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_____________________________________________________________________________
Abstract
Making an increase in the yield of agricultural plants including barely is considered as the main
challenge for researchers in agriculture related sciences. Water-soluble carbohydrates transport and
source–sink relations have a significant effect on the grain yield. This study was carried out in order to
examine genotypic variation of storage and remobilization ability of carbohydrates in eighteen developed
and two commercial varieties of barley. The study was arranged in a complete randomized block design
with three replications. Samples were collected at anthesis and 14, 21, and 28 days after anthesis. Dry
matter and length of peduncle and penultimate, and other physiologic and morphologic characters
including leaf area index and SPAD number were examined in different stages after anthesis. At the
maturity, grain yield and its components were measured. A positively significant correlation was observed
between the dry matter of the last two internodes during grain filling and the rate of stem remobilization
and grain yield. According to the findings, a high level of variability rate of stem remobilization was
observed in different barley genotypes which can be used in barley breeding program.
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Introduction
The green plants’ ability to produce
photosynthetic materials and transfer them to
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the filling grains is considered as an effective
factor in economic function of most agricultural
plants including barely (Wardlaw, 1990). Since an
increase in leaf age and falling and other
photosynthesis limiting factors decreases the
level of stored materials, carbon can be supplied
through other resources including stored
carbohydrates in stem. Two last internodes
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(peduncle and penultimate) play more important
role in remobilization of stored carbohydrate
(Ehdaie, 1996). Cereals stem storages mostly
consist of water-soluble carbohydrates (WSC).
WSC are the main source of transportation,
particularly when drought stresses constrain
photosynthesis (Foulkes, 2007; Plaut, 2004; Takai,
2006). During vegetative and reproductive
growth stages of cereals, carbon fixed in the leaf
sheath and stem is stored as carbohydrates which
mostly can transfer to the seed through
remobilization
process.
This
kind
of
remobilization has a main contribution in the
final grain yield in wheat and barley (Blum, 1998;
Housley, 2000). This study examines and analyses

harvested and divided into spike and stem; then
leaf sheaths were removed from the stem. Each
stem was divided into three segments, namely,
peduncle (first internode below the spike
including the distal node), penultimate (next-tolast internode), and the lower internodes. The dry
matter and length of peduncle and penultimate
were examined. The rate of mobilization in each
internode segment was estimated as the
difference between post-anthesis maximum and
minimum dry matter (Ehdaie, 2006; Bonnet
1993). Leaf area index (LAI) (using AccuPAR
model LP-80, Decagon Devices Inc.) and flag leaf
SPAD number (Minolta, Japan) were measured 14
and 28 days after anthesis.

Table 1
Analysis of variance for morphological and physiological traits of twenty genotypes of barely in a field trail.
Peduncle

penultimate

df

Leaf Area
Index

SPAD
No.

Length

Dry matter

Length

Dry matter

2

0.29

31.54

3.77

0.002

10.83

0.0005

Genotype

19

2.23**

56.14**

55.19**

0.007**

27.56**

0.007**

Error

38

0. 79

20.86

10.32

0.001

3.99

0.001

Time

1

205.5**

4673.4**

6691.3**

0.36**

357.8**

0.22**

Time*Genotype

19

2.38**

37.21

10.15**

0.001**

4.009**

0.001*

Time*Replication

2

6.54**

14.91

4.90

0.0007

0.77

0.0005

Error

38

0.83

24.01

5.96

0.0008

1.52

0.0008

14.92

11.16

9.69

19.77

6.65

15.6

Replication

CV%

** and * significant at (P0.01) and (P0.05) respectively

the post-anthesis changes in internode dry
matter, stem mobilization variation and their
relation to the grain yield of Barley.

Materials and Methods
A field trail was performed at Seed and
Plant Improvement institute of Iran – Karaj (SPII).
The study was carried out in a complete
randomized block design with three replications
on 20 varieties of barely including eighteen
advanced lines and two cultivars. At initiation of
anthesis (pollination 0%) and 14, 21, and 28 days
after anthesis (DAA), five main tillers were

Results
Based on variance analysis, there was a
significant difference (P0.01) in physiological
traits between various genotypes in each stage
(Table 1). Weight and length changes of the last
two internodes in different stages of sampling
were determined and a significant difference was
observed in these parameters (P0.05) (Table1).
The last two internodes indicated a decrease in
dry matter following an increase of weight.
Accordingly, for both internodes, maximum
weight was achieved in the 21 day after anthesis
(Figure I). It was found that remobilization

Post-anthesis changes in some physiological characters of barley

Fig. I. changes in internodes dry matter of peduncle and penultimate.

followed a determined model in internodes and
this confirmed the findings of a previously

characters was examined through the Pierson's
correlation index and presented in Table 2.
According to present results, there were
positively significant relations between grain yield
and remobilization rates in the last internodes
two (P0.05). In addition, there were positively
significant relations between remobilization in
peduncle and penultimate (P0.01). Finally, there
were negatively significant relations (P0.05)
between grain yield and the weight and length of
peduncle and penultimate (Table 2).

reported study (Croz-Aguado et al., 2000).
Examination
of
post-anthesis
remobilization in peduncle showed a wide
variation among genotypes, so that, the
maximum remobilization was observed in
genotype 17 and the minimum in genotypes 11
and 12. Such variation was also observed in
penultimate where genotypes 6 and 10 showed
the maximum and genotypes 3, 12, and 14 the
minimum remobilization (Fig. II). The relation
between remobilization and grain yield and other

Table 2
The Pierson's correlation index among different yield and remobilization and others traits of 20 genotypes of barely in a field
trail.

Traits
Leaf
Area Index
SPAD
number
Grain
yield
Peduncle
length
Peduncle
dry matter
Penultimate
length
Penultimate
dry matter
Remobilization
of peduncle
Remobilization
of penultimate

Leaf
Area
Index

SPAD
number

Grain
yield

Peduncle
length

Peduncle
dry
matter

Penultimate
length

Penultimate
dry
matter

Remobilization
of
peduncle

Remobilization
of
penultimate

1
0.157

1

0.070

0.186

1

0.058

-0.069

0.284**

1

0.116

-0.204

-0.249*

0.512**

1

0.029

0.114

-0.173

0.536**

0.124

1

0.119

-0.146

-0.077*

0.407**

0.795**

0.384**

1

-0.281*

0.303*

-0.193

0.145

-0.242

0.037

1

-0.076

0.448**

-0.105

0.011

-0.214

-0.128

0.508**

0.139
0.025

** and * significant at (P0.01) and (P0.05) respectively.
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Discussion
Increase in grain yield of crop plants
including barely in enviornmental stress is
considered as a main challenge for the
researchers in agriculture-related sciences. Water
soluble carbohydrates stem storage, their
transportation and the source – sink relations are
effective factors in grain yield.
In present study, we observed a
considerable variation among genotypes in postanthesis remobilization contribution of two last
stem internodes (peduncle and penultimate). An
experiments on 11 varieties of wheats in two
stress and watery enviornment showed a wide
varitation for the rate of remobilization of
genotypes (Ehdaie, 2006). Other studies reported
the same results (Ehdaie, 1996; Xue, 2009). In
21th day after anthesis, the weight of both
internodes reached to the maximum level (Figure
I). It was found that remobilization followed a

determined model in internodes and this
confirmed the findings of a previously reported
study (Croz-Aguado et al., 2000). It is noteworthy
that in most of the studies there was no simple
relation between storage and remobilization. This
is due to the different factors and characters
involved in the storage and remobilization
process and the change of these factors in
various species and environments (Ruuska, 2006).
In fact, high level of storage does not necessarily
lead to high level of remobilization. A close
relation between source power, storage power
and environmental conditions on one hand and
remobilization and storage on the other justifies
this relation. The current study on 2 lines and
genotypes of barely in irrigated condition showed
a wide genetic variety for storage and
remobilization among barely genotypes. This
means, it is possible to improve and breed
genetic characters of different genotypes. This
study is an introduction to research on

Fig. II. Comparing average rate of remobilization in peduncle (a) and penultimate (b) of 20 barely genotypes. The
genotypes with similar letter(s) are not significantly different at 1% probability level, using Duncan’s Multiple Range
test.
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remobilization and the effect of stem storage on
grain yield of barely.

Acknowledgments
The authors gratefully acknowledge
financial support from Agricultural Biotechnology
Research Institute of Iran and Seed and Plant
Improvement Institute for this research.

References
References
Blum, A. 1998. 'Improving wheat grain filling
under stress by stem reserve mobilisation'.
Euphytica, 100:77-83.
Bonnet, G. D. and L. D. Incoll. 1992. 'Effects on
the stem of winter barley of manipulating tje
source and sink during grain-filling. I. Changes
in accumulation and loss of mass from
internodes'. Journal of Experimental Botany
44:83-91.
Croz-Aguado, J. A., R. Rodes, I. P. Perez and M.
Dorado. 2000. 'Morphological characteristic
and yield components associated with
accumulation and loss of dry mass in the
internodes of wheat'. Field Crops Research,
66:129-139.
Ehdaie, B. and J. G. Waines. 1996. 'Genetic
variation for contribution of preanthesis
assimilates to grain yield in spring wheat'.
Journal of Genetics and Breeding, 50:47–55.
Ehdaie, B., G. Alloush, M. A. Madore and J.G.
Waines. 2006. 'Genotypic variation for stem
reserves and mobilization in wheat: I.
Postanthesis Changes in Internode Dry
Matter'. Crop Science, 46:735-746.
Foulkes, M. J., R. Sylvester-Bradley, R.
Weightman and J. W.
Snape. 2007.
'Identifying physiological traits associated
with improved drought resistance in winter
wheat'. Field Crops Research, 103: 11-24.

Housley T. L.2000. 'Role of fructans redistributed
from vegetative tissues in grain filling of
wheat and barley'. In AK Gupta, N Kaur, eds,
Carbohydrate Reserves in Plants: Synthesis
and Regulation. Developments in Crop
Science, Vol 26. Elsevier, Amsterdam, pp.
207–221.
Plaut, Z., B. J. Butow, C. Blumenthal and S.
Wrigley. 2004. 'Transport of dry matter into
developing wheat kernels and its contribution
to grain yield under post-anthesis water
deficit and elevated temperature'. Field Crops
Research, 86:185-198.
Ruuska, S. A., G. J. Rebetzke, A. F. Van
Herwaarden, R. A. Richards, N. A. Fettell, L.
Tabe and C. L. D. Jenkins. 2006. 'Genotypic
variation in water-soluble carbohydrate
accumulation in wheat'. Functional Plant
Biology, 33:799-809.
Takai, T., S. Matsuura, T. Nishio, A. Ohsumi, T.
Shiraiwa and T. Horie. 2006. 'Rice yield
potential is closely related to crop growth
rate during late reproductive period'. Field
Crops Research, 96:328-335.
Wardlaw, I. F. 1990. 'The control of carbon
partitioning in plants'. New Phytologist
116:341-381.
Xue, G. P., C. L. McIntyre, V. R. Rattey, A. F. Van
Herwaarden and R. Shorter. 2009. 'Use of
dry matter content as arepid and low-cost
estimate for ranking genotypic differences in
water souluble carbohydrate concentration in
the stems and leaf sheath of Triticum
aesticum'. Crop and Pasture Science, 60:5159.

557

558

Iranian Journal of Plant Physiology, Vol (2), No (4)

