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Phosphorus is the second most important
macronutrient for the plant growth and comprises
approximately 0.2% of a plant’s dry weight (Schacht-
man et al., 1998). It plays a critical role in plant meta-
bolism, cellular energy transfer, respiration and photo-
synthesis (Glass et al., 1980; Ozanne, 1980; Deleens
et al., 1984; He & Burris, 1992; Usuda & Shimoga-
wara, 1993; Bewley, 1997; Bathellier et al., 2007). In
seeds, P is stored primarily in the form of phytate (Lott
et al., 1995; Park et al., 2006; Nadeem et al., 2011).
Phytate is considered as having anti-nutrient charac-
teristics when consumed by non ruminant animals
(Raboy et al., 1989). Phytate content of cereals is
highly correlated with total P (Lockhart & Hurt, 1986),
and P concentrations in seeds of a given species may
vary with cultivar, inherent soil P status, and climatic

conditions (Miller et al., 1980; Raboy et al., 1990;
Horvatic & Balint, 1996).

Seed vigor is an important determinant of final crop
harvest and depends upon the status of the stored
nutrients in seeds. Seed vigor deals with the ability of
seed to grow rapidly and uniformly under unfavorable
conditions (Hara & Toriyama, 1998). Therefore, the
rate of initial seedling growth is often used as an index
to quantify seed vigor (Seshu et al., 1988), which
implies that the acceleration of the rate of germination
is important to enhance the seedling establishment. It
is generally recognized that increase of seed dry weight
and other nutrients improves the seed vigor (Seshu
et al., 1988; Thomson & Bolger, 1993; Ros et al., 1997;
Modi & Asanzi, 2008). Seed germination, seed vigor
and seedling establishment are therefore three
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Abstract

Nutritional status of grains may vary due to external nutrient supply and their position within parent maize cob.
Phosphorus (P) is the least mobile nutrient in the soil and therefore newly growing seedlings are largely dependent on
the stored grain P contents which are accumulated during the crop maturity period. Objective of this study was to
access the effects of different P applications and grain positions on P and dry matter contents in grains. Phosphorus
application and grain position has significant (p < 0.05) effects on P contents in grains whereas dry weight and P
content are highly correlated. Grain weight and P contents decreased linearly from base to apical position possibly
due to flow of nutrients from base towards apical position within cob. Signif icantly higher grain dry weight
(0.35 ± 0.01 g) and P contents (962 ± 57 µg P) are recorded in high P application (92.50 kg ha–1) rate on base position
whereas minimum grain dry weight (0.14 ± 0.01 g) and P contents (219 ± 11 µg P) were recorded on apical grain
position in low P application (5.60 kg ha–1) rate. The results suggest that for better seedling P nutrition especially in
soils of low inherent P, maize grains should be selected from base or middle position where maximum dry weight and
P contents are concentrated to support the seedlings to reach at growth at which roots are capable of external P uptake.
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important characters which depend on the seedling
ability to utilize stored seed reserves more efficiently
(Bedi et al., 2009).

Size and shape vary widely within a batch of
grains/seeds. Space between grains on cob decreases
from the base to top, therefore affecting the shape of
grains and their nutritional status as well (Pommel
et al., 1995). In maize constraints experienced by the
grain position during cob formation such as nutritional
deficiencies may decrease the size of the grain on cob.
The resulted grains are less in nutritive values (Pommel
et al., 1995) to support the seedlings during early
ontogeny. Consequently it is possible that grain
position on cob may affect the P status of seeds that it
produces (Pommel et al., 1995). For optimum crop
yield, plants require adequate P from very early growth
stages (Barry & Miller, 1989; Barry et al., 1989; Grant
et al., 2001). The success or failure of the early growth
stage of developing seedlings is directly related to
successful remobilization of stored grain P reserves
that were accumulated throughout the ripening period
(Guardiola & Sutcliffe, 1971; Le Deunff, 1975;
Lawrence et al., 1990; Leonova et al., 2010; Nadeem
et al., 2011, 2012a). As the hydrolysis of grain P during
germination is a major source of inorganic P to support
the growing seedlings during early growth stages
(Nadeem et al., 2011; 2012b) therefore the present
study was conducted to investigate the role of P
nutrition to the parent plant on the dry weight and P
reserves accumulation in maize grains for better
selection of seeds.

The irrigated maize crop (Zea mays L. cv. DKc
5783, Dekalb, Monsanto Agricoltura SpA, Lodi, Italy)
was cultivated at the experimental site of Pierroton,
Bordeaux, in southwest France (44° 44' 30" N;
0° 46' 59" W; alt. 55 m) during 2009-10. The maize
crop was fertilized with triple superphosphate (45%
P2O5). Phosphorus was applied in three P rates as low
P (LP: 5.6 kg ha–1), intermediate P (IP: 23.10 kg ha–1)
and high P (HP: 92.50 kg ha–1) to get three levels in
maize seeds. Soil analysis showed that available
Olsen-P in ploughed soil layer (0-0.25 m) was 5.50
mg P kg–1, 9.90 mg P kg–1 and 40.50 mg P kg–1 of dry
soil for LP, IP and HP, respectively. At maturity, the
maize cobs were harvested from the f ield and
separated in LP, IP and HP fertilization treatments.
Five maize cobs were selected from each treatment
randomly to select homogenous grains from these
cobs. The P treatments were not replicated and one
plot corresponds to one P treatment. For each P

treatment, 5 plants were randomly selected (with at
least 5 m between each plant). One cob per plant was
harvested for P analysis. So the 5 samples correspond
to the 5 harvested cobs per P treatment. For each cob,
several grains were collected according their position,
but they were considered as subsamples. During the
study, the maize grains were separated into three
categories namely apical, middle and base grains as
shown in Fig. 1a.

Each position on cob corresponds to 1/3 of the total
cob length. Out of these three categories, homogenous
maize grains were separated and total 27 grains were
selected and pooled for the three grain positions
respectively and for the five cobs per P treatment. The
selected grains were dried in oven at 130°C for 24 h
and thereafter these grains were placed in desicator.
Grain dry weight was measured after lyophilization for
24 h. Phosphorus contents were determined in maize
grains after mineralization (see Nadeem et al., 2011,
for details) by an adaptation of malachite green
colorimetric technique (Van Veldhoven & Mannaerts,
1987). The resulted data were analyzed by ANOVA
using the R environment for statistical computing and
graphics, version 2.9.1 (R Development Core Team,
2009). Means were compared using Tukey’s test at the
0.05 risk level.

Fig. 1b shows that plots (assumed to mainly differ
in phosphorus nutrition) along with grain position
within maize cob has significant (p < 0.05) effects on
dry weight accumulation in grains at maturity. At each
position on maize cob, grain weight increases linearly
from low P application to higher P application and base
position of grains. Maximum grain dry weight
(0.35 ± 0.01 g) at maturity was recorded at base
position followed by the middle grains position
(0.31 ± 0.01 g) when high P was applied to crop. Grain
weight decreases with the low P fertilizer applications
and minimum grain weight was observed at apical
position (0.14 ± 0.01 g) when crop was fertilized with
low P inputs. No increase in grain weight at middle
position was observed (0.20 ± 0.02 g) in the
intermediate-P plot compared the high P plot with
(Fig. 1b).

Significant differences were observed among plots
and grain positions on f inal grain P contents, as
shown in Fig. 1c. Higher P application caused an
increased P contents in maize grains followed by IP
and LP applications. Similarly grain P contents
decreased linearly from base to apical positions.
Maximum grain P contents (962 ± 57 µg) were
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observed at base position followed by middle position
(883 ± 33 µg) when crop received HP applications as
shown in Fig. 1c. Minimum grain P contents were
noticed at apical grain position (219 ± 11 µg)
followed by base (242 ± 22 µg) and middle positions
(295 ± 8 µg) when LP was applied during the growing
seasons as indicated in Fig. 1c (apical, base and
middle, respectively).

Phosphorus being a component of living cells is
essential to sustains life (Rengel & Zhang, 2011; Six,
2011). Phosphorus accumulates rapidly in grains

during ripening along with other substances such as
lipids and starch. In seeds, phytate is the main stored
form of P (Raboy et al., 1989; Ravindran et al., 1994;
Lott et al., 1995; Park et al., 2006; Nadeem et al.,
2011) along with inorganic and cellular P (Raboy et al.,
2001). External P supply has significant effects on P
and dry matter accumulation in grains phosphorus
contents are significantly higher in grains treated with
HP availability as compared to IP or LP. Phosphorus
content in seeds depends both on external P availability
and grain biomass accumulation. A relationship was
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Figure 1. Selection of maize grains on cob (a) for phosphorus. Effect of different phosphorus applications and grain position on
the final grain weight (in grams) (b) and on the final grain phosphorus contents (µg) (c). Data are means and vertical bars indicate
±SE for n = 5 replications. Different letters indicate a significant difference between P level (Student’s t-test, p < 0.05)
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observed between grain dry matter and P content
within each P availability level as shown in Fig. 2. As
grain weight decreased from base towards apical
position, the accumulation of P was negatively affected
as less P was accumulated in IP and LP (Fig. 2). So,
phosphorus content in grains is driven by the dry
biomass accumulation and is dependent on the plant P
nutrition. Grain position within the maize cob also
affects the P contents. Higher grain P contents were
observed in grains located at base position as compared
to middle or apical grains possibly due to the flow of
nutrients from base position towards apical. This may
also be related to the distance between P source in root
zone and grain position (P sink) resulting into larger
grains at base position compared to middle or apical.
Previous research showed that size of maize grain can
influence the nutritional status (micro and macro-
nutrients) of grains (Calderini & Ortiz-Monasterio,
2003; Baraloto et al., 2005; Hanley et al., 2007; Zhang
et al., 2012) and consequently the growth of seedlings.
Larger grains with larger nutritional reserves are
capable of producing vigorous plants (Howe & Schupp,
1985; Ellison, 1987; Pommel et al., 1995; Nadeem
et al., 2012a). Seedling emergence was more rapid in
seeds with higher P concentrations compared to seeds
with low P status (De Marco, 1990; Pommel et al.,
1995). Crop grains have large enough P reserves to
sustain seedling P requirement during a few weeks of
early growth (White & Veneklaas, 2012), however
grains with higher indigenous P reserves can support
seedling growth for a longer period of time (Nadeem

et al., 2012a) especially on soils with low inherent P
levels. Higher P contents per seed were observed in
basal grains in HP treatment. The results suggest that
taking into consideration the position of grains in the
cob and their P contents could be an important tool for
selection of grains producing vigorous seedling
growth. The study was carried out only in one growing
season, one planting date and one location, conse-
quently the results presented need to be verified in a
wider range of field conditions.
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