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ABSTRACT

Straw from 20 winter and 20 spring cultivars of wheat collected from
6 experimental stations were evaluated chemically to determine if the
feeding value of straw differed among cultivars and if straw nutritional
quality components were associated with desirable agronomic characteristics
such as grain yield, heading date and plant height. No significant
differences were observed for crude protein (CP) content among winter and
spring cultivars but there were significant differences for location, cultivars
and cultivar * location interaction for the spring cultivars. A combined
analysis for spring cultivars showed a significant difference between
location, cultivar, and cultivar x location interaction effects for all the
components tested except for hemicellulose. Average CP, neutral detergent
fiber, acid detergent fiber, hemicellulose and in vifro dry matter
digestibility percentage of all cultivars ranged from 1.4 to 3.9%, 73 to 79%,
45 to 50%, 24 to 29% and 33 to 54%, respectively. Agronomic
characteristics were unrelated to most straw quality components. The data
indicated that genotypic selection can be made for feed quality components

without affecting agronomic characteristics.
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INTRODUCTION

Straw from small grains is onc of the largest potential sources of
feed for maintenance of ruminant animals. Iran produces about 16 million
metric tons of wheat straw annually. These estimates are based on the
assumption that on the average 1.3 kg of straw are produced per kg of grain
(2). If the 8 million cows in Iran were fed 2 kg day™' for 3 mo each year (i.e.
during winter) they would consume only 9.2% of the straw produced
annually. Wheat straw is generally the least digestible, barley straw is
intermediate and oat straw is the most digestible by ruminants (14). Limited
comparative research has been conducted on digestibility of straw from
small grain cultivars. Gupta et al. (10) observed no significant differences
in digestibility of whole plants of 11 cultivars of oats in India. However,
Palmer (15), Rao (16) and White ef al. (19) found differences in straw
digestibility of spring barley, wheat and oat cultivars. Kernan et a/. (12) and
White et al. (19) reported that variations in cereal straw digestibility among
crop cultivars were as great as some researchers had achieved by chemically
treating the straw to improve its digestibility.

Our first objective was to evaluate differences in straw digestibility
and composition among winter and spring wheat cultivars grown at six
experimental stations. Our second objective was to determine if straw

digestibility was associated with its crude protein and fiber content.
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MATERIALS AND METHODS

Samples of winter and spring wheat straw were collected from Karaj,
Zarghan, Darab, Zabol, Gorgan and Khorram Abad experimental stations.
Ten winter wheat straws collected from Karaj were: ‘Navid’, ‘Azd/Inia’,
‘Son64’, ‘Omid’, *Wwp’, ‘Nir’, Al cedo’, ‘Orefl’, ‘Lni’, and ‘Tjb841-10°
and ten winter wheat straws collected from Zarghan were: ‘Ghods’, ‘Omid’,
‘Van’s’, ‘K2340°, *Cnan’, *Torim’, ‘Hys’, ‘F13471°, *Qts4’, and ‘1-32-1540".

Spring wheat straw collected from Zabol, Darab, Gorgan, anc-l
Khorram Abad were: ‘Falat’, ‘Altar84°, ‘Arvand’, ‘71/3/Fn/Th’, ‘Crow’s’
‘Maya’s’, ‘Trt’s’, ‘Vee's’, ‘1158-5714°, ‘Mn-72131°, *Hanh’s’, ‘Sara’s’,
;Vcchac', ‘Metatails’, ‘Kaﬁs’s’, ‘Carpentro’, ‘Vcm-Cno's’, ‘Bow’s’,
‘Dga-cno’s’ and “Veery’

Each location (Darab, Gorgan, Karaj, Zarghan, Zabol and Khorram
Abad) consisted of four plots, and one sample was collected from each plot
(four samples for each location). Spring wheat cultivars were grown at four
locations. Heading date was described as the days when 50% of heads in the
plot were flowering. Twenty plants were randomly selected from each plot
and were cut at the soil surface and plant height was measured to the nearest
cm. Six square meters from middle of -each plot were harvested to obtain the
grain yield when all cultivars were completely dry.

Plants were grown using the same procedures at the individual
locations. Straw samples were dried in a forced-air oven at 60°C for 72 h
and ground to pass through a ]l-mm screen. Samples were analyzed for dry
matter (DM) (1), and for neutral detergent fiber (NDF), acid detergent fiber

(ADF) and hemicellulose by the procedure of Goering and Van Soest (9),
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crude protein (CP) by the Kjeldahl method and in-vitro dry matter
 digestibility (IVDMD) by the Tilley and Terry method {‘18).

Standard statistical analysis for a completely randomized design was
conducted for winter cultivars. Since the same cultivars were not tested on
the same location, location was not included in the statistical model. For
spring cultivars, a completely randomized design with factorial arrangement
was used for cach quality component (7). The Tukey test at the 5%
probability level was used to evaluate differences among genotype means
when the F test was significant. Simple correlation coefﬁcieﬁls were
computed between straw quality components and agronomic characteristics.

All statistical analyses were performed using SPSS (17).

RESULTS AND DISCUSSION

The straw quality components of the wheat straw grown at Karaj,
Zarghan, Darab, Gorgan, Zabol and Khorram Abad are presented in Tables 1
and 2. Significant differences were found for each straw quality component
measured except for CP. Straw CP ranged from 2.3 to 2.9% at Karaj, and 1.4
to 2.3% at Zarghan (Table 1). No significant differences were observed
among the winter cultivars grown at Karaj and Zarghan (Tablc 1). Straw CP
ranged from 2.5 to 3.9% for spring cultivars (Table 2). There were
significant differences for location, cultivars and cultivar % location
interaction between the spring cultivars (Table 2). Average CP content of
spring cultivars at Darab, Gorgan, Zabol and Khorram Abad were 3.97, 3.72,

1.94 and 2.99%, respectively (Table 2); P<0.05.
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Cultivar ‘Crow’s’ of spring wheat straw had the highest CP content
(3.95%) but ‘Torim’ a winter cultivar, had the lowest (1.4%) (Tables 1 and
2). Similar findings were reported by Givens (8) for 62 wheat, 52 barley and
5 oat cultivars. However, some investigators (5, 16) have reported an effect

of cultivar on CP content.

Table 2. Straw quality components (%DM) of spring cultivars at Darab, Gorgan,
Zabol and Khorram Abad.

: CP NDF ADF HEMI IVDMD
Cultivar
“Falat’ 3.01 77.0 50.0 27.1 48.7
‘ Altar 84° 2.52 76.8 493 26.5 50.6
‘Arvand’ 3.23 75.9 50.1 25.8 43.1
“71/3/Fn/Th’ 3.19 74.5 49.1 25.2 455
‘Crow’s’ 3.85 75.1 48.0 27.1 50.6
“Tr’ ‘s’ 3.10 72.9 49.6 236 472
*1158-5714° 2.99 74.4 50.4 24.0 50.1
“MN 72131° 3.54 73.3 48.1 25.1 50.1
‘Hanhn's’ 3.38 74.0 494 24.6 48.0
“Sara’s’ 3.24 74.7 49.5 252 443
‘Bow’s’ 3.33 73.3 47.9 253 44.6
*Veel/Nac’ 3.25 74.2 477 24.0 46.7
‘Metaltails® 3.68 73.6 47.7 25.7 50.0
‘Kaus’s’ 2.98 74.8 493 25.5 43.4
“Vee’s® 3.1 73.4 48.5 25.9 46.8
*Carpentro’ 32 73.8 478 26.1 423
‘Vem-cno’s’ 25 76.0 51.6 24.4 416
‘Dga cno’s’ 33 73.2 48.5 24.6 48.1
‘Veery’ 27 75.3 49.9 254 42.4
Locations
Darab 3,97 71.0° 42.2° 25.4° 52.6
Gorgan 3.72° 76.5° 53.4" 22.7° 38.62°
Khorram Abad 2.99° 73.7° 47.6° 26.0° 47.55"
~ Zabol 1.94° 78.2° 49.1" 27.1° 4635"
4 Mean squares
Cultivar 0.9 1.8 89 75 1.2
Location’ 33.47 188.6" 383.17 1400 1930.0""
Cutivar x location 0.8 72" 595" 4.6 80.0™"
"P<0.05 “*P<0.01 ***P<0.001

T Means'in the same column with different letter differ significantly (P<0.05).

None of the straw cultivars contained the recommended CP level

(5.9%) for maintaining a mature beef cow during the middle third of
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pregnancy (13). The straw CP content, averaged across all six locations, was

lower than the 4.1% CP listed by the National Research Council (13).

Fibrous Components

Means of NDF, ADF and hemicellulose across cultivars for each
location are presented in Tables 1 and 2. The differences among the winter
cultivars grown at Karaj and Zarghan for ADF was significant (P<0.03), and
the effects of cultivar, location and location X cultivar interaction were
significant among the spring cultivars (Tables 1 and 2). Straw NDF ranged
from 72.6 to 76.4% at Karaj, 73.1 to 78.5% at Zarghan, and 73 to 77% for
spring wheat cultivars. Wheat straw produced at Darab had significantly
(P<0.05) lower NDF (71%) compared to straw produced at Khorram Abad
(73.7%) and Gorgan (76.5%). Among the cultivars grown in all six
locations, ‘Navid’ grown at Karaj had the highest (78.5%) and ‘F13471’
grown at Zarghan had the lowest (72.6%) NDF content (Table 1).

Similar findings were reported by Capper (3) and Dias-Da-Silva and
Guedes (5) for barley and wheat straw. However, Erickson et al. (6), Givens
and Adamson (8), and Rao (16) reported that cultivars had no effect on
NDF.

Straw ADF and hemicellulose percentages varied among the cultivars
and ADF ramged from 45% for ‘Tjb841 to 53% for ‘1-32-1540" and
hemicellulose from 24% for ‘Trt “S™ ’ to 29% for ‘Navid’ (Tables 1 and 2).
The differences among the winter cultivars for ADF was significant
(P<0.05) and in spring cultivars the effect of cultivars, location and location

x cultivar interaction were significant (Tables 1 and 2; P<0.05).
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Straw Digestibility

In vitro dry matter digestibility of winter cultivars ranged from 42 to
53%, (Karaj location), 32 to 49%, (Zarghan location) and for spring
cultivars from 42 to 51% (Table 1). Average straw DM digestibility from all
six locations were as follows; Karaj (48%), Zarghan (39%), Darab (52%),
Gorgan (38%), Zabol (49%), and Khorram Abad (47%). Significant
differences (P<0.05) were observed among the winter cultivars (Table 1).
The difference in digestibility between the lowest and the highest cultivars
at Karaj, Zarghan and spring cultivars were 11, 17 and 9 units, respectively
(Table 1). There was a significant difference between locations, cultivar and
location x cultivar interaction effects for spring cultivars (Table 2). Winter
cultivars “Navid® and ‘F13471° had the highest (53.6%) and the lowest
(32.8%) IVDMD in their straw (Table 1).

Differences in straw digestibility among the cultivars were as great as
some researchers have achieved by chemically treating the straw to improve
its digestibility. Horton and Steacy (11) found that treating oat, barley, and
wheat straw with 3.5% anhydrous ammonia improved the in vitro
digestibility by 2.2, 3.7, and 6.3 percentage units, respectively. Coxworth er
al. (4) found that treating oat, barley and wheat straw with 5% ammonia
improved the in-vive digestibility by 8, 12, and 14 percentage units,
respectively.

The potential feeding value of wheat straw grown at Darab was
higher; mean values for CP and IVDMD were higher, and for NDF and ADF.
were lower. Among the Darab cultivars, ‘Crow’s’ had the highest potential

feeding value of all wheat cultivars tested. Wheat straw grown at Gorgan
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location produced straw with the highest concentration of NDF and ADF and
the lowest concentration of hemicellulose (Table 2).

The relationship between straw quality components and agronomic
characteristics of wheat cultivars were calculated to determine if desirable
agronomic characteristics were affected by changes in straw quality
components (Table 3). The correlation between agronomic characteristics
and feeding quality components was low. In fact, there were no significant
correlations for winter cultivars. Some of the correlation coefficients for
spring cultivars were highly significant but numerical values were low

(Table 3).

Table 3. Simple correlation coefficients between straw quality components

and agronomic characteristics of winter and spring wheat cultivars.

Agronomic Starw quality components

Characteristics CP NDF ADF HEMI IVDMD
Spring cultivars

Grain Yield 0.05 -0.28" 0297 0.02 0.0

Heading Date  0.37' 0.10 .13 -0.37° 032

Plant Height ~ 0.15 029" -0.13 -0.23 -0.10
Winter cultivars (Zarghan)

Grain Yield 0.15 -0.13 0.0 0.17 0.07

Heading Date  0.14 0.12 -0.33 0.17 0.03

Plant Height 0.27 0.08 -0.30 0.21 0.16
Winter cultivars (Karaj)

Grain Yield 0.0 -0.13 0.23 -0.35 0.06

Heading Date  -0.12 0.05 0.20 032 0.06

Plant Height 0.07 0.07 0.05 0.12 0.01

$P<0.01 § P<0.001

Heading date had a positive correlation with CP (P<0.001) and
negative correlation with hemicellulose (P<0.001) and IVDMD (P<0.01).
Grain yield had a negative correlation (P<0.01) with NDF and ADF. These
data which agree with the result of White et al. (19) and Erickson ef al. (6),
suggest that the most important agronomic characteristics are not closely

associated with wheat straw quality components and that it may be possible

24



The effects of cultivar and location on composition and in vitro digestibility ...

to improve the feeding value of the straw without sacrificing the

desirable agronomic characteristics.
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