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Abstract

Under changing climate, growth and prevalence of many invasive and indigenous
weeds are expected to boost up owing to their greater genetic diversity, competi-
tive superiority and better plant architecture. Atmospheric CO, enrichment and
elevating global temperature are causing weeds invasion to new localities making
prevalent weed management strategies ineffective. Weed utilization as forage for
ruminants provided that their nutritional profile is available and can be a biologically
feasible and economically viable approach compared to existing management system
of eliminating them from agro-ecological systems. Different weeds like Bermuda
grass (Cynodon dactylon), Johnson grass (Sorghum halepense), canary grass (Phalaris
minor), nut sedge (Cyperus rotundus), yellow duck (Rumex crispus), drooping
brome (Bromus tectorum), burr clover (Medicago polymorpha), button weed (Diodia
scandens), and purslane (Portulaca oleracea) had acceptable nutritional profile with
organic matter (89.0-91.3%), protein (7.1-19.5%) and fats (2.1-3.7%). Those were
also rich in micro-nutrients (calcium, magnesium and zinc), while anti-nutritional
factors (saponins, tannins, phytates and oxalates) were in safer limits for dairy ani-
mals. Lack of nutritional profiling and presence of anti-nutritional factors decreased
feed intake and led to malnutrition, while higher concentration of tannins caused
digestibility depression in small ruminants. There is need to conduct further studies
for nutritional profiling of local weed species and development of techniques for
reducing their anti-nutritional factors.

Keywords: anti-nutritional factors, global warming, protein content, saponins,
tannins

1. Introduction

Climate change has been feared to incur frequent drought spells and floods,
while temperature fluctuations and shifting of rainfall patterns are projected to
alter growth habits of weeds flora globally. There is an emerging rhetoric that most
of invasive and indigenous weeds have the potential and botanical superiority to
adjust and acclimatize to atmospheric CO, enrichment through the optimization
of photosynthesis process leading to significant boost in their biomass production.
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In this way, some of the weed species can increase their establishment and domi-
nance in indigenous agro-ecosystems along with invading adjacent as well as far
flung terrestrial ecosystems. Thus contrary to notion that weeds are menace and
agro-ecological systems must be kept free of indigenous and invasive weeds, their
utilization as forage for dairy animals has the potential to become the most feasible
and pro-environment strategy [1-3].

Globally, large ruminant’s performance is directly influenced by the nutritional
value of feed which accounts for over 50% of total expenditures. It deserves men-
tioning that dairy animals confront forage shortage owing to temperature extremes
leading to drastic fall in milk production especially in developing countries. The
shortage of forage and rising population of dairy animals has necessitated identify-
ing and evaluating alternate feed resources which are cheap and can also fulfill ani-
mal’s dietary needs. It has been established that weeds can inflict drastic influence on
crops productivity and use of chemical herbicides for keeping them below threshold
level, has led to serious concerns pertaining to their residual persistence in crops, soil
and environment. Weeds utilization as animal feed holds potential because these are
cheap owing to their abundance on field paths and water channels. Weeds harvested
from cropped and non-cropped area may constitute an effective and biologically
viable approach to keep weeds below the threshold level. Weeds utilization for
feeding animals can also reduce herbicides use in agricultural lands which has the
potential to curb environmental pollution. Many weeds have been reported to be
resistant and better adapt to dynamic environmental conditions, and thus making
them less prone to drastic impacts of climate change. In addition, it was reported
that animals preferred naturally grown mixtures of weeds over crop residues and
roughage during dry season. Furthermore, rapid regeneration favors many weed
species for their inclusion as a source of vegetable protein in animal’s diet [4-10].

Weeds such as Bermuda grass (Cynodon dactylon), Johnson grass (Sorghum
halepense), canary grass (Phalaris minor), nut sedge (Cyperus rotundus), cheat-grass
or drooping brome (Bromus tectorum), burr clover (Medicago polymorpha) and
pigweed (Amaranthus viridis) contained organic matter over 90% indicating that
these weeds can fulfill the dry matter requirement of animals. In addition, spotted
knapweed (Centaurea stoebe ssp. micranthos), a weed of rangelands in Northern
America was reported to displace local plant species, degraded wildlife habitats,
altered biogeochemistry of soil and triggered soil erosion and thus its control
through grazing was found to be biologically and economically viable. Similarly,
broom snakeweed and medusa-head (Taeniatherum caput-medusae) were effectively
controlled through controlled grazing with reasonably good palatability [11-17].

Along with substantial quantity, nutritional quality of weeds is of the utmost
importance for dairy animals in order to produce milk on sustainable basis. Field
bindweed (Convolvulus arvensis) and yellow duck (Rumex crispus) were reported to
have significantly higher protein content (27 and 22% respectively) [11] which were
greater than all cereal forages and most of the legumes, while button weed (Diodia
scandens) contained 7.7% protein [18]. Although, a number of species belonging to
Commelinaceae family such as climbing dayflower (Commelina diffusa L.), tropi-
cal spiderwort/wandering jew (Commelina benghalensis L.), Asiatic dayflower
(Commelina communis L.), African dayflower (Commelina africana L.), white mouth
dayflower/slender dayflower (Commelina erecta) are considered weed but consti-
tuted a major chunk of animal feed in Tanzania [19], rural regions of Mauritius [20],
USA [21] and in Kenya owing to reasonably good palatability [14, 18, 22, 23].

It is pertinent to mention that anti-nutritional factors (saponins, tannins, oxa-
lates, etc.) of weeds constitute as the most crucial concern as far as animal nutrition
is concerned. Tick weed (Cleomea viscose) recorded safer limits of anti-nutritional
factors such as condensed tannins (0.0491%), saponins (0.23%), phytates (1.2%)
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and oxalates (3.3%), but unfortunately in-depth studies are lacking in this context.
Furthermore, narrow leaf weeds (nut sedge, wild oat, etc.) were recommended to
be a good source of fiber, while broad leaf weeds (pigweed, field bindweed, etc.)
provided cheap vegetable protein to dairy animals [1, 11, 13, 20].

To date, very few studies have been done to assess the nutritional status, digest-
ibility and intake of indigenous and exotic (invasive) weeds and their utilization
in sustainable ruminant’s production systems, but not a single study has so far
synthesized and evaluated the literature on weeds utilization as forage. This chapter
attempts to synthesize as well as assess the potential of weeds for supplementing
traditional feedstuffs (forages, crop residues and concentrates) partially without
compromising the productivity of large ruminants in terms of milk production.
Weeds mineral constituents and anti-nutritional factors and various implications in
weeds utilization as animal feed have also been evaluated.

2. Materials and methods

In order to synthesize published findings pertaining to nutritional quality of
weeds, search was performed on Google Scholar (http://scholar.google.com) and
PubMed (http://www.PubMed.gov) using the below mentioned search strings:

1. Weeds and forages.
2. Weeds nutritional value.
3. Weeds, animal feed.

4. Anti-nutritional factors in weeds.

The search was time-restricted to 2000-2019, however owing to limitation of
published findings; it was later on relaxed to 1990-2019.
The research studies were screened based on following criteria;

1. Reporting at least one weed’s biomass production under changing climate.

2. Describing one or more nutritional quality parameters such as protein content
of indigenous or invasive weeds.

3. Stating anti-nutritional factors of weeds species.

4.Reporting mineral constituents of at least one or more weeds.

The screening process resulted in 55 studies which fully fit in the objectives and
selection criteria.

3. Weeds under changing climate

The rising temperature and carbon dioxide level along with the rapidly altering
dynamics of rainfall and evaporation are the most important factors for determin-
ing management and utilization of weeds under changing climate. Weeds have
been reported to have a greater genetic diversity compared to crops and thus can
respond positively to agro-environmental changes. Owing to CO, enrichment of
atmosphere and rising temperature, some of the weed species can invade new
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geographical localities while making the existing weed management strategies
ineffective. In addition, weeds can have superiority over crop plants by virtue of
better plant architecture and incorporating nitrogen and carbon in seeds. Rag weed
(Ambrosia artemissifolia) developed more number of branches and leaf area along
with producing greater number of pollens under increased temperature. Similarly,
comparatively higher production of spines by Canada thistle (Cirsium arvense) in
response to elevated CO; level was reported [10, 24-27].

In addition, biomass production of bitter vine/American rope (mikania mikran-
tha), creeping oxeye (Wedelia trilobata) and Cairo morning glory (Ipomea cairica)
was enhanced with increasing CO;, level [28]. Spurred anoda (Anoda cristata) gave
the highest green biomass at CO, fertilization up to 700 ppm and 32°C temperature,
while barnyard grass (Echinochloa crusgalli) and Indian goose-grass/wire grass/
crowfoot grass (Eleusine indica) remained non-responsive to elevated temperature
and CO, concentration. It was concluded that elevated CO, effectively enhanced the
photosynthetic process even under water limited conditions indicating higher water
use efficiency of weeds under drought stress which led to higher to biomass produc-
tion. However, weeds response to elevated CO, and temperature under well watered
conditions continues to remain an unexplored aspect which demands further
research to determine the physiological plasticity of different weed species [25, 26].

The temperature elevation as a result of global warming is feared to trigger
weeds migration. Cogon grass (Imperata cylindrica) prickly acacia (Acacia nilotica)
and witch weed (Striga asiatica) were reported to invade cooler areas of Europe
owing to global warming, while some of the invasive weed species such as mesquite
(Prosopis juliflora) can become more hardy and difficult to control owing to greater
portioning of assimilates to roots under elevated temperature particularly under
agro-ecological conditions of Indo-Pak subcontinent [27, 29-32].

4. Nutritional quality of weeds

Although, weeds presence in and around the cultivated fields has never been
deemed desirable, but these can contribute significantly to the production of
quality organic feed for dairy animals. The nutritional profile of weeds determines
feasibility and scope for their inclusion in ruminant’s feed. The nutritional quality
of weeds encompasses digestibility, chemical composition, energy and extent of
presence of anti-nutritional factors and such information can assist to determine
the allowable proportion of weeds in ruminant’s feed [10, 33-35].

Dry matter digestibility has direct relationship with the quality of forage.
Different weeds such as Barnyard grass (Echinochloa crusgalli) and Jerusalem
artichoke (Helianthus tuberosus) had significantly higher digestibility compared
to many cereal forages. The comparative dry matter digestibility of many weeds
and forages crops is presented in Table 1. Digestibility was reported to be an
important indicator of any forage’s quality, while Lamb-squarters (Chenopodium
album), barn-yard-grass (Echinochloa crus-galli), dandelion (Taraxacum officinale),
Jerusalem artichoke (Helianthus tuberosus), yellow foxtail (Setaria glauca), peren-
nial sowthistle (Sonchus arvensis) and Canada thistle (C. arvense) had in-vitro dry
matter digestibility equal to alfalfa (Medicago sativa). In addition, common ragweed
(Ambrosia artemisiifolia) and redroot pigweed (Amaranthus retroflexus) had even
greater in-vitro dry matter digestibility compared to alfalfa [11, 39-41]. There is
dire need to determine the digestibility of local weed flora in order to find out their
suitability as an alternate animal feed.

Protein (CP) is the most important nutritional quality attribute having direct
impact on milk production. Testing of 102 weed species belonging to Poacea,
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Weeds DMD (%) Forage crops DMD (%)
Barnyard grass (Echinochloa crusgalli) Alfalfa (Medicago sativa) 64-75
Canada thistle (Cirsium arvense) 68-74 Sorghum (Sorghum bicolor) 59-61
Dandelion (Taraxacum officinale) 78-84 Maize (Zea mays) 63-68
Sowthistle (Sonchus arvensis) 76-82 Oat (Avena sativa) 60-63
Swamp smartweed/knotweed/tanwed 54-62 Barley (Hordeum vulgare) 59-64
(Polygonum amphibium)
Quackgrass (Elymus repens) 58-68 Pearl millet (Cenchrus 58-60
americanus)

Brome grass (Bromus tectorum) 66-76 Cowpea (Vigna unguiculata) 68-76
Curly dock (Rumex crispus) 50-58 Soybean (Glycine max) 70-76
Jerusalem artichoke (Helianthus 81-86 Cluster bean (Cyamopsis 70-79
tuberosus) tetragonoloba)

Table 1.

Dry matter digestibility of some weeds and common forage crops grown under varied agro-climatic conditions
[11, 28, 33, 36-38].

Asteraceae, Fabaceae and Euphorbiaceae families commonly found in central Mexico
revealed that only 25 had balanced nutritional profile. Weeds CP content depend
on growth stage as matured weeds recorded lesser protein compared to harvest-
ings done at pre-bloom stage. Asthma plant (Eurphobia hirta) recorded 16.7%
protein content while tick weed or Asian spider-flower (Cleomea viscose) with
14.7% followed it, while yellow nutsedge or nut grass (Cyperus esculentus) and
button weed (Diodia scandens) contained 9.8 and 7.7% CP respectively. Bluegrass
(Poa annua) was found to have over 14% which is higher than maize, sorghum
and oat, while common purslane (Portulaca oleracea) (8%) was also suggested

to be an equally good forage weed as far as CP content is concerned. Another
study suggested that weeds including bush sunflower (Simsia amplexicaulis),
creeping false holly (Jaltomata procumbens) and mosquito flower weed (Lopezia
racemosa) contained CP in the range of 6.5-16.9% and could be used solely or

as supplementary feed mixed with maize straw to feed dairy cattle. Mixtures of
weeds (Commelinaceae + Amaranthaceae) recorded crude protein twice than most
of the roughages. Another study reported that bush sunflower (Simsia amplexi-
caulis) weed supplemented with maize straw based animal diets resulted in higher
protein content successfully met dairy animals dietary needs. Similarly, climbing
dayflower (Commelina diffusa L.) recorded appreciably higher content of protein
(17.7%) which is comparable to commonly used forage crops. In addition, its
rumen degradability of protein was recorded over 72% making it forage with bal-
anced nutrition [11, 36, 42—-44].

Higher content of fiber increases the bulkiness of feed which results in reduced
intake. The lowest crude fiber content was recorded by button weed (18.7%) and
nut grass yielded the highest fiber (27%). The minimum lignin content (9.6%) of
asthma plant favored its inclusion in animal feed [18]. Similarly, common dandelion
(Taraxacum officinale) recorded significantly lower crude fiber content (15%),
while Bermuda grass (Cynodon dactylon) gave the lowest fiber content of just over
6% [11]. In contrast, barnyard grass (Echinochloa crusgalli) recorded the high-
est neutral detergent fiber (NDF) compared to trans-pecos drymary (Drymaria
laxiflora) [45]. It was reported that climbing dayflower (Commelina diffusa L.)
recorded 36% and 22% NDF and acid detergent fiber (ADF) respectively and thus
compares well to commonly used grasses such as sorghum-Sudan grass and napier
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grass (Pennisetum purpureum) [9]. Similarly, spiderwort (Tripogandra purpuracens),
aweed of South America recorded reasonably good concentration of carbohydrates
which was higher compared to Tridax coronopifolia and was recommended to be fed
to dairy animals [10, 11, 13, 19, 37, 46].

Digestibility is an important indicator of any forage’s quality. Lamb-
squarters (Chenopodium album), barn-yard-grass (Echinochloa crus-galli),
dandelion (Taraxacum officinale), Jerusalem artichoke (Helianthus tuberosus),
yellow foxtail (Setaria glauca), perennial sowthistle (Sonchus arvensis) and
Canada thistle (C. arvense) had in-vitro dry matter digestibility equal to alfalfa
(Medicago sativa). In addition, common ragweed (Ambrosia artemisiifolia) and
redroot pigweed (Amaranthus retroflexus) had even greater in-vitro dry matter
digestibility compared to alfalfa. Similarly, it was reported that high protein and
low fiber contents are indicative of high energy and high productive value feeds.
Field bindweed (Convolvulus arvensis L.) and common amaranth (Amaranthus
retrofl exus L.) recorded the highest protein (18.8 and 13.0% respectively) and
the lowest fiber (14.7 and 17.6% respectively) which was comparable to alfalfa
(Medicago sativa) hay having 16.9% protein and 27% fiber. In addition, especial
emphasis was paid to palatability of weeds as high nutritional value becomes
irrelevant if animals have little likelihood for the weeds species. The hay of dif-
ferent weeds was given to sheep to determine their palatability by using cafeteria
of manger technique and biomass consumed in 15 minutes was recorded. Alfalfa
had the highest palatability followed by field bindweed (Convolvulus arvensis L.)

Weeds OM (%) CP (%) ADF (%) NDF (%) F (%) A (%)
Knapweed (Centaurea — 19.5 — 29.5 — —
stoebe) [43]

Nut sedge (Cyperus 91.03 16.3 57.8 64.5 — 12.8
rotundus) [11]

Red dead-nettle (Lamium — 9.7 25.8 — 21 9.8
purpureum) [43]

Field bindweed 90.30 27.0 41.0 355 — 104
(Conwvolvulus arvensis) [11]

Pigweed (Amaranthus 91.00 26.2 57.7 31.0 — 13.2
viridis) [11]

Johnson grass (Sorghum — 53 30.2 — 1.5 55
halepense) [46]

Field mustard (Brassica — 9.8 49.5 63.7 — —
rapa) [46]

Chicory (Cichorium — 71 352 — 3.34 75

intybus) [46]

Bermuda grass (Cynodon 90.90 13.5 47.0 76.5 — 133
dactylon) [11]

Mexican aster (Cosmos — 10.5 43.5 41.7 — —
bipinnatus) [40]

Tick clover (Desmodium — 16.2 429 41.6 — —
molliculum) [40]

Yellow foxtail (Setaria — 20 30.0 — — —
glauca) [10]

Table 2.
Nutritional quality (organic matter, crude protein CP, acid detevgent fiber ADF, neutval detergent fiber NDF,
fats F, total ash A) of weeds [11, 17, 21, 31, 35, 39, 41, 48, 49].
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and common amaranth (Amaranthus retrofl exus L.) owing to higher protein and
lesser fiber contents. Thus, it was inferred that protein and fiber content of feeds
can be used as predictors of palatability and it was also concluded that weeds
leaves had 2-3 times higher protein than stems and thus leafy weeds such as field
bindweed (Convolvulus arvensis L.) recorded higher palatability [11, 45, 47]. The
nutritional quality of some weeds has been presented Table 2.

5. Mineral constituents of weeds

Minerals in appropriate quantity are essential for dairy animals to be utilized
in various metabolic processes, for boosting immunity level against diseases and
reproductive health. Asthma plant (Eurphobia hirta) was recommended to be
included in animal feed for having reasonably higher concentrations of major
minerals including calcium (Ca) (13.6%), magnesium (Mg) (3.0%) and potassium
(K) (2.5%), along with many trace elements such as iron (Fe) (0.7%), copper (Cu)
(0.1%) and manganese (Mn) (0.1%). Common chicory (Cichorium intybus) was also
suggested as forage weed for having a comparable mineral composition including
Ca (6%), Mg (2%), Fe (0.5%) and Cu (0.06%). In addition, pink sorrel (Oxalis
debilis) was found to be poor on animal nutrition scale for being deficient in Ca
(4%), Mg (2.3%), Fe (2.4) and Zinc (Zn) (0.15) compared to other forage weeds
[10, 21, 48]. Very limited information has been reported so far regarding mineral
constituents of weeds which limit their utilization as a feed source for ruminants.
Table 3 contains mineral constitution of some weeds.

Weeds Ca Mg Zn

Wild oat (Avena fatua) [11] 1.8 1.10 0.06
Burr clover (Medicago polymorpha) [11] 10.2 242 0.14
Morning glory (Ipomoea purpurea) [40] 9.0 0.63 2.99
Yellow duck (Rumex crispus) [11] 4.7 2.70 0.20
Cheese weed (Malva parviflora) [40] 19.3 1.22 4.59
Wood sorrel (Oxalis decaphyllai) [40] 51 143 2.76

Table 3.

Mineral constituents (calcium Ca, magnesium Mg and zinc Zn) of different weeds grown under varied
agro-climatic conditions [11, 18, 22, 32, 40].

6. Anti-nutritional contents of weeds

Condensed tannins, saponins, phytate and oxalate are some of the anti-nutritional
factors which reduce the nutritional quality and even impart toxicity to animal feeds.
It was reported that button weed (0.029-0.052%) had the lowest tannin content,
while nutsedge recorded the maximum tannin content. It was suggested that weeds
having tannins 2-4% of dry matter did not pose a life threatening situation rather
were found to be effective in improving protein flow towards duodenum which led to
higher weight gain and reduced the parasitic infections. It was suggested that effec-
tive drying of weeds has the potential to significantly reduce the condensed tannins
of weeds. Similarly, saponins which are generally produced by defense systems of
weeds in response to pathogenic attacks impart a bitter taste and reduce nitrogen
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digestibility leading to lower palatability of weeds. Tick weed and nutsedge recorded
similar saponins (0.22%), while button weed contained higher saponins (0.35%).

Phytates produce phytic acid which acts as a chelator of various macro-minerals
(calcium and magnesium) and trace mineral (iron and zinc) leading to a severe
deficiency of these minerals. Button weed with 1.18% phytates remained superior
to nut-sedge and asthma plants. Oxalate is another important anti-nutritional factor
which binds with calcium to form calcium oxalate leading to calcium unavailability.
Asthma plant recorded the lowest oxalate concentration (2.36%) while button weed
had the maximum oxalate concentration (2.92).

It was suggested that weeds such as Arizona sunflower (Tithonia tubiformis),
wood sorrel (Oxalis divergens) and bush sunflower (Simsia amplexicaulis) com-
monly found in America, Mexico, Argentina and Chile contained tannins in safer
limits and might be utilized to feed dairy animals. In contrast, a fatty acid called
malvalic acid was isolated from cheese weed (Malva parviflora L.) which caused
deaths of dairy animals. Similarly, different phenolic compounds were reported
to be the major reason behind low palatability of many weed species. In addition,
the presence of phytochemicals and free oxygen metabolites in weeds contributed
to mastitis and ultimately led to udder edema along with deteriorating the repro-
ductive performance of cattle. Similarly, spotted knapweed (Centaurea stoebe ssp.
micranthos) in North American rangelands contained an allelo-chemical named cni-
cin (a sesquiterpene lactone compound) which reduced its palatability by imparting
bitter taste and deterred grazing. In contrast, knapweed was readily consumed by
small ruminants’ preferably at rosette and bolting stages compared to flowering and
seed-set phonological stages. This preference was associated with higher protein
and lower fiber content at rosette stage in comparison to flowering or seed-set stages
without any link between cnicin content and knapweed palatability [28, 49-51].

7. Nutritional comparison of weeds and forage crops

To the best of our knowledge, no comprehensive studies have been reported per-
taining to qualitative analyses of different native and exotic weeds with forage crops.
Some of the weeds such as Canada thistle, spotted knapweed, white-top, Russian
knapweed and pigweeds contain protein in the range of 15-22% while typical grasses
has only 2-11% protein, thus have the potential to become cost-free source of plant
protein. In addition, higher leaf-stem ratio in weeds impart them superiority over
grasses in terms of higher digestibility. Moreover, weeds provide nutrients rumen
microbes which enable dairy animals to digest lower quality forages and thereby
reducing overall feed cost. Weeds are always available even during periods of
drought in arid areas and their utilization can help to obtain sustainable supplies of
milk throughout the years with minimum cost. Dairy animals being fed on protein
rich weeds tend to gain weight more rapidly and that too with no additional cost.

8. Limitations and implications

The studies regarding nutritional quality, presence of anti-nutritional or toxic
substances and palatability of most of the native weed species is lacking. However,
one of the most important limitations in utilizing tropical weeds for dairy animals is
the presence of anti-nutritional factors such as tannins which are harmful and toxic
to ruminants [13, 38, 51]. Animals being fed on weeds having high concentration of
tannins witnessed digestibility depression. Weeds having exceptionally higher lignin
content caused a sharp decline in feed intake leading to serious malnutrition in dairy
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animals. Similarly, significantly less palatability of weeds reduce their intake, which
led to animal’s weight loss along with sharp decline in milk production [52-54].
Moreover, some of the weeds species have thorns and spines due to which animal
gets its mouths injured along with irritating of eyes which leads to pinkeye. In addi-
tion, there could be some weeds which can impart unpleasant odor and taste to milk
and meat. Lastly, although weeds offer cost-free source of animal feed but centuries-
long war against weeds has made it difficult to change the mind of ranchers and dairy
farmers to utilize this precious source of plant protein which needs to be changed.

9. Conclusions

The exceptional resistance to drought, higher biomass production under
unfavorable pedo-climatic conditions, rapid regeneration capacity, and acceptable
nutritional quality at all phonological stages suggests that there are opportunities to
utilize weeds as forage for all types of ruminants. Weeds availability throughout the
year warrants their potential to fulfill essential dietary needs of animals and favors
their inclusion as supplementary forage especially during extreme weather condi-
tions. However, controlled field investigations for determining the appropriate
growth timings, nutritional quality, anti-nutritional factors and biomass production
potential of different native weeds must be done in rangelands while maintaining a
balanced and healthy rangeland ecosystem.

Author details

Muhammad Aamir Iqball*, Sajid Ali?, Ayman EIl Sabagh3’4, Zahoor Ahmad®
and Muzammil H. Siddiqui™*

1 Department of Agronomy, Faculty of Agriculture, University of Poonch
Rawalakot (AJK), Pakistan

2 Institute of Agricultural Sciences, University of the Punjab, Lahore, Pakistan

3 Department of Field Crops, Faculty of Agriculture, Siirt University, Turkey

4 Department of Agronomy, Faculty of Agriculture, Kafrelsheikh University, Egypt
5 Department of Field Crops, Faculty of Agriculture, Cukurova University, Turkey

*Address all correspondence to: muhammadaamir@upr.edu.pk and
muzammilagro@upr.edu.pk

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Invasive Species - Introduction Pathways, Economic Impact, and Possible Management Options

References

[1] Ziska LH, Faulkner SS, Lydon J.
Changes in biomass and root:shoot ratio
of field grown Canada thistle (Cirsium
arvense), a noxious, invasive weed,

with elevated CO,. Weed Science.
2004;47:608-615

[2] Kalita P, Mukhopadhyay PK,
Mukherjee AK. Evaluation of the
nutritional quality of four unexplored
aquatic weeds from Northeast

India for the formulation of cost-
effective fish feeds. Food Chemistry.
2007;103:204-209

[3] Igbal MA, Muzammil HS, Sher A,
Zahoor A, Qaiser M, Rana DK. Forage
productivity of cowpea [Vigna
unguiculata (L.) Walp] cultivars
improves by optimization of spatial
arrangements. Revista Mexicana De
Ciencias Pecuarias. 2018;9:203-219

[4] Igbal MA, Asif I, Muzammil HS,
Zahid M. Bio-agronomic evaluation
of forage sorghum-legumes binary
crops on Haplic Yermosol soil of

Pakistan. Pakistan Journal of Botany.
2018;50:1991-1997

[5] Igbal MA, Asif I, Zahid M, Zahoor A,
Essa A, Muzammil HS, et al. Revamping
soil quality and correlation studies for
yield and yield attributes in sorghum-
legumes intercropping systems.
Bioscience Journal. 2018;34:1165-1176

[6] Igbal MA, Asif I, Rana NA. Spatio-
temporal reconciliation to lessen losses
in yield and quality of forage soybean
(Glycine max L.) in soybean-sorghum

intercropping systems. Bragantia.
2018;77:283-291

[7] Igbal A, Muhammad AI, Imtiaz H,
Muzammil HS, Muhammad N,
Jamshed A, et al. Seed blending of oat
(Avena sativa L.) and canola (Brassica
napus L.) under variable seed
proportions enhanced forage
productivity and nutritional

10

quality. Pakistan Journal of Botany.
2018;50:1985-1990

(8] Igbal MA, Abdul H, Imtiaz H,
Muzammil HS, Tanveer A, Abdul K,
et al. Competitive indices in cereal
and legume mixtures in a South Asian
environment. Agronomy Journal.
2019;111:242-249. DOI: 10.2134/
agronj2017.11.0658

[9] Lanyasunya TP, Wang HR,
Abdulrazak SA, Mukisira EA,

Zhang J. The potential of the weed,
Commelina diffusa L., as a fodder crop
for ruminants. South African Journal of
Animal Science. 2006;36:27-31

[10] Ziska LH. Evaluation of yield loss in
field sorghum from a C3 and C4 weed
with increasing CO,. Weed Science.
2003;51:914-918

[11] Khan R, Khan MA, Sultan S,
Marwat KB, Khan I, Hassan G, et al.
Nutritional quality of sixteen terrestrial
weeds for the formulation of cost-

effective animal feed. Journal of Animal
and Plant Sciences. 2013;23:75-79

[12] Thrift BD, Mosley JC,

Brewer TK, Roeder BL, Olson BE,

Kott RW. Prescribed sheep grazing to
suppress spotted knapweed on foothill
rangeland. Rangeland Ecology and
Management. 2008;61:18-25

[13] LeJeune KD, Seastedt TR.
Centaurea species: The forb that
won the west. Conservation Biology.
2001;15:1568-1574

[14] Olson BE, Lacey JR. Sheep: A
method for controlling rangeland
weeds. Journal of Sheep and Goat
Research. 1994;10:105-112

[15] Wright AL, Kelsey RG. Effects of
spotted knapweed on cervid winter—
spring range in Idaho. Journal of Range
Management. 1997;50:487-496



Changing Climate and Advances on Weeds Utilization as Forage: Provisions, Nutritional Quality...

DOI: http://dx.doi.org/10.5772/intechopen.91386

[16] Olson BE, Kelsey RG. Effect of
Centaurea maculosa on sheep rumen
microbial activity and mass in vitro.
Journal of Chemistry and Ecology.
1997;23:1131-1144

[17] Ralphs MH, Banks JE. Cattle
grazing as a biological control for
broom snakeweed: Vegetation response.

Rangeland Ecology and Management.
2009;62:38-43

[18] Akinfemi A, Mako AA. Assessment
of nutritive value of four dominant
weed species in north central

Nigeria. Livestock Research for Rural
Development. 2012;24. Available

from: http://www.lrrd.org/lrrd24/11/
akin24208.htm

[19] Ingratubun GF, Owen E,

Massawe NF, Mtenga LA, Mtengeti EG.
Effect of upgrading small East African
goats on feed resource utilisation in

the Uluguru mountains in Tanzania;

a farmers’ perspective. Livestock
Research for Rural Development.
2000;12:13-19

[20] Boodoo AA, Ramjee R,

Hulman B, Dolberg F, Rowe ]B.
Evaluation of the basal forage diet of
village cows. Livestock Research for
Rural Development. 1990;1990:2.
Available from: http://www.lrrd.org/
Irrd24/11/akin24208.htm

[21] Mullahey J]. Tropical soda apple,
wetland nightshade, and Turkey berry.
In: Van Driesche R et al., editors.
Biological Control of Invasive Plants in
the Eastern United States. Florida, USA:
USDA Forest Service Publication; 2002.
pp- 413-423

[22] Walker JW, Kronberg SL,
Al-Rowaily SL, West NE. Comparison
of sheep and goat preference for leafy

spurge. Journal of Range Management.
1994;47:429-434

[23] Aggarwal GC, Pimentel D, Mario G.
Weed benefits and costs in rice and

11

wheat production in India. Agricultura,
Ecosystems & Environment.
1992;39:235-244

[24] Hyvonen T, Glemnitz M, Radics L,
Hoffmann J. Impact of climate and land
use type on the distribution of finish
casual arable weeds in Europe. Weed
Research. 2010;51:201-208

[25] Kriticos DJ, Sutherst RW, Brown JR,
Adkins SW, Maywald GF. Climate
change and the potential distribution of
an invasive alien plant: Acacia nilotica

spp. indica in Australia. Journal of
Applied Ecology. 2003;40:111-124

[26] Patterson DT. Weeds in a changing
climate. Weed Science. 1995;43:685-701

[27] Malarkodi N, Manikandan N,
Ramaraj AP. Impact of climate change
on weeds and weed management—A

review. Journal of Innovative
Agriculture. 2017;4:1-6

[28] Song L, Wu ], Furong LC, Peng S,
Chen B. Different responses of invasive
and native species to elevated CO,
concentration. Acta Ecologica.

2009;35:128-135

[29] Chaudhury UN, Kirkham MB,
Kanemasu ET. Carbon dioxide and
water level effects on yield and water

use of winter wheat. Agronomy Journal.
1990;82:637-641

[30] Ziska LH. Influence of rising
atmospheric CO, since 1900 on early
growth and photosynthetic response of
a noxious invasive weed, Canada thistle
(Cirsium arvense). Functional Plant
Biology. 2002;29:1387-1392

[31] Ziska LH, George K. Rising
carbon dioxide and invasive,
noxious plants: Potential threats and

consequences. World Resource Review.
2004;16:427-447

[32] Tang J, Xu L, Chen X, Hu S.
Interaction between C4 barnyard grass



Invasive Species - Introduction Pathways, Economic Impact, and Possible Management Options

and C3 upland rice under elevated CO;:
Impact of mycorrhizae. Acta Ecologica.
2009;35:227-235

[33] Castelan O, Estrada J, Carretero L,
Vieyra A, Martinez N, Cardenas S, et al.
Degradation characteristics of maize
weeds used as forage in smallholder
maize-livestock production systems

of central México, in different

growing periods. Tropical Subtropical
Agroecosystems. 2003;3:115-119

[34] De-Bruijn SL, Bork EW. Biological
control of Canada thistle in temperate
pastures using high density rotational

cattle grazing. Biological Control.
2006;36:305-315

[35] Di-Tomaso JM, Kyser GB,

Goerge MR, Doran MP, Laca EA.
Control of Medusahead (Taeniatherum
caput-medusae) using timely sheep

grazing. Invasive Plant Science
Management. 2008;1:241-247

[36] Holst PJ, Allan CJ, Campbell MH,
Gilmour AR. Grazing of pasture weeds
by goats and sheep, pt. 1: Nodding
thistle (Carduus nutans). Australian

Journal of Experimental Agriculture.
2004;44:547-551

[37] Lamers ], Burkert A, Makkar HPS,
Von Oppen M, Becker K. Biomass
production, feed and economic value
of fodder weeds as by-products of
millet cropping in a Sahelian farming
system. Experimental Agriculture.

1996;32(3):317-326

[38] Ziska LH, Caulfield FA. Rising
CO; and pollen production of common
ragweed (Ambrosia artemisiifolia),

a known allergy inducing species:
Implications for public health.
Australian Journal of Plant Physiology.
2000;27:893-898

[39] Di-Tomaso JM. Invasive weeds
in rangelands: Species, impacts,
and management. Weed Science.
2000;48:255-265

12

[40] Dora G, Mendoza S, Serrano 'V,
Bah M, Pelz R, Balderas R, et al.
Proximate composition, mineral
content, and antioxidant properties
of 14 Mexican weeds used as fodder.
Weed Biology and Management.
2008;8:291-296

[41] Frost RA, Launchbaugh KL.
Prescription grazing for rangeland
weed management. Rangelands.
2003;25:43-47

[42] Frost RA, Wilson LM,
Launchbaugh KL, Hovde EM. Seasonal
change in forage value of rangeland
weeds in Northern Idaho. Invasive

Plant Science and Management.
2008;1:343-351

[43] Ganguli AC, Michael BH,
Karen LL. Seasonal change in nutrient
composition of spotted knapweed and

preference by sheep. Small Ruminant
Research. 2010;89:47-50

[44] Gutman M, Perevolotsky A,
Sternberg M. Grazing effects on
a perennial legume, Bituminaria
bituminosa (L.) Stirton, in

a mediterranean rangeland.
Cahiers Options Mediterranean.
2000;45:299-303

[45] Martinez-Loperena R, Castelan-
Ortega OA, Gonzalez-Ronquillo M,
Estrada-Flores JG. Nutritive value,

in vitro fermentation and secondary
metabolites of weeds and maize straw
used for feeding dairy cattle. Tropical
and Subtropical Agroecosystems.
2011;14:525-536

[46] Kirilov A, Georgieva N, Stoycheva I.
Determination of composition and
palatability of certain weeds.
International Journal of Agricultural
Science and Food Technology.
2016;2:41-43

[47] Miller JK, Brzezinska-
Slebodzinska E. Oxidative stress,
antioxidants, and animal



Changing Climate and Advances on Weeds Utilization as Forage: Provisions, Nutritional Quality...
DOI: http://dx.doi.org/10.5772/intechopen.91386

function. Journal of Dairy Science.
1993,76:2812-2823

[48] Olson BE, Wallander RT,

Lacey JR. Effects of sheep grazing
on spotted knapweed-infested Idaho
fescue community. Journal of Range
Management. 1997;50:386-390

[49] Igbal MA, Asif I, Nadeem A,
Haroon ZK, Rana NA. A study on feed
stuffs role in enhancing the productivity
of milch animals in Pakistan-existing
scenario and future prospect. Global

Veterinaria. 2015;14:23-33

[50] Shale TL, Stirk WA, Van S]J.
Variation in antibacterial and anti-
inflammatory activity of different
growth forms of Malva parviflora and
evidence for synergism of the anti-
inflammatory compounds. Journal of

Ethnopharmacology. 2005;96:325-330

[51] Tremmel DC, Patterson DT.
Responses of soybean and five weeds to
CO, enrichment under two temperature
regimes. Canadian Journal of Plant
Science. 1993;73:1249-1260

[52] Igbal MA, Abdul H, Tanveer A,
Imtiaz H, Sajid A, Ansar A, et al. Forage
sorghum-legumes intercropping: Effect
on growth, yields, nutritional quality
and economic returns. Bragantia.

2019;78:82-95

[53] Igbal MA, Abdul H, Muzammil HS,
Imtiaz H, Tanveer A, Sairal, et al.

A meta-analysis of the impact of

foliar feeding of micronutrients on
productivity and revenue generation
of forage crops. Planta Daninha.
2019;37:¢019189237

[54] Akdeniz H, Mehmet AB,

Ibrahim H, Mohammad SI, Akbar H,
Mabrouk S, et al. Yield and nutritive
value of Italian ryegrass (Lolium
italicum L.) is influenced by different
levels of nitrogenous fertilizer.
Fresenius Environmental Bulletin.

2019;28:8986-8992

13



