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ABSTRACT

Dual-purpose barley and wheat production is a valuable resource to fill feed gaps and grain production, but availability
at drought and heat stress conditions is still not clearly studied. Two experiments were conducted at semi-controlled
green house to determine biomass production at vegetative stages, chlorophyll content and grain yield. Experiment 1
consists of four clipping treatments on wheat, i.e. one, two, three times clipping and un-clipping control. Experiment
2 combined two clipping treatments (one clipping and un-clipping) and two levels of water (low: 40 % of field capacity;
normal: 85 % of field capacity) on barley. Wheat grain yield was severely affected by increasing clipping number under
heat stress. Total biomass at one clipping was the same level with control treatment. Although physiological maturity was
delayed 8 days from control to 3 times clipping application, biomass and yield remained below the control application
due to shrinkage in plant height and other organs size. Clipping and water levels at barley significantly impacted biomass
and plant height, but all traits were not related by interactions clipping x water level. The clipping application in heat
stress reduced total biomass by 21.3 and 30.4 % in well-watered and dry conditions, respectively. Contrary to what is
expected, it seems clear to obtain satisfactory forage and grain yield by optimizing the management technique, growing
in dual-purpose production in wheat and barley in warm environments.
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INTRODUCTION

Continuous World population growth reveals both vegetable
and animal food production insufficiency and nutritional
problems. Due to the limited arable lands in the world, food
production and nutrition problems can be solved only by
improving the sustainability of animal and vegetable production
by using the existing agricultural areas in the most accurate way.
[t is an important sustainability method to graze winter products
in the agricultural system in a dual-purpose production system
in a way that does not affect cereal grain yield and provide the
necessary forage (Harrison et al., 2011a).

In the world, wheat has 219.5 million ha™! cultivation area, 3.43
tons ha! yield, and 744.7 million tons total production (FAO,
2018). Wheat, which is the most correct plant for dual-purpose
production, has a great share in world agricultural production is
one of the important basic nutrients in human nutrition and is
important for animal nutrition as a green feed source.

The forage needed in animal production is mostly met from
natural meadow-pasture areas and paddock plants. Factors
such as the misuse of meadow pasture lands, intensive and

timeless grazing and the negative effects of global climate
change make it difficult to supply feed needed by livestock. In
order to overcome the lack of quality green feed, which is one
of the main problems of livestock enterprises, especially in the
winter season animal nutrition, alternative options should be
developed to provide feed. This requirement can be met by
winter crops (barley, wheat, canola, oats, ctc.) by both clip or
grazing the animals to provide green feed and obtaining grain
yield by using it for dual purposes. Early winter grazing during
the product development positively affects the grain yield by
reducing above-ground dry matter growth, delaying of anthesis
and shortening of height (Winter & Thompson, 1990; Dean,
2007). Due to their slow growth properties, winter wheat and
canola varieties offer long-term grazing and produce a significant
amount of the dry matter before reaching the critical stage where
grazing is terminated, and therefore they are the most studied
and used dual-purpose plants (Kirkegaard et al., 2016).

Australia is one of the countries where winter cereals are
grown dual-purpose as both green feed and grain products.
Many Farmers in the grain production belt in Western
Australia experience feed gaps in early winter. The dominant
reason for this is that pasture is growing slowly at the
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beginning, the grass density is low and it is also negatively
affected by grazing. Grain yield and quality did not decrease
when the barley plants were grazed to 5 cm for 17 days with
10 sheep in a 3.6 ha area after reaching the 3-4 leaf stage in
Western Australia. Anthesis time is delayed 8 days (Fosberry &
Joyce, 2015). Winter type cereal varieties when sown in April
and grazed in winter, grazing did not have a significant effect
on grain yield. Grazing significantly increased the yield of 2
varieties and had no significant effect on the other 5 varieties.
Grazing did not affect grain quality enough to change the grain
classification achieved by a majority of varicties trialed (Handley
& Warren, 2015). Grazing once in early and late sowing ended
an increase in yield in wheat and barley, while the yield in oat
decreased. The second grazing caused a decrease in yield in all
plant species. It has been determined that grazing does not cause
a change in grain quality (Barret, 2015). In cereals, early sowing
have low yields compared to optimum sowing time (Edwards
et al., 2011). Grazing increased the proportion of water lost
through soil evaporation but decreased transpiration, reducing
shoot dry matter production per unit evapotranspiration by
up to 22%. However, grazing did not affect grain yield per unit
evapotranspiration. For rainfed wheat crops grown in temperate
environments, greater biomass production occurred with shorter
rather than longer grazing durations, irrespective of grazing
intensities. (Harrison et al., 2011b). In Southeast Australia,
the effect of different clipping times and heights on dry grass
production in irrigated and dry conditions was investigated,
and the highest dry matter production was obtained in late and
high form in wet conditions. In the related irrigation regimes,
there was no significant ditference between the grain yields of

different clipping applications (Zeleke, 2019)

Opverall, responses of grazing to late sowing and heat stress
environment are still not clearly elucidated. In particular,
studies of dual-purpose are lacking in irrigated areas for
spring type cereals under heat stress. Further, the impact
of dual-purpose growing mainly focused on winter wheat
and barley, but using spring type plants for his aim, received
little attention (Arzadun et al., 2003; Kelman & Dove, 2009;
Kirkegaard et al., 2016).

In this study, two greenhouse experiments were established in
heat stress conditions to assess dual-purpose ability of spring
wheat and barley by testing under different clipping and water
effects.

MATERIAL AND METHODS

This study was carried out in two different experiments in
Dicle University Faculty of Agriculture under semi-controlled
greenhouse conditions in 2019. In the first experiment, in which
the effects of different clipping numbers on green and dry grass
and grain were examined, the “Empire” spring bread wheat
varicty was used. The second trial, which was carried out in
well-watered and dry conditions, where the clipping treatment
was done once in order to obtain green and dry grass was planted
on 04.05.2019 using the six-rowed spring “Kegiburcu” barley
genotype.
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The physical and chemical properties of the soil samples used
in the study are as shown in Table 1. Plastic pots with an upper-
lower width of 16-13 cm and a height of 23 cm were filled with
4.6 kilograms of soil. The soil in all the pots was saturated with
water and overnight so that it would reach the field capacity
before sowing. § seeds were planted in the pots and after the
emergence, 4 plants were left in each pot. Nitrogen and P were
initially applied 0.03 g NH,NO, and as 0.03g P,O; per pot,
respectively. 0.07 g N was applied 30 days after sowing.

The first experiment was established according to the trial
randomized plot design with six replicate and the plants were
watered as needed. In this experiment, 4 different clipping
treatments were applied; these controlled [no clip (C0)], one
clipping GS25 according to the Zadoks growth scale (Zadoks
et al., 1974) on 11 March (Cl1), two clipping on 11 March and
25 March (C2), three clipping on 11 March, 25 March and
08 April (C3). Clip point elevated to 6 cm above ground level
and it is not removed any growing points in any of treatments.
After cach clipping, the fresh shoot weight (forage) of each
pot (with a semi analytical balance with 0,001 g precision) was
weighed and put on separate paper bags and dried in an oven at
70°C for 48 hours to determine dry weight. Chlorophyll content
was determined in the SPAD unit at heading time using Minolta
SPAD 502 chlorophyll meter. Plant height was measured before
harvest. Plants were harvested in the physiological maturity
period on May 24, May 27, June 1 and June 9 for C0, C1, C2
and C3 treatment, respectively. In the harvest, all the above
ground parts of the plant were clipped with scissors. The stems
and leaves of the plants in each pot and their cars were dried
separately in the oven and biomass and spike weight were
determined. After threshing grain yield, grain number and grain
weight were determined.

The second experiment was set up with two factors according
to the factorial experiment design, factor A; two clipping
treatment (CO0: control or no clip, C1: one clipping) and factor
B; two different water applications (WW: well water, WS: water
stress). In the clipping treatment (C1), the clipping was made
on May 29. Wet and dry shoot weight (forage) were determined
in the above ground parts. All pots in the control and clipping

Table 1: The physical and chemical properties of the soil samples
used in Expt 1 and Expt 2

Soil properties Unit Value
Clay Y% 7900
pH 7,61
ECe dSm? 085
Kireg (CaC0,) % 643
Organic matter % 2,88
Phosphorus (P,0,) kg /da* 178,79
Potassium (KZO) kg /dat 498,56
Calcium (Ca) mg kgt 8588,85
Magnesium (Mg) mg kg 300,14
Iron (Fe) mg kgt 1,99
Copper (Cu) mg kgt 2,12
Zinc (Zn) mg kg! 3,51
Mangan (Mn) mg kg* 10,46
Molybdenum (Mo) mg kg? 0,34
Extractable Sodium (Na) mg kg 394,94
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treatment were irrigated to 85% of the field capacity from sowing
to the GS47 period (late booting). Irrigation differentiation
started from this period. In well water conditions (WW), the
field capacity is irrigated to 85%, and in water stress (WS)
conditions, the amount of water in the pot is watered every day
to 40% of the field capacity. WW and WS pots were weighed
every morning and the evaporation amount was determined and
the reduced water was added to the pots. Plants completed their
development in the greenhouse at the ambient temperature of
24-32 £2°C, 50-55% relative humidity and daylight. The traits
of SPAD, plant height, biomass, heading time and water use
efficiency (WEU) were measured. WUE was calculated as the
ratio of biomass to crop evapotranspiration per pot (mg g*) at
WS treatment.

The effects of clipping treatment and water stress on
investigated traits were tested by repeated measures by ANOVA.
When F- values were significant, multiple comparisons of means
were performed using the least significant difference method
(LSD) at 0.05 probability. All statistical analysis was done with
JMP 13 statistical software. The correlation coefficient between
properties was determined according to Pearson in the same
program.

RESULTS AND DISCUSSION

The data of the variance analysis results of the properties
examined in the study of different clipping treatment in wheat
are given in Table 2. Clipping treatments significantly affected
all traits (Zadoks scale, plant height, physiological maturity,
leaf + stem weight, spike weight, biomass, biomass + dry
grass weight, grain weight, grain number, grain yield) except
the SPAD unit. The mean values of the different clipping
treatments of the examined properties and the groupings
showing the differences between them are given in Table 3.
When we look at the averages that show the general growth
stage (GS) according to the different clipping treatments on
the 66t day after sowing, it is scen that the control plants (C0)
complete the flowering period and go to the grain filling stage.
While it is seen that the plants that are applied one time clipping
(Cl1) have passed to anthesis, the plants that are applied two
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times clipping (C2) begin to spike emergence, and in the three
times clipping (C3), it is observed that the plants are late in
the development period and are in the middle of the booting
stage (Fig.1). This shows that as the clipping number increases,
plants will mature later. Grazing delayed head emergence and
flowering when compared to the ungrazed treatment and
delayed barley development by about a week (Fosberry &
Joyce, 2015). There was a difference in physiological maturity
among all clipping practices. While physiological maturity was
close to the control in one clipping, the two clipping remained
8 days more green compared to the control and 18 days longer
than the three clipping. Since drought is eliminated in the
experiment, especially in multi clipping applications such as
C2 and C3, the fact that the plants remain green for a long
time in extremely high temperatures shows that heat resistance
mechanisms occur in plants. (Holman et al., 2009; Dean, 2007;

Royo et al., 2000).

The SPAD unit representing the amount of chlorophyll, which
is an important part of the photosynthesis apparatus, is not
affected by clipping treatment. Therefore, it can be said that the
photosynthesis process works at a similar rate in all applications.
In this case, changes in yield and biomass may be influenced by
morphological changes depending on the clipping rather than
metabolic events.

Plant height and stem+leaf weight parameters were
significantly affected by the number of clipping and decreased
linearly due to the increase in the number of clipping (Table 3).
Decreases in stem+leaf weight, biomas and spike weight were
more severe than plant height. Plant height decreased by 16,5-
30,0 % in C2-C3, while stem + leaf decreased by 42-66%,
respectively. C1 application did not cause a decrease in spike
weight compared to control, and a decrease in C2 spike weight
was less than stem+leaf weight. However, in C3, the spike
weight decreased more severely than the stem+leaf weight.
This may have caused the plants to enter the warmer period
with the developmental delay caused by the 39 clipping (C3)
and not enough time for spike formation and dry matter to
accumulate in the spike.

Table 2: Influence of clipping number on investigated traits of spring wheat

SOURCE DF Growth Physiological SPAD Plant height (cm) Leaf + Shoot weight Spike Biomass Biomass Grain Grain number Grain yield

Stage maturity weight + forage weight
Clipping 3 678,56* 382,37* 10,50 799,20* 37,28% 86,41% 236,40* 173,08* 45,15* 34544,10*  51,54*
Error 20 1,25*% 0,67* 4,72 8,85* 0,29* 1,81* 3,33*  3,54% 9,27*  625,70* 0,70*
cv 1,99 0,82 5,53 3,83 10,01 16,73 13,54 13,04 7,98 16,62 14,49
*P<005

Table 3: Wheat grain yield and other investigated traits as affected by clipping number

Clipping Growth Physiological SPAD (unit) Plant height (cm) Leaf + Shoot Spike weightBiomass Biomass + Grain

Grain number Grain yield

number Stage maturity (day) weight (g pot!) (g pot?) (g pot?)forage (g pott)weight (g) (g pot?) (g pot?)
co 69,01a 93¢ 38,11 89,16 7,95° 11,40  19,35° 19,357 38,20 225,16 8,45%
c1 60,50b 95,5¢ 38,53 84,16° 6,62° 10,190  16,82° 17,38° 38,08  189,33" 7,32°
c2 50,00¢ 101° 39,45 74,50¢ 4,97¢ 7,800 12,77¢ 13,90° 41,47°  137,00¢ 5,66¢
c3 45,33d 111° 41,10 63,00¢ 2,16¢ 2,82° 4,99¢ 7,12¢ 34,75° 50,46° 1,75¢
Means followed by the same letter are not significantly different at P < 005 according to LSD
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Figure 1: Growing stages differences at CO, C1, C2 and C3 cutting treatment of wheat on 69" (a), 82" (b) and 95" (c) days.

In all clipping treatments, there was no relationship between
plant height and all other traits, and only in C3, plant height
showed a negative correlation (R*= -0,813) with grain weight.
There was a positive correlation between spike weight and stem
+ leaf in all treatment except for C3 (R*= 0,93 **, 0,89 **, and
0,95 **, for C0, Cl and C2, respectively).

Although there was a significant decrease in biomass
weight as the number of clipping increased, there was no
significant difference between CO and C1 applications for
the total biomass parameter obtained by collecting dry grass
with biomass. According to Winter and Musick (1991) the
reduction in biomass at anthesis was correlated with reduced
grain yield. Similarly with them report biomass and grain
yield negatively correlated at C1, C2, C3 treatment. Research
reported by Harwell et al., (1976) suggested that pasturing
wheat beyond the jointing stage would severely reduce wheat
grain yield, but grazing succulent growth prior to this date
would have little or no effect on subsequent wheat grain
yield. From the Cl, C2 and C3 treatment, 0,56, 1,06 and
2,14 g pot™! dry forage and 3,77, 7,89 and 13,73 g pot™! green
forage were obtained, respectively (Fig. 2 and 3). Although
high dry and green forage was obtained in C3 application,
this was not sufficient to increase the total biomass due to an
excessive decrease in biomass. When leaf+shoot weights and
dry forage weights are evaluated together, forage production in
C1 treatment is not statistically different from control (C0).
Due to the use of spring wheat cultivar in the experiment
and growing in late sowing conditions, the total green grass
obtained from the treatment of C3 represents a significant
value in meeting the green grass need by livestock farms
(Fig 2). On the other hand, it is stated that from early sowing
winter wheat can be obtained both a large amount of dry
grass and the green grass required in the winter months and
in addition to producing grain yield (Davidson et al., 1990).
According to the results of the wheat studies conducted for
grazing purposes, Horrison et al., (2011) reported that the
optimum benefit can be achieved with the grazing of 160 g
m and this corresponds to 13% of total biomass. In our study,
the amount of weed obtained from 3 clipping was 11% of the
total biomass in the control, which indicates that only green
grass can be grown. Although thousand grain weights increased
in Cl and C2 treatment compared to control, the number of
grains showed a severe decrease as the number of clipping
increased. Significant decreases were observed in grain yield
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Figure 2: Leaf+shoot and dry forage weight of wheat obtained different
clipping treatment
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Figure 3: Green forage values of wheat at different clipping treatments
Black line is total green forage for each clipping treatment

as clipping frequency increased. Although the CI treatment
shows a statistically significant decrease in yield compared to
control, considering the economic benefit provided by grazing,
the sustainability of agriculture is achieved by obtaining a grain
and green grass in the spring wheat by making a clipping in
late sowing conditions. Although grazing has been reported to
have no effect on wheat grain yield (Dove et al., 2002; Winter

J Aridland Agric ¢ 2021 ¢ Vol7y



et al., 1990), moderate to high yield declines after grazing has
been reported in most previous studies (Winter & Musick,
1991; Kelman & Dove, 2007; Harrison et al., 2011a). Wagle
et al., (2018) reported that there was a 78% reduction in grain
yield by grazing in winter wheat.

ANOVA results of the properties examined in two different
clipping and two different water treatments of barley are given
in Table 4. According to Table 4, it is seen that irrigation levels
significantly affect all the features, while clipping creates a
significant difference in all the traits (plant height, biomass,
biomass + dry grass, heading time) except the SPAD unit.

Table 4: Influence of clipping and water treatment on
investigated traits of barley

SOURCE DF SPAD Plant height Biomass Biomass + Heading time

forage
Clipping 1 5,40  357,14* 1553*  587* 12,89*
Water 1 96,20%  63,00*  1559* 16,06% 26,03*
CxW 1 0,48 17,28 0,02 0,010 0,03
Error 24 9,27 13,41 0,21 0,23 1,17
cV 7,89 8,69 15,66 14,95 2,34

*P<005

Table 5: SPAD, plant height, biomass, biomass+forage and
heading time mean values of barley as affected by clipping and
water treatment

Treatments SPAD (unit) Plant Biomass Biomass + Heading
height (cm) (g pot?) forage (g pot?) time (day)

Clipping
Control (CO)
WW 39,85 46,42 4,44 4,44 46,57
WS 36,41 45,00 2,89 2,89 44,57
Mean 38,13 45,71= 3,677 3,672 45,57"
Clipping (C1)
WWwW 41,00 40,85 2,89 3,49 47,85
WS 37,02 36,28 1,46 2,01 46,00
Mean 39,01 38,57° 2,18b 2,75° 46,922
Water
WW 40,422 43,64* 3,677 3,96 47,212
wSs 36,72° 40,64  2,17° 2,450 45,28°

Within clipping and water treatment means followed by the same letter
are not significantly different at P < 005 according to LSD
WW:well watered, WS:water stressed

Figure 4: Clipping and irrigation effect on barley growth. CO: control
without clipping, C1:one times clipping before shooting stage, WS:water
stress and WW: fully irrigation.

J Aridland Agric ¢ 2021 ¢ Vol7
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Clipping x irrigation interaction effect was found insignificant
for all features (Fig.4). This shows that the treatment of the
clipping reacts similarly to the irrigation. Irrigation did not
affect heading time since the differentiation of irrigation
(drought) was initiated from the late booting stage (GS47).
Clipping treatment delayed spike formation as in Experiment
1. The delay of heading time between C1 and CO (1.3 days)
at Experiment 2 is very low compared to the 9-day difference
in the first trial due to the late sowing and exposure to warmer
conditions.

In the experiment, the average values of the traits according
to clipping and irrigation treatment and the differences
between them are given in Table 5. The SPAD unit, which
is the determinant of chlorophyll content was not affected
by clipping but was affected by water treatment. Abiotic
stress factors adversely affect the process of photosynthesis
in the plant (Allakhverdiev et al., 2008), and drought and
temperature stress greatly reduces the physiological parameters

Biomass + dry forage

mbiomass ®dry forage

Figure 5: Biomass and dry forage weights of barley showing total dry
matter production of clipping effects under different water level (WW
and WS)

WUE
18 o

1.6
1.4
1.2

mg/g

0.8
0.6
0.4
0.2

WS-CO

WS-C1

Figure 6: WUE of barley for clipping treatment at water stress
conditions
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such as chlorophyll content, photosystem II (PSII) efficiency,
stomatal conductance and net assimilation rate (Mishra et al.,
2014). The significant decrease in SPAD unit of C0 and Cl
in water stress shows that both the process of photosynthesis
is negatively affected and the decrease in dry matter is one of
the main reasons.

Plant height was significantly affected by irrigation and clipping
treatment (Table 5). Plant height in CI application decreased
by 12% in WW and 19.4% in WS conditions compared to C0
treatment, and Water application relatively reduced plant height
caused by clipping effect. As in Experiment 1, the clipping
treatment reduced biomass twice as much as plant height. The
clipping reduced the Biomass + dry forage by 21.3% in WW
conditions and 30.4% in WS conditions. According to Fig. 5,
while there was no significant difference in biomass+forage
production between the clipping (C1) and the control (C0) in
WW, total dry matter of C1 in WS negatively affected. In the
study carried out by Zeleke (2019), there was a 7% decrease
in irrigated conditions and 15% in dry conditions for dry
matter depending on the clipping. As in our study, irrigation
significantly reduced the adverse effect caused by clipping.
While the plant shortening and biomass reduction occurring
in the clipping are expected to provide an advantage in water
consumption in drought conditions, there is no difference in
WUE between Cl and CO (Fig 6). This study showed that it is
possible to grow wheat and barley as dual purpose production in
the warm environment and late sowing conditions. Especially in
Northern parts of Africa, some Arab countries and hot climate
regions where wheat is grown by irrigation, similar dual purpose
studies will be useful for the elimination of the forage gap and
the continuity of animal husbandry.
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