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Abstract

Joudi M., Van den Ende W. (2018): Genotypic variation in pre- and post-anthesis dry matter remobilization in Iranian
wheat cultivars: associations with stem characters and grain yield. Czech J. Genet. Plant Breed., 54: 123-134.

The amount of carbohydrate accumulation and remobilization in the wheat stem can be estimated by monitoring
changes in stem dry matter. Eighty-one wheat cultivars were examined in the Moghan region of Iran during the
2010-2011 and 2013-2014 growing seasons. Pre- and post-anthesis dry matter remobilization was quantified
in the tested cultivars and their associations with stem characteristics and grain yield were investigated. There
was substantial variation in stem length, weight, and specific weight among the tested cultivars. The majority
of the cultivars did not show pre-anthesis dry matter remobilization in the stem or internodes. In contrast,
most of them used stem dry matter that had been stored after anthesis, suggesting that under the given condi-
tions, current photosynthesis along with post-anthesis dry matter remobilization could meet most of the sink
demand. Generally, there were no significant associations between stem length and dry matter remobilization
(r = =0.05 to 0.03; P > 0.05). Stem weight (r = 0.42 to 0.65; P < 0.01) and specific stem weight (r = 0.44 to 0.60;
P < 0.01) measured at 16 days after anthesis correlated positively and significantly with dry weight loss from
the stem. Intriguingly, no clear relationships were found between dry matter remobilization and grain yield
(r=-0.13 to 0.04; P = 0.05), suggesting that there are no simple relationships between these traits. The associa-
tion between dry matter remobilization and grain yield may be different depending on the examined cultivars.

Keywords: remobilization; stem specific weight; stem weight; wheat

Wheat (Triticum aestivum L.) is the most important
source of carbohydrates in many countries where
it provides more nourishment for people than any
other food source. In some wheat growing regions,
such as Iran, winter wheat cultivars are grown under
conditions in which moisture and temperature are
most often favourable for vegetative growth during
autumn and early spring. However, grain filling often
occurs when temperatures are increasing and moisture
supply is decreasing (terminal droughts). The com-
mon end results of such terminal drought stresses
are grain shrivelling, reduced test weight and loss in

yield (BLum 1998). Carbohydrate accumulation in the
stem and their remobilization to the grain in wheat is
a mechanism by which the plants could buffer carbon
fluctuations during grain filling and partly guarantee
the supply of photoassimilates towards grains.

The flow of carbon to the grain from stored stem
carbohydrates has been investigated during pre- and
post-anthesis studies (PHELOUNG & SIDDIQUE 1991;
BONNETT & INCOLL 1992; ZHANG et al. 2013). Dry
matter formed prior to anthesis has been estimated
to contribute 0-100% of the grain dry matter at ma-
turity (INOUE et al. 2004; UZik & Zorajova 2006),
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while the contribution of dry matter stored after
anthesis has been estimated to represent 0-22% of
the final grain weight (PHELOUNG & SIDDIQUE 1991;
MA et al. 2014).

Although stored stem carbohydrates contribute to
grain filling, no clear relationship is found between
carbon remobilization and grain yield. FLooD et al.
(1995) studied the relationship between dry matter
remobilization in ten wheat cultivars in three loca-
tions of Australia and reported that a post-anthesis
decrease in stem weight was inversely related to
grain yield at one location (Horsham). At Boort
and Walpeup there was a negative trend between
these two parameters, albeit not significant. In a
study in which eight diverse spring wheat genotypes
were examined under irrigation and drought stress
conditions, EHDAIE and WAINES (1996) stated that
grain yield and loss in stem dry matter after anthesis
showed a negative trend under well-watered field
conditions but no relationship under drought. In
contrast, CRUZ—AGUDO et al. (2000) working on three
spring wheat cultivars declared positive associations
between the loss of dry mass from different inter-
nodes, yield, grain mass, and mass of grains per ear.

Stem length, weight, and specific weight (weight/
length) are three factors affecting carbon storage
and its remobilization capacity in the wheat stem.
Working with 10 diverse bread and durum wheat
cultivars under irrigation and drought stress condi-
tions, EHDAIE et al. (2006) reported that dry matter
mobilized under well-watered and drought conditions
correlated significantly and positively with peduncle,
penultimate, and lower internode maximum weight.
Stem length did not correlate with stem mobilized dry
matter in their study. However, a positive correlation
between final plant height and mobilization of stem
reserves was reported by BORRELL et al. (1993). With
respect to stem specific weight or stem solidness,
EHDAIE and SHAKIBA (1996) declared that the spe-
cific weight of peduncle and penultimate internode
at anthesis negatively correlated with water soluble
carbohydrate (WSC) levels, both under well-watered
and drought conditions. Interestingly, SAINT PEIRRE
et al. (2010), considering 36 wheat genotypes with
different levels of stem solidness, reported that stem
solidness correlated positively with WSC per stem
and grain yield. All these observations suggest that
the relationship between stem characteristics and
carbon remobilization needs further exploration.

Growth conditions have pronounced effects on car-
bohydrate storage in vegetative parts. Under optimal
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conditions, assimilation and storage of assimilates
are high (BLum 1998). Therefore, well-watered and
large plants may store more WSC in their stems and
contribute more of these carbohydrates to the grain
than small plants (DAvIDSON & CHEVALIER 1992).
There is little information on stem dry matter remo-
bilization among a large number of wheat cultivars
when both pre- and post-anthesis remobilizations are
quantified simultaneously. Given this, we quantified
the amount of pre- and post-anthesis remobilization
in 81 Iranian wheat cultivars grown under different
environmental conditions. The associations between
stem reserve remobilization and grain yield were
investigated. Possible relationships between stem
characteristics and carbohydrate remobilization
were also explored.

MATERIAL AND METHODS

Seventy-five Iranian bread wheat cultivars, two
foreign bread wheat (Kauz and Montana) and four
durum cultivars (Yavarus, Simine, Shovamald, and
Stark) released from 1930 to 2006 were considered
in the current work (Table 1). They were commonly
grown in Iran during this period and covered up
to 90% of the total area of cultivation. Experiments
were performed at Parsabad, located in the Moghan
region in northwestern Iran (39°36'N, 47°57'E and 45 m
a.s.l.). Parsabad has a warm Mediterranean climate,
with cold winters, humid springs and summers with
average annual precipitation of 271 mm.

Trials were conducted over crop seasons 2010-2011
(Year 1) and 2013-2014 (Year 2) under well-watered
conditions at the agriculture research farm of Moghan
College of Agriculture and Natural Resources, Uni-
versity of Mohaghegh Ardabili. The 81 cultivars
were sown (300 seeds/m?) on Nov 17-19, 2010, as a
recommended date for wheat sowing, and on Dec 11,
2013, as a late sowing date, when plants were exposed
to higher temperatures during the grain filling pe-
riod. The experimental design was a simple lattice
(9 x 9) with two replications. There were four rows
in each plot in a north-south direction; rows were
2 m long with 0.2 m spacing. Fertilizers applied were
200 kg/ha of diammonium phosphate ((NH,),HPO,)
and 100 kg/ha of urea (CO (NH,),) before planting,
and 50 kg/ha of urea top-dressed at jointing. In the
2010-2011 and 2013-2014 seasons, plants were ir-
rigated five and four times from sowing to maturity,
respectively. Approximately 55 mm of irrigation
water was applied each time.
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Table 1. Wheat cultivars used in the Parsabad—Moghan experiments during 2010—-2011 and 2013-2014 growing seasons

Cultivar . .. Year of release Cultivar Cultivar . Year of release
No. Cultivar name Origin in Iran No. name Origin in Iran
1 Arta Iran 2006 42 Shahi Iran 1967
2 Azadi Iran 1979 43 Shole Iraq 1957
3 Azar 1l Iran 1956 44 Shovamald CIMMYT 2003
4 Azar2 Iran 1999 45 Shahriar Iran 2002
5 Atrak CIMMYT 1995 46 Shirodi CIMMYT 1997
6 Arvand Iran 1973 47 Shiraz Iran 2002
7 Estar CIMMYT 1995 48 Tabasi Iran 1951
8 Akbari Iran 2006 49 Adl Iran 1962
9 Alborz CIMMYT 1978 50 Frontana Brazil -
10 Alvand Iran 1995 51 Falat CIMMYT 1990
11 Alamut Iran 1995 52 Fongh China -
12 Omid Iran 1956 53 Ghods Iran 1989
13 Inia CIMMYT 1968 54 Kaveh Iran 1980
14 Spring BC Roshan Iran 1998 55 Gascogne France 1994
15 Winter BC Roshan Iran 1998 56 Crossed Alborz Iran -
16 Bam Iran 2006 57 Crossed Shahi Iran -
17 Bulani Iran . sg  Crossed Falat Iran 2002
Hamun
18 Baiat Iran 1976 59 Kavir Iran 1997
19 Bistun Iran 1980 60 Karaj 1 Iran 1973
20 Pishtaz Iran 2002 61 Karaj 2 Iran 1973
21 Chamran CIMMYT 1997 62 Karaj 3 Iran 1976
22 Chanab Iran 1975 63 Gaspard France 1994
23 Khazar 1 Iran 1973 64 Gholestan CIMMYT 1986
24 Khalij Iran 1960 65 Marun Iran 1991
25 Darab 2 CIMMYT 1995 66 Marvdasht Iran 1999
26 Daria CIMMYT 2006 67 Moghan 1 Iran 1973
27 Dez CIMMYT 2002 68 Moghan 2 CIMMYT 1974
28 Durum Yavarus CIMMYT 1996 69 Moghan 3 Iran 2006
29 Rasul CIMMYT 1992 70 Mahdavi Iran 1995
30 Roshan Iran 1958 71 Naz CIMMYT 1978
31 Zakros ICARDA 1996 72 Navid Iran 1968
32 Zarrin Iran 1995 73 Niknazhad ICARDA 1995
33 Soisson France 1994 74 Hamun Iran 2002
34 Sabalan Iran 1981 75 Hirmand Iran 1991
35 Sepahan Iran 2006 76 Verinak CIMMYT -
36 Sorkhtokhm Iran 1957 77 DN-11 CIMMYT -
37 Sardari Iran 1930 78 Stark CIMMYT 2005
38 Somaye 3 China - 79 WS-82-9 - -
39 Siatan ICARDA 2006 80 Kauz - -
40 Simine Iran 1997 81 Montana -
41 Shahpasand Iran 1942 -
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In each plot, three main stems from the two middle
rows were harvested at random at anthesis, 16 days
after anthesis (16 DAA), and at physiological maturity.
The main stems were harvested and immediately dried
in a forced-air dryer at 70°C for 48 h to minimize res-
piration and weight losses. Then leaf blade and sheaths
were removed from the stem. The length, weight, and
specific weight (stem weight/stem length) of each
stem were recorded. Total, pre-, and post-anthesis
dry matter remobilization amounts were calculated
as follows: Total dry matter remobilization = stem
weight at 16 DAA — stem weight at maturity; Pre-
anthesis dry matter remobilization = stem weight
at anthesis — stem weight at maturity; Post-anthesis
dry matter remobilization = total dry matter remo-
bilization — pre-anthesis dry matter remobilization
(ZHANG et al. 2013). In the second year (Year 2),
oven-dried stems were divided into three segments:
the peduncle, penultimate and lower internodes and
internode length, weight, specific weight, and dry mat-
ter remobilization were measured as described above.

In 2010-2011, grain yield was recorded per square
meter. At maturity, 1 m? per plot sections was cut at
ground level and then grain yield was obtained after
threshing. In 2013-2014, there were some non-uni-
form plots differing from the others in plant density.
Therefore the main stem grain yield was measured.
To achieve this, ten spikes of main stems were taken
at random at maturity; threshed and their averages
were obtained as well.

For the traits that were in common between Year 1
and Year 2, analyses of variance (ANOVA) were per-
formed over two years using SAS statistical software
(Ver. 9.1.3, 2004). First, data from Year 1 and Year 2
were analysed separately according to a lattice design.
Analysed data from Years 1 and 2 were considered as
replication 1 and 2, respectively. Replications 1 and 2
were then combined based on a randomized complete
block design (RCBD) (Joup1 et al. 2014). Other data
were analyzed separately in each growing season ac-
cording to a lattice design and adjusted means were
considered. Contrast analysis was used to compare
wheat cultivars of different origin. The Pearson correla-
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tion coefficient was calculated to study the relationships
between measured traits. Student’s t-test was used to
test the significance of the correlation coefficient. Cor-
relation analysis was performed using SPSS statistical
software (Ver. 17.0, 1998). Principal component (PC)
analysis was conducted using MINITAB (Minitab 16
Statistical Software 2010).

RESULTS

General. Due to late sowing date, and lower tem-
perature that occurred between December and March
during the 2013-2014 growing season, establishment
of the cultivated plants was delayed until late winter.
Table 2 shows that the numbers of days with maximum
air temperature exceeding 25 or 30°C during the grain
filling period were higher in the second year. Therefore,
cultivars in Year 2 were exposed to higher temperature
stress during grain filling than those in Year 1.

Combined analysis of variance showed that the main
effects for year were significant for the most of the
traits that were in common between Years 1 and 2
(Table 3). Similar results were found when the main
effects of cultivar were considered. Cultivar x year
interaction was also significant for all the traits that
were in common across years (Table 3). Significant
cultivar x year interaction results from changes in
the magnitude of the differences between cultivars
in different years or from changes in the relative
ranking of cultivars. On the basis of these results,
data from Year 1 and 2 are presented separately.

Year 1. Stem length was 69 cm on average at anthe-
sis. Between anthesis and 16 DAA, mean stem length
increased 16 cm, reaching 85 cm and then remaining
more or less constant until maturity (Table 4). The
height of the stems varied considerably among tested
cultivars. For example, the highest and the lowest
values of stem length at 16 DAA were 119 and 63 cm,
respectively (Figure 1a).

Stem weight, averaged among cultivars, was 972 mg
at anthesis. From anthesis to 16 DAA, mean stem
weight increased significantly to 1604 mg; this trait
then decreased to 1183 mg at maturity (Table 4). There

Table 2. Number of days with daily maximum air temperature exceeding 25 or 30°C during grain filling of 81 well-wa-

tered wheat cultivars grown at Parsabad—Moghan during 2010-2011 (Year 1) and 2013-2014 growing seasons (Year 2)

Days number from the earliest anthesis date

Days with maximum air temperature

Season to the latest maturity date s 25°C > 30°C
Year 1 47 35 9
Year 2 45 43 27
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Figure 1. The evaluation of (a) stem length, (b) stem weight, (c) stem specific weight (SSW) recorded at 16 days after an-
thesis (DAA), (d) stem total dry matter remobilization, (e) grain yield, and (f) growing degree days (GDD) of anthesis in
81 wheat cultivars grown at Parsabad—Moghan during 2010-2011 (Year 1) and 2013-2014 (Year 2) growing seasons; values
of least significant differences (LSD) are indicated at 5% probability level; numbers in the figure are cultivars (see Table 1)

Table 5. Contrast analysis for total remobilization of stem (pre-anthesis + post-anthesis remobilization) among Iranian
wheat cultivars of different origin grown at Parsabad—Moghan during 2010-2011 (Year 1) and 2013-2014 (Year 2)
growing seasons

Year 1 Year 2
Contrast remobilization o remobilization
(mg) (mg)
Cultivars with Iran origin vs Cultivars with CIMMYT origin 419 vs 452 0.33 263 vs 202 0.03
Cultivars with Iran origin vs Cultivars with ICARDA origin 419 vs 541 0.11 263 vs 262 0.98
Cultivars with CIMMYT origin vs Cultivars with ICARDA origin 452 vs 541 0.26 202 vs 262 0.35
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Figure 2. Scatter plots drawn based on the first

and second components from principal compo-
nent analysis using stem-related traits measured
at anthesis and 16 days after anthesis (DAA) and
final grain yield in 81 wheat cultivars grown at
. Parsabad—Moghan during 2010-2011 (a) and

2013-2014 (b) growing seasons; numbers in the
figures are cultivars (see Table 1)
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65 (Marun), and 73 (Niknazhad) with high PC2 and
relatively low PC1 could be identified as superior
cultivars for dry matter accumulation and recom-
bination in their stem (Figure 2a).

Year 2. Mean stem length was 65 cm at anthesis. It
reached 70 cm at 16 DAA, which is 15 cm shorter than
the mean stem length observed in Year 1 (Table 8).
The proportion of the main stem length partitioned
into the length of different segments varied signifi-
cantly among cultivars. At anthesis, for example, it
ranged from 32% to 61% for peduncle, from 22% to
35% for penultimate internode, and from 13% to 42%
for lower internodes (data not shown).

The peduncle, penultimate and lower internode
weight at anthesis was 296, 277, and 329 mg on av-
erage, respectively. Between anthesis and 16 DAA,
mean internode weight increased for all main stem
segments which were measured (Table 8). The amount
of these increases for peduncle, penultimate and lower
internodes was 44%, 49%, and 36%, respectively. At
16 DAA, the lower internodes were still the heaviest
internodes followed by the peduncle and penultimate

internodes (Table 8). After reaching their maximum
value, the internode weight decreased until maturity.
The percent of internode dry weight loss between
16 DAA and maturity phases was 11%, 19%, and 12%
for the peduncle, penultimate and lower internodes,
respectively (Table 8). Mean stem weight was lower in
Year 2 compared to Year 1 (compare Tables 4 and 8).

The highest values of internode specific weight
were observed for the lower internodes, followed by
penultimate internode and the peduncle (Table 8).
Internode specific weight increased from anthesis
to 16 DAA and decreased afterwards. These changes
were more evident for the penultimate compared to
the other internodes.

The majority of the cultivars examined in Year 2
did not show pre-anthesis remobilization in their
internodes. In contrast, most of them showed post-
anthesis remobilization (Table 8). Total remobiliza-
tion mean for the peduncle, penultimate and lower
internodes was 62, 88, and 93 mg, respectively. At
the main stem level, total remobilization ranged from
0 to 740 mg in the wheat population (Figure 1d).

131



Original Paper

Czech J. Genet. Plant Breed., 54, 2018 (3): 123-134

Cultivars originated from Iran showed higher stem
remobilization than those originated from CIMMYT
whereas no significant difference was found between
the former and cultivars of ICARDA origin (Table 5).
Total remobilization of the main stem in Year 2 was
243 mg on average, 43% lower than that observed in
Year 1 (compare Tables 4 and 8).

The cultivars showed significant differences in
stem grain yield where this trait ranged from 1.02 to
2.51 g. Fongh obtained the first rank of this trait
followed by two durum wheats Stark and Yavarus.
Also, Somaye 3, Shahpasand, and Omid showed the
lowest amount of stem grain yield (Figure le).

Relationships between the traits studied in correla-
tion analysis showed that there were no clear associa-
tions between stem length and dry weight loss from
the stem (Table 6). Stem weight and stem specific
weight measured at 16 DAA correlated positively
and significantly with total dry matter remobiliza-
tion. Interestingly, there were no clear associations
between the loss of dry matter from the stem and
main stem grain yield (Table 6).

Results of PC analysis are presented in Table 7. The
first component (PC1) explained 32.6% of the total
variation and exhibited a high positive correlation
with stem length and weight. On the other hand, stem
grain yield had a negative effect on PC1. The second
component (PC2) explained 25.2% of the total vari-
ation and had a high positive correlation with SSW,
stem weight, stem dry matter remobilization, and
stem grain yield. Thus, cultivars such as 28 (Yavarus),
71 (Naz), 65 (Marun), and 73 (Niknazhad) with high
PC2 and relatively low PC1 would be promising
candidates in terms of dry matter accumulation,
remobilization, and stem grain yield (Figure 2b).

DISCUSSION

As plants are sessile organisms, they are forced to
survive in environments with variable environmen-
tal stresses such as drought, heat, and cold stresses
(NAKASHIMA & YAMAGUCHI-SHINOZAKI 2006).
Future climate scenarios predict further reductions
in winter rainfall and an increase in temperature and
atmospheric CO, (LupwiG & ASSENG 2010), sug-
gesting that during their life cycle in the future, cul-
tivated plants will experience more heat and drought
stresses. Temperate crops such as wheat and barley
are able to accumulate water-soluble carbohydrates
(fructans, glucose, fructose and sucrose, ZHANG et
al. 2015) in their stems when there is an excess of
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photoassimilates and they reuse these storages in
the later growth stages if necessary. This strategy
could be considered as an important adaptive trait
to future environmental changes and is important in
breeding cultivars with improved grain yield.

In our field experiments, wheat plants reached their
maximum length between anthesis and 16 DAA, after
which there were no further significant changes in
plant height. The changes in stem length from an-
thesis to 16 DAA could be attributed to increases in
the upper internode length since the lower parts of
the stem remain unchanged in length after anthesis
(ScoFIELD et al. 2009). From anthesis to 16 days af-
terwards, internode weights increased, indicative of
carbohydrate accumulation in the stem (Joup1 et al.
2012). The accumulation of reserves in the different
internodes started near the end of extension growth.
That is to say, the accumulation of reserves in the
lower internodes takes place over long periods of time
compared to the upper internodes. Accumulation
of stem reserves continues until 10-20 DAA when
maximal amounts are reached (SCHNYDER 1993).

Our results revealed substantial genetic variations
in internode weight and dry matter accumulation in
stems during the early grain growth of wheat. Al-
though differences in phenological events observed
between the examined cultivars caused differences
in onset and duration of storage reserves, some cul-
tivars with similar developmental phases differed in
stem dry matter accumulation (compare Figure 1b
and f). Physiological aspects such as photosynthetic
rate, sucrose transport, and fructan synthesizing en-
zymes (JouDI et al. 2012 and references therein) and
morphological characters such as stem length and
stem solidness (SAINT PIERRE et al. 2010) could also
result in variations in stem dry weight accumulation.

Stem weight decreased during 16 DAA-maturity
phase, indicating the remobilization of stored car-
bohydrates to the grain. SCHNYDER (1993) stated
that the mobilization of stem WSC generally starts
during the period of a nearly constant rate of dry
matter accumulation in grains, and coincides with
astrong decrease in the net assimilation rate. In the
current study, the lower internodes could remobilize
more stored dry matter to the grain followed by the
penultimate internode and the peduncle. These results
are in line with those of EHDAIE et al. (2006), stating
that growth and development of the lower internodes
in wheat occur in early spring when water supply and
temperature are favourable for plant growth so that
a large portion of assimilates is accumulated in the
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lower internodes, which in turn could be a major
source for dry matter remobilization after anthesis.

The amount of pre-anthesis remobilization in these
studies was in the lower range when compared to
other studies (FLooD et al. 1995; INOUE et al. 2004;
MA et al. 2014). LATIRI et al. (2013), working on
durum wheat with different water and nitrogen sup-
ply, reported that three types of remobilization for
the same cultivar in the field conditions can occur:
(i) long-term remobilization (pre-anthesis remobi-
lization) that occurred in rain-fed treatments and
also in an irrigated one but with low leaf area index
at anthesis; (ii) short-term remobilization (post-
anthesis remobilization) which was observed only
for irrigated treatments and (iii) both pre- and post-
anthesis remobilizations that took place in rain-fed
and irrigated treatments. UZik and Zorajova (2006)
worked on winter wheat lines in field experiments
and reported that pre-anthesis remobilization was
observed only in a year with unfavourable weather
conditions, while no pre-anthesis remobilization
occurred in a year with favourable weather condi-
tions. All these observations suggest that pre-anthesis
remobilization contributes more to grain yield when
wheat cultivars produce less biomass from anthesis
to maturity than is needed for grain filling. It seems
that under our experimental conditions (even with
the later sowing date in Year 2), current photosyn-
thesis and post-anthesis remobilization could meet
the sink demands.

Stem length measured either at anthesis or at
16 DAA did not generally correlate with total dry
matter remobilization. In contrast, stem weight and
stem specific weight measured at 16 DAA correlated
significantly and positively with stem dry weight
loss both during 2010-2011 and 2013-2014 growing
seasons. EHDAIE et al. (2006) also reported that dry
matter mobilized in well-watered and drought condi-
tions correlated positively with internode maximum
weight. These results suggest that plant breeders
working on stem dry weight remobilization should
pay more attention to stem weight and stem specific
weight than to stem length.

By using 81 cultivars, we studied the overall as-
sociation between loss in stem dry weight and grain
yield by phenotypic correlation and we found no
clear relationships between remobilization from the
stem and grain yield. If the loss in stem dry weight
is due to remobilization of assimilates to the grain,
a positive relationship between grain yield and loss
in stem weight after anthesis is expected (EHDAIE

& WAINES 1996). One possible explanation for the
obtained result is that a large population with differ-
ent agronomical, physiological, and morphological
traits was used in the current study. Among plant
materials examined, there were some cultivars that
had a similar amount of total remobilization but yet
differed significantly in their grain yield. Also, there
were cultivars with similar yields that showed differ-
ences in their total remobilization (data not shown).
Depending on the cultivars included in the study and
on the environmental conditions (e.g. drought stress
severity) in which they are grown, the association
between grain yield and dry matter remobilization
from the stem may be different (EHDAIE & WAINES
1996; Ma et al. 2014).

CONCLUSION

A large genetic variation in stem dry matter stor-
age and remobilization observed among Iranian
wheat cultivars suggests that these traits could be
manipulated in wheat breeding programs. However,
improving dry matter accumulation and remobiliza-
tion from the wheat stem is a challenging task, as
there seems to be no simple relationship between
these traits and grain yield (see above). Remobilization
of dry matter stored before anthesis (pre-anthesis
remobilization) was lower in Iranian wheat cultivars
than that accumulated after anthesis, suggesting that
under the conditions tested, current photosynthesis
along with post-anthesis remobilization could meet
most of the sink demand. Among stem related traits,
stem dry weight and specific weight measured at
16 DA A showed positive associations with dry matter
remobilization, suggesting that these traits are valu-
able tools for incorporation in breeding programs
dealing with improved carbohydrate remobilization.
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