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ABSTRACT

The objective of this study is to determinate the optimal growth stage for applying
supplemental irrigation and nitrogen to enhance bread wheat (Triticum aestivum L.)
productivity and water use efficiency under rainfed condition in Morocco. Field trial was
conducted during two years (2007-2008 and 2008-2009). Three genotypes (G) of
Moroccan bread wheat; Achtar, Arrehane and an Advanced Line Il were combined with five
nitrogen doses (N); 0, 40, 80, 120 and 160 kg N ha™ and three water treatments (I); rainfed
(lp), irrigated (60 mm) at 21 according to the Zadoks scale (I,) and irrigated (60 mm) at 59
according to the Zadoks scale (I,). Results in the drought year (2007-2008) show that I,
improves water use efficiency, grain yield and its components by 91 and 60% respectively,
compared to lp and I; treatments. |, has limited the effects of the Chergui —hot and dry wind
coming from the Sahara- which has a negative impact on growth mainly at the end of the
cycle of the crop. Grain yield and other yield components increased simultaneously with
the increase in nitrogen inputs during the second 2008-2009 crop year which was rainy.
The 120 kg N ha™ dose allowed the highest results, with no significant difference with the
yield obtained after a 160 kg N ha™* input. Genotype appeared to have no significant effect
neither on grain yield nor on water use efficiency in both the years.
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1. INTRODUCTION

Cereals are the most important crops in Morocco; it covers 5 million hectares which
represent 80% of arable land in the country. Unfortunately, yields are low and variable due to
rainfall scarcity and variability [1]. Climatic change pattern in Mediterranean region would
increase drought frequency with high fluctuation in precipitation [2]. In fact, at the Sais region
of Morocco, the average rainfall is passed from 600 mm per year during the period 1960-
1980 to 440 mm for the period 1981-2000 [3]. By 2020, the climate change scenarios in
Morocco in relation with agricultural production include a reduction in grain yield of cereals
estimated at 50% in dry years and 10% in normal years [4]. In Morocco, agriculture is facing
challenges to produce for a population increasingly growing and to be more efficient in the
use of water given the competition from other non-agricultural sectors [4].

Under these conditions, to increase and stabilize production there has been a tendency to
adopt application of high rates of nitrogen under irrigated conditions [5]. Indeed, compared to
non-irrigated treatment, an increase in grain yield for bread wheat of 419, 389 and 281%
respectively for the full supplemental irrigation (FSI), 2/3" of the FSI and 1/3" of the FSI has
obtained in northern Syria [6]. The effect of supplemental irrigation is more remarkable as it
is made in the early stages of crop development (early tillering) for varieties with low tillering
and heading stage for varieties with high coefficient of tillering. In both cases, the yield
increases up to 100% [7].

Also, nitrogen use of cereals is the second factor after water, which determines the level of
intensification of the production. It is one of the most difficult practices in the dry areas.
Indeed, the addition of high amounts of nitrogen in dry years and this element deficiency in
wet years often cause considerable falls in cereal yields [8]. Water and nitrogen use should
be carefully managed to avoid losses [9]. In the North of France, on the new variety of wheat
Recital, with 170 kg N ha™ gave an increase of 87% of yield comparatively to control (0 kg N
ha‘l). While the old variety Cappelle is indifferent to the dose of nitrogen applied, but its
efficiency is low [10].

A field trial was set up in experimental stations with the objectives to stabilize and increase
the production of bread wheat in Moroccan rainfed area of the Sais through better
management of supplemental irrigation (application stage), the nitrogen dose and the
genotypes with the aim of increasing the efficiency of their use.

2. MATERIALS AND METHODS
2.1 Experimental Site

A field trail was conducted in Sais region at the Experimental Station Douyet (National
Agricultural Research Institute, Morocco) in the province of Fez (342'N, 450'W, altitude:
416 m), for two years 2007-08 and 2008-09.

2.2 Treatments

Sowing was done by a seeder on 26 December for the two years of the trial at a dose equal
to 160 kg ha™. The three factors tested were: Water regime (lo; rainfed, 13; irrigated (60 mm)
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at 21 according to the Zadoks scale [11] and I,; irrigated (60 mm) at 59 according to the
Zadoks scale), Nitrogen dose (No: 0 kg N ha™, N;: 40 kg N ha™ (sowing), N,: 80 kg N ha™
(40 kg N ha™* at sowing and 40 kg N ha™* at 21 according to the Zadoks scale), N3: 120 kg N
ha™ (40 kg N ha™ at sowing, 40 kg N ha™ at 21 according to the Zadoks scale) and 40 kg N
ha™ at 30 according to the Zadoks scale and N, :160 kg N ha™ ha (40 kg N ha™ at sowing,
40 kg N ha™ at 21 according to the Zadoks scale and 80 kg N ha™ at 30 according to the
Zadoks scale)) and Genotypes ( Achtar, Arrehane and an Advanced line Il) (Table 1).

Table 1. Characteristics of genotypes

Variety Achtar Arrehane

- Origin INRA-Morocco INRA-Morocco
- Year of Registration 1988 1996

- Maturity to heading Medium-early Early

- Size Average High

- Zone adaptation Rainfed-irrigated Rainfed-irrigated
- Resistance

Septoria Tolerant -

Brown rust Tolerant Resistant
Yellow rust - Resistant
Cecidomyie - Resistant

The third genotype is an Advanced Lineage Il (LA IlI) from the Moroccan Observation
Nursery (INRA), its origin is a cross between of Moroccan variety Nesma and Australian
Lineage (Nesma x 2/14-2/7/ las 20 x 5/H567.71/6/Bow"S"), they are resistant to the
Cecidomyie, Rusts and Septoria.

The experiment design was a split-plot with 3 replications, the water regime in main plots
while genotype and nitrogen were allotted to sub-plots. The experimental area was divided
into 135 plots of 5 m x 3.5 m each, with an alley of 2 m between adjacent plots and 8 m
between main plots. Spray irrigation was used and was controlled by the location of several
graduated cylinders at the irrigated plots. The final results showed that irrigation water doses
were made between 55 and 65 mm.

Analysis of nitrogen soil before installation of the test showed that the soil was rich in this
element (40 ppm NO3).

2.3 Sampling and Analysis

Measurements at physiological maturity included grain and straw yield, biomass, 1000
kernel weight, kernel number per unit area, harvest index and soil moisture at sowing and
physiological maturity. The gravimetric method [12] was used to determine volumetric water
content for soil sample taken by hand auger from 0-20, 20-40 and 40-60 cm profile depths
(the virtisols and hand auger used does not allow penetration into the deeper horizons more
than 60 cm). Water use efficiency (WUE) for grain or dry matter is calculated: WUE = Grain
or dry matter / ET, (kg ha™* mm™).

To quantify water consumption throughout the crop cycle, we used the water balance
equation [13] that actual evapotranspiration (ET) is calculated as: ET=P +1—-R-D £ AS

P: Rainfall, I: Irrigation, AS: Change in stocks of water in the soil. R: Runoff, D: Drainage,
were neglected.
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2.4 Statistical Analysis

SPSS 17.0 and SNK (Student-Newman-Keuls) was used for analysis of variance and mean
comparison.

3. RESULTS AND DISCUSSION
3.1 Weather Conditions

In 2007-2008 crop year total rainfall throughout the season was 334 mm; 115 mm before
sowing and 219 mm during the test period (Figure 1). While the 2008-2009 crop year
recorded 750 mm of rainfall; 388 mm before sowing and 362 mm between sowing and
physiological maturity. Rainfall during the last year was well distributed throughout the crop
cycle (Figure 1).
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Figure 1. Rainfall distribution in the experimental station of Douyet for 2007-2008 and
2008-2009 crop year and the mean of 1995-2007

3.2 Grain Yield

The 2007-2008 crop year was a relatively dry year, the water supply had a highly significant
effect on grain yield. Indeed, supplemental irrigation at 21 according to the Zadoks scale and
59 according to the Zadoks scale have resulted in improvements in grain yield respectively
from 59.43 and 90.96% compared to no-irrigated (Table 2). Increased yield noticeably
support the findings in Asia [14,15] and in the semi-arid region of Settat (Morocco) [7,16] in
favor of the potential for conjunctive use of supplemental irrigation. Nitrogen dose did not
affect the grain yield. The low yields in 2007-2008 compared to the potential of the region
and the effect of two successive drought years (2006-2008) have limited samples the
nitrogen supply and we would suggest that the balance of nitrogen from previous years was
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sufficient to produce yields recorded. Genotype and the interactions did not show significant
effects.

Since the genotype had no significant effect on most of the parameters measured only the
results of the water regime and nitrogen dose will be presented in the Tables (2, 3, 4, 5, and
6).

Table 2. Effect of water regime and nitrogen dose 0 n grain yield (gx ha ™) in 2007-2008
and 2008-2009 crops years

No N, N> N3 N4 Mean |

2007-2008

lo 18,24 17,81 16,39 17,07 16,51 17,20 a
I 20,30 20,80 21,83 22,57 20,86 21,27 b
P 31,74 32,66 32,86 32,70 32,25 32,44 c
Mean N 23,43 23,76 23,69 24,11 23,21 23,64
2008-2009

lo 39,53 44,86 47,92 50,18 50,37 46,57

Iy 44,26 47,03 49,37 53,74 54,58 49,79

P 43,06 47,33 49,35 52,15 53,68 49,11

Mean N 42,279 a 46,41 b 48,88 b 52,03 ¢ 52,88 ¢ 42,28
In each growing season, Means followed by different letters are significantly different at 5% level of
probability

The second season (2008-2009) was very rainy, as expected; nitrogen dose had a
significant effect on grain yield. N, and N3z gave the highest grain yield with an average of
52.46 gx ha™, respectively, followed by N, and N; which recorded an average of 47.65 gx
ha™. While the lowest grain yield of 42.3 gx ha was recorded by N, (Table 2). Similar
results were found in France [10] and in Morocco [17]. The addition of 168 kg N ha™ had no
significant effect on grain yield of durum wheat (variety Karim) compared to an intake of 126
kg N ha™ [17]. While, the dose 170 kg N ha™ gave a yield higher than 87% compared to the
doses O N ha* for wheat Recital [10]. Statistically supplemental irrigation and genotype had
no significant effect on grain yield. However, the two water regimes (irrigated at 59 according
to the Zadoks scale and irrigated at 21 according to the Zadoks scale) gave an average of
49.38 gx ha™, higher than 3 gx ha™ compared to no-irrigated. The interactions did not show
significant effects.

3.3 Water Use Efficiency

Supplemental irrigation had a significant effect on the water use efficiency (WUE) for grain in
2007-08. Irrigated at 59 according to the Zadoks scale showed an efficiency of 11.89 kg ha™
mm™, higher respectively from 40.3 and 49.8% compared with irrigated at 21 according to
the Zadoks scale and no-irrigated regime (Table 3). Similar results were observed for WUE
for total biomass. In dry year, a relatively small amount of irrigation water applied at strategic
growth stages of cereals could realize an important increase in WUE of rainfed wheat
[18,19].

WUE for grain and total dry matter in the rainy season 2008-2009 was influenced by the
nitrogen dose. Statistical analyses showed that N, and N allow the highest WUE for grain
(6.43 kg ha™ mm_l), higher respectively from 41.9% for Ny and 19.5% for N, and N; (Table
3). These results corroborate those found in northern Syria in the case of supplemental
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irrigation [20]. Indeed, the dose 100 kg N ha™ allowed the highest WUE for the grain (2.2 kg
ha™ mm™), followed by the doses 150 and 50 kg N ha™ (1.4 kg ha™ mm™) and finally the
dose 0 kg N ha™ (0.7 kg ha™ mm™). The difference in water use efficiency between these 2
years was due mostly to the difference in grain yield.

Table 3. Effect of water regime and nitrogen dose o n WUE (kg ha - mm_l) in 2007-2008
and 2008-2009 crops years

No N4 N, N5 N4 Mean |
2007-2008
lo 5,21 6,80 6,50 5,90 5,39 5,96 a
Iy 6,95 7,49 7,49 6,60 6,91 7,09 b
I, 11,07 11,91 11,69 12,61 12,18 11,89c¢
Mean N 7,74 8,73 8,56 8,37 8,16 8,31
2008-2009
lo 4,21 5,60 6,00 6,01 6,54 5,67
Iy 3,26 4,47 5,27 6,06 6,57 5,13
P 3,73 5,08 4,60 6,69 6,68 5,36
Mean N 3,73 a 5,05b 529b 6,25 cC 6,60 Cc 5,38
In each growing season, Means followed by different letters are significantly different at 5% level of

probability

3.4 Harvest Index

Statistical analyses revealed in 2007-2008 season a significant effect of water regime on
harvest index (HI). The results are similar to those obtained for grain yield. In fact, the rainfall
regime gave the lowest HI with an average of 30.71%, followed respectively by the regime
irrigated at 21 according to the Zadoks scale with an increase average of 9.34% and the
regime irrigated at 59 according to the Zadoks scale with an increase average of 26.12%
(Table 4). Climatic conditions during the development of kernel have a direct effect on HI.
Irrigation especially at 59 according to Zadoks scale, realized upon the cessation of rains
has allowed remobilization of the photoassimilates from source to sink.

In 2008-2009 crop year, the water regime has no influence on this component unlike to
nitrogen dose. Statistical analyses revealed that the higher HI was obtained by N, with an
average of 38.98. While, Ny have registered the lower HI with an average of 30.25 (Table 4).
The difference in performance for different doses of nitrogen was more influenced by the
amount of dry matter produced rather than the translocation of photoassimilates to the grain
as the case for the dry year.

909



American Journal of Experimental Agriculture, 3(4): 904-913, 2013

Table 4. Effect of water regime and nitrogen dose 0 n HI in 2007-2008 and 2008-2009
crops years

Ng N, N, N3 N4 Mean |
2007-2008
lo 32,61 29,09 29,64 29,86 32,21 30,71 a
Iy 33,63 33,73 30,79 35,91 33,86 33,58b
P 40,14 37,27 39,62 40,01 36,48 38,73 ¢c
Mean N 35,46 33,38 33,35 35,26 34,20 34,34
2008-2009
lo 31,75 38,74 35,30 38,28 35,08 35,83
Iy 32,18 30,34 34,45 35,34 36,25 33,71
I, 26,82 33,09 31,19 39,42 45,62 35,23

Mean N 30,25 a 34,06 a,b 33,65 a,b 37,68 a,b 38,98 b 34,92
In each growing season, Means followed by different letters are significantly different at 5% level of
probability

3.5 Kernel Weight

The 1000 kernels weight (KW) in 2007-2008 season have been influenced by the water
regime. The highest KW (36.15) was obtained with regime irrigation at 59 according to the
Zadoks scale, while the other two water regimes showed values statistically equal (26.26 g)
(Table 5). Even under irrigation in the 59 according to the Zadoks scale did not express the
highest potential weight of 1000 kernels. However, irrigation at this stage helped cushion the
negative effect of hot winds (Chergui) that prevalent in the region at the end of the crop
cycle. For genotype and nitrogen dose, the effect was not significant on this component.

In 2008-2009 crop year, nitrogen had a significant effect on this component. The Ny gave the
lowest KW with an average of 32.41g, followed by the other nitrogen doses which have
statistically similar effect with an average of 36.95 g (Table 5). In contrast, in France for
fifteen wheat genotypes tested the average for KW was equal to 43.1 g for nitrogen dose 0
kg ha™ and an average of 40.9 g for dose 170 kg N ha™'. Unlike the KW of five genotypes
VMO014, Audace, Etoile de Choisy, Sidéral and Camp Rémy are indifferent to the nitrogen
dose applied [10]. Rainfed regime gave a KW equal to 35.34 g followed by irrigated regime
at 59 according to the Zadoks scale with kW 36.39 g. The regime irrigated at 21 according to
the Zadoks scale is statistically similar to the two regimes. This difference was not very
important to influence the final grain yield. Genotype and the different interactions had no
effect on this component.
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Table 5. Effect of water regime and nitrogen dose o n kernel Weight (g) in 2007-2008
and 2008-2009 crops years

Ng Ny N, N3 N4 Mean |
2007-2008
lo 25,15 25,98 25,43 26,37 26,75 25,94 a
Iy 27,21 27,59 25,17 26,28 26,87 26,62 a
P 36,05 35,46 35,91 37,12 36,13 36,13 b
Mean N 29,47 29,68 28,83 29,92 29,92 29,56
2008-2009
lo 31,97 35,54 35,91 37,71 35,56 35.34
Iy 34,76 37,33 36,53 36,70 38,27 36,72
I, 30,50 36,32 38,27 38,18 37,07 36,07

Mean N 3241a 36,40 b 36,90 b 37,53 b 36,97 b 36,04
In each growing season, Means followed by different letters are significantly different at 5% level of
probability

3.6 Number of Kernels per Unit Area

Water regime had a highly significant effect in 2007-2008 crop year on the number of grains
per unit area. The ranking shows that averages the highest number was recorded for water
supply at 59 according to the Zadoks scale (8980 kernels m™), followed by water supply at
21 according to the Zadoks scale (8006 kernels m™) and late rainfall regime (6640 kernels
m™) (Table 6). In general, the number of grains per unit area was determined by the
population spike only, rather than the other components that have not recorded any
significant differences. This result confirms those found in the semi-arid region of Settat
(Morocco) [16].

Number of grains per unit area has been influenced in 2008-09 by the nitrogen dose. N;
gave the lowest number (12408 kernels m_z), while N4 gave the highest number (14303
kernels m™). Although N; gave a number of grains per unit area small than No, it was offset
by the kernel weight for a high yield of grain.

Table 6. Effect of water regime and nitrogen dose o n Number of kernel per unit area in
2007-2008 and 2008-2009 crops years

No N, N, N5 N4 Mean |
2007-2008
lo 7254 6855 6445 6474 6171 6640 a
I 7460 7540 8675 8589 7764 8006 b
P 8804 9209 9152 8810 8926 8980 c
Mean N 7839 7868 8091 7958 7620 7875
2008-2009
lo 12364 12622 13345 13306 14165 13161
I 12734 12600 13514 14643 14263 13551
P 14117 13031 12896 13658 14480 13636

Mean N 13072 a,b 12751a 13252 a,b 13869a,b 14303 b 13449
In each growing season, Means followed by different letters are significantly different at 5% level of
probability
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4. CONCLUSION

With climatic change and rainfall scarcity, supplemental irrigation could be an opportunity to
enhance wheat grain yields and respond to population food demand. In fact, during the dry
year 2007-2008, water regime greatly influences the production of bread wheat in the Sais
region of Morocco. Minimal Irrigation (60 mm) at 59 according to the Zadoks scale increase
grain yield by 91% comparatively to rainfed regime. While, during years of heavy rainfall as
2008-2009, supplemental irrigation at 21 or 59 according to the Zadoks scale gives an
increase of 3 gx ha™ even if this increase was not statistically significant. This gain
compensates amply the irrigation’s cost. For nitrogen, during 2007-2008, no significant effect
was recorded, while during 2008-2009, 120 kg N ha™ gave the highest grain yield because
of more rainfall availability. Genotypes and also the different interactions have no significant
effects on grain yield during both years. This experiment should be reconducted in different
soils and climatic conditions for extension of findings. The introduction of efficient genotypes
for water and nitrogen uses should be of great interest. Responses to supplemental
irrigation, nitrogen and genotypes can be modeled in order to use this model in other areas
of Morocco and in the Mediterranean region.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the contribution of the technicians: Ms. Khalfi C.D, Mr.
Taybi A. and all the staff of Douyet Experimental Station for their assistance during the
installation and testing of different measurements. Also, thanks to Dr. Hadarbach D. for his
help in the statistical analyzes.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES

1. Karrou M. Observations on effect of seeding pattern on water-use efficiency of durum
wheat in semi-arid areas of Morocco. Field Crops Research. 1998;175-179.

2. FAO. Climate Change, Water and Food Security. Technical Background Document
from Expert Consultation Held. FAO, Rome; 2008.

3. Karrou M, Boutfirass M. Gestion intégrée de I'eau en agriculture pluviale. Edition
INRA. Maroc. 2007;64. French.
4. Dahan R. Efficience d'utilisation de I'eau : cas du Maroc. Evaluation des Indicateurs

de I'Efficience d'Utilisation de 'Eau dans la Région Méditerranéenne. Séminaire ToT,
Recueil des Présentations. Settat, Maroc. 2008;45-55. French.

5. Hussain G, Al Jaloud AA. Effect of irrigation and nitrogen on water use efficiency of
wheat in Saudi Arabia. Agric. Water Manage. 1995;143-154.

6. Karrou M, Oweis T. Water and land productivities of wheat and food legumes with
deficit supplemental irrigation in a Mediterranean environment. Agricultural Water
Management. 2012;107:94-103.

7. Lahlou O. Gestion de la ressource en eau et effets du régime hydrique sur I'agro-
physiologie du blé et de la pomme de terre. Thése Ph.D. es-science agronomique.
IAV. Hassan Il. Rabat ; 2005. French.

8. Karrou M. Variation génotypique de [l'efficience d'utilisation de I'azote chez le blé
tendre. Al Awamia 95. 1996;39-51. French.

912



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

American Journal of Experimental Agriculture, 3(4): 904-913, 2013

Behera SK, Panda RK. Effect of fertilization and irrigation schedule on water and
fertilizer solute transport for wheat crop in a sub-humid sub-tropical region. Agriculture,
Ecosystems and Environment. 2009;130:141-155.

Le Gouis J, Béhin D, Heumez E, Pluchard P. Genetic differences for nitrogen uptake
and nitrogen utilization efficiencies in winter wheat. European Journal of Agronomy.
2000;12:163-173.

Zadoks JC, Cang TT, Konzak CF. A decimal code for the growth stages of cereals.
Weed Res. 1974;14:415-421.

Gardner WH. Water content. In: A.Klute (ed). Methods of Soil Analysis: Part 1,
Physical and Mineralogical Methods. American Society of Agronomy Monograph, 2nd
ed. Mdison, Wisconsin. 1986;493-544.

Tavakkoli A, Oweis T. The role of supplemental irrigation and nitrogen in producing
bread wheat in the highlands of Iran. Agricultural Water Management.
2003;65(2004):225-236.

Oweis T, Pala M, Ryan J. Management alternatives for improved durum wheat
production under supplemental irrigation in Syria. Eur. J. Agron. 1999 ;11 :225-266.
Boutfirass M. Irrigation d’appoint et efficience d'utilisation de I'eau en zone semi-arides
:cas du blé tendre. Mémoire de troisieme cycle : Option Agronomie. IAV. Hassan II.
Rabat ; 1990. French.

Ichir LL, Ismaili M, Van Cleemput O. Effect of organic and mineral fertilizers on N-use
by wheat under different irrigation frequencies. C.R. Biologies. 2003;326:391-399.
Zhang H, Oweis T. Water-yield relations and optimal irrigation scheduling of wheat in
the Mediterranean region. Agric. Water. Manage. 1999;38:195-211.

Tavakkoli A.R. Optimal management of single irrigation on dry land wheat farming. J.
Agric. Eng. Res. 2001;2(7),41-50.

Oweis T. Supplemental Irrigation: A highly Efficient Water-Use Practice. ICARDA,
Aleppo, Syria. 1997;16.

© 2013 Abderrazzak et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=236&id=2&aid=1728

913




