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Abstract

The length of the growing cycle is one of the most important traits determining hybrid adaptability to the envi-
ronment. The objective of this research was to compare in a field trial the pattern of dry matter and nitrogen ac-
cumulation and remobilization of four commercial maize hybrids belonging to FAO maturity group 400, 500, 600
and 700. The duration of the periods emergence-silking and silking-physiological maturity increased with the in-
crease of hybrid maturity class. Silking occurred 6 days later in the latest maturing hybrid than in the earliest one,
and physiological maturity 21 days later. Hybrids differed for biomass production at silking and at physiological ma-
turity. At silking, plant dry weight and leaf area increased with hybrid maturity, owing to greater leaves and stalks.
The lengthening of the period emergence-silking allowed a greater accumulation of assimilates in the plant, thus
increasing the source of remobilization in the following period. The increase of the length of the period silking-ma-
turity from hybrid 400 to hybrid 700 brought to an increase of dry matter accumulation coupled to a reduction of
dry matter remobilization. Increases in hybrid maturity class resulted also in an increase of post-silking N uptake
and N remobilization from vegetative plant parts. Thus, the longer period silking-maturity was associated with an
increased photosynthetic activity of the plant, which hampered the rate of leaf senescence and deterred the mobi-
lization of reserve carbohydrates for grain filling. Conversely, the longer was the hybrid cycle, the greater was the
quantity of both N uptake from soil and remobilized N from vegetative plant parts.

Key-words: cycle length, grain filling, hybrids, partitioning, sink-source, time to silking.

1. Introduction the hybrids. Rating of hybrid maize maturity is
generally performed with several systems, in-
cluding FAO maturity classes (Jugenheimer,
1958) or growing degree days (GDD, Wang,
1960). All systems are based on an assumed
quantitative response of maize development to
temperature. Thus, maturity classes of hybrids
vary for cumulative GDDs from planting to silk-

ing or to physiological maturity, so that early

Maize (Zea mays L.) is native to the Andean
region of Central America. It is one of the most
important cereals both for human and animal
consumption and it is grown for grain and for-
age. Present world production is over 780 mil-
lion tons grain and maize crops cover about 157
million ha (FAOSTAT, 2009). Maize is grown in
climates ranging from temperate to tropic, prof-

iting by the period when mean daily tempera-
tures are above 15 °C and frost-free.

Varieties differ greatly in the adaptability to
different climates. Best maize hybrids for a spe-
cific location are those that fully explore the po-
tential growing season fitting the constraints of
the local environment. Therefore, the longer the
growing season, the longer the cycle length of

relative-maturity hybrids require fewer GDDs
to reach silking and physiological maturity than
do late relative-maturity hybrids. The former
would intercept less amount of radiation than
the latter ones, because of lower leaf area index
and shorter growth duration, resulting in lower
yield potential.

In maize as well as in other cereals, the sup-
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ply of assimilates to grain during grain filling
originates from current assimilation transferred
directly to kernels and from the remobilization
of assimilates stored temporarily in vegetative
plant parts before anthesis (Cliquet et al., 1990;
Weiland and Ta, 1992; He et al., 2004). Current
assimilation, as a source of carbon for grain fill-
ing, depends strongly, but not exclusively, on
light interception by the photosynthetic area af-
ter anthesis. This source diminishes during grain
filling due to leaf senescence, which is often fas-
tened by stress conditions, while the carbon de-
mand of the growing grain remains high during
most of the grain-filling period. Thus, in addi-
tion to being a substrate for the maintenance of
plant respiration, stem reserves are an impor-
tant source of carbohydrates during the grain-
filling period (Kiniry et al., 1992). The extent of
stem reserve mobilization during grain filling
and the proportion of these reserves in final
grain mass depend on cultivar attributes, such
as source:sink ratio, and are strongly influenced
by prevailing environmental conditions (Pan et
al., 1995).

The contribution of pre-anthesis photoas-
similates to final kernel yield ranges from none
to 50% in maize (Palmer et al., 1973; Fairey and
Daynard, 1978; Uhart and Andrade, 1995). In
contrast, the contribution of remobilized N to
grain N content ranges from 30 to 70%, de-
pending on environmental conditions and/or
genotype (Pollmer et al., 1979; Uhart and An-
drade, 1995; Bertin and Gallais, 2000; Gallais
and Coque, 2005). The metabolism of C and N
are so closely linked that is seems reasonable
that both C and N metabolism should be con-
sidered when attempting to identify factors that
limit maize productivity. Therefore, the objective
of the present research was to compare the pat-
tern of dry matter and nitrogen accumulation
and remobilization of four maize hybrids with
different maturity classes, to better understand
the mechanisms underlying differences among
hybrids in yield formation process.

2. Materials and methods

The experiment was carried out in 2008 at the
Department of Agronomy and Agroecosystem
Management of the University of Pisa (43°
67°N, 10° 30’E, 5 m above sea level). The cli-
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mate is hot, humid Mediterranean with mean
annual maximum and minimum daily air tem-
peratures of 20.2 and 9.5 °C respectively, and
precipitation of 971 mm, with 368 mm received
from April through September (511 to Octo-
ber), which corresponds to the maize growing
season (Moonen et al., 2001).

The research was carried out in a sandy-loam
soil, whose main soil physical and chemical
properties were 55.5% sand (0.05 mm < @
< 2.00 mm), 30.7% silt (0.002 mm < @ < 0.05
mm), 13.8% clay (@ < 0.002 mm), 7.2 pH, 13.0
g kg! organic matter (Lotti method), 1.0 g kg
total nitrogen (Kjeldhal method), 31 mg kg!
available P (Olsen method), 23 mg kg! avail-
able K (Dirks-Sheffer method). The preceding
crop was durum wheat.

Maize hybrids KWS Karen (FAO maturity
group 400), KWS Klass (FAO 500), KWS
Kuadro (FAO 600) and KWS Klaxon (FAO
700) were planted on 6 May 2008 at a rate of
8.5 plants per m? in rows spaced 50 cm apart.
Hybrids varied in the sum of growing degree
days to flowering and to physiological maturity,
the latter signalled by grain black layer forma-
tion occurring approximately between 1365 and
1520 GDD from seeding. Maize hybrids were
arranged in the field in a randomized block de-
sign with three replications. The plot surface was
300 m? (10 x 30 m).

All cultural practices were similar to those
routinely employed for rainfed maize in Central
Italy. The experimental field was prepared with
conventional tillage consisting of moalboard
plow pass in autumn 2007 and disk and field
cultivator on January 2008. Phosphorus and
potassium were applied before ploughing at the
rate of 100 kg ha! of P,O; as triple super-phos-
phate and 100 kg ha' of K,O as potassium sul-
phate. Nitrogen was applied before seeding at
the rate of 90 kg ha'! of N, as urea, and was side
dressed at V6 stage (Ritchie and Hanway, 1982),
at the rate of 120 kg ha' as ammonium nitrate.
Weed control was performed at the stage of 6'-
8" leaf by distributing commercial herbicides
for annual grass and broadleaf weeds. The crop
was not irrigated.

Timing of emergence (VE), silking (R1) and
physiological maturity (R6) were recorded for
each hybrid following the scale of Ritchie and
Hanway (1982). The duration of the period
emergence-silking (VE-R1) and silking-physio-
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logical maturity (R1-R6) were calculated and
expressed in days and in thermal time. Thermal
time was calculated as the sum of heat units
measured in growing degree-days (GDD, °Cd)
assuming 10 °C as base temperature:

T T,
GDD=|:( MAX2+ mm):|_TBASE

where TMAX is the daily maximum air temper-

ature, Tmin is the daily minimum air tempera-

ture, and TBASE is the temperature below which
the process does not progress. The base tem-
perature was incorporated into the equation, if

Tmin < TBASE then Tmin = TBASE.

Daily weather data were obtained from a
meteorological station within 100 m of the plot
location.

At silking and grain physiological maturity
plants were harvested for aboveground biomass
determination. At each harvest, plants in 5-m?
area were cut at ground level and separated in-
to leaves, stalk and ears at silking, and into
leaves, stalk, husks, cobs and kernels at maturi-
ty (tassels were included with the stalk in both
harvests). All plant parts were oven dried at 65
°C to constant weight for dry weight determi-
nation. At silking plant height, leaf area per
plant and LAI were determined following by
McKee (1964). At maturity plant height and the
number of plants and ears per unit area were
also determined. Oven-dried kernels were
counted and weighed to determine the number
of kernels per unit area. Mean kernel weight
was calculated as the ratio of kernel yield and
kernel number. Plant samples were analyzed for
nitrogen (microKjeldahl method) and N content
was calculated by multiplying the N concentra-
tion by dry weight. Harvest index was calculat-
ed as the ratio between grain yield and total
aboveground biomass at physiological maturity.

The dry matter and N remobilization during
grain filling (DMR and NR) were calculated fol-
lowing Papakosta and Gagianas (1991) and
Pampana et al. (2007) as:

— DMR = dry weight of the aerial plant part
at silking — dry weight of leaves + stems +
tassels + cobs+ husks at physiological matu-
rity;

— NR = N content of the aerial plant part at
silking — N content of leaves + stems + tas-
sels + cobs+ husks at physiological maturity;

For these estimates, it was assumed that all
of the dry matter and N lost from vegetative
plant parts were remobilized to the developing
grain, since losses of dry matter due to plant res-
piration and losses of N due to volatilization
during grain filling were not determined.

The dry matter and N efficiency (DMRE,
NRE) were calculated as:

- DMRE = (DMR / dry weight of the aerial

plant part at silking) x 100;

— NRE = (NR / N content of the aerial plant

part at silking) x 100;

The contribution of dry matter and N re-
mobilized to grain (CDMRG, CNRG) were cal-
culated as:

- CDMRG = (DMR / dry weight of grain at

physiological maturity) x 100;

— CNRG = (NR / N content of grain at phys-

iological maturity) x 100;

Data were statistically treated by ANOVA,
in order to test the main effect of hybrid. Dun-
can’s multiple range test was used to separate
the means when the ANOVA F-test indicated a
significant effect of the treatment (Steel and
Torrie, 1997).

3. Results

3.1 Climatic conditions and cycle length

During the maize growing season, air tempera-
tures were close to long-term averages, while
rainfall was by 50% lower than the long-term
average during both the seeding-silking period
and the entire growing season.

Hybrids differed for the duration of the pe-
riods emergence to silking, silking to maturity
and emergence to physiological maturity, either
expressed in days or in thermal time (Tab. 1).
The duration of the crop cycle from emergence
to physiological maturity increased with the in-
crease of hybrid maturity class from 125 to 146
d or 1422.1 to 1592.6 °Cd. Increments in total
cycle length were related to increases in the du-
ration of the periods emergence-silking and silk-
ing-physiological maturity. Silking occurred 6
days later in the latest maturing hybrid than in
the earliest one, and physiological maturity 21
days later. Differences in cycle length recorded
in this experiment were 5 days between hybrid
400 to hybrid 500, 6 days between hybrid 500 to
hybrid 600 and 10 days between hybrid 600 to
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Table 1. Number of days and thermal time accumulated from emergence (VE) to silking (R1) and from silking to physi-

ological maturity (R6) for the four maize hybrids.

Hybrid VE-R1 R1-R6 VE-R6
Maturity Class d °Cd d °Cd d °Cd
400 75 772.1 50 650.0 125 1422.1
500 76 785.5 54 6729 130 1458.4
600 78 813.7 58 697.2 136 1511.0
700 81 861.9 65 730.7 146 1592.6

Table 2. Dry weight of leaves, stalk, ears and aerial biomass, plant height and LAI of the four maize hybrids at silking (R1).

Hybrid Leaves Stalk Ears Aerial Biomass  Plant Height LAI
Maturity Class

Dry weight (g m?) cm
400 292.6 c 455.0 ¢ 2114 a 959.0 ¢ 2310 ¢ 28 ¢
500 295.8 ¢ 4717 ¢ 203.6 ab 971.1 ¢ 2590 ¢ 33c¢
600 386.8 b 5249 b 188.2 be 1099.9 b 265.8 b 420
700 4502 a 608.4 a 1730 ¢ 12316 a 278.7 a 51a

Within columns, numbers followed by the same letter are not significantly different at P < 0.05.

hybrid 700. Thus, values were slightly lower
compared to those assigned by the seed indus-
try following FAO classification, i.e. 10 days.

3.2 Plant growth and N uptake at silking

At silking, there were significant differences
among hybrids for plant height and dry weight
of all plant parts (Tab. 2). Total biomass in-
creased with the increase of hybrid cycle length,
but differences were not significant between hy-
brids 400 and 500. Compared to hybrid 400, dry
matter of the whole plant was by 28% higher
in the hybrid 700, owing to the higher dry
weight of leaves (54%) and stalk (38%), and de-
spite the lower dry weight of ears (18%). Leaf
area index also increased by 82% from hybrid
400 to 700.

Conversely, N concentration in all plant parts
did not vary among hybrids, averaging 0.8% in

Table 3. Nitrogen content of leaves, stalk, ears and aerial
biomass of the four maize hybrids at silking (R1).

Hybrid Leaves  Stalk Ears Aerial

Maturity Class Biomass
g m?

400 38¢c 36b 36a 11.1 be

500 38¢c 37b 33 ab 109 ¢

600 50b 41b 30D 12.3 ab

700 59 a 48a 31b 14.0 a

Within columns, numbers followed by the same letter are not
significantly different at P < 0.05.
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stalk, 1.3% in leaves, and 1.7% in ears. Owing
to the increase of dry weight in all plant parts,
N content of the whole plant was by 21% high-
er in the hybrid 700 compared to the hybrid 400,
due to higher leaves (54%) and stalk (34%) N
content, while that of ears was by 23% lower
(Tab. 3).

Most of the dry matter and nitrogen retained
in the maize plant at maturity was accumulated
before silking. The proportion of accumulated
dry matter in the hybrids ranged from 66 to
70% and the one of nitrogen ranged from 64 to
70% (results not shown). No clear trend of vari-
ation with the increase of maturity class was ob-
served.

3.3 Kernel yield and yield components

Under the growing conditions of this experi-
ment, the number of plants per unit area did
not vary among hybrids, averaging 8.5 plants m™.
The number of ears per unit area averaged 10.7
ear m? in hybrids 400, 600 and 700, whereas it
was lower (8.7 ear m?) in hybrid 500 (Tab. 4).
Kernel yield increased with the increase of ma-
turity class, but differences among hybrids were
statistically significant only between hybrid 700
and the other ones. The increase in kernel yield
from hybrid 400, 500 and 600 to hybrid 700 was
by 19%.

Differences in kernel yield among hybrids
were essentially due to the mean kernel weight,
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Table 4. Kernel yield and yield components of the four maize hybrids at physiological maturity (R6).

Hybrid Ear number Kernel yield Kernel number Mean kernel weight HI NHI
Maturity Class

n m? g m? n m? mg % %
400 10.0 a 654.4 b 25281 b 2588 b 475 a 614 a
500 87b 7111 b 29182 a 2437 b 48.7 a 63.6 a
600 113 a 7277 b 2737.4 ab 2658 b 449 b 60.4 a
700 10.7 a 8322 a 2783.4 ab 299.0 a 448 b 615 a

Within columns, numbers followed by the same letter are not significantly different at P < 0.05.

which was by 17% higher in hybrid 700 com-
pared to hybrids 400, 500 and 600. The number
of kernels per unit area varied among hybrids,
and was highest in hybrid 500 (2918 n m?). Fi-
nally, increases in hybrid maturity class resulted
in a decrease of HI, which was by 7% lower in
hybrids 600 and 700 compared to hybrids 400
and 500, while NHI did not statistically change
among hybrids, averaging 61.7%.

3.3 Plant growth and N uptake at physiological
maturity

At physiological maturity, total plant biomass
increased with the increase of hybrid length
(Tab. 5). Compared to hybrid 400, hybrid 700
had higher biomass (35%), owing to higher
leaves (45%), stalk (47%) and ears (28%). No
statistically significant difference for any plant
part was recorded between hybrids 400 and 500,
while, compared to them, values of hybrids 600
and 700 were significantly higher.

Nitrogen concentration in all plant parts did

Table 5. Dry weight and nitrogen content of leaves, stalk,
ears and aerial biomass of the four maize hybrids at phys-
iological maturity (R6).

not vary among hybrids, averaging 0.7% in
stalk, 1.0% in leaves, and 1.4% in ears. Owing
to the increase of dry weight in all plant parts,
N content of the whole plant was by 35 % high-
er in the hybrid 700 compared to the hybrid 400,
due to higher N content in leaves (31%), stalk
(45%) and ears (35%) (Tab. 5). No statistically
significant difference for N content in any plant
part was recorded between hybrids 400 and 500,
while, compared to them, values of hybrids 600
and 700 were significantly higher.

3.4 Accumulation and remobilization of dry matter

Accumulated dry matter during grain filling in
consequence of current photosynthesis (DMA)
increased with the increase of hybrid cycle
length (Tab. 6). Thus, the amount of DMA was
by 24% higher in hybrid 700 compared to hy-
brids 500 and 600 and by 20% higher in hybrids
500 and 600 compared to hybrid 400. No statis-
tically significant difference was recorded be-
tween DMA of hybrids 500 and 600. Converse-
ly, remobilized dry matter (DMR) decreased
with the increase of hybrid cycle length. The de-
crease was by 12% from hybrid 400 to hybrid
700. Post-anthesis accumulation of dry matter
was higher than remobilization of dry matter in

Hybrid Leaves  Stalk Ears Aerial
Maturity Class Biomass Table 6. Post-anthesis dry matter accumulation (DMA), dry
Dry weight (g m?) matter remobilized into grain (DMR), dry matter remobi-
400 2445b 3042¢ 8302c 13789c o efﬁ.C‘e‘?Cfd(I()Cl\é};fﬁ)anfgl"n?‘b“t‘o‘? of remobiliza-
500 2506b 3279c¢ 8821c 14606 ¢ o0 1C EAM VI o7 e Tour matze whnies
600 3231a 3635b 9326b 16192 D Hybrid DMA DMR DMRE CDMR
700 3545a 4421 a 10595a 18562 a Maturity Class
N content (g m?) g m? %
400 24 b 22b 114 c 16.0 ¢ 400 4199 c 2345 a 245 a 358 a
500 23b 23b 12.2 be 16.8 ¢ 500 489.5¢c 221.6ab 228ab 312D
600 32 a 26Db 135 b 193 b 600 5193 b 2084 b 189 b 286 b
700 32 a 31a 154 a 21.7 a 700 624.6 a 207.6 b 169 ¢ 249 ¢

Within columns, numbers followed by the same letter are not
significantly different at P < 0.05.

Within columns, numbers followed by the same letter are not
significantly different at P < 0.05.
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Table 7. Post-anthesis nitrogen accumulation (NA), nitrogen
remobilized into grain (NR), nitrogen remobilization effi-
ciency (NRE) and contribution of remobilized nitrogen to
nitrogen content of grain (CNR).

Hybrid NA NR NRE CNR
Maturity Class

g m-z OA)
400 49 d 49 b 444a 503 a
500 58¢ 48 b 442 a 4540
600 7.0 c 47 b 380b 402c¢
700 7.7 a 56a 402b 421c

Within columns, numbers followed by the same letter are not
significantly different at P =< 0.05.

all hybrids, and the ratio accumulated/remobilized
dry matter increased from 1.8 in hybrid 400 to 3
in hybrid 700. The increase in hybrid maturity
class resulted in a decreased efficiency of dry mat-
ter remobilization during grain filling, which was
by 31% lower in hybrid 700 compared to hybrid
400. As a consequence of the variations in DMA
and DMR among hybrids, the contribution of re-
mobilized dry matter to kernel yield decreased
with the increase of cycle length (from 36% of
hybrid 400 to 25% of hybrid 700).

3.5 Accumulation and remobilization of nitrogen

The increase in hybrid maturity class resulted in
an increase of the nitrogen accumulated in the
plant during grain filling (NA), which was by 58%
higher in hybrid 700 compared to hybrid 400
(Tab. 7). Remobilized N did not vary among hy-
brids 400, 500 and 600 and was by 16% higher in
hybrid 700. The remobilization of nitrogen
equalled post-anthesis accumulation in hybrid
400, while in the others N-accumulation was high-
er than N-remobilization and the ratio NA/NR
increased with the increase of hybrid cycle length.
Genotypic variations were also observed for ni-
trogen remobilization efficiency (NRE), with hy-
brids 400 and 500 exhibiting 12% higher values
than hybrids 600 and 700. As a result, the pro-
portions of remobilized N in the grain (CNR) dif-
fered among the four hybrids, decreasing with the
increase of hybrid cycle length (from 50% of hy-
brid 400 to 42% of hybrid 700).

4. Discussion and conclusions

In maize crop, kernel yield depends on the re-
lationship between the number of kernels per
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unit area, referred as kernel sink capacity, and
the mean kernel weight. Kernel sink capacity is
highly dependent on growing conditions during
the early stages of grain filling. Mean kernel
weight is affected by the availability of assimi-
lates to fill this sink, i.e. the source capacity (Sim-
mons and Jones, 1985; Jones et al., 1996), and,
therefore, it reflects both the conditions before
silking, affecting the source of remobilization,
and the conditions during grain filling, influenc-
ing the rate of accumulation and remobilization
of assimilates into kernels (Borrés et al., 2004).

In our research, kernel yield increased with
the increase of hybrid maturity class by 27%
from hybrid 400 to hybrid 700, as a result of a
10% increase of the number of kernels per unit
area and of a 17% increase of the mean kernel
weight. Thus, differences in kernel weight
among hybrids depended more on variations of
sink capacity than on variations on source ca-
pacity. The increase in kernel number was ac-
companied by a greater increase in leaf area in-
dex, leading to an increase in current assimila-
tion. Following Maddoni et al. (1998), total
aboveground biomass gain per kernel during
the post-silking period was taken as a variable
reflecting assimilate availability for grain filling.
Values (of plant weight gain per kernel) in-
creased with the increase of hybrid maturity
class from 166.1 mg kernel! in hybrid 400 to
224.4 mg kernel! in hybrid 700. The ratio be-
tween mean kernel weight and plant weight gain
per kernel was in all hybrids greater than 1, in-
dicating that the exceeding kernel demand was
satisfied by remobilization, and this condition
was particularly evident in shorter cycle hybrids.
The kernel demand for nitrogen was also high-
er than the post-silking N uptake per kernel and
the imbalance between them decreased with the
increase of cycle length.

Hybrids differed for the duration of both the
periods emergence to silking and silking to
physiological maturity, and for biomass produc-
tion at silking and at physiological maturity. At
silking, plant dry weight and leaf area increased
with hybrid maturity, owing to greater leaves
and stalks. The lengthening of the period emer-
gence-silking allowed a greater accumulation of
assimilates in the plant, thus increasing the
source of remobilization in the following peri-
od. The length of the period silking-maturity in-
creased from hybrid 400 to hybrid 700 and this
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increase brought to an increase of dry matter
accumulation coupled to a reduction of dry mat-
ter remobilization. Increases in hybrid maturity
class resulted also in an increase of post-silking
N uptake and N remobilization from vegetative
plant parts. Thus, the longer period silking-ma-
turity was associated with an increased photo-
synthetic activity of the plant, which hampered
the rate of leaf senescence and deterred the mo-
bilization of reserve carbohydrates for grain fill-
ing (Rajcan and Tollenaar, 1999; Borrell et al.,
2001). Conversely, the longer was the hybrid cy-
cle, the greater was the quantity of both N up-
take from soil and remobilized N from vegeta-
tive plant parts. We can hypothesize that the in-
creased amount of remobilized N does not de-
rive from degradation of proteins from senesc-
ing leaves but from N temporarily stored in
stalks and not associated to the activity of the
photosynthetic apparatus. Similarly, Subedi and
Ma (2005) found that when N supply was un-
restricted, maize took up N continuously be-
yond 3 weeks after silking and that the N tak-
en up at this later stage was accumulated main-
ly in the stalk. The important role of N avail-
ability is confirmed by Paponov and Engels
(2005), who found that remobilization of N from
vegetative plant parts was covered mainly by
depletion of stem N at high N supply and by
depletion of leaf N at low N supply.

In all hybrids, most of the dry matter and ni-
trogen retained in the maize plant was accu-
mulated before silking, but significant accumu-
lation of dry matter and N from current photo-
synthesis into kernels occurred also during grain
filling. Dry matter and nitrogen accumulation
during grain filling were greater than remobi-
lization, so that the contribution of remobiliza-
tion to grain yield did not reach 36%, and for
N remobilization it accounted for 42-50% of
grain N content.

The C to N ratio (w/w) of the accumulated
and remobilized materials can be estimated as-
suming that the carbon concentration in DM is
50%. Thus, in this experiment, the C/N ratio of
the accumulated material during grain filling de-
creased with the increase of hybrid maturity
class, from 24 in hybrid 400 to 19 in hybrid 700.
This indicates that the relative contribution of
carbohydrates to remobilization decreases with
the increase of hybrid cycle length and con-
versely that the one of proteins increases. The

different C/N ratio in mobilized biomass may be
related to differences in the sources of pre-an-
thesis mobilization, either water-soluble carbo-
hydrates, soluble proteins, starch, organic acids,
lipids or structural carbohydrates (Gebbing and
Schnyder, 1999). The relative contribution of the
number of compounds involved in remobiliza-
tion to kernels and their effects on kernels qual-
ity is still not clear and needs further elucida-
tion (Borras et al., 2002).
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