sus spring (Figure 3-5).
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Figure. 5: Ash percentage of all forage species in fall and spring
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at 95% confidence intervals for comparisons by treatment within
species. d.f. = 10

NDF and ADF content

Data on nutritive value showed that the tested native forage spe-
cies had significantly (P<0.001) (Table 1) higher content of NDF
but not significantly so of ADF in the dry matter than P. virgatum
in both planting seasons (Figure. 3 A and B). The maximum level
of NDF and ADF content in the fall and spring planting treatments
was observed in L. scindicus, P. turgidum and P. divisum compared
to that in P. virgatum. In C. setigerus and C. ciliaris also, the NDF
and ADF values were greater than P. virgatum in the fall planting
treatment but in the spring planting treatment the NDF values were
nearly similar to P. virgatum (not significant). The lowest values
recorded for ADF and NDF was for P. virgatum with a mean value
0f 19.03% and 55.39%, respectively, recorded in the fall treatment
and 19.07% and 35.4%, respectively, recorded for the spring treat-
ment (Figure 3 A and B).

Proteins Content

The protein percentage value of the native forage species was sig-
nificantly (P<0.001) (Table 1) lower than that of P. virgatum in
both planting seasons (Figure. 4A). The maximum level of protein
percentage 17.3% and 20.06% was observed in P. virgatum in the
fall and spring planting treatments, respectively. In contrast, the
minimum protein percentage detected in P. turgidum was 11.6%
and 10.38% for the fall and spring planting seasons, respectively
(Figure 4A). The protein percentage value of C. ciliaris, C. seti-
gerus, L. scindicus and P .divisum were also considerably lower
than that of P, virgatum in the fall and spring planting treatment but
not as low as that of P. turgidum.

Fat Content

The fat content measured in the dry matter of all forage species
investigated during the fall and spring planting seasons followed
the trend of the protein data. With the exception of L. scindicus in
the fall treatment, all native forage species showed substantially
lower fat content compared to P. virgatum in both planting seasons
(Figure 4B). L. scindicus recorded considerably higher fat per-
centage of 3.7% in the fall treatment than the other forage species
including the control, but not so in the spring treatment (Figure
4B). Nevertheless, the fat content 2.7% and 3.1%, of P. virgatum
was significantly (P<0.001) (Table 1) greater during the fall and
spring treatment than that of the other tested forage species. In
contrast, the lowest fat percentage 1.3% and 1.8% was noticed in
P turgidum for the fall and spring planting seasons, respectively
(Figure 4B). The fat percentage value of C. ciliaris, C. setigerus,
and P, divisum was also considerably lower than that of P. virgatum
in the fall and spring planting treatment but not as low as that of
P turgidum.

Ash Content

The ash percentage value of the native forage species was not con-
sistently lower than that of P. virgatum in fall planting seasons but
significantly so in the spring planting season (Figure 5). The high-
est ash percentage of 15.6% was observed in P. virgatum in the
spring planting, whereas in the fall planting season, C. ciliaris had
significantly (P<0.001) (Table 1) greater ash content of 14.02%.
In contrast, the minimum ash percentage of 10.38% and 8.2% was
detected in P. turgidum for the fall and spring planting seasons, re-
spectively (Figure 5). The ash percentage value of C. setigerus, L.
scindicus and P. divisum were also considerably greater than that
of P. virgatum in the fall planting treatment but not in the spring
planting treatment.

Discussion

This research was conducted to identify the native desert peren-
nial grass species as potential forage crops based on evaluation of
nutritive value of the biomass as influenced by planting time. Five
desert grass species from Kuwait were compared to P. virgatum to
measure the effects of fall (early October) vs spring (early March)
planting on the biomass yield and the nutritive value. In the spring
(early March), the seedling establishment of all forage species was
superior when planted in spring as compared to that when planted
in fall, which in turn contributed to greater plant height and bio-
mass production of the former as compared to that of the latter
planting. Seedlings of all forage species planted in (early March)
survived summer heat under supplemental irrigation. In contrast,
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fall planting (early October) did not result in good establishment
and growth rate despite adequate irrigation, suggesting that these
forage species are warm-season grasses. [11] Reported that maxi-
mum Yyield potential of warm-season forage crops are obtained in
warm summer season with adequate soil moisture.

The biomass production of spring planted C. ciliaris, C. setigerus,
L. scindicus and P. divisum, were comparable to that of P. virga-
tum. C. ciliaris and C. setigerus produced more leaves, had greater
top growth and accumulated more dry matter as compared to that
of the other forage species including P. virgatum, therefore, the
former species would competitive during establishment. Spring
planted C. ciliaris and C. setigerus produced greater dry matter
yield, i.e. 33 and 26 g, respectively, compared to 21 g biomass of
P virgatum. L. scindicus and P. divisum developed greater number
of tillers but their leaves were fewer than those for P. virgatum.
Spring planted L. scindicus and P. divisum produced greater bio-
mass as compared to that of P. turgidum. As per the results C. cilia-
ris, C. setigerus, L. scindicus and P. divisum, survived the summer
stress and grew healthy when conditions improved, therefore, are
well adapted for spring planting (early March) and can tolerate the
desert environment. Accordingly, these forage species are suitable
for their use for sustainable commercial forage production in arid
region [7].

The above-mentioned forage species can be well established under
warm conditions of 30 - 350C. Temperature below 10°C at night
is reported to slow the growth of warm season grasses [11]. To op-
timize yield under normal conditions, these native forage species
need to be seeded in the spring (early March) to take advantage
of spring moisture and moderate temperatures. [12] Reported that
slight alteration in climatic conditions at the time of seeding could
be a major factor in achieving successful seedling establishment
and vigorous growth. Because of later maturity and tolerance to
warmer temperatures, these forages remain green, continue to
grow into the summer season and may have a better chance of
producing a high forage yield [11]. As per the reports forage yields
increases with advancing maturity in different species before the
yield decreases during senescence [13]. Overall, these forage spe-
cies can be harvested in early-mid June, September and early De-
cember just prior to cool temperatures of the winter weather con-
ditions to achieve the maximum forage yield.

There were considerable variations in the nutritive values observed
between all forage species [Figure 3-5]. Data on nutritive value
showed that native forage species had significantly (P<0.001)
higher content of total NDF than P. virgatum in both the planting
seasons (Figure 3 A and B). Among all of these forage species, L.
scindicus, P. turgidum and P. divisum had high levels of fiber com-
pared to that for P. virgatum in both planting seasons. This could
be due to the alterations in morphological growth and leaf: stem
ratio between the forage species [14]. In fall planted C. setigerus
and C. ciliaris the NDF and ADF values were greater than those
in P. virgatum. This difference was not evident in spring planted
treatment. [15] reported that forage quality decreased with rising
maturity caused in growth reduction level and tillers overripe.

The NDF concentration in each forage species was greater when
planted in fall as compared to that planted in spring season. Since

these forage species are warm season grasses, it is likely that they
developed and matured rapidly during the spring season, which
decreased the NDF concentration. The NDF content is extreme-
ly important in generating a quantitative forage energy prediction
[16]. The increased levels of NDF content accumulated by most
of the native forages suggest that more digestible fiber is available
and is more efficient to the animals in digesting the desert grasses,
which can be a further advantage for using naturally adapted for-
age species [7]. A high NDF in the feed contributes to increased
energy, enhanced performance and greater milk yield in animals
[17]. This suggests that the use of these native desert forages as
animal feeds can increase the sustainability of livestock produc-
tion in Kuwait.

Planting season influenced the biomass protein content of all spe-
cies. In both seasons, the protein content was highest in case of
P. virgatum (Figure 4A). Across all forage species, except for P,
turgidum, the protein content was greater in spring as compared
to that of the fall planted biomass. As per the reports, the protein
concentration of forage grasses may decline with season and har-
vesting date [13]. Fales et al., [ 18] reported that protein and energy
contents of the feed are greater in spring and fall as compared to
those in summer. These fluctuations in nutrient content are closely
correlated with the growth cycle of the forages. Nevertheless, the
protein concentration of all forage species increased as drought
stress increased.

The fat percentage was lower in fall as compared to that in spring
planted biomass across all the species except that in L. scindicus
which showed the reverse trend. (Figure 4B). [13] also reported
that planting season influences the rate of plant growth and in turn
forage quality and nutrient composition.

The ash percentage was highest in spring planted P. virgatum,
while it was lowest in spring planted P. furgidum. In fall planting,
however, the biomass ash content was greater in C. ciliaris, C.
setigerus, and L. scindicus as compared to that in rest of species.
Changes in the chemical composition with age of warm season
grasses are probably due to variations in their phytomorphology,
particularly the leaf: stem ratio [19]. [20],stated that the dry matter
yield, total fibre, nitrogen, and ash content of warm season grasses
can be significantly affected by the maturity stages and soil fertility
during development.

Conclusion

The tested native forage species have shown great promise under
hyperarid environment of Kuwait to be included in the forage pro-
duction system. This will provide year around supply of fodder
in Kuwait and reduce the gap between fodder import and local
production. Farmers may integrate these native forages in the dry
matter production for more diversity and pliability in their farming
systems.

Acknowledgement

The author wishes to acknowledge the Kuwait Foundation for
the Advancement of Science (KFAS) for financial support of the
project and the Kuwait Institute for Scientific Research (KISR) for
providing facilities and kind support.

J Agri Horti Res, 2021

Volume 4 | Issue 1 | 60



Disclosure statement
The authors declare that there are no conflicts of interest.

References

1.

Osman A, Makawi M, and R Ahmed (2008). Potential of the
indigenous desert grasses of the Arabian Peninsula for forage
production in a water-scarce region. Grass and Forage Sci-
ence. 63: 495-503.

Klingbeil R (2017). Water resources in the Middle East and
North Africa — Challenges and Way Forward. International
Water Issues, TU Dresden, April 18, 2017. https://de.slide-
share.net/RKlingbeil (accessed on December 4, 2017)
Ghazanfar SA, and M Fisher (1998). Vegetation of the Arabi-
an Peninsula. London: Kluwer Academic Publisher.

Boulos L, and M Al-Dosari (1994). Checklist of the flora of
Kuwait. Journal of the University of Kuwait (Science) 21:
267-73.

Omar SA (2000). Vegetation of Kuwait: A Comprehensive
[lustrative Guide to the Flora and Ecology of the Desert of
Kuwait. Kuwait: Kuwait Institute for Scientific Research.
Madouh TA (2013). Development and Utilization of Desert
Forages for Sustainable Livestock Production under Kuwait
Conditions (FA078C). Kuwait Institute for Scientific Re-
search, Final Report, KISR 11626, Kuwait.

Peacock JM, M Ferguson, I. Mccann, G Alhadrami, and R.
Karnik et al. (2003). Desert forages of the Arabian Peninsula
- The conservation and utilization of biodiversity for sustain-
able animal production in the United Arab Emirates. Journal
of Arid Environment 55:15-28.

Peacock JM, ME Ferguson, G Al-Hadrami, A Saleh, and IR
McCann et al. (2003). Desert forages of the Arabian Peninsula
— The sustainable use of salt affected soils through conserva-
tion and evaluation. In Prospects for saline agriculture. Neth-
erlands: Kluwer Academic Publishers, pp. 43-56.

Moustafa AT, AE Osman and A Al Ajmi (2002). Sustainable
management of natural resources and improvement of major
production systems of the Arabian Peninsula. Arabian Penin-
sula Regional Program. International Center for Agricultural
Research in the Dry Areas (ICARDA), Aleppo, Syria.

10. AOAC International. 1995. Official Methods of Analysis of

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

AOAC International. 2 vols. 16th ed. Arlington, VA, USA:
Association of Analytical Communities.

Klein L (2008). Suitability of cool and warm season cereal
crops for swath grazing. Saskatchewan Agriculture. Agricul-
ture Knowledge Centre. Available at http://www.agriculture.
gov.sk.ca/Default.aspx, accessed on November, 2012.

Walck J, Hidayati S, Dixon K, Thompson Ken, and P Peter
(2011). Climate change and plant regeneration from seed.
Global Change Biology 17: 2145-2161.

Waramit N (2010). Native warm-season grasses: Species, ni-
trogen fertilization, and harvest date effects on biomass yield
and composition. Graduate Theses and Dissertations. Paper
11863. http://lib.dr.iastate.edu/etd/11863, accessed on No-
vember, 2012.

Buxton DR, KP Vogel, MD Casler and KJ Moore (1995).
Field survival of perennial forages divergently selected for
digestibility. In Agronomy Abstracts. ASA, CSSA, and SSSA,
Madison, WI, p.163.

Dabo SM, CM Taliaferro, SW Coleman, FP Horn and PL
Claypool (1987). Yield and digestibility of old world bluestem
grasses as affected by cultivar, plant part and maturity. Journal
of Range Management 40: 10-15.

Mahyudin, P. 2005. The Neutral Detergent Fiber Digestibility
of Some Tropical Grasses at Different Stage of Maturity. Ani-
mal Production 11: 189-195.

Hoffman PC, DK Combs, N Brehm and DA Welch (1997).
Performance of lactating dairy cows fed red clover or alfalfa
silage. Journal of Dairy Science, 80: 3308-3315.

Fales SL, LD Muller, SA Ford, MO’Sullivan and RJ Hoover,
et al. (1995). Stocking rate affects production and profitability
in a rotationally grazed pasture system. Journal of Production
Agriculture 8: 88-96.

Mulkey VR, VN Owens and DK Lee (2006). Management of
switch grass dominated Conservation Reserve Program lands
for biomass production in South Dakota. Crop Science 46:
712-720.

Adler PR, MA Sanderson, AA Boeteng, PJ] Weimer and PB
Adler et al. (2006). Biomass yield and biofuel quality of
switch grass harvested in fall or spring. Agronomy Journal
98: 1518-1528.

Copyright: ©2021: Tareq A. Madouh, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

J Agri Horti Res, 2021

https://opastpublishers.com

Volume 4 | Issue 1 | 61



