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EFFECT OF CLIPPING TREATMENTS ON FORAGE AND
GRAIN YIELD OF BARLEY GENOTYPES
[14]

Essa', T.A. and B.A. Al-Rawi’
ABSTRACT

Although clipping or grazing of barley (Hordeum vulgare L.} during the early pe-
riod of the growing cycle is a common practice in many parts of the world, little in-
formation is known about the efficacy of barley as a dual-purpose crop in Iraq. The
objective of this study was to evaluate the effect of clipping managements on forage
and grain production, and growth of bariey genotypes adapted to the region. Six
genotypes, i.e five promising lines and one cultivar, were used in this study. Two
clipping treatments were used, single- and double-clipping treatments, A check
treatment was not harvested for forage. Plants were clipped at stubble height 3 or 6
cm above the ground. All treatments were clipped when plant height reached 30 to
35 cm. Clipping was performed before the onset of the terminal shoot apex. All
treatments were harvested for grain yield at maturity, including a check that was not
harvested for forage. Results showed that forage yield was affected by number and
height of clipping. Forage yield ranged from 5.8 to 11.2 ton'ha, and from 11.9 to
18.2 ton/ha for the single- and double-clipping treatments, respectively. Whiie the
forage yield of the unclipped treatment ranged from 32.8 to 54.3 ton/ha fresh weight.
Response of genotypes for grain yield after forage removal did not follow a particu-
lar pattern. Three genotypes showed decrease in grain yield after clipping. While,
Line 99 showed higher tolerance to ¢lipping treatments, yielded 7.2 and 6.7 ton/ha in
the single- and double-clipping treatments at close cutting height, 3 cm, respectively.
The results suggest that line 99 and 263 can be grown as dual-purpose crop for both
forage and grain yield.
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INTRODUCTION are grown when water is nota limiting

factor.  Most of the barley in Iraq is

The use of cereal crops for dual  grown primarily for grain production.
production of grain and livestock forage  Ewen though, the general practice is
is @ common practice tosome extentin  grazing or hand-clipping during the early
most area of the world where these crops  crop development stages in  order to
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provide part of their green forage needs
from the late of December to the end of
January. In these two winter months there
is a shortage of green fodder. The stand is
then left for grain production. In the past,
farmers, mostly livestock and sheep
owners, used old landraces varieties.
These landraces varicties have proven

themselves to be fodder barley and
amenable to clipping and grazing
practices (Al-Rawi and Al-Shamma

1991). These landraces varnieties of barley
were replaced by new spring-type, short-
season and grain producing vaneties.
Information are nceded on the effect of
forage utilization management on barley
grain production to enable farmers to
make management decisions that may
maximize the economic value of the
barley crop.

Reported results on the effect of
clipping or grazing on grain yield of
different cereal crops ranged from a
decrease to substantial increase in grain
yield (Miller e al 1993). This wide
variation is probably because of
genotypes, environmental conditions,
management practices, soil fertility and
water availability (Winter & Thompson,
1987 and Dunphy et al 1982). Ithas
been reported that grain yield afier
clipping was inconsistent for wheat and
triticale  aithough clipping treatment
markedly reduced grain yield of rye
{Bishnoi, 1980). Others found a
remarkable increase in grain yield after
forage removal (Day et al 1968 and
Sharrow & Motazedian, 1987). In their
study on cv. Harlan, Day er of (1968)
reported that a spring-type variety of
barley clipped twice during the growing
season produced a comparable yield to
the no clipping treatmeni In another
study on wheat, barley , cat, rye and

triticale it was found that after a single
clipping trcatment all species behaved as
well as the non-clipping treatment in their
respective grain yield (Muldoon, 1985).
However, grain yield deciined drastically
after the second and the following
clipping treatments in wheat and triticale
and to a lesser degree in barley, oat and
rye. The reduction in grain yield in barley
came as a result of reduction in number
of kernels/head, whereas the reduction in
wheat grain vield resulted from the
reduction in ali yield components.
Clipping or grazing wheat should be
terminated by the early jointing (the stage
when the growing points being to elevate
above ground level) or earlier to alleviate
the risk for reductions in grain yield
(Dunphy et al 1982 and Miller et a!
1993).

The popularity of barley is due to
several factors. It is adapted to wide
range of soil typesand adverse climate.
The potential for barley to beusedasa
dual-purpose crop in Iraq has notbeen
evaluated. Unfortunately, selecting a
barley cultivar on the basis of forage or
grain yield alone seidom resulted in the
greatest  economic return because high
grain yielding cultivars are not always
among the highest forage yielding
cultivars (Krenzer ef af 1996).

The objectives of this study were to
determine the effect of forage removal at
different clipping height and frequency
on grain and forage vield and yield com-
ponents of barley, and to search for a
dual-purpose barley genotype adapted to
the prevailing environment conditions.

MATERIAL AND METHOBS

A field experiment was conducted at
the Fudilia Experiment Station, Baghdad,
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Iraq during the 1994-95 growing season.
The soil of the tnial site is siliv clay, pH=
7.3, with EC of s0il extract measured at
1.4 mmhos. Conventional cultural
practices were followed in establishing
the plots. Six barley genotypes (SRCH
108, Numar, SRCH 96, SRCH 99, SRCH
95 and SRCH 263) were used in this
study, Supplier of the genotypes were
ICARDA and CIMMYT. Five of the
genotypes used in this study were a
promising lines selected from preliminary
trials for few years.

Experimental design was a split-split
plot arrangement of treatments in a
complete randomized block design with
three replications.  Genotypes were
assigned to whole plots. Clipping
treatments (no clipping, single clipping
and double clipping) were assigned to the
subplots. Two stubble height treatments,
close 3 cm (Laude and Fox, 1982), and 6
cm above the soil line were entered as the
sub-subplot. The size of the individual
plot was 1.2 x4 m. Plots were planted on
3 November 1995 at a seeding rate of
100 kg/ha in row spaced 30 cm apart.
Fertilizer in the form of N-P-K (27-27-0)
was applied at seeding time at a rate of 86
kg N and P205/ha, then 60 kg/ha at
the early tillering stage for unclipped
‘plots. After each round of clipping
{single or double) fertilizer of the
same kind was applied at a rate of 30 kg
N and P205/ha on 30 January 1996.
Clipping treatments were performed
when stands (on extended leaf stage
basis) reached between 30 and 35cmin
height. Clipping height of plants was
stabilized through the use ofa 4 m long
by 6 cm wide plank held firmly and
vertically next to rows to be clipped. An
ordinary hand sickle was used for
clipping treatments.

Forage of barley plants of the single-
clipping treatment were taken between 10
and 12 December 1995, and the second
clipping between 28 December 1995 and
9 January 1996. Plant of all genotypes
were not harvested at the same time, but
were  harvested at  the same
developmental growth stage. Green
forage yield was determined after
clipping all plants in the central two rows
of each plot. At seed maturity grain yicld
and number of spikes per meter square
were determined after harvesting the
central two rows of each plot. Ten spikes
from each treatment were selected
randomly to determine the number of
kernels per head. Later grain weights
(g/1000-kernel) were determined from
samples from each treatment. Forage
yield, grain yield and dry matter were
converted to tonha basis. Table (1)
shows the average maximum and
minimurn temperature during the growing
Seasorn.

Analysis of variance (ANOVA) was
used to determine whether yield of green
forages, grain yield and yield components
caused by treatments and their
interactions were statistically significant
at P<0.05 level. Differences among
means were determine by LSDtest at o =
0.05 (Steel and Torrie, 1980).°

RESULTS .
Forage yield

There were significant differences of
genotype, clipping treatments, stubble
height, genotype X clipping frequency,
genotype X stubble height, and genotype
X clipping frequency X stubble height
on forage green yield (Table, 2).
Genotypes included in this study differed
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Table 1. Average minimum and maximum temperature (°C ) during the
growing zeason and 10-years average

1995/96 -years aver

 Month Min, Max. Nllgn.ye&rs " Mo
Oct. 1995 18.9 252 17.6 29.4
Nov. 1995 14.6 238 123 126
Dec. 1995 76 16.1 57 17.6
Jan. 1996 6.3 19.2 5.0 16.1
Feb. 1996 7.0 21.4 5.9 18.6
Mar. 1996 9.6 210 9.0 217
Apr. 1996 13.7 29.0 15.1 292
May 1996 19.9 34.9 210 357
June 1996 24.7 40.4 23.9 40.2

Table 2. Effect of clipping treatments on forage yield (ton/ha) of six barley genotypes

Clipping
Genotype  None S Dombic A;:;zg;pfe‘“
3cm 6 cm 3cm 6 cm

108 328 8.6 58 156 15.6 18.5
Number 543 7.9 6.9 14.2 148 233
96 384 83 59 16.0 12.0 19.8
99 40.1 92 7.0 16.7 11.9 208
95 334 11.2 7.8 18.2 15.5 19.7
265 46.1 9.9 7.7 18.2 15.5 239
Average for
Height of CL 9.2 6.8 16.5 14.2
CL. Freq. 40.9 8.0 154
LSD 0.05 for Genotype () 26

Clipping Frequency (CL F) 14

Stubble Height (St H) 0.3

GXCLF 34

GXStH 08

GXCLFXSH 1.3
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significantly in their overall performance
in green forage production, Numar and
ling 265 exceeded all other genotypes.
The lowast forage yicld was produced
from line 95, 108 and 96. The double-
clipping teatment significantly out-
yielded the single-clipping treatment by
aboul 47°u Forage vield of the unclipped
{reatment was substantially higher than
the single or double clipped treatments.
Lower stubble height significantly
contributed to higher green forage yield
for all entriss in the single clipping
treatment. However, for the double
clipping treatment, Numar showed a
significant reduction in green forage yield
~at 3 cm stubble height whereas line 108
produced similar forage yiclds in the
double-clipping  treatment  for both
stubble heights. Lines 96, 99, and 265
showed a significant incrcase in green
forage yield when clipped twice at the
lower stubble height, and produced 16.7,
18.2, and 18.2 ton’ha, respectively.

Grain Yield

Genetypes, clipping  frequency,
genotype X clipping frequency, and
genotype X stubble height and genotypes
X frequency X stubble height interactions
(Table, 3) significantly influenced grain
yield. When grain vield was averaged
over all clipping frequencies and stubble
heights, forage removal resulted in grain
yield differences among genotypes. Line
99 sigmficantly out-yielded all other
entries, followed by line 265. On the
other hand, line 95 (two-rowed barley)
produced the lowest grain yield. Mean
grain vield ( across treatments ) of line 99
and 265 were heavier by 72% and 67%
compared with line 95, respectively.
Grain yield comparson of six-rowed

genotypes showed that line 99 and 265
produced significantly higher grain vields
than line 96 and 108. However, grain
yicld of Numar did no differ from all six-
rowed barley genotypes. Of all lines, line
99 showed the best tolerance for clipping,
s grain yiclded 7.2 torvha in the single-
clipping treatment and 6.7 tonha in the
double-clipping treatment at the close
stubble height (3 em) as compared to 6.8
in the control. On the other hand, line 95
showed a significant reduction of grain
vield in the single-clipping treatment with
3 cm stubble height, and in the double-
clipping treatment with 3 and 6 cm
stubble height. The cultivar Numar also
showed a marked reduction in grain yvield
in double-clipping treatment with 3 and 6
cm stubble height. Other genotypes. line
108 and ¥:. showed inconsisient
performance to clipping treatments. while
line 265 showed mo response to clipping
treatrments,

Yield Components

There were no significant differcnces
among genotypes in the number of spikes
per meter square (Table, 4). The number
of fertile tillers at maturity was reduced
significantly by clipping frequency
trecatments. However, there were no
differences in fertile tillers between single
and double-clipping treatments. The
response of genotypes was consistent
across clipping and stubble height
trecatments. Clipping treatments resulted
in sizable reduction in fertile tillers in all
genotypes, except line 108, compared
with the unclipped treatments. Numar
showed the greatest reduction in the
number of fertile tillers (37%) in double
clipping at 3 cm stubble height treatment.
On the other hand, lingl08 showed a
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Table 3. Effect of clipping treatments on grain yield (ton/ha) of six barley genotypes

Clippin,
Genotype  None Single EPTE Double Average for
Jecm 6 cm 3cm 6 cm genotype

108 4.8 5.6 4.1 4.6 42 47
Number 82 54 6.9 33 3.7 55
96 6.7 46 4.0 37 4.8 438
99 6.8 7.2 5.2 6.7 5.4 6.2
95 4.1 4.1 29 3.0 3.9 3.6
265 7.8 5.6 5.7 51 59 6.0
Average for
Hetght of CL 54 4.8 4.6 4.7 5.1
CL. Freq. 6.4 5.4 4.7
LSD 6.053 for G 0.93

CLF 0.60

GXCLF 1.47

GXStH 0.56

GCXCLI'XSH 0.98

Tabie 4. Effect of clipping treatments on the number of tilers (tiller/m®) of six barley
genotypes
Clippin,
Genotype  None Single PR Double Average for
Jem 6cm 3cm 6 cm genotype

108 386 401 361 463 400 403
Number 544 381 460 389 341 423
96 481 431 376 359 449 419
99 447 384 399 432 380 408
95 430 349 343 374 433 386
263 417 392 -364 349 415 387
Average for
Height of CL 390 384 395 403
CL. Freq. 387 399
LSD 0.05 for GL F 28

GXCLF 69

GXCLFXGSH 67
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significant increase (20%) in the number
of fertile tillers in double -clipping at 3
cm stubble height.

Data on the average number of
kemels per head are presented in Table
(5). There was a signmificant difference
among genotypes in the number of
kemnels per head. Line 96, a two-rowed
barley genotype had the lowest number of
kemels per head, and showed similar
response to all treatments of clippings.
When a comparison is made between the
six-rowed barley genotypes, line 96 gave
significantly higher number of kernels per
head (51.1 kernels/head) than the other
genotypes. There was no significant
differences in the number of kemels per
head between line 108, 99, 263 and
Numar. Number of kernels was affected
significantly by clipping treatments, it
was reduced by about 14%and 13% in
the single and double<clipping treatments,
respectively. Interactions showed that line
96 had the highest number of kernels per
head (55 kernels/head) in double clipping
treatment at 3 cm  stubble height, while
Numar gave the lowest number of kernel
per head (36.3 kemels'head) in single
clipping treatment at 6 cm stubble height.

Genotypes included in this study
differed significantly in their overall
performance of 1000-kernel weight
(Table, 6). As it was mentioned earlier
that line 95 is a two-rowed barley, and is
expected to give the highest 1000-kernel
weight. On the other hand, when
comparing six-rowed barley genotypes,
line 99, 265 and Numar had the highest
1000-kernel weight, while line 96 and
108 had the lowest 1000-kernel weight
Significant differences were observed
between clipping frequency treatments.
Single cutting of forage did not reduce
the 1000-kernel weight, while double

clipping had a significant reduction in
1000-kemel weight. The performance of
genotvpes did not follow the sarne pattern
at different clipping treatments. Line 99
showed significant increase in 1000-
kernel weight (51.9 gm/1000-kernel} in
single-clipping treatment at 3 cm stubble
height. Line 108, on the other hand,
showed a marked reduction in 1000-
kemnel weight (27.3 gm/1000-kernel) in
double clipping treatment at 3 cm stubble
height.

DISCUSSION
The genotypes used in this
investigation represented a range of

growth habits. The maintenance of higher
grain yield after forage removal in the
single- or double-clipping treatment in
some lines of barley was a function of
vield components especially mumber of
kernels/head and kermel weight. The
prevailed environmental growing
conditions were generally favorable for
good forage and grain yield production.
The central and southern irrigated plains
of the country Is characterized by
seasonal climatic conditions (Table, 1),
that are conducive t0 an almost
continyous and uninterrupted growth and
development. Water was adequate for
near maximum growth of barley in all
treatments. Under good weather and
conditions for growth and heavy
irrigation, gramn yield of wheat was
reduced only by lodging (Day ef al 1968;
Winter & Thompson, 1987;
Christiansen et 4f 1989 and Winter ¢f al
1990). Lodging did not differ among
treatments in the present study.

Results of this investigation suggest
that barley plants can be clipped or
grazed twice without any deleterious
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Table 5. Effect of clipping treatments on the number of kernels/spike of six barley

genotypes
Clippi
Genotype None Single Pt Double Average for
3cm 6cm 3cm 6 cm genotype
108 457 437 493 453 53.0 47.4
Number 49.0 50.0 363 39.0 413 431
96 52.7 49.9 50.3 55.0 50.7 511
99 593 40.7 347 403 373 42.5
95 29.1 26.7 243 24.7 253 26.0
265 497 47.0 417 447 420 45.0
Average for
Height of CL 427 39.4 41.5 41.6
CL.Freq. 476 41.1 41.6
LSD 0.05 for G 7.4 ;
CLF 42

Table 6. Effect of clipping treatments on grain weight (g/1000-grain} of six barley

genotypes
Clippi
Genotype  None Single — Double Average for
' 3 cm 6 cm 3cm 6 cm _ genotype

108 36.7 34.8 32.8 2713 30.0 323
Nurmnber 48.5 425 443 40.3 40.1 43.1
96 39.2 42.8 36.4 36.1 333 376
99 43.6 51.9 44.3 439 463 46.0
a5 50.8 42.9 46.8 48.0 50.9 49.1
265 416 46.9 46.8 42.0 44.9 44 4
Average for _ ‘
Height of CL 448 41.9 396 40.9
CL Freq 434 434 40.3
LSD 0.05 for Genotype 3.23

CL. Freq. 2.63

Annals Agric. Sci., 48(1), 2003
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effect on seed yield for some genotypes.
The efficiency of grain production after
forage removal in some genotypes such
as line 99 and 263 is probably related to
abundance of carbohydrate reserve in the
crowns and roots of the clipped plants
(Bokhari & Singh, 1974 and Perry &
Chapman, 1974). It has been reported
that grazing reduces leaf area, and has no
effect on total dry matter production
measured at seed maturity, suggesting
that grazing may increase net assimilation
rate of the canopy. Growth in ungrazed
treatments resulted in early shading and
perhaps poorer utilization of sun light
energy. It has been reported that newer
leaves in the grazed treatments or that
develop after clipping showed greater net
carbon exchange, which is a
characteristic of younger leaf tissue
(Sosebee & Weibe, 1971 and Fisher,
19%5). In this study it took 14 to 17 days
to fully devclop after the first round of
clipping. Bokhari and Singh (1974)
reported  that total nonstructural
carbohydrates in the shoot, crown and
roots of western wheatgrass Agropyron
smithiiy was highest at 24/13°C day-night
temperature and regrowth was better at or
slightly  above  13/7°C  day-night
temperatures. Since all genotypes of
barley in this study were subjected to
temperature similar to those, it is
suggested that differences in tolerance to
clipping among genotypes are due to
differences in their genetic makeup.
Perry and Chapman (1974) found that
rapid depletion of carbohydrate reserves
in basin wild rye (Elymus cinerus)
explains of its lack of tolerance to
continue grazing whereas tolerance to
intensive clipping in wheat grass is
related to maintenance of higher total
nonstructural carbohydrates in plants. In

our cxperiment no terminal apex was
damaged or remioved in any trcatments,
because clipping of all treatment was
accomplished before the’jointing stage.
The single clipping treatments were
clipped 37 to 42 days after planting
depending on the genotype. However, the
second clipping treatments were taken 21
to 28 and 16 to 19 days after the first
clipping date for 3 and 6 cm stubble
height, respectively. Young et al (1996)
reported no decrease in sced vield of
ryegrass if animals were taken away after
the primary tillers were grazed off. Many
investigators reported’“that the number of
reproductive tillers at harvest was lower
on grazed compared to ungrazed
treatments (Dunphy ef ol 1982 and
Pumphrey, 1970). Previous research
showed that clipping or grazing after the
onset of stem elongation resulted in grain
yield reduction (Dunphy et al 1982 and
Pumphrey, 1970}, Much emphasis has
been placed on the importance of the flag
leaf in determining grain yield, and most
leaf area duration studies Have centered
on LAD after anthesis and not before.
Under normal conditions a large portion
of the assimilate used in grain formation
comes from the flag leaf (Simpson, 1968;
Hsu & Walton, 1971; Mohiuddin &
Croy, 1980 and Dunphy et al 1984),
Although conditions during the post-
anthesis period have a profound cffect on
grain yield, most of the potential of the
plant for yield expression is largely
determined pror to anthesis. In a study
on the effect of forage removal on flag
leaf area, it was concluded that flag leaf
arca was reduced by delaying forage
utilization from early to late joint stage in
only one of five cases, and showed no
correlation with grain yield (Dunphy er
al 1984). They concluded that when leaf
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area produced during the vegetative phase
of growth has been largely removed as
harvesied forage, grain yield will be
limited by those genetic, environmental,
or management factors that control tiller
survival and the speed of development of
new leaf area during the period preceding
anthesis.

1t has been reported by some
researchers that removat of all leaf tissues
may affect wheat grain yield mainly
through changes in the number of kernels
per head (Fisher, 1975 and Dunphy et a!
1982). However i another study,
spikelets per head was the vyield
component that positively correlatsd to
grazing (Sharrow and Motazedian,
1987). Others reported that semi-dwarf
wheat cultivars require maximum
photosynthetic  tissue  to  produce
maximum grain yield (Redmon &t al
1995). For semi-dwarf cultivars, net
retun  was maximized when grazing
terminated when hollow stem can first be
identified above the crown (Redmon et
al 1996). However, beyond an optimum
leaf area index, excess foliage showed no
contribute to increased grain yie'd in
taller wheat cultivars (Redmon et al
1995).

Superior production strategy is one
that _provides the highest profit with least
amount of risk. On the basis of profit, this
study identifies that lines 99 and 265
produced higher forage and grain yields
than the others in the case of double-
clipping treatment, and thercfore were
more tolerant to close clipping.
Thercfore, it seems obvious that genotype
selection is an important decision to make
for this dual-purpose production system,
TFurthermore, as cropping systems and
management operations changes over
time, knowledge on intensive forms of

direct grazing must be updated,
particularly with regard to the timing and
duration of grazing.
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