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Evaluation of Morphological Characteristics and Forage Biomass
Yield of Five Selected Wheat Cultivars for Ruminant Livestock Nu-
trition in Northern Pakistan
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Abstract | This research study evaluated the genetic variation in forage biomass yield, morphological
characteristic, forage nutritional value and digestibility among five selected wheat genotypes. The five cultivars,
namely, Pir Sabaq (PS)-15, Bakhtawar-92, PS-2000, National Agriculture Research Council (NARC)-11
and Zam-04 were grown in 12 replicate plots (6 m x 10 m), that were blocked in three fields according
to Randomized Complete Block Design. Uniform field preparation, irrigation, weeds control and standard
agronomic practices were applied to all plots. For forage yield, morphological and quality evaluation, samples
were collected from randomly selected one-meter long strip of two consecutive rows of each plot at feekes
stages 7 to 8, when the second last leaf was visible. The collected samples were immediately weighed, and
10 plants were subsampled from each sample for morphological evaluation. Ten plants were weighed and
separated into stem and leaves portion, subsequently weighed and analysed for dry matter (DM) content. The
remaining samples were air dried, ground and analysed for chemical composition and iz vitro digestibility
(IVDMD) and in vitro gas production (IVGP). The results revealed large variability (P < 0.001) in DM
yield, ranging from 1943 to 2763 kg/ha. There was also greater variability (P < 0.001) in morphological
characteristics among the wheat cultivars. The percentage of leaves varied from 0.33 to 0.45% and leaf to stem
ratio varied from 0.47 to 0.84. There was also marked variation (P <0.001) in the plant height, ranging from
68.7 to 79.3 cm. The chemical composition showed large range (P < 0.001) among the five wheat cultivars,
the ash content varied from 6.01 to 7.90%, crude protein (CP) from 8.71 to 12.40% and crude fat (CFat)
from 1.02 to 3.26%. The neutral detergent fibre (NDF) from 43.2 to 44.7%. The IV'DMD varied from 48.4 to
58.9% and IVGP varied from 110 to 172 mL/g organic matter. Among the five wheat cultivars Bakhtawar-92
had maximum DM yield (2747 kg/ha), proportion of leaves (45%), CP (12.4%), IVDMD (58.9%) and IVGP
(172 mL/g organic matter), and minimum portion of stem (55%) and NDF (43.2%), and thus supported
greater yield of high quality wheat fodder. Other cultivars which combined similar desirable characteristic
were ranked in order of merit as PS-15, PS-2000, NARC-11 and Zam-04.
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Introduction play an important role in national Gross Domestic
Products (GDP), particularly in livelihood and

Pakistan is the fourth largest milk producing economy of rural population. However, there is still
country in the world, and milk and milk products an increasing demand for milk and milk products,
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and it is expected to increase further due to increasing
population and rising income levels (Sulaiman ez a.,
2021). The rising demand for milk and milk products
has led to rapid intensification of the dairy industry
over the past decade, which in the face of shrinking
agricultural land, demands for efficient utilization of
available land and feed resources. Currently, the lack of
good quality forages, particularly during the prolonged
winter and summer scarcity periods severely impede
productivity and profitability of dairy animals in the
country (Habib ez al, 2016; Sulaiman ez al., 2021).
In this context, development of high yielding and
highly digestible forage varieties and optimizing their
utilization in dairy rations is one of the main cross
cutting issues to be researched.

Good quality forages are available in sufficient
quantity only in few months of the year, and in the rest
of the year ruminants are fed with crop residues, low
quality hay or grazed on low quality pastures in the
rangelands under the predominant small and medium
scale production systems. These low-quality forages
often do not fulfil requirements for milk production,
particularly of the high producing animals. The need
for good quality forages is particularly high during
extreme winter and summer period. For meeting this
deficiency during winter season, many countries are
using wheat for providing early cut during the peak
winter season (Northup, 2010; MacKown ez a/.,2011).
Moreover, traditionally, in the Khyber Pakhtunkhwa
province of Pakistan mix cropping of wheat with
berseem (7rifolium alexandrinum), shaftal (Trifolium
resupinatum) and vetch (Viciasativa) is practiced to
provide an early, stable cut of good quality forage
during winter scarcity period.

Wheat is generally grown for cereal grain purpose;
however, little attention has been given to
improvement of its forage quality (Cash ez a/., 2007).
'The specific varieties of wheat affect not only the grain
yield but also the nutritional quality of wheat forage
and straws (Kim ez a/., 2016; Bezabih ez a/., 2018). It
has been reported that wheat genotypes, which have
more height have more long lean leaves proportion
(142-152 cm), produces higher yields and more
nutritious biomass of both forage and straw (Capstaff
and Miller, 2018). Research in the US (Kim and
Anderson, 2014) have shown large variation in forage
nutritional value and neutral detergent fibre (NDF)
digestibility among wheat cultivars. The present study
was therefore deigned to exploit the genetic variation

in forage biomass yield, morphological characteristic,
nutritional value and digestibility among selected
promising wheat cultivars for production of quality
forage.

Materials and Methods

Experimental design, land preparation sowing and crop
management

The experiment was conducted at the research
fields of the University of Agriculture, Peshawar
Pakistan with the collaboration of Cereal Crop
Research Institute (CCRI), Pirsabaq, Nowshehra,
Khyber PakhtunKhwa, Pakistan. The five promising
wheat cultivars were grown under uniform standard
agronomical conditions. Seeds (3 kg of each cultivar)
of the wheat cultivars were provided by CCRI. Before
sowing, twelve subsamples (150 g) were collected and
properly labelled for sowing in the twelve replicate
plots. The seeds weight for the plot was calculated
based on seed rate, 1000 seeds weight and plot size.
Before sowing, farmyard manure was applied at a
rate of 4 tons/jerib based on soil nutrient profile. The
field was ploughed with cultivator two times followed
by rotavator for a fine seedbed preparation. The 150
g seeds per plot were sown in rows with a row to
row distance of 30 cm. Four replicate plots of each
cultivar were blocked in 3 replicate fields according
to a randomized complete block design. The nitrogen
tertilizer was applied at the rate of 30 kg/jerib, while
phosphorus and potassium were provided at the rate
of 30 kg/jerib. All plots were irrigated two weeks after
the germination of seeds, and then weekly. However,
the interval was adjusted according to weather
conditions.

Sampling

For evaluation of forage yield, morphological and
quality characteristic, samples were collected from
randomly selected one-meter long strip of two
consecutive rows of each plot at feeks growth stage 7
to 8, when the second last leaf was visible. The exterior
1 m area of each plot was excluded from sampling.
'The samples were covered with plastic bags to protect
it from air and direct sunlight. The samples were
immediately weighed and analysed for dry matter
(DM) content. Then 10 randomly selected plants from
each sample were subsampled, and weight and height
of individual plant was recorded. The leaves and stem
portion were separated manually and weighed and
analysed for DM content at the laboratory of Animal
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Nutrition, the University of Agriculture Peshawar,
Pakistan.

Chemical analysis

The air-dried ground (lmm size) samples were
analysed for nutrient composition of wheat fodder,
cell wall content and iz vifro dry matter digestibility
(IVDMD). The contents of DM (method 930.15), ash
(method 942.05), crude protein (CP; method 984.13)
and ADF (method 973.18) were analysed according
to Association of Official Analytical Chemists
(AOAC, 1995). The NDF content was analysed using
the method of Van Soest ef a/. (1991).

In vitro DMD was determined using the commonly
used two stage digestibility procedure of Tilly and
Terry (1957) at the laboratory of Animal Nutrition,
the University of Agriculture Peshawar. The in vitro
gas production (IVGP) was analysed using fully
automated gas production apparatus (Cone and
Engeles, 1995) at the laboratory of Animal Nutrition,
Wageningen University, the Netherlands.

Statistical analysis
Data on the effect of wheat cultivar on forage biomass
yield, morphological characteristics, chemical

composition, IV'DMD and IVGP were analysed using
the PROCMIXED procedure of SAS (SAS Inst.,
Inc., Cary, NC).

Rij=p+ WGi+ €jj

Where, Rij is response variable; p is the overall mean;
WGt is the fixed effect of wheat genotype and €ij
is random error. For parameters with significant (P
< 0.05) differences, pair-wise differences among the
means were computed using Tukey-Kramer test. The
“pdmix 800” SAS macro program was used to obtain
different letters for means with significant (P < 0.05)
differences.

Results and Discussion

Mean, minimum and maximum values biomass yield,
morphological characteristics, chemical composition,
IVDMD and IVGP of the studied wheat cultivars
are summarized in Table 1. The DM yield varied
from1943 to 2763 kg/ha, plant height from 68.7 to
79.3 cm and leaf to stem ratio from 0.47 to 0.84.
There was also large range in the content of CP

(8.71 to 12.4% DM), NDF (43.2 to 44.7% DM) and

crude fat (1.02 to 3.26%). This variation in chemical
composition was also reflected in large variation in the
values of 72 h total IVGP (110 to 172 mL/g organic
matter (OM) and IVDMD (48.4 to 58.9%).

Table 1: Mean, minimum and maximum <value of
biomass yield, morphological characteristics, chemical
composition, in vitro digestibility and in vitro gas
production of wheat cultivars.

Trait Unit Average Min- Max-
value imum imum
value value
Yield
Fresh biomass yield kg/ha 12835 11166 15250
Dry matter content % 19.1 174 221
Dry matter yield kg/ha 2449.3 1943.0 2762.5
Morphological Characteristics
Proportion leaves % 0.40 0.33 0.45
Proportion stem % 0.60 0.54 0.67
Leaf: system ratio 0.68 0.47 0.84
Plant height cm 74.4 68.7 79.3
Chemical composition
Dry matter % 19.1 17.4 221
Ash % 6.9 6.0 7.9
Crude protein % 10.5 8.70 124
Crude fat % 1.8 1.0 33
Neutral detergent fibre % 44.0 42.4 447
Acid detergent fibre % 31.1 294 322
Digestibility
IVDMD % 51.5 48.5 589
IVGP mL/g OM 127.7  76.6 172

IVDMD: in vitro dry matter digestibility; IVGP: in vitro gas
production; OM: organic matter.

Data in Table 2 shows that the cultivars significantly
affected fresh biomass yield (P < 0.001), DM yield
(P < 0.001) and morphological characteristics (P <
0.001) of wheat forage. The highest (P < 0.05) DM
yield was recorded for PS-15 (2763 kg/ha) and lowest
(P < 0.05) for Zam-04 (1943 kg/ha). The greater (P <
0.05) leaf: stem ratio was recorded for Bakhtawar-92
(0.84) and lowest (P < 0.05) for Zam-04 (0.47). The
highest (P < 0.05) plant height was recorded for PS-
15 (79.3 cm) and lowest was recorded for PS-2000
(68.7 cm).

Table 3 presents data on the effect of cultivars on
chemical profile, IVDMD and IVGP of wheat
forages. There was large variation in all measured

chemical components (P < 0.001), IV'DMD (P <
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0.001) and 72h cumulative IVGP (P < 0.001) among
the evaluated wheat cultivars. Means comparison
revealed that cultivars Bakhtawar-92 had the highest
(P < 0.05) contents of CP (12.4%), IV'DMD (58.9%)
and 72h cumulative IVGP (172 mL/g OM) and
lowest (P < 0.05) contents of NDF (43.2%) and ADF
(30.2%). Cultivars NARC-11 had lowest (P < 0.05)
content of CP (8.71%) and highest content of NDF
(44.5%) and ADF (30.2%), which resulted lowest
values of IVDMD (48.5%) and 72h cumulative IVGP
(76.6 mL/g OM).

Table 2: Variation in fresh biomass yield, dry matter yield

and morphological characteristics of the wheat cultivars.

Fresh DM  PL% PS% L:S Plant
yield  yield height
(kg/ha) (kg/ha) (cm)
Wheat cultivars
PS-15 12500° 2763 0.45* 0.55¢ 0.79* 79.3
Bakhtawar-92 13875 2747® 0.44> 0.56" 0.84* 75.0®
NARC-11  15250* 2745 0.33¢ 0.66* 0.49° 72.9
PS-2000 11383< 2049 0.44> 0.55¢ 0.81* 68.7¢
Zam-04 11167¢ 1943¢ 0.33¢ 0.67* 0.47° 76.1*®
Significance
SEM 98.3 345 0.02 0.02 0.04 1.45
P-value ok - W wRE we e

SEM: standard error mean; *: P < 0.001; DMY: dry matter yield;
PL: percentage of leaves; PS: percentage of stem; L: S: leaf to stem
ratio; PH: plant height.

The time series data on cumulative gas production
during 72 h rumen incubation in buffer-rumen fluid
of the 5 selected wheat cultivars is shown in Figure
1. It is evident from Figure 1 that Bakhtawar-92
consistently produced higher volumes of gas during
the 72 h in vitro rumen fermentation, followed by
PS-15, while NARC 11 produced lowest amount of
gas, particularly during 20-72 h.

The productivity, profitability, and long term-
sustainability of livestock industry in Pakistan require
the availability of good quality forage resources for
the entire year, because forages are the cheaper and
natural source of nutrients and energy for ruminant
livestock (Sulaiman ez a/., 2021; Khan ez al., 2020).
Increasing the availability and consumption of forages
will concurrently reduce the consumption of grains by
ruminant livestock and as such reduce the growing
competition of feed and food industries for grains.

In Pakistan wheat provide green forage during

winter forage scarcity period, when warm-season
grasses and legume forages growth are restricted by
lower temperatures. Wheat is either grown as a dual-
purposes (forage and grain production) crop or in
mixture with other leguminous and non-leguminous
tfodder crops for more stable yield and quality fodder
production during winter scarcity period. As a
promising source for winter forage production (Kim
and Anderson, 2016), screening of the current pool
of traditional wheat cultivars for selection of wheat
genotypes with high forage yield and nutritional
value could minimize the animal production losses
during the winter scarcity periods, particularly under
the predominant small-scale production systems of
the country.

Figure 1: Cumulative gas volume of the five wheat cultivars during
72 h rumen incubation.

Results of this study showed a great variation in
DM yield among the wheat cultivars, ranging from
1943 (Zam-04) to 2763 (PS-15) kg/ha. In the
support of our results, Kim e a/. (2016) recorded a
large variation in DM yield (1260 to 4158 kg/ha)
among wheat genotypes harvested at similar stage of
maturity for forage production. Our results are in line
with the finding of Bezabih ez a/. (2018), who found a
significant variation in DM yield (10704 to 13607kg/
ha) among 25 wheat cultivars. Similarly, Shuja ez al.
(2009) and Bisht ez a/. (2008) recorded large variation
in the DM yield among wheat genotypes (6518 to
13190 kg/ha).

The significant variation in  morphological
characteristics such as plant height and leaf: Stem
ratio among the evaluated wheat cultivars reflects
the variation in their chemical composition and
digestibility. There was a large range (68.7 to 79.3
cm) in the plant height among the wheat cultivars.
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Table 3: Fresh dry matter, chemical composition, in vitro dry matter digestibility and in vitro gas production of five

commonly grown cultivars.

Wheat cultivars DM Chemical compositions %DM IVDMD % IVGP
Ash CP CFat NDF ADF

PS-15 22.1* 7.9 10.6° 1.24 43.2> 31.8® 50.4% 146P

Bakhtawar-92 19.8® 7.33b 12.4 1.02¢ 42.4¢ 29.4¢ 58.9° 172:

NARC-11 18.0° 6.3 8.71¢ 3.26° 44.5%® 30.2° 48.5¢ 76.6¢

PS-2000 18.0° 6.01¢ jIblEy 1.44¢ 44.7° 32.2¢ 50.6%® 134¢

Zam-04 17.4¢ 7.2° 9.60¢ 2.3b 43.3b 31.9 49.2° 110b

Significance

SEM 0.16 0.07 0.11 0.02 0.59 0.33 0.56 1.51

P-value ok otk ok ok ok ok ok otk

SEM: standard error mean; *: P < 0.001; DM: dry matter; CP: crude protein; CFat: crude fat; NDF: neutral detergent fibre; ADF: acid
detergent fibre; IVDMD: in vitro dry matter digestibility; IVGP: in vitro gas production.

In agreement with our findings large difference in the
plant height among wheat genotypes were reported
by Kim ez al. (2016); 75.4 to 80.0 cm and Shahzad
et al. (2002); 75 to 94 cm. Plant height is directly
proportion to biomass yield and nutritional quality
of forages. Cultivars with more height have more
long lean leaves proportion (142-152 cm), produces
higher DM yields and more nutritious biomass of
both forage and straw (Capstaff and Miller, 2018).
In the present study, percentage of leaves varied from
33 to 45%, which is consistent with the findings of
Nasim ez al. (2010), who reported large variation in
the percentage of leaves (18 to 36%) among wheat
cultivars. Shahzad ez a/. (2002) recorded a similar
variation (21 to 41%) in the percentage of leaves
among wheat genotypes. Leaves nutritional value is
3 times higher than the stem, as such cultivars with
higher proportion of leaves and leaf: Stem ratio have
higher nutritional value and digestibility.

Our result also showed large variation in nutrient
composition and digestibility among the wheat
cultivars, which can be used to design strategies for
selection of high yielding and highly nutritious wheat
genotypes for forage production and for their optimal
feeding in animal rations. Although, many factors
such as genotypes, maturity stage at harvest, growing
condition and post-harvest management influences
the chemical composition of forages (Bezabih ez al.,
2014; Khan ez al., 2015b). In this study, the wheat
genotypes were grown in twelve replicate plots under
uniform growing and agronomic conditions and
harvested at similar stage of maturity that provided
excellent power for studying between-cultivars
variations in nutrients composition and digestibility.

The large variation in chemical composition due
to wheat genotypes can be used for improving the
nutritional value of wheat forage through selection of
wheat genotype with good nutritional characteristics
such as those with high CP and lower NDF contents.
Alternatively, wheat cultivars with high CP content
and high DM digestibility will be the best choice.

The content of CP is the main index for forage
quality assessment, particularly of grasses, because
it influences animal intake, rumen fermentation
efficiency and animal productivity, particularly in the
small holding production systems, where animals
receive very low or no concentrates (Khan ez a/., 2009,
2020). In our result, there was large variation in the
content of CP, ranging from 8.71 to 12.4% DM.
Because of the potentially large daily consumption
of forages, this variation in CP content will insert
large impact on CP intake. The range of CP values
observed in the present study is consistent with Kim

and Anderson (2014) and Bezabih ez a/. (2018).

After CP, the variation in NDF largely aftects forage
nutritional value. The NDF is used as a measure the
cell walls content of forages, and it consist of cellulose,
hemicellulose and lignin. The NDF content and
degradability in the rumen are the major determinant
of forage digestibility, DM intake and feed efficiency
in dairy cows. The ADF content consist of cellulose
and lignin, representing the less digestible fibre and
it is negatively correlated with forage digestibility
(Khan ez al., 2015). There was large variation in the
contents of NDF (42.4 to 44.7%) and ADF (29.4
to 32.2%) among the wheat cultivars in the present
study. The variation in NDF content observed in our
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study is in line with findings of Kim ez a/. (2016), who
observed marked variation in the NDF content (33.4
to 45.0%) of wheat forage among 299 germplasm of
wheat. Similarly, Bezabih ez a/. (2018) reported a wide
range in the NDF content (70.6 to 76.6%) among
25 wheat cultivars. Kim and Anderson (2014) also
observed a wide range in the NDF content (39.4 to
46.5%) of wheat forage among 15 wheat cultivars. The
variation in NDF content among the wheat cultivars
may be related to the differences in leaf to stem ratios,
as leaves contain lower content of NDF as compared
to stem. Moreover, genotypes with long lean leaves
contain lower content of NDEF, and their forages are
more digestible due less proportion of stem (Jung
and Deetz, 1993). The large variation in chemical
composition due to wheat genotypes highlights the
huge scope for improving the nutritional value of
wheat forage through selection of wheat genotype
with good nutritional characteristics such as those
with high CP and lower NDF content. Alternatively,
wheat cultivars with high CP content and high DM
digestibility will be the best choice.

For forages, digestibility is the single most important
criteria for nutritional-quality The
digestibility of the forages not only determine the
supply of nutrients to the animal, but is also the
major determinant of feed intake, maintenance of
rumen pH and milk fat content (Khan ez a/., 2015).
Forages with higher digestibility support higher DM
intake and supply more nutrients and energy per unit
DM intake, and as such support more milk and meat
production and vice versa. Forage digestibility can be
affected by plant genotype, environment and maturity
(Khan ez al., 2020). In the present study, the wheat
cultivars were evaluated under uniform conditions,
and hence the variation in IVDMD reflect the genetic
variation in digestibility. There was also large variation
(48.5 to 58.9%) in IVDMD of the wheat forages
evaluated in the present study. In agreement with our
findings Kim and Anderson (2014) recorded large
variation (71.8 to 74.2%) in the IVDMD. Likewise,
Bezabih ez al. (2018) also reported large variation
(46.4 to 483%) in the IVDMD. The large variation in
IVDMD due to wheat genotypes highlights the huge
scope for improving the nutritional value of wheat
forage through selection of wheat genotype with high
IVDMD. Wheat cultivars with high IVDMD and
high CP content will be the best choice for forage

improvement.

evaluation.

The IVGP data measured through the fully
automated gas production system over 72 hours
incubation of forages in buffer rumen fluid (Figure 1),
reflects the difference in their ruminal fermentation
(rate and extent) among the grass species (Cone
and Engles, 1996, He ez al., 2020). The IVGP is
mainly influenced by the chemical composition of
the forages, particularly the CP and NDF content,
but also by NDF composition such as the content of
lignin (He ez a/., 2020). The NDF is least digestible
(40 to 70%) component of forages, whereas the
digestibility of non-NDF components is very high
(> 90%) and less variable. Therefore, NDF content
is the major determinant of forage digestibility
(Bezabih ez al.,2014), and hence IVGP. In this study
wheat genotypes with higher content of CP and
lower content of NDF such as cultivar Bakhtawar-92
and PS-15 produced the maximum rate of gas
production and total IVGP, whereas those with the
higher NDF and lower CP content, such as NARC-
11 produced lower rate of gas production and total
IVGP. In agreement with our findings Kamalak ez a/.
(2005) and Bezabih ez a/. (2014) reported that IVGP
and IVDMD were negatively correlated with NDF
and ADF and contents of forages, and positively
correlated with CP content. These outcome shows
that wheat cultivars with highest CP and lowest
NDF values will support higher rate and extent, of
rumen fermentation of OM.

Conclusions and Recommendations

Significant genetic variation in forage biomass yield,
morphological characteristic, forage nutritional value
and digestibility were observed among five selected
wheat genotypes. Bakhtawar-92 had maximum DM
yield (2747 kg/ha), proportion of leaves (45%), CP
content (12.4%), IVDMD (58.9%) and IVGP (172
mL/g OM), and lower contents of NDF (43.2%) and
ADF (30.2%), which indicate good quality of wheat
fodder. As such, Bakhtawar-92 is recommended for
forage production based on higher forage DM yield,
with lower content of NDF and higher CP content,
IVGP and in vitro DM digestibility. Other cultivars
which had similar desirable characteristic are placed
in order of merit as PS-15, Ps-2000, Zam-04 and
NARC-11. These findings highlight that genetic
selection of wheat cultivars for forage production can
be used for sustainable forage production during the
winter feed scarcity periods.
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