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Abstract
Within the environmental impact reduction perspective, this work was aimed at assessing for durum wheat, grown
within two crop rotations, the minimum allowable value of fertilising formulae to obtain adequate crop yields and
quality for the operators of the whole production chain. Six fertilising formulae N1 P1 K1, N1 P2 K1, N2 P1 K1, N2
P2 K1, N3 P1 K1, N3 P2 K1, obtained from the factorial combination of 3 nitrogen levels (N = 50-100-150 kg ha-1)
and 2 phosphorus rates (P2O5 = 50-100 kg ha-1) were compared against an unfertilised control N0P0K0. The potassi-
um rate was the same for all fertilising formulae (K2O = 100 kg ha-1). The treatments were studied within a com-
parative trial between 2 two-year rotations: potato - wheat + bean (A1) and potato + purslane - wheat + bean (A2)
aimed at testing the purslane potential and its ability to use the available residual nitrogen after potato cropping
to reduce deep percolation losses. The best yield results were observed for wheat in the rotation that did not in-
clude purslane after potato (A1). In agreement with the literature, the nitrogen fertilisation had a positive effect on
wheat grain yield also in the same cropping season as a consequence of a diversified action on the major yield com-
ponents. The highest grain yields were observed in both rotations at the rate of 150 kg ha-1 of N, without any change
with the rates of P. The protein content, which is higher in rotation A1, shows in both rotations the lowest value in
the unfertilised control and improves with the increase in fertilisation, reaching the highest value (about 6% more)
with the rate N3. No significant difference was observed between the rates N1 and N2; this would suggest a lower
efficiency of the latter, at least for protein accumulation. A similar trend was observed in the gluten content that
does not show any significant difference between N0 and N1, whereas it shows increases significantly different with
the two higher rates. The inclusion of purslane that could use the residual nitrogen after potato crop so as to re-
duce deep percolation losses seems to induce a significant reduction of all yield parameters of wheat crop. As to
the effect of nitrogen fertilisation, an application of 100 kg ha-1 is shown to produce a satisfactory yield response,
but higher inputs of N (150 kg ha-1) are necessary to achieve good quality standards, at least in terms of protein
and gluten content. As regards phosphorus fertilisation, the application of 50 kg ha-1 of P2O5 is shown to produce
a satisfactory response.
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1. Introduction

The increased sensitivity to environmental pro-
tection and sustainable development issues calls
for environmentally friendly cropping tech-
niques aimed at the conservation and/or the im-
provement of non-renewable natural resources.
This justifies the trend to reduce soil tillage for
the beneficial effects on the organic matter con-
tent and on the structure stability, with the sub-
sequent protection of the soil from water ero-
sion; the identification of appropriate crop ro-

tations for maintaining the physical and chemi-
cal soil fertility both for the useful effects on
crop yields and on the sustainability of agro-sys-
tems; the reduction of nitrogen application rate
to minimize environmental pollution and pro-
duction costs. Contrary to nitrogen, excess in
phosphorus has no consequence on crop yield.
For these reasons it is necessary to reduce as
more as possible nitrogen fertilisation and to
identify the most appropriate nitrogen rate to
apply to the crop without affecting the quanti-
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qualitative standards of production (Poma et al.,
2001).

Nitrogen fertilisation combined with the use
of more yielding genotypes has been one of the
major factors to increase cereal yields. An im-
proper use of this farming practice, however,
may be particularly harmful both for the po-
tential pollution of ground water resources by
nitrates and for the high energy cost demanded
by industrial production (Sequi and Antisari,
1989). This is leading to a reduced use of inputs,
considering that in cereal crops the increase in
the biomass subsequent to nitrogen fertilisation
is not always associated with a proportional in-
crease in grain yield. In durum wheat nitrogen
also plays a crucial role to improve the grain
technological properties (Desiderio et al., 1998).
Nitrogen fertilisation induces an increase in the
protein content (Fares et al., 1993; Borghi et al.,
1997; Peckanek et al., 1997; Giuzio et al., 2005).
In a study on the effect of nitrogen fertilisers
on durum wheat, Wieser and Seilmeier (1998)
observed a protein increase by 44-68%. The
high hectolitre weight and kernel size, influ-
enced by environmental factors such as nitro-
gen fertilisation, are associated to the milling
quality (Dexter et al., 1991; Novaro et al., 2001).
Another factor that might negatively affect the
semolina yield is the presence of yellow berries,
caused by imbalances in nitrogen fertilisation.
In studies conducted in Southern Italy areas
characterized by typical durum wheat cultiva-
tion and low rainfall, the optimal nitrogen rate
has been identified for this crop in the range
between 60 and 100 kg ha-1 (Caliandro et al.,
1981; Maiorana et al., 1992; De Giorgio et al.,
1993 and 1994; Flagella et al., 1997; Venezia et
al., 2003; Poma et al., 2005). In a research con-
ducted by Toderi et al. (2005) durum wheat
showed a poor response to phospatic fertilisa-
tion: small amounts were sufficient, additional
amounts increased the phosphorus content of
products and by-products only. Potassium fertil-
isation did not show any significant effect, de-
spite the moderate clay content (27%) in the
soil. Within the environmental impact reduction
perspective, this work was aimed at assessing for
durum wheat, grown within two crop rotations,
the minimum allowable value of fertilising for-
mulae to obtain adequate crop yields and qual-
ity for the operators of the whole production
chain. Given the close relationships between ni-

trogen levels, grain yield and carbon uptake
(Van Keulen et al., 1988; Sinclair and Horie,
1989; Martin et al., 1990), the research was di-
rected to studying the crop nitrogen status
through the measurement of the leaf chloro-
phyll index.

2. Materials and methods

The research was conducted at the experimen-
tal field close to the Agricultural Faculty of Bari
University (Italy), in plastic pots (h and Ø of
respectively 0.60 and 0.72 m, equipped at the
bottom with a tap to collect drainage water)
filled with silty-clay soil of good fertility.

Six fertilising formulae N1 P1 K1, N1 P2 K1,
N2 P1 K1, N2 P2 K1, N3 P1 K1, N3 P2 K1, obtained
from the factorial combination of 3 nitrogen lev-
els (N = 50-100-150 kg ha-1) and 2 phosphorus
rates (P2O5 = 50-100 kg ha-1) were compared
against an unfertilised control N0P0K0. The
potassium rate was the same for all fertilising
formulae (K2O = 100 kg ha-1).

The treatments were studied within a com-
parative trial between 2 two-year rotations:
potato (Solanum tuberosum L.) – wheat
(Triticum durum Desf.) + bean (Phaseolus vul-
garis L.) (A1) and potato (Solanum tuberosum
L.) + purslane (Portulaca oleracea L.) – wheat
(Triticum durum Desf.) + bean (Phaseolus vul-
garis L.) (A2) aimed at testing the purslane po-
tential and its ability to use the available resid-
ual nitrogen after potato cropping to reduce
deep percolation losses.

The split plot design with 2 replicates was
used, with the rotations in large plots (14 con-
tainers) and fertilising formulae in single pots;
fertilisers were applied in the pre-established
amounts.

The “Colosseo” cultivar was sown on 28 No-
vember 2000 at a density corresponding to 400
seeds m-2 in rows spaced 0.20 m. Phosphorus
and potassium fertilisation was performed at
pre-sowing (7 days prior to sowing), using min-
eral perphosphate and potassium sulphate re-
spectively, whereas nitrogen fertiliser was ap-
plied as ammonium nitrate at seeding (1/3) and
as top dressing (2/3) in two applications with a
20-day interval.

During the cropping season, the crop was ir-
rigated whenever the soil mass contained in the
pot lost by evapotranspiration 50% of available
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water; the applied watering volume was that re-
quired to restore field capacity. Treatments
against mildew and eyespot were also applied.
All the farming practices used in the area (Apu-
lia, Italy) were adopted. Moreover, at late flow-
ering (14 May 2001) the flag leaf was tested for
the chlorophyll index using the Chlorophyll Me-
ter, SPAD-502, Minolta with a view to charac-
terise the crop nitrogen status.

At harvest, performed on July 2nd 2001, at
full grain ripening, each experimental unit (pot)
was tested for the tillering rate, plant height and
dry matter, and for the main yield components
(number of ears and kernel yield). The grain
samples taken at harvest were then tested for
the following quality analyses: hectolitre weight
and 1000 seed weight; percentage of yellow
berries by visual inspection of a 50-seed sample;
determination of the nitrogen percent content

(Kjeldhal method) and the subsequent protein
content (% of dry matter) in wholemeal flour;
gluten content (% of dry matter) in wholemeal
flour, following the AACC standards (1983,
method 38-10).

All data were then submitted to the analy-
sis of variance using the SAS software (SAS In-
stitute Inc. USA), and the differences between
the means were assessed by Student-Newman-
Keuls’ SNK test.

3. Results and discussion

The analysis of variance has revealed significant
differences subsequent to the preceding crop on
all tested parameters except the plant height
and the number of ears per pot.

The best yield results were observed for
wheat in the rotation that did not include
purslane after potato (A1), most likely because
of a greater nitrogen supply throughout the
cropping cycle (Tab. 1).

Although in the two crops, the parameters
under study showed different values as related
to the different preceding crop, the results ob-
tained showed a similar pattern without any in-
teraction with the change in fertilizing formu-
lae. In both rotations the crop was more luxu-
riant as the nitrogen fertilising level increased;
the lowest tillering rate (1.2) was observed for
the unfertilised control, whereas the highest one
(1.4) was found for the crops fertilised by the
formula N2 P2 K1 without further increases with
growing nitrogen rates (Tab. 2).

The plant height was also statistically differ-
ent from the other treatments being compared,
and showed definitely lower values (0.56 m) on-

Ital. J. Agron. / Riv. Agron., 2007, 1:47-53

49

Table 1. Effects of two crop rotations (A1 and A2) on the
yield parameters of  durum wheat (cv. Colosseo).

Yield parameters Crop rotations
A1 A2

Tillering rate 1.4A 1.3B
Plant height (m) 0.67B 0.68A
Ears (n pot-1) 189.5B 187.1A
Seed yield (g pot-1) 289.9A 243.3B
Shoot dry biomass (g pot-1) 823.2A 698.2B
Hectolitre weight (kg hl-1) 81.4A 80.6B
1000 seed weight (g) 55.8A 53.2B
Non-vitreous kernels (%) 24.1B 27.2A
Protein (%) 12.1A 11.4B
Gluten (%) 9.8A 8.4B
SPAD values 39.0A 35.1B

For each effect considered, the values followed by the same let-
ter are not significantly different, according to the SNK test at
P ≤ 0.01.

Table 2. Effects of different fertilising formulae on the yield parameters of durum wheat (cv. Colosseo), cultivated within
two crop rotations (A1 and A2).

Fertilization       Tillering  rate Plant height (m) Ears (n pot-1) Shoot dry biomass
formulae (g pot-1)

A1 A2 A1 A2 A1 A2 A1 A2

N0P0K0 1.2B 1.2C 0.56B 0.56B 172.0C 169.0D 282.0D 239.0D
N1P1K1 1.3AB 1.3B 0.65A 0.65AB 184.0B 176.0CD 727.0C 547.0C
N1 P2K1 1.3AB 1.3B 0.71A 0.63AB 185.3B 179.5CD 763.0C 564.7C
N2P1K1 1.4A 1.3B 0.67A 0.71A 188.7AB 187.0BC 858.7B 764.0B
N2P2K1 1.4A 1.4A 0.67A 0.74A 194.0AB 192.2AB 889.8B 783.3B
N3P1K1 1.4A 1.4A 0.66A 0.70A 197.2A 202.0A 980.8A 889.5A
N3P2K1 1.4A 1.4A 0.66A 0.71A 196.5A 195.0AB 990.3A 870.0A

For each effect considered, the values followed by the same letter are not significantly different, according to the SNK test at 
P ≤ 0.01.



ly in the unfertilised control (Tab. 2). The fer-
tilising level generally had a significant effect
with a subsequently positive trend for all test-
ed parameters. The number of ears per pot and
the number of kernels per ear were on average
higher for the treatment N3 P1 K1, without de-
viating significantly from N3 P2 K1 (Tab. 2). The
increase in nitrogen fertilisation induced a high-
er shoot dry matter production that was, how-

ever, not statistically different between the two
phosphorus levels (Tab. 2). In agreement with
the literature, the nitrogen fertilisation had a
positive effect on wheat grain yield also in the
same cropping season (Giardini et al., 1980;
Borin and Ceccon, 1987; Zentner and Campbell,
1988) as a consequence of a diversified action
on the major yield components (Govi et al.,
1981; Costantini and Boschi, 1987; Flagella et al.,
1997). The highest grain yields were observed in
both rotations at the rate of 150 kg ha-1 of N,
without any change with the rates of P. In a re-
search conducted by Toderi et al. (2005), on du-
rum wheat in a calcareous soil, it resulted that
the lack of phosphatic fertilisation for over
twenty years and the subsequent impoverish-
ment of the soil in available phosphorus have
caused such wheat yield losses (0.2 t ha-1) that
do not to justify the fertilisation, and in any
case, the rate of 50 kg ha-1 was sufficient.

The results on the minimum N level that can
provide satisfactory yield responses are also in
agreement with the literature. Actually, in the
trial conducted and in both rotations, an appli-
cation of 50 kg ha-1 of N resulted in a consid-
erable yield increase (three times higher than
the unfertilised control); further increases were
obtained at the rates N2 and N3, equalling, re-
spectively, 28.8% and 11.6% for rotation A1 and
54.8% and 13.2% for rotation A2 (Fig. 1).

The applied watering regime and the specif-
ic conditions recorded in the year, characterised
by a low rainfall in autumn-winter months,
might have favoured the crop potential to ben-
efit from nitrogen fertilisation. The statistical
analysis has shown that all quality indices are
influenced by the rotation and by N rates; no
influence was observed in the case of phospho-
rus fertilisation. The best results, in any case,
have been recorded for the wheat crop in the
rotation A1. As to nitrogen fertilisation, the hec-
tolitre weight and the 1000 seed weight were
shown to increase with the N rate (Fig. 2); the
percentage of non vitreous kernels decreased,
instead, significantly with the increase in fertil-
isation, dropping respectively for rotations A1
and A2 from 32.5 to 37.5 of the unfertilised con-
trol to 11 and 14.7 of the more fertilised treat-
ment (Fig. 3).

The protein content, which is higher in ro-
tation A1, shows in both rotations the lowest val-
ue in the unfertilised control and improves with
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Figure 1. Effects of different fertilising formulae on the
grain yield of durum wheat cultivated within 2 crop rota-
tions. For each effect considered, the values followed by the
same letter are not significantly different, according to the
SNK test at P ≤ 0.01.

Figure 2. Effects of different fertilising formulae on the hec-
tolitre weight and on the 1000 seed weight of durum wheat
cultivated within 2 rotations. For each effect considered, the
values followed by the same letter are not significantly dif-
ferent, according to the SNK test at P ≤ 0.01.



the increase in fertilisation, reaching the high-
est value (about 6% more) with the rate N3. No
significant difference was observed between the
rates N1 and N2; this would suggest a lower ef-
ficiency of the latter, at least for protein accu-
mulation. The response of protein content to ni-
trogen rates reveals the inefficacy of nitrogen
fertilisation at the lowest rates, whereas at the
highest rates, its influence is very marked in ac-
cordance with the results observed by Santiloc-
chi and Bianchelli (2003). A similar trend was
observed in the gluten content that does not
show any significant difference between N0 and
N1, whereas it shows increases significantly dif-
ferent with the two higher rates (Fig. 4).

A significant effect of the rotations and of N
application rates was observed on the SPAD in-
dex, which resulted to be closely correlated with
grain yields (Fig. 5). In agreement with the lit-
erature, low SPAD values reflect a low N con-
centration in the leaves and a subsequent mod-
erate photosynthetic ability (Miceli and Tassan
Mazzocco, 2001).

4. Conclusions 

Based on the results obtained on the effects of
different fertilising formulae on durum wheat in
2 crop rotations the following conclusions may
be drawn:
– the inclusion of purslane that could use the

residual nitrogen after potato crop so as to
reduce deep percolation losses seems to in-
duce a significant reduction of all yield pa-
rameters of wheat crop;

– as to the effect of nitrogen fertilisation, an
application of 100 kg ha-1 is shown to pro-
duce a satisfactory yield response, but high-
er inputs of N (150 kg ha-1) are necessary to
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Figure 4. Effects of different fertilising formulae on the pro-
tein and gluten content of durum wheat cultivated within 2
rotations. For each effect considered, the values followed by
the same letter are not significantly different, according to
the SNK test at P ≤ 0.01.
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Figure 3. Effects of different fertilising formulae on the per-
centage of non vitreous kernels of durum wheat cultivated
within 2 rotations. For each effect considered, the values fol-
lowed by the same letter are not significantly different, ac-
cording to the SNK test at P ≤ 0.01.
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achieve good quality standards, at least in
terms of protein and gluten content;

– as regards phosphorus fertilisation, the ap-
plication of 50 kg ha-1 of P2O5 is shown to
produce a satisfactory response;

– the SPAD index of the most light-exposed
leaf is always correlated to the grain yield.
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