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ABSTRACT

Faced with the high cost of phosphate fertilisers in several African countries, including
Algeria, and in order to better select varieties according to their fertiliser use efficiency,
this study was proposed. The goal of the study was to determine how “variety” impacts
durum wheat's capacity to utilize phosphorus effectively and to try to pinpoint the agro-
morphological factors that contribute to this efficiency so that they can be taken into
consideration when choosing which varieties to sow in semi-arid environments. The
experimental setup consisted of a split plot with two investigated factors and three
repetitions, with the main plot receiving the phosphate treatment while the sub plot
receives the variety. The trial set up consisted of 11 durum wheat varieties, which were
cultivated over two years successively. The PUE of the fertiliser, provided in 46% triple
superphosphate (TSP) granules, and agro-morphological parameters like aerial biomass,
plant height, grain yield and yield components were determined. The findings
demonstrated that triple superphosphate, a type of phosphorus fertilizer, increases grain
yield by between 40 and 60% for all varieties examined as compared to the phosphorus-
free control at the average dose employed in this field trial, or 20 kg P20Os.ha-1. This
increase in yield is due to an increase: from 20 to 22% in the number of ears per m?,
41.5% in the number of grains per ear, and 9% in the average weight of the grain. The
PUE is strongly correlated to the yield components (Number of ears per square meter-
NEM, Number of grains per ear- NGE, thousand grain weight- TGW and Yield) but also
to the height at heading (r=0.86) and dry matter (r=0.85). Phosphorus use efficiency is
also strongly correlated to flag leaf length and width as well as leaf area. Also, that
genotypes with higher weight of thousand grains (WTG) showed better use of available
phosphorus. The principal component analysis (PCA) confirms that the efficiency of
phosphorus use by the varieties tested explains a large portion of the variation noted in
these varieties. This genetic variation in PUE was associated with plant height and
phosphorus content of the sown grains. These results could be of a significant impact in
improving rainfed durum wheat productivity in semi-arid areas and preserving the
environment as well.

Key words: Durum wheat, Phosphorus use efficiency, Plant’s height, Genetic variation,
Fertilizers’ reduction
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INTRODUCTION

Global food security is threatened by both the rapid increase in human population and the
abrupt changes in the climate [1].

Meeting human needs within the ecological limits of the planet calls for continuous
reflection on, and redesigning of, agricultural technologies and practices [2]. Currently,
agriculture practices have become dependent on the use of fertilizers, without which
global food production would be reduced by a half [3].

Unlike nitrogen, which can be biologically and industrially fixed from the atmospheric
source - a virtually infinite reservoir-, the dependency on phosphate fertilizers is
unsustainable, as it is manufactured from phosphate rocks that has finite stocks [4].

The conventional approach to fertilisation consisted of modifying the growing
environment with amendments according to the needs of the plant. The new approach
takes into account the efficiency of use of mineral elements taking into consideration the
genetic material and its potential to adapt to conditions of limitations in the element in
question [5].

Phosphorus is a fundamental nutrient for primary productivity of ecosystems and
agricultural production, but its misuse impacts agricultural sustainability and has
important environmental consequences [6]. The selection and cultivation of efficient
varieties on low-phosphorus soils could lead to improved yields [7]; the identification of
varieties that are efficient in the use of phosphate fertiliser will make it possible to reduce
the amount of phosphate fertiliser used and thus to preserving the environment and
ensuring better economic profitability.

In Algeria, average farmers face the high cost of phosphate fertilisers as well as the
ecological concern of eutrophication for surface or ground water, but they also cannot do
without this vital element, particularly in cereal farming; A shortfall in phosphorus results
in a reduction of crop yield [8]. It is critical to consider attempting to discover varieties that
are efficient in the use of this element in order to attain a dual economic and
environmental goal; this study has never been conducted in Algeria.

Wheat cultivation is widely practiced in Algeria, by both large and small farmers.
However, yields remain very low [9]. They can be improved through tillage, pest control,
the use of high-performance varieties, but also through fertilization. The use of fertilizers
is limited or even absent in Algeria [10].

In cereals, nitrogen is relatively well studied and potassium is neglected, as Algerian soils
are reputed to be rich in this element. The interest given to phosphorus is justified by the
lack of work, especially in cereals. The nature of the element P, which is not very mobile
in the soil and therefore less accessible to the plant. The contribution of P in the soil in
the form of fertilizer under goes retrogradation (adsorption, conversion), therefore less
available to the plant. Large amounts of soil P are “locked up” in recalcitrant organic P
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fractions or nonlabile inorganic P pools in complexes with iron/aluminium in acid soils or
with calcium in alkaline soils [11], phosphate fertilization, which is a factor in improving
yield [12].

Phosphate fertilization must of course take into account the needs of the crop, but also its
ability to extract it from the soil and invest it in grain production. It is the latter aspect that
is evaluated by studying the efficiency of phosphorus use (PUE).

In this study, the authors have tried to provide some answers to these two questions:
- Do the varieties of durum wheat grown in Algeria contain a genetic variation in the
phosphorus use efficiency (PUE)?

- What are the agro-morphological parameters that favour PUE in one variety over
another?

Phosphorus input can help improve wheat yields [13,14]. Phosphorus (P) is an essential
macronutrient and P deficiency limits plant productivity [15]. Any deficiency in this
element leads to lower yields [15,17]. The intensification and increase in productivity of
cereal crops in favourable areas require, among other things, a rational and reasoned
use of chemical fertilizers [18]. If, over the past few years, the "technological package" of
nitrogen fertilizer use for cereals has been largely mastered, with a great deal of work
having been done in this area [19,20], on the contrary, phospho-potassium fertilization of
cereals remains insufficiently explored and few studies have been carried out under
conditions of intensification. The results of work carried out at the National Agronomic
Institute of Tunisia [21] and by the Kef Higher School of Agriculture [22], to mention but a
few, have proved the effectiveness of phospho-potassium input in increasing grain and
biomass yields and grain quality of durum wheat grown under intensive conditions, as
well as better resistance of this crop to heat stress.

The interest given to phosphorus in this study also stems from its nature as an element
that is not very mobile in the soil [23, 24] and therefore, not easily accessible to plants, as
well as from its retrogradation once applied as a fertilizer. About 80% of the P supplied is
immobilized and therefore, becomes unavailable, at least in the short term, to plants due
to adsorption, precipitation or conversion to organic form [25]. Therefore, the reasoning
behind phosphate fertilization should take into account not only the plant's need for this
element, but also the mechanisms of its availability and its use by the plant for the
development of economic yield. This orientation is reflected in the phosphorus use
efficiency (PUE), which is the quantity of economic biomass obtained per unit of
phosphorus supplied. It is on this aspect that the study focused. It remains to be seen
whether all cereal varieties react to phosphate input in the same way or whether they
show a genetic variation in the use of P?

In other words, does this PUE differ from one variety to another? If so, then directing
farmers' choice towards varieties that are efficient in the use of P is an economic way of
improving their productivity [26], in other words, varieties that are able to redirect
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absorbed fertiliser towards grain production. Proving the varietal difference in this
efficiency in the varieties tested and identifying the agro-morphological parameters
correlated with it is the main objective of this study.

MATERIALS AND METHODS

Conduct of experimentation and plant material

The study was conducted at the Agricultural Research Station in the city of Oum El
Bouaghi, Algeria. The station is located in the semi-arid region characterized by a
typically Mediterranean continental climate. The trial set up consists of 11 durum wheat
genotypes (Table 1). These cultivars, whose seeds were supplied by the ITGC (the
technical institute for field crops-Constantine province) Algeria, are of diverse origins and
characterized by a contrasted agricultural production and include Algerian commercial
varieties and advanced breeding lines from the national durum wheat breeding programs
and those of Cimmyt-ICARDA. (Cimmyt is the International Maize and Wheat
Improvement Center and ICARDA the International Center for Agricultural Research in
the Dry Areas).

Experimental trial

These varieties were cultivated with 3 doses of P.Os brought according to the sowing
treatment in the form of TSP 46% (triple super phosphate) for two years in a row. The
doses were chosen according to the following reasoning:

Dose 0 (P-). Without any external phosphorus input

Dose 1 (P): estimated as follows: crop need (1.8 kg of phosphorus to produce 1 quintal of
grains X expected yield in the region (22 gx/ha) and we get 22*1.80 =39.60 about 40
kg/ha.

Dose 2 (p+): the dose of the need + a supplement and in this case, we opted for a double
dose that is 80 kg/ha. Required dose for a yield objective of 440 kg /ha).

The experimental device (design) is a split plot with 3 repetitions and two factors where
the phosphate treatment is assigned to the main plot while the variety is assigned to the
sub plot.

Each experimental plot is made up of 4 lines 2 m long spaced 0.5 m apart, each block will
be 144 m2, The distance between phosphate treatments is 1 m. the total surface area of
the trial is 600 m2,

Sowing rate 250 g/m2.

The number of seeds sown per sub plot is 500 seeds.

Conditions of conducting the test

Tillage consisted of deep ploughing to a depth of 30 cm, followed by a cover crop
followed by harrowing. Sowing was carried out on November 17th (November23 for the
second year) by hand, at a rate of 0.24 t/ha and at an average depth of 4 cm. Nitrogen
fertilizer (Urea 46%) is applied in a single application at the 3-leaf stage at the rate of 100
kg per hectare. Harvesting took place on 30 June and 27 June for the second year.
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Follow-up and notations

The cultural precedent of the experimental site is a grassy fallow.

Variety characterization was based on plant yield components, biomass (at heading and
maturity), morphological characteristics, calculation of phosphorus use efficiency and soil
phosphorus analysis before sowing.

Aerial biomass

Above-ground biomass is determined at the maturity stage from the weight of the bundles
coming from the harvest of a 1 m long row segment per elementary plot. It is expressed
in g/m?, without passing through the drying oven.

Number and weight of ears

The number and weight of ears produced per unit area are deduced from counting and
weighing the number of ears present in the bundles of vegetation harvested at maturity.
They are expressed in number of ears/m? and in g/m?,

Phosphorus use efficiency: (PUE)

In order to be able to compare the different treatments for phosphorus use efficiency with
no input treatment, the PUE was calculated according to the following formula: [26]: PUE:
yield/ P Available where P available = Psoil + P brought in

Psoil: refers to the supply of P from the ground. Taking into account the soil analysis
according to the Truog method, these supplies are, respectively, for the two campaigns in
the order of 358.53 kg P/ha and 750.18 kg P/ha. These quantities have been estimated
according to the equation:

Soil supply in estimated P=d * S * Z* P (soil) with:

D: bulk density of the soil (estimated at 1.2 g/cm3).

S: area (1 ha).

Z: the root depth for nutrient exploration (30 cm).

And P (soil) the phosphorus content of the soil expressed in mg P/ kg soil.

Grain yield and yield components

Grain yield was determined by the weight of the seeds resulting from the threshing of the
ears counted per bunch of harvested vegetation. It is expressed in g/m?. 250 seeds were
counted from the product of the threshing of the ears and weighed to determine the yield
component, which is the weight of 1000 grains. The number of grains per ear (NGE) and
the number of seeds produced per m2 (NGM2) are estimated by direct calculation from
the estimates of grain yield (yield, g/m?), 1000 grain weight (TGW, g/1000 grains) and
number of ears/m? (NE, nbr/m?): NGE = (1000 yield)/(TGW x NE) (2)

and NGM2= NGE X NE (3).

Determination of phosphorus of seeds sown

The phosphorus dosage is done on the extract obtained by mineralization according to
the general procedure; organic substances are decomposed to simple inorganic
compounds. Phosphorus is present in the extract in the form of ortho phosphate.

meJ: https://doi.org/10.18697/ajfand.127.23185 25608



https://doi.org/10.18697/ajfand.127.23185

PUBLISHED BY
SCHOLARLY, PEER REVIEWED AFRICAN
SCHOLARLY

Volume 24 No. 2 SCIENCE

AFRICAN JOURNAL OF FOOD, AGRICULTURE,
NUTRITION AND DEVELOPMENT Fe bru a l‘y 2 024 TRUST

ISSN 1684 5374

Together with vanadate and molybdate ions, phosphorus forms a yellow phospho-
vanado-molybdate complex that can be measured by molecular absorption
spectrophotometry at 430 nm [27].

Determination of soil’s phosphorus content
Calcium phosphate and magnesium phosphate in soils easily dissolve under acidic
conditions. The Truog method adopts diluted H2SO4 (pH=3.0) as an extractant [28].

Statistical analysis

An analysis of variance was done at the 5% probability level in order to identify the main
dimensions of variability for the treatments. The program used was Statitcf, version 5,
year 1991.Then analyses of variance for the varieties followed by a series of
homogeneous groups with doses using xI stat when the analysis of variance proves
significant. Finally, a PCA to determine the relationships of phosphorus use efficiency
with the other parameters was carried out with statistica, version 7.0 on the year 2008.
Split plot model for 2 factors studied is as shown below:
Xik=p+ai+Bj+tyk+aifj+eik+eik

xijk: response observed on the unit subject treatment AiBj in block k.

M: average level.

a i = effect of factor A for modality i (i=1....a).

B j = effect of factor B for condition j (j = 1....b).

ai is the fixed effect of fertilization scheme, Bj is the fixed effect of Durum wheat variety
and (aB)ij is the corresponding interaction term

y k= effect of block factor for block k (k = 1....r).

a i j= effect of 1storder interaction between factors A and B.

eik = residual effect between sub-blocks.

eijk= residual effect between plots. (Table 2).

RESULTS AND DISCUSSION

Examination of the following graph (Figure 1) clearly shows that the Semito variety, in the
absence of any phosphate input, has achieved the feat of achieving the highest
phosphorus use efficiency followed by Wahbi, MBB and Cirta. When 40 kg/ha of TSP
46% is applied, it can be seen that the Semito variety is still among the most efficient
varieties, together with Gta dur MBB and Vitron. When the varieties tested are subjected
to an application of 80 Kg/ha of 46% TSP, the most efficient varieties are still among the
most efficient, with Semito, Vitron, Cirta and Essalam. This varietal difference in
phosphorus use efficiency is confirmed by the results of Ozturk et al. [29] who suggested
that P efficiency mechanisms can be different from one genotype to other within a given
plant species.
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Figure 1: Phosphorus use efficiency (PUE) in the first year

In a drought situation during the second year, (Figure 2) varieties such as Gta dur,
Boussellam, waha essalam and vitron are especially efficient in the absence of input,
whereas four of these varieties, Gta dur, waha essalam and vitron, can be found among
the efficient varieties, but also Cirta, during the D 40. Gta dur and vitron seem to insist on
their efficient character when applying D80.at this level of fertilization Semito and badre
are also part of the lot.
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Figure 2: Phosphorus use efficiency (PUE) in the second year

In order to identify the agro-morphological characteristics that make these varieties the
most efficient in terms of phosphorus use compared to others: a matrix of PUE
correlations with all the other parameters measured was made: (table 2).

It can be noted that the PUE is strongly correlated to the yield components (NEM, NGE,
TGW and Yield) but also to the height at heading (r=0.86) and dry matter (r=0.85).
Phosphorus use efficiency is also strongly correlated to flag leaf length and width as well
as leaf area. So, on the basis of this observation, can it be said that, a priori, the varieties
that should now be used, or that cereal growers should be directed towards using, are
the varieties that have the highest values of the characteristics mentioned above? It is
useful to point out that the varieties that have been able to extract phosphorus despite
the low to medium soil input content or (no input) and direct it towards the grain (high
PUE varieties) are also those that score the highest in terms of the above-mentioned
agro-morphological characteristics: Essalam, MBB and Semito have the best GMPs
under zero input with 32.6, 32.2 and 31.8 g, respectively, in the first year.
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The national centre for the control and certification of seeds and seedlings published the
"Bulletin of cereal varieties" (2009), which details the characteristics of durum wheat
varieties cultivated in Algeria (table 2). Upon analysing the results of this study to
determine which varieties are the most phosphorus-efficient, the following characteristics
are found to be shared by these varieties:

The first year:

-Efficient varieties at the DO dose (without fertilizer): Semito, Wahbi, MBB and Cirta.
-efficient varieties at the D1 fertilizer dose: MBB, Semito, Gta dur and Vitron

-effective varieties at the dose of D2: Cirta, Vitron, Semito and Essalam.

The second year:

-Efficient varieties at DO dose (without any phosphate fertilizer): Gta dur, Boussellam,
Waha and Essalam.

-effective varieties at dose D1: Cirta, Essalam, Waha and Gta dur

-effective varieties at dose D2: Badre, MBB, Semito and hard Gta.

It can be seen from this approach that the most efficient varieties according to the results
of the study are also those with the highest thousand grains weight (TGW) and also those
with a short to medium plant height.

It can be seen from the P content of the seeds of the varieties tested that those with the
best concentrations are practically also those with the best yields, TGW as well as the
best phosphorus use efficiency (PUE), in this case MBB, Cirta, Vitron, Semito and Wahbi
(Table 3). Better management of fertilisers, combined with the use of more phosphorus-
efficient genotypes, is essential to improving quality and developing sustainable
agriculture [30].

The analysis in main components:
with the DO dose in the first year.
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With the dose D40 in the first year:
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with the D80 dose in the first year:

Projection of the variables on the factor-plane ( 1x 2)
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The PCA confirms that the efficiency of phosphorus use by the varieties tested explains a
large portion of the variation noted in these varieties. This efficiency is closely correlated
with the yield components, especially TGW.

Statistical analysis shows that the number of grains per ear, the number of ears per m?
and the weight of 1000 grains were decisive for good yields. Indeed, there are good
correlations between these three components and grain yield. However, the degree to
which they are related to yield is not of the same importance: the difference is due to the
nature of the parameter but also to the phosphorus dose applied. In fact, the weight of a
thousand grains seems to have the strongest link with yield (r = 0.86) but with
phosphorus dose 2 during the first year of the study and (r = 0.65) with dose 1 whereas
this link is only (r = 0.32) for varieties without phosphate input. Phosphate fertilization in
dry conditions seems to have a depressing effect on this linkage: during the second year,
r which was 0.78 for the control without phosphate supply, rose to 0.47 then 0.30 for D1
and D2, respectively. The same observation applies to the number of grains per ear
(0.93, 0.58 and 0.28, respectively, for D2, D1 and D0) in the first year of the study. While
for the dry year this parameter seems to be stable and high especially for the maximum
dose helped in this maybe by the phenomenon of compensation. (0.84, 0.75 and 0.88 for
DO, D1 and D2, respectively). For the number of ears per square metre, it is clear that its
very weak binding at the beginning evolves quickly towards a very strong binding with the
yield as soon as phosphorus inputs are applied (0.02, 0.17 and 0.62 for DO, D1 and D2,
respectively). The results obtained on the positive effect of the phosphate input on yield
components by always classifying the control in a separate group are similar to those
obtained by Boukhalfa-Deraoui et al. [31] on common wheat and Garba [32] and Beebe
et al. [33] on cowpea in Niger where the climate is arid. The positive effect on TGW and
NEM demonstrated in this study is in line with the work of Belaid [34] working on durum
wheat who found that the clearest effect of phosphorus is seen in the sterility of spikelets.
This went from 3.34 to 2.41 following a contribution of 92 units of superphosphate. As for
the weight of 1000 grains, it goes from 39 to 44 grams in the same experimental interval.
This beneficial effect of phosphorus on the sterility of the ear and the weight of 1000
grains sees however its effect reduced within creasing nitrogen inputs.

Varietal behaviour was a determining factor in the development of the yield as well as in
the differences obtained in phosphorus use efficiency; the results show that there is some
genetic variation in phosphorus use efficiency in the varieties tested Beebe et al. [33]
revealed genetic diversity in P utilisation efficiency, which they linked to the geographical
origin of the cultivars employed. They suggest that genotypes with high yields under
phosphate-limited conditions would be the most efficient for the use of P, a finding that is
in line with results, especially for the Semito variety. Djadjaglo and Richter [7] working on
the efficiency of phosphorus uptake by Sorghum bicolor and Phaseolus vulgaris plants
found that their results indicate a difference in the phosphorus uptake capacity of the
plants and between varieties of the same crop. The most efficient varieties following the
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results of the study are also those with the highest thousand grain weight (TGW), and
also those with short to medium plant height; the work of De tafur et al. [35] on cassava
(Manihot esculenta) showed that the efficiency of use of mineral elements was higher in
medium to small cultivars. The same result was found in semi-dwarf wheat cultivars,
these cultivars produced more kg of grain per kg of phosphorus input than the older large
genotypes, especially under conditions of high phosphate application [36].

The results also indicate that the productive varieties without phosphate input are not all
the same compared to those that produce well with inputs. These results agree with
those of Sattelmacher et al. [37] who believe that genotypes that can produce well in
conditions limiting mineral elements are not necessarily the most efficient in conditions of
mineral availability and vice versa, which obviously leads us to propose varieties to
farmers according to the mineral state of their soils for better efficiency and productivity;
this goes without saying with the approach of improving the phosphorus use efficiency
(PUE) of the crops themselves by genetic means, about by plant breeding as proposed
by Van De Weil et al. [38]

CONCLUSION, AND RECOMMENDATIONS FOR DEVELOPMENT

The phosphorus contribution, in the form of triple superphosphate, allows, at the average
dose used in this field trial, 20 kg P20s.ha-1, an increase in grain yield obtained between
40 and 60% compared to that of the phosphorus-free control, for all the varieties tested.
This increase in yield is due to an increase: from 20 to 22% in the number of ears per m?,
41.5% in the number of grains per ear, and 9% in the average weight of the grain.

The maximum dose, in this case 40 kg/ha P20s, also achieved a gain in yield compared
to the control, but which is lower than that achieved by the average dose, except for Cirta
and Essalam in years with relatively good rainfall. This leads us to conclude that in our
opinion it is useless to use a greater quantity of phosphate fertilizer if a lesser quantity
can give us satisfaction with certain varieties that have shown a better PUE compared to
the others by achieving the best yields without phosphate fertilizer; a fact that has been
widely observed in this modest study: with the exception of the Cirta and Essalam
varieties, which obeyed a certain cross order in terms of phosphate fertiliser to increase
their grain production, all the other varieties gave the best of themselves with only the 20
kg dose. Ha-1 of P20s., 40 kg of TSP 46%. But with different yields, Gta dur and vitron in
this perspective remain among the best varieties. Semito is the variety that seems to be
best suited to the absence of phosphate fertilisation and a low-dose application.

A high TGW is in favour of better use of the available phosphorus. Varieties that have
achieved maximum productivity with minimum phosphorus have also proven to be the
most efficient in the use of phosphorus.

A more generous climate in terms of rain fall is a favourable factor for better assimilation
of phosphate fertiliser, especially for varieties with a high PUE.
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An equilibrium is necessary in the phosphorus cycle, in other words, P absorption by
harvested crops and P fertilization should be in equilibrium to avoid phosphorus depletion
[38,39]. Current estimates indicate that plants only use 10-25% of the applied P [40],
indicating that there is room for improvement. Strategies to address the need to restrict P
use and avoid P depletion in the future at the same time include the approach of
improving the phosphorus use efficiency (PUE) of the crops themselves through genetic
means, that means., plant breeding [41]. Efficient wheat genotypes adapted to
inadequate P and water conditions should be evaluated to generate phenotyping data as
a priority need to crop modelling [42].
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Table 1: Lists of durum wheat varieties studied, origin and pedigree

Varieties Origin Pedigree Type

Waha Algeria  PLC/Ruff/Gta S »/3/Rolette Cm.17904 Pure line

(genealogical selection)

GTA dur Algeria  Gaviota x durum Crane/4/PolonicumP1185309//T.glutin ~ Pure line
en/2*Tc60/3/Gll
Semito Italia Capeiti x Valvona Pure line
Boussellam Algeria  Heider/Martes//Huevos de Oro Pure line
Vitron Espagne Genealogical selection Turkey77/3/Jori/ Pure line
Anhinga//Flamingo
Cirta Algérie  KB2140KBOKB2KBOKBOKB1KBOKB (T2) Pure line
Wahbi Algérie T4 Pure line
Essalam Algéria  Ofanto/*2/Waha Pure line
Mohamed Ben  Algeria  selection of local population Local
Bachir population
Sétifis Algeria  Ofanto/Waha//MBB Pure line
Badre Algeria  Boussalem/Ofanto Pure line
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Source of variation

Degrees of freedom

Degrees of freedom

Factor 1 (Phosphate fertilizer dose) p-1 2

Blocks r-1 2

Residual variation 1 (p-1)(r-1) 4
q-1 10

Factor 2 (varieties)

Factor 1 * factor 2 (dose interaction * | (p-1)(g-1) 20

variety)

Residual variation 2 P(g-1)(r-1) 60

Totals Pqr-1 98

[@l0sle)
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Table 3: Correlation matrix

straw  dry width
height at number of matter (dry matter Dry matter number of ears number  of Yield  Yield length flag leaf
Doses Bloc  heading tiles (g/m2) ears (g/m2) (g/m2) per square metre  grains perear TGW  gx/ha g/m2 flag sheet  sheet area PUE
Doses 1 0.000 -0.002 0.013 -0.065 -0.129 -0.101 0.321 0.035 0295 0234 0.234 -0.004 0.011 0.001  0.080
Bloc 0.000 1 -0.168 0.013 -0.014 0.052 0.016 0.003 0.020 0.002 0.011 -0.011 0.113 -0.085 0.105 0.010
height at heading  -0.002  0.168 1 -0.275 0.803 0.479 0.765 0.786 0.759 0.621 0.809  0.809 0.682 0.731 0.731  0.859
number of tiles 0.013  0.013 -0.275 1 -0.302 -0.378 -0.372 -0.352 -0.336 0239 0359 -0.359  -0.321 -0.324 0.330 0.373
straw dry matter -
(g/m2) -0.065 0.014 0.803 -0.302 1 0.553 0.932 0.770 0.773 0.602 0.791  0.791 0.602 0.703 0.658  0.857
(dry matter ears
(g/m2) 0129 0.052 0479 -0.378 0.553 1 0.816 0.498 0.562 0.428 0560 0.560 0.437 0.490 0.466  0.596
Dry matter
(g/m2) -0.101  0.016  0.765 -0.372 0.932 0.816 1 0.749 0.780 0.603 0.791  0.791 0.608 0.700 0.658  0.852
number of ears
per square metre  0.321 0.003 0.786 -0.352 0.770 0.498 0.749 1 0.795 0.680 0.945 0.945 0.608 0.713 0.669 0.932
number of grains
per ear 0.035 0.020 0.759 -0.336 0.773 0.562 0.780 0.795 1 0.764 0912 0.912 0.609 0.676 0.659 0.915
TGW 0295  0.002 0.621 -0.239 0.602 0.428 0.603 0.680 0.764 1 0.830  0.830 0.533 0.584 0572 0.774
Yield -
qgx/ha 0.234  0.011 0.809 -0.359 0.791 0.560 0.791 0.945 0.912 0.830 1 1.000 0.638 0.718 0.692 0.979
Yield g/m2 0.234  0.011 0.809 -0.359 0.791 0.560 0.791 0.945 0.912 0.830 1.000 1 0.638 0.718 0.692 0.979
length flag sheet ~ -0.004  0.113  0.682 -0.321 0.602 0.437 0.608 0.608 0.609 0.533 0.638 0.638 1 0.880 0.972 0.678
width flag sheet 0.011 0.085 0.731 -0.324 0.703 0.490 0.700 0.713 0.676 0.584 0.718 0.718 0.880 1 0.947 0.766
leaf -
area 0.001 0.105 0.731 -0.330 0.658 0.466 0.658 0.669 0.659 0572 0692 0.692 0.972 0.947 1 0.735
PUE 0.080  0.010 0.859 -0.373 0.857 0.596 0.852 0.932 0.915 0.774 0979  0.979 0.678 0.766 0735 1

In bold, significant values (excluding diagonal) at threshold alpha=0.050 (bilateral test)

QB0
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Table 4: Agro-morphological characteristics of efficient varieties

TGW Yield Height
Semito high High Average
MBB high Average High
Cirta high High Average
Gta dur high High Average
Essalam
Vitron high High Short
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Table 5: P-content of sown seeds of the tested varieties

Varieties Concentration of the extract (mg P / g MS)
Mohamed Ben Bachir (MBB) 3.94
Essalam 2.92
Wahbi 3.28
Waha 2.71
Gta dur 2.46
Setifis 2.91
Semito 3.32
Vitron 3.41
Badre 2.81
Cirta 3.38
Boussellam 2.99
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