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Effect of nitrogen sources on durum wheat (Triticum durum desf.) yield and yield
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ABSTRACT

Nitrogen (N) fertilization constitutes one of the most important wheat cropping practice. In addition to
ammonium-nitrate which was the most used In Tunisian agriculture, many N chemical sources were introduced
recently. A field study was conducted on three durum wheat genotypes. Ammonium sulfate nitrate (ASN) and
urea fertilizers N source were used to generate seven N levels. The experiment was designed as a split-split-plot
arrangement with three replications. In addition to plant high (H), yield and yield component parameters were
measured as: number of spike per m* (NS), number of grains per spike (NG), thousand kernel weight (TKW),
average yield (Y). The results showed a positive correlation between N levels and all measured parameters.
Only thousand kernel weight (TKW) was significantly affected by the interaction of genotypes, N sources and
levels. In addition, ASN was more efficient than urea as N source. ASN Nitrogen source was more efficient with
an average yield increase of 6.05% for ‘Karim’, 3.70% for ‘Om Rabia’ and 8.98% for ‘Nasr’ compared to urea.
The highest yield (40.86 gqx/ha) was obtained by ‘Om Rabia’ under the highest ASN treatment (93.8 KgNha™).
This efficient genotype under ASN showed an increase of H (22.67%), TKW (2.57%), NS (1.28) and NG (1.61)
compared to urea. Our results showed that ASN was a more efficient N source than urea due mainly to its
mineral and available form for wheat roots.
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Introduction

Nitrogen fertilizers are among fundamental crop growth demand (Lam et al. 1996; Giller 2004),
contributing to 50% of the human food consumption (Ladha et al. 2005). The use of N fertilizers increased 100
fold over the last 100 years to improve grain yield and protein content (Lopez-Bellido et al. 2008). In fact, 60%
of worldwide (Ladha et al. 2005) and 81% of Tunisian (CTC 2008) global N fertilizer are used for producing
grain cereals. N fertilization constitutes one of the most expensive agricultural nutrient inputs (Good et al. 2004;
Foulkes et al., 2009). Wheat yields and especially those of new developed genotypes are among the most
depending nitrogen fertilization plant species (Hirel et al. 2001). N fertilization increased wheat biomass (Golik
et al., 2005), yield (Oad et al. 2004; Fallahi et al. 2008) and protein content (Carr et al. 1992; Saint Pierre et al.
2008). In fact, nitrogen is a constitutive component of chlorophyll and proteins affecting thus photosynthesis
process (Triboi et al. 2002; Tranavi¢iené et al., 2007). The wheat needs of nitrogen is a complex trait depending
on genotypes, years, sites and stage of development (Gate 1995; Gastal et al. 2002). Besides, wheat response to
N fertilizer is influenced by soil type, tillage methods, crop rotation and amount of mineralized nitrogen (Lopez-
Bellido et al. 2001). Genetic diversity was noted among wheat nitrogen use efficiency at low and high N supply
(Foulkes et al. 2009; Khalilzadeh et al. 2011) leading to numerous selection programs (Ortiz Monasterio et al.,
1997, Van Ginkel et al. 2001).

In Tunisia, durum wheat occupies 50-75% of the area reserved for cereals and accounts for 60% of national
cereal production. Water and N fertilizers are the most limiting factor of the Tunisian wheat production (Latiri-
Souki et al. 1992). N requirements for durum wheat are important and were estimated to 3.2 kg / quintal of
produced grains (Ben Ali 2004) contrasting with only 2.4 kg/quintal for barley (Gate 1995). The used N
fertilizers for wheat are constituted at 90% by ammonium-nitrate (NH4NO;) (CTC, 2008). Many other N
sources are available in market as inorganic forms like ammonium sulfate ((NH4),SO,), calcium nitrate
(Ca(NOs3),), ammonium sulfate nitrate (NH;NO3;(NH,4),SO,4), potassium nitrate (KNO;) and/or organic form
mainly as urea (CO(NH,),) (Sartain and Kruse 2001).

Significant effects of the fertilization treatments on all growth stages were obtained for wheat genotypes
using urea N source (Golik et al. 2005) and ammonium sulfate (Malhi et al. 2009). In fact, plants are capable of
assimilating nitrate (NO5") and ammonium (NH,") into amino acid (Xu et al. 2011). In addition, plants are able
to use urea as N source from the soil and/or leaves from the foliar applications (Criddle et al. 1987; Merigout et
al, 2008). In soils, urea is rapidly degraded to NH," by urease (Cartes et al. 2009) and then oxidized to NOs™ by
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the nitrification process. Besides, plants could capture urea throw passive and/or active pathways (Kojima et al.
2007). In addition, concomitant sulfate (S) and N application enhanced durum wheat grain quality parameters
(Lerner et al. 2006). Indeed, S deficiency is known to reduce baking quality of wheat flour (Kettlewell et al.
1998).

N ion chemical form present in nutrient solution is among chlorophyll content changes in wheat
(Mihailovic et al. 1997) and thus in field wheat and barley yield (Jones et al. 2007). Uptake interaction studies
on wheat showed that urea uptake was too slow and its presence had major inhibitory effects on the uptake of
each of NO3", NH,", and N0, (Criddle et al. 1987).

We present in this paper the variation of durum wheat grain yield and yield components under two main
nitrogen sources (urea and ASN) at different N levels.

Material and Methods
Field experiments:

Three local durum wheat genotypes (Karim, Om Rabia and Nasr) (Deghais et al. 1999; Gharbi et al. 2000)
were grown during the growing season 2010-2011 in northern Tunisia (Boulifa station, Kef) (36° 07° N; 8° 43’
E; elevation 520m) under rainfed conditions, with a mean annual precipitation and average relative humidity of
557.3mm and 54.34%, respectively (Table 1). The crop received 41 Imm during the growing season.

Table 1: Precipitation, relative humidity and air temperature during growth season of 2008-2009.

Precipitation Relative humidity Temperature
(mm) %) 0)
September 42.41 47.4 24.8
October 40.38 58.3 194
November 14.72 60.6 13
December 27.96 69.2 8.5
January 67.57 74.4 9.2
February 42.93 66.6 8.8
Mars 44.71 62.9 12.1
April 157.47 66.8 144
May 54.62 48.9 22.1
June 1.02 29.9 28.1

The durum wheat genotypes were sown on a typical alluvial soil of Mediterranean region (Table 2).

Table 2: Soil properties at the beginning of the experiment.

Soil characteristics

Sand (%) 56
Silt (%) 18
Clay (%) 26
pH 7.7

MO (%) 221
CaCOs 16

P Olsen (mg/kg) 12
K (cmol/kg) 16

CEC (cmol/kg) 0.74
K/ CEC (%) 4.1

Two nitrogen sources were tested: urea (46% N) and ASN (26% N). Seven nitrogen levels were applied:
13.4 Kgha!, 26.8 Kgha™, 40.2 Kgha™, 53.6 Kgha™, 67 Kgha™, 80.4 Kgha™ and 93.8 Kgha™. Nitrogen fertilizers
were applied in three fractions at key growth stages: early tillering (30%), elongation (40%) and 2™ node (30%).

The experiment was designed as randomized complete block with a split-split plot arrangement with three
blocks. The area of each sub-subplot was 10m? (10mx10m). Main plots were considered nitrogen sources as
main factor, durum wheat genotypes as second factor and nitrogen level as third factor.

To assess the effect of nitrogen sources and level on rainfed durum wheat genotypes, plant high (H),
number of spike per m* (NS), number of grains per spike (NG), thousand kernel weight (TKW) and average
yield (Y) were measured in the experimental plots.

Statistical analysis:
Data were analyzed with significant genotypes, N source, N level and their resultant interactions were

tested by ANOVA using SAS proc GLM (SAS Institute Inc., 1999). Treatment means were compared by
Duncan’s multiple range test (¢=0.05).
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Results:

The simple effect of N source and N level were noted for all measured yield components. The same pattern
was observed for the tested genotypes except for the number of grains per spike (NG) (Table 3). Only thousand
kernel weight (TKW) showed a significant effect of the interaction N source x Genotype x N level.

Table 3: Analysis of variance (mean square and F test) for yield components: height (H), number of spike per m* (NS), number of grains per

spike (NG), thousand kernel weight (TKW) and average yield (Y).
H

Source of variation df NS NG TKW Y
Bloc 2 9.53* 16.67ns 6.43%* 3.98%* 13.72%*
N source 1 5100.34** 339.17** 5.72%* 65.44** 35.17**
N level 7 4286.89** 35782.12** 985.42%* 1537.91%** 2330.13**
Genotypes 2 264.92%* 82.69ns 5.82%* 59.25%* 51.81**
N level x N source 7 107.26 ** 3.20ns 0.35ns 9.17** 2.79**
N source x Bloc 2 0.53ns 7.09ns 0.005ns 0.08ns 0.02ns
N level x Genotypes 14 4.73* 385.64** 2.96%* 4.58%* 8.28**
N source x Genotypes 2 17.96* 85.44ns 0.10ns 8.50** 1.48ns
N source x Genotypes x Bloc 8 4.91 ns 64.84ns 0.08ns 0.63ns 0.59ns
N source x Genotypes x N level 14 1.41ns 30.61ns 0.16ns 1.58** 0.64ns
Error 84 2.53 33.56 0.25 0.37 0.51
C.V (%) 2.58 2.51 2.29 1.94 4.29
R’ 0.99 0.98 0.99 0.99 0.99

ns: not significant (P>0.05); *: F test significant (P < 0.05); **: F test significant (P < 0.01).

Plant height increased significantly by both N fertilizers. An average increase of 121% was registered with
the highest N level (93.8 KgNha™). N level and genotypes and also by their resultant interactions as: N level x
N source; N source x genotypes and N level x genotypes (Table 3). The same trend of the increasing plant high
for the tested genotypes were noted under the two N sources (Fig. 1).The genotypic difference was more
remarkable in ASN than urea nitrogen source mainly since 40.2 KgNha™. Nasr was in average the tallest tested
genotype (64.16 cm) followed respectively by Om Rabia (60.97 cm) and Karim (59.58 cm) under urea and ASN
nitrogen sources. In addition, ASN was more efficient N source for durum wheat growth (67.52 cm) compared
to urea (55.62 cm).
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Fig. 1: Variation of plant high of three durum wheat genotypes under two N sources and eight N levels. (A)
Urea, (B) ASN.

In addition to the simple effects of N source and N level; only the interaction N level x genotypes affects
significantly the number of spike per m*> (Table 3). No genotypic difference was noted for NS under the
different N level for both N sources (Fig. 2). The number of spike per m* (NS) increased proportionally to the
level of nitrogen fertilizer with an average increase for the urea and ASN nitrogen sources respectively of 88.5%
and 84.6% at 93.8 KgNha™' compared to the control (Fig. 2). However, for all level of nitrogen and tested
genotypes the ASN nitrogen source was more efficient with an average of 232 spikes per m* compared to urea
(229 spikes/ m?).

The analysis of variance showed in addition to the simple effects of N sources, N levels and genotypes that
the interaction N level x genotypes had a significant effect on the number of grains per spike (Table 3). As
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nitrogen level increased, the number of grains per spike (NG) increased afterward with the same trend for both
N sources to reach a maximum with 34.28 at 93.8 KgNha™ (Fig. 3). For both N sources, Om Rabia was more
efficient for NG with 22.5 grains/ spike followed by Karim (22.81 grains/spike) and Nasr (22.1 grains/spike).
The most marked genotypic difference was noted since 53.6 KgNha™ for both N sources. However, ASN
nitrogen source showed a better NG with an increase of 1.82% compared to urea.

(A)
285 | —®— OmRsbiz / 285
Wasr [
265 - Z 265 |
a4
245 /

245

I'he number of spike per m2 (NS)
() (=]
Lo ] [ 5]
L L
’
I'he number of spike perm2 (NS)
b
(2]
L

205
183 Al 183
165 | g 165 | i
143 145
123 125
103 . . . . . . . . 103 . . . . . : :
ON 134N 26.8N 402N 53.6N 67N 804N 035N 0N 134N 26.8N 400N 53.6N 67N 80.4N 038N

Fig. 2: Variation of the number of spike per m2 (NS) of three durum wheat genotypes at eight N levels and two
N sources. (A) Urea, (B) ASN.
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Fig. 3: Variation of the number of grains per spike (NG) of three durum wheat genotypes at eight N levels and
two N sources. (A) Urea, (B) ASN.

Thousand kernel weight (TKW) showed a significant effect of the interaction N source x genotypes x N
level (Table 3). The TKW increased with the N level to reach a maximum under 93.8 KgNha™ with 45.64 g and
43.62 g respectively for ASN and urea. The average highest N level (93.8 KgNha™) increased TKW of 118.77%
compared to the control. In addition, the ASN was in average more efficient N source than urea with a TKW
increase of 2 g (Fig. 4). The genotypic difference was not observed under the low N level (0 to 53.6 KgNha™).
The maximum TKW was obtained under both N source for the genotype Om Rabia (46.7 g) followed by Karim
(44.66 g) and Nasr (42.54 g).

Yield of tested durum wheat genotypes was under the effect of the interactions: N level x N source and N
level x genotypes (Table 3). The maximum yield was obtained for Om Rabia under 93.8 KgNha™' with 3.93 t ha™
"and 4.08 t ha™ respectively for ASN and urea N sources (Fig. 5). In fact, the ASN nitrogen source was more
efficient with an increase of 6.09 % then urea. The genotypic variation was observed from 53.6 KgNha™ to 93.8
KgNha™'. Om Rabia showed the maximum average yield over all N sources and N levels (1.78 t ha™") followed
by Karim (1.65 t ha™") then Nasr (1.58 t ha™).
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Fig. 4: Variation of thousand kernel weight (TKW) of three durum wheat genotypes at eight N levels and two N
sources. (A) Urea, (B) ASN.
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Fig. 5: Variation of the yield (Y) of three durum wheat genotypes at eight N levels and two N sources. (A) Urea,
(B) ASN.

Discussion:

Nitrogen application had positive influence on all the yield components. The increase of yield and yield
component showed an exponential trend for the tested durum wheat genotypes. It’s well known that increase of
nitrogen rate induces a raise of wheat growth and plant high (Weisz et al. 2007; Hussain et al. 2006).

However, the maximum applied N level of 93.8 Kgha™ was insufficient to optimize yield of durum wheat.
Controversy about the optimum N rate to maximize wheat yield was noted in previous studies. In fact, Oad et al.
(2004) showed that application of 120 KgNha" in bands was better way to apply N fertilizers resulting in
greater wheat yield and yield components. However, Fallahi et al. (2008) noticed that increasing nitrogen from
60 to 90 KgNha™ did not increase agronomic and yield components. In fact, hard red spring wheat showed no
yield increase above 100 kg ha™' (Lopez-Bellido et al. 2001). In addition, the scarcity of rain (411 mm) in the
rainfed durum wheat adopted system in this assay could be a limiting factor to plant growth. In fact, no N
fertilization effects on wheat yield were observed with a rainfall below 450 mm (Lopez-Bellido et al. 1996).

The optimum nitrogen rate to achieve plant yield potential seems to be related to N fertilizers source and to
soil components as: N soil content, water soil content and soil texture (Selim, 2004). In fact, Nanwai et al.
(1998) reported that, highest wheat grain yield (7.04 and 6.05 T / ha) was recorded with 125% of the
recommended dose of inorganic fertilizers (150, 75 and 50 kg N, P,0s and k,0/ha) integrated with 25 kg ZnSO,
and organic fertilizer (farmyard manure) at 10 T/ha.
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Our results confirmed that N sources have a significant effect on grain yield and yield components under all
N levels. Moreover, ASN was the most efficient N source compared to urea. Studies on soft wheat showed that
growth was highest under ammonium-nitrate and ammonium sulfate nutrition and lowest with the urea solution
after 3 weeks of hydroponic culture (Merigout et al. 2008). Besides, uptake interaction studies showed that urea
uptake was too slow and its presence had major inhibitory effects on the uptake of NO;,, NH4', and NO,
(Criddle et al. 1987). This difference may be attributed to the organic form of urea which limits its availability
to wheat roots. An increase of the urea fertilizer rate over those of mineral fertilizers would be necessary to
reach wheat yield optimum. In fact, nitrogen applied as urea source at 150-200 kgha'l increased soft wheat
yields to an optimum (Hussain et al. 2006).

A genotypic variability was noted for all tested parameters except for the number of spike per m2 (NS).
These results confirm the findings of Hussain et al. (2006), who observed no significant differences between
four wheat genotypes in total spikes per meter square unlike the other yield components. Throw the tested yield
parameters and over all N sources and N rates, the ‘Om rabia’ was the most productive and efficient durum
wheat genotype followed by ‘Karim’ and then ‘Nasr’.

Abbreviations:

N: nitrogen; NG: number of grains per spike; NS: number of spike per m* TKW: thousand kernel weight, Y:
yield; ASN: ammonium sulfate nitrate.
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